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Abstract

Background: Many chronic conditions, including heart disease, cancer, and rheumatoid arthritis, are associated with underlying
chronic inflammatory processes. Literature reviews have analyzed a variety of integrative therapies and their relationships with
chronic inflammation. This systematic review is unique in reporting solely on yoga’s relationship with inflammation. Its purpose
was to synthesize current literature examining the impact of yoga interventions on inflammatory biomarkers in adults with
chronic inflammatory-related disorders. Method: Searches of several electronic databases were conducted. Inclusion criteria
were (a) English language, (b) sample age >18 years old, (c) yoga interventions involving postures with or without yoga breathing
and/or meditation, and (d) measured inflammatory biomarkers. Results: The final review included 15 primary studies. Of these,
seven were rated as excellent and eight as average or fair. There was considerable variability in yoga types, components,
frequency, session length, intervention duration, and intensity. The most common biomarkers measured were interleukin-6
(n = 11), C-reactive protein (n = 10), and tumor necrosis factor (n = 8). Most studies reported positive effects on inflammatory
biomarkers (n = | 1) from baseline to post yoga intervention. Analysis of the dose showed higher total dose (>1,000 min) resulted
in greater improvements in inflammation. Conclusion: This review suggests that yoga can be a viable intervention to reduce
inflammation across a multitude of chronic conditions. Future studies with detailed descriptions of yoga interventions,
measurement of new and well-established inflammatory biomarkers, and larger sample sizes are warranted to advance the
science and corroborate results.
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Many chronic conditions including heart disease (Kaptoge et al.,
2013; Libby, Ridker, & Maseri, 2002), cancer (Ben-Neriah &
Karin, 2011; Trinchieri, 2012), and rheumatoid arthritis (Choy,
2012; Mclnnes & Schett, 2011) are characterized by underlying
chronic inflammation, known as “inflammaging.” Chronic stress
is also associated with inflammaging, which is linked to
increased morbidity and mortality in the aging population (Fran-
ceschi & Campisi, 2014; Michaud et al., 2013).

Biomarkers often measured to estimate chronic inflamma-
tion include interleukin-6 (IL-6), tumor necrosis factor-o
(TNF-a), and C-reactive protein (CRP;Liu et al., 2017). IL-6
is a pleiotropic cytokine that supports maintenance of inflam-
mation (Hunter & Jones, 2015) and, together with TNF-o and
IL-1, stimulates the hepatic production of inflammatory acute-
phase proteins such as CRP (Gabay & Kushner, 1999; Jenny &
Cushman, 2014). Despite the growth and proliferation of phar-
maceutical research, the projected medical costs associated
with chronic inflammatory conditions keep mounting. Inter-
ventions aimed at reducing chronic inflammation can help

attenuate chronic conditions and improve patients’ well-being
(Pawelec, Goldeck, & Derhovanessian, 2014). Emerging
evidence suggests that mind-body interventions (i.e.,
mindfulness-based stress reduction [MBSR], meditation, tai
chi, gqigong, yoga, and relaxation) have the potential to reduce
circulating pro-inflammatory cytokines, but results have been
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mixed (Bower & Irwin, 2016; Morgan, Irwin, Chung, & Wang,
2014).

Yoga is the most commonly practiced mind-body therapy in
the United States, comprising about 80% of the total practice
among three of the major categories of mind—body therapies:
yoga, tai chi, and qigong (Clarke, Black, Stussman, Barnes, &
Nabhin, 2015). The practice of yoga began thousands of years
ago in India and consists of eight components (limbs): yamas
(ethical disciplines), niyamas (rules of conduct), asana (pos-
tures), pranayama (breathing), pratyahara (control of the
senses), dharana (concentration of the mind), dyhana (medita-
tion), and samadhi (merging one with eternity;lyengar, 1994).
Reviews of yoga intervention studies have found it to be as
effective or better than exercise at improving health-related
outcome measures (Ross & Thomas, 2010) and to have benefits
similar to those of traditional aerobic physical activity in reduc-
ing cardiovascular risk factors (Chu, Gotink, Yeh, Goldie, &
Hunink, 2016). Although prior literature reviews have investi-
gated the potential impact of mind—body therapies on inflam-
matory biomarkers, a review solely focused on yoga’s
propensity to lower chronic inflammation apart from other
therapies is needed to synthesize the current knowledge and
to identify a role for yoga in clinical practice.

Accordingly, we conducted a systematic review of literature
to examine the efficacy of yoga interventions on reducing lev-
els of inflammatory biomarkers in individuals with chronic
inflammatory conditions including chronic stress. The objec-
tives were to (1) evaluate the quality of existing evidence; (2)
describe types, components, frequency, length, duration, and
intensity of yoga used; (3) identify inflammatory biomarkers
measured and the impact of yoga on inflammation; and (4)
discern the relationship between the yoga dose and inflamma-
tory biomarkers, if one exists.

Method

Eligibility Criteria

We conducted this systematic review using the preferred
reporting items for systematic reviews and meta-analysis
(PRISMA) guidelines (Moher, Liberati, Tetzlaff, Altman, &
PRISMA Group, 2009). The following were the inclusion cri-
teria for the studies: (a) English language, (b) sample age > 18
years, (¢) yoga interventions involving postures with or without
yoga breathing and/or meditation, and (d) measured inflamma-
tory biomarkers. We excluded studies that included healthy
participants with no known chronic conditions or chronic
stress. In addition, we excluded studies if yoga was part of
multimodal intervention such as MBSR, the yoga intervention
lacked the component of postures, or the study measured cor-
tisol as a mood-state biomarker and lacked any discussion of its
relationship with inflammation.

Literature Search Strategy

With the help of a medical librarian, we conducted electronic
database searches of PubMed, PsycINFO, Embase, and

Cochrane (Figure 1) for articles published from the date of
inception of each database to August 31, 2017. The search terms
included “yoga,” “inflammation,” and “inflammatory
biomarkers.” We also used individualized MESH terms for each
database. For example, the complete search that we used for
PubMed was (“Yoga”[Mesh] OR yoga* OR “Astanga Yoga”
OR “Bikram Yoga” OR “Iyengar Yoga” OR “Vinyasa Yoga”
OR “Tantric Buddhism Yoga”) AND (“Inflammation”
[Mesh] OR inflammat*). The first author (D. M. D) screened
titles and abstracts after the removal of all the duplicates. Full-
text articles were assessed for final inclusion upon discussion
with the second author (P. S.).

Quality of Evidence

We assessed quality of the evidence in each study using the
Quality Rating Scale, which was originally developed to rate
the quality of randomized controlled trials in psychology
(Yates, Morley, Eccleston, & Williams, 2005). The scale con-
sists of two subscales: Treatment Quality (scores 0-9) and
Quality of Study Designs and Methods (scores 0-26). The first
subscale evaluates the treatment content and duration, manua-
lization of the protocol, therapist training, and patient engage-
ment. The second subscale includes sample description,
randomization, allocation, validity and reliability of outcomes,
and statistical analysis. The validation study for the Quality
Rating Scale listed mean (SD) total quality scores for a study
to earn a rating of excellent as 22.7 (1.95), of average as 18.71
(2.25), and of poor as 12.10 (3.17; Yates et al., 2005).

We assessed the two studies with one-group designs using
the National Heart, Lung, and Blood Institute quality-
assessment tool for pre—post studies with no control group
(NIH: National Heart, Lung, and Blood Institute, 2018). The
tool consists of 12 items, and scoring options are yes, no, can-
not determine, not applicable, and not reported. Reviewers
assessed the overall bias of each study by examining the indi-
vidual items that were rated as no to assign a quality rating of
good, fair, or poor. Two independent raters (D. D. and P. S.)
evaluated the quality of the evidence, discussed incongruencies
in the scores, and reached concordance through a careful exam-
ination of the selected tools’ criteria.

Calculation of the Total Dose of Yoga Practice

For each study, we calculated the total dose in minutes of yoga
practice to discern the effect of dose on the outcome of inflam-
mation. Although seven of the studies (Kiecolt-Glaser et al.,
2014; Parma et al., 2015; Pullen et al., 2008; Pullen et al., 2010;
Rao et al., 2017; Sohl et al., 2016; Wolff, Memon, Chalmers,
Sundquist, & Midlov, 2015) reported giving instructions to
practice yoga at home, we used only supervised yoga minutes
to calculate the dose due to lack of overall minutes reported for
yoga at home. We multiplied session length in minutes by
frequency per week by duration in weeks to calculate the total
dose in minutes of yoga practice per study. This review was not
limited to a specific population; thus, we discuss our findings
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Figure . Preferred reporting items for systematic reviews and meta-analysis flow diagram of literature review.

based on each inflammatory condition and the inflammation-
related outcomes post yoga intervention.

Results
Study Selection

The PRISMA flow diagram depicts the number of included
articles and the number of articles excluded at each stage of
the literature search (Figure 1). In total, we retrieved 273 arti-
cles using the search criteria and an additional three articles
through screening the reference lists of the retrieved reviews.
After removing 47 duplicates, we screened 229 titles and
abstracts. Of these, we excluded 199 articles because they did
not meet inclusion criteria. We assessed the full text of the
remaining 30 articles for eligibility and ultimately included
15 articles in the present review. Of the excluded articles, 91
were not full-text peer-reviewed articles, 49 did not include

yoga interventions, 56 did not measure inflammatory biomar-
kers in response to yoga, 11 included yoga as part of a multi-
modal intervention or the intervention lacked the component of
postures, 2 included participants younger than 18 years of age,
and 5 had healthy participants with no known chronic condi-
tions or chronic stress. Harkess, Ryan, Delfabbro, and Cohen-
Woods (2016) cited a separate publication for the details of
their yoga intervention. Upon our search of the databases, we
located a dissertation report that included details of the inter-
vention. Thus, we will cite both the original article and the
dissertation report when we discuss the yoga intervention.

Study Characteristics

Detailed information about selected studies appears in Table 1.
The review included three studies with quasi-experimental
designs (Cho, Moon, & Kim, 2015; Parma et al., 2015;
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Wolff et al., 2015) and two single-group pre—post studies
(Sarvottam, Magan, Yadav, Mehta, & Mahapatra, 2013;
Yadav, Magan, Mehta, Sharma, & Mahapatra, 2012), with the
remaining 10 studies being randomized controlled trials. A
total of five studies had waitlist control groups (Harkess, Ryan,
Delfabbro, & Cohen-Woods, 2016; Kiecolt-Glaser et al., 2014;
Rajbhoj, Shete, Verma, & Bhogal, 2015; Shete, Verma, Kulk-
arni, & Bhogal, 2017; Singh, Bhandari, & Rana, 2011) and four
used usual-care or no-treatment groups (Cho et al., 2015;
Pullen et al., 2008; Pullen et al., 2010; Wolff et al., 2015).
Neither the waitlist control nor the usual-care groups were
matched in general structure to the treatment groups in any
of the relevant studies, which can threaten internal validity and
impact the study outcomes (Mohr et al., 2009). Two studies
provided education as a control condition (Bower et al., 2014;
Rao et al., 2017), and one used equal time and attention (Sohl
et al., 2016). Finally, two of the studies used three-arm inter-
vention trials comparing yoga against two control groups
(Parma et al., 2015; Wolff et al., 2015).

Participants

The 15 studies we reviewed included a total of 937 participants.
Sample sizes ranged from 15 patients (Sohl et al., 2016) to 200
participants (Kiecolt-Glaser et al., 2014). The mean age of the
participants ranged from 35 to 66 years, with a weighted mean
age of 48.54 years. The combined samples consisted of 706
females (75%) and 231 males (25%). Many studies (n = 9) did
not report the racial and ethnic backgrounds of the participants.
Of the six studies that did report race (Kiecolt-Glaser et al.,
2014; Parma et al., 2015; Pullen et al., 2008; Pullen et al., 2010;
Shete et al., 2017; Sohl et al., 2016), 264 (64%) participants
were White, 80 (19%) Black, 48 (12%) Indian, and 5% were
described as Asian or “Other.”

The chronic conditions participants in these studies had
were breast cancer (Bower et al., 2014; Kiecolt-Glaser et al.,
2014; Parma et al., 2015; Rao et al., 2017), colorectal cancer
(Sohl et al., 2016), heart failure (Pullen et al., 2008; Pullen
et al., 2010), high blood pressure (Wolff et al., 2015) and
cardiometabolic risk factors (Sarvottam et al., 2013), chronic
stress (Cho et al., 2015; Harkess et al., 2016) including pro-
longed exposure to occupational hazards/pollutants (Rajbhoj
et al., 2015; Shete et al., 2017), and rheumatoid arthritis (Singh
et al., 2011). One study involved a heterogeneous sample of
participants diagnosed with a variety of chronic inflammatory
conditions: mental stress, diabetes, hypertension, musculoske-
letal pain, bronchial asthma, constipation, and a subsample of
overweight and obese individuals (Yadav et al., 2012).

Objective |: Quality of Evidence

Seven of the selected articles were excellent, with scores on the
quality scale above 22.7, six were average, and two single-
group studies were fair, with a lowest score of 19 (Table 1).
Only four of the articles described adequate steps for minimiz-
ing biases via rigorous randomization methods, such as

blinding to group assignment, and provided information
regarding allocation and data collection (Bower et al., 2014;
Kiecolt-Glaser et al., 2014; Rao et al., 2017; Sohl et al., 2016).
Other methodological gaps included lack of reporting on the
power analysis calculation and insufficient sample sizes based
on the power analysis. Specifically, eight studies did not
include a power analysis (Harkess et al., 2016; Parma et al.,
2015; Pullen et al., 2008; Pullen et al., 2010; Rajbhoj et al.,
2015; Shete et al., 2017; Singh et al., 2011; Sohl et al., 2016),
and two others included the power analysis but did not reach
sufficient sample size based on those calculations (Bower et al.,
2014; Wolff et al., 2015). None of the studies included a long
enough follow-up time (6 months) to adequately identify a
sustained change in outcome variables (Yates et al., 2005).
Only Kiecolt et al. (2014) and Bower et al. (2014) followed
the participants for as long as 3 months postintervention.

We evaluated the two studies with single-group designs using
National Heart, Lung, and Blood Institute criteria (NIH: National
Heart, Lung, and Blood Institute, 2018) and rated both fair due to
the presence of several potential risks of bias. First, power anal-
ysis was lacking for sample size calculations. Both studies used
convenience sampling, which limits the generalizability of their
findings and introduces bias in the conclusions. Additionally,
Sarvottam, Magan, Yadav, Mehta, and Mahapatra (2013) used
only male participants; thus, the sample was not representative of
clinical populations. Both single-group studies provided addi-
tional nutritional counseling and encouraged support from part-
ners in the group, which may have biased the results and
potentially impacted adherence and inflammatory outcomes.

Objective 2: Yoga Interventions

Yoga types. Hatha yoga was the most common style named
across the studies, with five of the selected articles describing
interventions using this type of yoga (Cho et al., 2015; Kiecolt-
Glaser et al., 2014; Parma et al., 2015; Pullen et al., 2008;
Pullen et al., 2010) and two reporting using a type of hatha
yoga, Iyengar (Bower et al., 2014), and Ashtanga (Harkess,
2016; Harkess et al., 2016). Another six studies did not identify
the type of yoga used (Rajbhoj et al., 2015; Rao et al., 2017,
Sarvottam et al., 2013; Singh et al., 2011; Sohl et al., 2016;
Yadav et al., 2012), while one used medical kundalini yoga
(Wolff et al., 2015), and another described the style as a
“classical yoga” grounded in the principles of the Kaivalyad-
hama Yoga Institute (Shete et al., 2017).

Components. Although the primary component of the interven-
tions was postures, the number of components in each study
varied from two to five. Postures were combined with breath-
ing techniques in three studies (Bower et al., 2014; Kiecolt-
Glaser et al., 2014; Shete et al., 2017) and with breathing and
meditation in six studies (Cho et al., 2015; Harkess et al., 2016;
Pullen et al., 2008; Pullen et al., 2010; Sohl et al., 2016; Wolff
et al., 2015). Other studies that had postures and breathing with
or without meditation included additional yoga practices such
as “om” chanting (Rajbhoj et al., 2015) and yoga theory and/or
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philosophy teachings together with nutrition counseling (Rao
et al., 2017; Sarvottam et al., 2013; Singh et al., 2011; Yadav
et al., 2012).

Duration and frequency. Authors reported intervention duration
in weeks or months, ranging from three 15-min sessions every
2 weeks over 8 weeks (Sohl et al., 2016) to three 1-hr sessions
weekly over 6 months (Parma et al., 2015). The frequency of
the sessions ranged from once per week (Wolff et al., 2015) to
every day of the week (Sarvottam et al., 2013; Yadav et al.,
2012), with session length ranging from 60 to 120 min, respec-
tively. The most common frequency offered (n = 6) was twice
a week (Bower et al., 2014; Harkess et al., 2016; Kiecolt-Glaser
et al., 2014; Pullen et al., 2008; Pullen et al., 2010; Rao et al.,
2017) with session lengths ranging from 60 to 90 min.

Intensity. Authors generally did not describe the intensity of the
interventions. In fact, only one researcher described the yoga
intervention as moderate intensity (Harkess, 2016; Harkess
et al., 2016). In studies that included participants with cancer,
researchers described the interventions as restorative (Kiecolt-
Glaser et al., 2014) or using easy (Rao et al., 2017) or supported
postures (Bower et al., 2014). In studies that included partici-
pants with heart failure or cancer, researchers often included
variations in the yoga interventions with the use of props such
as blocks, chairs, and a wall (Pullen et al., 2008; Pullen et al.,
2010; Sohl et al., 2016), suggesting lower intensity. Wolff,
Memon, Chalmers, Sundquist, and Midlov (2015) described
kundalini yoga as accessible and easy to perform and adapted
for individuals with high blood pressure.

Of the remaining six studies, five were conducted in India.
All five used a high-frequency yoga class, ranging from daily
120-min sessions for a total of 10 days (Sarvottam et al., 2013;
Yadav et al., 2012) to 45-90 min 6 days a week (Rajbhoj et al.,
2015; Shete et al., 2017; Singh et al., 2011) for 7-12 weeks. All
five studies included a progression toward advanced postures
(e.g., advanced backbends). The remaining study, conducted in
the Republic of Korea, also included advanced postures such as
half-moon and wheel (Cho et al., 2015). The frequency and
advanced nature of the postures in these six studies led us to
conclude the intensity was moderate to vigorous. Overall, the
interventions varied from easier supported postures to moder-
ate and more advanced yoga postures. Notably, in one study,
researchers reported that the intervention included yogic pos-
tures but lacked a detailed description of the intervention or the
intensity (Parma et al., 2015). We found considerable variabil-
ity across studies in yoga types, components, frequency, length,
duration and intensity, with 40% (n = 6) of the studies lacking a
description of the type of yoga used.

Objective 3: Inflammatory Biomarkers and the Impact of
Yoga on Inflammation
Despite the heterogeneity in study designs and populations, 11

of the 15 studies reported favorable outcomes on inflammation
following yoga intervention. The most common biomarkers

measured were IL-6 (n = 11), CRP (n = 10), and TNF-«
(n = 8). Chronic conditions addressed included cancer, cardi-
ovascular disease, chronic stress, and other inflammatory
conditions.

Cancer. Of the 15 studies, 5 explored yoga’s effects on patients
with cancer, 4 of which were in breast cancer at varying stages
of disease and treatment periods (Bower et al., 2014; Kiecolt-
Glaser et al., 2014; Parma et al., 2015; Rao et al., 2017) and
1 that included patients with colorectal cancer during their
chemotherapy treatment (Sohl et al., 2016). Of the studies
involving patients with breast cancer, three found favorable
outcomes on inflammation after the yoga intervention (Bower
et al., 2014; Kiecolt-Glaser et al., 2014; Rao et al., 2017). The
favorable outcomes on inflammation were not associated with
any particular cancer stage.

Effects on biomarkers varied among similar diagnoses.
Kiecolt-Glaser et al. (2014) did not find reductions in the levels
of IL-6, IL-1B, or TNF-o immediately post intervention, but
levels were significantly reduced 3 months later (p <.05). Rao
et al. (2017) found significant reductions in natural killer cells
(p = .03) and morning waking cortisol (p < .05). Bower et al.
(2014), who measured inflammatory gene expression, made a
unique discovery: postintervention, there were no significant
changes in circulating IL-1, CRP, or IL-6, but researchers did
find lower levels of transcription factor nuclear factor-xB, a
pro-inflammatory factor, and increased levels of glucocorticoid
receptor, an anti-inflammatory factor (p < .05). Additionally, a
marker of TNF, soluble TNF receptor Type II, remained stable
in the yoga group, whereas in the control group, it continued to
increase, reflecting increasing inflammation (p = .028).

Two studies found no changes in inflammatory markers
(Parma et al., 2015; Sohl et al., 2016). After 6 months of three
sessions of yoga practice per week, levels of IL-6, IL-8, TNF-a,
and CRP did not differ significantly among three exercise
groups (Parma et al. 2015). The authors suggested their find-
ings were hindered by the relatively small sample size (n = 20)
and high attrition rate (# = 11) in the yoga group. Similarly,
Sohl et al. (2016) also did not find significant changes in
inflammatory biomarkers in response to the yoga intervention
in patients with colorectal cancer due to the submarginal num-
ber of participants (n = 6) in the intervention group.

Cardiovascular disease. Studies that focused on inflammatory
biomarkers association with cardiovascular factors reported
varying severity of conditions studied, including cardiometa-
bolic risk factors (Sarvottam et al., 2013), Stage I hypertension
(Wolff et al., 2015), and New York Heart Failure Association
class I-III heart failure (Pullen et al., 2008; Pullen et al., 2010).
Both of the pilot studies exploring effects of yoga in heart
failure (Pullen et al., 2008; Pullen et al., 2010) found significant
reductions in pro-inflammatory cytokines, IL-6 and high-
sensitivity CRP (hs-CRP), and increased levels of extracellular
superoxide dismutase, an antioxidant enzyme thought to have a
protective effect on the cardiovascular system (Nozik-Grayck,
Suliman, & Piantadosi, 2005).
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In their study on participants with Stage I hypertension,
Wolff et al. (2015) measured IL-6 and hs-CRP and found no
significant differences among the supervised-yoga, the yoga-
at-home, and usual-care groups. The researchers attributed
their lack of significant findings to the small sample and the
use of antihypertensive medications by the participants, as
these drugs are known to attenuate levels of IL-6. In contrast,
Sarvottam et al. (2013) found decreased levels of plasma IL-6,
increased levels of adiponectin, an anti-inflammatory protein,
and an unchanged level of endothelin-1, a potent contributor to
progression of atherosclerosis among metabolically at-risk
individuals, after a 10-day yoga intervention.

Chronic stress. Also included in this review were four studies
that included participants with prolonged stress conditions
(Cho et al., 2015; Harkess et al., 2016; Rajbhoj et al., 2015;
Shete et al., 2017). Of these, two included industrial workers
from a factory in India exposed to occupational hazards and
various pollutants as by-products of paint and steel (Rajbhoj
et al., 2015; Shete et al., 2017). Although the two studies were
conducted among workers of the same region, researchers
reported on different inflammatory biomarkers. Shete, Verma,
Kulkarni, and Bhogal (2017) reported significant reduction in
IL-6, TNF-a, and hs-CRP (p <.01) in the yoga compared to the
control group, while Rajbhoj et al. (2015) showed a decrease in
IL-1p and an increase in the anti-inflammatory cytokine, IL-10
(p < .05). In two other studies, investigators reported on yoga’s
impact on inflammation among chronically stressed premeno-
pausal women with chronic lower back pain (Cho et al., 2015)
and women with self-reported psychological stress (Harkess
et al., 2016). The study by Harkess et al. (2016) was unique
in evaluating markers of DNA methylation, with findings that,
though not statistically significant, suggested that yoga practice
may alter DNA methylation. Cho, Moon, and Kim (2015)
reported that the yoga intervention group had reduced serum
cortisol (p < .05) and stable serum TNF-a levels, while the
control group’s TNF-a increased significantly (p < .01).

Other inflammatory conditions. Only one study focused on
inflammatory biomarkers of patients with rheumatoid arthritis.
After six weekly 90-min yoga sessions, participants had a sig-
nificant reduction in levels of circulating CRP and lymphocyte
counts and had fewer self-reported inflamed joints (Singh et al.,
2011). Yadav, Magan, Mehta, Sharma, and Mahapatra (2012)
had a mixed sample of participants who had various multiple
chronic conditions: mental stress, diabetes, hypertension, mus-
culoskeletal pain, bronchial asthma, constipation, and a sub-
sample of overweight and obese individuals. The authors
reported decreased IL-6, TNF-o, and plasma cortisol levels and
increased B-endorphin levels in all the participants in response
to the yoga intervention but did not provide a breakdown in
inflammatory outcomes by individual chronic condition. Over-
all, the types of biomarkers measured varied greatly across all
15 studies and also varied within similar cohorts of chronic
diagnoses.
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Figure 2. Number of studies reporting significant versus nonsignifi-
cant effects of yoga on inflammation based on the total dose.

Objective 4: Relationship Between the Total Dose of Yoga
and Inflammatory Biomarkers

The last objective of this review was to discern the relationship
between total dose of yoga in minutes and inflammatory bio-
markers (Figure 2). For this analysis, we classified the effect of
yoga on inflammation as either significant or nonsignificant as
reported in the individual study findings. Higher dose (Inter-
vention Duration x Session Length x Frequency) produced
significant reductions in inflammation. The three studies (Har-
kess et al., 2016; Sohl et al., 2016; Wolff et al., 2015) that had a
dose of less than 1,000 min of supervised-yoga practice did not
report significant findings regarding inflammation. Studies that
included a dose of 1,000—4,500 min of supervised-yoga prac-
tice (n = 11) all showed improvements in inflammatory pro-
files with the exception of one study whose authors reported a
high attrition rate in the yoga group (Parma et al., 2015). These
results indicate that a higher dose may be more efficacious than
a lower dose on post intervention inflammatory biomarkers.

Discussion

The major finding from this review is that most of the selected
studies suggest that yoga interventions with postures as a com-
ponent may have a beneficial impact on inflammatory biomar-
kers. This conclusion is congruent with results from a prior
review on mind-body therapies (Morgan et al., 2014). The
present review was unique because it examined yoga apart
from other mind-body therapies. Yoga interventions reduced
inflammation in three of the five studies involving cancer
(Bower et al., 2014; Kiecolt-Glaser et al., 2014; Rao et al.,
2017), three of the four studies involving cardiovascular dis-
ease (Pullen et al., 2008; Pullen et al., 2010; Sarvottam et al.,
2013), three of the four studies involving chronic stress condi-
tions (Cho et al., 2015; Rajbhoj et al., 2015; Shete et al., 2017),
one study involving rheumatoid arthritis (Singh et al., 2011),
and one with a mixed sample of individuals with chronic
conditions (Yadav et al., 2012).

Our careful examination of the effect of dose on outcome is
unique among existing reviews on mind-body therapies and
inflammation. We found that five of the studies with higher
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doses of yoga practice and advanced postures (Rajbhoj et al.,
2015; Sarvottam et al., 2013; Shete et al., 2017; Singh et al.,
2011; Yadav et al., 2012) reported significant improvements in
inflammatory biomarkers. While intensity was not part of the
calculated dose, the extant literature suggests that higher inten-
sity physical activity favorably impacts the inflammatory cyto-
kine responses in participants who are healthy and in those with
chronic inflammatory conditions (Hawkins et al., 2012;
Nimmo, Leggate, Viana, & King, 2013). For example, 5 years
of daily 1-hr sessions of moderate- to high-intensity yoga prac-
tice lowered basal pro-inflammatory cytokines (IL-6 and TNF-
o) among healthy yoga practitioners in India (Vijayaraghava,
Doreswamy, Narasipur, Kunnavil, & Srinivasamurthy, 2015).
Our results also showed that the yoga interventions designed in
India and the Republic of Korea (n = 6) included more
advanced postures and higher frequency and intensity com-
pared to those designed in the United States. Yoga may be a
more culturally accepted exercise in India and the Republic of
Korea; thus, higher frequency and advanced postures were fea-
sible among participants in these countries. However, partici-
pants in the United States, particularly those with chronic
conditions, may find lower frequency and modified yoga pos-
tures more acceptable. This finding is an important detail, and
future investigators need to consider cultural variations in
designing replication studies.

Another potential mechanism by which yoga interventions
may influence inflammation is through their effects on the
sympathetic and parasympathetic nervous systems. Accord-
ingly, eight of the selected studies used a slower paced yoga
and props. Most of the studies we analyzed included some type
of slow-breathing technique. Prior studies that used slow-
breathing techniques have demonstrated that yoga interven-
tions positively affect parasympathetic nervous system and
decrease sympathetic activity (Lakkireddy et al., 2013;
Mourya, Mahajan, Singh, & Jain, 2009; Patil, Aithala, & Das,
2015). Prior reviews of yoga interventions also found evi-
dence to support yoga’s efficacy in improving heart rate, heart
rate variability (Ross & Thomas, 2010), and blood pressure,
the markers of sympathetic activity (Chu et al., 2016). These
findings suggest that certain yoga-based breathing techniques
and slow movements may aid the relaxation of the autonomic
nervous system. Thus, yoga may be particularly effective in
reducing inflammation because, unlike exercise or stress
reduction alone, yoga has components of both relaxation
techniques and exercise.

Another important finding of our review is that the studies
used a variety of inflammatory biomarkers as outcome mea-
sures. The most commonly measured cytokines in the studies
were IL-6, CRP, and TNF-a. The conflicting findings regard-
ing the common biomarkers among the different studies sug-
gest a need for investigators to use a consistent and yet wider
range of inflammatory biomarkers to gain a better understand-
ing of the mechanisms of inflammation. Specifically, the novel
findings of decreased pro-inflammatory gene expression
(Bower et al., 2014) and changes in DNA methylation (Harkess
etal., 2016) suggest that the genetic pathway is one mechanism

by which yoga influences inflammation. Yoga’s effects on the
genetic expression of inflammatory markers were not, how-
ever, supported by the findings regarding pro-inflammatory
cytokines, suggesting that changes to the genetic pathways may
precede changes to the expression of circulating cytokines
(Bower et al., 2014). Bower and Irwin (2016)) drew a similar
conclusion in a review in which they examined seven studies
using mind-body therapy interventions (tai chi [#» = 3], med-
itation [n = 3], and yoga [# = 1]) and found a favorable impact
on genetic markers of inflammation. Further investigation is
required to determine the mechanisms by which yoga may
impact the genetic inflammatory process.

The reviewed studies illustrate the current state of the sci-
ence of yoga research. There was considerable variability in the
types, components, frequency, length, duration, and intensity
of the yoga interventions. Most studies only included two to
five yoga components, which limit the comparisons of the
interventions. For example, yogic diet as an additional compo-
nent may mediate the inflammatory pathways. The philosophi-
cal teachings (Rao et al., 2017) and the nutrition counseling
(Sarvottam et al., 2013; Singh et al., 2011; Yadav et al., 2012)
described in four studies may have had confounding effects. In
the study by Singh, Bhandari, and Rana (2011), authors listed
yogic diet as a component but did not describe it, whereas
Sarvottam et al. (2013) and Yadav et al. (2012) included nutri-
tional counseling without meals, encouraged support from
partners, and included unstructured discussions in the group.
Thus, education about healthy eating and support from others
in the group may have led some participants to engage in a
more comprehensive lifestyle change, which may have
increased the beneficial impact on inflammation in these
patients. However, we did not discover any studies that
directly compared the effects of controlled yoga with and
without the additional lifestyle changes, so the impact of addi-
tive non-yoga components on inflammation cannot be quan-
tified. New investigations comparing the individual and
combined effects of multiple components of yoga are needed
to support the use of more than four common components:
postures, breathing, relaxation, and meditation.

Limitations

The review has several limitations, and readers are advised to
consider the conclusions regarding each chronic condition with
caution. We found only a few studies examining the efficacy of
yoga interventions on biomarkers of inflammation in each
chronic condition, thus limiting the generalizability of the find-
ings. Many of the included studies had small sample sizes,
which hindered researchers’ ability to detect statistically sig-
nificant changes. The total dose of yoga practice varied across
studies and only included supervised minutes due to the lack of
description of the total minutes of home practice. Intensity of
yoga is another important variable affecting the efficacy of the
exercise. However, due to the diverse set of chronic conditions
with numerous confounders combined with a lack of descrip-
tion of the intensity, we could not quantify this variable.
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Nevertheless, our analysis of total dose showed an impact on
inflammation based on number of supervised minutes, alone.

Conclusion

Our findings support the premise that yoga may positively
impact inflammatory pathways and the symptoms of existing
inflammatory disease. Yoga is a viable mind-body therapy
available to nursing clinicians and researchers for use across
patients with a variety of chronic conditions. The National
Institute of Nursing Research’s symptom science model sup-
ports the integration of biomarkers into clinical applications
such as intervention-based research (Cashion & Grady, 2015;
Grady, 2017). Nurses have a long history of focusing on health
promotion, understanding the underlying mechanisms of dis-
eases, and designing nonpharmacological interventions. The
present review suggests that yoga using adaptive postures and
props is a promising option for individuals with chronic inflam-
matory conditions. The combination of postures, slow-
breathing techniques, and higher doses of yoga practice may
be particularly advantageous in reducing inflammation in
chronic conditions.
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