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Purpose: Rheumatoid arthritis (RA) is a pervasive inflammatory autoimmune disease that

seriously impairs human health and requires more effective non-pharmacologic treatment

approaches. This study aims to systematically review and evaluate the efficacy of yoga

for patients with RA.

Methods: Medline (through PubMed), Cochrane Library, EMBASE (through SCOPUS),

and Web of Science database were screened through for articles published until

20 July 2020. Randomized controlled trials (RCTs) of yoga in patients with RA

were included. Outcomes measures were pain, physical function, disease activity,

inflammatory cytokines, and grip strength. For each outcome, standardized mean

differences (SMD) and 95% confidence intervals (CI) were calculated.

Result: Ten trials including 840 patients with RA aged 30–70 years were identified, with

86% female participants. Meta-analysis revealed a statistically significant overall effect in

favor of yoga for physical function (HAQ-DI) (5 RCTs; SMD = −0.32, 95% CI −0.58 to

−0.05, I2 = 15%, P = 0.02), disease activity (DAS-28) (4 RCTs; SMD = −0.38, 95% CI

−0.71 to −0.06, I2 = 41%, P = 0.02) and grip strength (2 RCTs; SMD = 1.30, 95% CI

0.47–2.13, I2 = 63%, P = 0.002). No effects were found for pain, tender joints, swollen

joints count or inflammatory cytokines (i.e., CRP, ESR, IL-6, and TNF-α).

Summary: The findings of this meta-analysis indicate that yoga may be beneficial

for improving physical function, disease activity, and grip strength in patients with RA.

However, the balance of evidence showed that yoga had no significant effect in improving

pain, tender joints, swollen joints count, and inflammatory cytokines in patients suffering

from RA. Considering methodological limitations, small sample size, and low-quality, we

draw a very cautious conclusion in the results of the estimate of the effect. High-quality

and large-scale RCTs are urgently needed in the future, and the real result may be

substantially different.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease, characterized by pain, stiffness, swelling,
loss of joint function, and elevation of acute-phase reactant
levels (1). This painful chronic condition not only impairs the
quality of life but also one of the leading causes of deformities
or disabilities (2). Over the past decade, RA has become a major
public health problem that affects nearly 1% of the world’s
population (3). It is more prevalent in women than in men
and may occur at any age; peak incidence is between ages
50–60 years. In clinic, RA is typically treated with Disease-
Modifying Antirheumatic Drugs (DMARDs), Non-Steroidal
Anti-Inflammatory Drugs (NSAIDs), and Glucocorticoids
(GC) (4). Unfortunately, longtime medication given for
treatment have adverse effects such as immunosuppression,
bone marrow dysfunction, interstitial lung disease, liver damage,
hyperglycemia, and hypertension (5, 6). Thus, patients often seek
more complementary therapies.

In recent years, a variety of non-pharmacologic strategies
have been increasingly explored in the treatment of RA and
emerged as a potential method to relieve the symptoms of
RA patients (7). For example, previous literature has reported
that such as cognitive behavioral therapy, physical exercise,
and Complementary and Alternative Medicine (CAM) can be
helpful for people with RA (8–10). As an important non-
pharmacological treatment approach, yoga has received ever-
growing attention in RA treatment (11). Yoga is an ancient
practice that originated in India about 5,000 years ago and
is reported to improve health-related quality of life, including
physical function, and inflammatory symptoms in RA patients
(12). Evans et al. (13) reported that yoga reduced daily pain in
RA patients, but no difference in physical function. Other studies
conducted on RA patients reported improvements in physical
function (14), disease activity (15), grip strength (16), and a
drastic reduction in the expression of inflammatory cytokines
(i.e., CRP, ESR, IL-6, and TNF-α) (17).

Although according to the currently reported literature, yoga
seems to be effective in the treatment of people with RA, no
systematic review and meta-analysis so far have assessed its
efficacy in this condition. Over the past 2 years, three randomized
controlled trials (RCTs) on the effect of yoga have been published
(14, 17, 18). Hence, systematic evaluation of current research is
needed, and the purpose of this meta-analysis is to review and
analyze the randomized effectiveness of yoga in the treatment
of RA. Several variables were compared, including pain, physical
function (HAQ-DI), disease activity [i.e., tender joints or swollen
joints count, Disease Activity Score 28 (DAS-28)], inflammatory
cytokines and grip strength.

METHODS

This study was conducted according to the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
guidelines and the recommendations of the Cochrane
Collaboration in conducting this systematic review and
meta-analysis (19).

Selection Criteria
Studies Types
Only randomized controlled trials (RCTs) were included
while observational studies or non-randomized trials were
excluded. Only articles published in the English language were
considered eligible.

Patients
Studies were required to include patients diagnosed with
RA using physician-diagnosed or the American College of
Rheumatology (ACR) classification criteria (20). All studies
on patients with RA of the knee, hand, and feet were
considered. No restrictions were applied regarding age, gender,
and comorbidities, and diagnostic criteria utilized.

Interventions
RCTs that assessed yoga as the main intervention were included.
No restrictions regarding yoga style, length, or frequency
of the intervention period were applied. Differences between
various types of experimental interventions were examined in
subgroup analyses if applicable. When co-interventions (such as
pharmacotherapy) were applied, studies were eligible only if all
participants in all groups received the same co-interventions.

Specific Comparisons
We searched for RCTs that included one of the following
group comparisons.

• Yoga intervention vs. non-yoga intervention (e.g., usual care,
no intervention for control)

• Yoga intervention with medication vs. non-yoga intervention
with medication.

Outcomes
For inclusion in this review, RCTs had to assess at least one major
outcome or minor outcome:

The major outcomes included:

• Pain
• Physical function, as measured using Health Assessment

Questionnaires-Disability Index (HAQ-DI)
• Disease activity, as measured using Tender joints or Swollen

joints count, Disease Activity Score 28 (DAS-28)
• Inflammatory cytokines, as measured using C-reactive Protein

(CRP), Erythrocyte sedimentation rate (ESR), Interleukin-6
(IL-6), Tumor necrosis factor-α (TNF-α).

The minor outcome included:
• Grip Strength.

Search Strategy
A comprehensive search of the literature was performed
by two independent reviewers (XL Ye and ZH Chen),
using the following electronic databases: Medline (through
PubMed), EMBASE (through SCOPUS), Cochrane Library and
Web of Science database. The following search terms were
used: ((Arthritis, Rheumatoid [MeSH Terms] OR Rheumatoid
Arthritis [Title/Abstract]) AND [(Yoga [MeSH Terms] OR
Yoga [Title/Abstract] OR Yogic [Title/Abstract])). In order
to identify the association between yoga and rheumatoid
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arthritis, a filter for randomized controlled trials was added
(“Randomized Controlled Trial” [Publication Type] OR “Clinical
Trial” [Publication Type] OR Tandomly [Title/Abstract] OR
Randomized [Title/Abstract] OR Trial [Title/Abstract] OR Control
[Title/Abstract] OR Controlled [Title/Abstract]). All databases
were searched from their inception to May 2020. Besides, we
checked new literature again until May 2020, to ensure any
latest articles could be included. Disagreements between two
reviewers were discussed with a third reviewer (Z Shen) until
consensus was reached. The search strategy is detailed in the
Supplementary Appendix—search algorithm.

Data Extraction and Quality Assessment
Two reviewers (XL Ye and ZH Chen) independently extracted
study data from the eligible studies, including patient
characteristics (e.g., age, gender, disease activity), study
characteristics (e.g., study design, publication year, country
of origin, inclusion/exclusion criteria, sample size), and study
outcomes. Discrepancies were discussed with a third reviewer (Z
Shen) until a consensus was achieved. The original trial authors
were contacted for additional details if necessary.

Assessment of Risk of Bias in Included
Studies
The quality and risk of bias in included studies were assessed
independently by 2 reviewers (XL Ye and ZH Chen) using
the Cochrane risk-of-bias tool, which includes the following
domains: selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other bias (21). Discrepancies
were rechecked by a third reviewer (Z Shen) and consensus
achieved by further discussion.

Statistical Analysis
Assessment of Overall Effect Size
Meta-analysis was performed using Review Manager version 5.3
(Cochrane Collaboration, Oxford, UK). The mean differences
(MDs), standardized mean differences (SMD), and 95%
confidence intervals (CIs) for pooled data were calculated
using fixed-models as outcomes were measured on the same
standard scales.

Assessment of Subgroup
Subgroup analyses were planned according to the type of
interventions (yoga with medication vs. medication, yoga vs.
non-intervention and yoga vs. usual care) when sufficient studies
were available and the data were heterogeneous.

Assessment of Heterogeneity
Statistical heterogeneity between studies was explored using I2

and chi-square statistics. I2 < 50% was regarded as no significant
statistical heterogeneity and the fixed-effect model was used
for analysis. When I2 > 50%, the random-effect model was
used for analysis. A P ≤ 0.1 from Cochran’s Q indicates no
significant heterogeneity.

Assessment of Sensitivity
Owing to the small number of studies, we did not perform
originally planned sensitivity analyses on inclusion/exclusion

decisions, methodological quality, adequacy of the
randomization process, or use of the intention-to-treat principle.

Assessment of Publication Bias
Publication bias was evaluated through Egger’s test by using Stata
version 14.0 (StataCorp LP., College Station, TX, USA).

RESULT

Study Selection
The results of the literature search and selection process are
summarized in Figure 1. The initial search identified 171
potentially relevant records by searching electronic databases.
After the first selection, a total of 49 duplicate records were
excluded. Of 122 non-duplicate records, 99 were excluded
because they did not meet the inclusion criteria after going
through the titles and abstracts. Of those, 23 articles were
retrieved in full article form for further reading, and 8 articles
were excluded for meta-analysis after reading the title and
abstract. After reading the full text of the remaining 15
RCTs, 5 RCTs were considered unsuitable for the systematic
review. The reasons for these excluded RCTs are shown in
Supplementary Table 1. Finally, 10 RCTs reported on a total of
840 patients were included in the meta-analyses (13–18, 22–25).

Study Characteristics
Overview of Included Studies
The study characteristics of the 10 RCTs are shown in Table 1.
These studies were published from form 1994 to 2020. Among the
10 RCTs, four each were conducted in the United States (13, 14,
24, 25) and India (16–18, 23), and one each in England (22) and
the United Arab Emirates (15). Of the 10 studies included, 840
patients with RA were analyzed. The number of enrolled patients
with RA ranged from 16 to 371, and their average mean (SD) age
ranging from 27.1 (4.2) to 66.7 (5.8) years. Of all 840 patients with
RA in the systematic review were predominantly female (86%).
Eight of the studies reported the duration of symptoms with the
mean duration ranging from 6.8 (6.3) to 24.3 (11.9) years.

Intervention Characteristics and Outcome Measures
The overview of yoga intervention and outcome measures in
Table 2. Regarding the interventions, half of the studies did
not specify the style of yoga used (50%, n = 5) (13, 14, 22–
24). Of those which specified the styles of yoga, 20% (n =

2) used Pranayama Yoga (16, 18), 10% (n = 1) Hatha Yoga
(25), 10% (n = 1) Vishwas–Raj Yoga (15), and 10% (n =

1) of studies performed Patanjali’s Raj Yoga (17). The yoga
group will perform yoga intervention for at least 30 consecutive
min each time with a frequency of 2–6 times a week. The
length of the supervised training programs differed between
40 days and 12 weeks. In these 10 studies, six studies applied
additional the same medication treatment as the control group
(15, 16, 18, 22, 23, 25). Two of the six studies used disease-
modifying anti-rheumatic drugs (DMARDs) in the yoga group
and the control group (15, 25), one used Non-steroidal Anti-
inflammatory Drugs (NSAIDs) (16), and three continued to
use the previous prescription (18, 22, 23). Besides, three of the
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FIGURE 1 | Flowchart of meta-analysis search and selection process.

TABLE 1 | Study characteristics.

References Population Country Study Mean age (SD), Sample size Male/female Symptom duration

design years in years (SD)

Yoga Control Yoga Control Yoga Control Yoga Control

Haslock et al. (22) RAa England RCT 52.5 (19.3) 57 (8.1) 10 10 1/9 2/8 14.8 (11.6) 19.1 (12.7)

Singh et al. (23) RAa India RCT 34.65 (7.3) 34.65 (7.3) 40 40 13/27 11/29 11.5 (7.0) 12.1 (7.0)

Bosch et al. (25) RAb The U.S. RCT 56.3 (7.6) 66.7 (5.8) 9 7 0/9 0/7 19.7 (6.8) 17.3 (4.4)

Evans et al. (13) RAb The U.S. RCT 29.9 (2.9) 27.1 (4.2) 11 15 0/11 0/15 15.8 (9.8) 6.8 (6.3)

Gautam et al. (17) RAb India RCT 45.7 (1.6) 42.1 (1.7) 36 36 7/29 9/27 6.32 (0.8) 5.61 (0.7)

Greysen et al. (14) RAb The U.S. RCT 51.9 (13.7) 62.4 (11.9) 42 329 2/40 37/292 21.1 (12.4) 24.3 (11.9)

Badsha et al. (15) RAb The U.A.E. RCT 44.0 (10.0) 46.2 (10.7) 26 21 0/26 0/21 9.3 (11.8) 8.2 (10)

Dash and Telles (16) RAa India RCT 34.0 (6.5) 31.6 (6.6) 20 20 10/10 10/10 Not reported

Moonaz et al. (24) RAa The U.S. RCT 49.2 (13.2) 55.9 (8.9) 11 14 0/11 0/14 9.9 (8.7) 8.6 (9.4)

Ganesan et al. (18) RAb India RCT 41.3 (9.5) 42.6 (7.1) 68 75 5/63 7/68 Not reported

aPhysician diagnosed RA. b1987 ACR RA Diagnostic Criteria.

U.S., United States of America; U.A.E., The United Arab Emirates; Study design: RCT, Randomized Controlled Trials; SD, Standard deviation.

other four control groups took usual-care, which means that
patients needed to perform normal physical exercise under the
guidance of physicians (13, 17, 24). No intervention (no specific
treatment) was acceptable as a control intervention in another
study (14).

The included RCTs chose somewhat different outcomes
as primary outcome–Health Assessment Questionnaires-
Disability Index (HAQ-DI), tender joints or swollen joints

count, Disease Activity Score 28 (DAS-28), C-reactive protein
(CRP), Erythrocyte sedimentation rate (ESR), Interleukin-
6 (IL-6), Tumor necrosis factor-α (TNF-α). Four RCTs
used a simple descriptive pain intensity scale (SDPIS) (23),
Numeric Rating Scale (NRS) (14), and Short Form-36 Health
Survey Questionnaire (SF-36) (13, 15) to measure pain
in turn. Two RCTs (16, 22) measured grip strength as a
minor outcome.
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TABLE 2 | Intervention, main measures, and results.

References Type of yoga practice Intervention length, frequency, and duration Main outcomes and result

Yoga Control

Haslock et al. (22) Yoga (NS) Yoga (120min each; five weekly

sessions; 12 weeks) + medication

(Previous prescription)

Medication (Previous prescription) 1. Grip strength *

Singh et al. (23) Yoga (NS) Yoga (90min each; six weekly

sessions; 40 days) + medication

(Previous prescription)

Medication (Previous prescription) 1. Pain (SDPIS); 2. Inflammatory

cytokines (CRP)*

Bosch et al. (25) Hatha Yoga Yoga (75min each; three weekly

sessions; 10 weeks) + medication

(DMARDs)

Medication (DMARDs) 1. Physical function (HAQ-DI)*

Evans et al. (13) Yoga (NS) Yoga (90min each; two weekly

sessions; 6 weeks)

Usual-care (normal physical exercise) 1. Pain (SF-36)*; 2. Physical function

(HAQ-DI); 3. DAS-28*

Gautam et al. (17) Patanjali’s Raj Yoga Yoga (120min each; five weekly

sessions; 8 weeks)

Usual-care (normal physical exercise) 1. Physical function (HAQ-DI)*; 2.

DAS-28*; 3. Inflammatory cytokines

(CRP)*; 4. Inflammatory cytokines

(ESR)*; 5. Inflammatory cytokines

(IL-6)*; 6. Inflammatory cytokines

(TNF-α)*

Greysen et al. (14) Yoga (NS) Yoga (120min each; one weekly

session; 12 weeks)

No intervention (no specific treatment) 1. Pain (NRS)*; 2. Physical function

(HAQ-DI)*

Badsha et al. (15) Vishwas–Raj Yoga Yoga (60min each; two weekly

sessions; 6 weeks) + medication

(DMARDs)

Medication (DMARDs) 1. Pain (SF-36); 2. Physical function

(HAQ-DI)*; 3. DAS-28*; 4.

Inflammatory cytokines (ESR); 5.

Tender joints count*; 6. Swollen joints

count*

Dash and Telles (16) Pranayama Yoga Yoga (60min each; five weekly

sessions; 12 weeks) + medication

(NSAIDs)

Medication (NSAIDs) 1. Grip strength*

Moonaz et al. (24) Yoga (NS) Yoga (60min each; two weekly

sessions; 8 weeks)

Usual-care (normal physical exercise) 1. Tender joints count*; 2. Swollen

joints count*

Ganesan et al. (18) Pranayama Yoga Yoga (30min each; three weekly

sessions; 12 weeks) + medication

(Previous prescription)

Medication (Previous prescription) 1. DAS-28*; 2. Inflammatory

cytokines (IL-6)*; 3. Inflammatory

cytokines (TNF-α)*

NS, not specified; Main outcome: SDPIS, Simple Descriptive Pain Intensity Scale; CRP, C-Reactive Protein; HAQ-DI, Health Assessment Questionnaire Disability Index; DAS-28,

Disease Activity Score 28; ESR, Erythrocyte Sedimentation Rate; IL-6, Interleukin-6; TNF-α, Tumor necrosis factor-α; NRS, Numeric rating scale; SF-36, Short Form-36 Health

Survey Questionnaire.

*Denotes sign. post-interventional group differences in favor of yoga group.

TABLE 3 | Risk of bias assessment.

References Selection bias Performance

bias

Detection bias Attrition bias Reporting bias Other bias

Random

sequence

generation

Allocation

concealment

Blinding of

participants

and personnel

Blinding of

outcome

assessment

Incomplete

outcome data

Selective

reporting

Haslock et al. (22) Unclear Unclear Low Unclear Low Unclear Unclear

Singh et al. (23) Low Low Unclear Unclear Low Low Unclear

Bosch et al. (25) Unclear Unclear Unclear Low Unclear Low Unclear

Evans et al. (13) Low Low Unclear Low Unclear Low Low

Gautam et al. (17) Low Low Low Low Low Low Low

Greysen et al. (14) Unclear Unclear Low Low Low Low Low

Badsha et al. (15) Unclear Unclear Unclear Low Unclear Low Unclear

Dash and Telles (16) Unclear Unclear Low Unclear Unclear Unclear Unclear

Moonaz et al. (24) Low Low Low Unclear Low Low Low

Ganesan et al. (18) Low Low Low Low Low Low Low

Low risk of bias Unclear risk of bias High risk of bias
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Risk of Bias and Quality Assessment
The risk of bias for each study is shown in detail in Table 3. Five
RCTs did not report an adequate form of randomization and the
allocation concealment of these five RCTs remained unclear (14–
16, 22, 25). Four RCTs (13, 15, 23, 25) were judged as unclear
for performance bias. In four RCTs (16, 22–24), detection bias
remained unclear. Incomplete outcome data (attrition bias) four
RCTs (13, 15, 16, 25) were judged as unclear due to a lack of
data detail. The risk of reporting bias was low in only two of the
included RCTs (16, 22).

Assessment of Overall Effect Size
Pain
Pain intensity was assessed by four of the included RCTs. Four
RCTs used a Simple Descriptive Pain Intensity Scale (SDPIS) (23),
Numeric Rating Scale (NRS) (14), and Short Form-36 Health
Survey Questionnaire (SF-36) (13, 15) to measure pain. Higher
scores of these scales denote more pain intensity. Significant
effects were found for pain intensity for yoga compared to
controls (4 RCTs; SMD = −1.34, 95% CI −2.49 to −0.19, I2 =
94%, P = 0.12). When yoga with medication is compared with
medication, the subgroup analysis results revealed that there was
no difference between the interventions (2 RCTs; SMD = −0.26
(95% CI:−0.73–0.20, I2 = 0%, P = 0.27) (Figure 2).

Physical Function
Five RCTs (13–15, 17, 25) used the Health Assessment
Questionnaires-Disability Index (HAQ-DI) to assess physical
function. Meta-analyses generally revealed significant effect
regarding physical function based on five RCTs for the
comparison yoga to controls (5 RCTs; SMD = −0.32, 95% CI
−0.58 to−0.05, I2 = 15%, P= 0.02). When comparing yoga with
usual care, the subgroup analysis results revealed that there was
no difference between the interventions (2 RCTs; SMD = −0.32
(95% CI: −0.45–0.35, I2 = 0%, P = 0.82). However, the effect

for yoga with medication in comparison to medication also to be
statistically significant (2 RCTs; SMD=−0.58 (95% CI:−1.09 to
−0.07, I2 = 0%, P = 0.03) (Figure 3).

Disease Activity
Disease activity was assessed by four RCTs. Four RCTs (13, 15,
17, 18) used a Disease Activity Score 28 (DAS-28) and two
RCTs (15, 24) used tender joints count and swollen joints count
to assess disease activity of RA during intervention period. A
statistically significant effect could be detected in DAS-28 for
yoga compared to controls based on four RCTs (4 RCTs; SMD =

−0.39, 95% CI −0.68 to −0.10, I2 = 42%, P = 0.009). Subgroup
analysis shown that there was significant difference between the
yoga with medication and medication group (2 RCT; SMD =

−0.59, 95% CI −0.88 to −0.30, I2 = 0%, P < 0.0001), but no
significant difference were found in yoga compares usual care
group (2 RCT; SMD = −0.20, 95% CI −0.61 to −0.10, I2 =

42%, P = 0.34). The effects for tender joints count (2 RCTs;
SMD = −0.39, 95% CI −1.38–0.61, I2 = 75%, P = 0.44) and
swollen joints count (2 RCT; SMD = −0.88, 95% CI −2.78–
1.02, I2 = 92%, P = 0.36) statistically turned to be no significant
(Figures 4–6).

Inflammatory Cytokines
Inflammatory cytokines were assessed by CRP, ESR, IL-6, and
TNF-α. Meta-analyses further revealed no significant effect
regarding CRP based on two RCTs (17, 23) (2 RCTs; SMD =

−0.29, 95% CI −0.81–0.23, I2 = 62%, P = 0.28), two RCTs
(15, 17) for ESR (2 RCTs; SMD = −0.29, 95% CI −1.13–0.55,
I2 = 80%, P = 0.50), two RCTs (17, 18) for IL-6 (2 RCTs; SMD
=−0.55, 95% CI−1.17–0.88, I2 = 78%, P= 0.09) and two RCTs
(17, 18) for TNF-α (2 RCTs; SMD = −0.59, 95% CI −1.23–0.06,
I2 = 79%, P = 0.07) (Figure 7).

FIGURE 2 | Meta-analysis on Pain.
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FIGURE 3 | Meta-analysis on HAQ-DI.

FIGURE 4 | Meta-analysis on DAS-28.
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FIGURE 5 | Meta-analysis on Tender joints count.

FIGURE 6 | Meta-analysis on Swollen joints count.

Grip Strength
Subgroup analysis of grip strength was conducted based on the
left and right hand. Two RCTs (16, 22) assessed the left and right
grip strength. The subgroup analysis results revealed that yoga
had positive effects on the grip strength of the left hand (2 RCTs;
SMD = 1.40, 95% CI 0.28–2.52, I2 = 58%, P = 0.01), but had no
significant effect on the right hand (2 RCTs; SMD= 1.23, 95% CI
−0.45–2.91, I2 = 82%, P= 0.15). Overall, meta-analyses revealed
a statistically significant effect for yoga compared to controls (2
RCTs; SMD = 1.30, 95% CI 0.47–2.13, I2 = 63%, P = 0.002)
(Figure 8).

Publication Bias
When the meta-analysis includes more than 10 studies with
a funnel chart representing each follow-up time point, the
possibility of publication bias should be reported (26). For
continuous results, Egger’s tests and Begg’s tests should be used to
assessing the possible publication bias (21, 27). However, none of
the meta-analysis groups have more than 10 RCTs and therefore
neither of these methods was completed.

Safety
None of the included RCTs reported adverse events.

DISCUSSION

Summary of Evidence
We conducted this review to evaluate scientific evidence for the
benefits of yoga intervention compared with no interventions in
people with RA. Major outcomes evaluated were pain, physical
function (HAQ-DI), disease activity (tender joints or swollen
joints count, DAS-28), and inflammatory cytokines (CRP, ESR,
IL-6, TNF-α). Minor outcomes evaluated included grip strength.
Overall results of meta-analyses suggest that performing yoga

may be beneficial for improving physical function (HAQ-DI)
and disease activity (DAS-28). However, considering that one of
the articles has a high disease duration and a high weight, we
removed it and analyzed it and found yoga has no significant
effect regarding physical function (14). This shows that yoga
may improve the body function of patients with a high disease
duration better than patients with a relatively short duration.
Of course, given the quality of the evidence is very low, we are
unable to definitively state this result. Investigators also found
a beneficial effect of yoga on grip strength, but heterogeneity
between studies was greater and the confidence interval was
slightly larger. Evidence was insufficient to show the effect of yoga
on pain, disease activity (tender joints or swollen joints count)
and inflammatory cytokines in patients with RA.

Comparison to Prior Reviews
To the best of our knowledge, this is the first systematic review
and meta-analysis to evaluate the effectiveness of yoga in RA.
Several years ago, one review included eight studies has examined
the effects of yoga on rheumatic conditions, and the authors
concluded that yoga is a useful add-on therapy for treating
RA and the most significant benefits of yoga was practiced
in a combination of physical postures, regulated breathing,
meditation, and yoga philosophy (28). While the authors of this
previous review cannot perform a meta-analysis, the increased
number of publications in recent years allowed for a meta-
analysis at this point, and effect estimates could be provided.
Overall, our meta-analysis found that yoga may improve the
physical function (HAQ-DI) and disease activity (DAS-28) for
patients with RA, and the meta-analyses showed no differences
between the yoga and non-exercise controls including usual
care. However, the results found are inconsistent with previous
literature reports.
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FIGURE 7 | Meta-analysis on Inflammatory cytokines (A: CRP, B: ESR, C: IL-6, D: TNF-α). (A) Meta-analysis on CRP. (B) Meta-analysis on ESR. (C) Meta-analysis on

IL-6. (D) Meta-analysis on TNF-α.

Is Yoga an Effective Treatment for
Rheumatoid Arthritis?
Although the cause of RA remains unknown and incurable,
controlling symptoms, preventing joint damage, andmaintaining
physical function to improving the RA patient’s quality of
life is the main target of treatment currently (29). And
balancing and resolving inflammation is key to optimal
therapeutic success (30). Non-pharmacological interventions are
believed beneficial for RA, and as the American College of
Rheumatology (ACR) points out that stretching, strengthening,
and conditioning exercise can maintain physical function (31).
The practice of yoga involves specific physical postures (asanas),
breath regulation (pranayamas), concentration (dharana), and
meditation (dhyana) (32). Yoga is reported to improve people

with RA physical and mental health, including physical function
and depressive symptoms, pain, and fatigue, and sleep, by
incorporating meditative breathing with physical exercise (33).
Yoga emphasizes breathing and relaxation exercises as well as

incorporating meditation to reduce chronic pain symptoms.

These exercises may stimulate the parasympathetic nervous

system and help break the pressure-pain cycle to relieve
chronic pain symptoms (34, 35). Additionally, the effect of
yoga on the musculoskeletal system may be important for
maintaining the physical function of RA. Yoga includes a
variety of postures similar to static stretching, which might
improve muscle strength, especially leg press strength (36, 37).
Improvements in muscle function also bring the improvement of
the physical function of RA. Finally, considering the important
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FIGURE 8 | A meta-analysis on the Grip strength.

role of inflammation in the progress of RA, we analyzed the
inflammation markers of patients with RA, such as CRP, ESR,
IL-6, and TNF-α, which are considered the prime cytokines that
reflect or drive the inflammatory process in RA (38). However, no
significant effects were found in this meta-analysis, which might
be due to the small sample size.

Implications for Practice
Currently, this meta-analysis suggests that yoga will help to
improve physical function and disease activity among people
with RA. Therefore, a weak recommendation can be given for
using yoga as a treatment strategy for RA. However, considering
yoga as a non-pharmacological and low-risk intervention, it
is still recommended for RA patients who do not adhere to
physical exercise regularly. The future meta-analysis of high-
quality studies and large sample sizes is very likely to have an
important impact on our confidence in the estimates of effect and
may change the estimates.

Limitations and Quality of Evidence
However, the result of this systematic review had several
limitations. Firstly, all included RCTs were from methodological
limitations. Only half of the RCTs reported adequate
randomization, while allocation concealment of these RCTs
had to be suspected as biased. Some included RCTs also had
performance, detection, attrition, and reporting bias. Therefore,
the quality of evidence for outcomes had been reduced to very
low levels. Secondly, only a small sample size was included.
During the follow-up analysis, some meta-analyses including
only 2 RCTs. Although a meta-analysis could be conducted
through 2 RCTs, the conclusions drawn from the results should
be considered preliminary and might be biased (39). Thirdly,
the RCTs varied in terms of their patient populations (such
as age and symptom duration), interventions (medication or
not), comparison treatments (type, length, and frequency and
duration), and outcome measures. Given the small number of

trials, we were unable to examine whether the effects on the study
outcomes were influenced by these factors. And these might
eventually cause heterogeneity and interpretability in the results.

Implications for Further Research
While we acknowledge the difficulty of conducting properly
randomized controlled trials in this subject, ideally the next step
in this subject would be to conduct studies with more robust
designs as followed:

Firstly, future reporting of yoga RCTs should strictly follow
standard reporting guidelines, such as CONSORT (Consolidated
Standards of Reporting Trials) statement (40) to improve the
quality of their research.

Secondly, prospective registration in the clinical trial registry
before recruiting patients will help reduce selective reports.
Researchers are recommended to disclose the complete research
protocol in all relevant publications.

Thirdly, to determine the long-term impact, follow-up
assessments are urgently needed at different periods.

Fourthly, none of the included RCTs reported adverse events,
considering that safety is crucial for the evaluation of therapies,
future RCTs should consider safety.

Fifthly, future RCTs should directly compare yoga with
other interventions (such as medication, usual care, no
specific treatment or any other intervention) to investigate the
potential benefits of yoga in the treatment of RA patients as
described above.

CONCLUSION

Despite several limitations, this systematic review found
preliminary evidence that yoga interventions were associated
with improvement in physical function, disease activity and
grip strength compared with non-yoga patients with RA. No
effects were found for patients suffering from RA. Due to the
methodological limitations, small sample size, and a lack of

Frontiers in Medicine | www.frontiersin.org 10 November 2020 | Volume 7 | Article 586665

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Ye et al. Yoga for Treating Rheumatoid Arthritis

data, we can only make a weak recommendation that yoga can
improve the physical function and disease activity of patients
with RA. However, additional high-quality and large RCTs are
needed to confirm the effectiveness of yoga interventions for the
management of patients with RA.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

XY conceived the study design. XY and ZC conducted the
literature search, did some of the data extraction, did all of
the analyses, and drafted the manuscript. ZS helped with the
data analysis, reviewed the manuscript for important intellectual

content, and made major revisions to the manuscript. XX and
GC supervised the study. All authors have read and approved the
final version of the submitted version.

FUNDING

This work was supported by Guangzhou Science and technology
plan project (202002030204); Scientific research Project of
Traditional Chinese medicine Bureau of Guangdong Province
(No. 20194002); Soft Science Research Program of Guangdong
Province (No. 2018B020207009); and Science and Technology
Plan Project of Guangdong Province (2019A141401008).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2020.586665/full#supplementary-material

REFERENCES

1. Sparks Jeffrey A. Rheumatoid arthritis. Ann Intern Med. (2019) 170:ITC1–

16. doi: 10.7326/AITC201901010

2. Smolen JS, Aletaha D, Barton A, Burmester GR, Emery P, Firestein

GS, et al. Rheumatoid arthritis. Nat Rev Dis Primers. (2018)

4:18001. doi: 10.1038/nrdp.2018.1

3. Myasoedova E, Davis J, Matteson E, Crowson C. Is the epidemiology

of rheumatoid arthritis changing? Results from a population-

based incidence study, 1985-2014. Ann Rheum Dis. (2020)

79:440–4. doi: 10.1136/annrheumdis-2019-216694

4. Lu Y, Li L, Lin Z, Wang L, Lin L, Li M, et al. A new treatment

modality for rheumatoid arthritis: combined photothermal and

photodynamic therapy using cus nanoparticles. Adv Healthc Mater. (2018)

7:e1800013. doi: 10.1002/adhm.201800013

5. Dolati S, Sadreddini S, Rostamzadeh D, Ahmadi M, Jadidi-

Niaragh F, Yousefi M, et al. Utilization of nanoparticle technology

in rheumatoid arthritis treatment. Biomed Pharmacother. (2016)

80:30–41. doi: 10.1016/j.biopha.2016.03.004

6. Wang Q, Sun X. Recent advances in nanomedicines for the

treatment of rheumatoid arthritis. Biomater Sci. (2017) 5:1407–

20. doi: 10.1039/C7BM00254H

7. Küçükdeveci Ayşe A. Nonpharmacological treatment in established

rheumatoid arthritis. Best Pract Res Clin Rheumatol. (2019)

33:101482. doi: 10.1016/j.berh.2019.101482

8. Katz P, Andonian B, Huffman K. Benefits and promotion of physical

activity in rheumatoid arthritis. Curr Opin Rheumatol. (2020) 32:307–

14. doi: 10.1097/BOR.0000000000000696

9. Lahiri M, Santosa A, Teoh L, Clayton J, Lim S, Teng G, et al. Use of

complementary and alternative medicines is associated with delay to initiation

of disease-modifying anti-rheumatic drug therapy in early inflammatory

arthritis. Int J Rheum Dis. (2017) 20:567–75. doi: 10.1111/1756-185X.13091

10. Shen B, Li Y, Du X, Chen H, Xu Y, Li H, et al. Effects of cognitive

behavioral therapy for patients with rheumatoid arthritis: a systematic

review and meta-analysis. Psychol Health Med. (2020) 1:1179–91.

doi: 10.1080/13548506.2020.1736312

11. Cartwright T, Cahill M, Sadana V. A mixed methods evaluation of an

individualised yoga therapy intervention for rheumatoid arthritis: Pilot

study. Complement Ther Med. (2020) 50:102339. doi: 10.1016/j.ctim.2020.

102339

12. Bartlett SJ, Moonaz SH, Mill C, Bernatsky S, Bingham CO. Yoga in Rheumatic

diseases. Curr Rheumatol Rep. (2013) 15:387. doi: 10.1007/s11926-013-0387-2

13. Evans S, Moieni M, Lung K, Tsao J, Sternlieb B, Taylor M, et al. Impact of

iyengar yoga on quality of life in young women with rheumatoid arthritis.

Clin J Pain. (2013) 29:988–97. doi: 10.1097/AJP.0b013e31827da381

14. Greysen H, Hong O, Katz P. The association between yoga use, physical

function, and employment in adults with rheumatoid arthritis. Holist Nurs

Pract. (2019) 33:71–9. doi: 10.1097/HNP.0000000000000296

15. Badsha H, Chhabra V, Leibman C, Mofti A, Kong K. The benefits of yoga

for rheumatoid arthritis: results of a preliminary, structured 8-week program.

Rheumatol Int. (2009) 29:1417–21. doi: 10.1007/s00296-009-0871-1

16. Dash M, Telles S. Improvement in hand grip strength in normal volunteers

and rheumatoid arthritis patients following yoga training. Indian J Physiol

Pharmacol. (2001) 45:355–60.

17. Gautam S, TolahunaseM, Kumar U, Dada R. Impact of yoga basedmind-body

intervention on systemic inflammatory markers and co-morbid depression

in active rheumatoid arthritis patients: a randomized controlled trial. Neurol

Neurosci. (2019) 37:41–59. doi: 10.3233/RNN-180875

18. Ganesan S, Gaur G, Negi V, Sharma VK, Pal GK. Effect of yoga therapy

on disease activity, inflammatory markers, and heart rate variability in

patients with rheumatoid arthritis. J Altern Complement Med. (2020) 26:501–

7. doi: 10.1089/acm.2019.0228

19. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred

reporting items for systematic reviews and meta-analyses: the PRISMA

statement. BMJ. (2009) 339:b2535. doi: 10.1136/bmj.b2535

20. Aletaha D, Neogi T, Silman A, Funovits J, Felson D, Bingham C, et al.

2010 rheumatoid arthritis classification criteria: an American College

of Rheumatology/European League Against Rheumatism collaborative

initiative. Ann Rheum Dis. (2010) 69:1580–8. doi: 10.1002/art.27584

21. Tarsilla M. Cochrane handbook for systematic reviews of interventions. J

Multidiscipl Eval. (2010) 6:142–8. doi: 10.1002/9781119536604

22. Haslock I, Monro R, Nagarathna R, Nagendra HR, Raghuram NV. Measuring

the effects of yoga in rheumatoid arthritis. Br J Rheumatol. (1994) 33:787–

8. doi: 10.1093/rheumatology/33.8.787-a

23. Singh VK, Bhandari RB, Rana BB. Effect of yogic package on rheumatoid

arthritis. Indian J Physiol Pharmacol. (2011) 55:329–35.

24. Moonaz S, Bingham C, Wissow L, Bartlett S. Yoga in sedentary adults with

arthritis: effects of a randomized controlled pragmatic trial. J Rheumatol.

(2015) 42:1194–202. doi: 10.3899/jrheum.141129

25. Bosch P, Traustadóttir T, Howard P, Matt K. Functional and physiological

effects of yoga in women with rheumatoid arthritis: a pilot study. Altern Ther

Health Med. (2009) 15:24–31.

26. Sterne J, Sutton A, Ioannidis J, Terrin N, Jones D, Lau J, et al.

Recommendations for examining and interpreting funnel plot

Frontiers in Medicine | www.frontiersin.org 11 November 2020 | Volume 7 | Article 586665

https://www.frontiersin.org/articles/10.3389/fmed.2020.586665/full#supplementary-material
https://doi.org/10.7326/AITC201901010
https://doi.org/10.1038/nrdp.2018.1
https://doi.org/10.1136/annrheumdis-2019-216694
https://doi.org/10.1002/adhm.201800013
https://doi.org/10.1016/j.biopha.2016.03.004
https://doi.org/10.1039/C7BM00254H
https://doi.org/10.1016/j.berh.2019.101482
https://doi.org/10.1097/BOR.0000000000000696
https://doi.org/10.1111/1756-185X.13091
https://doi.org/10.1080/13548506.2020.1736312
https://doi.org/10.1016/j.ctim.2020.102339
https://doi.org/10.1007/s11926-013-0387-2
https://doi.org/10.1097/AJP.0b013e31827da381
https://doi.org/10.1097/HNP.0000000000000296
https://doi.org/10.1007/s00296-009-0871-1
https://doi.org/10.3233/RNN-180875
https://doi.org/10.1089/acm.2019.0228
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1002/art.27584
https://doi.org/10.1002/9781119536604
https://doi.org/10.1093/rheumatology/33.8.787-a
https://doi.org/10.3899/jrheum.141129
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Ye et al. Yoga for Treating Rheumatoid Arthritis

asymmetry in meta-analyses of randomised controlled trials. BMJ. (2011)

343:d4002. doi: 10.1136/bmj.d4002

27. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-

analysis detected by a simple, graphical test. BMJ. (1997) 315:629–

34. doi: 10.1136/bmj.315.7109.629

28. Telles S, Singh N. Is yoga a suitable treatment for rheumatoid

arthritis: current opinion. Open Access J Sports Med. (2012)

3:81–7. doi: 10.2147/OAJSM.S25707

29. Smolen JS, Aletaha D, Bijlsma JW, Breedveld FC, Boumpas

D, Burmester G, et al. Treating rheumatoid arthritis to target:

recommendations of an international task force. Ann Rheum Dis. (2010)

69:631–7. doi: 10.1136/ard.2009.123919

30. Chen Z, Bozec A, Ramming A, Schett G. Anti-inflammatory and immune-

regulatory cytokines in rheumatoid arthritis. Nat Rev Rheumatol. (2019)

15:9–17. doi: 10.1038/s41584-018-0109-2

31. Rahnama N, Mazloum V. Effects of strengthening and aerobic exercises on

pain severity and function in patients with knee rheumatoid arthritis. Int J

Prev Med. (2012) 3:493–8.

32. Varambally S, George S, Gangadhar B. Yoga for psychiatric disorders:

from fad to evidence-based intervention? Br J Psychiatry. (2020) 216:291–

3. doi: 10.1192/bjp.2019.249

33. Greysen HM. The benefits of yoga for adults with rheumatoid arthritis

(Diss. UC San Francisco Electronic Theses and Dissertations). University of

California, San Francisco, San Francisco, CA, United States (2015).

34. Bhimani N, Kulkarni N, Kowale A, Salvi S. Effect of Pranayama on

stress and cardiovascular autonomic function. Indian J Physiol Pharmacol.

(2011) 55:370–7.

35. Sharma P, Poojary G, Dwivedi S, Deepak K. Effect of yoga-based intervention

in patients with inflammatory bowel disease. Int J Yoga Therap. (2015)

25:101–12. doi: 10.17761/1531-2054-25.1.101

36. Zampogna B, Papalia R, Papalia G, Campi S, Vasta S, Vorini F, et al. The role

of physical activity as conservative treatment for hip and knee osteoarthritis

in older people: a systematic review and meta-analysis. J Clin Med. (2020)

9:1167. doi: 10.3390/jcm9041167

37. Kim S, Bemben M, Bemben D. Effects of an 8-month yoga intervention on

arterial compliance and muscle strength in premenopausal women. J Sports

Sci Med. (2012) 11:322–30.

38. Aletaha D, Smolen J. Diagnosis and management of rheumatoid

arthritis: a review. JAMA. (2018) 320:1360–72. doi: 10.1001/jama.2018.

13103

39. Higgins JPT, Thomas J, Chandler J, CumpstonM, Li T, PageMJ, et al.Cochrane

Handbook for Systematic Reviews of Interventions. 2nd ed. Chichester: John

Wiley & Sons (2019).

40. Boutron I, Moher D, Altman D, Schulz K, Ravaud P, CONSORT

Group. Extending the CONSORT statement to randomized trials of

nonpharmacologic treatment: explanation and elaboration. ACP J

Club. (2008) 148:295–309. doi: 10.7326/0003-4819-148-4-200802190-

00008

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Ye, Chen, Shen, Chen and Xu. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 12 November 2020 | Volume 7 | Article 586665

https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2147/OAJSM.S25707
https://doi.org/10.1136/ard.2009.123919
https://doi.org/10.1038/s41584-018-0109-2
https://doi.org/10.1192/bjp.2019.249
https://doi.org/10.17761/1531-2054-25.1.101
https://doi.org/10.3390/jcm9041167
https://doi.org/10.1001/jama.2018.13103
https://doi.org/10.7326/0003-4819-148-4-200802190-00008
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Yoga for Treating Rheumatoid Arthritis: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Selection Criteria
	Studies Types
	Patients
	Interventions
	Specific Comparisons
	Outcomes

	Search Strategy
	Data Extraction and Quality Assessment
	Assessment of Risk of Bias in Included Studies
	Statistical Analysis
	Assessment of Overall Effect Size
	Assessment of Subgroup
	Assessment of Heterogeneity
	Assessment of Sensitivity
	Assessment of Publication Bias


	Result
	Study Selection
	Study Characteristics
	Overview of Included Studies
	Intervention Characteristics and Outcome Measures

	Risk of Bias and Quality Assessment
	Assessment of Overall Effect Size
	Pain
	Physical Function
	Disease Activity
	Inflammatory Cytokines
	Grip Strength

	Publication Bias
	Safety

	Discussion
	Summary of Evidence
	Comparison to Prior Reviews
	Is Yoga an Effective Treatment for Rheumatoid Arthritis?
	Implications for Practice
	Limitations and Quality of Evidence
	Implications for Further Research

	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


