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Abstract

Purpose of Review This study aims to systematically review and summarise the efficacy and safety of yoga for osteoarthritis.
Medline (through PubMed), Scopus, and the Cochrane Library were searched through April 2018 for randomised
controlled trials of yoga for osteoarthritis. Primary outcomes were pain intensity, function, and quality of life; secondary
outcomes were mental health and safety. Risk of bias was assessed using the Cochrane tool and quality of evidence
through GRADE.

Recent Findings Nine trials including 640 individuals with mainly lower extremity osteoarthritis aged 50-80 years were iden-
tified, with 80.3% female participants (median). Meta-analyses revealed very low—quality evidence for the effects of yoga on pain
(vs. exercise: standardised mean difference (SMD)=—1.07; 95%CI —1.92, — 0.21; p =0.01; vs. non-exercise: SMD =—0.75;
95%CI —1.18, —0.31; p < 0.001), physical function (vs. exercise: SMD = 0.80; 95%CI 0.36; 1.24; p < 0.001; vs. non-exercise:
SMD = 0.60; 95%CI1 0.30, 0.98; p < 0.001), and stiffness (vs. exercise: SMD =—0.92; 95%CI — 1.69, — 0.14; p = 0.008; vs. non-
exercise: SMD =—0.76; 95%CI — 1.26, — 0.26; p = 0.003) in individuals with knee osteoarthritis. Effects were not robust against
potential methodological bias. No effects were found for quality of life, and depression, or for hand osteoarthritis. Safety was
rarely reported.

Summary The findings of this meta-analysis indicate that yoga may be effective for improving pain, function, and stiffness in
individuals with osteoarthritis of the knee, compared to exercise and non-exercise control groups. Due to the low methodological
quality and potential risk of bias, only a weak recommendation can be made at this time for the use of yoga in adults with
osteoarthritis of the knee.
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Introduction

Osteoarthritis is characterised by damage to the synovial joint
This article is part of the Topical Collection on Complementary and ~ organ [1]. The most commonly affected joints include the
Alternative Medicine knees, and about one in four adults over 55 years of age re-
ported a significant knee pain episode in the last year. The pain
and stiffness resulting from osteoarthritis impair function in
patients’ basic activities of daily living, severely affecting their
quality of life [2, 3]. Conservative therapeutic approaches to
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form of mind-body therapy originating in ancient India and in
the Western context constitutes a number of practices, includ-
ing physical practices (postures, asanas), breath regulation
techniques (pranayama), mental practices (meditation, mind-
fulness), and relaxation with some yoga styles also incorpo-
rating discussions of yoga philosophy and lifestyle advice [7].
Yoga has become a popular means of achieving and maintain-
ing well-being and health [8]. The prevalence of yoga use is
increasing worldwide, with the 12-month prevalence of yoga
practice in the USA in 2012 being 13.2%, compared to only
5.1% in 2002 [6, 9]. The prevalence and burden of osteoar-
thritis disorders, the reported beneficial effects of yoga prac-
tice, and increased publication of clinical trials indicate that a
systematic review is required. The aim of this review was to
systematically assess and meta-analysis efficacy and safety of
randomised controlled trials of yoga in individuals with oste-
oarthritis. This systematic review was planned and carried out
in accordance with the following guidelines: PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) [10] and the recommendations of the
Cochrane Collaboration [11].

Eligibility Criteria
Types of Studies

Randomised controlled trials (RCTs), cluster-randomised tri-
als, and randomised cross-over studies. Articles published in
any languages were considered eligible.

Types of Participants

To be eligible for the review, studies were required to include
adults diagnosed with osteoarthritis, i.e. all studies on patients
with osteoarthritis of the knee, hip, hand, feet, and spine were
considered. No restrictions were applied regarding age, gen-
der, and comorbidities, and diagnostic criteria utilised, but
subgroup analyses were conducted for patients diagnosed
using the American College of Rheumatology (ACR) diag-
nostic criteria.

Types of Interventions

Studies that assessed yoga as the main intervention were in-
cluded. No restrictions regarding yoga style, length, or fre-
quency of the intervention period were applied; multicompo-
nent interventions employing postures, breathing, and/or med-
itation, as well as studies employing single components only,
were acceptable. Differences between various types of exper-
imental 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.

@ Springer

Types of Control Interventions

Studies comparing yoga to exercise or any non-exercise con-
trol (e.g. no treatment, usual care, attention-control, or non-
exercise active control interventions) were eligible. Separate
meta-analyses were conducted for different control conditions
if applicable.

Types of Outcome Measures

For inclusion in this review, RCTs had to assess at least one
primary outcome measured using validated generic or disease-
specific self- or clinician-rated scales:

* Pain intensity

*  Function or disability, as measured using validated scales,
or physical function tests

e Quality of life

Secondary outcomes included:

*  Mental health, e.g. depression or anxiety
» Safety, assessed as the number of participants with adverse
events, adverse effects, or side effects

Search Methods

The following electronic databases were searched from their
inception through 24 April, 2018: Medline (through
PubMed), Scopus, and the Cochrane Library. The literature
search was constructed around search terms for “yoga” and
“osteoarthritis”. For PubMed, the following search strategy
was used: ((Osteoarthritis[MeSH Terms] OR
Arthritis[MeSH Terms] OR Osteoarthritis[Title/Abstract]
OR Osteoarthr*[Title/Abstract] OR Arthrosis[Title/Abstract]
OR Arthritis[Title/Abstract]) AND (Yoga[MeSH Terms] OR
yoga[Title/Abstract] OR yogic[Title/Abstract] OR
asana[Title/Abstract] OR pranayama[Title/Abstract] OR
dhyana[Title/Abstract] OR yogasana[Title/Abstract] OR
meditation[Title/Abstract] OR “surya namaskar” [Title/
Abstract])). The search strategy was adapted for each database
as necessary, and a filter for randomised controlled trials was
added (“randomized controlled trial”’[Publication Type] OR
“clinical trial”[Publication Type] OR randomly[Title/
Abstract] OR randomised[Title/Abstract] OR
randomized[Title/Abstract] OR groups[Title/Abstract] OR
trial[Title/Abstract] OR control[Title/Abstract] OR
controlled[Title/Abstract]). In addition, hand searches were
conducted on our own extensive database [12], reference lists
of identified original articles or reviews, and table of contents
of the International Journal of Yoga Therapy, the Journal of
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Yoga & Physical Therapy, and the International Scientific
Yoga Journal SENSE.

Abstracts identified during the database and hand searches
were screened by two review authors (RL, HC) independently,
with potentially eligible articles read in full by two review
authors (RL, HC) to determine whether they met the eligibility
criteria. Disagreements were discussed with a third review
author until consensus was reached. If necessary, additional
information was obtained from the study authors.

Data Extraction and Management

Data on participants (e.g. age, gender, diagnosis), methods
(e.g. randomisation, allocation concealment), interventions
(e.g. yoga style, frequency, and duration), control interven-
tions (e.g. type, frequency, duration), outcomes (e.g. outcome
measures, assessment time points), and results were indepen-
dently extracted by two review authors (RL, HC) using an a
priori designed data extraction form. Discrepancies were
discussed with a third review author until a consensus was
reached. If necessary, study authors were contacted for addi-
tional information.

Risk of Bias in Individual Studies

Two review authors (RL, HC) independently assessed risk of
bias on the following domains: selection bias (random se-
quence generation, allocation concealment), performance bias
(blinding of participants and personnel), detection bias
(blinding of outcome assessment), attrition bias (incomplete
outcome data), reporting bias (selective reporting), and other
bias using the Cochrane risk of bias tool [11]. Risk of bias was
assessed as (1) low risk of bias, (2) unclear, or (3) high risk of
bias [11]. Discrepancies were discussed with a third review
author until a consensus was reached.

Assessment of Overall Effect Size

Meta-analyses were conducted using Review Manager 5 soft-
ware (Version 5.3, The Nordic Cochrane Centre, Copenhagen,
Denmark) by a random-effects model if at least two studies
assessing this specific outcome were available.

For continuous outcomes, mean differences (MD) or
standardised mean differences (SMD) with 95% confidence
intervals (CI) were calculated depending on the outcome mea-
sure. Where no standard deviations were available, they were
calculated from standard errors, confidence intervals, or ¢
values [11], or attempts were made to obtain the missing data
from the trial authors by email. Cohen’s categories were used
to evaluate the magnitude of the overall effect size with SMDs
between 0.2 and 0.5 categorised as small; 0.5 and 0.8 as me-
dium, and above 0.8 as large effect sizes [13].

For the dichotomous outcome safety, odds ratios (RR) with
95% Cl1 were calculated by dividing the odds of an adverse
event in the intervention group (i.e. the number of participants
with the respective type of adverse event divided by the number
of participants without the respective type of adverse event) by
the odds of an adverse event in the control group [11].

Assessment of Heterogeneity

Statistical heterogeneity between studies was analysed using
the I? statistics, and the magnitude of heterogeneity was
categorised as (1) I* =0-24%: low heterogeneity; F* =25—
49%: moderate heterogeneity; /> = 50-74%: substantial het-
erogeneity; and I* =75-100%: considerable heterogeneity
[11]. The chi® test was used to assess whether differences in
results were compatible with chance alone. Given the low
power of this test when only a few studies or studies with
low sample size are included in a meta-analysis, a p value <
0.10 was considered to indicate significant heterogeneity [11].

Subgroup and Sensitivity Analyses

Subgroup analyses were planned according to the type of
osteoarthritis (osteoarthritis of the knee vs other) and the di-
agnostic criteria (ACR vs other). To test the robustness of
significant results, sensitivity analyses were conducted for
studies with low risk of bias on the following domains: selec-
tion bias (random sequence generation and allocation conceal-
ment), detection bias (blinding of outcome assessment), and
attrition bias (incomplete outcome data). If statistical hetero-
geneity was present in the respective meta-analysis, subgroup,
and sensitivity analyses were also used to explore possible
reasons for heterogeneity.

Quality of Evidence

The quality of evidence for each outcome was examined ac-
cording to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) recommendations
based on the studies’ methodological quality and the confi-
dence in the results. The evidence quality was rated as high,
moderate, low, or very low based on the limitations of the
respective studies, the inconsistency between the results
of the respective studies, the indirectness of the evidence,
the imprecision of the findings, the risk of publication
bias, and the risk of other bias [14]. IF evidence obtained
from RCTs is initially graded as high quality, this rating
can be downgraded due to the risk of methodological bias,
heterogeneity, differences in study characteristics between
studies, wide confidence intervals, and risk of publication
bias (see below).
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Risk of Bias across Studies

Since less than 10 studies were included in each meta-analy-
sis, publication bias was assessed.

Results
Literature Search

The results of the literature search and screening process are
summarised in Fig. 1. The literature search returned 374 re-
cords. Of 258 non-duplicate records, 235 were excluded be-
cause they did not match the inclusion criteria. Twenty-four
full-text articles were assessed and excluded because they had
no control group (N =4) [15-18], because they were not
randomised (N =4) [19-22], or because they did not include
a non-yoga control group (N =1) [23]. Finally, fifteen

publications were included, reporting on a total of nine
RCTs [24-38]. One trial included individuals with osteoarthri-
tis and rheumatoid arthritis, and no separate data were provid-
ed by the trial authors when requested [26]; as such, this trial
was not included in the meta-analyses.

Study Characteristics

Characteristics of the sample, interventions, outcome assess-
ment, and results are shown in Table 1. Of the nine RCTs,
seven originated in the USA [24-27, 32-36, 38], and one each
in Canada [37] and India [28-31]. Five trials included partic-
ipants with OA of the knee [24, 26, 28-33, 37], with four out
of five using ACR criteria [24, 28-33, 37], two trials included
participants with OA of lower extremities [25, 27, 34, 36], one
trial included participants with OA of the hand using ACR
criteria [38], and another trial did not specify the type of OA
[35]. The systematic review provided a total of 640 patients

374 records identified through

database searching
- 96 MEDLINE (via PubMed)

0 additional records identified
through other sources

- 219 Scopus
- 61 CENTRAL (Cochrane)

\ 4

removed

258 records after duplicates

234 records excluded

\4

v

for eligibility

24 full-text articles assessed

9 full-text article excluded

v

A 4

- No control (N=4)
- Not randomised (N=4)

15 full-text articles reporting
on 9 studies included in
qualitative synthesis

- No non-yoga control group (N=1)

4 studies excluded

\4

\ 4

- No lower extremity OA (N=1)
- No separate data for OA (N=1)

(Meta-analysis)

5 studies included in
quantitative synthesis

- No comparable control group (N=1)
- Noraw data (N=1)

Fig. 1 Flow chart of the results of the literature search
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(median study size of 54.5), with 80.3% female participants
(median, range 56—100%), and age ranging from 50 to
80 years.

Four of the trials applied yoga in the Hatha yoga tradi-
tion [24, 26, 28-33], one trial used Iyengar yoga [38], three
trials used chair yoga [25, 27, 34-36], and one applied a
biomechanically based yoga intervention [37]. All but one
studies on yoga interventions included postures [24-34,
36-38], and one study used a sitting meditation only
[35]. Duration of the yoga interventions ranged from 8§ to
12 weeks (median 8 weeks), with a total time of supervised
yoga practice of 660 min (range 80-960 min), and four
studies applied additional home practice [24, 26, 28-33].
One trial reported a co-intervention applied in both groups,
namely transcutaneous nerve stimulation (TENS) and ul-
trasound [28-31].

Regarding control interventions, three studies applied an
exercise control [28-32, 37], and 8 studies applied non-
exercise controls, including waiting list control groups [24,
33], usual care [26, 38], educational control groups [27, 32,
34, 36], Reiki [35], and meditation [37].

All but one trial [26] measured pain intensity (e.g. by visual
analogue scales (VAS), Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), or McGill pain
index), and function [38]. Five trials examined the quality of
life [24, 26, 28-33, 37], and seven trials measured mental
health outcomes such as anxiety and depression [25-32,
34-37]. Only four studies reported safety outcomes, including
adverse events [26, 32], side effects [24, 33], and dropouts due
to adverse events [28-31].

Risk of Bias in Individual Studies

The results of the risk of bias analyses can be found in
Table 2. Results indicate that risk of bias was mixed, with
six trials reporting adequate random sequence generation
[24-33, 36, 37], but only one trial reporting adequate
allocation concealment as well [26]. No trial had a low
risk of bias for blinding of participants or personnel, or
outcome assessment (for primary outcomes). All but three
trials [34, 35, 38] had a low risk of attrition bias, but the
risk of selective reporting was low in only two trials [26,
32]. All trials had a high risk of other bias, including but
not limited to undeclared potential conflicts of interest,
inadequate statistical testing, or inconsistencies between
multiple publications of the same study.

Osteoarthritis of the Knee—Assessment
of the Overall Effect

Significant effects were found for pain intensity for yoga com-
pared to non-exercise controls based on four studies (SMD =
- 0.75, 95%CI — 1.18, —0.31, p <0.001, * =51%, chi* =

6.07, p =0.11), and three studies for the comparison yoga vs.
exercise controls (SMD=- 1.07, 95%CI — 1.92, —0.21,
p =0.01, > =87%, chi* =15.58, p <0.001) (Fig. 2;
Table 3). When only studies with osteoarthritis of the
knee according to ACR diagnosis were included, the ef-
fects remained significant. Effects on pain intensity were,
however, not robust against selection bias (no studies
left), or performance and detection bias, but robust against
attrition bias for yoga vs. non-exercise controls based on
one study [32].

Significant effects were found for physical function (via
self-report) for yoga compared to non-exercise controls based
on four studies (SMD =0.60, 95%CI 0.30, 0.98, p <0.001,
P =28%, chi’* = 4.14, p =0.25), and two studies for the com-
parison yoga vs. exercise controls (SMD = 0.80, 95%CI 0.36,
1.24, p <0.001, I =0%, chi* =2.73, p =0.43) (Table 3).
When only studies with osteoarthritis of the knee according
to ACR diagnosis were included, the effects remained signif-
icant. Effects on physical function, however, were not robust
against selection bias (no studies left), or performance and
detection bias, but robust against attrition bias (only 1 study
in each comparison [32]).

Meta-analyses revealed no significant effect regarding
quality of life, based on four studies for the comparison yoga
vs. non-exercise controls (SMD 0.21, 95%CI — 0.20, 0.62,
p=0.31) and two studies for the comparison yoga vs. exercise
controls (SMD 0.34, 95%CI — 0.10, 0.78, p = 0.13) Table 3.

Significant effects were found for stiffness for yoga com-
pared to non-exercise controls based on two studies (SMD =
- 0.76, 95%CI — 1.26, —0.26, p =0.003, I =23%, chi* =
1.31, p =0.25), and two studies for the comparison yoga vs.
exercise controls (SMD =—0.92, 95%CI — 1.69, —0.14, p =
0.008, I> = 86%, chi” = 7.02, p = 0.02) (Table 3). In all studies,
osteoarthritis of the knee was diagnosed according to ACR
criteria. Effects on stiffness were not robust against selection
bias (no studies left), or performance and detection bias, but
robust against attrition bias (only 1 study in each comparison
[32).

Meta-analyses further revealed no significant effect regard-
ing depression, based on five studies for the comparison yoga
vs. non-exercise controls (SMD — 0.18, 95%CI — 0.48, 0.12,
p =0.24), and two studies for the comparison yoga vs. exer-
cise controls (SMD — 0.28, 95%CI — 0.72, 0.16, p =0.22)
Table 3.

The quality of evidence for pain, physical function, and
stiffness were considered very low, i.e. a weak recommenda-
tion for yoga in individuals with osteoarthritis of the knee can
be made.

Osteoarthritis of the Knee—Safety

Six studies reported some safety information; however, only
two reported adverse events rather than side effects. Moonaz
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Table 2  Risk of bias ratings for included RCTs
Selection bias Performance bias Detection bias Attrition bias Reporting ~ Other
bias bias
Random sequence  Allocation Blinding of participants ~ Blinding of outcome Incomplete Selective Other
generation concealment and personnel assessment outcome data reporting bias
Cheung et al., Low Unclear High High Low Unclear High
2014 [24, 33]
Cheung et al., Low Unclear High High Low Low High
2017 [32]
Ebnezar et al., Low Unclear High High Low High High
2012 [28-31]
Garfinkel et al., High Unclear Unclear Unclear Unclear High High
1994 [38]
Kuntz et al., Low Unclear High High Low High High
2018 [37]
Moonaz et al., Low Low High High Low Low High
2015 [26]
Park et al., 2011 Unclear Unclear Unclear Unclear Unclear Unclear High
[33]
Park et al., 2014  High High Unclear Unclear High Unclear High
[34]
Park et al., 2016 Low Unclear High High Low High High
[27, 36]
et al. [26] reported adverse events, and seven adverse events ~ Summary

(of which several need to be considered serious adverse
events, including two cases of cancer, and one rheumatoid
arthritis diagnosis) in the yoga group were considered unrelat-
ed to the intervention, and no adverse events occurred in the
control group. A report by Cheung et al. [32] only mentioned
three non-serious adverse events in the exercise control group,
yet health-related withdrawals in the flow diagram indicate
that adverse events might have been under-reported. Another
study by Cheung et al. [24, 33] reported that no side effects of
yoga occurred but did not examine adverse events for the
whole sample. Park et al. [25, 27, 36] reported no side effects,
i.e. no adverse events during the intervention itself. Finally,
studies by Ebnezar et al. [28-31], Kuntz et al. [37], and Park
et al. [34] did not specifically examine safety but reported
several dropouts in the study due to possible adverse events
(respiratory tract infections, pneumonia, “unrelated health di-
agnosis”), yet they lacked detail and comprehensiveness.

Osteoarthritis of the Hand

Only one trial examined the effects of yoga on osteoarthritis of
the hand [38]. Twenty-five patients were randomised to either
Iyengar yoga for 10 weeks (once per week, 60 min each), or
usual care (not further specified) in terms of pain via a visual
analogue scale, and disability via the Health Assessment
Questionnaire Disability Index. The authors found significant
effects only on pain during activity but not on pain at rest or
disability. Risk of bias was unclear or high for each domain.
No safety information was reported.

@ Springer

Summary of Results

This systematic review and meta-analysis found that yoga
may be beneficial for osteoarthritis of the knee with regard
to pain intensity, physical function, and stiffness. Effect sizes
for these outcomes were moderate to large, with lower confi-
dence boundaries in the small to moderate range. None of the
effects were not robust against potential bias, and no effects
were found for yoga with regard to the quality of life or de-
pression in individuals with knee osteoarthritis. For osteoar-
thritis of the hand, only one trial was available, with no con-
sistent benefits beyond usual care. Only very limited safety
information was reported.

Comparison to Prior Reviews

No systematic review has been conducted on the effects of yoga
for osteoarthritis. Two current Cochrane reviews on the effects
of exercise for osteoarthritis of the knee [39], and osteoarthritis
of the hand [40] had included yoga in the search terms, but did
not include any yoga trial due to the lack of trials at the time of
the search [39], due to the lack of non-exercise control groups
[39], or due to methodological issues [40].

Another systematic review has examined the effects of yo-
ga on rheumatic conditions, including osteoarthritis, rheuma-
toid arthritis, fibromyalgia, and carpal tunnel [41]. The review
included only three trials on yoga for osteoarthritis—
compared to nine in the current version, and the authors
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Control
SD Total Weight

Yoga

Study or Subgroup Mean SD Total Mean

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

1.1.1 Exercise control

Cheung et al., 2017 51 2.88 32 65 245 28 34.8%
Ebnezar et al., 2012 194 111 118 417 151 117 38.0%
Kuntz et al., 2018 -21.5 8.95 10 -83 17.33 10 27.1%
Subtotal (95% Cl) 160 155 100.0%

Heterogeneity: Tau? = 0.48; Chi? = 15.58, df = 2 (P = 0.0004); I> = 87%
Test for overall effect: Z = 2.44 (P = 0.01)

1.1.2 Non-exercise control

Cheung et al., 2014 58 2.84 18 83 284 18  22.5%
Cheung et al., 2017 5.1 288 32 65 22 23 28.4%
Kuntz et al., 2018 -21.5 8.95 10 2.1 1468 10 12.2%
Park et al., 2016 45 33 63 64 46 49  37.0%
Subtotal (95% Cl) 123 100 100.0%

Heterogeneity: Tau? = 0.10; Chi* = 6.07, df = 3 (P = 0.11); I =51%
Test for overall effect: Z = 3.38 (P = 0.0007)

Test for subaroup differences: Chi2 = 0.42, df = 1 (P = 0.52), 1> = 0%

-0.51 [-1.03, 0.00] ——
-1.68[-1.98, -1.38] -

-0.92 [-1.85, 0.02] ——
-1.07 [-1.92, -0.21] -l
-0.86 [-1.55, -0.17] —

-0.53[-1.07, 0.02] —=
1.86[-2.95,-077] —

-0.48 [-0.86, -0.10] ——
-0.75 [-1.18, -0.31] -

2 0 1 2
Favours yoga Favours control

Fig. 2 Forest plot for outcome pain, for the comparison of yoga with exercise and non-exercise control groups. CI, confidence interval; IV, inverse

variance; SD, standard deviation

concluded that the overall quality of evidence was very low,
and that only a weak recommendation could be made for the
use of yoga in osteoarthritis. While the authors of the previous
review were not able to conduct a meta-analysis, the increased
number of publications in the last few years allowed for a
meta-analysis at this time point, and effect estimates could
be provided. Overall, our meta-analysis found benefits of yo-
ga over exercise, and non-exercise controls including waiting
list controls, usual care, and educational interventions. While
the effect sizes were moderate to large on average, they had
huge confidence intervals ranging from small to very large
effects, and effects were not robust against bias.

How Yoga Might Work

Exercise interventions, in general, are considered beneficial
for osteoarthritis of the knee [39], and similar mechanisms
might come into effect with yoga. Yoga, for example, might
improve leg muscle strength [42], especially muscles
supporting the knee joint, which in turn will decrease joint
load [43]. Improved muscle function might also increase mi-
crocirculation, and counter the progression of osteoarthritis
[44]. Yoga sequences include a variety of postures to increase
the range of motion, similar to static stretching, which might
improve stiffness, and joint function [45]. Beyond physical
activity, yoga also often incorporates breathing and relaxation
exercises. These exercises stimulate the parasympathetic ner-
vous system [46, 47], can help break the stress—pain cycle
involved in chronic pain conditions, and can also facilitate
the release of muscle tension and counter the muscle tighten-
ing that often occurs around vulnerable joints [48].

Finally, yoga exercises are considered effective for well-
being and depression [49, 50]; however, no such effects were
found in this meta-analysis, which might be due to the small
sample size.

Implications for Practice

Only a weak recommendation can be given for the use of
yoga as a treatment option for osteoarthritis. However,
given the relatively low risk of yoga interventions [51]
and their high popularity [6], they can be recommended
for patients with preference towards yoga interventions, or
patients not adhering to other types of physical activity.
Several types of yoga seem to be effective, and both phys-
ically based interventions and more meditative approaches
appeared effective in the included studies. However, some
rather vigorous styles that are currently popular (e.g. hot
yoga, yin yoga, and power yoga) have not been formally
evaluated and may not be appropriate for this population.
The dose of yoga varied considerably among studies.
Regular engagement in physical activity at a minimum
of three times per week is considered necessary to in-
crease physical fitness and confer health benefits among
most forms of exercise [52]. It is unclear what the mini-
mum dose and duration of practice may be for yoga be-
cause no studies have directly evaluated such dose-
response relationship and few studies have reported on
class attendance. It is important to note that the most
common styles of yoga represented in the literature focus
on anatomical alignment and/or slow and gentle move-
ments. For individuals with osteoarthritis, especially for
sedentary or older patients with comorbidities, particular
attention should be given to the proper modification of
postures to address individual limitations and ensure safe-
ty. Thus, yoga therapists experienced in working with in-
dividuals with osteoarthritis and/or having a medical
background should be preferred; and the yoga treatment
should be planned in close consultation with the patient’s
rheumatologist or general physician to avoid exacerbation
of symptoms.

@ Springer



47 Page 10 of 12

Curr Rheumatol Rep (2019) 21: 47

Table 3

Results of the meta-analysis, for outcomes pain, physical function, quality of life, stiffness and depression, for comparisons yoga vs. exercise

controls, and yoga vs. non-exercise controls. Italic values indicate significant group differences

Outcome No. of No. of patients No. of patients

Standardised mean difference p (overall effect) Heterogeneity

studies  (yoga) (control) (95% confidence interval) P; chi?; P

Pain intensity

Yoga vs. exercise control 3 160 155 - 1.07[- 192- 0.21] <0.001 87%, 15.58, <0.001

Yoga vs. no-exercise control 4 123 100 - 075 [- 118 — 031] <0.001 51%, 6.07, 0.11
Physical function

Yoga vs. exercise control 2 52 38 0.80 [0.36, 1.24] <0.001 0%, 0.80, 0.37

Yoga vs. no-exercise control 123 100 0.64 [0.30, 0.98] <0.001 28%, 4.14, 0.25
Quality of life

Yoga vs. exercise control 2 42 38 0.34 [ 0.10, 0.78] 0.13 0%, 0.03, 0.87

Yoga vs. no-exercise control 3 60 51 0.21[-0.20, 0.62] 0.31 13%, 2.29, 0.32
Stiffness

Yoga vs. exercise control 150 145 —0.92 [-1.69, —0.14] 0.02 85%, 7.02, 0.008

Yoga vs. no-exercise control 2 50 41 —0.76 [- 1.26, — 0.26] 0.003 23%, 1.31,0.25
Depression

Yoga vs. exercise control 2 42 38 —-0.28[-0.72, 0.16] 0.22 0%, 0.33, 0.57

Yoga vs. no-exercise control 4 94 81 —0.18 [~ 048, 0.12] 0.24 0%, 1.89, 0.59

Implications for Research

The results of this review are limited by the low internal va-
lidity of the available data. Incomplete reporting, especially of
allocation concealment, as well as the high risk of selective
reporting and other bias, limits the internal robustness of the
findings. Future reporting of clinical yoga trials should closely
follow standard reporting guidelines, such as CONSORT
(Consolidated Standards of Reporting Trials) [53] to improve
their methodological transparency. The additional use of
reporting guidelines for intervention content [54] and safety
[55] in future research will aid the implementation of research
into practice, by providing clinicians and yoga therapists with
clear detail on the type and amount of yoga considered effec-
tive in osteoarthritis management. Prospective registration in
clinical trial registries before patient recruitment will reduce
selective reporting. Researchers are recommended to disclose
the complete study protocol in every related publication, and
journal editors are recommended not to accept any articles for
publication that do not adhere to commonly accepted registra-
tion recommendations.

Interestingly, in one included trial, sitting meditation with-
out any physical activity component improved function in
osteoarthritis patients [35]. This hints to mechanisms of action
of'yoga in the condition beyond exercise. Future head-to-head
comparisons of different yoga interventions focusing more on
physical activity or meditation and breathing will help to find
the most effective yoga intervention for osteoarthritis.

Finally, pragmatic trials are needed to examine the effec-
tiveness of yoga in everyday patients to reflect real clinical
practice.

@ Springer

Limitations

This systematic review has several limitations. Firstly, the
paucity of trials in general, and the paucity of trials for specific
osteoarthritis sub-forms in particular, rendered in-depth meta-
analyses impossible. Secondly, several of the included trials
did not apply standard diagnostic criteria (or did not report the
use of those), such as the ACR criteria. Furthermore, only two
out of nine trials were prospectively registered, and three trials
were registered retrospectively, inducing potential reporting
bias in favour of studies with significant results, and outcome
measures. The included trials were also potentially biased,
starting from unclear allocations concealment, to lack of
blinding or lack of attempts to address it, reporting, and other
bias during conduct, analyses, and publication of the studies.
Future studies also need to improve reporting of trials and
adherence to standard reporting guidelines (e.g. CONSORT)
[56].

Conclusion

The findings of this meta-analysis indicate that yoga may
be effective for improving pain, function, and stiffness in
individuals with osteoarthritis of the knee, compared to
exercise and non-exercise control groups. Due to the low
methodological quality and potential risk of bias, only a
weak recommendation can be made at this time for the
use of yoga to improve pain and function in individuals
with osteoarthritis of the knee.
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