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Ayurvedic interventions for osteoarthritis: a systematic review

and meta-analysis

Christian S. Kessler - Lea Pinders - Andreas Michalsen -
Holger Cramer

Abstract Ayurveda is one of the fastest growing sys-
tems within complementary and alternative medicine.
However, the evidence for its effectiveness is unsatis-
factory. The aim of this work was to review and meta-
analyze the effectiveness and safety of different Ayur-
vedic interventions in patients with osteoarthritis (OA).
138 electronic databases were searched through August
2013. Randomized controlled trials, randomized cross-
over studies, cluster-randomized trials, and non-rand-
omized controlled clinical trials were eligible. Adults
with pre-diagnosed OA were included as participants.
Interventions were included as Ayurvedic if they were
explicitly labeled as such. Main outcome measures were
pain, physical function, and global improvement. Risk of
bias was assessed using the Cochrane risk of bias tool.
19 randomized and 14 non-randomized controlled trials
on 12 different drugs and 3 non-pharmaceutical inter-
ventions with a total of 2,952 patients were included.
For the compound preparation,Rumalaya, large and
apparently unbiased effects beyond placebo were found
for pain (standardized mean difference [SMD] —3.73;
95 % confidence interval [CI] —4.97, —2.50; P < 0.01)
and global improvement (risk ratio 12.20; 95 % CI 5.83,
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25.54; P < 0.01). There is also some evidence that effects
of the herbal compound preparation Shunti-Guduchi are
comparable to those of glucosamine for pain (SMD 0.08;
95 % CI —0.20, 0.36; P = 0.56) and function (SMD
0.15; 95 % CI —0.12, 0.36; P = 0.41). Based on sin-
gle trials, positive effects were found for the compound
preparations RA-11, Reosto, and Siriraj Wattana. For
Boswellia serrata, Lepidium Sativum, a Boswellia ser-
rata containing multicomponent formulation and the
compounds Nirgundi Taila,Panchatikta Ghrita Guggulu,
and Rhumayog, and for non-pharmacological inter-
ventions like Ayurvedic massage, steam therapy, and
enema, no evidence for significant effects against poten-
tial methodological bias was found. No severe adverse
events were observed in all trials. The drugs Rumalaya
and Shunti-Guduchi seem to be safe and effective drugs
for treatment of OA-patients, based on these data. How-
ever, several limitations relate to clinical research on
Ayurveda. Well-planned, well-conducted and well-pub-
lished trials are warranted to improve the evidence for
Ayurvedic interventions.
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Osteoarthritis - Systematic review - Meta-analysis

Abbreviations
ACR American College of Rheumatology

CAM Complementary and alternative medicine
CCT Controlled clinical trial

CI Confidence interval

DHARA  Digital helpline for Ayurveda research articles
OA Osteoarthritis

NSAID Non-steroidal anti-inflammatory drug

RCT Randomized controlled trial

RR Risk ratio
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SMD Standardized mean difference
TCM Traditional Chinese medicine
TIM Traditional Indian medicine

™ Traditional medicine

WHO World Health Organization

WMS Whole medical system

WOMAC Western Ontario and McMaster Universities
Osteoarthritis Index

Introduction

Among chronic diseases, osteoarthritis (OA) has an increas-
ing significance and is responsible for a major part of disease
burden, work disability and healthcare costs worldwide [1].
The guidelines for treatment of, e.g., OA of the knee from the
American College of Rheumatology, the National Institute
for Health and Clinical Excellence and the European League
Against Rheumatism recommend non-pharmacologic modal-
ities for the management of knee and hip OA, including aero-
bic, aquatic, and/or resistance exercises as well as weight
loss for overweight patients; insoles, taping, manual therapy,
walking aids, thermal agents, Tai Chi, self-management
programs, and psychosocial interventions. Pharmacologic
modalities (conditionally) recommended for the initial man-
agement of patients with OA include acetaminophen, oral/
topical NSAIDs, tramadol, and intra-articular corticosteroid
injections. Intra-articular hyaluronate injections, duloxetine,
andopioids are conditionally recommended in patients who
had an inadequate response to initial therapy [1-5]. However,
pharmacologic modalities, in particular NSAIDs, are associ-
ated with a number of side effects like upper gastrointesti-
nal bleeding renal failure [6] and myocardial infarction and
stroke, especially in the COX-2 inhibitor category [7, 8].

Due to this and frequent unsatisfying results of con-
ventional medicine treatment, a substantial proportion of
patients suffering from OA seek complementary therapies
(CAM) such as mind-body medicine, nutritional therapy
and supplements, herbal therapies, acupuncture, massage,
and traditional or whole medical systems (TM) like Tradi-
tional Chinese Medicine (TCM) or the Traditional Indian
Medicine (TIM) Ayurveda [9-13].

The Whole medical system (WMS) Ayurveda has been
experiencing a resurgence in popularity in its native coun-
tries (e.g., India and Sri Lanka) and abroad (e.g., Europe
and North America) and has become more accessible and
more in demand over the last years [13—16]. In India, Ayur-
veda is officially recognized by the state and is used as a
broad system of medicine. It is recognized by the World
Health Organization (WHO) as a medical science [15-19].

Ayurvedic clinical research is slowly finding its way
into mainstream medical journals, and the past decade has
seen the first of larger clinical trials that point toward future
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directions [20-23]. In 2011, the launch of the first digital
research databases for Ayurveda could be observed [24,
25].

Nevertheless, the evaluation of Ayurveda with evidence-
based medicine tools is still in its infancy in spite of a lim-
ited number of well-designed Ayurveda trials; in particular,
a paucity of Ayurveda trials on disease entities with high
incidence and prevalence on a global scale (like OA) is evi-
dent, and data from reviews and meta-analyses are scarce
[26-33].

Ayurveda claims to be effective in treating chronic dis-
eases of the musculoskeletal system, such as OA [34, 35].
Here, main treatment methods are nutritional therapy,
mind-body medicine, cleansing processes, manual and
physical therapies, and yoga and herbal therapies in indi-
vidually tailored regimes (Fig. 1) [23, 36].

The aim of this review was to systematically assess and
meta-analyze the effectiveness and safety of Ayurvedic
interventions in patients with OA, a chronic condition of
global relevance.

Methods
Eligibility criteria
Types of studies

Randomized controlled trials (RCTs), randomized crosso-
ver studies, cluster-randomized trials, and non-randomized



controlled clinical trials (CCTs) were eligible. No language
restrictions were applied.

Types of participants

Studies on adults (at least 18 years) with OA diagnosed
according to the classification criteria of the American Col-
lege of Rheumatology [37, 38] or according to any other
criteria were eligible.

Types of interventions

Experimental Interventions were included if they were
explicitly labeled as Ayurvedic or TIM interventions in the
respective publications. For example, massage therapy and
leech therapy are commonly part of a multimodal Ayurve-
dic treatment approach for OA. However, trials on these
therapies were only included into the search and analysis
of this work if explicitly and clearly described as Ayurve-
dic or TIM treatment modalities (e.g., leeches and massage
therapies are also part of other TM and CAM systems and
are commonly used within different sets of paradigms and
indications in comparison with Ayurveda).

While yoga postures and meditation are traditionally
used as parts of complex Ayurvedic treatment regimes,
yoga is not commonly used as a single intervention for
osteoarthritis in Ayurveda [23]. Moreover, today’s yoga
therapy is mostly not applied in accordance with Ayurve-
dic principles [39]. Therefore, studies investigating yoga as
a single intervention for osteoarthritis were excluded from
this review (and were included into a review of yoga for
rheumatic diseases) [40].

Control Studies comparing Ayurvedic interventions to
usual care or any active control intervention were eligible.
Studies comparing different Ayurvedic interventions were
also eligible.

Separate meta-analyses were conducted for different
experimental and control conditions.

Types of outcome measures

For inclusion, studies had to assess at least 1 important
patient-centered outcome according to OMERACT III [38,
41-43], namely improvement in pain, physical function, or
global improvement. According to OMERACT 1II [41, 42],
secondary outcomes included generic health-related quality
of life, stiffness, imaging, and safety of the intervention.

Search methods

The literature search comprised 138 electronic databases
that were searched from their inception through August
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30, 2013. The search comprised MEDLINE, PubMed, the
Cochrane library, MEDPILOT, CAMbase, CAM-Quest,
PsycINFO, clinicaltrials.gov, the Annotated Bibliography
of Indian Medicine, DHARA, and 128 further databases
[44].

The following search terms for Ayurveda were used:
“ayurved*” and “traditional Indian medicine,” were com-
bined with conventional and Ayurvedic search terms for
OA: “osteoarthritis,” “osteoarthrosis,” “arthritis,” “arthro-
sis,” “sandhi gata vata,” and “sandhi vata” (the Sanskrit
term “sandhi-gata-vata” is most commonly used for OA by
Ayurvedic physicians [45-47]). No limits were used. The
search strategy was adapted for each database as necessary.
Reference lists of identified original articles or reviews
and an analog bibliography of Ayurveda-related disserta-
tions were searched manually. Only trials on humans were
included.

Abstracts identified during the literature search were
screened by 2 review authors independently. Potentially
eligible articles were read in full by 2 review authors to
determine whether they met the eligibility criteria. Disa-
greements were discussed with a third review author until
consensus was reached. If necessary, additional informa-
tion was obtained from the study authors.

Data extraction and management

Two authors independently extracted data on study design,
participants, interventions, control, outcomes, and results
using an a priori developed data extraction form. Discrep-
ancies were discussed with a third review author until con-
sensus was reached. If necessary, the study authors were
contacted for additional information.

Risk of bias in individual studies

Two authors independently assessed risk of bias using
the Cochrane risk of bias tool [48, 49] on the follow-
ing domains: selection bias (random sequence genera-
tion, allocation concealment), performance bias (dou-
ble-blinding), attrition bias (incomplete outcome data),
reporting bias (selective reporting), and other bias,
and the risk of bias was rated as (1) low risk of bias,
(2) unclear, (3) high risk of bias. Discrepancies were
rechecked with a third reviewer and consensus achieved
by discussion.

Data analysis
Assessment of overall effect size

If at least 2 studies of a specific comparison and outcome
were available, meta-analyses were conducted using
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Review Manager 5 software (version 5.1 [50]) using a ran-
dom effects model.

For continuous outcomes, standardized mean differences
(SMD) with 95 % confidence intervals (CI) were calculated
as the difference in means between groups divided by the
pooled standard deviation. Where no standard deviations
were available, they were calculated from standard errors,
confidence intervals, or ¢ values [48], or attempts were
made to obtain the missing data from the trial authors by
email.

To evaluate the magnitude of the overall effect size,
Cohen’s categories were used with (1) SMD = 0.2-0.5:
small; (2) SMD = 0.5-0.8: medium and (3) SMD > 0.8:
large effect sizes.

For dichotomous outcomes, risk ratios (RR) with
95 % CI were calculated by dividing the risk of event in
the experimental group (i.e., the number of participants
with the respective outcome divided by the total number
of participants) by the risk of event in the control group
[48].

Assessment of heterogeneity

In order to analyze statistical heterogeneity between stud-
ies, the I? statistics was calculated; and categorized as (1)
I’ = 0-24 %: low heterogeneity; (2) I’ = 25-49 %: mod-
erate heterogeneity; (3) I> = 50-74 %: substantial hetero-
geneity; and (4) I* = 75-100 %: considerable heterogene-
ity [48, 49]. Further, the Chi-square test was used to assess
whether differences in results are compatible with chance
alone; a P value < 0.10 was regarded to indicate significant
heterogeneity [48].

Subgroup and sensitivity analyses
Subgroup analyses were conducted for

1. Diagnosis (patients with OA diagnosed according to
the Classification Criteria of the American College
of Rheumatology versus patients with OA diagnosed
according to any other criteria).

2. Affected joints (OA of the knee versus OA of any other
joint).

To test the robustness of significant results, sensitivity
analyses were conducted for studies with high versus low
risk of selection bias and for studies with high versus low
risk of performance bias.

If statistical heterogeneity was present in the respective
meta-analysis, subgroup and sensitivity analyses were also
used to explore possible reasons for heterogeneity.

Risk of bias across studies

If at least 10 studies were included in a meta-analysis,
assessment of risk of publication was originally planned
by visual analysis of funnel plots [48, 51]. As <10 stud-
ies were included in each meta-analysis, analysis of risk of
publication bias was not possible.

Results
Literature search

Overall, 19 RCTs and 14 CCTs on 12 different Ayurvedic
formulas and 3 non-pharmaceutical interventions (svedana;
snehana; basti) with a total of 2,952 patients with OA were
included. Characteristics of these studies and risk of bias
are shown in Tables 1 and 2. Authors of 4 trials were con-
tacted by email for missing data; however, none of them
replied [52-55].

Details are also shown in the PRISMA flowchart in
Fig. 2.

Boswellia serrata

Four RCTs and 1 CCT on Boswellia serrata were
included. Three RCTs compared Boswellia serrata to pla-
cebo in patients with OA of the knee [56-58]. Two RCTs
used ACR criteria [57, 58]. All 3 RCTs had low risk of
selection bias, while only 2 RCTs had low risk of per-
formance bias [57, 58]. All 3 RCTs reported significant
group differences favoring Boswellia serrata for pain and
function; and 2 RCTs found group differences for stiff-
ness [57, 58]. Meta-analyses also revealed significant
large effects of the intervention on pain (SMD = —3.20;
95 % CI —5.21; —1.18; P < 0.01; Fig. 3) and function
(SMD = —2.85; 95 % CI —4.72; —0.98, P < 0.01; Fig. 3).
Both effects were no longer significant when only tri-
als were included that used ACR diagnostic criteria [57,
58]. The same was true when only trials with adequate
blinding were included [57, 58]. No effects were found
in meta-analysis for stiffness (SMD = —2.06; 95 % CI
—4.38; 0.26; P = 0.08; Fig. 3).

One RCT and 1 CCT compared Boswellia serrata to
other medication [59-61]. In 1 unblinded RCT on OA, knee
effects favoring Boswellia serrata over a COX-2 inhibitor
(valdecoxib) were found for pain and physical function but
not for imaging data after 7 months of treatment [61]. The
CCT compared the effects of Boswellia serrata on global
improvement to Ibuprofen in mixed OA but did not report
group differences [60].
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Boswellia serrata, Withania somnifera, Curcuma longa,
zinc complex

A crossover RCT compared a multicomponent formula-
tion consisting of Boswellia serrata, Withania somnifera,
Curcuma longa, and a zinc complex to placebo in a mixed
joints OA group [62]. The RCT was insufficiently reported,
and risk of bias was unclear. This study found significant
group differences favoring the verum group for pain and
physical function but not for stiffness and imaging data.

Lepidium Sativum

A CCT in mixed joints OA compared Lepidium Sativum
Linn. to placebo [63]. While more patients in the verum
group reported global improvement than in the placebo
group, no statistical group comparison was performed in
this trial. Risk of bias was high.

Nirgundi Taila

Nirgundi Taila massage (massage using Vitex negundo oil)
and Nirgundi Taila massage combined with oral intake of
Nirgundi Taila were compared to oral diclofenac in a CCT
on mixed joints OA [64]. Risk of bias was high. While no
group comparison was performed, more patients in the
diclofenac group reported global improvement compared to
both intervention groups.

Panchatikta Ghrita Guggulu

Two CCTs assessed Panchatikta Ghrita Guggulu (tablets
containing medicated butter fats) [65, 66]. Both trials had a
high risk of bias. Both trials compared different Ayurvedic
formulations without a non-Ayurveda control group. Nei-
ther trial performed group comparisons.

RA-11

In an RCT with low risk of bias, the polyherbal RA-11 was
compared to placebo in OA of the knee [67]. Significant
group differences favoring RA-11 over the placebo were
found for pain and function, but not for stiffness.

Reosto

An RCT with mixed risk of bias compared Reosto com-
bined with Rumalaya to a placebo combined with Ruma-
laya [68]. Both groups had significantly improved pain,
function and stiffness after treatment; however, group
comparisons were not performed for these variables. Sig-
nificantly more patients in the Reosto group reported global
improvement as compared to the placebo group.

223

Rumalaya

Seven RCTs [53, 69-71, 73-75] and 4 CCTs [76-79] com-
pared Rumalaya to placebo or other drugs. No trial used
ACR diagnostic criteria; 5 trials included patients with OA
of the knee [70, 74-76, 79], and the other trials included
patients with OA of mixed joints.

In 5 RCTs and 2 CCTs, Rumalaya was compared to
placebo. Risk of bias was generally high in individual tri-
als; only 3 RCTs reported adequate randomization [71, 74,
75]; and no trial reported adequate allocation concealment.
Two RCTs were adequately blinded [69, 70]. Three tri-
als assessed pain and function [53, 70, 75]; however, only
1 trial reported group comparisons [74]. In this RCT, sig-
nificant group differences favoring the verum group over
placebo were found for pain and function. Meta-analysis
revealed a significant group difference favoring Rumalaya
over placebo for pain (SMD = —3.73; 95 % CI —4.97,
—2.50; P < 0.01; Fig. 4). Effects were comparable for stud-
ies with OA knee and those with mixed OA groups (Fig. 4).
Effects did not change when only trials with low risk of
bias regarding random sequence generation or blinding
were included. Five trials assessed global improvement
[53, 69, 71, 77, 79]. While all trials reported higher num-
bers of patients with global improvement in the verum
groups compared to placebo, none of them computed sta-
tistical group comparisons. In meta-analysis, more patients
in Rumalaya reported global improvement than in placebo
groups (RR 12.20; 95 % CI 5.83; 25.54; P < 0.01; Fig. 4),
both for studies with OA of the knee and those with mixed
OA groups (Fig. 4). Effects did not change when only trials
with low risk of bias regarding random sequence genera-
tion or blinding were included.

One RCT [73] and 1 CCT [76] compared Rumalaya to
ibuprofen. Both trials had high risk of bias. In both trials,
both interventions provoked comparable rates of global
improvement. Another high risk of bias CCT compared
Rumalaya to other drugs that were not further defined [78].
While more patients in the Rumalaya group reported global
improvement as compared to the control group, no statisti-
cal group comparisons were performed.

Rhumayog

A high risk of bias CCT compared Rhumayog tablets to
Brufen [72]. Significant group differences favoring Rhu-
mayog were found for pain and function.

Siriraj Wattana

A RCT compared Siriraj Wattana to diclofenac [80]. The

RCT had low risk of bias regarding random sequence
generation but unclear risk of bias regarding allocation
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concealment and blinding. No significant differences
between groups were found for pain, function, and global
improvement.

Shunti-Guduchi

Three RCTs on Shunti-Guduchi (Zingiber officinale and
Tinospora cordifolia) in patients with OA knee were
included; 3 RCTs had low overall risk of bias; and 2 used
ACR criteria [81-83].

A RCT [81] compared 4 different Ayurvedic formu-
lations with a common base of Zingiber officinale and
Tinospora cordifolia without a non-Ayurveda control,
while another RCT compared 5 such combinations with
placebo and glucosamine [83]. The latter RCT reported
significant group differences favoring 1 of the Shunti-
Guduchi formulas over placebo for overall improvement
but not for pain or function. The other formulas had no
effect beyond placebo. All formulas were comparable to
glucosamine. The third RCT compared Shunti-Guduchi
to glucosamine and celecoxib and reported compa-
rable effects of the 3 interventions on pain and func-
tion [82]. Meta-analysis confirmed equivalent effects of
Shunti-Guduchi and glucosamine on pain (SMD 0.08;
95 % CI —0.20, 0.36; ; P = 0.56; Fig. 5) and function
(SMD = 0.15; 95 % CI —0.12; 0.36; P = 0.41; Fig. 5).
Effects did not change when only RCTs were included
that used ACR criteria [82].

Snehana/Svedana

A RCT compared the effect of svedana (herbal stamp mas-
sage) combined with Ashvagandhadi Guggulu (herbal
compound tablets containing Withania somnifera and
Commiphora mukul as the main herbal ingredients) to Ash-
vagandhadi Guggulu alone on OA knee [84]. The RCT had
high risk of bias. Both groups reported improvements in
pain, function, and stiffness. More patients in the combined
group reported global improvement compared to the Ash-
vagandhadi Guggulu alone group. No group comparison
was reported for any variable.

Two CCTs investigated snehana (massage) and svedana
(Ayurvedic steam therapy) [85, 86]. Due to the non-rand-
omized study design, risk of bias was high in both trials.
One trial compared oral Laksha Guggulu (herbal com-
pound tablets containing Ficus religiosa and Commiphora
mukul as main ingredients) with (a) snehana and svedana
traction and (b) Laksha Guggulu combined with snehana
and svedana traction in OA knee [85]. The combination
was superior to the isolated interventions for reducing pain
and disability while there were no differences between
Laksha Guggulu alone and snehana/svedana traction
alone. Another trial compared snehana and svedana with

(a) Ashvagandhadi Guggulu and (b) snehana and svedana
combined with Ashvagandhadi Guggulu [85]. Significant
improvements for pain and function as well as a signifi-
cantly reduced function were observed in all 3 groups; no
group differences were computed. More patients in the
combined group reported global improvement as compared
to the other 2 groups; again, no group comparisons were
performed.

Basti/Vasti

A high risk of bias CCT assessed the effect of samshod-
hana drug therapy alone and combined with basti (enema)
to basti alone (prameshva). All 3 groups demonstrated
improvement with regard to pain, stiffness, and global
improvement. However, no group comparisons were per-
formed [87].

Another high risk of bias CCT compared the effect of
svedana combined with basti to svedana combined with
basti and a multicomponent drug. Both groups reported
improvements in pain, function, stiffness, and imaging
parameters. More patients in the combined group reported
global improvement compared to the Ashvagandhadi Gug-
gulu alone group. No group comparison was reported for
any variable [88].

Discussion

In this systematic review of 33 controlled trials, some evi-
dence of effectiveness for several Ayurvedic interventions
in OA was revealed. For Rumalaya, large and apparently
unbiased effects beyond placebo were found for pain and
global improvement. Based on single RCTs, effects beyond
placebo are also conceivable for RA-11 and possibly
Reosto.

Equivalence or superiority beyond other drugs was
inconclusive for Rumalaya. On the other hand, evidence
for equivalent effects of Shunti-Guduchi compared to glu-
cosamine on pain and function was found. While being less
clear, equivalence is also likely for Shunti-Guduchi com-
pared to celecoxib and perhaps for Siriraj Wattana com-
pared to diclofenac.

None of the Ayurvedic formulas were reported to be
associated with severe adverse events.

For Boswellia serrata as single drug, a multicompo-
nent formulation consisting of Boswellia serrata and other
drugs, Lepidium Sativum, Nirgundi Taila, Panchatikta
Ghrita Guggulu, and Rhumayog, no evidence for effects
was found that was robust against potential methodologi-
cal bias. The same was true for non-pharmacological inter-
ventions such as Ayurvedic massage, steam therapy, and
enema.
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Study Random sequence Allocation Blinding Incomplete Selective Other
generation concealment outcome data reporting bias

Boswellia serrata

Gupta (1993) No No No Unclear Unclear Unclear

Kimmatkar (2003) Yes Yes Unclear Yes Yes Unclear

Sengupta (2008) Yes Yes Yes Yes Yes Yes

Sengupta (2010) Yes Unclear Yes Yes Yes Yes

Sontakke (2006) Yes Unclear No Unclear Yes Unclear

Boswellia serrata, Withania somnifera,

Curcuma longa, zinc complex

Kulkarni (1991) Unclear Unclear Unclear Yes Yes Unclear

Lepidium sativum

Raval (2009) No No No Unclear Unclear Unclear

Nirgundi Taila

Das (2002) No No No Yes Unclear Unclear

Panchatikta Ghrita Guggulu

Akhtar (2010) Unclear/No No No Yes Unclear Unclear

Sharma (2003) No No No Unclear Unclear Unclear

RA-11

Chopra (2004) Yes Yes Yes Yes Yes Unclear

Reosto

Nachinolcar (2007) Yes Unclear Unclear Unclear Yes Unclear

Rumalaya

Agrawal (1971) No Unclear Yes Unclear Unclear No

Chandanwale (2003) No Unclear Yes Yes Yes Unclear

Khare (2004) Yes Unclear Unclear Yes Unclear Unclear

Mathur (2004) No No No Yes Yes No

Rastogi (2003) Unclear Unclear Unclear Yes Unclear Unclear

Sandhu (1978) No No No Unclear Unclear No

Sen (1980) No No No Unclear Unclear Unclear

Singh (1997) Unclear No No Unclear Yes Unclear

Srivastava (2005) Yes Unclear Unclear Yes Yes Unclear

Taneja (1975) No No No No Unclear No

Upadhyay Yes Unclear Unclear Yes Yes Unclear

Rumayog

Jamdar (2004) Unclear No No Unclear Yes Unclear

Siriraj Wattana

Pengkhum (2012) Yes Unclear Unclear Yes Yes Yes

Shunti-Guduchi

Chopra (2011) Yes Yes Yes Yes Yes Yes

Chopra (2011) Yes Yes Yes Yes Yes Yes

Chopra (2013) Yes Unclear Yes Yes Yes Yes

Swedana

Joshi (2010) Unclear Unclear Unclear Yes Yes Yes

Pathak (1992) No No No Unclear Unclear Unclear

Rajoria (2010) Unclear No No Yes Unclear Unclear

Vasti

Prameshwar (2002) No No No No Unclear Unclear

Shah (2010) No No Unclear Yes Yes Yes
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Fig. 2 PRISMA flow diagram

PRISMA flow diagram

Records identified through
database searching

Additional records identified
through other sources

Screening ] [ Identification]

Eligibility

Included

Strengths and weaknesses

This is the first meta-analysis available on Ayurvedic inter-
ventions for OA. Subgroup analyses were conducted to
assess the effects of different Ayurvedic interventions,
and in patients with different affected joints. No language
restrictions were imposed.

The primary limitation of this review is the low methodo-
logical quality of most of the RCTs. While several high qual-
ity RCTs were located for Rumalaya and Shunti-Guduchi,
only a single RCT with low risk of bias was included on
RA-11. For the other interventions, the high risk of bias of
the analyzed studies limits the interpretation of their results.
Several studies compared different Ayurvedic formulations
without an adequate non-Ayurvedic control group.

A further limitation is the small sample size of the stud-
ies. A meta-epidemiological study of 13 meta-analyses on
RCTs that compared therapeutic interventions with placebo
or non-intervention control in patients with osteoarthritis
found that small study effects can distort results of meta-
analyses on OA [89]. Specifically, large trials with sam-
ple sizes of more than 100 patients in each arm had lower

(n=283) (n=78)
A 4
Records after duplicates removed

(n=238)

Records excluded,
A with reasons (n=181)
Title or abstract only
Records screened

(n=238) — (n=78)
Rheumatoid arthritis only
(n=103)

A 4

Full-text articles excluded,

with reasons (n=24)
- Rheumatoid arthritis only
(n=1)
- Not clearly Ayurveda
> (n=11)
Studies included in - Abstract only (n=2)

qualitative synthesis Descriptive/narrative/
(n=33) editorial only (n=10)

Full-text articles assessed
for eligibility
(n=57)

A

Studies included in
quantitative synthesis
(meta-analysis)
(n=11)

estimated treatment estimates than smaller trials. Since in
the present review, only 1 study met this definition of a
large trial [20], and small study effects could not be ruled
out.

However, in spite of the positive data for Rumalaya,
notably all isolated trials on this drug were found in jour-
nals that are not MEDLINE-indexed and thus could not be
located in major international databases like PubMed. Of
course, this poses an obvious cutback for the interpretation
of these data.

Another limitation relates to the fact that in the case of
the Shunti-Guduchi trials, Ayurvedic remedies were com-
pared to control interventions including glucosamine prep-
arations, while a controversy remains about the use and
effectiveness of glucosamine in OA guidelines [90, 91].

It also remains questionable whether the trial documen-
tation (e.g., of adverse events) is being done adequately
and according to international good research practice in
South Asian countries, particularly as there was not a single
reported case of serious adverse event in 33 trials.

Yet probably, the most important limitation of this and
most other present reviews and clinical trials on Ayurvedic
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Boswellia serrata Placebo
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Osteoarthritis of the knee

Kimmatkar 2003a 026 045 15 25 0.65 15 24.4%
Kimmatkar 2003b 026 046 15 24 05 15 24.0%
Sengupta 2008 19.17 3,55 24 31.74 258 23 25.3%
Sengupta 2010 253 172 19 36.3 105 19 26.3%
Subtotal (95% CI) 73 72 100.0%
Heterogeneity: Chi2 = 45.75, df = 3 (P < 0.00001); 2= 93%

Test for overall effect: Z = 3.11 (P = 0.002)

Total (95% CI) 73 72 100.0%

Heterogeneity: Chi2 = 45.75, df = 3 (P < 0.00001); 12=93%
Test for overall effect: Z = 3.11 (P = 0.002)

Boswellia serrata versus placebo: Function
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Boswellia serrata Placebo

Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

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

Osteoarthritis of the knee

Kimmatkar 2003a 0.3 048 15 2.460.63 15 24.3%
Kimmatkar 2003b 026 045 15 226045 15 23.7%
Sengupta 2008 2432 428 24 34.071.09 23 25.7%
Sengupta 2010 252 15 19 32 10.8 19 26.3%
Subtotal (95% CI) 73 72 100.0%
Heterogeneity: Chi2 = 44.55, df = 3 (P < 0.00001); 12 =93%

Test for overall effect: Z =2.99 (P = 0.003)

Total (95% Cl) 73 72 100.0%

Heterogeneity: Chi2 = 44.55, df = 3 (P < 0.00001); 12 =93%
Test for overall effect: Z =2.99 (P = 0.003)

Boswellia serrata versus placebo: Stiffness

-3.75[-5.00, -2.51] — & —

-4.32[-5.70, -2.95] —%——

-3.04 [-3.90, -2.18] —a—

-0.51[-1.16, 0.14] —

-2.85[-4.72,-0.98]
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Boswellia serrata Placebo
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

1V, Random, 95% CI IV, Random, 95% CI

Osteoarthritis of the knee

Sengupta 2008 14.06 3.71 24 24.45237 23 49.2%
Sengupta 2010 171 16.8 19 29.6 95 19 50.8%
Subtotal (95% CI) 43 42 100.0%
Heterogeneity: Chiz2 = 17.22, df = 1 (P < 0.0001); 12 = 94%

Test for overall effect: Z = 1.74 (P = 0.08)

Total (95% CI) 43 42 100.0%

Heterogeneity: Chi2 = 17.22, df = 1 (P < 0.0001); 12 = 94%
Test for overall effect: Z=1.74 (P = 0.08)

Fig. 3 Effect sizes of Boswellia serrate versus placebo

therapies is the fact that to date, hardly any study has
investigated multimodal individualized treatment as gen-
erally proposed by traditional Ayurvedic principles and as
practiced in routine Ayurvedic care up-to-date [23].

-3.27[-4.16,-237] —H—

-0.90 [-1.57, -0.23] i+

-2.06 [-4.38, 0.26] -

-2.06 [-4.38,0.26] i
f f f f
4 2 0 2 4

Favours Boswellia serrata Favours Placebo

Implications for further research and clinical practice

Reviews of research studies done on Ayurveda so far show
that the majority of them are experimental and explorative,
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Rumalaya versus placebo: Pain

Rumalaya Placebo

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Osteoarthritis of the knee

Upadhyay 2004 0.96 0.77 49 3.02 0495 50 55.2%  -3.16 [-3.76, -2.57] N

Subtotal (95% CI) 49 50 55.2% -3.16 [-3.76, -2.57] ‘

Heterogeneity: Not applicable

Test for overall effect: Z = 10.37 (P < 0.00001)

Mixed osteoarthritis

Chandanwale 2003 15.69 10.89 36 79.04 18.41 21 44.8%  -4.43[-5.43,-3.43] —#—

Subtotal (95% CI) 36 21 44.8% -4.43[-5.43,-3.43] <

Heterogeneity: Not applicable

Test for overall effect: Z = 8.68 (P < 0.00001)

Total (95% Cl) 85 71 100.0% -3.73 [-4.97, -2.50] ‘

Heterogeneity: Chi2 = 4.54, df = 1 (P = 0.03); I12= 78% f f f f

Test for overall effect: Z =5.92 (P < 0.00001)

T
4 -2 0 2 4
Favours Rumalaya Favours Placebo

Test for subgroup differences: Chi2 = 4.54, df =1 (P = 0.03), 12=78.0%

Rumalaya versus placebo: Global improvement

Placebo
Events Total Weight

Rumalaya

Study or Subgroup  Events Total

Risk Ratio
IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

Osteoarthritis of the knee

Agarwal 1971 94 111 0 24 7.2%
Khare 2004 46 50 50 78.1%
Sandhu 1978 70 81 0 12 7.4%
Subtotal (95% CI) 242 86 92.7%
Total events 210 5

Heterogeneity: Tau? = 0.00; Chi2 = 1.36, df =2 (P = 0.51); 2=0%
Test for overall effect: Z=6.16 (P < 0.00001)

Mixed osteoarthritis

Taneja 1975 67 70 0 20 7.3%
Subtotal (95% Cl) 70 20 7.3%
Total events 67 0

Heterogeneity: Not applicable
Test for overall effect: Z = 2.64 (P = 0.008)

Total (95% CI) 312 106 100.0%

Total events 277 5
Heterogeneity: Chiz = 2.13, df = 3 (P = 0.55); I2=0%
Test for overall effect: Z = 6.64 (P < 0.00001)

39.93 [2.58, 617.85]

42.19[2.71, 666.70] —
9.20 [3.99, 21.22] . B

22.35 [1.47, 339.13]
11.12 [5.16, 23.94]

*

39.93 [2.58, 617.85]

12.20 [5.83, 25.54]

\ 4

| | | |
I T T 1
0.001 0.1 1 10 1000

Favours Placebo Favours Rumalaya

Test for subgroup differences: Chiz = 0.78, df =1 (P = 0.38), 2= 0%

Fig. 4 Effect sizes of Rumalaya versus placebo

focusing on single herbs, compound formulations or sin-
gle therapies. A minority of existing Ayurveda research is
clinical and is focused either exclusively on drug therapy
or on non-pharmacological interventions such as Yoga.

Moreover, many of these trials have severe methodological
limitations [29, 92].

During recent years, a change of this trend could be
observed in a couple of RCTs demonstrating that a
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Shunti-Guduchi  Glucosamine
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

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

Osteoarthritis of the knee

Chopra 2011 -1.8 2.4438 30 -1.43 2.2542 29 26.2%

Chopra 2013 -2.06 2.4438 102 -2.45 2.2542 108 73.8%
Subtotal (95% CI) 132 137 100.0%

Heterogeneity: Chiz=1.18, df =1 (P = 0.28); 2= 15%
Test for overall effect: Z = 0.58 (P = 0.56)

Total (95% Cl) 132
Heterogeneity: Chiz=1.18, df =1 (P = 0.28); 2= 15%
Test for overall effect: Z = 0.58 (P = 0.56)

137 100.0%

Shunti-Guduchi versus Glucosamine: Function

-0.16 [-0.67, 0.36] —
0.17 [-0.11, 0.44]

0.08 [-0.20, 0.36]

I T T 1
-2 -1 1 2
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<D
0.08 [-0.20, 0.36] ?
0

Shunti-Guduchi
Study or Subgroup Mean SD Total

Glucosamine
Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference

1V, Random, 95% CI 1V, Random, 95% CI

Chopra 2011 -5.3 9.1641 30
Chopra 2013 -5.85 9.1641102

-4.410.904 29 25.0%
-8.1210.904 108 75.0%
132

Total (95% CI) 137 100.0%

Heterogeneity: Tau? = 0.01; Chiz=1.12, df =1 (P = 0.29); 2= 11%

Test for overall effect: Z=1.08 (P = 0.28)

Fig. 5 Effect sizes of Shunti-Guduchi versus Glucosamine

tailored Ayurvedic treatment approach can be incorpo-
rated in RCT designs and that blinding can also be done
successfully [21, 22].

However, so far Ayurveda has rarely been studied as a
WMS and in the manner in which it is actually being prac-
ticed today [23].

Clinical trials on TM and WMS have to consider addi-
tional obstacles in research related to aspects their specific
and non-conventional nomenclature, approaches and para-
digms, etc. Future trials could try to incorporate both the
conventional and the TM/WMS approaches into their trial
designs.

In order to improve the quality of evidence, future
RCTs in this field should ensure rigorous methodology and
reporting, adequate sample size, adequate randomization,
allocation concealment, intention-to-treat analysis, and
blinding of at least outcome assessors [93].

Based on these data, only Rumalaya can be seen as a
safe and effective Ayurvedic herbal drug for patients with
OA knee and OA of other joints. Shunti-Guduchi can also
be considered to some extend; however, the evidence of
its effectiveness is limited to OA knee and the comparison
to glucosamine adds further tentativeness to the results.
Since the evidence of effectiveness for RA-11 is derived
from only a single trial, it cannot be considered as routine
intervention so far. Other Ayurvedic interventions cannot

—

1 1 ]
I T T T 1
-2 -1 0 1 2
Favours Shunti-Guduchi Favours Glucosamine

-0.09 [-0.60, 0.42]
0.22 [0.05, 0.50]

0.15 [-0.12, 0.41]
1

currently be recommended to patients with OA based on
the findings of this review and meta-analyses.

As several Ayurvedic herbal formulation have been
shown to be possibly polluted with heavy metals such as
lead, mercury, and arsenic in both Western countries and in
South Asia [94-98], it seems to be of utmost importance
to establish an effective and transparent quality control for
manufacturers and distributors of Ayurvedic drugs on a
global scale.
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