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Abstract

Purpose of the Review: Finding appropriate pharmacological options to treat osteoarthritis (OA)
remains challenging. We aimed to determine the efficacy and safety of all types of turmeric extracts for

the management of knee OA.

Recent Findings: Sixteen RCTs of up to 16 weeks duration including 1810 adults with knee OA were
included. Eleven RCTs compared the efficacy of turmeric extracts with placebo and five with active
comparators (NSAIDs). The overall risk bias of included RCTs was moderate. Turmeric extracts
significantly reduced knee pain (SMD -0.82, 95% CI -1.17 to -0.47, 1>=86.23%) and improved physical
function (SMD -0.75, 95% CI -1.18 to -0.33, 1>=90.05%) compared to placebo, but had similar effects
compared to NSAIDs. BMI was the major contributor to heterogeneity in the placebo-controlled studies
(explained 37.68% and 67.24% respectively in the models) and modified the effects of the turmeric on
pain and physical function with less improvement with higher BMI (SMD 0.26 95%CI 0.04 to 0.48;
SMD 0.48 95%CI 0.21 to 0.74). No significant between group differences were reported for either
biochemical markers or imaging outcomes. Turmeric extracts had 12% fewer adverse events than

NSAIDs and similar rates to placebo.

Summary: Turmeric extract is a safe and effective option for the symptomatic management of knee
OA, compared to placebo or NSAIDs. However, current evidence from short-term studies is

heterogeneous and has moderate risk-of-bias leading to some uncertainty about the true effect.

Keywords: Turmeric, curcumin, osteoarthritis, meta-analysis, RCT
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Introduction:

Osteoarthritis (OA) is a common chronic disease which mainly affects the knee joints and causes joint
pain and function loss [1]. Knee OA imparts a high societal cost with few and suboptimal management
options [2]. With no approved disease-modifying drugs available for knee OA, current pharmacological
treatment options are limited to analgesics, intra-articular corticosteroids, and non-steroid anti-
inflammatory drugs (NSAIDs) [3]. While these medications have only a mild-to-moderate effect size
for pain relief, they are associated with gastrointestinal, renal, and cardiovascular complications and are
often contraindicated in patients with comorbidities [4]. Consequently, the global demand for a safe and
effective therapeutic option for OA have refocused the interest from conventional drugs to
complementary and alternative medicines [5]. In particular, one of the potential treatment options for

knee OA is turmeric [6].

Turmeric is a generic name for the yellow powder of the rhizome of genus Curcuma, including C. longa
and C. domestica [7]. Turmeric has been widely used as a homology of food and medicine in several
countries [8]. Curcuminoids (polyphenolic compounds) and polysaccharides are the key components of
turmeric [9-11]. Moreover, curcumin is the most active constituent of turmeric and is classified
“generally recognised as safe” by the US FDA [8, 12, 13]. The in-vitro, pre-clinical, and translational
studies have demonstrated the potential of curcumin, turmeric extracts, and other multi-herbal
formulations of curcumin in slowing OA progression and relieving OA-related pain [14, 15]. Previous
systematic reviews synthesising the evidence on efficacy and safety of turmeric for the treatment of
knee OA are limited by failing to consider the different types of turmeric extracts (holistic, bio-enhanced,
curcuminoid-rich, polysaccharide-rich, etc.) and including non-curcuminoid turmeric extracts as

thought they were curcumin [15, 16].

Hence, the aim of this systematic review was to assess the efficacy and safety of all types of turmeric
extracts, including curcuminoids and non-curcuminoid polysaccharide-rich extracts compared to

placebo or active comparator in patients with knee OA.

Methods
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We performed this systematic review and meta-analysis according to our pre-published protocol
explicitly defining the Population, Intervention, Comparator, Outcome, and Study design (PICQOS) of
interest for inclusion [17]. We followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) criteria reporting for our systematic review [18].

Search strategy

We searched the online databases PubMed, Scopus, Embase, Web of Science, Cochrane Central
Register of Controlled Trial, Google Scholar from inception to May 2020, using keywords:
“osteoarthritis and its synonyms” for the population of interest; “curcumin”, “turmeric”, “curcuminoid”,
“curcuma”, “jiang huang”, and “turmerosaccharide” for the intervention of interest; placebo or other
active comparator such as NSAIDs for the comparator; pain, physical function, synovitis or cartilage,
biochemical markers, rescue medication or discontinuation, and adverse events (AEs) for the outcome
of interest; “randomized controlled trial and its synonyms” for study design of interest. We confined
the search results to human studies reported in English or Chinese. In addition, the abstract booklet from
major conference proceedings and poster sessions were hand-searched for upcoming trials in 2019-
2020 in major conferences (European League Against Rheumatism (EULAR), Osteoarthritis Research
Society International (OARSI), American Academy of Orthopaedic Surgeons (AAQOS), and American
College of Rheumatology (ACR)). Clinical trial registry (ClinicalTrials.gov) was also queried to search

and identify any upcoming/unpublished trial of interest.

Study inclusion/exclusion criteria

We included all studies based on pre-specified PICOS items described in the protocol [17]. Briefly, we
included RCTs of human participants with a clinical diagnosis of knee OA that compared the efficacy
and/or safety of turmeric extracts with placebo or active comparators (e.g. NSAIDs). RCTs reporting at
least one of the outcomes of interest were included. Non-randomised trials and trials of multi-herbal
formulations that contain turmeric and non-Curcuma species extracts were excluded. Studies comparing
combinations were included only if the same active intervention (except turmeric) was also present in

the comparator group (e.g. both the treatment and control group received diclofenac) [19].
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Study selection was performed by two reviewers (Z.W.&A.S.) independently. Any disagreements in

inclusion were resolved through consensus and/or consultation with senior authors (B.A.).

Data collection, risk of bias, and quality assessment

Two reviewers (Z.W.&A.S.) independently extracted data from the included studies and discrepancies
in data consistency were resolved through discussion between the reviewers. We extracted details of
study design, characteristics of the population [age, sex, and body mass index (BMI)], sample size,
intervention details and dosage, duration of follow-up, type of comparator placebo/active comparator,
mean change values for efficacy outcome measures with standard deviation (SD), number of AEs
reported, and change in pain medication. We included intention-to-treat data in our analysis, whenever

available.

For each outcome, when available, we used the change from baseline to the longest reported follow-up.
When mean change was not reported, we calculated the arithmetic difference between baseline and
follow-up. Where trials reported pain measured by more than one, we selected the pain measure to use
in the following order of priority: Visual Analog Scale (VAS) for pain during any activity; the pain
subscale of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC); the pain
subscale of the Knee injury and Osteoarthritis Outcome Score (KOOS); and any other reported pain

measures.

The physical function subscale of WOMAC was the preferred measure for the assessment of functional
improvement. In the absence of the WOMAC function subscale, other functional measurements or
WOMAC total scores were used (17 subscales for function out of 24 subscales in the total WOMAC).
The number of participants who experienced any AE and who commenced or discontinued any pain
medication (rescue medication and/or any analgesics) were extracted, when available. For studies with
incomplete data or unavailable data, we requested that the corresponding authors of the primary studies
provide missing or additional data. In the event of no response from the authors of the primary studies,
and unpublished original trial for which data were not available, outcomes were extracted from previous

systematic reviews that included the missing data from the primary trial where available.
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Standard deviations (SD) were also extracted if reported, otherwise, SD were calculated by using the
following methods: 1) standard error or confidence intervals; 2) SD for change scores (SDgitr) Were
imputed using the SD from baseline (SDw) to SD from post-intervention (SDpi) (Supplementary
Formula-1, the conservative value of r=0.5 was used [20]); 3) P values that relate to the differences

between mean changes in two groups according to the Cochrane handbook 5.1 Section 7.7.3. [21].

For studies with more than two arms [22-26], we split the shared arm into two groups and analysed it
with the independent comparator arms to enable comparison [21]. For example, trials comparing high-
dose and low-dose curcumin, were divided into a corresponding number of pairwise comparisons of the
study versus the placebo group with the number of the placebo group halved [26]. On some occasions,
pain or WOMAC physical function changes were inferred from graphical information in the published

papers [27], with missing SD imputed from other trials with the same outcome assessment tool [28].

The methodological quality of the included RCTs was assessed using the Cochrane risk-of-bias (RoB)
tool [29] by two reviewers (Z.W.&A.S.) independently using Review Manager (RevMan) 5.4.1 (The
Cochrane Collaboration, 2020) [30]. A total of seven domains were evaluated following the Cochrane
Handbook V.5.1.0, Chapter 8.5: random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, incomplete outcome data, selective
reporting, and other biases. Any disagreements in the evaluation were resolved through discussion with

the adjudicator (B.A.).

Data synthesis and statistical analysis

Due to variation in outcome measures, the standardised mean difference (SMD) for the mean change
from baseline to follow-up scores between groups were calculated using Hedges® g effect sizes. We
used the risk difference (RD) to analyse and pool categorical outcomes, including AEs and rescue
medications. We assessed the clinical heterogeneity based on PICOS characteristics of the included
RCTs. Statistical heterogeneity was assessed by 2 statistic (1> >50% was considered substantial
heterogeneity) [31]. We used a random-effects model with restricted maximume-likelihood to meta-
analyse the effect estimates. Publication bias was assessed visually with funnel plots [32], and the trim-
and-fill method was used to estimate the effect of publication bias (if any) [33].

6
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Separate comparisons were conducted based on comparator types, such as studies comparing turmeric
extract with placebo or NSAIDs (ibuprofen and diclofenac). To further explore the potential
heterogeneity among the trials with placebo as a comparator, we performed a post hoc meta-regression
of the effect sizes (SMDs) on study-level covariates: baseline characteristics of participants (age, gender,
BMI), dosage, and duration; subgroup analyses were conducted to compare different formulation types
(with or without bio-enhanced), type of pain measures (VAS vs. WOMAC/KOOS), RoB, trial location
(Asian or not), and types of funding (investigator-initiated or industry). The association between
covariate and effect sizes was analysed, and the proportion of heterogeneity that covariate explained
(measured using residual 12 statistics) and effect modification were reported [34, 35]. The statistical
analyses were performed using STATA version 16 (STATA Corp., Texas, USA) and RevMan. We used
a narrative synthesis approach to present the results of outcomes where data were not available/suitable

for meta-analysis (biochemical markers and imaging biomarkers).

Results

A total of 130 citations were identified following the initial database search and exclusion of the
duplicates. A total of 99 citations were excluded after screening based on title and abstract, and 31 full-
text articles were assessed for eligibility. Overall, 16 RCTs qualified prespecified inclusion criteria as

described in the protocolwere included in this systematic review (Figure-1).
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Figure. 1 PRISMA diagram of study selection, inclusion and exclusion of studies

Characteristics of the included studies

Sixteen RCTs with a total of 1810 participants were included. Eleven studies compared turmeric extract
formulations with placebo [15, 19, 22, 26, 36-42], with two studies using diclofenac in both treatment
and comparator arms.[19, 38] Five studies were a head-to-head comparison between turmeric extract

and NSAIDs (either ibuprofen or diclofenac) [23, 27, 43-45] (Table-1 and Supplementary Table-1).

The studies were conducted between 2009 and 2020. The majority were conducted in Asia (five from
India [22, 23, 27, 38, 40], three each from Thailand [19, 43, 45] and Iran [15, 37, 41], one each from
Japan [36], Indonesia [44], and Armenia [39]), while one study each was conducted in Belgium [26]
and Australia [42]. The largest trial consisted of 367 primary knee osteoarthritis patients from Thailand

[45].
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Twelve studies assessed pain using VAS [15, 19, 22, 23, 26, 27, 36-38, 40, 42, 44], ten reported
WOMAC scale [15, 22, 27, 37-42, 45], and seven studies reported both VAS and WOMAC [15, 22, 27,
37, 38, 40, 42]. Few studies used localised versions of WOMAC, such as Japanese [36] and Indian
versions [22] of the WOMAC scale adapted to the local lifestyle. The daily dose of different
formulations of turmeric extract varied across studies from 80 mg to 2000 mg. Included RCTs used
turmeric extract formulations with varying bioavailability enhancers that were bio-optimised to
polysaccharides [22], turmeric oil [23], liposome [27], and BioPerine® (piperine standardised minimum
to 95%) [37]. Ten of the included RCTs were registered in a clinical trials registry [22, 23, 26, 27, 38-
42, 45], and 37.5% of included RCTs were investigator-initiated, 37.5% were industry-funded trials and

25% did not report any funding details.

Assessment of quality and risk of bias

The overall risk of bias of included trials was moderate with five trials assessed being high quality [23,
26, 39, 40, 42], according to the Cochrane RoB tool (Supplementary Figure-1). Nine of the included
RCTs were assessed as having a high risk for incomplete outcome data reporting either due to loss to

follow-up or to not employing intention-to-treat (ITT) analysis [15, 19, 27, 36, 37, 41, 43-45].



Table 1. Characteristics of trials included in the analysis by year of publication.

Trial No. of Women, o - Rescue . .
No. Author, Year, and Country Group Patients No. (%) Age, y BMI Weeks medieation Registered  Funding
1 Kuptniratsaikul et al, 2009, T 55 41(78.8) 614 (8.7) 264 (3.7) 6 None ) Investigator
Thailand [43] | 52 45 (81.8) 60.0 (8.4) 26.8 (4.8) -initiated
) T 35 - - -
2 Moharamzad et al, 2011, Iran (Unpublished) [15] 5 p” 10 - - -
T 39 24 (61.5) 64.1(8.8) 26.3(3.6) ;
3 Kertia et al, 2012 Indonesiana [44, 48] 4 Paracetamol - Inves tlggtor
D 41 29(70.7) 6456 (8.9) 26.4 (4.8) -Initiate
T 44 -
4 Pinsornsak et al, 2012 Thailand [19] 62 (83.0) >44.0 12 None - -
P 44 -
Ta 30 17 (56.7) 56.6 (10.6) 27.0 (4.6)
Pa 30 17 (56.7 56.8 (10.0 28.0 (4.2
5 Madhu et al, 2013 India [22] (6.7) (100) “2) 6 Paracetamol  yes -
To 30 24 (80.0) 58.2(9.3) 279(5.2)
Py 30 25 (83.3) 56.8 (8.0) 27.8(3.1)
T 185 139 (86.9) 60.9(6.9) 26.6 (4.0) i
6 Kuptniratsaikul et al, 2014 Thailand [45] 4 Tramadol yes Ipv_e;ugstor
I 182 157 (91.8)  60.3(6.8)  26.5(3.7) -Initiate
T 25 14 (77.8) 719 (5.3)  25.1(2.7) Celecoxib/ .
7 Nakagawa et al, 2014 Japan [36] 8 pain relief Industry
T 27 22 (73.7) 57.3(8.8) 28.8(3.2)
Panahi et al, 2014 ¢ & Panahi et al, 2015 Iran [37, 47] 6 .
P 26 22 (81) 57.6(9.1)  29.6(45) Naproxen Investigator
8 - -initiated
) T 19 14 (73.7) 57.3(8.8) 28.8(3.2)
Rahimnia et al, 2015 * Iran [48] 6
P 21 17 (81.0) 57.6(9.1) 29.6 (4.5)
i i T 78 53 (67.9) 50.2(8.1) 28.3(5.1)
9 Srivastava et al, 2016 India [38] 16 Diclofenac yes Industry
P 82 50 (61.0) 50.3(8.6) 27.4(5.8)
T 66 60 (90.9) 54.7(8.8)  28.3(3.6)
10 2H a{oy:n et a_I ! 12 None yes Industry
018 Armenia [39] p 68 65(96.6)  56.0(8.6) 28.8(3.4)
) T 25 - 55.2(8.6) 25.4(2.8)
11 Panda et al, 2018 India [40] 8 Paracetamol  yes Industry
P 25 - 53.1(8.3) 25.0(1.9)
12 Gupte et al, 2019 India [27] T 17 11 (64.7) 57.0 (7.5) 28.2 (5.8) 12 None yes Industry

10



Trial No. of Women, = - Rescue - -
No. Author, Year, and Country Group Patients No. (%) Age, y BMI Weeks medieation Registered  Funding
I 25 23 (92.0) 54.0(8.0)  30.5(5.1)
Ta 49 39 (79.6) 60.9(9.8) 29.4(4.9)
13 Henrotin et al, 2019 Belgium [26] Ty 47 40 (85.1) 61.4 (7.5) 30.4 (5.2) 12 Paracetamol  yes Industry
P 45 34 (75.6) 63.3(7.7) 29.4(5.2)
T. 71 21 (29.6) 52.6 (4.5) -
14 Shep et al, 2019 India [23-25] Ty 70 25(35.7) 53.1(4.2) - 4 Paracetamol  yes -
D 69 21 (30.4) 52.1(3.8) -
T 36 29 (80.6) 54.1 (5.8) - i
15 Hashemzadeh et al, 2020 Iran [41] 6 Paracetamol  yes Inves tlggtor
P 35 31 (88.6) 56.5 (5.8) - -Initiate
16 Wang et al, 2020 Australia [42] T 36 18 (50.0) 613(85) 29.9(63) 12 Paracetamol  yes Ipv_e_stlggtor
P 34 21 (62) 62.4(8.8) 30.6(7.2) -Initiate

Abbreviations: T, Turmeric; P, Placebo; I, Iburprfen; D, Diclofenac; BMI, Body Mass Index.

* Data expressed as mean (SD) or otherwise specified.

f Calculated as weight in kilograms divided by height in meters squared.

 The Panahi et al. 2014 & 2015 and Rahimnia et al, 2015 reported results from the same trial conducted at Bagiyatallah University of Medical Sciences, Tehran, Iran.
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Effect on knee pain

Twelve RCTs included 577 and 494 participants in the turmeric extract and placebo groups, respectively

[15, 19, 22, 24, 26, 36-42], and five RCTs included 342 and 306 participants in the turmeric extract and

active control (NSAIDs) group [23, 27, 43-45]. Turmeric extract had a large effect on knee pain

(SMD =-0.82, 95%CI -1.17 to -0.47) compared to placebo but a similar effect to NSAIDs (SMD = -

0.09, 95%CI -0.30 to 0.12) (Figure-2). Substantial heterogeneity was observed in the turmeric vs.

placebo comparison (1>=86.23%), and moderate heterogeneity in the turmeric vs. NSAIDS group

(12=34.97%).

Treatment Control Favors Favors Hedges's g Weight
Study N Mean SD N Mean SD  Turmeric Comparator with 95% CI (%)
Turmeric vs. placebo
Moharamzad (2011) 3 -13.7 11.36 32 -15 1341 - -0.99[ -1.49, -0.48] 5.23
Pinsornsak (2012) 44 231 135 44 176 1.35 B2 -0.40[ -0.82, 0.01] 5.49
Madhu (2013) a 29 -47.02 19.65 29 -1547 18.35  —@— -1.64[ -2.23, -1.05] 4.95
Madhu (2013) b 28 -295 2512 24 -31.68 18.97 —— 0.10[ -0.44, 0.63] 5.12
Nakagawa (2014) 15 -32 15 20 -21 .15 —— -0.72[ -1.39, -0.04] 4.66
Panahi (2014) 19 -38 365 21 11 374 - 0.72[ -1.34, -0.09] 4.82
Srivastava (2016) 78 -3.91 1 82 -255 127 -8 -1.18[ -1.52, -0.85] 5.72
Haroyan (2018) 66 -1.86 295 68 -69 27 E 3 -0.41[ -0.75, -0.07] 5.70
Panda (2018) 25 -2511 866 25 -7.97 529 —m— -2.35[ -3.07, -1.64] 4.53
Henrotin (2019) a 49 -123 194 23 -108 165 -0.08[ -0.57, 041] 527
Henrotin (2019) b 46 -12.8 184 22 -108 165 :I -0.11[ -0.61, 0.39] 5.23
Shep (2019) a 71 652 89 35 -561 .88 - -1.02[ -1.44, -0.59] 5.47
Hashemzadeh (2020) 36 -9.53 4.87 35 -1.71 431 —-— -1.68[ -2.22, -1.14] 5.12
Wang (2020) 36 -23.75 1844 34 -1464 18.34 —— -0.49[ -0.96, -0.02] 5.33
Heterogeneity: T = 0.37, I” = 86.23%, H* = 7.26 = 0.82[ -1.17, -0.47]
Test of 8, = 8;: Q(13) = 78.81, p = 0.00
Turmeric vs. NSAIDs
Kuptniratsaikul (2009) 45 -27 26 46 2 23 - -0.28[ -0.69, 0.13] 5.51
Kertia (2012) 39 -33.77 2294 41 -2054 2153 0.19[ -0.62, 0.25] 5.44
Kuptniratsaikul (2014) 171 -2.06 1.97 160 -2.23 1.86 1 0.09[ -0.12, 0.31] 5.98
Gupte (2019) 17 -51 19.09 25  -55 16.52 0.22[ -0.38, 0.83] 4.89
Shep (2019) b 70 -593 99 34 -561 .88 - -0.33[ -0.74, 0.08] 5.52
Heterogeneity: T = 0.02, I’ = 34.97%, H = 1.54 E -0.00[ -0.30, 0.12]

Testof 8, = 6;: Q(4) =5.95, p=0.20

Random-effects REML model

Figure. 2 Forest plot depicting the standardised mean difference of change in knee pain

Physical function

Ten RCTs included 508 and 465 participants in the turmeric extract and placebo groups, respectively

[15, 22, 25, 26, 37-42], and three RCTs included 258 and 219 participants in the turmeric extract and

active control (NSAIDs) group [23, 27, 45]. Compared to placebo, turmeric had a clinically and

12



statistically significant effect on improving knee function (SMD=-0.75, 95%CI -1.18 to -0.33), whereas
there was no difference compared to NSAIDs (SMD=-0.14, 95%CI -0.36 to 0.09) (Figure-3).
Substantial heterogeneity was observed for physical function in the turmeric vs. placebo (12=90.05%)

and small heterogeneity in the turmeric vs. NSAIDs (12=20.02%).

Treatment Control Favors Favors Hedges's g Weight
Study N Mean SD N Mean SD  Turmeric Comparator  with 95% ClI (%)
Turmeric vs. placebo
Moharamzad (2011) 35 46 422 32 2 488 s -0.57[ -1.05, -0.08] 6.68
Madhu (2013) a 29 .27.83 1408 29 -933 114 e -1.42[ -1.99, -0.85] 6.35
Madhu (2013) b 28 -2452 2144 24 2338 17.13 —-o- -0.06[ -0.59, 0.48] 6.48
Panahi (2014) 19 131 1257 21 2 1148 —— -0.91[ -1.55, -0.27] 6.08
Srivastava (2016) 78 21890 523 82 -17.11 553 - -0.88[ -1.21, -0.56] 7.20
Haroyan (2018) 66 -383 756 68 -1.34 7.01 T+ -0.34[ -0.68, -0.00] 7.16
Panda (2018) 25 -13.08 281 25 444 263 —=— -3.12[ -3.95, -2.30] 5.36
Henrotin (2019) a 47 92 195 40 73 146 -0.11[ -0.53, 0.31] 6.91
Henrotin (2019) b 38 103 209 40 73 146 I -0.17[ -0.61, 0.27] 6.83
Shep (2019) a 71 3766 588 35 -3497 505 - -0.48[ -0.88, -0.07] 6.95
Hashemzadeh (2020) 36 -29.11 20.87 35 5 26.57 e -1.00[ -1.49, -0.51] 6.66
Wang (2020) 36 -202.01 23262 34 -179.75 232.24 & -0.48[ -0.95, -0.01] 6.73
Heterogeneity: T° = 0.49, I’ = 90.05%, H’ = 10.05 < -0.75[ -1.18, -0.33]
Test of 8 = 6 Q(11) = 66.67, p = 0.00
Turmeric vs. NSAIDs
Kuptniratsaikul (2014) 171 -1.89  2.04 160 -1.84 1.93 -0.03[ -0.24, 0.19] 7.47
Gupte (2019) 17 155 1807 25 9 1427 :T[ -0.40[ -1.01, 0.21] 6.20
Shep (2019) b 70 -3613 361 34 .3497 505 -0.28[ -0.69, 0.13] 6.94
Heterogeneity: 7° = 0.01, I” = 20.02%, H" = 1.25 = -0.14[ -0.36, 0.09]
Testof 8, = 6: Q(2) = 2.13,p=0.35

432101234
Random-effects REML model

Figure. 3 Forest plot depicting the standardised mean difference of change in knee physical function

Meta-regression and subgroup analysis

We only analysed heterogeneity in the turmeric versus placebo group for pain and physical function by
meta-regression or subgroup analysis (Supplementary Table-2). The meta-regression for the primary
outcome of pain, with study-level participant BMI as a covariate, showed that 82.77% of the residual
variance (heterogeneity) was between-study (while only 17.23% of variance was within-study) and
BMI was able to explain 37.68% (adjusted R?) of the between-study variance for SMDs of pain, with
one unit increase in BMI modified 0.26 (0.04 to 0.48) less SMD of turmeric improvement in pain
(Supplementary Table 2 and Figure-2 for heterogeneity proportion). Similarly, regression with the
study-level participant age demonstrated that 85.67% of the residual variance was between-study and
17.94% (adjusted R?) of between-study variance was explained by age for SMDs of pain, with one year

increase in age modified 0.07 (-0.01 to 0.14) less SMD of turmeric improvement in pain. Meta-
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regression analysis for physical function with BMI as a covariate reported that 81.67% of the residual
variance was between-study and 67.24% (adjusted R?) of the between-study variance was explained by
BMI. Every unit increase in BMI modified 0.48 (0.21, 0.74) less SMD of turmeric improvement in
physical function (Table 2. bubble plots for meta-regression were provided in Supplementary Figures-
3~6). There are significant associations between treatment effect for pain and physical function with
BMI, patients with less BMI was more likely to respond. Similar but nonsignificant association were
observed for effect sizes with age, with older people less likely to respond. Meta-regression for other
covariates, such as duration, dosage and study-level gender proportion, did not explain or explained less

than 10 % (adjusted R?) of the variance.

Among trials comparing turmeric and placebo, subgroup analysis suggested that RCTs conducted in
Asia tended to report statistically significantly larger effects of both pain and physical function than
those conducted in other countries (Supplementary Figure-7). Other study-level characteristics
(formulation types, bio-enhancer, RoB, pain measurement tools and funding) did not demonstrate any

evidence of effect modification.

Biomarkers

Four studies examined the inflammatory biomarkers (TNF-a, TNF-B, IL-6, and hs-CRP) [27, 38, 39,
48]. Cartilage and synovial markers, including Coll-2 and CTX Il, were reported in two trials [26, 27].
Three studies reported malondialdehyde as an anti-oxidant markers [38, 44, 47]. Laboratory or
biochemistry parameters for safety were reported in three trials [23, 36, 41]. One study each assessed
synovial fluid inflammatory and anti-oxidant biomarkers [44] and reported MRI outcomes of effusion
synovitis volume and cartilage composition [42]. No significant between-group differences were

reported for any of these biomarkers.

Adverse events

Ten studies with 13 comparisons reported AEs [22-24, 26, 37-40, 42, 43, 45] and 6 studies did not [15,
19, 27, 36, 41, 44]. Eight RCTs included 423 and 368 participants in the turmeric extract and placebo
groups respectively [22, 24, 26, 37-40, 42], and three RCTs included 303 and 268 participants in the
turmeric extract and active control (NSAIDs) groups respectively [23, 43, 45]. AEs were lower in
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turmeric extract groups compared to NSAIDs (RD -12%, 95%CI -24% to -1%), while rates of AE’s
were similar in groups treated with turmeric extract and placebo (Figure-4). Modest heterogeneity was

observed for AEs in both groups.

Treatment Control Favors Favors Risk Diff. Weight
Study Yes No Yes No Turmeric Comparator with 95% ClI (%)
Turmeric vs. placebo
Madhu (2013) a 2 28 2 28 —— 0.00[ -0.13, 0.13] 9.46
Madhu (2013) b 4 26 5 25 — - -0.03[ -0.21, 0.15] 645
Panahi (2014) 7 20 4 22 —_— 0.11[ -0.11, 0.32] 5.09
Srivastava (2016) 2 76 4 78 - -0.02[ -0.08, 0.04] 14.59
Haroyan (2018) 7 59 4 64 —+— 0.05[ -0.05, 0.14] 11.89
Panda (2018) 3 22 2 23 — 0.04[ -0.13, 0.21] 7.14
Henrotin(2019) a 10 17 3 16 +—=—— 0.21[ -0.03, 0.46] 4.23
Henrotin(2019) b 7 26 2 17 —T—— 0.11[ -0.09, 0.30] 5.80
Shep (2019) a 9 62 13 22 —a -0.24[ -042, -0.07] 6.57
Wang (2020) 14 22 18 16 ——t— -0.14[ -0.37, 0.09] 4.61
Heterogeneity: 7° = 0.00, I> = 31.85%, H* = 1.47 <> 0.00[ -0.06, 0.06]

Test of = 6; Q(9) = 15.54, p = 0.08

Turmeric vs. NSAIDs

Kuptniratsaikul (2009) 16 32 23 29 — -0.11[ -0.30, 0.08] 6.06
Kuptniratsaikul (2014) 55 130 65 117 - -0.06[ -0.16, 0.04] 1167
Shep (2019) b 9 61 13 21 _— -0.25[ -0.43, -0.07] 6.42
Heterogeneity: 7° = 0.00, I> = 42.74%, H> = 1.75 —~m -0.12[ -0.24, -0.01]

Testof 6, = 6;: Q(2) =3.44,p=0.18

1 1 T 1

5.4-3-2-10 1 2.3 45
Random-effects REML model

Figure 4 Forest plot of incidence of any adverse events

Rescue medication and medication discontinuation

Six trials reported the use of rescue medications [22, 23, 26, 40, 42, 45]. There was no significant
differences in the rate of rescue medication usage between turmeric extract and NSAIDs groups
(RD=2%, 95%CI -1% to 4%) or the placebo group (RD=-13%, 95%CI -24% to 1%, Supplementary
Figure-8A). Three studies comparing turmeric extracts and placebo reported pain medication
discontinuation for both groups [36, 37, 41]. Turmeric groups had a significantly higher rate of cessation
of pain medication compared to placebo groups (RD 36%, 95%CI 10% to 61%, Supplementary Figure-

8B).

Publication bias
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Publication bias may exist in the turmeric vs. placebo or turmeric vs. NSAIDs groups publications
(Supplementary Figure-9~11), but this did not change the statistical significance of the estimate by trim-
and-fill method.

Discussion

To the best of our knowledge, this is the most comprehensive systematic review and meta-analysis
assessing the efficacy and safety of all forms of turmeric extracts for the treatment of knee OA. We
found that turmeric improves pain and physical function compared to placebo and showed a comparable
effect to NSAIDs. The effect sizes for improvement in pain and physical function compared to placebo
were large (SMD greater than 0.75); however, the maximum duration of included studies was only 16
weeks. Rates of AEs were lower for turmeric compared to NSAIDs, and were comparable to placebo.
However, heterogeneity was high and largely unexplained by study-level covariates, which lead to some
uncertainty about the true effect. The limited evidence available does not suggest that turmeric affected

biochemical (inflammatory and cartilage specific) or imaging biomarkers.

Our review included a greater number of studies compared to previous systematic reviews [15, 49],
which improved the power of this study to provide a more realistic and precise effect size (SMD=-0.82;
95% Cl:-1.17, -0.47 turmeric vs. placebo). In addition, in congruence with our recent study [42], we
found that the OA patients taking turmeric were less likely to commence pain rescue medications and
more likely to discontinue existing pain medications. Wu et al. included 5 studies (n=599) and suggested
that curcumin could significantly improve the WOMAC score (SMD=-0.96; 95% ClI:-1.81, -0.10;
P=0.03) and VVAS score of OA patients (SMD=-1.65; 95% Cl:-2.11, -1.19) [49]. Bannuru et al.’s meta-
analysis (included five studies, n=331 for curcuminoid vs. placebo; two trials, n=422 for curcuminoid
vs. NSAIDs) and suggested that curcuminoids were more effective than placebo for pain relief (SMD=
-0.81; 95% CI: -1.25, -0.37) and functional improvement (SMD= -0.48; 95% ClI: -0.74, -0.22) but
showed no statistically significant differences in efficacy outcomes compared to NSAIDs [15].
Onakpoya’s review included seven studies (n=797) and reported a large effect size for pain reduction
(SMD -3.50 95%CI -4.99 to -2.01) and function improvement (SMD -3.92 95%CI -6.23 to -0.35)

compared to comparators including placebo and NSAIDs [16]. A previous systematic review on the
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effect of turmeric extracts on chronic inflammatory diseases (included rheumatic diseases) reported no
significant between-group differences in inflammatory markers between turmeric extracts and placebo,

which is consistent with our results [50].

Most of the current pharmacological therapies have an effect size ranging from 0.18 to 0.44 for pain
compared to placebo [51, 52]. Effect sizes for the turmeric extract group from short-term follow-up
studies show substantially larger effects in pain reduction and improvement in physical function
compared to placebo with an effect size (SMD) of -0.82 and -0.75 respectively. Similarly, there was a
smaller effect on improvement in pain and function (SMD of -0.09 & -0.14) when compared to NSAIDs.
These results are only from short-term studies (maximum follow-up was 16 weeks) but look promising
for a medicine with good safety profile. Most of the current pharmacological therapies in OA typically
have poor safety profiles [53], therefore having a therapy that is safe as well as effective is an important
advance. Notably, we found that the AEs reported in the turmeric group were similar to the placebo
group and 12% less than those reported in the NSAIDs group. However, there may be under-reporting
for AEs as six RCTs did not report AEs. This might have contributed to the smaller reduction in AEs

(considering the poor safety profile of NSAIDs) comparing to NSAIDs [54].

The meta-analyses displayed substantial heterogeneity, which may be explained by study-level
covariates such as BMI, and age. Higher study-level participant BMI was significantly associated with
lower turmeric treatment effect sizes for pain and physical function compared to placebo. Negative
correlations between study-level participant age and pooled effect sizes of both pain and physical
function were reported, which explained modest or smaller amount of between-study heterogeneity.
Formulations strategies are considered to enhance the bioavailability of curcuminoids to a higher extent;

however, post-hoc meta-regression showed no notable association between the SMDs and formulation

types.

The key strength of our study was the extensive search to include all forms of turmeric extracts in RCTSs,
including both placebo-controlled and active-controlled (e.g. NSAIDs). There are few restrictions to be
applied while interpreting our results, first the meta-regression analysis was performed post-hoc.
Second, all of the included studies were of short duration (<=12 weeks), with the exception of one study
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with 16 weeks of follow-up, thus our conclusions are only on the short-term efficacy and safety of
turmeric extracts for the treatment of knee OA. Third, most of the included trials were from Asian
countries with presumably fewer Caucasian participants. Thus, the generalisability of these results
might be limited. Fourth, as few studies assessed the biochemical and imaging biomarkers, we could
not conduct meta-analyses for these outcomes, the effects on biochemical and imaging changes is
unclear. Last, due to the incomplete reporting of data from some trials, SD values were imputed using
methods as described in the methods section, meaning there might be slight distortion on the pooled
SMDs. However, we conducted a sensitivity analysis by omitting trials with imputed SD values, and

the results were similar.

Conclusion

Our meta-analyses from short-term RCTs reported that turmeric extracts caused a large improvement
in pain and physical function compared to placebo but similar improvements with a better safety profile
than NSAIDs in people with knee OA. The large effect size and good safety profile favouring the
turmeric suggests that turmeric extracts are a viable pharmacological treatment option for symptomatic
management of knee OA. Long-term safety and efficacy data are lacking; future high-quality RCTs
with longer follow-up duration are warranted to assess the long-term safety and efficacy of turmeric

extracts.
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