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ABSTRACT
Objective To investigate the efficacy and safety of 
dietary supplements for patients with osteoarthritis.
Design An intervention systematic review with random 
effects meta-analysis and meta-regression.
Data sources MEDLINE, EMBASE, Cochrane Register 
of Controlled Trials, Allied and Complementary Medicine 
and Cumulative Index to Nursing and Allied Health 
Literature were searched from inception to April 2017.
Study eligibility criteria Randomised controlled trials 
comparing oral supplements with placebo for hand, hip 
or knee osteoarthritis.
Results Of 20 supplements investigated in 69 eligible 
studies, 7 (collagen hydrolysate, passion fruit peel 
extract, Curcuma longa extract, Boswellia serrata extract, 
curcumin, pycnogenol and L-carnitine) demonstrated 
large (effect size >0.80) and clinically important 
effects for pain reduction at short term. Another 
six (undenatured type II collagen, avocado soybean 
unsaponifiables, methylsulfonylmethane, diacerein, 
glucosamine and chondroitin) revealed statistically 
significant improvements on pain, but were of unclear 
clinical importance. Only green-lipped mussel extract and 
undenatured type II collagen had clinically important 
effects on pain at medium term. No supplements were 
identified with clinically important effects on pain 
reduction at long term. Similar results were found for 
physical function. Chondroitin demonstrated statistically 
significant, but not clinically important structural 
improvement (effect size −0.30, –0.42 to −0.17). There 
were no differences between supplements and placebo 
for safety outcomes, except for diacerein. The Grading 
of Recommendations Assessment, Development and 
Evaluation suggested a wide range of quality evidence 
from very low to high.
Conclusions The overall analysis including all trials 
showed that supplements provided moderate and 
clinically meaningful treatment effects on pain and 
function in patients with hand, hip or knee osteoarthritis 
at short term, although the quality of evidence was very 
low. Some supplements with a limited number of studies 
and participants suggested large treatment effects, 
while widely used supplements such as glucosamine 
and chondroitin were either ineffective or showed small 
and arguably clinically unimportant treatment effects. 
Supplements had no clinically important effects on pain 
and function at medium-term and long-term follow-ups.

InTRODuCTIOn
Osteoarthritis (OA) is the most common form of 
arthritis, affecting about 12% of the population.1 
The prevalence of OA is rising due to the ageing 
population and growing rates of obesity.2 Hip and 

knee OA was recently ranked as the 11th highest 
contributor to global disability,3 with enormous 
economic burden. Costs are estimated between 
0.25% and 0.50% of a country’s gross domestic 
product, and the mean annual incremental direct 
and indirect costs are nearly US$7000 per person 
with OA.4 

Paracetamol and non-steroidal anti-inflammatory 
drugs (NSAIDs) are currently endorsed by clinical 
guidelines to treat OA,5–7 but emerging evidence 
has challenged this recommendation and revealed 
the potential for adverse events.8 9 This new 
evidence could potentially increase public interest 
in the benefits of alternative treatments. Currently 
69% of patients with OA take some form of dietary 
supplements for their condition.10 They are regu-
larly used by a wide range of consumers with 
musculoskeletal ailments and often used along-
side or as an alternative to first-line interventions 
such as exercise. This has driven expenditures for 
alternative therapies to nearly equal those spent 
on traditional pharmacological therapy.11 Supple-
ments account for US$25 billion sales annually12; 
glucosamine and chondroitin together account for 
a third of this cost,13 with annual sales amounting to 
US$872 million.14 Although widely used by patients 
with OA, the safety and efficacy of supplements 
remain unclear and are often clouded by misinfor-
mation in mainstream media.15 16 Thus, physicians’ 
scepticism towards their efficacy can be challenged 
on this basis. Given the efforts of many to demon-
strate the effect size (ES) of other first-line treat-
ments such as exercise, it is critical that we have a 
clear understanding of the relative merits of supple-
ment use. The aim of this review was to evaluate 
efficacy and safety of supplements compared with 
placebo in people with hand, hip or knee OA.

MeThODS
The review, in accordance with the Preferred 
Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement,17 followed 
the Cochrane Handbook18 and the updated guide-
line of the Cochrane Musculoskeletal Review 
Group.19 The study protocol was registered 
on PROSPERO (https://www. crd. york. ac. uk/ 
prospero/) (CRD42015025732).

Study selection
We included peer-reviewed, published, randomised 
placebo-controlled trials (RCTs) with full-text 
articles investigating the efficacy or safety of any 
dietary supplements for participants with hand, 
hip or knee OA. We defined dietary supplements 
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as a product taken orally intended to supplement the diet, 
which may include vitamins, minerals, herbs or other botani-
cals, amino acids, and substances.20 To be eligible for inclusion, 
trials were required to explicitly report including participants 
diagnosed with hand, hip or knee OA according to one of the 
following criteria: (1) American College of Rheumatology, (2) 
European League Against Rheumatism or (3) clinically and/or 
radiologically confirmed. Trials were required to report at least 
one of the following primary outcomes: pain or physical func-
tion. Secondary outcomes included adverse effects (AEs), radio-
graphical joint space width/narrowing, stiffness, use of analgesics 
and quality of life. We were interested in evaluating individual 
supplement, so combination therapy and herbs were excluded. 
The language was limited to English.

Data sources and searches
We carried out a systematic electronic search on MEDLINE, 
EMBASE, Cochrane Register of Controlled Trials,  Allied and 
Complementary Medicine and Cumulative Index to Nursing 
and Allied Health Literature from inception to 18 April 2017. 
Relevant keywords were used to construct the search strategy 
(with guidance from a librarian), including dietary supplements, 
nutraceuticals, OA and specific supplements (eg, glucosamine, 
chondroitin), according to previous reviews in which the supple-
ments were reported for treatment of OA21–24 (online supple-
mentary file 1, Search strategy). The reference lists of included 
studies were screened for potentially eligible trials. One reviewer 
(XL) conducted the first screening for potentially relevant 
records based on titles and abstracts. Full-text articles were 
independently assessed by two reviewers (XL and VR); disagree-
ments were resolved through consensus or by consulting a third 
reviewer (DJH).

Data extraction and quality assessment
Baseline characteristics and outcomes data were extracted on a 
standardised form by two independent assessors. Factorial trials 
were assumed as parallel-group design.25 26 Data of multiple 
groups from one study were extracted using recommendations 
of the Cochrane Handbook.18 For continuous outcomes the 
following were extracted: means, SD and sample sizes at base-
line and follow-up. If these were unavailable, change scores or 
mean differences were extracted. For dichotomous outcomes, 
the number of cases and total sample size were extracted. Safety 
outcomes included the number of participants reporting any or 
serious AEs, or withdrawn from the study because of AEs. We 
contacted authors for missing data. When authors were unavail-
able, data were estimated using the recommendations of the 
Cochrane Handbook (eg, estimation of SD from SEs).18

We predefined a follow-up period ≤3 months as short term, 
a follow-up between 4 and 6 months as medium term, and a 
follow-up period >6 months as long-term. Data at the latest time 
point were used for those studies reporting multiple follow-up 
times within an individual time point category. When studies 
reported more than one scale to measure pain or physical func-
tion, we used the list of outcomes with hierarchy levels proposed 
by the Cochrane Musculoskeletal Review Group to choose the 
most relevant outcome.27

Risk of bias of included studies was assessed using the Cochrane 
Collaboration’s tool.18 If at least one of the bias domains was 
judged at high risk, the trial was considered at high risk; if all 
bias domains were judged at low risk, the trial was considered 
at low risk; otherwise, the trial was classified unclear risk. The 
role of the pharmaceutical companies in conducting the trial was 

assessed in the ‘other’ bias domain. We used RevMan V.5.3 to 
generate figures for the risk of bias assessment. Data extraction 
and assessment of risk of bias were performed independently 
by two reviewers (XL and VR). Disagreements were resolved 
through consensus or by a third reviewer (DJH).

Data synthesis and analysis
Data were pooled using random-effects model. As the included 
trials used different scales to assess the same outcome, stan-
dardised mean differences (SMD) were calculated for continuous 
data, and risk ratios (RR) were used for dichotomous data with 
their 95% CIs. To facilitate interpretation of estimated treatment 
effects, we considered ES up to 0.3 as small, between 0.3 and 0.8 
as moderate, and greater than 0.8 as large effects.28 A threshold 
of 0.37 standardised units was defined as the minimum clinically 
important difference (MCID), which was based on the median 
MCID found in recent studies in patients with OA.9 29 We 
considered the effects as clinically important if ES and 95% CI 
exceeded our prespecified MCID threshold of 0.37. The effects 
were considered unclear if clinically important when the 95% CI 
crossed this threshold, and statistically significant but clearly not 
clinically important when the 95% CI was below the MCID but 
above the null effect line. If the 95% CI crossed the null effect 
line, supplements were considered ineffective.

Between-trial heterogeneity was assessed using the I2 statistic; 
values higher than 50% were considered to indicate substantial 
heterogeneity.30 In order to explore potential sources of hetero-
geneity and the influence of different factors on the estimate of 
treatment effect, a series of sensitivity analyses were conducted 
for glucosamine and chondroitin. Meta-regression was used 
to compare the difference in ES (with 95% CI) and generate a 
p value between subgroups for pain at short term. Subgroups 
were defined in terms of judgements for each risk of bias domain 
(low, unclear or high); sample size of trials (large n>50; small 
n≤50 per group); and different OA sites (eg, knee, hip). Statis-
tical analyses were performed using Comprehensive Meta-Anal-
ysis V.3 (Englewood, New Jersey, USA).

The Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach was used to rate the quality 
of evidence for each pooled analysis according to five criteria: 
limitation of study design, publication bias, imprecision, incon-
sistency and indirectness.18 31 The quality of evidence was down-
graded by one level for limitation of study design when more 
than a quarter of the studies included in an analysis were consid-
ered at high risk of bias. Where possible, publication bias was 
assessed by visual inspection of funnel plots (scatterplot of the ES 
from individual studies against its SE) and the Egger’s test for the 
meta-analysis with 10 or more trials.32 The rating was down-
graded by one level if two-tailed p<0.1. Results were considered 
inconsistent if the heterogeneity between trials was substantial 
(I2>50%),33 and imprecise if the pooled sample size was <300 
for dichotomous or <400 for continuous outcomes.34 The indi-
rectness criterion was not considered as this review concerned a 
specific population, relevant outcomes and direct comparisons. 
GRADE ratings were defined as very low, low, moderate or high 
quality evidence reflecting the extent to which we are confident 
that an effect estimate is correct.

ReSulTS
Initial search and result
We initially identified 2964 records, and 69 randomised 
placebo-controlled clinical trials with 11 586 participants 
investigating 20 supplements were included in this review 
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(figure 1).35–37 Glucosamine (n=18 trials) and chondroitin 
(n=14 trials) were the most frequently investigated supple-
ments, whereas eight supplements were investigated by only 
one trial. Fifty-eight of the 69 included trials (84%) investi-
gated knee, five (7%) studied hip and knee, four (6%) assessed 
hip and two (3%) included hand OA. Sixty-seven of the 69 
included trials (96%) were parallel-group along with two 
factorial trials (online supplementary file 1, Baseline charac-
teristics). Sixty-six trials were included in the meta-analyses. 
Among three trials excluded from the analysis, one reported 
mean outcome values without dispersion measures; imputation 
of missing values was impossible,38 one was a discontinuation 

study,39 and another reported data using percentages and 
lacked baseline scores for the placebo group.40

Across trials, the mean age of participants ranged from 48 to 69 
years, and the mean proportion of women was 65%. The treat-
ment and follow-up duration ranged from 2 weeks to 3 years. 
Forty-four of the 69 included trials reported short-term outcomes 
(64%), 17 trials (25%) reported medium-term outcomes, and 17 
trials (25%) reported long-term outcomes. A variety of propri-
etary products of supplements and different dosages were evalu-
ated. Where supplements were judged similar (eg, curcumin and 
curcuminoid) or the same supplement was investigated using 
different preparations (eg, glucosamine sulfate and glucosamine 

Figure 1 Flow diagram of studies through the review process. *Five records investigated two supplements in their study. AMED, Allied and 
Complementary Medicine; CENTRAL, Cochrane Register of Controlled Trials; CINAHL, Cumulative Index to Nursing and Allied Health Literature; OA, 
osteoarthritis; RCT, randomised controlled trial.
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hydrochloride) or different dosages, we combined data according 
to recommendations from the Cochrane Handbook.

Overall, only 7 of the 69 included trials (10%) were judged 
at low risk of bias, 32 (46%) at high and 30 (44%) at unclear 
risk. The major potential source of bias was in the ‘other’ bias 
domain. Forty-four of the 69 included trials (64%) were funded 
by pharmaceutical companies. Twenty-six of the 44 pharmaceu-
tically funded trials (59%) were judged at high risk of bias due to 
conflicts of interest (eg, employee/s was/were authors, or compa-
nies played an important role in conducting the trial). Incom-
plete outcome data and selective outcome reporting were other 
potential sources of bias in 17% and 6% of the 69 included trials, 

respectively. Online supplementary file 1  provides a graphical 
summary of the results of risk of bias for the 69 studies.

Primary analyses
Our pooled analysis suggested a moderate effect of supple-
ments in reducing pain at short term (SMD −0.53, 95% CI 
−0.61 to −0.46, I2 78%) with very low-quality evidence. Seven 
supplements (L-carnitine, pycnogenol, curcumin, Boswellia 
serrata extract, Curcuma longa extract, passion fruit peel 
extract and collagen hydrolysate) showed large and clinically 
important effects for pain reductions at short term (figure 2). 
However, most of the studies were sponsored by pharmaceutical 

Figure 2 Improvements in pain. Stratified according to supplement and time point. The order of supplements in the forest plots is to follow the 
effect size (ES) from small to large. The square data markers indicate the subtotal weighted standardised mean difference (SMD). The horizontal lines 
indicate 95% CIs. The diamond data markers represent overall weighted SMD and 95% CI. The solid vertical line shows the line of no effect (SMD=0). 
The dashed line shows the minimum clinically important difference (ES=−0.37).
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companies and the research evidence was limited in the number 
of studies and participants included. Only one study was 
included for L-carnitine, Curcuma longa extract, passion fruit 
peel extract and collagen hydrolysate. Another six (avocado 
soybean unsaponifiables, undenatured type II collagen, meth-
ylsulfonylmethane (MSM), diacerein, glucosamine and chon-
droitin) revealed statistically significant improvements on pain 
at short term, but were of unclear clinical importance. The 
remaining five (vitamin E, bromelain, willow bark extract, Arte-
misia annua extract, green-lipped mussel extract) were inef-
fective in reducing pain compared with placebo at short term. 
However, green-lipped mussel extract and undenatured type II 
collagen demonstrated clinically important effects for pain reduc-
tion among eight supplements investigated at medium term. At 
long-term follow-up, none of the included supplements showed 
clinically important effects compared with placebo. The GRADE 

ratings ranged from very low-quality to high-quality evidence 
(online supplementary file 1).

Overall, there was very low-quality evidence of moderate 
physical function improvements provided by supplements at 
short term (SMD −0.53, 95% CI −0.62 to −0.45, I2 80%). We 
found that seven supplements (pycnogenol, passion fruit peel 
extract, Curcuma longa extract, L-carnitine, Boswellia serrata 
extract, curcumin and MSM) had large and clinically important 
effects on physical function at short term (figure 3). However, 
only one study was included for passion fruit peel extract, 
Curcuma longa extract, L-carnitine and curcumin. The research 
evidence is limited. Five supplements (undenatured type II 
collagen, avocado/soybean unsaponifiables (ASU), glucosamine, 
chondroitin and diacerein) demonstrated effects that were of 
unclear clinical importance, although these were statistically 
significant. Another four (vitamin E, bromelain, willow bark 

Figure 3 Improvements in physical function. Stratified according to supplement and time point. The order of supplements in the forest plots is 
to follow the effect size (ES) from small to large. The square data markers indicate the subtotal weighted standardised mean difference (SMD). The 
horizontal lines indicate 95% CIs. The diamond data markers represent overall weighted SMD and 95% CI. The solid vertical line shows the line of no 
effect (SMD=0). The dashed line shows the minimum clinically important difference (ES=−0.37).
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extract, Artemisia annua extract) were ineffective in improving 
physical function for OA at short term. At medium and long term, 
none of the included supplements revealed clinically important 
effects, with most being ineffective compared with placebo. The 
GRADE evaluation ranged from very low-quality to high-quality 
evidence (online supplementary file 1).

Pooled results suggested that five supplements (Boswellia 
serrata extract, L-carnitine, MSM, undenatured type II collagen 
and pycnogenol) revealed statistically significant improvements 
on stiffness at short term; however, only Boswellia serrata 
extract reached clinical importance (SMD −0.94, 95% CI −1.26 
to −0.62, I2 0). No evidence existed to support any supplements 
improved stiffness at medium and long term. The GRADE 
ratings ranged from very low-quality to high-quality evidence 
(online supplementary file 1).

For the supplements (glucosamine, chondroitin, ASU, diace-
rein and vitamin D) included in studies of long-term struc-
tural improvement, only chondroitin demonstrated statistically 
significant difference (SMD −0.30, 95% CI −0.42 to −0.17, 
I2 5) when compared with placebo, but it did not reach clini-
cally important effects. GRADE ratings were moderate to high 
(online supplementary file 1).

Limited evidence suggested that glucosamine, ASU and 
pycnogenol probably reduced the use of NSAIDs. Only Curcuma 
longa extract demonstrated statistically significant differences in 
analgesic use (RR 0.5, 95% CI 0.3 to 0.8). No significant differ-
ences in quality of life were demonstrated in five investigated 
supplements (glucosamine, chondroitin, MSM, vitamin E and 
willow bark extract) (online supplementary file 1).

For the safety analyses, we included 34 trials with 5271 
participants including 12 supplements with regard to any 
adverse event (figure 4). No statistically significant difference 
between supplements and placebo was found (RR 1.0, 95% CI 
1.0 to 1.1), except for diacerein (RR 1.3, 95% CI 1.1 to 1.6) 
deriving from five trials with 1300 participants. Similarly, 34 
trials with 8111 participants including 8 supplements revealed 
no difference in the number of dropouts due to adverse events 

(RR 1.2, 95% CI 1.0 to 1.4) and again except for diacerein 
(RR 1.7, 95% CI 1.2 to 2.3) deriving from 5 trials with 1360 
participants. Only 9 trials with 2494 participants including 
6 supplements reported serious adverse events data and there 
was no difference between groups (RR 1.3, 95% CI 1.0 to 1.6). 
The GRADE ratings ranged from low-quality to high-quality 
evidence (online supplementary file 1).

Inspection of the funnel plots (online supplementary file 
2) suggested small study effects/publication bias for overall 
results in terms of pain and physical function at short and 
medium term. Similar results were found for glucosamine in 
terms of pain and physical function at short term. Egger’s test 
reached statistical significance (p<0.10).

Sensitivity analyses
For glucosamine (n=10 trials, table 1), trials judged at unclear 
risk of incomplete outcome (ES difference −1.0, 95% CI −1.5 
to −0.4; p=0.001) or high risk of selective reporting bias (ES 
difference −0.9, 95% CI −1.5 to −0.4; p=0.001) revealed 
significantly larger treatment effects compared with those at 
low or unclear risk. Moreover, trials judged at unclear risk 
of allocation concealment suggested larger treatment effects 
compared with those at low risk; however, the difference was 
not statistically significant (ES difference −0.4, 95% CI −0.9 
to 0.0; p=0.06). Industry-sponsored trials with conflicts of 
interest (high risk of ‘other’ bias) demonstrated larger effects 
than unfunded trials or trials without conflicts of interest (ES 
difference −1.4, 95% CI −2.4 to −0.4; p=0.005). Smaller 
trials reported larger beneficial effects compared with large 
trials (ES difference −0.5, 95% CI −0.9 to −0.2; p=0.003).

For chondroitin (n=9, table 2), trials with low risk of 
selection bias revealed smaller treatment effects than those 
judged at unclear risk (ES difference −0.4, 95% CI −0.6 
to −0.1; p=0.005). Trials judged at unclear risk of alloca-
tion concealment or incomplete outcome suggested larger 
treatment effects compared with those at low risk, but 

Figure 4 Risk of having any adverse effects with supplements compared with placebo. Stratified according to supplement. The order of supplements 
in the forest plots is to follow the effect size from small to large. The square data markers indicate the subtotal risk ratio (RR). The horizontal lines 
indicate 95%CIs. The diamond data markers represent overall RR and 95% CI. The solid vertical line shows the line of no effect (RR=1).
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the difference was not statistically significant (p=0.11 and 
p=0.20, respectively). The trials judged at unclear risk of 
bias (funding) revealed larger effects (p=0.01). Similar to 

glucosamine, studies with small sample size reported greater 
effects than large studies (ES difference −0.4, 95% CI −0.7 
to −0.1; p=0.01).

Table 1 Sensitivity analysis of glucosamine for pain at short term

Supplement Variable number of studies (patients) SMD (95% CI) I², %

Meta-regression

eS difference p Value

Glucosamine

Randomisation

  Low risk 6 (732) −0.2 (−0.4 to 0.1) 51

  Unclear 4 (314) −0.6 (−1.3 to 0.1) 84 −0.3 (−0.8 to 0.2) 0.27

Allocation concealment

  Low risk 3 (525) 0.0 (−0.1 to 0.2) 6

  Unclear 7 (521) −0.5 (−0.8 to −0.1) 70 −0.4 (−0.9 to 0.0) 0.06

Blinding

  Low risk 3 (556) −0.0 (−0.2 to 0.2) 24

  Unclear 6 (437) −0.4 (−0.9 to −0.0) 76 −0.3 (−0.8 to 0.2) 0.20

  High risk 1 (53) −0.8 (−1.3 to −0.2) 0 −0.7 (−1.6 to 0.1) 0.10

Incomplete outcome

  Low risk 6 (839) −0.1 (−0.3 to 0.1) 55

  Unclear 2 (78) −1.0 (−1.5 to −0.6) 0 −1.0 (−1.5 to −0.4) 0.001

  High risk 2 (129) −0.3 (−0.6 to 0.1) 0 −0.2 (−0.7 to 0.3) 0.35

Selective reporting

  Low risk 8 (968) −0.1 (−0.3 to 0.1) 48

  High risk 2 (78) −1.0 (−1.5 to −0.6) 0 −0.9 (−1.5 to −0.4) 0.001

Other bias (funding)

  Low risk 5 (824) 0.0 (−0.1 to 0.2) 0

  Unclear 4 (202) −0.7 (−1.0 to −0.4) 0 −0.7 (−1.0 to −0.4) <0.001

  High risk 1 (20) −1.4 (−2.4 to −0.4) 0 −1.4 (−2.4 to −0.4) 0.005

Study sample size

  Large 3 (628) 0.1 (−0.1 to 0.2) 0

  Small 7 (418) −0.5 (−0.8 to −0.2) 57 −0.5 (−0.9 to −0.2) 0.003

OA site

  Knee OA 9 (824) −0.3 (−0.6 to −0.1) 70

  Hip OA 1 (222) 0.1 (−0.2 to 0.3) 0 0.4 (−0.3 to 1.2) 0.28

ES, effect size.; I², measures of heterogeneity; OA, osteoarthritis; SMD, standardised mean difference.

Table 2 Sensitivity analysis of chondroitin for pain at short term

Supplement Variable number of studies (patients) SMD (95% CI) I², %

Meta-regression

eS difference p Value

Chondroitin*

Randomisation

  Low risk 5 (1434) −0.2 (−0.3 to −0.1) 0

  Unclear 4 (388) −0.6 (−0.9 to −0.3) 40 −0.4 (−0.6 to −0.1) 0.005

Allocation concealment

  Low risk 2 (417) −0.1 (−0.3 to 0.1) 0

  Unclear 7 (1405) −0.4 (−0.6 to −0.2) 51 −0.3 (−0.6 to 0.1) 0.11

Incomplete outcome

  Low risk 7 (1073) −0.3 (−0.4 to −0.1) 20

  Unclear 2 (749) −0.6 (−1.2 to −0.1) 83 −0.2 (−0.6 to 0.1) 0.20

Other bias (funding)

  Unclear 6 (850) −0.5 (−0.6 to −0.3) 34

  High risk 3 (972) −0.2 (−0.3 to −0.0) 0 0.3 (0.1 to 0.6) 0.01

Study sample size

  Large 5 (1521) −0.2 (−0.3 to −0.1) 0

  Small 4 (301) −0.6 (−0.9 to −0.2) 55 −0.4 (−0.7 to −0.1) 0.01

*Blinding was all unclear, selective reporting was all low risk, OA site investigated was all knee OA.
ES, effect size.; I², measures of heterogeneity; OA, osteoarthritis; SMD, standardised mean difference.
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DISCuSSIOn
We conducted a comprehensive systematic review on efficacy and 
safety of various dietary supplements for hand, hip or knee OA 
including 69 RCTs (11 586 participants) and 20 supplements, 
the majority of which evaluated glucosamine and chondroitin. 
Our review demonstrates that the most widely used supplements 
(eg, glucosamine and chondroitin) are not clinically effective 
in reducing pain and improving physical function at short term 
in patients with OA. There were a number of supplements (eg, 
Boswellia serrata extract, pycnogenol, curcumin) with limited 
studies and participants that were sponsored by pharmaceutical 
companies that did report moderate to large effects of clinical 
importance on pain reduction and disability improvement at short 
term. No data of these supplements on efficacy outcome at medi-
um-term and long-term follow-up were provided by the included 
trials. No supplements demonstrated clinically important effects 
for pain at medium term and long term except for green-lipped 
mussel extract and undenatured type II collagen, which suggested 
clinically meaningful effects on pain reduction at medium term. 
Regarding long-term effects on structural improvement among 
included studies, our review reveals that chondroitin demon-
strated small but statistically significant effects when compared 
with placebo, although with doubtful clinical importance. Overall, 
our review suggested that with the exception of diacerein, dietary 
supplements were safe to use.

The strengths of our review include the following: PRISMA 
recommendations were adhered to, the review was prospectively 
registered and the GRADE approach was used to appraise the 
quality of the evidence. We identified a larger number of supple-
ments reported for treating patients with OA than previous 
reviews,21–24 which were limited as narrative reviews and did 
not perform a meta-analysis. Other reviews29 41–47 only focused 
on a particular supplement. We included fewer trials of some 
supplements (eg, chondroitin, glucosamine, diacerein) because 
we only included RCTs and excluded combination therapy. We 
included trials of single supplements because they provided the 
best evidence on the efficacy of specific pharmacological treat-
ments.48 Different proprietary products of supplements were 
evaluated in the included studies. We only combined those 
supplements that had very similar chemical components or 
different preparations or dosages of same chemicals.

Including more supplements with pooled treatment effects 
enabled us to provide thorough and valuable information for 
physicians and/or sports and exercise medicine practitioners to 
choose suitable supplements within their practice. Further, we 
pooled analysis for each supplement in categories of different 
time points as there was a wide range of follow-up durations from 
2 weeks to 3 years. To facilitate the interpretation of our results, 
we have provided clinically interpretable estimates on SMD,9 29 
and compared our ES with a predetermined smallest worthwhile 
effect, which reflects the smallest effect of the intervention on 
outcomes compared with placebo that patients would consider 
meaningful or important. Moreover, we performed sensitivity 
analyses for glucosamine and chondroitin to examine the impact 
of moderator variables that could have influenced our effect esti-
mates, such as risk of bias judgements, sample size and different 
OA sites by using meta-regression method, and found that small 
sample size and commercial funding are the main factors that 
influenced the results, which further contributes to the robustness 
of our results. However, we are limited by the methodological 
approach of a standard meta-analysis in which we only compare 
each of the supplements with placebo; a network meta-analysis 
might be needed in future to provide a single, coherent ranking of 

supplements by performing direct and indirect comparisons that 
allow an individual ranking of each supplement against each other, 
to determine which is the optimal supplement.

A potential limitation is that we limited the language to 
English, which could introduce bias. Another limitation is that 
most of the data pertain to knee OA, which may limit the gener-
alisability to other types of OA. The dosage of supplements was 
not considered to enable the inclusion of more available trials 
for each supplement, and we did not consider patient adher-
ence mostly because few studies reported relevant data. The 
number of studies in each meta-analysis was relatively small for 
most supplements (only one trial available for eight of them) 
and long-term data were often unavailable. Nearly 50% of the 
included trials were at high risk according to the Cochrane risk 
of bias tool, which highlighted a number of limitations including 
incomplete outcome data, selective outcome reporting, inade-
quate description or inappropriate method of randomisation, 
allocation concealment and blinding. Further, many included 
studies were sponsored by pharmaceutical companies that often 
played important roles in some stages of the trial. Importantly, 
we should be very cautious to explain the GRADE ratings 
for the treatment effect estimates of single trial (eg, passion 
fruit peel extract for pain at short term, ES −1.65, GRADE 
ratings: moderate) because further research is very likely to have 
an important impact on our confidence in the estimate of effect 
and is likely to change the estimate.

We provided funnel plots for those outcomes with more than 
10 studies. The plots clearly show that small study effects/publi-
cation bias is likely for the overall analysis, and glucosamine trials 
in particular, which probably inflates the estimate of efficacy 
reported. From this point, those supplements with large ES might 
represent publication bias as well. Furthermore, over two-thirds 
of the supplements were studied at short term (≤3 months); only 
one-third of them were studied at medium and long term. We are 
unsure whether those supplements with large effects at short term 
would have equivalent efficacy and safety in the long term.

unanswered questions and future research
Further large and robust RCTs with longer treatment duration 
are needed to confirm efficacy of supplements with large treat-
ment effects at short term in the presence of limited study quality 
evidence (passion fruit peel extract, Curcuma longa extract, 
Boswellia serrata extract, curcumin, pycnogenol and L-carnitine). 
It is especially important to further evaluate safety of these supple-
ments in the long run. Further placebo-controlled trials are required 
to evaluate efficacy of widely used fish oil; we were unable to iden-
tify RCTs satisfying the inclusion criteria. Future studies should use 
appropriate methods to avoid bias in terms of randomisation, allo-
cation concealment, handling dropout rate and avoiding selective 
outcome reporting. More studies are needed to investigate efficacy 
and safety of supplements for hand OA. Conflicts of interest had 
an important influence on the results; future sponsors should avoid 
playing roles in any stage of any trial.

In summary, supplements are generally safe to use for treating 
OA. Compared with placebo, the overall analysis including all trials 
showed that supplements provided moderate and clinical mean-
ingful treatment effects on pain and function in patients with hip, 
knee and hip OA at short term, although the quality of evidence 
was very low. The most widely used supplements (eg, glucos-
amine, chondroitin) do not provide a clinically important effect 
on knee, hip or hand OA. Some little-known supplements (eg, 
Boswellia serrata extract, pycnogenol, curcumin) appear to have 
larger effects in the short term, although current data are of low 
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quality. However, please note that larger effects were seen mostly 
for supplements that had only one or a few studies and a small 
number of participants; further research is likely to change the 
results. Supplements with more numerous triand larger numbers 
of participants were more likely to have small or non-significant 
effects. Supplements have no demonstrable clinical effect on pain 
and function at medium-term and long-term follow-ups.

At this stage, we are unable to recommend the use of diace-
rein, vitamin D, glucosamine and chondroitin for patients with 
OA based on the evidence that they do not appear to provide a 
clinically meaningful benefit. However it is important to note 
whatever placebo effects may come from use of these supple-
ments. It is worth considering trying Boswellia serrata extract, 
curcumin or pycnogenol with caution over a short period of time 
(eg, 4–6 weeks) especially for those patients who are very enthu-
siastic about taking complementary and alternative therapies.

What is already known?

 ► Dietary supplements are widely used by patients.
 ► Clinical guidelines are still controversial.
 ► Clinical benefits or harms have not been established.

What are the findings?

 ► This systematic review and meta-analysis summarises all 
available randomised placebo-controlled trials on efficacy and 
safety of dietary supplements to treat hand, hip or knee OA.

 ► Supplements are found to be generally safe for treating 
osteoarthritis.

 ► The most widely used supplements (eg, glucosamine, 
chondroitin) do not provide a clinically important effect on 
osteoarthritis.

 ► Some little-known supplements (eg, Boswellia serrata extract, 
pycnogenol, curcumin) appear to have larger effects, although 
current data are of low quality.

Acknowledgements We would like to thank Jeremy Cullis (Academic Liaison 
Librarian) for his help with the electronic search. He did not receive additional 
compensation in association with his support on this article.

Contributors XL, GCM, JE, DJH contributed to the design of this study. XL, VR 
conducted eligible study selection, data extraction and risk of bias assessment. XL, 
GCM undertook data analysis. XL drafted the manuscript. GCM, JE and DJH edited 
and reviewed the manuscript.

Funding This research was funded by an NHMRC programme grant APP 1091302. 
XL reports that her time on this review was supported by PuraPharm Postgraduate 
Scholarship in Integrated Medicine, Sydney Medical School. PuraPharm did not play 
any role in this review. GCM is supported by an Australian postgraduate award 
from the Department of Education and Training of Australia. DJH is supported by 
an NHMRC practitioner fellowship and is a consultant to Flexion, Nestle and Merck 
Serono.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

RefeRences
 1 Lawrence RC, Felson DT, Helmick CG, et al. Estimates of the prevalence of arthritis 

and other rheumatic conditions in the United States. Part II. Arthritis Rheum 
2008;58:26–35.

 2 Neogi T, Zhang Y. Epidemiology of osteoarthritis. Rheum Dis Clin North Am 
2013;39:1–19.

 3 Cross M, Smith E, Hoy D, et al. The global burden of hip and knee osteoarthritis: 
estimates from the Global Burden of Disease 2010 study. Ann Rheum Dis 
2014;73:1323–30.

 4 Puig-Junoy J, Ruiz Zamora A. Socio-economic costs of  
osteoarthritis: a systematic review of cost-of-illness studies. Semin Arthritis Rheum 
2015;44:531–41.

 5 Hochberg MC, Altman RD, April KT, et al. American college  
of rheumatology 2012 recommendations for the use of nonpharmacologic and 
pharmacologic therapies in osteoarthritis of the hand, hip, and knee. Arthritis Care 
Res 2012;64:465–74.

 6 Zhang W, Doherty M, Leeb BF, et al. EULAR evidence based recommendations for the 
management of hand osteoarthritis: report of a Task Force of the EULAR standing 
committee for international clinical studies including therapeutics (ESCISIT). Ann 
Rheum Dis 2007;66:377–88.

 7 McAlindon TE, Bannuru RR, Sullivan MC, et al. OARSI guidelines  
for the non-surgical management of knee osteoarthritis. Osteoarthritis Cartilage 
2014;22:363–88.

 8 Machado GC, Maher CG, Ferreira PH, et al. Efficacy and safety of paracetamol for 
spinal pain and osteoarthritis: systematic review and meta-analysis of randomised 
placebo controlled trials. BMJ 2015;350:h1225.

 9 da Costa BR, Reichenbach S, Keller N, et al. Effectiveness of non-steroidal anti-
inflammatory drugs for the treatment of pain in knee and hip osteoarthritis: a 
network meta-analysis. Lancet 2016 (published Online First: 2016/03/22).

 10 Basedow M, Runciman WB, March L, et al. Australians with osteoarthritis: the use of 
and beliefs about complementary and alternative medicines. Complement Ther Clin 
Pract 2014;20:237–42.

 11 Ramsey SD, Spencer AC, Topolski TD, et al. Use of alternative therapies by older adults 
with osteoarthritis. Arthritis & Rheumatism 2001;45:222–7.

 12  Institute. NM. NMI Reports 2009 Health & Wellness Industry Sales at $125 Billion. 
2010.

 13 Marra J. The state of dietary suplements—even slight increases in growth are better 
than no growth at all. Nutraceuticals World 2002:32–40.

 14 Heller L. US glucosamine grows slow. lags global sales 2009.
 15 Boyles S. Supplement May Ease Pain of Hand Osteoarthritis, 2011. http://www. 

webmd. com/ osteoarthritis/ news/ 20110906/ supplement- may- ease- pain- of- hand- 
osteoarthritis#1 (accessed 26 Apr 2017).

 16 Anson P. Supplements Help Relieve Pain of Osteoarthritis, 2016. https://www. 
painnewsnetwork. org/ stories/ 2016/ 1/ 4/ supplements- help- relieve- pain- of- 
osteoarthritis (accessed 26 Apr 2017).

 17 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 
reviews and meta-analyses of studies that evaluate healthcare interventions: 
explanation and elaboration. BMJ 2009;339:b2700.

 18 Higgins J, Se G. The Cochrane Collaboration. Cochrane Handbook for Sytematic 
Reviews of Interventions version 5.1.0, 2011.

 19 Ghogomu EA, Maxwell LJ, Buchbinder R, et al. Updated method guidelines for 
cochrane musculoskeletal group systematic reviews and metaanalyses. J Rheumatol 
2014;41:194–205.

 20 Fda US. Dietary Supplements. http://www. fda. gov/ food/ dietarysupplements/ default. 
htm (accessed 21 Jul 2015).

 21 Ameye LG, Chee WS. Osteoarthritis and nutrition. From nutraceuticals to functional 
foods: a systematic review of the scientific evidence. Arthritis Res Ther  
2006;8:R127.

 22 Henrotin Y, Lambert C, Couchourel D, et al. Nutraceuticals: do they represent a new 
era in the management of osteoarthritis? – a narrative review from the lessons taken 
with five products. Osteoarthritis Cartilage 2011;19:1–21.

 23 Lopez HL. Nutritional interventions to prevent and treat osteoarthritis. Part I: focus on 
fatty acids and macronutrients. Pm R 2012;4:S145–S154.

 24 Lopez HL. Nutritional interventions to prevent and treat osteoarthritis.  
Part II: focus on micronutrients and supportive nutraceuticals. Pm R  
2012;4:S155–S168.

 25 Nguyen M, Dougados M, Berdah L, et al. Diacerhein in the treatment of osteoarthritis 
of the hip. Arthritis & Rheumatism 1994;37:529–36.

 26 Fransen M, Agaliotis M, Nairn L, et al. Glucosamine and chondroitin for knee 
osteoarthritis: a double-blind randomised placebo-controlled clinical trial evaluating 
single and combination regimens. Ann Rheum Dis 2015;74:851–8.

 27 Cochrane Musculoskeletal Review Group. Proposed Outcomes of Osteoarthritis.
 28 Cohen J. A power primer. Psychol Bull 1992;112:155–9.
 29 Wandel S, Juni P, Tendal B, et al. Effects of glucosamine, chondroitin, or placebo 

in patients with osteoarthritis of hip or knee: network meta-analysis. BMJ 
2010;341:c4675.

 30 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rating the quality of 
evidence—inconsistency. J Clin Epidemiol 2011;64:1294–302.

 31 Schünemann HJ BJ, Oxman AD. GRADE handbook for grading quality of evidence and 
strength of recommendation: the GRADE Working Group, 2009.

 32 Egger M, Smith GD, Schneider M, et al. Bias in meta-analysis detected by a simple, 
graphical test. BMJ 1997;315:629–34.

 33 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rating the quality of 
evidence—inconsistency. J Clin Epidemiol 2011;64:1294–302.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2016-097333 on 10 O
ctober 2017. D

ow
nloaded from

 

http://dx.doi.org/10.1002/art.23176
http://dx.doi.org/10.1016/j.rdc.2012.10.004
http://dx.doi.org/10.1136/annrheumdis-2013-204763
http://dx.doi.org/10.1016/j.semarthrit.2014.10.012
http://dx.doi.org/10.1002/acr.21596
http://dx.doi.org/10.1002/acr.21596
http://dx.doi.org/10.1136/ard.2006.062091
http://dx.doi.org/10.1136/ard.2006.062091
http://dx.doi.org/10.1016/j.joca.2014.01.003
http://dx.doi.org/10.1136/bmj.h1225
http://dx.doi.org/10.1016/j.ctcp.2014.08.002
http://dx.doi.org/10.1016/j.ctcp.2014.08.002
http://dx.doi.org/10.1002/1529-0131(200106)45:3<222::AID-ART252>3.0.CO;2-N
http://www.webmd.com/osteoarthritis/news/20110906/supplement-may-ease-pain-of-hand-osteoarthritis#1
http://www.webmd.com/osteoarthritis/news/20110906/supplement-may-ease-pain-of-hand-osteoarthritis#1
http://www.webmd.com/osteoarthritis/news/20110906/supplement-may-ease-pain-of-hand-osteoarthritis#1
https://www.painnewsnetwork.org/stories/2016/1/4/supplements-help-relieve-pain-of-osteoarthritis
https://www.painnewsnetwork.org/stories/2016/1/4/supplements-help-relieve-pain-of-osteoarthritis
https://www.painnewsnetwork.org/stories/2016/1/4/supplements-help-relieve-pain-of-osteoarthritis
http://dx.doi.org/10.1136/bmj.b2700
http://dx.doi.org/10.3899/jrheum.121306
http://www.fda.gov/food/dietarysupplements/default.htm
http://www.fda.gov/food/dietarysupplements/default.htm
http://dx.doi.org/10.1186/ar2016
http://dx.doi.org/10.1016/j.joca.2010.10.017
http://dx.doi.org/10.1016/j.pmrj.2012.02.022
http://dx.doi.org/10.1016/j.pmrj.2012.02.023
http://dx.doi.org/10.1002/art.1780370413
http://dx.doi.org/10.1136/annrheumdis-2013-203954
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://dx.doi.org/10.1136/bmj.c4675
http://dx.doi.org/10.1016/j.jclinepi.2011.03.017
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1016/j.jclinepi.2011.03.017
http://bjsm.bmj.com/


10 of 10 Liu X, et al. Br J Sports Med 2018;52:167–175. doi:10.1136/bjsports-2016-097333

Review

 34 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating the quality of 
evidence—imprecision. J Clin Epidemiol 2011;64:1283–93.

 35 Jin X, Jones G, Cicuttini F, et al. Effect of Vitamin D supplementation on tibial cartilage 
volume and knee pain among patients with symptomatic knee osteoarthritis: a 
randomized clinical trial. JAMA 2016;315:1005–13.

 36 Arden NK, Cro S, Sheard S, et al. The effect of vitamin D supplementation on knee 
osteoarthritis, the VIDEO study: a randomised controlled trial. Osteoarthritis Cartilage 
2016;24:1858–66.

 37 Lugo JP, Saiyed ZM, Lane NE. Efficacy and tolerability of an undenatured type II 
collagen supplement in modulating knee osteoarthritis symptoms: a  
multicenter randomized, double-blind, placebo-controlled study. Nutr J  
2016;15:14.

 38 Cisár P, Jány R, Waczulíková I, et al. Effect of pine bark extract (Pycnogenol®)  
on symptoms of knee osteoarthritis. Phytotherapy Research 2008;22:1087–92.

 39 Cibere J, Kopec JA, Thorne A, et al. Randomized, double-blind, placebo-controlled 
glucosamine discontinuation trial in knee osteoarthritis. Arthritis & Rheumatism 
2004;51:738–45.

 40 Beer C, Wood S, Veghte RH. A randomized, double-blind, placebo-controlled clinical 
trial to investigate the effect of Cynatine® FLX on symptoms of osteoarthritis. J Diet 
Suppl 2013;10:184–94.

 41 Singh JA, Noorbaloochi S, MacDonald R, et al. Chondroitin for osteoarthritis. The 
Cochrane database of systematic reviews 2015;1:Cd005614.

 42 Fidelix TS, Macedo CR, Maxwell LJ, et al. Diacerein for osteoarthritis. The Cochrane 
database of systematic reviews 2014;2:Cd005117.

 43 Perkins K, Sahy W, Beckett RD. Efficacy of curcuma for treatment of osteoarthritis. J 
Evid Based Complementary Altern Med 2017;22.

 44 Christensen R, Bartels EM, Astrup A, et al. Symptomatic efficacy of avocado–soybean 
unsaponifiables (ASU) in osteoarthritis (OA) patients: a meta-analysis of randomized 
controlled trials. Osteoarthritis Cartilage 2008;16:399–408.

 45 Brien S, Prescott P, Lewith G. Meta-analysis of the related nutritional supplements 
dimethyl sulfoxide and methylsulfonylmethane in the treatment of osteoarthritis of 
the knee. Evid Based Complement Alternat Med 2011;2011:1–12.

 46 Brien S, Prescott P, Bashir N, et al. Systematic review of the nutritional supplements 
dimethyl sulfoxide (DMSO) and methylsulfonylmethane (MSM) in the treatment of 
osteoarthritis. Osteoarthritis Cartilage 2008;16:1277–88.

 47 Towheed TE, Maxwell L, Anastassiades TP, et al. Glucosamine therapy for treating 
osteoarthritis. The Cochrane database of systematic reviews 2005:Cd002946 (EPub 
ahead of print: 4 Apr 2005).

 48 Freedman B. Placebo-controlled trials and the logic of clinical purpose. IRB 
1990;12:1–6.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2016-097333 on 10 O
ctober 2017. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jclinepi.2011.01.012
http://dx.doi.org/10.1001/jama.2016.1961
http://dx.doi.org/10.1016/j.joca.2016.05.020
http://dx.doi.org/10.1186/s12937-016-0130-8
http://dx.doi.org/10.1002/ptr.2461
http://dx.doi.org/10.1002/art.20697
http://dx.doi.org/10.3109/19390211.2013.822449
http://dx.doi.org/10.3109/19390211.2013.822449
http://dx.doi.org/10.1177/2156587216636747
http://dx.doi.org/10.1177/2156587216636747
http://dx.doi.org/10.1016/j.joca.2007.10.003
http://dx.doi.org/10.1093/ecam/nep045
http://dx.doi.org/10.1016/j.joca.2008.03.002
http://dx.doi.org/10.2307/3564541
http://bjsm.bmj.com/

	Dietary supplements for treating osteoarthritis: a systematic review and meta-analysis
	ABSTRACT
	Introduction
	Methods
	Study selection
	Data sources and searches
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Initial search and result
	Primary analyses
	Sensitivity analyses

	Discussion
	Unanswered questions and future research

	References


