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eMethods 1. Inclusion and Exclusion Criteria and Data Extraction 

The inclusion criteria were as follows:  

(1) Randomized double-blind placebo-controlled trials on patients with clinically or 

radiographically diagnosed primary OA at any joint. 

(2) Interventions and placebo were administered orally in the trials. 

(3) At least one subscale score (including pain, stiffness, and physical function) of 

WOMAC was reported in the trials. 

 

The exclusion criteria were as follows:  

(1) Protocol, review, meta-analysis or post-hoc analysis; 

(2) Clinical trials published only as abstracts or without extractable data 

(3) Patients in the control group were treated with treatments other than the placebo. 

 

Data extraction method: 

Microsoft Excel (version 2016) was used to extract the following information from the 

included trials: (1) literature characteristics (author, year of publication, and DOI); (2) 

trial design characteristics (sample size, clinical trial registration number, intervention 

category, placebo dosage form and dosing frequency); (3) participants’ baseline 

characteristics (age, weight, body mass index (BMI) , male proportion, race, disease 

duration, Kellgren-Lawrence (K-L) grades, proportion of patients with previous 

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) use and previous supplements use, and 

(4) clinical outcomes (WOMAC pain, stiffness, and function scores at baseline and each 

visit) , and duraton of pain, and (5) evaluation of funding source and risk of bias. If the 

data were provided in the form of figures, Engauge Digitizer (version 11.1) was used to 
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extract the values from the figures. If the data extraction error between the two 

researchers exceeded 2%, the data were extracted again, and the mean values were used 

as the final results. 
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eMethods 2. Risk Assessment of Bias  

The evaluation items included random sequence generation, allocation hiding, blinded 

participants and personnel, blinded outcome evaluation, incomplete outcome data, 

selective reporting, and other biases. Other biases were defined as trials in which baseline 

characteristics were not comparable between the treatment groups and were funded by 

any corporation. 

The studies were rated as high, medium, or low quality according to the following 

criteria: (1) the studies were considered high quality trials with low or unclear risk of bias 

when both randomization and assignment hiding were assessed as low risk of bias, and 

all other items were assessed; (2) if randomization or allocation hiding was assessed as a 

high risk of bias, the study was considered to be of low quality regardless of the risk of 

other items; and (3) studies that did not meet high or low quality criteria were considered 

to be of medium quality. 
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eMethods 3. Model Building  

Structural Model Establishment 

Through exploratory analysis of the observed data, it was found that the placebo response 

on WOMAC pain, stiffness, and function subscale scores gradually increased over time 

and finally reached plateau, which was consistent with the following model 

𝐸 = 𝐸0 − 𝐸𝑚𝑎𝑥 × (1 − 𝑒−𝑘∗𝑡𝑖𝑚𝑒)    (1) 

In Eq.1, E0 is the WOMAC subscale score at baseline, Emax is the maximum effect of the 

placebo, and k is the onset rate of placebo. A first-order conditional estimation method is 

used to estimate the model parameters. 

 

Random Effect Model Establishment 

The variability in the placebo effect between different studies can be described as inter-

study variability. In this study, exponential and additive models were chosen to describe 

inter-study variability (Eq.2 and Eq.3) 

𝐸𝑚𝑎𝑥 = 𝐸𝑚𝑎𝑥⁡ _𝑡𝑦𝑝𝑖𝑐𝑎𝑙 + 𝜂𝐸𝑚𝑎𝑥
        (2) 

𝑘 = 𝑘𝑡𝑦𝑝𝑖𝑐𝑎𝑙 ∗ 𝑒
𝜂𝑘                  (3) 

In Eq.2 and Eq.3, Emax_typical and ktypical are typical values of the model parameters. ηEmax 

and ηk are the inter-study variabilities of the model parameters, which are assumed to be 

normally distributed with a mean of 0 and variances of ω1
2 and ω2

2, respectively. 

Unexplainable variability is considered a residual error. A additive error model was used 

to explain the residual error (Eq.4). 

𝑌𝑜𝑏𝑠,𝑖,𝑗 = 𝑌𝑝𝑟𝑒,𝑖,𝑗 +⁡
𝜀𝑖,𝑗

√𝑁𝑖,𝑗
        (4) 
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Yobs,i,j is the observed placebo effect of the ith study at time j; Ypre,i,j is the predicted 

placebo effect of the ith study at time j; and εi,j is the residual error of the ith study at time 

j, which follows a normal distribution with a mean of 0 and variance of σ2. The residual 

error must be weighted by the inverse of the square root of the sample size; that is, the 

larger the sample size, the smaller the residual error. 

 

Covariate Model Establishment 

The factors that may affect the model parameters were evaluated through the 

establishment of a covariate model. The covariates examined included age, male ratio, 

baseline WOMAC subscale score, K-L grade, proportion of patients with previous 

NSAIDs use, proportion of patients with previous supplements use, proportion of 

Caucasians, placebo forms, administration frequency, year of publication, funding source 

and literature quality. For a covariate with a missing proportion no more than 30%, the 

missing value was imputed using the median value of this covariate. Covariates with a 

missing proportion of more than 30% were not considered during the covariate 

evaluation, to ensure model stability and results reliability. Categorical covariates are 

introduced in model by Eq.6, and continuous covariates are introduced by Eq.7 or Eq.8. 

𝑃𝑖 = 𝑃𝑡𝑦𝑝𝑖𝑐𝑎𝑙 + 𝐶𝑂𝑉𝑖 ∗ 𝜃𝑐𝑜𝑣,               (6) 

𝑃𝑖 = 𝑃typical ∗ (1 + (𝐶𝑂𝑉𝑖 − 𝐶𝑂𝑉𝑚𝑒𝑑𝑖𝑎𝑛) ∗ 𝜃𝑐𝑜𝑣)  (7) 

𝑃𝑖 = 𝑃𝑡𝑦𝑝𝑖𝑐𝑎𝑙 ∗ 𝑒
(𝐶𝑂𝑉𝑖−𝐶𝑂𝑉𝑚𝑒𝑑𝑖𝑎𝑛)∗𝜃𝑐𝑜𝑣       (8) 

In Eq.6 – 8, Pi is the individual model parameter value of the ith study. COVi is the 

covariate value of the ith study. COVmedian is the median of the covariates. Ptypical is a  
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typical value of the model parameter when categorical covariates are equal to zero or 

when continuous covariates are equal to COVmedian. θcov is the correction coefficient of 

this covariate for the model parameter. 

The correlation between each covariate and the individual parameter values obtained 

through Bayesian feedback was first calculated, and the covariates that had a significant 

influence (p < 0.05, two-sided test) on the individual parameter values were initially 

screened in a stepwise covariate model based on changes in the objective function value 

(OFV). A reduction in the OFV of more than 6.64 points (χ2, p < 0.01, df=1) was used as 

the criterion in the forward inclusion step, and an increase in the OFV of more than 7.84 

(χ2, p < 0.005, df=1) was considered statistically significant in the backward elimination 

step1.  

 

1. Mould DR, Upton RN. Basic concepts in population modeling, simulation, and model-

based drug development-part 2: introduction to pharmacokinetic modeling methods. CPT 

Pharmacometrics Syst Pharmacol. 2013 Apr 17;2(4):e38. 
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eMethods 4. Model Assessment Method 

The goodness of fit of the final model was assessed using model diagnostic plots. Plots of 

observation versus population prediction (PRED) and individual predictions (IPRED), 

conditional weighted residuals (CWRES) versus PRED, and CWRES  

versus the observation time point were drawn. 

The visual predictive check (VPC) was uesd to compare the consistency between the 

predictions and observations. It was plotted by observation and the 5% – 95% confidence 

interval (CI) of 1,000 datasets simulated by Monte Carlo simulation based on the final 

model parameters.  

Stability of the final model was assessed using the bootstrap method. This method could 

generate 1,000 new datasets by repeating sampling with 1000 replacements in the 

original dataset and re-estimating the model parameters using the current final model. 

The original final model parameters were then compared with the median and 90% CI of 

the parameters, which were re-estimated using the bootstrap method. If the two were 

close, the final model was stable and minimally affected by specific studies. 
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eMethods 5. Model NONMEM Codes 

NONMEM codes of WOMAC pain model: 

$PROBLEM WOMAC_pain  

$DATA  pain.csv  IGNORE = C 

$INPUT C ID SIZE TIME DV MDV BASE AGE MALE FORM RATE YEAR KL 

NSAID WHITE DOSEFORM PLACEBOFORM DURA FUND RANDOM ALLO 

BLIND OUTCOME INCOM SELECT OTHERBIAS 

 

$PRED 

 

EMCOV = (1 + THETA(3) * (BASE - 25)) 

TVEM = EMCOV * THETA(1) 

EM = TVEM + ETA(1)        

K = THETA(2) * EXP(ETA(2))          

W = 1 / SQRT(SIZE) 

EFT = BASE - EM * (1 - EXP(-k * TIME)) 

IPRED = EFT 

Y = EFT + W * ERR(1) 

 

$THETA (1, 20);EM 

$THETA (0.001, 0.5, 1);k 

$THETA (0.01, 0.5);EMBASE 

 

$OMEGA 3 

$OMEGA 0.09 

 

$SIGMA 2 

 

$ESTIMATION METHOD=1 INTER MAXEVAL=9990 PRINT=10 POSTHOC 

$COVARIANCE 

 

$TABLE ID TIME DV MDV CWRES PRED IPRED ONEHEADER NOPRINT 

NOAPPEND FILE=SDTAB 

$TABLE ID EM k ONEHEADER NOPRINT NOAPPEND FILE=PATAB 

$TABLE ID BASE AGE MALE WHITE SIZE ONEHEADER NOPRINT NOAPPEND 

FILE=COTAB 

$TABLE ID FORM RATE YEAR KL NSAID DOSEFORM PLACEBOFORM DURA 

FUND RANDOM ALLO BLIND OUTCOME INCOM SELECT OTHERBIAS 

ONEHEADER NOPRINT NOAPPEND FILE=CATAB 
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NONMEM codes of WOMAC stiffness model: 

$PROBLEM WOMAC_stiffness  

$DATA  stiffness.csv  IGNORE = C 

$INPUT C ID SIZE TIME DV MDV BASE AGE MALE FORM RATE YEAR KL 

NSAID WHITE DOSEFORM PLACEBOFORM DURA FUND RANDOM ALLO 

BLIND OUTCOME INCOM SELECT OTHERBIAS 

 

$PRED 

EMCOV = (1 + THETA(3) * (BASE - 10.23)) 

TVEM = EMCOV * THETA(1) 

EM = TVEM + ETA(1)        

K = THETA(2) * EXP(ETA(2))          

W = 1 / SQRT(SIZE) 

EFT = BASE - EM * (1 - EXP(-k * TIME)) 

IPRED = EFT 

Y = EFT + W * ERR(1) 

 

$THETA (0.1, 5);EM 

$THETA (0.1, 0.3, 0.5);k 

$THETA (0.01, 0.08, 0.5);EMBASE 

 

$OMEGA 1 

$OMEGA 1 

 

$SIGMA 1 

 

$ESTIMATION METHOD=1 INTER MAXEVAL=9990 PRINT=10 POSTHOC 

$COVARIANCE 

 

$TABLE ID TIME DV MDV CWRES PRED IPRED ONEHEADER NOPRINT 

NOAPPEND FILE=SDTAB 

$TABLE ID EM k ONEHEADER NOPRINT NOAPPEND FILE=PATAB 

$TABLE ID BASE AGE MALE WHITE SIZE ONEHEADER NOPRINT NOAPPEND 

FILE=COTAB 

$TABLE ID FORM RATE YEAR KL NSAID DOSEFORM PLACEBOFORM DURA 

FUND RANDOM ALLO BLIND OUTCOME INCOM SELECT OTHERBIAS 

ONEHEADER NOPRINT NOAPPEND FILE=CATAB  



© 2022 Wen X et al. JAMA Network Open. 

 

11 

NONMEM codes of WOMAC function model: 

$PROBLEM WOMAC_function  

$DATA  function.csv  IGNORE=C 

$INPUT C ID SIZE TIME DV MDV BASE AGE MALE FORM RATE YEAR KL 

NSAID WHITE DOSEFORM PLACEBOFORM DURA FUND RANDOM ALLO 

BLIND OUTCOME INCOM SELECT OTHERBIAS 

 

$PRED 

EMCOV = (1 + THETA(3) * (BASE - 83.75)) 

TVEM = EMCOV * THETA(1) 

EM = TVEM + ETA(1)        

K = THETA(2) * EXP(ETA(2))          

W = 1 / SQRT(SIZE) 

EFT = BASE - EM * (1 - EXP(-k * TIME)) 

IPRED = EFT 

Y = EFT + W * ERR(1) 

 

$THETA (1, 13, 20) ; EM 

$THETA (0.001, 0.3, 1) ; k 

$THETA (0, 0.014, 0.5) ; EMBASE 

 

$OMEGA 3 

$OMEGA 0.09 

 

$SIGMA 9 

 

$ESTIMATION METHOD=1 INTER MAXEVAL=9990 PRINT=10 POSTHOC 

$COVARIANCE 

 

$TABLE ID TIME DV MDV CWRES PRED IPRED ONEHEADER NOPRINT 

NOAPPEND FILE=SDTAB 

$TABLE ID EM k ONEHEADER NOPRINT NOAPPEND FILE=PATAB 

$TABLE ID BASE AGE MALE WHITE SIZE ONEHEADER NOPRINT NOAPPEND 

FILE=COTAB 

$TABLE ID FORM RATE YEAR KL NSAID DOSEFORM PLACEBOFORM DURA 

FUND RANDOM ALLO BLIND OUTCOME INCOM SELECT OTHERBIAS 

ONEHEADER NOPRINT NOAPPEND FILE=CATAB
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eTable 1. Search Strategy  

PubMed: 

No. Query Results Dates 

#1 "WOMAC"[All Fields] 5,563 2-July-2022 

#2 ("Western"[All Fields]) AND ("Ontario"[All Fields]) AND ("Mcmaster"[All Fields] 

OR "Mcmasters"[All Fields]) 

7,210 2-July-2022 

#3 #1 OR #2 9,336 2-July-2022 

#4 "placebos"[MeSH Terms] OR "placebos"[Title/Abstract] OR "placebo"[Title/Abstract] 

OR "sham treatment"[Title/Abstract] 

255,574 2-July-2022 

#5 "Osteoarthritis"[MeSH Terms] OR "Osteoarthritis"[Title/Abstract] OR 

"Osteoarthritides"[Title/Abstract] OR "Osteoarthrosis"[Title/Abstract] OR 

"Osteoarthroses"[Title/Abstract] OR "Arthrosis"[Title/Abstract] OR 

"Arthroses"[Title/Abstract] OR "Degenerative Arthritides"[Title/Abstract] OR 

"Degenerative Arthritis"[Title/Abstract] OR "Osteoarthrosis 

Deformans"[Title/Abstract] 

109,162 2-July-2022 

#6 "clinical trial"[Publication Type] OR "clinical trial"[Title/Abstract] OR "intervention 

study"[Title/Abstract] 

1,048,252 2-July-2022 

#7 #3 AND #4 AND #5 AND #6 516 2-July-2022 

 

Cochrane Library: 

No. Query Results Dates 

#1 WOMAC 4,681 2-July-2022 

#2 (Western) AND (Ontario) AND (Mcmaster OR Mcmasters) 3,900 2-July-2022 

#3 #1 OR #2 5,389 2-July-2022 

#4 MeSH descriptor: [Placebos] explode all trees 24,595 2-July-2022 

#5 'Placebos ':ti,ab,kw OR 'Placebo':ti,ab,kw OR 'Sham Treatment':ti,ab,kw 346,977 2-July-2022 

#6 #4 OR #5 354,507 2-July-2022 
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#7 'Osteoarthritis':ti,ab,kw OR  'Osteoarthritis ':ti,ab,kw OR Osteoarthritides:ti,ab,kw OR 

Osteoarthrosis:ti,ab,kw OR Osteoarthroses:ti,ab,kw OR Arthrosis:ti,ab,kw OR 

Arthroses:ti,ab,kw 

20,854 2-July-2022 

#8 #3 AND #6 AND #7 1,655 2-July-2022 

 

 Embase 

No. Query Results Dates 

#1 'womac'/exp OR 'western ontario and mcmaster universities osteoarthritis 

index':ti,ab,kw 

8,702 2-July-2022 

#2 'western':ti,ab,kw AND 'ontario':ti,ab,kw AND ('mcmaster':ti,ab,kw OR 

'mcmasters':ti,ab,kw) 

6,211 2-July-2022 

#3 #1 OR #2 10,099 2-July-2022 

#4 'placebo'/exp OR 'placebos':ti,ab,kw OR 'placebo':ti,ab,kw OR 'sham 

treatment':ti,ab,kw 

504,773 2-July-2022 

#5 'clinical trial'/exp OR 'clinical trial':ti,ab,kw OR 'intervention study':ti,ab,kw 1,833,007 2-July-2022 

#6 osteoarthritis'/exp OR 'osteoarthritis' OR osteoarthritis:ti,ab,kw OR 

osteoarthritides:ti,ab,kw OR osteoarthrosis:ti,ab,kw OR osteoarthroses:ti,ab,kw OR 

arthrosis:ti,ab,kw OR arthroses:ti,ab,kw OR 'degenerative arthritides':ti,ab,kw OR 

'degenerative arthritis':ti,ab,kw OR 'osteoarthrosis deformans':ti,ab,kw 

187,808 2-July-2022 

#7 #3 AND #4 AND #5 AND #6 902 2-July-2022 
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eTable 3. The Results of the Literature Assessment 
 

Studies 

Random 

sequence 

generation 

Allocation 

concealment 

Blinding of 

participants 

and personnel 

Blinding of 

outcomes 

assessment 

Incomplete 

outcome data 

Selective 

reporting 
Other bias 

 

Funding source 

1999 Davies MG Unclear Unclear Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

1999 Zhao SZ Unclear Unclear Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2000 Yocum D Unclear Unclear Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2001 Altman RD Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2001 Lisse J Unclear Unclear Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2001 McKenna F Unclear Unclear Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2001 Reginster JY Low of bias Low of bias Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2001 Scott-Lennox JA Unclear Unclear Unclear Unclear Low of bias Unclear High of bias Company sponsor 

2001 Williams GW Unclear Low of bias Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2002 Gottesdiener K Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2002 Leung AT Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2002 Makarowski W Unclear Unclear Unclear Unclear High of bias Low of bias High of bias Company sponsor 

2002 Pavelká K Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2002 Silverfield JC Low of bias Low of bias Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2003 Casa JP Unclear Unclear Unclear Unclear Low of bias Low of bias Low of bias Other sponsor 

2003 Gibofsky A Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2004 Biegert C Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2004 McAlindon T Low of bias Low of bias Unclear Unclear Low of bias Low of bias Low of bias Other sponsor 
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2004 Schnitzer TJ Low of bias Low of bias Low of bias Low of bias Low of bias Unclear High of bias Company sponsor 

2004 Tannenbaum H Unclear Unclear Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2005 Lohmander LS Unclear Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2005 Markenson JA Low of bias Unclear Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2005 Miller MJ Low of bias Low of bias Low of bias Low of bias Unclear Low of bias High of bias Company sponsor 

2005 Schnitzer TJ Low of bias Low of bias Low of bias Low of bias Low of bias Unclear High of bias Company sponsor 

2005 Sheldon E Low of bias Low of bias Low of bias Low of bias Low of bias Unclear High of bias Company sponsor 

2005 Wiesenhutter CW Unclear Low of bias Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2005 Winther K Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2005 R Lehmann  Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2006 Bingham CO Unclear Unclear Unclear Unclear Low of bias Low of bias Unclear  Other sponsor 

2006 Brien S Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2006 Fleischmann R Unclear Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2006 Gana TJ Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2006 Kim LS Low of bias Unclear Unclear Unclear Low of bias Low of bias Low of bias Other sponsor 

2006 Svensson O Unclear Unclear Unclear Unclear Unclear Low of bias High of bias  Company sponsor 

2006 Wittenberg RH Unclear Unclear Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2007 Altman RD Unclear Unclear Unclear Unclear Low of bias Unclear High of bias Company sponsor 

2007 Farid R Unclear Unclear Low of bias Low of bias Low of bias Unclear High of bias Company sponsor 

2007 Herrero-Beaumont 

G 
Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 
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2007 Messier SP Unclear Low of bias High of bias High of bias Low of bias Low of bias High of bias Company sponsor 

2007 Pavelka K Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2007 Puopolo A Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2008 Belcaro G Low of bias Low of bias Unclear Unclear Unclear Low of bias Unclear Other sponsor 

2008 Boswell DJ Unclear Unclear Unclear Unclear Low of bias Low of bias High of bias  Company sponsor 

2008 Hamblin L Unclear Unclear Low of bias Unclear Unclear Low of bias High of bias Company sponsor 

2008 Kalman DS Low of bias Low of bias Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2008 Rozendaal RM Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2008 Sengupta K Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2008 Frestedt JL Unclear Unclear Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2009 Brahmachari B Low of bias Low of bias High of bias High of bias Low of bias Low of bias High of bias Company sponsor 

2009 Frestedt JL Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2009 Giordano N Low of bias Low of bias Low of bias Unclear Low of bias Low of bias Unclear Other sponsor 

2009 Jacquet A Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2009 Karlsson J Low of bias Low of bias Low of bias Unclear Low of bias Low of bias High of bias Company sponsor 

2009 Park SH Unclear Unclear Unclear Unclear Unclear Low of bias High of bias  Company sponsor 

2009 Ruff KJ Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2009 Sadreddini S Low of bias Unclear Unclear Unclear Unclear Unclear Unclear Other sponsor 

2010 Baerwald C Unclear Unclear Unclear Unclear Low of bias Low of bias Unclear Other sponsor 

2010 Farid R Unclear Unclear Unclear Unclear Low of bias Low of bias High of bias  Company sponsor 
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2010 Jokar M Low of bias Low of bias Unclear Unclear Low of bias Low of bias Low of bias Other sponsor 

2010 Katz N Low of bias Low of bias Low of bias Unclear Low of bias Low of bias High of bias  Company sponsor 

2010 Schnitzer TJ Low of bias Low of bias Unclear Unclear Low of bias Low of bias High of bias  Company sponsor 

2010 Sengupta K Low of bias Low of bias Unclear Unclear Low of bias Low of bias High of bias  Company sponsor 

2011 Chopra A Low of bias Low of bias Low of bias Low of bias Unclear Low of bias Unclear Other sponsor 

2011 DeLemos BP Unclear Unclear Unclear Unclear Low of bias Low of bias High of bias  Company sponsor 

2011 Debbi EM High of bias High of bias Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2011 Kulkarni MP Unclear Low of bias Unclear Unclear Unclear Low of bias Unclear Company sponsor 

2011 Schnitzer TJ Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2011Vishal AA Low of bias Low of bias Low of bias Low of bias Unclear Low of bias High of bias  Company sponsor 

2012 Abou-Raya S Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Unclear Other sponsor 

2012 Huggins JP Low of bias Low of bias Unclear High of bias Low of bias Low of bias High of bias  Company sponsor 

2012 Sampalis JS Unclear Unclear Unclear Unclear Unclear Low of bias High of bias  Company sponsor 

2013 Hua B Low of bias Low of bias Low of bias Low of bias Unclear Low of bias Low of bias Other sponsor 

2013 Jokar M Low of bias Unclear Low of bias Low of bias Unclear Unclear Unclear Other sponsor 

2013 McAlindon T Low of bias Low of bias Low of bias Unclear Low of bias Unclear Low of bias Other sponsor 

2013 Reginster JY Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2013 Sanghi D Low of bias Low of bias Low of bias Unclear Unclear Low of bias Unclear Other sponsor 

2014 Ebrahimi AA Low of bias Low of bias Low of bias Low of bias Unclear Unclear Low of bias Other sponsor 

2014 Evans M Unclear Unclear Low of bias Unclear Unclear Low of bias High of bias Company sponsor 
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2014 Panahi Y Unclear Unclear Unclear Unclear Unclear Low of bias Unclear Other sponsor 

2014 Prior MJ Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2015 Trudeau J Unclear Unclear Unclear Unclear Low of bias Unclear High of bias Company sponsor 

2015 Altman R Unclear Unclear Unclear Unclear Low of bias Unclear High of bias Company sponsor 

2015 Kolahi S Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2015 Lao L Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Unclear Other sponsor 

2015 Nelson FR Low of bias Low of bias Low of bias Low of bias High of bias Unclear High of bias  Company sponsor 

2016 Jin XZ Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2016 Lugo JP Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2016 Mcmurdo ME Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2016 Puente R Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2016 Stebbings S Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2017 Azidah AK Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2017 Geusens P Low of bias Low of bias Low of bias Low of bias High of bias Low of bias High of bias Company sponsor 

2017 Lee M Low of bias Low of bias Low of bias Low of bias Unclear Low of bias High of bias Company sponsor 

2017 Lei M Low of bias Low of bias Low of bias Low of bias Unclear Unclear Low of bias Other sponsor 

2017 Moss P Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2017 Roman-Blas JA Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2017 Stebbings S Low of bias Low of bias Low of bias Low of bias Unclear Low of bias High of bias Company sponsor 

2017 Strand V Unclear Unclear Unclear Unclear High of bias Low of bias High of bias Company sponsor 
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2017 Tantavisut S Unclear Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2018 Chang SH Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Unclear Other sponsor 

2018 Haroyan A Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2018 Karlapudi V Unclear Unclear Unclear Unclear Unclear Low of bias High of bias Company sponsor 

2018 Leung YY Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2018 Panda SK Low of bias Low of bias Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2018 Reed K Low of bias Low of bias Unclear Unclear Low of bias Low of bias High of bias Company sponsor 

2018 Shin D Low of bias Low of bias Low of bias Low of bias Unclear Low of bias Low of bias Other sponsor 

2019 Du C Unclear Unclear Unclear Unclear High of bias Unclear High of bias Company sponsor 

2019 Hancke JL Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2019 Srivastava S Low of bias Low of bias Low of bias Low of bias High of bias Low of bias High of bias Company sponsor 

2019 Watt FE Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2020 Andrews AR Unclear Unclear Unclear Unclear High of bias Low of bias Low of bias Other sponsor 

2020 Alazadeh M Low of bias Low of bias Unclear Unclear Low of bias Low of bias Low of bias Other sponsor 

2020 Cicero AF Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2020 Fraenkel L Low of bias Low of bias High of bias High of bias Low of bias Low of bias Low of bias Other sponsor 

2020 Hosseinzadeh-Attar 

MJ 
Unclear Unclear Unclear Unclear Low of bias Low of bias Low of bias Other sponsor 

2020 Hashemzadeh K Low of bias Low of bias Low of bias Low of bias Unclear Low of bias Unclear Other sponsor 

2020 Rovati LC Low of bias Low of bias Low of bias Low of bias Low of bias Unclear High of bias Company sponsor 

2020 Wang ZQ Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 
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2021 Baghban F Low of bias Low of bias Low of bias Low of bias Low of bias  Low of bias Low of bias  Other sponsor 

2021 Hudson B Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias Other sponsor 

2021 Ha JK Unclear Unclear Unclear Unclear Unclear Low of bias Unclear Other sponsor 

2021 Karlapudi V Low of bias Low of bias Low of bias Low of bias Unclear Low of bias High of bias  Company sponsor 

2021 Mohammed A Low of bias Unclear Unclear Unclear Low of bias Low of bias High of bias  Company sponsor 

2021 Wang SJ Low of bias Low of bias Low of bias Low of bias Low of bias  Low of bias High of bias                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Company sponsor 

2021 Wang SJ b Low of bias Low of bias Low of bias Low of bias Low of bias  Low of bias High of bias  Company sponsor 

2021 Wang YY Low of bias Low of bias Low of bias Low of bias 
Low of bias

  
Low of bias Low of bias Other sponsor 

2022 Bihlet AR Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias Company sponsor 

2022 Cánovas F Unclear Unclear Unclear Unclear Unclear Low of bias High of bias  Company sponsor 

2022 Kare SK Low of bias Low of bias Low of bias Low of bias Low of bias Low of bias High of bias  Company sponsor 

2022 Olliges E Low of bias High of bias Low of bias Low of bias Unclear  Low of bias Low of bias  Other sponsor 
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eTable 4. Summary of the baseline characteristics of the included studies 

Studies 
Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

1999 Davies MG 62.1 NA 36.0 82.0 8.4 32.30 10.58 107.44 NA 90.0 NA 

1999 Zhao SZ 62.0 31.4 24.5 NA 9.5 27.00 12.25 90.00 NA NA NA 

2000 Yocum D 62.3 NA 35.0 91.1 8.0 28.50 12.25 99.25 NA NA NA 

2001 Altman RD 66.3 30.1 36.6 93.5 7.0 24.95 12.08 88.57 2-4 NA NA 

2001 Lisse J 74.4 29.1 34.0 93.1 9.4 24.75 11.00 84.00 NA NA NA 

2001 McKenna F 60.4 NA 34.0 NA 8.8 26.75 12.00 93.50 NA 77.5 NA 

2001 Reginster JY 65.3 27.2 23.0 NA 7.9 17.22 9.67 67.08 2-3 60.0 NA 

2001 Scott-Lennox 

JA (arm 1) 
NA NA NA NA NA 32.39 13.28 116.49 NA NA NA 

2001 Scott-Lennox 

JA (arm 2) 
NA NA NA NA NA 33.89 14.33 111.56 NA NA NA 

2001 Scott-Lennox 

JA (arm 3) 
NA NA NA NA NA 33.79 14.24 114.68 NA NA NA 

2001 Williams GW 61.3 NA 27.0 86.0 9.7 26.25 12.00 93.75 NA NA NA 

2002 Gottesdiener K 62.5 NA 21.7 91.7 7.2 35.31 14.41 118.98 NA NA NA 

2002 Leung AT 64.1 NA 17.9 78.6 6.3 34.35 NA 117.22 NA 92.9 NA 

2002 Makarowski W 62.1 NA NA 96.0 6.2 27.00 11.50 92.75 NA NA NA 

2002 Pavelká K 63.5 25.7 24.0 NA 11.0 12.66 4.30 44.00 2-3 NA NA 

2002 Silverfield JC 60.4 NA 36.9 91.0 NA 30.10 13.16 100.81 NA NA NA 

2003 Casa JP 61.7 27.0 60.7 NA NA 19.86 9.78 69.71 1-4 64.3 NA 
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Studies 
Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

2003 Gibofsky A 63.1 NA 35.0 NA 8.3 27.50 12.25 96.00 NA 10.2 NA 

2004 Biegert C 62.4 NA 39.0 NA 10.9 25.00 10.20 85.00 NA NA NA 

2004 McAlindon T 63.3 34.1 28.9 90.0 NA 22.75 10.25 79.00 NA 87.0 NA 

2004 Schnitzer TJ 61.5 29.2 33.0 NA 8.0 24.00 NA NA NA NA NA 

2004 Tannenbaum H 64.6 29.6 32.9 99.6 4.3 25.75 10.75 86.50 NA NA NA 

2005 Lohmander LS 59.2 30.1 24.0 82.0 NA 22.50 9.98 81.60 NA NA NA 

2005 Markenson JA 64.0 NA 22.0 94.0 NA 30.26 NA NA NA NA 65.0 

2005 Miller MJ 51.3 NA 28.0 NA NA 21.75 8.50 91.00 2-3 NA NA 

2005 Schnitzer TJ 61.0 34.0 38.0 77.0 NA 33.00 14.00 110.50 1-3 NA NA 

2005 Sheldon E 60.8 32.6 38.7 90.6 7.0 27.50 12.25 93.00 NA NA NA 

2005 Wiesenhutter 

CW 
59.5 32.2 27.9 89.4 6.9 NA 14.24 NA 1-3 NA NA 

2005 Winther K NA 27.3 NA NA NA 15.20 7.12 57.80 NA 63.8 NA 

2005 R Lehmann 61.7 29.7 28.1 98.8 3.9 24.50 10.25 89.50 NA NA NA 

2006 Bingham CO 

(arm 1) 
60.2 30.4 43.0 85.0 NA 18.20 9.18 67.66 NA 74.0 NA 

2006 Bingham CO 

(arm 2) 
63.6 29.5 17.0 96.0 NA 21.85 9.48 81.60 NA 56.0 NA 

2006 Brien S 60.4 31.1 52.2 NA 7.7 25.67 12.07 75.11 2-4 NA NA 

2006 Fleischmann R 61.5 31.6 33.8 76.2 6.6 24.75 11.00 82.50 NA NA NA 
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Studies 
Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

2006 Gana TJ 56.4 NA 31.2 81.5 7.7 30.59 NA 105.87 NA 6.8 NA 

2006 Kim LS 55.6 NA 31.6 89.5 5.9 27.55 11.04 89.93 2-3 NA NA 

2006 Svensson O 

(arm 1) 
60.5 31.0 17.0 NA NA 22.56 10.12 81.94 NA NA NA 

2006 Svensson O  

(arm 2) 
55.9 28.0 30.0 NA NA 22.35 9.72 80.75 NA NA NA 

2006 Wittenberg RH 64.8 NA 44.0 NA 7.6 27.00 10.25 95.75 NA 16.0 NA 

2007 Altman RD 61.8 33.2 28.5 80.0 NA 33.15 13.90 111.01 2-3 NA NA 

2007 Farid R 48.9 23.5 5.6 NA 4.5 30.10 12.00 104.20 NA NA NA 

2007 Herrero- 

Beaumont G 
64.5 27.6 14.0 NA 7.2 19.75 NA 68.00 2-3 91.0 NA 

2007 Messier SP 74.1 27.3 34.1 77.3 NA 14.75 NA 52.75 NA NA NA 

2007 Pavelka K 63.8 29.1 22.9 NA 6.1 23.90 10.90 83.60 2-3 NA NA 

2007 Puopolo A 64.0 NA 24.3 45.9 6.5 32.33 13.41 109.19 NA NA NA 

2008 Belcaro G 47.8 NA 49.0 NA NA 42.75 16.75 132.75 2-3 NA NA 

2008 Boswell DJ 

 (arm 1) 
63.5 NA 29.0 95.0 6.4 27.50 NA NA 2-3 NA NA 

2008 Boswell DJ 

 (arm 2) 
60.5 NA 27.0 81.0 8.0 32.90 NA NA 2-3 85.0 NA 

2008 Hamblin L NA NA NA NA NA 11.94 5.90 39.36 NA NA NA 

2008 Kalman DS 54.6 NA 55.6 11.1 NA 26.00 11.25 93.50 2-4 67.0 NA 

2008 Rozendaal RM 63.7 28.0 29.7 NA NA 16.20 8.22 57.97 1-3 18.9 NA 

2008 Sengupta K 52.4 26.1 21.7 NA NA 19.02 6.63 70.21 NA NA NA 
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Studies 
Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

2008 Frestedt JL 58.9 32.4 38.0 NA NA 25.00 8.08 83.98 NA NA NA 

2009 Brahmachari B 53.0 24.0 26.0 NA 2.0 NA 2.10 86.00 2-3 NA NA 

2009 Frestedt JL 62.9 NA 42.9 NA NA 30.00 10.80 96.90 NA NA NA 

2009 Giordano N 58.1 23.0 30.0 100.0 6.4 25.02 9.59 91.70 1-3 NA NA 

2009 Jacquet A 57.5 NA 30.0 NA NA 22.95 9.79 68.90 NA NA NA 

2009 Karlsson J 61.9 NA 34.0 90.0 NA 32.00 13.46 103.99 1-3 NA NA 

2009 Park SH 58.9 NA 7.7 NA NA 13.05 6.43 50.43 1-2 NA NA 

2009 Ruff KJ NA NA NA NA NA 25.30 11.86 93.84 1-3 NA NA 

2009 Sadreddini S 52.7 NA 40.0 NA NA 39.75 13.25 128.00 1-4 NA NA 

2010 Baerwald C 63.3 29.6 37.2 96.4 NA 32.74 NA 106.79 1-3 NA NA 

2010 Farid R 49.7 NA 18.8 NA NA 22.80 10.10 87.90 NA NA NA 

2010 Jokar M 47.3 NA 11.0 NA NA 15.50 4.25 20.75 1-2 NA NA 

2010 Katz N 54.7 31.8 45.1 69.9 NA 14.70 6.90 49.81 1-3 NA NA 

2010 Schnitzer TJ 61.0 33.5 28.1 NA NA 36.08 NA 119.66 NA 21.3 NA 

2010 Sengupta K 52.4 25.3 47.4 NA NA 22.35 7.90 71.40 NA NA NA 

2011 Chopra A 54.0 28.1 NA NA 4.7 22.50 NA 70.50 NA NA NA 

2011 DeLemos BP 58.9 NA 31.5 82.5 7.8 30.08 NA 101.90 NA NA NA 

2011 Debbi EM 71.0 28.6 52.0 NA NA 22.95 8.60 80.58 1-4 NA NA 
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Studies 
Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

2011 Kulkarni MP 56.0 NA 0.0 NA 3.4 14.38 6.12 67.25 2-3 NA NA 

2011 Schnitzer TJ 61.4 29.7 39.4 92.8 3.8 26.50 NA 93.00 NA 88.2 NA 

2011 Vishal AA 55.3 24.9 37.9 NA NA 22.95 7.50 69.02 NA NA NA 

2012 Abou-Raya S 68.5 27.5 16.7 NA 5.6 22.25 16.25 83.75 2-3 90.0 96.0 

2012 Huggins JP 

(arm 1) 
60.8 29.6 26.0 68.0 NA 29.00 NA NA 2-4 NA NA 

2012 Huggins JP 

(arm 2) 
59.9 29.9 32.0 79.0 NA 27.25 NA NA 2-4 NA NA 

2012 Sampalis JS 55.3 NA 40.0 NA NA 14.85 5.74 52.87 NA 0.0 NA 

2013 Hua B 58.9 30.4 52.0 NA NA 21.78 11.84 83.92 2-3 NA NA 

2013 Jokar M 47.6 25.4 5.0 NA NA 26.74 8.78 84.17 2-3 NA NA 

2013 McAlindon T 63.0 30.8 46.0 86.0 NA 14.50 NA 46.25 2-4 NA 56.0 

2013 Reginster JY 62.8 29.6 31.0 NA 6.4 20.90 9.04 69.53 2-3 NA NA 

2013 Sanghi D 53.0 25.7 40.6 NA NA 26.60 6.30 59.03 2-4 NA NA 

2014 Ebrahimi AA 57.0 32.4 0.0 NA 6.9 24.88 9.15 64.78 NA NA NA 

2014 Evans M 45.3 30.0 38.7 NA NA 17.36 9.68 57.97 NA NA NA 

2014 Panahi Y 57.6 29.6 19.0 NA NA 26.25 4.25 81.00 2-3 19.0 NA 

2014 Prior MJ 61.7 NA 28.7 81.5 NA 40.40 15.72 128.52 2-3 NA NA 

2015 Trudeau J NA NA NA NA NA 23.00 NA NA NA NA NA 

2015 Altman R 61.1 31.3 30.8 82.7 NA 36.60 14.53 116.64 2-3 NA NA 



© 2022 Wen X et al. JAMA Network Open. 

 

39 

Studies 
Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

2015 Kolahi S 52.4 32.4 NA NA 5.8 22.90 7.20 77.90 NA NA NA 

2015 Lao L 60.0 NA 28.0 18.0 NA 20.50 NA 66.30 2-4 NA NA 

2015 Nelson FR 62.0 34.0 42.1 NA NA 20.13 NA NA NA NA NA 

2016 Jin XZ 62.9 29.6 50.0 NA NA 13.47 6.17 46.76 NA NA NA 

2016 Lugo JP 53.1 24.7 48.3 NA NA 28.45 11.26 98.43 2-3 NA NA 

2016 Mcmurdo ME 76.1 NA 37.0 37.0 NA 26.50 12.40 88.40 NA NA NA 

2016 Puente R 69.0 27.0 20.0 NA NA 23.00 7.00 67.25 NA NA NA 

2016 Stebbings S 59.6 28.4 42.9 100.0 NA 21.50 9.25 65.75 2-4 NA NA 

2017 Azidah AK 52.8 27.8 15.0 NA 3.4 18.33 7.84 66.39 1-3 42.5 NA 

2017 Geusens P 62.2 29.5 30.4 NA NA 20.60 9.06 73.78 2-3 NA NA 

2017 Lee M 62.9 NA 14.1 NA NA 26.80 10.40 92.00 NA 39.4 NA 

2017 Lei M 67.2 25.1 44.5 0.0 NA 26.75 3.80 83.00 NA 0.0 0.0 

2017 Moss P 65.0 29.3 42.5 NA NA 16.14 8.20 55.46 NA NA NA 

2017 Roman-Blas JA 67.0 27.9 19.0 NA 6.1 26.60 NA 87.89 2-3 NA NA 

2017 Stebbings S 66.3 30.7 46.0 95.0 NA 20.00 9.75 70.00 1-4 NA NA 

2017 Strand V 82.0 31.3 31.1 NA NA 37.64 NA NA 2-3 NA 31.1 

2017 Tantavisut S 69.2 26.6 34.6 NA NA 25.20 7.80 90.06 3-4 0.0 NA 

2018 Chang SH 59.7 25.2 15.1 NA 5.1 28.25 10.75 101.25 2-4 NA NA 
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Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

2018 Haroyan A 56.0 28.8 4.4 NA NA 14.63 5.23 21.25 1-3 NA NA 

2018 Karlapudi V 50.3 23.9 34.3 NA NA 28.61 12.06 99.26 2-3 25.7 NA 

2018 Leung YY 58.0 28.4 29.1 0.0 NA 25.75 NA 82.28 2-4 21.8 NA 

2018 Panda SK 53.1 24.9 NA NA NA 20.40 11.80 62.20 2-3 28.0 NA 

2018 Reed K 61.7 30.4 36.1 75.8 NA 36.15 NA NA 2-4 49.8 NA 

2018 Shin D 59.9 24.2 37.5 NA NA 15.25 6.25 48.75 3-4 NA NA 

2019 Du C 55.3 30.2 23.3 NA NA 17.50 7.78 50.14 NA NA NA 

2019 Hancke JL 55.7 27.1 25.0 0.0 NA 32.85 11.23 135.65 1-2 NA NA 

2019 Srivastava S 52.4 27.6 17.4 NA NA 37.18 12.93 154.58 2-3 NA NA 

2019 Watt FE 64.0 29.6 34.1 100.0 NA 28.35 11.68 99.28 2-3 NA NA 

2020 Andrews AR 63.7 27.6 20.0 100.0 NA 19.25 9.50 58.25 2-3 50.0 10.0 

2020 Alazadeh M NA NA NA NA NA 33.03 4.75 102.88 NA NA NA 

2020 Cicero A NA NA NA 100.0 NA 23.25 NA 57.75 3-4 NA NA 

2020 Fraenkel L 58.2 33.9 89.0 67.0 NA 13.50 NA NA NA NA NA 

2020 Hosseinzadeh- 

Attar MJ 
57.0 NA 0.0 NA NA 23.00 6.00 67.00 NA NA NA 

2020 Wang ZQ 62.4 30.6 38.0 NA NA 21.87 9.64 78.89 NA 12.0 NA 

2020 Hashemzadeh K 56.5 NA 11.4 NA 2.1 22.94 3.06 74.51 2-3 NA NA 

2020 Rovati LC 60.5 31.2 34.8 100.0 3.3 29.65 NA NA 2-3 40.6 0.0 
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Studies 
Age 

(year) 

BMI 

(kg/m2) 

Male   

(%) 

Caucasian  

(%) 

OA 

duration 

(year) 

WOMAC 

pain  

 (0-50) 

WOMAC 

stiffness 

 (0-20) 

WOMAC 

function 

(0-170) 

Kellgren-

Lawrence 

grades 

NSAIDs 

use (%) 

Supplement 

use (%) 

2021 Baghban F 54.4 32.1 0.0 NA NA 21.58 7.55 51.58 NA NA NA 

2022 Bihlet AR 62.8 32.3 23.1 NA NA 25.00 NA NA 0-4 NA NA 

2022 Cánovas F 41.3 25.3 38.5 NA NA NA NA 64.90 NA NA NA 

2021 Ha JK 59.6 NA 10.5 NA NA 12.40 6.53 43.48 1-2 NA NA 

2021 Hudson B 64.6 31.3 58.3 84.5 6.6 30.60 12.24 101.83 NA NA NA 

2022 Kare SK 53.3 NA 53.3 0.0 NA 25.19 8.55 75.97 2-3 NA NA 

2021 Karlapudi V 51.8 25.4 25.0 NA NA 21.50 6.56 77.01 NA NA NA 

2021 Mohammed A 55.3 24.4 30.2 55.8 NA 17.50 11.00 50.25 NA NA NA 

2022 Olliges E  

(arm 1) 
64.2 NA 42.9 NA NA 23.05 10.43 79.26 2-3 NA NA 

2022 Olliges E  

(arm 2) 
66.8 NA 55.0 NA NA 23.10 9.20 72.65 2-3 NA NA 

2021 Wang SJ 60.8 25.7 26.1 NA NA 10.00 3.00 28.75 NA NA NA 

2021 Wang SJ 60.8 24.9 22.0 NA NA 34.10 11.04 114.41 NA NA NA 

2021 Yuanyuan 

Wang 
55.8 29.5 49.7 NA NA 14.16 6.53 47.91 NA 26.1 32.0 
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eFigure 1. Flow Chart of the Literature Selection 



© 2022 Wen X et al. JAMA Network Open. 

 

43 

eFigure 2. The Summary of Literature Assessment 
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eFigure 3. A to D The Model Diagnostic Plots.  

Red solid lines represent the regression lines. The black dashed lines in the figure A and B are the diagonal reference line. The black dashed 

lines in the C and D are the position where CWRES equal 0 and ± 4. 

PRED = population prediction; IPRED = individual predictions; CWRES = conditional weighted residuals 
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eFigure 4. The Plot of the Time Taken to Reach the Maximum Effect for Each WOMAC Subscale. 

The solid line is the percentage of the placebo effect reaching the maximum effect, with different colors representing different subscales. The 

dashed lines are the 90% line for the maximum effect, and the time required to reach it, respectively. The shaded area indicates that 90% of the 

maximum effect has been reached. 

Emax = the maximum placebo effect. 
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eFigure 5. The Plot of Parameters and Partial Covariate Correlation 

Correlation of pharmacodynamic parameters and funding source, risk of bias (7 items in total) and duration of OA in the WOMAC pain model. 

Emax = the maximum placebo effect, k = the onset rate of placebo. 
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Correlation of pharmacodynamic parameters and funding source, risk of bias (7 items in total) and duration of OA in the WOMAC stiffness 

model. 

Emax = the maximum placebo effect, k = the onset rate of placebo. 
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Correlation of pharmacodynamic parameters and funding source, risk of bias (7 items in total) and duration of OA in the WOMAC function 

model. 

Emax = the maximum placebo effect, k = the onset rate of placebo.  
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eResults. Parameter Estimations Results of the Final Model 

The Emax values of the placebo effect on WOMAC pain, stiffness, and function were 

4.73, 1.76, and 13.2 respectively. The onset rate (k) of the placebo effect on WOMAC 

pain, stiffness, and function were 0.427, 0.327, and 0.325 week-1, respectively. The 

impact of the baseline values on the calculation of the Emax values of the three 

WOMAC subscale scores was quantified as follows: 

𝐸𝑚𝑎𝑥⁡ _𝑝𝑎𝑖𝑛 = 4.73 ∗ ⁡(1 + 0.0646 × (𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑝𝑎𝑖𝑛 − 25.00)          (9)  

𝐸𝑚𝑎𝑥⁡ _𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 = 1.76 ∗⁡ (1 + 0.0836 × (𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 − 10.23))   (10) 

𝐸𝑚𝑎𝑥⁡ _𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = 13.2 ∗ ⁡(1 + 0.0140 × (𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 − 83.75))    (11) 

In Eq.9 to 11, 25.00, 10.23 and 83.75 are the median of the baseline values of 

WOMAC pain, stiffness, and function, respectively. The above equations indicate that 

for every 10% (equivalent to 5 points) increase in the baseline WOMAC pain score, 

the typical value of Emax_pain increases by 1.53 points; for every 10%  (equivalent to 2 

points) increase in the baseline WOMAC stiffness score, the typical value of 

Emax_stiffness increases by 0.29 points; and for every 10%increase (equivalent to 17 

points) in the baseline WOMAC function score, the typical value of Emax_function 

increases by 3.14 points. In addition, the time to reach half of the maximum effect of 

the placebo (ET50) was also calculated using Eq.12. The typical values of ET50 for the 

WOMAC pain, stiffness, and function models were 1.62, 2.12, and 2.13 weeks, 

respectively. When the treatment duration was more than 5.39, 7.04, and 7.08 weeks, 
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an placebo effect plateau of WOMAC pain, stiffness and function was achieved (that 

is, 90% of their maximum effects), respectively.  

𝐸𝑇50 =
0.693

𝑘
.           (12) 
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eFigure 6. The Results of the Subgroup Analyses of the Western Ontario and 

McMaster Universities Osteoarthritis Index (WOMAC) Scale for Sample Size, 

Patients of White Race, and Publication Year 

A, The sample size subgroup. B, The patients of White race subgroup. C, The 

publication year subgroup. The solid lines are the 50% quartiles of the simulated 

placebo pure response, the shaded areas are the 90% CI of the placebo pure response, 

and the different colors represent different subscale levels. 


