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IMPORTANCE Even though osteoarthritis is a chronic and progressive disease,
pharmacological agents are mainly studied over short-term periods, resulting in unclear
recommendations for long-term disease management.
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OBJECTIVE To search, review, and analyze long-term (ⱖ12 months) outcomes (symptoms,
joint structure) from randomized clinical trials (RCTs) of medications for knee osteoarthritis.
DATA SOURCES AND STUDY SELECTION The databases of MEDLINE, Scopus, EMBASE, Web of
Science, and the Cochrane Central Register of Controlled Trials were searched until June 30,
2018 (MEDLINE alerts through August 31, 2018) for RCTs of patients with knee osteoarthritis
that had treatment and follow-up lasting 1 year or longer.
DATA EXTRACTION AND SYNTHESIS Data at baseline and at the longest available treatment
and follow-up of 12 months’ duration or longer (or the change from baseline) were extracted.
A Bayesian random-effects network meta-analysis was performed.
MAIN OUTCOMES AND MEASURES The primary outcome was the mean change from baseline
in knee pain. Secondary outcomes were physical function and joint structure (the latter was
measured radiologically as joint space narrowing). Standardized mean differences (SMDs)
and mean differences with 95% credibility intervals (95% CrIs) were calculated. Findings
were interpreted as associations when the 95% CrIs excluded the null value.
RESULTS Forty-seven RCTs (22 037 patients; mean age range, mostly 55-70 years;
and a higher mean proportion of women than men, around 70%) included the following
medication categories: analgesics; antioxidants; bone-acting agents such as bisphosphonates
and strontium ranelate; nonsteroidal anti-inflammatory drugs; intra-articular injection
medications such as hyaluronic acid and corticosteroids; symptomatic slow-acting drugs in
osteoarthritis such as glucosamine and chondroitin sulfate; and putative disease-modifying
agents such as cindunistat and sprifermin. Thirty-one interventions were studied for pain,
13 for physical function, and 16 for joint structure. Trial duration ranged from 1 to 4 years.
Associations with decreases in pain were found for the nonsteroidal anti-inflammatory drug
celecoxib (SMD, −0.18 [95% CrI, −0.35 to −0.01]) and the symptomatic slow-acting drug in
osteoarthritis glucosamine sulfate (SMD, −0.29 [95% CrI, −0.49 to −0.09]), but there was
large uncertainty for all estimates vs placebo. The association with pain improvement
remained significant only for glucosamine sulfate when data were analyzed using the mean
difference on a scale from 0 to 100 and when trials at high risk of bias were excluded.
Associations with improvement in joint space narrowing were found for glucosamine sulfate
(SMD, −0.42 [95% CrI, −0.65 to −0.19]), chondroitin sulfate (SMD, −0.20 [95% CrI, −0.31 to
−0.07]), and strontium ranelate (SMD, −0.20 [95% CrI, −0.36 to −0.05]).
CONCLUSIONS AND RELEVANCE In this systematic review and network meta-analysis of
studies of patients with knee osteoarthritis and at least 12 months of follow-up, there was
uncertainty around the estimates of effect size for change in pain for all comparisons with
placebo. Larger RCTs are needed to resolve the uncertainty around efficacy of medications
for knee osteoarthritis.
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O

steoarthritis is among the most prevalent chronic
diseases,1 and is a leading cause of disability worldwide. 1-3 Effective management of osteoarthritis
requires long-term treatment strategies for symptoms (pain
and limitations in physical function) and joint structure
changes that lead to disability.4 Efficacy reviews of treatments for osteoarthritis typically emphasize short-term pain
control and often do not consider long-term outcomes.5,6
Thus, the aim of the present study was to systematically
search, review, and quantitatively analyze long-term outcomes from randomized clinical trials (RCTs) of medications
for knee osteoarthritis.
Knee osteoarthritis was chosen because it is the most
prevalent osteoarthritis location in the lower limbs1 and it is
the location most frequently leading to disability. The evidence was assessed in a network meta-analysis. Network
meta-analyses synthesize direct and indirect evidence in a
network of trials that compare multiple interventions.7 This
method allows comparison of all available knee osteoarthritis
medications against placebo and between pharmacological
agents despite the paucity of head-to-head comparisons of
therapies in RCTs.

Methods
This is a systematic review and network meta-analysis of longterm pharmacological intervention trials in knee osteoarthritis. Reporting was organized according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses for
RCTs.8 The study protocol appears in Supplement 1.

Data Sources
An online systematic search was performed for eligible trials
using the electronic databases of MEDLINE (PubMed), Scopus,
EMBASE, Web of Science, and the Cochrane Central Register of Controlled Trials. The search was performed from
database inception until June 30, 2018 (details regarding
the search procedure, strategy, and adjustment to the syntax
for the different databases appear in eTables 1-1E in Supplement 2). A National Library of Medicine weekly alert was set
up for the main search query until August 31, 2018, but it did
not yield any relevant results.

Trial Selection Criteria
Eligible trials included placebo-controlled RCTs and those
comparing any active pharmacological intervention for
knee osteoarthritis alone or in combination with another
intervention. Trials were eligible if the treatment or follow-up
period was at least 1 year. A 1-year duration or longer was
considered long term, which is consistent with scientific and
regulatory criteria.9

Trial Identification
Two investigators (C.M. and D.A.) independently screened articles by title, abstract, and full text. Inclusion of a study was
decided by consensus between the 2 investigators; however,
if consensus was not reached, an independent expert was availjama.com
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Key Points
Question What is the association of available medications with
long-term pain control in knee osteoarthritis?
Findings In this systematic review and network meta-analysis of
33 pharmacological interventions that included 22 037 patients
with knee osteoarthritis in 47 randomized clinical trials lasting at
least 12 months, there was uncertainty around the estimates of
effect size for change in pain for all comparisons with placebo,
including the 2 medications that were associated with improved
pain (celecoxib and glucosamine sulfate).
Meaning Larger randomized clinical trials are needed to resolve
the uncertainty around the long-term efficacy of medications for
knee osteoarthritis.

able to provide advice. Consultation with an independent expert was never necessary.

Outcomes and Data Extraction
Trials were included (Figure 1) if they reported data for at least
1 of the following outcomes: knee pain, physical function, or
joint structure defined as radiological joint space narrowing
(JSN).10 The primary outcome was mean change from baseline to the end point (≥12 months) in knee pain because pain
is likely to be the outcome that matters most to patients, physicians, and caregivers. Secondary outcomes were changes in
physical function and joint structure.
When pain or physical function outcomes were measured using different scales in the RCTs, the outcomes were
prioritized as recommended by Juhl et al11 (additional details
appear in eTable 2 in Supplement 2). Using this method of
prioritization, the preferred pain outcome measure was the
pain subscale12 of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC); followed by the visual
analog scale (VAS) for pain during any activity, pain during
walking, or a global measure of knee pain; and then any other
pain measures.
For physical function, the preferred outcome measure
was the WOMAC physical function subscale (the other types
of physical function measures and a full hierarchy for both
the pain and physical function outcomes appears in eTable 2
in Supplement 2).11 The WOMAC is a disease-specific questionnaire separately addressing the severity of pain (5 questions) and any limitation in physical function (17 questions)
for the activities of daily living during the past 48 hours.12 In
the Likert scale version, each answer is scored on a scale from
0 to 4 and 0 represents “none” and 4 represents “extreme”
(score range: 0-20 for pain and 0-68 for physical function). In
the VAS version, each answer is scored on a 100-mm VAS and
0 mm represents “none” and 100 mm represents “extreme”
(score range: 0-500 mm for pain and 0-1700 mm for physical
function). When pain severity is assessed as the answer to a
single question (eg, “how much is your pain during walking
today?”) on a 100-mm VAS, 0 mm represents “absent” and
100 mm represents “the worst imaginable” (score range:
0-100 mm). Data on JSN were derived from measuring
(Reprinted) JAMA December 25, 2018 Volume 320, Number 24
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Figure 1. Flow Diagram of Study Identification, Screening,
Eligibility Assessment, and Inclusion
8166 Records identified from database searching
4979 Duplicates removed
3187 Records screened after duplicates removed
3051 Records excluded (did not meet
eligibility criteria in abstracts)
136 Full-text articles assessed
89 Records excluded (did not meet
eligibility criteria in full text)
47 Studies included in meta-analysis
(N = 22 037 patients)

change in the radiological joint space width in millimeters at
the medial tibiofemoral joint.
For each outcome, the change from baseline was extracted at the longest available time point after at least 12
months, if reported; otherwise, numerical data for the outcome were extracted at baseline and at the longest available
time point after at least 12 months, and the change from baseline was calculated. For graphical information, numerical data
were extracted using a standard procedure.13
Other extracted data included characteristics of the study
design to assess trial quality, baseline demographic characteristics (age, sex, and body mass index), administration route and
dose of each treatment, and duration of treatment and followup. Only trials with extractable data were included. No additional information was requested from authors.

Quality and Risk of Bias Assessment
Quality was assessed independently by researchers in a blinded
fashion. Disagreements were discussed and resolved through
consensus. The quality of the included trials was assessed using
the Cochrane Collaboration tool for assessing risk of bias in
RCTs.14 Large studies were those with more than 100 patients per study group.15

Data Synthesis and Analysis
When no variability measures were reported, imputation of the
maximum standard deviation from another study using the
same measurement scale was performed. In addition, the imputation of the correlation method was used when standard
deviations were available for absolute baseline and follow-up
values, but not for the mean change values.16 When studies
did not report mean change, these values were calculated as
the arithmetic difference between baseline and follow-up.
Trials considering different medication schedules or doses for
the same intervention were divided into a corresponding number of pairwise comparisons of the intervention vs the reference group.
A Bayesian multiple treatment network meta-analysis17
with random effects and uninformative priors was performed
2566

and considered both placebo- and active-controlled trials.
The main analysis was performed on all eligible trials and
in the subgroup excluding trials at high risk of bias.14 The
Glass Δ was used as the standardized mean difference (SMD)
measure with a 95% credibility interval (CrI).18 An SMD of
0.20 is considered a small difference between the experimental and the control group; 0.50, a moderate difference;
and 0.80, a large difference.19
Pain data also were analyzed and are presented as the mean
difference. The WOMAC knee pain subscale scores were normalized to a scale from 0 to 100 to provide a measure comparable with a single-question VAS pain assessment.12 The minimum clinically important difference relative to placebo ranges
from 5 to 10 on the normalized scale from 0 to 100, depending on the drug class and length of treatment.20 Data on JSN
were analyzed and are presented as the mean difference on the
natural scale in millimeters.
The between-study standard deviation was modeled using
a uniform distribution of the 0 to 5 interval.21 A randomeffects model was computed using Markov chain Monte Carlo
methods with Gibbs sampling based on simulations of 200 000
iterations in each of 4 chains.
Homogeneity and consistency assumptions were verified using node splitting and the method of Bland Altman.22-25
For each iteration, treatments were ranked by their effect relative to an arbitrary baseline. The findings were interpreted as
associations when the 95% CrI excluded the null value. A frequency table was constructed from these rankings and normalized by the number of iterations giving the rank probabilities. Convergence was assessed using standard diagnostics.26
Probability values were summarized and are reported as the
surface under the cumulative ranking (SUCRA) curve and with
a rankogram plot to provide a hierarchy of treatments with consideration of both the location and the variance of all relative
treatment effects.27 The SUCRA value would be 0 when a treatment is certain to be the worst and 1 when it is certain to be the
best. All analyses were conducted using the R-evolution28 version 3.3.1 and the gemtc package29 version 0.8 that interfaces
with OpenBUGS30 version 3.2.3 for computing a Markov chain
Monte Carlo simulation.
The planned sensitivity analyses were conducted to
evaluate the robustness of the model. All analyses were
repeated in the sensitivity analyses to take into consideration
networks derived from inclusion of only (1) studies with oral
comparators, (2) studies with intra-articular injection comparators, or (3) blinded studies (irrespective of comparators).
In additional statistical sensitivity analyses, all analyses were
repeated and the imputation methods previously applied
were excluded. Additional post hoc sensitivity analyses were
performed using alternative methods to those described
herein. Further details on the statistical analyses appear in
Supplement 3.

Results
A total of 8166 records were retrieved, of which 47 RCTs
(N = 22 037 patients) met eligibility criteria and were included
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in the meta-analysis (Figure 1). A total of 33 pharmacological
interventions were studied in these RCTs, representing the following classes of therapies: analgesics, antioxidants, boneacting agents, nonsteroidal anti-inflammatory drugs (NSAIDs),
intra-articular injection medications such as hyaluronic acid
and corticosteroids, symptomatic slow-acting drugs in osteoarthritis, and putative disease-modifying agents (Box). Thirtyone interventions were studied for pain, 13 for physical function, and 16 for joint structure. Trial duration ranged from 1 to
4 years.
Acetaminophen (paracetamol) was included in the analgesics class and vitamin E was included in antioxidants class
and each was studied in 1 included trial only. Conversely,
NSAIDs were represented by different molecular classes, including cyclooxygenase-2 selective agents and nonselective
agents. These agents were studied in 14 trials that had mostly
single head-to-head NSAID comparisons or less often comparisons with placebo or other agents. Diclofenac was the most
frequently studied NSAID (5 trials), followed by naproxen and
celecoxib in 4 trials, rofecoxib in 2 trials, etoricoxib in 2 trials,
and the remaining NSAIDs were studied in 1 trial each. Intraarticular injections of corticosteroids were used alone in 4 trials
(triamcinolone in 2, betamethasone in 1, and methylprednisolone in 1) and in combination with intra-articular injections of
hyaluronic acid in 3 trials (1 trial for each agent combination).
Hyaluronic acid was studied alone in 12 trials and was the most
tested intervention.
Bone-acting agents consisted of either antiresorptive drugs
(such as bisphosphonates in 4 trials [risedronate in 3 and zoledronic acid in 1], calcitonin in 1 trial, and vitamin D in 2 trials)
or bone-forming agents (such as strontium ranelate in 1 trial).
Symptomatic slow-acting drugs in osteoarthritis31 were represented by diacerein (1 trial), chondroitin sulfate (8 trials), glucosamine sulfate (2 trials accounting only for the prescription product approved as a drug in Europe and Asia32), and
glucosamine hydrochloride (4 trials formulated with or without sodium sulfate and identified as glucosamines).
The distinction between glucosamine sulfate and other
glucosamines was necessary because of their molecular differences 33 and because previous meta-analyses found
differences in efficacy between prescription-grade glucosamine sulfate and other glucosamines.34,35 Similar to
glucosamine sulfate, chondroitin is available as a prescription
drug in Europe and as lower-quality dietary supplements
elsewhere. Prescription-grade chondroitin was used in 7 of
the 8 studies considered in this meta-analysis. The combination of nonprescription glucosamines with chondroitin sulfate was used in 3 trials. Putative disease-modifying agents
included 1 trial each for doxycycline, cindunistat, sprifermin,
and the matrix metalloproteinase inhibitor PG-116800.
Of the 47 RCTs included, 32 were placebo-controlled
trials. The characteristics of the included trials appear in the
Table.36-82 The demographic and clinical characteristics of
the included patients reflect typical knee osteoarthritis populations (mostly between 55 and 70 years for mean age and a
higher proportion [around 70%] of women than men). Body
mass index (calculated as weight in kilograms divided by
height in meters squared) ranged from overweight to obese
jama.com
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Box. Pharmacological Interventions Eligible for Inclusion
in the Network Meta-analysis by Therapeutic Class
Analgesics

• Acetaminophen (paracetamol)
Antioxidants

• Vitamin E
Bone-Acting Agents

• Calcitonin
• Risedronate
• Strontium ranelate
• Vitamin D
• Zoledronic acid
Intra-Articular Injection Medications

• Hyaluronic acid
• Betamethasone
• Methylprednisolone
• Triamcinolone
• Hyaluronic acid plus betamethasone
• Hyaluronic acid plus methylprednisolone
• Hyaluronic acid plus triamcinolone
Nonsteroidal Anti-Inflammatory Drugs

• Celecoxib
• Diclofenac
• Etofenamate
• Etoricoxib
• Indomethacin
• Licofelone
• Naproxen
• Nimesulide
• Rofecoxib
• Tiaprofenic acid
Symptomatic Slow-Acting Drugs in Osteoarthritis

• Chondroitin sulfate
• Diacerein
• Glucosamine sulfate (prescription product only)
• Glucosamines (glucosamine hydrochloride with or without
sodium sulfate)
• Glucosamines plus chondroitin sulfate
Putative Disease-Modifying Agents

• Cindunistat
• Doxycycline
• Matrix metalloproteinase inhibitors
• Sprifermin

(mostly between 27 and 30 for mean body mass index). Mean
disease duration was between 2 and 11 years.
Disease severity based on Kellgren and Lawrence 83
radiological grading was primarily between grades 2 and 3
(grade range, 0-4). For oral medications, the timing of
follow-up testing was coincident with treatment duration.
In contrast, in all RCTs of intra-articular injection medications (hyaluronic acid, corticosteroids, or sprifermin in 15 studies), the interventions were administered at intervals of variable length and the final injection occurred before the duration
of follow-up (Table).
Twenty-five of the 47 trials (53%) included more than 100
participants per group. Thirty-three studies (70%) were highquality studies according to the Cochrane Collaboration tool
(Reprinted) JAMA December 25, 2018 Volume 320, Number 24
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Ertürk
et al,45
2016

Dougados
et al,44
1993

Dahlberg
et al,43
2009

Curtis
et al,42
2005

Cannon
et al,41
2000

BucklandWright
et al,40
1995

Brandt
et al,39
2005

Bisicchia
et al,38
2016

314

Risedronate, 50 mg/wk

148
462
463
55
55

Etoricoxib, 90 mg/d

Diclofenac, 50 mg twice/d

Celecoxib, 200 mg/d

Placebo (IA injection)

Hyaluronic acid, 20 mg/2 mL
(1 IA injection/wk for 4 wk)

75 (73)

42 (76)

36 (65)

314 (68)

321 (69)

100 (68)

27 (77)

102

Etoricoxib, 60 mg/d

141 (71)

35

198

Etoricoxib, 30 mg/d

79 (77)

175 (68)

Hyaluronic acid, 2.5 mL
(1 IA injection/wk for 5 wk) and
betamethasone, 1 mL/d
(1 IA injection of 6.43 mg and 2.63 mg
in 1 mL/20 mg solution of lidocaine)

102

Diclofenac, 150 mg 3 times/d

26 (74)

257

Rofecoxib, 25 mg/d

169 (65)

185 (69)

62.7 (7.8)

61.4 (8.4)

67.0 (9.7)

69.0 (10.6)

71.0 (7.0)

71.0 (7.3)

60.6 (9.6)

62.3 (10.2)

61.9 (10.4)

62.3 (10.4)

62.8 (10.3)

62.8 (10.2)

62.5 (10.1)

65.5 (10.2)f

24 (73)f

35

259

54.8 (5.5)

55.0 (5.8)

68.6 (9.9)

71.5 (10.6)

NA: 60.5 (8.8)
EU: 63.6 (8.1)

64 (8)

64 (8)

Age, ya

218 (100)

213 (100)

50 (67)

53 (71)

NA: 757 (61)
EU: 991 (79)

144 (61)

145 (61)

Women,
No. (%)

Hyaluronic acid, 2.5 mL
(1 IA injection/wk for 5 wk)

268

Rofecoxib, 12.5 mg/d

23

Diclofenac, 100 mg/d

Diclofenac, 50 mg 3 times/d

22

218

Doxycycline, 100 mg twice/d

Placebo

213

Placebo

75

310

Risedronate, 35 mg/wk

Methylprednisolone, 40 mg/1 mL
(2 IA injections 7 d apart)

609

Risedronate, 15 mg/d

75

628

Risedronate, 5 mg/d

Hyaluronic acid, 24 mg/3 mL
(2 IA injections 7 d apart)

622

Placebo

237
237

Placebo

Vitamin D, 800 IU/d

Arden
et al,36
2016

Bingham
et al,37
2006e

No. of
Patients

Type of Intervention and Dose

Source

Table. Characteristics of Trials Included in the Analysis and Summary Trial Quality Assessment

30.6 (4.8)

30.1 (3.0)

NR

NR

NR

NR

NR

36.8 (6.3)

36.5 (6.0)

NR

NA: 30.3 (4.9)
EU: 29.4 (4.2)

30 (5)

29 (5)

BMIa,b

2-4

NR

1-3

NR

NR

NR

2-3

2-3

NR

0-4

Gradec

7.3 (1.1)

7.1 (1.2)

5.0 (3.5)

6.4 (6.3)

NR

7.8 (7.4)

7.5 (6.6)

7.8 (7.9)

7.5 (7.1)

11.5 (8.7)

11.1 (8.9)

11.4 (9.4)

2.0 (3.0)f

NR

NR

NR

NR

Duration of Knee
Osteoarthritis, ya

12

12

12

12

12

18

30

12

24

36

Follow-up,
mo

WOMAC pain

VAS pain during
exercise

VAS pain at rest

WOMAC pain

WOMAC pain

VAS pain at night,
joint space width

Joint space width

VAS global knee pain

WOMAC pain and
physical function

WOMAC pain and
physical function,
joint space width

Outcome
Measure

(continued)

Low; low; high; low; low;
unclear; high

Unclear; high; high;
unclear; high; unclear;
high

Low; low; low; low; low;
high; low

Low; low; low; low; high;
unclear; low

Low; low; low; low; low;
unclear; low

Low; unclear; low; low;
low; low; unclear

Low; unclear; low; low;
low; low; unclear

Low; low; high; high;
low; high; high

Low; unclear; low; low;
high; unclear; unclear

All low

Cochrane Collaboration
Risk of Biasd
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Hyaluronic acid, 20 mg/2 mL
(1 IA injection/wk for 5 wk)
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Kriegel
et al,55
2001

Kawasaki
et al,54
2008

Karsdal
et al,53
2015

Karlsson
et al,52
2002

Kahan
et al,51
2009

187

Naproxen, 250 mg/d and
500 mg/d

51
183

Risedronate, 2.5 mg/d

Nimesulide, 100 mg twice/d

42
49

Glucosamine, 1500 mg/d

1109

Placeboh

1097

Placebo

88

Hyaluronic acid, 2 mL in 0.8% solution
(1 IA injection/wk for 3 wk)

Calcitonin, 0.8 mg twice/d

92

66

Hyaluronic acid, 2.5 mL in 1% solution
(1 IA injection/wk for 3 wk)

Placebo (IA injection)

309

Chondroitin sulfate, 800 mg/d

140 (75)

126 (69)

51 (100)

49 (100)

42 (100)

737 (67)

687 (63)

56 (65)

60 (67)

40 (61)

216 (70)

209 (67)

151 (73)

208
313

128 (64)

200

Placebo

Jubb et al,50 Placebo (IA injection)
2003
Hyaluronic acid, 20 mg/2 mL
(1 IA injection/wk for 3 wk every 4 mo)

109 (66)

97 (57)

367 (75)

486

Jørgensen
et al,49
2010

Placebo (IA injection)

24 (83)
364 (75)

31

Etofenamate, 100 mg/2 mL
(1 intramuscular injection/d for 7 d)

27 (90)

383 (79)

31

Hyaluronic acid, 30 mg/2 mL
(1 IA injection/wk for 3 wk)

89 (59)

85 (56)

486

151

Glucosamine, 1500 mg/d and
chondroitin, 800 mg/d

485

151

Chondroitin sulfate, 800 mg/d

84 (55)

81 (54)

Women,
No. (%)

Hellio
Placebo
le Graverand
Cindunistat,
50 mg/d
48
et al,
2013
Cindunistat, 200 mg/d

Güner
et al,47
2016

151
152

Placebo

Fransen
et al,46
2015

No. of
Patients

Glucosamine, 1500 mg/d

Type of Intervention and Dose

Source

65.0 (44-80)

64.0 (42-81)

70.2 (7.0)

68.5 (7.3)

69.5 (7.1)

64.5 (6.9)

64.3 (6.6)

70.0 (7.0)

72.0 (7.0)

71.0 (6.0)

62.9 (8.8)

61.8 (8.8)

63.5 (9.5)

65.0 (9.1)

62.6 (11.4)

61.4 (11.1)

60.8 (8.6)

61.0 (8.7)

61.3 (9.1)

61.3 (50-70)

62.5 (50-70)

60.7 (8.4)

59.5 (8.0)

61.2 (7.7)

60.6 (8.1)

Age, ya

NR

25.0 (3.6)

23.9 (2.5)

24.0 (3.0)

29.1 (5.1)

28.9 (4.8)

NR

M: 28.3 (3.9)
F: 28.6 (5.9)

M: 28.3 (4.1)
F: 29.3 (5.8)

29.8 (5.2)

29.8 (5.0)

NR

32.0 (4.1)

31.9 (4.1)

31.6 (4.1)

28.7 (23-36)

27.5 (22-35)

28.8 (6.0)

29.6 (5.4)

28.4 (4.7)

29.1 (5.8)

BMIa,b

Table. Characteristics of Trials Included in the Analysis and Summary Trial Quality Assessment (continued)

2-4

2-3

2-3

NR

1-3

2-3

NR

1-3

2-3

NR

Gradec

NR

NR

NR

NR

Left: 6.1 (5.3)
Right: 6.6 (7.0)

Left: 6.5 (7.1)
Right: 6.3 (7.1)

7.9 (7.1)

8.5 (7.5)

6.1 (6.6)

6.7 (8.2)

6.7 (7.2)

6.4 (6.3)

6.8 (7.2)

NR

NR

Duration of Knee
Osteoarthritis, ya

12

18

24

12

24

12

12

24

12

24

Follow-up,
mo

Low; low; low; unclear;
high; low; unclear

All low

Low; low; high; high;
high; high; high

Low; low; low; low; low;
high; low

Cochrane Collaboration
Risk of Biasd

Low; low; low; low; low;
unclear; low

WOMAC pain

WOMAC pain and
physical function,
joint space width

WOMAC pain and
physical function,
joint space width

(continued)

Unclear; unclear; low;
low; low; low; unclear

Unclear; high; high; low;
low; unclear; high

Low; low; low; low; low;
unclear; low

VAS pain at maximum Low; low; low; low; high;
low; low

WOMAC pain, joint
space width

VAS pain during walk- Low; low; unclear; low;
ing, joint space width low; low; unclear

VAS pain during
walking

WOMAC pain and
physical function,
joint space width

VAS global knee pain

VAS pain at
maximum,g WOMAC
physical function,
joint space width

Outcome
Measure
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Ozturk
et al,65
2006

Michel
et al,64
2005

McAlindon
et al,63
2017

McAlindon
et al,62
2013

Mathieu,61
2002

Lohmander
et al,60
2014

Listrat
et al,59
1997

Leighton
et al,58
2014

Laslett
et al,57
2012
12 (39)

76 (51)
24 (100)

15 (94)

150
150
24

16

Hyaluronic acid, 15 mg/2 mL
(1 IA injection/wk for 3 wk repeated
6 mo apart)

Hyaluronic acid, 15 mg/2 mL
(1 IA injection/wk for 3 wk repeated
6 mo apart) and triamcinolone,
40 mg/1 mL (1 IA injection given twice
6 mo apart)

78 (52)

37 (53)

38 (54)

Chondroitin sulfate, 800 mg/d

70

49 (67)

40 (54)

76 (51)

78 (52)

43 (68)

30 (71)

14 (67)

29 (69)

11 (55)

15 (79)

Placebo

70

Placebo (IA injection)

Triamcinolone, 40 mg/1 mL
(1 IA injection given every 12 wk)

73
73

Placebo

Vitamin D, 2000-8000 IU/d
(escalating dose)

150

63

Sprifermin, 100 μg (1 IA injection/wk
for 3 wk repeated 3 mo apart)
150

42

Sprifermin, 30 μg (1 IA injection/wk
for 3 wk repeated 3 mo apart)

Chondroitin sulfate, 800 mg/d

21

Placebo

42

Placebo (IA injection)

20

Hyaluronic acid, 20 mg/2 mL
(1 IA injection/wk for 3 wk every 3 mo)

Sprifermin, 10 μg (1 IA injection/wk
for 3 wk repeated 3 mo apart)

19

Placeboh

102 (47)

31

Zoledronic acid, 5 mg/100 mL
(1 intravenous infusion)

13 (46)

221

28

Placebo (intravenous infusion)

49 (62)

Methylprednisolone, 40 mg/1 mL
(1 IA injection) and hyaluronic acid,
60 mg/3 mL (1 IA injection after 6 mo)

80

PG-116800, 200 mg twice/di

57 (71)

61 (77)

111 (51)

80

PG-116800, 100 mg twice/di

221

80

PG-116800, 50 mg twice/di

60 (75)

54 (70)

Women,
No. (%)

Hyaluronic acid, 60 mg/3 mL
(2 IA injections 6 mo apart)

80
81

PG-116800, 25 mg twice/di

Krzeski
et al,56
2007

No. of
Patients

Placebo

Type of Intervention and Dose

Source

58.1 (10.3)

58.0 (7.7)

62.5 (9.1)

63.1 (10.7)

59.1 (8.3)

57.2 (7.6)

61.8 (7.7)

63.0 (9.3)

62.5 (9.1)

63.1 (10.7)

61.1 (9.1)

61.4 (9.4)

60.6 (10.5)

61.3 (7.5)

60.0 (7.0)

64.0 (8.0)

61.5 (9.9)

61.9 (9.6)

64.2 (8.2)

60.4 (7.3)

63.1 (7.1)

62.9 (8.5)

62.6 (8.2)

62.4 (7.7)

62.0 (8.1)

Age, ya

30.3 (4.9)

31.5 (5.0)

27.7 (5.2)

28.1 (5.5)

30.8 (5.1)

31.7 (6.6)

30.5 (5.0)

30.8 (6.4)

27.7 (5.2)

28.1 (5.5)

30.3 (5.0)

33.3 (5.6)

31.2 (4.4)

30.1 (4.8)

27.5 (3.8)

26.6 (3.6)

28.3 (4.1)

28.2 (4.2)

29.6 (4.4)

29.8 (5.8)

NR

BMIa,b

Table. Characteristics of Trials Included in the Analysis and Summary Trial Quality Assessment (continued)

2-3

1-3

2-3

2-4

1-3

2-3

NR

2-3

NR

NR

Gradec

NR

NR

NR

NR

NR

5.8 (5.2)

6.8 (6.7)

6.1 (5.9)

7.0 (4.6)

4 (0-26)

2 (0-15)

4.9 (6.3)

4.7 (5.4)

NR

NR

Duration of Knee
Osteoarthritis, ya

12

24

24

24

24

12

12

12

12

12

Follow-up,
mo

WOMAC pain

Joint space width

WOMAC pain and
physical function

WOMAC pain and
physical function,
joint space width

Joint space width

WOMAC pain and
physical function,
joint space width

VAS global knee pain,
joint space width

WOMAC pain

VAS global knee pain

Joint space width

Outcome
Measure

(continued)

Low; low; low; unclear;
high; low; unclear

Low; low; low; unclear;
low; unclear; unclear

Low; low; low; unclear;
low; high; unclear

Low; low; low; unclear;
low; unclear; unclear

Unclear; unclear; low;
unclear; high; unclear;
high

Low; low; low; low; low;
unclear; low

Unclear; unclear; high;
unclear; low; unclear;
high

Low; high; high; low;
low; low; high

Low; low; low; high; low;
high; high

All low

Cochrane Collaboration
Risk of Biasd
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Sawitzke
et al,75
2008j

Saag
et al,74
2000

Reginster
et al,73
2013

Reginster
et al,72
2007

Reginster
et al,71
2001

Raynauld
et al,70
2009

Raynauld
et al,69
2003

Pham
et al,68
2004

232
114
122
119
107
110

Rofecoxib, 25 mg/d

Placebo

Celecoxib, 200 mg/d

Glucosamine, 500 mg 3 times/d

Chondroitin sulfate, 400 mg 3 times/d

Glucosamine (500 mg) and chondroitin
(400 mg) 3 times/d

231

Rofecoxib, 12.5 mg/d

566

Strontium ranelate, 2000 mg/d
230

558

Diclofenac, 50 mg 3 times/d

559

Placebo

Strontium ranelate, 1000 mg/d

404

106
434

106

Placebo

Glucosamine sulfate,
1500 mg/d

Naproxen, 500 mg twice/d

178

Etoricoxib, 60 mg/d

177

Naproxen, 500 mg twice/d

33 (56)

51 (72)

47 (61)

51 (64)

45 (64)

180 (78)

187 (81)

188 (82)

311 (69)

309 (69)

326 (69)

314 (71)

322 (72)

79 (75)

83 (78)

100 (65)

104 (71)

25 (74)

34

Triamcinolone, 40 mg/1 mL
(1 IA injection given
every 3 mo)

Licofelone, 200 mg twice/d

21 (61)

59 (69)

34

85

93 (71)

131

Placebo (IA injection)

Diacerein, 50 mg twice/d

Hyaluronic acid, 25 mg/2.5 mL
(1 IA injection/wk for 3 wk given
every 3 mo)

52 (61)

61 (63)

53 (55)

80 (79)

77 (76)

Women,
No. (%)

85

97

Celecoxib, 200 mg/d

Placebo (oral dose and IA injection)

97

101

Chondroitin sulfate,
1200 mg/d

101

Placebo

Glucosamine sulfate,
1500 mg/d

Pavelká
et al,66
2002

Pellettier
et al,67
2016

No. of
Patients

Type of Intervention and Dose

Source

56.5 (9.9)

56.4 (9.2)

56.7 (10.4)

58.3 (10.7)

56.6 (8.4)

62 (39-79)

62 (39-85)

63 (38-85)

63.1 (7.3)

62.3 (7.0)

62.8 (7.3)

62.7 (9.7)

62.6 (9.8)

66.0 (8.1)

65.5 (7.5)

60.3 (8.1)

60.4 (8.6)

63.1 (9.1)

63.3 (9.0)

64.5 (7.8)

64.9 (8.4)

64.9 (7.7)

61.3 (8.5)

61.4 (9.3)

61.2 (7.3)

63.5 (6.9)

Age, ya

NR

NR

29.7 (4.8)

30.1 (5.1)

29.6 (5.1)

NR

27.3 (2.6)

27.4 (2.7)

31.2 (5.8)

32.7 (6.4)

NR

NR

32.3 (5.8)

30.1 (5.8)

25.7 (2.1)

25.7 (1.8)

BMIa,b

Table. Characteristics of Trials Included in the Analysis and Summary Trial Quality Assessment (continued)

2-3

NR

1-3

NR

2-3

2-3

2-3

0-4

2-3

2-3

Gradec

10.5 (9.8)

8.8 (8.9)

9.2 (9.4)

10.3 (9.5)

9.4 (8.7)

9 (1-37)

8 (1-57)

9 (1-47)

6.3 (6.4)

6.7 (6.5)

6.4 (6.4)

NR

8.0 (7.5)

7.6 (7.5)

NR

9.8 (7.2)

8.7 (6.8)

NR

NR

10.1 (8.1)

11.0 (6.8)

Duration of Knee
Osteoarthritis, ya

24

12

36

12

36

24

24

12

24

36

Follow-up,
mo

Joint space width

WOMAC pain

WOMAC pain and
physical function,
joint space width

WOMAC pain

WOMAC pain and
physical function,
joint space width

WOMAC pain

WOMAC pain and
physical function,
joint space width

VAS global knee pain

WOMAC pain and
physical function

WOMAC pain and
physical function,
joint space width

Outcome
Measure

(continued)

Unclear; unclear; low;
low; high; low; unclear

Low; low; low; high;
high; low; high

Low; low; low; unclear;
low; unclear; unclear

Low; unclear; low;
unclear; low; unclear;
unclear

All low

All low

Low; low; low; high; low;
unclear; high

Low; low; low; low; low;
unclear; low

Low; low; low; low; low;
high; low

Low; low; low; low; low;
unclear; low

Cochrane Collaboration
Risk of Biasd
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33 (48)

63.7 (10.0)
64.3 (11.0)

29.2 (3.8)

28.7 (6.0)

29.5 (5.0)

NR

NR

26.3 (4.0)

28.3 (4.9)

29.2 (4.0)

29.0 (3.9)

1-3

NR

1-3

2-3

NR

NR

2-3

Gradec

NR

7.4 (5.9)

5.9 (6.4)

NR

NR

NR

5 (0.1-50.0)f

10.0 (9.4)

9.0 (9.0)

9.7 (10.3)

10.2 (9.2)

10.1 (9.4)

Duration of Knee
Osteoarthritis, ya

24

24

12

12

12

48

24

Follow-up,
mo

WOMAC pain and
physical function

VAS pain during
motion

VAS global knee pain,
joint space width

WOMAC pain

WOMAC pain and
physical function,
joint space width

VAS global knee pain

WOMAC pain and
physical function

Outcome
Measure

Low; low; low; unclear;
low; low; unclear

Low; low; low; high; low;
unclear; high

Low; low; low; low; low;
unclear; low

Low; low; high; low; low;
high; high

Low; unclear; low; low;
low; low; unclear

Unclear; unclear; low;
unclear; high; unclear;
high

Unclear; unclear; low;
low; high; high; unclear

Cochrane Collaboration
Risk of Biasd

Data expressed as mean (SD) or median (range).

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

The Kellgren and Lawrence classification83 grades radiographic abnormalities at the tibiofemoral joint as:
grade 0, no radiographic abnormalities; grade 1, doubtful joint space narrowing with possible osteophyte
formation; grade 2, possible joint space narrowing with definite osteophyte formation; grade 3, definite
joint space narrowing, moderate osteophyte formation, some sclerosis, and possible deformity of bone ends;
grade 4, severe joint space narrowing, large osteophyte formation, marked sclerosis, and definite deformity
of bone ends.

Risk of bias tool domains: random sequence generation; allocation concealment; blinding of participants,
personnel, assessments; incomplete outcome data addressed; selective outcome reporting; other potential
threats; and overall, respectively. The overall risk of bias was considered low if risk of bias was low in all of the

a

b

c

d

Demographic data pooled for all treatment groups.
Extracted as primary outcome (instead of WOMAC pain) as recommended by Fransen et al.46
Control group consisted of no treatment and was considered an oral placebo for this analysis.
PG-116800 is a matrix metalloproteinase inhibitor.
Included data from the same trial in both articles, but they considered different outcomes with different
numbers of eligible patients. Therefore, they are reported as separate studies in this Table and throughout the
article, including for the calculation of the total number of patients considered.

f
g
h
i
j

Data are from 2 parallel studies conducted in the United States and Canada (North America; NA) and in the
European Union (EU). Demographic information is reported separately for NA (n = 1232) and EU (n = 1251) but
pooled for all interventions.

42 (63)

58.8 (10.1)

60.3 (11.4)

63.2 (9.1)

63.7 (8.1)

62.8 (5.9)

62.7 (5.9)

63.8 (8.3)

62.9 (8.8)

NR

NR

BMIa,b

e

69
67

Placebo

Vitamin E, 500 IU/d

68 (75)

66 (75)

43 (80)

46 (82)

57 (58)

59 (61)

49 (54)

56 (58)

63.2 (8.1)

61.0 (27-87)f

572 (70)f

64 (65)

56.7 (10.7)

56.3 (8.8)

56.7 (10.5)

84 (65)

92 (73)

92 (69)

57.6 (10.6)

56.9 (9.8)

Age, ya

first 4 domains (considered the key domains); unclear if risk of bias was unclear in 1 or 2 of the 4 key domains;
and high if risk of bias was high in 1 or more of the key domains or unclear in 3 or more of the key domains.

88
90

Acetaminophen, 650 mg 4 times/d

Naproxen, 375 mg twice/d

60
60

Placebo

100

Betamethasone, 1 mL (5.0 mg and
2.0 mg; 2 IA injections 4 wk apart)

Chondroitin sulfate, 800 mg/d

100

Hyaluronic acid, 2.5 mL in 1% solution
(1 IA injection/wk for 5 wk)

90

202

Indomethacin, 25 mg 3 times/d

Risedronate, 15 mg/d

307

Tiaprofenic acid, 300 mg twice/d

99

303

Placebo

96

129

Glucosamine (500 mg) and chondroitin
(400 mg) 3 times/d

Risedronate, 5 mg/d

126

Chondroitin sulfate, 400 mg 3 times/d

Placebo

134

Glucosamine, 500 mg 3 times/d

93 (65)

86 (66)

Women,
No. (%)

Abbreviations: BMI, body mass index; IA, intra-articular; NR, not reported; VAS, visual analog scale;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Wluka
et al,82
2002

Williams
et al,81
1993

Uebelhart
et al,80
2004

Trueba
Davalillo
et al,79
2015

Spector
et al,78
2005

Scott
et al,77
2000

131
142

Placebo

Sawitzke
et al,76
2010j

No. of
Patients

Celecoxib, 200 mg/d

Type of Intervention and Dose

Source

Table. Characteristics of Trials Included in the Analysis and Summary Trial Quality Assessment (continued)
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Figure 2. Forest Plot for the Estimates of Long-term Treatment Effects of Interventions on Knee Pain

Type of Intervention

No. of
Trials

No. of
Patients

Favors Active
Treatment

Mean Difference
(95% CrI)

Favors
Placebo

Analgesics
Acetaminophen

1

27

7.00 (–10.86 to 23.95)

1

59

2.13 (–1.66 to 5.96)

Antioxidants
Vitamin E
Bone-acting agents
Calcitonin

1

695

–2.25 (–4.58 to 0.08)

Risedronate

3

2087

–0.77 (–2.48 to 0.90)

Strontium ranelate

1

899

–2.11 (–4.51 to 0.29)

Vitamin D

2

310

–2.73 (–6.50 to 0.99)

Zoledronic acid

1

29

–0.64 (–14.14 to 12.65)

Intra-articular hyaluronate and corticosteroid injections
Hyaluronic acid

12

1051

Betamethasone

1

98

23.04 (17.16 to 28.71)

Methylprednisolone

1

60

–1.90 (–10.57 to 6.96)

Triamcinolone

2

103

3.30 (–1.05 to 7.64)

Hyaluronic acid plus betamethasone

1

35

–4.45 (–9.57 to 0.64)

Hyaluronic acid plus methylprednisolone

1

169

2.20 (–4.19 to 8.61)

Hyaluronic acid plus triamcinolone

1

16

–11.79 (–27.72 to 4.18)

–1.97 (–5.56 to 1.53)

Nonsteroidal anti-inflammatory drugs
Celecoxib

3

690

–4.93 (–10.23 to 0.30)

Diclofenac

5

1090

–0.58 (–6.81 to 5.54)

Etofenamate

1

29

3.18 (–8.48 to 14.75)

Etoricoxib

2

780

–3.40 (–10.92 to 4.05)

Indomethacin

1

202

1.07 (–5.38 to 7.47)

Licofelone

1

147

–1.82 (–12.19 to 8.51)

Naproxen

4

659

–2.98 (–11.21 to 5.22)

Nimesulide

1

183

–2.76 (–12.28 to 6.83)

Rofecoxib

2

979

2.25 (–4.37 to 8.82)

Tiaprofenic acid

1

307

–1.67 (–7.58 to 4.11)

Symptomatic slow-acting drugs in osteoarthritis and putative disease-modifying agents
Chondroitin sulfate

5

731

–1.47 (–4.21 to 1.27)

Cindunistat

1

971

–0.94 (–3.10 to 1.22)

Diacerein

1

85

–1.07 (–8.13 to 5.94)

Glucosamine sulfate

2

207

–4.07 (–6.99 to –1.18)

Glucosamines

3

325

–2.54 (–6.59 to 1.55)

Glucosamines plus chondroitin sulfate

2

280

–3.85 (–8.72 to 0.87)

Sprifermin

1

122

10.86 (5.28 to 16.48)
–30

–20

–10

0

10

20

Mean Difference (95% CrI)

for assessing risk of bias. In contrast, 14 trials (30%) were at
high risk of bias. A quantitative synthesis of the evidence
through a network meta-analysis was deemed appropriate
given the comparability in study design, outcome measures,
patients involved, and inclusion and exclusion criteria.
Homogeneity and consistency assumptions were confirmed.

Primary Outcome
There were 31 pharmacological interventions. Of the 42 trials
assessing pain, the most common outcome measure was
WOMAC pain in 27 trials (64%), followed by VAS global knee
pain in 7 trials (17%), and another VAS measure of pain in 8 trials
(19%) (Table). The network plot for the primary outcome of
knee pain appears in eFigure 1A in Supplement 2. There was a
large amount of uncertainty around all the estimates and there
was no association with improvement in pain (decrease) for
29 of the 31 interventions studied.
jama.com

30

Estimates are expressed on a 0 to
100 scale. Point estimates refer to
the posterior mean. The bars indicate
95% credibility intervals (CrIs).

Associations with pain decrease were found for the
NSAID celecoxib (SMD, −0.18 [95% CrI, −0.35 to −0.01]) and
the symptomatic slow-acting drug in osteoarthritis glucosamine sulfate (SMD, −0.29 [95% CrI, −0.49 to −0.09];
eFigure 2 in Supplement 2). When the data were analyzed as
a mean difference on a normalized scale from 0 to 100, celecoxib was no longer associated with improvement (decrease)
in pain (mean difference, −4.93 [95% CrI, −10.23 to 0.30]),
but the association of glucosamine sulfate with decreased
pain remained (mean difference, −4.07 [95% CrI, −6.99 to
−1.18]; Figure 2). When studies at high risk of bias were
excluded (network plot appears in eFigure 1B in Supplement
2), there was no longer an association of celecoxib with
improved pain, but glucosamine sulfate remained associated
with pain improvement (SMD, −0.29 [95% CrI, −0.49 to
−0.10] and mean difference, −4.10 [95% CrI, −7.14 to −1.12];
Figure 3 and eFigure 3 in Supplement 2).
(Reprinted) JAMA December 25, 2018 Volume 320, Number 24
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Figure 3. Forest Plot for the Estimates of Long-term Treatment Effects of Interventions on Knee Pain
That Excluded Trials at High Risk of Bias

Type of Intervention

No. of
Trials

No. of
Patients

Favors Active
Treatment

Mean Difference
(95% CrI)

Favors
Placebo

Antioxidants
Vitamin E

1

59

2.13 (–1.77 to 6.08)

Bone-acting agents
Calcitonin

1

695

–2.24 (–4.73 to 0.22)

Risedronate

2

2047

–0.93 (–2.70 to 0.85)

Strontium ranelate

1

899

–2.11 (–4.55 to 0.34)

Vitamin D

2

310

–2.73 (–6.48 to 1.00)
–1.68 (–5.67 to 2.25)

Intra-articular hyaluronate and corticosteroid injections
Hyaluronic acid

5

605

Triamcinolone

1

70

3.50 (–1.41 to 8.44)

Hyaluronic acid plus triamcinolone

1

16

–11.91 (–28.71 to 5.11)

Celecoxib

3

690

–4.81 (–10.26 to 0.55)

Diclofenac

4

860

–0.47 (–6.85 to 5.82)

Etoricoxib

2

780

–3.28 (–11.04 to 4.40)

Licofelone

1

147

–1.66 (–12.08 to 8.68)

Naproxen

3

624

–2.82 (–11.38 to 5.71)

Nimesulide

1

183

–2.53 (–12.38 to 7.31)

Rofecoxib

1

516

2.12 (–4.93 to 9.27)

Nonsteroidal anti-inflammatory drugs

Symptomatic slow-acting drugs in osteoarthritis and putative disease-modifying agents
Chondroitin sulfate

5

731

–1.31 (–4.17 to 1.50)

Cindunistat

1

971

–0.92 (–3.17 to 1.34)
–0.90 (–8.16 to 6.45)

Diacerein

1

85

Glucosamine sulfate

2

207

–4.10 (–7.14 to –1.12)

Glucosamines

2

286

–1.81 (–6.56 to 2.95)

Glucosamines plus chondroitin sulfate

2

280

–3.60 (–8.31 to 1.09)

Sprifermin

1

122

10.78 (5.16 to 16.40)
–30

–20

–10

0

10

20

30

Mean Difference (95% CrI)

Among the high-quality trials, glucosamine sulfate had the
highest probability of being the best long-term treatment
(SUCRA value of 0.92 compared with 0.79 for celecoxib;
Figure 4). The SUCRA and rankogram plots appear in eFigures 4-4C in Supplement 2. The intra-articular injection combination of hyaluronic acid with triamcinolone had a SUCRA
value of 0.88. However, there was only 1 trial for this combined intervention and the results were limited by wide 95%
CrIs (Figure 3). The 2 interventions administered alone (hyaluronic acid and triamcinolone) had lower SUCRA values
(Figure 4). When all trials were included, the SUCRA and rankogram plots followed a similar pattern (eFigures 5-5C in
Supplement 2).
In pairwise comparisons within the network of highquality trials (eTable 3 in Supplement 2), glucosamine sulfate
was associated with improved pain compared with some
NSAIDs (ie, diclofenac and rofecoxib) and other compounds
(eg, chondroitin sulfate), whereas other pairwise comparisons were not different from each other. Rofecoxib (which
was withdrawn by the manufacturer in 2004) was associated
with less improvement in pain compared with most NSAIDs
and compared with other cyclooxygenase-2 selective agents
(eg, celecoxib and etoricoxib). Pairwise comparisons when all
trials were included appear in eTable 4 in Supplement 2.
2574

Secondary Outcomes
The secondary outcome results for the associations of longterm treatment efficacy compared with placebo were limited
by considerable uncertainty. Data for physical function could
be retrieved for 13 pharmacological interventions (eFigure 6
in Supplement 2). Compared with placebo, glucosamine sulfate was associated significantly with improvement in physical function (SMD, −0.32 [95% CrI, −0.52 to −0.12]; eFigure 7
in Supplement 2). The remaining interventions were not associated significantly with improved physical function.
Sixteen interventions were studied for their association
with change in joint structure (eFigure 9 in Supplement 2).
The following 3 interventions were significantly associated
with improvement in JSN compared with placebo: glucosamine sulfate (SMD, −0.42 [95% CrI, −0.65 to −0.19]; mean
difference, 0.27 mm [95% CrI, 0.12 to 0.42 mm]), chondroitin
sulfate (SMD, −0.20 [95% CrI, −0.31 to −0.07]; mean difference, 0.16 mm [95% CrI, 0.07 to 0.25 mm]), and strontium
ranelate (SMD, −0.20 [95% CrI, −0.36 to −0.05]; mean difference, 0.12 mm [95% CrI, 0.01 to 0.23 mm]) (eFigure 10 and
eTable 7 in Supplement 2).
Glucosamine sulfate had the highest probability to be the
best treatment for physical function based on the SUCRA value
(eFigures 8-8C in Supplement 2). Glucosamine sulfate also was
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Figure 4. Surface Under the Cumulative Ranking Curve for Knee Pain That Excluded Trials at High Risk of Bias

Type of Intervention

No. of
Trials

Mean (95% CrI)

Glucosamine sulfate

2

Hyaluronic acid plus triamcinolone

1

0.88 (0.14-1.00)

Celecoxib

3

0.79 (0.41-0.95)

Vitamin D

2

0.68 (0.18-0.95)

Glucosamines plus chondroitin sulfate

2

0.66 (0.23-0.95)

Calcitonin

1

0.66 (0.27-0.95)

Strontium ranelate

1

0.62 (0.27-0.91)

Etoricoxib

2

0.60 (0.23-0.95)

Glucosamines

2

0.56 (0.18-0.91)

Naproxen

3

0.55 (0.14-0.95)

Nimesulide

1

0.52 (0.09-1.00)

Hyaluronic acid

5

0.52 (0.14-0.86)

Chondroitin sulfate

5

0.50 (0.18-0.82)

Diacerein

1

0.48 (0.09-0.95)

Cindunistat

1

0.48 (0.14-0.82)

Licofelone

1

0.46 (0.05-0.95)

Risedronate

2

0.45 (0.18-0.77)

Diclofenac

4

0.37 (0.14-0.77)

Placebo

0.92 (0.59-1.00)

21

0.33 (0.14-0.55)

Rofecoxib

1

0.19 (0.05-0.59)

Vitamin E

1

0.16 (0-0.77)

Triamcinolone

1

0.12 (0-0.59)

Sprifermin

1

0.01 (0-0.09)
0

0.2

0.4

0.6

0.8

1.0

Mean (95% CrI)

associated with improved physical function in pairwise comparisons with several of the treatments considered (eTable 5
in Supplement 2), including other glucosamines and their combination with chondroitin sulfate. Vitamin D had the next highest SUCRA value, but it had a small SMD. For the outcome of
JSN, glucosamine sulfate had the highest probability to be the
best treatment based on the SUCRA value (eFigures 11-11C in
Supplement 2) and it was associated with joint structure improvement compared with most other treatments (eTable 8 in
Supplement 2). The next highest SUCRA value was for chondroitin sulfate and strontium ranelate. Results for the secondary outcomes were similar when trials at high risk of bias were
excluded (eTables 6 and 9 in Supplement 2).

Sensitivity Analyses
The sensitivity analyses were consistent with the results of the
main analysis (eTables 10-10B2 in Supplement 2). The results
did not change when the analyses for all interventions on the
3 outcomes were restricted to studies using only an oral placebo or an intra-articular injection placebo, when the analyses were limited to blinded studies, when imputation methods were not applied, or when alternative statistical methods
were used.

Discussion
In this systematic review and network meta-analysis of longterm (≥12 months) trials, celecoxib (an NSAID) and glucosamine sulfate (a symptomatic slow-acting drug in osteoarthritis) were associated with improvement in pain, but the
jama.com

The surface under the cumulative
ranking curve would be 0 when a
treatment is certain to be the worst
and 1 when a treatment is certain to
be the best.27 The bars indicate 95%
credibility intervals.

association for celecoxib was small and was no longer observed in a subgroup analysis of high-quality trials. Both celecoxib and glucosamine sulfate were associated with large uncertainty in the estimates compared with placebo. Glucosamine
sulfate was associated with improvement in the secondary outcomes of physical function and joint structure.
NSAIDs are the most widely used medications for
osteoarthritis.84 They are associated with a moderate effect
on pain compared with placebo or acetaminophen in RCTs
with a duration of 12 weeks or less, 85,86 and are recommended by international guidelines.5,6 However, they are
recommended for short-term or intermittent use due to
safety considerations.87 In the present meta-analysis, celecoxib was the only NSAID associated with long-term pain
improvement, but the SMD was small and the association
was not observed after trials at high risk of bias were
excluded from the analyses, or when the results were based
on a scale from 0 to 100.
There was no association of celecoxib with improved
physical function. Celecoxib is associated with better longterm gastrointestinal tolerability than nonselective NSAIDs
and is not associated with a higher risk of cardiovascular
events than nonselective NSAIDs.88 Nevertheless, given persistent safety concerns vs placebo, the small association with
benefit, and the lack of an association of other NSAIDs with
improved outcomes in the data reported herein, it may be
premature to recommend any NSAID beyond short-term or
intermittent treatment. None of the NSAIDs were associated
with improvement in JSN.
Glucosamine sulfate was consistently associated with
improvement in pain, physical function, and JSN. Other
(Reprinted) JAMA December 25, 2018 Volume 320, Number 24
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glucosamines were not associated with benefit. This finding
is consistent with previously published conventional metaanalyses that mainly included short-term studies.9,34,35 Glucosamine sulfate had a small to moderate effect size.
The combination of intra-articular injections of hyaluronic acid and corticosteroids had a moderately beneficial
but highly variable association with pain. A previous conventional meta-analysis89 showed a different trajectory of intraarticular injections of corticosteroids compared with intraarticular injections of hyaluronic acid for their association with
knee osteoarthritis pain improvement. Intra-articular injections of corticosteroids were associated with greater benefit
during the first few weeks of treatment and intra-articular injections of hyaluronic acid were associated with greater benefit at 3- and 6-month follow-up.
However, the results reported herein show no association of hyaluronic acid with long-term pain improvement.
Intra-articular injections of corticosteroids are currently used
for acute exacerbation of knee osteoarthritis. The results reported herein showed no association of intermittent injections with improvement in pain over long-term follow-up.
Acetaminophen is an inexpensive analgesic,5 but it was not associated with long-term pain improvement in the present
study. Moreover, current practice guidelines question its
safety long term.6,87
In the secondary analyses, glucosamine sulfate was
associated with improvement in JSN, followed by chondroitin sulfate and strontium ranelate. An international task
force87 has recommended prescription-grade glucosamine
sulfate or chondroitin be used as a first step in the long-term
pharmacological management of knee osteoarthritis. There
was no association with long-term improvement in symptoms with chondroitin.
Strontium ranelate is approved only in Europe for osteoporosis, and its use is currently restricted due to cardiovascular safety concerns. Bone-acting agents are tested in osteoarthritis RCTs because of their potential benefit in subchondral
bone turnover.90 However, none of the other bone-acting
agents showed an association with improvement in JSN. The
same was true for other medications, including putative
disease-modifying drugs in osteoarthritis.
However, the data on sprifermin should be considered
with caution because the compound is under development
as a potential disease-modifying drug based on magnetic
resonance imaging structural parameters. Future drug trials
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are likely to use magnetic resonance imaging to detect joint
structure changes in osteoarthritis because radiological measures of JSN have limitations91 and the clinical significance of
joint structure changes on imaging is debated within the scientific community.

Limitations
This study has several limitations. First, there was large uncertainty regarding all the estimates. Second, although 47 longterm RCTs were retrieved, including approximately 22 000 patients and studying a large number of drug classes, only 13 of
33 interventions were studied in 2 or more trials and there were
relatively few direct comparisons.
Third, fewer than 60% of trials included more than 100 participants per group, which may introduce bias due to small
study effects. Fourth, 30% of the studies were of low methodological quality and had features of high risk of bias. A subgroup analysis excluding these studies resulted in the loss of
a significant association of celecoxib with improvement in pain.
Fifth, data were pooled from the longest available
follow-up after at least 12 months. However, evidence from
some of the included trials48,51,63,66,76 that had repeated measurements showed that pain patterns stabilized after 12 months.
Therefore, it may be reasonable to combine data irrespective
of study duration after 12-month follow-up.
Sixth, the SUCRA curve was used to estimate a ranking
probability of comparative effectiveness between the different therapies, but it has limitations and the results should be
interpreted with caution. Seventh, safety was not an outcome measure in the present study.
Eighth, this network meta-analysis did not consider nonpharmacological or procedure-based interventions. In these
types of studies, blinding, randomization, and finding a suitable control are more difficult and this often results in shortterm or small studies.92

Conclusions
In this systematic review and network meta-analysis of studies of patients with knee osteoarthritis and at least 12 months
of follow-up, there was uncertainty around the estimates of
effect size for change in pain for all comparisons with placebo. Larger RCTs are needed to resolve the uncertainty around
efficacy of medications for knee osteoarthritis.
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