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ABSTRACT
Objective To determine if the dietary supplements,
glucosamine and/or chondroitin, result in reduced joint
space narrowing ( JSN) and pain among people with
symptomatic knee osteoarthritis.
Methods A double-blind randomised placebo-controlled
clinical trial with 2-year follow-up. 605 participants, aged
45–75 years, reporting chronic knee pain and with
evidence of medial tibio-femoral compartment narrowing
(but retaining >2 mm medial joint space width) were
randomised to once daily: glucosamine sulfate 1500 mg
(n=152), chondroitin sulfate 800 mg (n=151), both
dietary supplements (n=151) or matching placebo
capsules (n=151). JSN (mm) over 2 years was measured
from digitised knee radiographs. Maximum knee pain (0–
10) was self-reported in a participant diary for 7 days
every 2 months over 1 year.
Results After adjusting for factors associated with
structural disease progression (gender, body mass index
(BMI), baseline structural disease severity and Heberden’s
nodes), allocation to the dietary supplement combination
(glucosamine–chondroitin) resulted in a statistically
signiﬁcant (p=0.046) reduction of 2-year JSN compared
to placebo: mean difference 0.10 mm (95% CI 0.002 mm
to 0.20 mm); no signiﬁcant structural effect for the single
treatment allocations was detected. All four allocation
groups demonstrated reduced knee pain over the ﬁrst
year, but no signiﬁcant between-group differences
(p=0.93) were detected. 34 (6%) participants reported
possibly-related adverse medical events over the 2-year
follow-up period.
Conclusions Allocation to the glucosamine–chondroitin
combination resulted in a statistically signiﬁcant reduction
in JSN at 2 years. While all allocation groups
demonstrated reduced knee pain over the study period,
none of the treatment allocation groups demonstrated
signiﬁcant symptomatic beneﬁt above placebo.
Trial Registration ClinicalTrials.gov identiﬁer:
NCT00513422; http://www.clinicaltrials.gov
Osteoarthritis (OA) continues to be one of the
leading causes of ‘years lived with disability’ worldwide.1 2 Symptomatic knee OA is highly prevalent
among people aged 50 years and over in most parts
of the world.3 To date there is no known cure for
OA and no intervention has been unequivocally
demonstrated to slow disease progression or delay
time to joint replacement surgery.

Glucosamine and chondroitin are naturally
occurring compounds in the body; they are the
principal substrates in the biosynthesis of proteoglycan, a compound essential for maintaining cartilage
integrity. While glucosamine and chondroitin were
developed as prescription drugs for OA in Europe
and Asia, in the USA and Australia they are available as over-the-counter products. Glucosamine
and/or chondroitin are purchased by many people
in the hope that these supplements will relieve joint
pain and slow the rate of joint destruction and cartilage loss. In the population-based ‘The 45 and UP
Study’ of more than 260 000 people in New South
Wales, Australia, 22% reported using glucosamine
‘in the past month’.4
A Cochrane systematic review evaluating the
effects of glucosamine identiﬁed 25 randomised
clinical trials, and concluded that only studies using
the original prescription formulation of glucosamine
sulfate showed superiority against placebo on pain
and function.5 For chondroitin, a recent systematic
review of 20 controlled trials determined that ‘no
robust evidence supports the use of chondroitin in
osteoarthritis’ as trial quality was generally poor.6 A
later review demonstrated a small but signiﬁcant
reduction in joint space narrowing ( JSN) in a
pooled analysis of three studies of at least 2 years’
duration.7 The GAIT study, which is the only published large randomised clinical trial evaluating a
glucosamine hydrochloride–chondroitin sulfate
combination regimen for symptomatic knee OA,
found no overall long-term symptomatic or signiﬁcant structural beneﬁt.8 9 However, an exploratory
analysis of participants with moderate to severe pain
at baseline did suggest symptomatic beneﬁt from the
glucosamine–chondroitin combination.
International guidelines for the management of
OA remain equivocal in their recommendations for
glucosamine and chondroitin.10 11 Signiﬁcant heterogeneity of outcomes and considerable evidence
of publication bias favouring positive studies has
been noted.10 However these dietary supplements,
taken either singly or in combination, remain very
popular among people with joint problems. The
primary objective of the Long-term Evaluation of
Glucosamine Sulfate (LEGS) study is to determine
whether glucosamine sulfate, chondroitin sulfate
or the combination of both of these dietary
supplements, limit or reduce structural disease
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progression (cartilage loss) or provide pain relief to people with
chronic knee pain due to OA.

METHODS
We undertook a double-blind randomised placebo-controlled
trial, the LEGS study. Participants were recruited through
general media advertising and primary care centres in New
South Wales, Australia, over a period of two years (2007–2009).
Informed consent was obtained from all study participants and
approval for the study was granted by the Human Research
Ethics Committee, University of Sydney (No 8821). The LEGS
study was registered with ClinicalTrials.gov (NCT00513422).

Participants
Potential participants were initially screened by telephone to
conﬁrm: knee pain for more than 6 months; knee pain on most
days of the past month (or taking analgesics); not having
rheumatoid arthritis, bilateral knee replacements or unstable
diabetes; no allergy to shellﬁsh; no lower limb surgery in the
past 6 months; not planning to have a knee replacement in
the next year; no intra-articular injection for knee pain in the
past 3 months; and ‘worst pain’ experienced in left and right
knee over the past week rated as 4 or more on a scale of 0–10.
Individuals with diabetes or taking warfarin were provided with
written advice encouraging increased vigilance with glucose or
INR monitoring.
Weight-bearing magniﬁcation-controlled semi-ﬂexed radiographs were taken of both knees at one of four speciﬁc radiology
centres,12
using
the
strictly
standardised
metatarsophalangeal protocol and foot maps.13 The study
protocol allowed a single repeat, increasing the angulation of
the beam, if the medial tibial inter-rim distance (TIRD) was
>2.0 mm.14 To be eligible, a sufﬁciently symptomatic knee
needed to demonstrate reduced medial tibio-femoral compartment joint space width, compared with the lateral compartment,
but retain at least 2.0 mm minimum medial joint space width.

Clinic assessment (baseline, year 1, year 2)
On each assessment occasion height, weight, history of knee
surgery or signiﬁcant trauma, self-reported presence of pain or
‘arthritis’ in other joints, presence of Heberden’s nodes,
responses
to
the
Self-Administered
Co-morbidity
Questionnaire15 and all current medications were evaluated.
Knee pain and physical function was assessed using the Western
Ontario and McMaster Universities (WOMAC) OA Index, a
well validated, disease-speciﬁc questionnaire which includes two
subscales—pain (0–20) and physical function (0–68)—with
higher scores indicating greater pain or loss of physical function.16 Health-related quality of life was measured using the
Medical Outcomes Study Short Form (SF-12v2) questionnaire,
which provides two summary measures: the Physical
Component Summary Scale Score (PCS) and the Mental
Component Summary Scale Score (MCS).17 The PCS and MCS
are population norm-based scores with a mean (SD) of 50 (10),
higher scores indicating better health-related quality of life.
Participants also completed a 50-foot walk time, with the
instruction to ‘walk as fast as you safely can’.18

Run-in, randomisation and masking
On completion of the baseline assessment, potential participants
were provided with a 2-week supply of placebo study capsules
(blinded to content) and the 7-day LEGS study participant
diary. Only participants returning a completed 7-day participant
diary and conﬁrming ongoing study commitment were
2

randomised. The randomisation schedule was based on randomly permuted blocks of different sizes generated by an independent statistician and placed in a password-protected ﬁle
unavailable to study staff responsible for screening and recruitment. All assessments were conducted by researchers blinded to
treatment allocation.

Study treatments
In this 2×2 factorial design clinical trial, all participants were
randomly assigned (1 : 1) to take, once daily, two capsules each
of: glucosamine sulfate potassium chloride or matching placebo;
and chondroitin sulfate or matching placebo. Each glucosamine
sulfate capsule contained 753 mg glucosamine sulfate as a watersoluble white powder. Each chondroitin capsule contained
400 mg of bovine-derived, low molecular weight chondroitin
sulfate. The chondroitin was manufactured by TSI Health
Sciences (Australia) in accordance with the Therapeutic Goods
Administration (TGA) of Australia requirements to minimise the
risk of transmitting transmissible spongiform encephalopathies.
Placebo capsules were indistinguishable from their active comparator in look, taste, smell and packaging. All other study treatment capsules (including placebo) were supplied by
Sanoﬁ-Aventis Consumer Healthcare (formerly Symbion
Consumer) and manufactured under Good Manufacturing
Practice conditions where the quality reference for ingredients is
the United States Pharmacopoeia. Chemical analysis of purity
and active ingredient content of a randomly selected sample of
the active study treatment capsules was conducted by an independent laboratory (Chemika, Australia) immediately after delivery of each batch of study treatment capsules to the dispatching
centre. At each analysis, purity and stated active ingredient
content was conﬁrmed. Participants were contacted by telephone or email every 2 months to verify delivery address and
report any medical adverse events.

Participant diary
The 7-day participant diary was sent every 2 months with the
study treatment capsules for 2 years (see online supplementary
appendix S1). Participants were to start reporting on the day the
participant diary was received:
▸ At its worst, how much pain did you have in your knee
today?’ (numeric rating scale, 0–10). The maximum score
recorded over 7 days was used.
▸ Considering all the ways your knee arthritis affects you, how
would you say your knees are today? (excellent 0, very good
1, good 2, fair 3, poor 4). The average score over 7 days was
dichotomised with values >2.5 designated a ‘poor’ global
assessment.
▸ Did you participate in any moderate or vigorous recreational
exercise that lasted longer than 20 min today? (yes/no). Less
than 5 of the 7 recorded days participation was considered
‘inadequate’ recreational exercise.

Main outcomes
Disease progression

Medial tibio-femoral JSN was evaluated from the three annual
knee radiographs. Minimum medial tibio-femoral joint space
width (mm) was measured using digitised image analysis software (Holy’s software, UCLB, Lyon, France) for each participant at one time by an assessor (MF) blinded to treatment
allocation, but not date sequence (baseline, year 1, year 2).19 It
was decided, a priori, that for valid estimates of JSN, a TIRD of
≤1.7 mm at each time point was required for an x-ray to be
included in JSN analyses. We also chose a rigorous cut-point of
Fransen M, et al. Ann Rheum Dis 2014;0:1–8. doi:10.1136/annrheumdis-2013-203954
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≤0.2 mm difference in TIRD between two x-ray time points
(baseline to year 2; baseline to year 1; year 1 to year 2) as the
second inclusion criteria for a valid assessment of JSN.20

Knee pain
A mean of the maximum knee pain score (0–10) for each of the
six bimonthly participant diaries collected during year 1 was the
main symptomatic outcome.

Statistical issues
Two independent primary outcomes are considered in this
study: the medial tibio-femoral JSN measured at 2 years, and a
0–10 point pain scale, a symptomatic outcome measured over
12 months. We made the following assumptions: JSN mean
(SD) is 0.25 (0.45) mm in the placebo group, the use of either
glucosamine or chondroitin alone lowers the mean JSN to
0.13 mm; baseline mean (SD) pain score is 5 (2.5) in the
placebo group, the use of either dietary supplement results in a
20% reduction in pain. The sample size calculation is based on
a 2-way analysis of variance (F-test) with two-sided α=0.05,
power (1−β) >80% for any of the two main effects.
Furthermore, we assumed an additive model without interaction. Under these conditions a sample size of 440 (4×110) is
needed. After adjustment for loss to follow-up and nonadherence, a sample size of 608 (4×152) was considered necessary. This calculation is essentially driven by JSN ( power
achieved for the pain score is >90%).
We conducted F-tests, the Kruskal–Wallis test and Pearson’s
χ2 test across treatment groups on JSN, knee pain and the secondary outcomes (WOMAC pain, WOMAC physical function,
SF12-PCS, SF12-MCS, 50-foot walk time) where appropriate.
We examined JSN among treatment groups unadjusted and then
adjusted for factors associated with disease progression9 such as
gender, body mass index (BMI), baseline joint space width,
Kellgren–Lawrence (KL) grade <221 and the presence of
Heberden’s nodes using standard regression techniques. It has
been recently demonstrated that a JSN ≥7% over 2 years was
highly predictive of knee replacement surgery within the next
2–5 years.22 The number needed to treat (NNT) to avoid this
outcome will be calculated. Following OARSI-OMERACT
recommendations, the proportion of participants demonstrating
>0.5 mm JSN over 2 years will also be reported as a further secondary analysis of structural disease progression.
For maximum knee pain (bimonthly participant diary), adjustment for baseline pain and repeated measurements over time was
done using a linear mixed model with subject as random effect.
All analysis were carried out at the 5% level of signiﬁcance and
analyses of both primary outcomes were on an intention-to-treat
basis: valid available sets of x-rays were analysed regardless of
treatment completion or adherence, with no imputation of
missing data; conversely, the last-observation-carried-forward
approach was adopted for symptomatic results. Statistical analysis
was carried out using R V.2.14.2 (http://www.r-project.org/).

RESULTS
From an initial 2288 telephone enquiries, 605 people proceeded
to randomisation (October 2007–November 2009) (ﬁgure 1).
A total of 502 (83%) participants completed both the year 1
and year 2 clinic assessments (ﬁgure 1) by November 2011. Of
the 502 participants with complete clinic assessment follow-up,
23 (5%) had withdrawn from study treatment over the 2-year
period: placebo (n=11), glucosamine (n=3), glucosamine–chondroitin (n=5), chondroitin (n=4). The completed participant
diary returns ranged from 98% for participant diary 1 to 80%
Fransen M, et al. Ann Rheum Dis 2014;0:1–8. doi:10.1136/annrheumdis-2013-203954

for participant diary 6 (end of year 1) and 77% for participant
diary 12 (end of year 2), with no difference between the allocation groups.
At baseline, the mean age of participants was 60 years; just
over 50% were female and 36% were obese (table 1). The
majority of participants were aged 50 years and over (90%) and
fulﬁlled, for the study knee, American College of Rheumatology
clinical criteria for the diagnosis of knee OA. About half of the
participants had only mild radiographic disease (KL grade <2)
in their study knee.21 A total of 449 (74%) study participants
reported at least 90% treatment adherence to four capsules
daily over the 2-year study period. At the ﬁnal clinical assessment, participants were asked if they considered they had been
allocated to active (single or double) or placebo capsules. Of the
499 participants responding, 233 (47%) reported ‘don’t know’
while 168 (34%) estimated ‘active’ and 95 (19%) placebo allocation. The demonstrated proportion of true active (66%) and
true placebo (44%) estimates is approximately consistent with
the 75% active treatment and 25% double placebo treatment
allocations of our study.

Safety
During the 2-year follow-up, 126 (21%) participants withdrew
from study treatment, only 34 (6%) for possibly-related medical
events, with no major differences between the allocation groups
(ﬁgure 1). A description of the adverse events leading to withdrawal from study treatment is detailed per allocation group
(see online supplementary appendix S2).

Joint space narrowing
For the main structural outcome, 303 (50%) sets of knee x-rays
were evaluated as valid for the measurement of 2-year JSN
(table 2). There was no signiﬁcant interaction demonstrated
between the study treatments (p=0.24). There were no notable
differences between participants with and without valid 2-year
follow-up knee x-ray data in any of the baseline demographic
variables reported in table 1. A further 193 (32%) participants
had either a valid baseline and year 1, or a year 1 and year 2
x-ray set for the measurement of 1-year JSN. There was no difference in JSN (year 1 and year 2, n=496) between the four
treatment allocation groups (F test p= 0.106). Accounting for
gender, BMI, medial tibio-femoral joint space width at baseline,
KL grade and presence of Heberden’s nodes, allocation to the
combination treatment (glucosamine and chondroitin) resulted
in a statistically signiﬁcant (p=0.046) decrease in 2-year JSN of
0.10 mm (95% CI 0.00 to 0.20 mm), compared with placebo
(table 2). The 7% absolute risk reduction for ≥7% JSN found
in this study (table 2) equates to an NNT of 14, or 14 people
would need to take glucosamine–chondroitin for 2 years
to avoid one knee replacement surgery within the following
2–5-year period. There were no signiﬁcant effects on JSN for
any of the single study treatment allocations (glucosamine or
chondroitin) compared to placebo after accounting for gender,
BMI, KL grade <2, baseline joint space width or presence of
Heberden’s nodes in linear regression model analysis.

Knee pain
For the main symptomatic outcome, no signiﬁcant treatment
interaction was demonstrated between the study treatments
(p=0.57) and no signiﬁcant effect on maximum knee pain over
year 1 (diaries 1–6) was demonstrated for the three treatment
allocations, compared with placebo (table 3). Over year 2, we
observed a further reduction in maximum knee pain among all
treatment allocations. However, there were no differences
3
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Figure 1 The Long-term Evaluation
of Glucosamine Sulfate (LEGS) study.
AE, adverse medical event. Other:
ineffective treatment, too busy, overall
health, knee replacement, no reason
provided. *Not all withdrawn from
study assessments.

between the four allocations (F test p=0.494) and there was no
signiﬁcant difference in knee pain reduction between any of the
treatment groups and placebo after adjusting for baseline values
(table 3). Among the subgroup of 221 (37%) participants with
severe knee pain (≥6/10) at baseline, there were no signiﬁcant
differences with respect to their maximum knee pain or global
assessment and score across different treatment groups.

Secondary outcomes
There were no signiﬁcant differences between the four allocation
groups at year 1 or year 2 for any the secondary outcome measures (all p>0.05), except for inadequate exercise at baseline)
(table 4). Mean BMI, 50-foot walk time and the use of analgesia
4

(simple or NSAIDs/opioids) remained fairly consistent during the
2-year follow-up in all allocation groups. Knee pain and physical
function (WOMAC) improved between baseline and year 1, with
no further improvements from year 1 to year 2, in all allocation
groups.

DISCUSSION
The results of this study suggest that taking glucosamine sulfate
(1500 mg) in combination with low molecular weight chondroitin sulfate (800 mg) daily for 2 years provided a meaningful
reduction in JSN among people with symptomatic knee OA and
evidence of mostly mild radiographic disease. The mean JSN
among people allocated to the combination treatment was
Fransen M, et al. Ann Rheum Dis 2014;0:1–8. doi:10.1136/annrheumdis-2013-203954
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Table 1 Baseline demographics
Demographics

Placebo
(n=151)

Glucosamine
(n=152)

Glucosamine–chondroitin
(n=151)

Chondroitin
(n=151)

Age (years)
BMI (kg/m2)
Female
Heberden’s nodes
Knee surgery history
Co-morbidity
Diabetes
Warfarin
Hip pain
Back pain
Glucosamine past month
Study knee* KL<2
Study knee JSW (mm)
Participant diary
Knee pain (0–10)
Global assessment ‘poor’
Simple analgesics
NSAIDs/opioids

60.6 (8.1)
29.1 (5.8)
81, 54%
45, 30%
40, 26%
3.5 (3.5)
11, 7%
3, 2%
29, 19%
43, 28%
43, 28%
92, 61%
3.81 (0.96)
n=147
4.8 (2.4)
59, 40%
48, 33%
22, 15%

61.2 (7.7)
28.4 (4.7)
84, 55%
42, 28%
45, 30%
3.4 (2.8)
7, 5%
2, 1%
35, 23%
66, 43%
52, 34%
74, 49%
3.78 (1.06)
n=150
4.7 (2.4)
59, 40%
48, 32%
29, 19%

60.7 (8.4)
28.8 (6.0)
89, 59%
48, 32%
46, 30%
3.3 (3.0)
11, 7%
5, 3%
29, 19%
59, 39%
53, 35%
72, 48%
3.81 (0.95)
n=149
4.7 (2.3)
58, 39%
54, 36%
34, 23%

59.5 (8.0)
29.6 (5.4)
85, 56%
29, 19%
45, 30%
3.1 (2.8)
13, 9%
0
26, 17%
51, 34%
39, 26%
80, 53%
3.71 (0.97)
n=148
4.6 (2.4)
59, 40%
49, 33%
19, 13%

Results expressed as mean (SD) or n, %.
*Knee used for evaluation of disease progression.
BMI, body mass index; JSW, medial tibio-femoral joint space width; KL, Kellgren and Lawrence grade.

approximately half of that demonstrated in the placebo group
after 2 years of treatment. If this reduction in JSN were to be
sustained over a clinically meaningful period of OA development (eg, 10 to 15 years), then it would be very meaningful

indeed. In the experimental conditions of this study, a signiﬁcant
reduction in JSN was not achieved for glucosamine or the chondroitin alone. With the same caveat, there were no signiﬁcant
reductions in knee pain detected for glucosamine or chondroitin

Table 2 Joint space width all x-rays, joint space narrowing ( JSN) x-rays available for valid assessment of structural disease progression, mean
(SD) JSW and JSN, 95% CI difference with placebo

Joint space width
Baseline, mm (SD)
Year 1, mm (SD)
Year 2, mm (SD)
Joint space narrowing
Available x-ray sets*, n (%)
1-year follow-up only
2-year follow-up
1- and 2-year follow-up
n (%)
JSN, mm (SD)
Difference to placebo (95% CI)
Adjusted†
2-year follow-up
n (%)
JSN, mm (SD)
Difference to placebo (95% CI)
Adjusted†
n/N (%)
2-year JSN ≥7%
2-year JSN ≥0.5 mm

Placebo

Glucosamine

Glucosamine–chondroitin

Chondroitin

3.81 (0.96)
n=151
3.75 (1.03)
n=127
3.70 (1.04)
n=121

3.78 (1.06)
n=152
3.70 (1.18)
n=131
3.62 (1.22)
n=125

3.81 (0.95)
n=151
3.76 (0.96)
n=132
3.80 (1.03)
n=121

3.71 (0.97)
n=151
3.61 (1.00)
n=129
3.63 (1.06)
n=117

40, 26%
80, 53%

52, 34%
76, 50%

55, 36%
74, 49%

47, 31%
73, 48%

120 (79%)
0.18 (0.29)

128 (84%)
0.21 (0.33)
0.03 (−0.04 to 0.11)
0.02 (−0.05 to 0.10)

129 (85%)
0.12 (0.27)
−0.06 (−0.14 to 0.01)
−0.06 (−0.14 to 0.01)

120 (79%)
0.18 (0.29)
0.00 (−0.08 to 0.08)
−0.01(−0.09 to 0.07)

80 (53%)
0·22 (0·33)

76 (50%)
0·24 (0·37)
0.03 (−0.07 to 0.13)
0.01(−0.09 to 0.11)

74 (49%)
0·12 (0·25)
−0.10 (−0.20 to 0.00)
−0.10 (−0.20 to 0.00)

73 (48%)
0·20 (0·32)
−0.01 (−0.11 to 0.09)
−0·03 (−0.13 to 0.07)

23/80 (29%)
11/80 (14%)

24/76 (32%)
14/76 (18%)

16/74 (22%)
6/74 (8%)

20/73 (27%)
10/73 (14%)

*Available x-ray sets: <1.7 mm medial tibial inter-rim distance, <0.2 mm difference in tibial inter-rim distance between baseline and follow-up x-ray.
†Adjusted for gender, baseline BMI, baseline tibio-femoral joint space width, KL grade and presence of Heberden’s nodes using multiple regression model.
BMI, body mass index; JSW, medial tibio-femoral joint space width.
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Table 3

Maximum knee pain (0–10), participant diaries year 1 and year 2, mean (SD or 95% CI)
Placebo
N=151

Glucosamine
N=152

Glucosamine–chondroitin
N=151

Chondroitin
N=151

Baseline diary
Year 1, diaries 1–6
Difference (95% CI)*

4.75 (2.43)
4.14 (2.46)

Year 2, diaries 7–12
Difference(95% CI)*

4.03 (2.61)

4.72 (2.37)
4.02 (2.75)
−0.01 (−0.34 to 0.31)
p=0.93
3.86 (2.52)
−0.13 (−0.52 to 0.27)
p=0.53

4.71 (2.25)
3.94 (2.57)
0.02 (−0.31 to 0.34)
p=0.92
3.58 (2.60)
−0.12(−0.51 to 0.28)
p=0.57

4.61 (2.38)
4.01 (2.63)
−0.10 (−0.43 to 0.22)
p=0.53
3.76 (2.66)
−0.27 (−0.67 to 0.13)
p=0.19

*Difference (with placebo) adjusted for baseline pain and repeated measurements over time using linear mixed model with subject as random effect.

alone, or in combination, over the 2-year follow-up period
versus placebo.
For JSN, our ﬁnding for this combination did not support the
overall ﬁndings of the GAIT study, the only other long-term randomised clinical trial evaluating an over-the-counter glucosamine–chondroitin combination on disease progression.9
However, 20–30% of GAIT participants had moderate–severe
radiographic disease (KL grade 3), compared with only 5% in
the current study. As concluded in the GAIT study structural
progression results, participants with less severe radiographic
disease severity appeared to be more responsive to these dietary
supplements, in terms of slowing disease progression.9 Further,
our rigorous criteria for selecting x-rays available for valid
assessment of JSN markedly reduced measurement error. Recent
studies have demonstrated that a small TIRD, and minimal differences in TIRD between two measurements of joint space
width, is critical to avoid erroneous assessments of JSN.20

Another explanation for our positive ﬁndings for JSN may be
that our once daily dosage regimen (compared with three
divided doses per day) is likely to enhance full dosage treatment
adherence and improve the pharmacokinetics of the active
ingredients.23
Symptomatic beneﬁts for the individual dietary supplements,
or their combination, were not detected over the ﬁrst year of
follow-up in this study or in the 6-month GAIT study symptomatic results.8 Both studies demonstrated small ongoing reductions in knee pain, compared with baseline, for placebo and
active treatment allocations over a 2-year follow-up period.24
Interestingly, the only randomised clinical trials to demonstrate
signiﬁcant, albeit small, symptomatic beneﬁt of glucosamine for
people with knee OA, had 3-year follow-up periods (and
excluded patients who were obese).25 26 We had originally
stated in the study registration that reduction in the use of
NSAIDs would be the main symptomatic outcome measure.

Table 4 Mean (SD) secondary outcome measures and potential confounders

WOMAC pain (0–20)

WOMAC function* (0–68)

SF-12 PCS

SF-12 MCS

50 ft walk (s)

BMI (kg/m)

Inadequate
Exercise
% (n)†
NSAIDS/opioids
% (n) †

Assessment

Placebo
N=151

Glucosamine
N=152

Glucosamine–chondroitin
N=151

Chondroitin
N=151

p Value

Baseline
Year 1
Year 2
Baseline
Year 1
Year 2
Baseline
Year 1
Year 2
Baseline
Year 1
Year 2
Baseline
Year 1
Year 2
Baseline
Year 1
Year 2
Baseline
Year 1
Year 2
Baseline
Year 1
Year 2

6.7 (3.4)
4.7 (3.8)
4.6 (3.5)
21.7 (12.8)
16.5 (12.7)
17.8 (12.9)
42.1 (9.6)
44.0 (9.5)
44.2 (9.7)
51.6 (10.7)
51.3 (10.6)
51.6 (10.0)
8.6 (1.9)
8.5 (2.0)
8.4 (1.9)
29.1 (5.8)
29.1 (5.7)
29.2 (5.7)
72% (106/147)
62% (92/148)
61% (91/148)
15% (22/151)
15% (22/151)
19% (28/151)

6.5 (3.4)
4.5 (3.7)
4.5 (3.7)
21.7 (11.8)
16.3 (13.0)
17.8 (13.5)
40.9 (9.6)
44.5 (10.2)
43.9 (9.4)
53.7 (9.5)
52.3 (10.0)
53.1 (10.3)
8.7 (2.0)
8.6 (2.2)
8.5 (2.1)
28.4 (4.7)
28.7 (5.6)
28.8 (5.7)
62% (92/149)
55% (83/151)
61% (93/152)
19% (29/152)
21% (32/152)
20% (30/152)

6.7 (3.6)
4.9 (3.5)
4.7 (3.7)
22.7 (13.4)
17.2 (12.5)
17.8 (13.7)
41.2 (10.1)
43.2 (9.8)
42.6 (10.0)
53.7 (9.3)
52.8 (8.0)
54.6 (7.6)
8.7 (1.8)
8.5 (1.9)
8.7 (2.0)
28.8 (6.0)
28.8 (5.8)
28.9 (5.8)
66% (99/149)
61% (92/150)
62% (93/150)
23% (34/151)
20% (30/151)
17% (26/151)

6.8 (3.7)
4.8 (3.9)
4.4 (3.6)
22.5 (11.9)
16.2 (11.8)
17.4 (13.1)
41.0 (8.9)
44.7 (8.9)
44.1 (9.4)
52.7 (10.3)
52.4 (9.2)
53.6 (9.8)
8.7 (1.9)
8.4 (1.7)
8.4 (1.7)
29.6 (5.4)
29.7 (5.2)
29.8 (5.2)
55% (82/148)
55% (82/149)
62% (92/149)
13% (19/151)
16% (24/151)
11% (17/151)

0.89
0.83
0.87
0.86
0.90
0.99
0.72
0.51
0.47
0.21
0.53
0.05
0.97
0.77
0.61
0.25
0.39
0.43
0.02
0.42
0.99
0.09
0.39
0.20

All p values are calculated using F-test except:
*Kruskal–Wallis test.
†Pearson χ2 test.
MCS, Mental Component Summary Scale Score; PCS, Physical Component Summary; WOMAC, Western Ontario and McMaster Universities.

6

Fransen M, et al. Ann Rheum Dis 2014;0:1–8. doi:10.1136/annrheumdis-2013-203954

Downloaded from ard.bmj.com on March 4, 2014 - Published by group.bmj.com

Clinical and epidemiological research
Our main symptomatic outcome measure was changed (and
registered) to self-reported pain after recruitment of the ﬁrst
200 participants demonstrated that only about 20% were using
NSAIDs. Further, we felt that the speciﬁc focus of knee pain (‘at
its worst’) for the daily 7-day numeric rating scale of the participant diary would be less vulnerable to a ‘ﬂoor effect’ among our
study participants with mostly mild radiographic disease, and
more likely to detect the ‘short episodes of more intense pain’
experienced by many people with knee OA.27 Interestingly, the
mean WOMAC pain scores at baseline were low compared with
the numeric rating scale scores, possibly precluding the detection of treatment beneﬁt using this measure in a mildly symptomatic population.
This was an investigator-initiated, rigorously conducted randomised clinical trial.28 Two-year follow-up was excellent, with
additional careful monitoring of concomitant analgesia use,
BMI and physical activity, variables with potential to confound
the association between study treatment and outcomes. The
active treatment capsules were independently tested to ensure
appropriate content of glucosamine and chondroitin. We
recruited participants most likely to be responsive to these
dietary supplement, that is, mostly early tibio-femoral radiographic disease.29 All participants had evidence of JSN in the
medial tibio-femoral compartment and at least osteophytic
lipping at baseline. However, for many participants the ‘deﬁnite
osteophyte’ required for KL grade 2 may have been missed by
only having a single posterior-anterior knee x-ray, resulting in a
probable underestimate of the number of participants with KL
grade 2 in this sample. The main limitations of this study were
that follow-up was restricted to 2 years, and that we were
unable to recruit participants with more severe pain at baseline.
People presenting with more severe pain were mostly excluded
due to radiographic ineligibility, that is, <2.0 mm of medial
compartment joint space width. Further, although we were able
to consider the vast majority of the x-rays throughout the study,
only around 50% could be considered at the most important
endpoint after 2 years.
While it is conceivable that glucosamine and chondroitin can
improve cartilage composition and resilience, it is difﬁcult to
interpret a rationale for a short-term analgesic mode of action
in nociceptive-free cartilage. However, reduced joint swelling
among people with early radiographic disease, decreased subchondral bone resorption and reduced bone marrow lesions at
12 months have been demonstrated for chondroitin sulfate.
These biological mechanisms would need a longer follow-up
period to become clinically detectable.30–32 Glucosamine and
chondroitin have several similar actions in articular cartilage,
such as increasing proteoglycan synthesis and inhibiting cytokines and proteases.33 The demonstrated beneﬁt in terms of
disease modiﬁcation may simply be due to achieving a biologically meaningful dosage with the combined treatment, a dosage
that is not achieved using the glucosamine or chondroitin alone
products utilised in this study.34 35 The fact that both the glucosamine and chondroitin contained sulfate may be a biological
mechanism driving the superior results for the combination
treatment allocation in this study, as sulfate depletion has been
demonstrated to inhibit proteoglycan synthesis in human cartilage.36 37 The clinical signiﬁcance of the study ﬁndings is highlighted by the demonstrated increased risk of knee joint
replacement surgery with increased annual JSN or cartilage
volume losses.22 38 39
Overall, the LEGS study could not detect signiﬁcant symptomatic beneﬁt for these dietary supplements over a 2-year
follow-up period. Future research should allow for a lengthier
Fransen M, et al. Ann Rheum Dis 2014;0:1–8. doi:10.1136/annrheumdis-2013-203954

study period. However, the LEGS study demonstrated that in
this cohort of participants with mostly early radiographic
disease, the combination of glucosamine sulfate and chondroitin
sulfate did achieve a meaningful reduction in tibio-femoral JSN
over 2 years, compared with placebo.
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