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Glucosamine Sulfate and Cartilage Type II Collagen
Degradation in Patients with Knee Osteoarthritis:
Randomized Discontinuation Trial Results Employing
Biomarkers
JOLANDA CIBERE, ANONA THORNE, JACEK A. KOPEC, JOEL SINGER, JANICE CANVIN, DAVID B. ROBINSON,
JANET POPE, PAUL HONG, ERIC GRANT, TATIANA LOBANOK, MIRELA IONESCU, A. ROBIN POOLE, 
and JOHN M. ESDAILE

ABSTRACT. Objective. To determine whether glucosamine sulfate has an effect on cartilage type II collagen
degradation in patients with knee osteoarthritis (OA).
Methods. A randomized, double blind, placebo controlled glucosamine discontinuation trial was
conducted in 137 subjects with knee OA, who had had at least moderate relief of knee pain after
starting glucosamine. Subjects were randomized to glucosamine at prestudy dose or placebo at an
equivalent dose. Treatment was continued to Week 24 or disease flare, whichever occurred first.
Serum and urine samples were collected at Weeks 0, 4, 12, and 24 or flare visit. Samples were ana-
lyzed in triplicate for 2 type II collagen degradation biomarkers: C2C epitope (COL2-3/4Clong) and
C1,2C epitope (COL2-3/4Cshort). The primary outcome was the mean change in serum and urine
C1,2C/C2C ratio in the glucosamine and placebo groups from baseline to final (flare or Week 24)
visit. Linear regression analyses were conducted to adjust for potential confounders. Due to non-nor-
mal distributions, the data were log-transformed (lnC1,2C/C2C). Secondary outcomes included
comparison of mean change scores at final visit compared to baseline for serum and urine C1,2C and
C2C in the 2 treatment groups and in Flare versus No-Flare groups.
Results. Baseline and final visit samples were available in 130 subjects for serum analysis and 126
subjects for urinalysis. No significant difference was seen between placebo and glucosamine groups
in the serum C1,2C/C2C ratio, with a mean (SD) change from baseline to final visit of 0.8 (27.8) and
–0.1 (1.8), respectively (mean difference 0.9; 95% CI –6.0, 7.7, p = 0.80). Similarly, no differences
between treatment groups were seen for mean change in urine C1,2C/C2C (p = 0.82), or for mean
change in C2C or C1,2C. In linear regression analysis, after adjustment for sex, radiographic sever-
ity, baseline lnC1,2C/C2C ratio, WOMAC function, and flare status, treatment was not a significant
predictor of final serum or urine lnC1,2C/C2C ratio. When those who experienced flare were con-
trasted with those without flare, there was a nonsignificant trend toward a difference in mean base-
line to final visit change score for serum C1,2C/C2C ratio (p = 0.12). In addition, in the multivari-
able linear regression analysis, flare status showed a borderline association with final visit serum
lnC1,2C/C2C ratio (p = 0.16).
Conclusion. No statistically significant effect of glucosamine sulfate on type II collagen fragment
levels in serum or urine was observed for knee OA over 6 months. Further research is necessary to
elucidate which biopathologic systems, if any, are affected by glucosamine treatment. While colla-
gen degradation products may be of value in predicting progression, at least as defined by clinical
flare, a larger dataset would be needed to prove this. (J Rheumatol 2005;32:896–902)
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Osteoarthritis (OA) is the most common joint disease world-
wide. Symptomatic knee OA occurs in 6% of the population
above the age of 301 and increases in prevalence with age.
Knee OA causes significant disability2-5 and is associated
with substantial economic costs6,7. Because of the societal
impact of OA, the search for disease modifying treatments
has intensified. Recently, the disease modifying effects of
glucosamine were reported in 2 studies, both of which
showed a reduction in radiographic progression of knee OA
over 3 years in glucosamine treated compared to placebo
treated subjects8,9. However, because a full-extension
unstandardized knee radiographic technique was used in
both studies, the evidence for efficacy of glucosamine as a
disease modifying treatment is inconclusive.

The development and evaluation of cartilage biomarkers
has been the focus of recent research efforts in an attempt to
develop outcome measures for OA disease modification that
can be assessed over the short term and that will allow a
direct measurement of cartilage metabolism10-12. The degra-
dation of cartilage matrix, in particular type II collagen
(CII), plays a key role in the pathology of OA13. In OA,
cleavage of each alpha chain of the triple helix of CII is
mediated by collagenases, namely matrix metalloproteinase
(MMP)-1, MMP-8, and MMP-13. This cleavage results in
the generation of a three-quarter length collagen fragment14.
In recent years, immunoassays have been developed that use
antibodies to detect either neoepitopes generated during
cleavage of the CII triple helix14-17 or crosslinked fragments
of telopeptides18-20. Two such antibodies, COL2-3/4Cshort
(C1,2C) and COL2-3/4Clong (C2C), that recognize the car-
boxy-terminal neoepitope of the three-quarter length frag-
ment of CII have been developed by one of the authors and
were evaluated in this study14,15. C1,2C measures neoepi-
tope released from CII and from type I collagen as well. In
contrast, C2C has 100% specificity for CII15. Generation of
these neoepitopes has been shown to be elevated in OA car-

tilage compared to controls in in vitro and animal stud-
ies14,21-26. The use of these assays to analyze body fluids has
revealed an association of elevated C2C with late knee and
hip OA27. In addition, an elevated ratio of C1,2C/C2C was
shown to be predictive of radiographic knee OA progression
over 18 months in patients without evidence of generalized
OA28. These studies suggest that C1,2C, C2C, and the ratio
of these CII degradation products may provide useful infor-
mation in the evaluation of disease modifying treatments.

The inhibitory effect of glucosamine on mediators of car-
tilage degeneration has been investigated29-33. A reduction
in MMP-1 (CII-degrading enzyme)31,33 and MMP-3 (aggre-
can-degrading enzyme)30,31 activity has been reported in in
vitro and animal studies. If glucosamine reduces the activi-
ty of MMP-1, which is thought to be involved in CII cleav-
age13,22, it is reasonable to hypothesize that glucosamine
should have an inhibitory effect on CII degradation and
hence will have disease modifying effects by inhibition of
collagen degradation. However, no studies have evaluated
whether reduced MMP-1 activity translates into a reduction
in CII degradation. This is an important consideration, since
MMP-8 and MMP-13 are also involved in CII degradation.
Indeed, it has been suggested by Dahlberg, et al22 that
MMP-13 may play a more central role in CII degradation in
OA than MMP-1. Because the effect of glucosamine on
MMP-8 and MMP-13 has not been reported, it is not clear
whether glucosamine use is associated with an actual reduc-
tion in CII degradation. In a recent clinical trial of glu-
cosamine in knee OA, Christgau, et al34 reported no signif-
icant difference in urinary collagen type II c-telopeptide
fragment levels at 12 months in placebo and glucosamine
treated patients. Although a significant decrease in this bio-
marker was noted in glucosamine treated patients with high
baseline levels, such subgroup analysis results will require
prospective confirmation.

We recently reported the results from a randomized dou-
ble blind, placebo controlled glucosamine discontinuation
trial on symptom modification35, which showed no reduc-
tion in OA disease flares, including time to disease flare, in
the glucosamine compared to the placebo group. A second-
ary objective of this study was to evaluate the effect of glu-
cosamine on CII degradation, measured by C1,2C and C2C
assays.

MATERIALS AND METHODS
The methods for the glucosamine discontinuation trial have been
described35. Briefly, subjects were included if they had knee OA with radi-
ographic evidence of osteophytes, according to the American College of
Rheumatology (ACR) diagnostic criteria36, were current daily users of glu-
cosamine for at least 1 month, and had at least moderate improvement in
knee OA symptoms with glucosamine. The glucosamine discontinuation
trial was a 6-month randomized, double blind, placebo controlled parallel-
group study performed at 4 centers in Canada. Subjects were randomized
to receive either glucosamine sulfate or indistinguishable placebo at a dose
equivalent to the dose of glucosamine taken prior to the study with a max-
imum of 1500 mg per day. Subjects were followed at regular intervals until
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disease flare occurred or until 6 months had elapsed. Assessments included
an evaluation of knee symptoms, knee examination, physician global
assessment (1–5 scale)37, the Western Ontario and McMaster Universities
(WOMAC) Osteoarthritis Index38 and the European Quality of Life (EQ-
5D) questionnaire39. Rescue analgesic medication use, including acetamin-
ophen and nonsteroidal antiinflammatory drugs (NSAID), was recorded in
a daily diary. At each study visit, a determination was made whether dis-
ease flare had occurred. Disease flare was defined as either the patient’s
perception of worsening of symptoms with a concomitant increase in
WOMAC pain on walking by at least 20 mm (0–100 scale), or a significant
worsening in the physician global assessment by at least 1 grade (1–5
scale). If a disease flare was present, the patient was withdrawn from the
study.

Subjects had serum and urine samples collected at Week 0 (baseline),
Weeks 4, 12 and 24, or at final study visit if a flare had occurred. Serum
and urine samples were stored at –24°C. When all subjects had completed
the study, samples were analyzed in triplicate for C1,2C and C2C epitope
using commercial ELISA assays (Ibex, Diagnostics, Montreal, PQ,
Canada). All biomarker analyses were performed blind to treatment and
flare status.

Biomarker analysis. The C2C assay employs a monoclonal mouse antibody
that recognizes the carboxy-terminal neoepitope generated by the activity
of collagenases in type II collagen. The methodology for preparation of this
monoclonal antibody and the quantitative analysis of C2C fragments using
the DELFIA time-resolved immunofluorometric technique have been
described15. The C1,2C assay employs a polyclonal rabbit antibody that
recognizes the carboxy-terminal neoepitope generated by the activity of
collagenases in both types I and II collagens14. The methodology for the
use of this polyclonal antibody to analyze human body fluids has been
described40. For the quantitative analysis of C1,2C fragments, we used a
DELFIA time-resolved immunofluorometric technique, identical to the
methodology for the detection of C2C fragment as described15. The mean
intra- and interassay coefficients of variation for C2C were reported by
Poole, et al15 as 3.9% and 5.5%, respectively. In this study, data on the
intra- and interassay variability as well as on spiking and recovery for both
serum and urine C2C and C1,2C was comparable to these previous results15

(data not shown). Serum and urine values are reported as picomoles of
cleavage neoepitope per milliliter (pmol/ml). Urine values are adjusted for
creatinine excretion and are expressed per µmol creatinine. In cases where
no C1,2C or C2C epitope was detectable, a value equivalent to half of the
lowest standard, or 9.6 pmol/ml and 0.72 pmol/ml for C1,2C and C2C,
respectively, was assigned.

Study outcomes. The primary outcome was the mean change at final study
visit compared to baseline in serum and urine C1,2C/C2C ratio in the glu-
cosamine and placebo groups. Since this study was designed as a discon-
tinuation trial, if glucosamine is effective, one would expect the placebo
group to develop an increase in CII degradation markers, while minimal
change would be anticipated in the glucosamine group. Secondary out-
comes included the change from baseline to final visit in serum and urine
C2C and C1,2C in the 2 treatment groups, as well as a comparison of the
proportion of undetectable urine C2C and C1,2C in the 2 groups. To eval-
uate whether clinical flare was associated with changes in CII degradation,
the mean change from baseline to final visit in serum and urine C2C,
C1,2C, and C1,2C/C2C ratio was compared between subjects who experi-
enced flare and those who did not. In addition, correlations between serum
and urine levels of C2C, C1,2C, and C1,2C/C2C ratio were determined.

Statistical analysis. Baseline characteristics were compared between the
glucosamine and placebo treatment groups. For the difference in mean
change of C1,2C/C2C ratio, C1,2C, and C2C at final visit compared to
baseline in the 2 treatment groups, Student’s t test was used, since change
scores in these biomarkers were normally distributed. The proportion of
subjects with undetectable urine C1,2C and C2C was assessed using the
chi-square test. Linear regression analyses were performed to evaluate the
effect of treatment on the final serum and urine C1,2C/C2C ratio. Because

of non-normal distributions of the baseline and final C1,2C/C2C ratio, log
transformation using the natural log was performed for the linear regression
analyses. Log transformed data will be referred to as baseline serum
lnC1,2C/C2C and final serum lnC1,2C/C2C. Univariate linear regression
analysis was done initially, followed by multivariable linear regression to
adjust for imbalanced variables (sex and OA radiographic severity).
Potential confounders (baseline lnC1,2C/C2C ratio, hand OA, menopausal
status, OA duration, body mass index, flare status, and baseline WOMAC
function) were assessed in the multivariable linear regression analysis, but
were only included in the final model if they were significant predictors of
the outcome. A comparison of biomarkers in Flare versus No-flare subjects
was performed using Student’s t test. Correlations between serum and urine
biomarkers were determined by Spearman rank correlation coefficient.

RESULTS
Baseline and final visit samples were available in 130 sub-
jects (serum) and 126 subjects (urine). As reported35, glu-
cosamine and placebo groups were balanced at baseline for
all clinical variables except sex (placebo 69%, glucosamine
48% females) and OA radiographic severity (placebo 65%,
glucosamine 48% Kellgren-Lawrence grade 2; Table 1).
With regard to serum and urine C1,2C, C2C, and
C1,2C/C2C ratio, glucosamine and placebo groups were
balanced at baseline (Table 1).

The primary outcome of serum C1,2C/C2C ratio
increased in the placebo group, with a mean change (SD) of
0.8 (27.8), and decreased slightly in the glucosamine group,
with a mean change (SD) of –0.1 (1.8). The between-group
difference of 0.9 was not statistically significant (95% con-
fidence interval –6.0, 7.7, p = 0.80; Table 2). Similarly, no
statistically significant difference was seen in the mean
change of urine C1,2C/C2C ratio in the placebo and glu-
cosamine groups, with a mean change (SD) of –0.6 (8.7) and
–1.1 (12.4), respectively (difference 0.5; 95% CI –3.3, 4.2,
p = 0.82; Table 2).

Table 2 also shows the differences in mean change of
individual serum and urine CII degradation markers for
placebo and glucosamine treated subjects. With the excep-
tion of serum C1,2C, there is a trend toward all serum and
urine CII degradation products to be reduced in the glu-
cosamine group and unchanged or increased in the placebo
group at final visit compared to baseline. Because of large
standard deviations, these differences were not statistically
significant. A nonsignificant trend was seen for serum C2C
reduction in the glucosamine group (p = 0.12). At final visit,
undetectable urine C2C and urine C1,2C was seen in simi-
lar proportions of subjects in the placebo and glucosamine
groups (Table 2).

A univariate linear regression analysis with treatment as
the explanatory variable revealed no effect of treatment
group on final serum lnC1,2C/C2C ratio. Similarly, after
adjustment for potential confounders, treatment was not a
significant predictor of final serum lnC1,2C/C2C ratio. In
the final linear regression model, increased baseline serum
lnC1,2C/C2C ratio and increased baseline WOMAC func-
tion were significantly associated with an increase in the
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final serum lnC1,2C/C2C ratio (Table 3). This final linear
regression model was able to explain 72% of the variability
in final serum lnC1,2C/C2C ratio. The use of total WOMAC
instead of WOMAC function was also significant in this
final model (Total WOMAC; p = 0.014). Similarly, the use
of WOMAC pain instead of WOMAC function was signifi-
cantly associated with final serum lnC1,2C/C2C ratio in this
final model (p = 0.048). In univariable and multivariable lin-
ear regression analysis using final urine lnC1,2C/C2C ratio
as the outcome, treatment was also not significant. Only
baseline urine lnC1,2C/C2C ratio was a significant predic-
tor of final urine lnC1,2C/C2C ratio (data not shown).
Because there was a trend in serum C2C level to be differ-
ent in the glucosamine and placebo groups, the effect of
treatment was investigated further in linear regression
analysis as well. After adjustment for confounders, treat-
ment was not significantly associated with final serum
lnC2C level (p = 0.93). Baseline serum lnC2C level (p <

0.001) and baseline WOMAC function (p = 0.003) were
significant in the final model.

Secondary analyses were conducted to explore whether
CII degradation was associated with a clinical flare. A com-
parison of the mean change in serum and urine C1,2C/C2C
ratio between No-flare and Flare subjects was undertaken.
Flare rates have been reported35 and had occurred in 45% of
glucosamine and 42% of placebo treated patients. While not
statistically significant, the direction of the difference was
appropriate for serum C1,2C/C2C ratio with a mean change
(SD) from baseline of –1.9 (17.4) and 3.4 (22.1) for the No-
flare and Flare groups, respectively, and a between-group
difference of –5.3 (95% CI –12.2, 1.5, p = 0.12; Table 4).
The results of the multivariable linear regression model
were consistent. Flare status showed a borderline although
clearly nonsignificant association with final serum
lnC1,2C/C2C ratio (p = 0.16; Table 3). The mean change in
urine C1,2C/C2C ratio was similar between the No-flare and

Table 1. Baseline characteristics of placebo and glucosamine subjects for type II collagen degradation markers
C2C, C1,2C, and C1,2C/C2C ratio.

Placebo, Glucosamine,
n = 65 n = 65

Female, % 69 48
Radiographic OA severity

Kellgren-Lawrence grade 2, % 65 48
Kellgren-Lawrence grade 3, % 32 43
Kellgren-Lawrence grade 4, % 3 9

Serum analysis n = 65 n = 65
Median serum C2C, pmol/ml (range) 61.1 (1–681) 52.2 (12–446)
Median serum C1,2C, pmol/ml (range) 162 (66–340) 162 (11–390)
Median serum C1,2C/C2C ratio (range) 2.8 (0.2–180) 3.5 (0.2–15)

Urinalysis n = 63 n = 63
Median urine C2C, pmol/µmol creatinine (range) 12.8 (0.2–57) 11.9 (0.1–425)
Median urine C1,2C, pmol/µmol creatinine (range) 14.2 (2–99) 13.2 (2–1154)
Median urine C1,2C/C2C ratio (range) 1.4 (0.1–61.8) 1.5 (0.2–63.8)
Undetectable urine C2C, % 14 13   
Undetectable urine C1,2C, % 25 19

Table 2. Mean change in serum and urine C1,2C/C2C ratio, C2C, and C1,2C at final visit compared to baseline
and proportion of undetectable urine C2C and C1,2C at final visit.

Mean (SD) Change from Baseline Between-Group Difference p
(95% CI)

Placebo Glucosamine

Serum C1,2C/C2C ratio 0.8 (27.8) –0.1 (1.8) 0.9 (–6.0, 7.7) 0.80
Urine C1,2C/C2C ratio –0.6 (8.7) –1.1 (12.4) 0.5 (–3.3, 4.2) 0.82
Serum C2C* 3.7 (23.6) –3.5 (28.5) 7.2 (–1.9, 16.3) 0.12
Serum C1,2C* 9.5 (80.0) 8.5 (64.2) 1.0 (–24.2, 26.2) 0.94
Urine C2C** –0.6 (11.8) –6.9 (54.1) 6.3 (–7.6, 20.1) 0.37
Urine C1,2C** 0.4 (17.1) –20.2 (144.9) 20.6 (–15.8, 57.0) 0.27
Undetectable urine C2C (%) 13 6 7 (–5, 18) 0.36
Undetectable urine C1,2C (%) 24 16 8 (–8, 23) 0.37

* Values are pmol/ml serum. ** Values are pmol/µmol creatinine.
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Flare groups (p = 0.92). Similarly, the mean change in indi-
vidual serum and urine cartilage degradation markers was
not significantly different in No-flare compared to Flare
subjects (data not shown).

Correlations between serum and urine C2C, C1,2C, and
C1,2C/C2C ratio were found to be low both at baseline and
at final visit, ranging from –0.10 to 0.08.

DISCUSSION
In recent years, considerable interest in disease modification
in OA has developed and necessitated valid measures of out-
come that are sensitive to change. The traditional “hard”
outcome in OA, radiographic change, is technically difficult
to quantify in a 3-dimensional joint and requires longterm
followup. Further, longterm followup causes difficulty for
maintaining subjects in randomized trials, the study design
required to establish efficacy. Thus, alternative intermediate
outcomes have been sought.

A major alternative approach under consideration for out-
come assessment of disease modification in OA involves
biochemical measurements. The pathology of OA and the
key enzymatic processes involved in the destruction of car-
tilage have been studied intensely. This improved under-
standing of OA pathology has led to the recent development
of new assays to measure the products of cartilage degrada-
tion, such as CII cleavage products, which were assessed in
this study in an attempt to confirm the previous suggestion
of a disease modifying effect of glucosamine.

This study failed to confirm a significant effect of glu-
cosamine sulfate on CII fragment levels in serum and urine.
Had glucosamine affected CII degradation, the CII biomark-

ers would have been expected to rise in the placebo group
and remain more or less stable in the glucosamine treated
group. Although the direction of change for the serum
C1,2C/C2C was appropriate in the univariate analysis (Table
2), treatment was not a significant predictor in the multi-
variable model after adjustment for potential confounders
(Table 3). Similarly, there appeared to be an association of
treatment with serum C2C levels in univariate analysis
(Table 2), which was no longer present in the multivariable
linear regression analysis. For C1,2C, there was essentially
no change (Table 2). This might be related to the known
cross-reactivity of type I with type II collagen in the C1,2C
assay, which would reduce the specificity of the assay for
CII degradation.

The urine biomarker data failed to reveal any differences
between the glucosamine and placebo treated groups (Table
2). The lack of information on the metabolism of the bio-
markers studied and the absence of other studies on urine
C2C and C1,2C makes interpretation of the urinary results
more difficult.

A comparison of Flare with No-flare subjects was under-
taken to assess whether biomarker outcomes were related to
clinical flare. Although not significant, the direction of the
difference in the change in serum C1,2C/C2C from baseline
to final visit was appropriate (p = 0.12; Table 4). Similarly,
the direction of the difference for flare status remained
appropriate in the linear regression analysis (p = 0.16; Table
3). These results are consistent with clinical flares being
accompanied by biochemical changes of CII degradation,
but a new and larger study would be needed for confirma-
tion. In addition, worse baseline function and pain on

Table 3. Multivariable linear regression analysis for the prediction of final-visit serum lnC1,2C/C2C ratio.

Variable Reference Group Parameter Estimate (SE) 95% CI p

Treatment group Placebo 0.014 (0.082) –0.15, 0.18 0.86
Sex Male 0.043 (0.083) –0.12, 0.21 0.61
Radiographic OA severity* Mild OA –0.017 (0.085) –0.18, 0.15 0.84
Flare No flare 0.12 (0.083) –0.048, 0.28 0.16
Baseline serum lnC1,2C/C2C ratio 0.81 (0.046) 0.72, 0.90 < 0.001
Baseline WOMAC function per 100 units 0.034 (0.014) 0.007, 0.062 0.014

* Radiographic OA severity was categorized as mild = Kellgren-Lawrence grade 2 versus moderate/severe =
grade 3 or 4. SE: standard error.

Table 4. Mean change in serum and urine C1,2C/C2C ratio at final visit compared to baseline in the No-flare
and Flare subjects and between-group differences.

Mean (SD) Change from Baseline Between-Group Difference p
(95% CI)

No-Flare Flare

Serum, n 75 55
Serum C1,2C/C2C ratio –1.9 (17.4) 3.4 (22.1) –5.3 (–12.2, 1.5) 0.12
Urine, n 74 52
Urine C1,2C/C2C ratio –0.8 (12.3) –1.0 (7.8) 0.20 (–3.6, 4.0) 0.92
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WOMAC were significantly associated with an increased final
serum lnC1,2C/C2C ratio in the linear regression analysis.

Although severe radiographic OA is frequently related to
worse function and increased pain in OA, such associations
are not invariably present. That worse pain and function, but
not radiographic severity, were associated with higher final
serum lnC1,2C/C2C ratio suggests that CII degradation
markers are related to clinical features of OA, such as pain.
Our findings are in keeping with other recent studies show-
ing similar associations19,34,41. Reijman, et al41 reported that
a high level of CII degradation, as measured by urinary c-
telopeptide levels, was associated with the presence of radi-
ographic knee and hip OA, a relationship that was stronger
in subjects with joint pain. Urinary c-telopeptide was asso-
ciated with radiographic joint space width in a study by
Garnero, et al19. In addition, an association of the Lequesne
algofunctional index with an uncoupling index combining
type II collagen synthesis and degradation was seen,
although pain was not significantly related to urinary c-
telopeptide19. In a 3-year study, Christgau, et al34 noted a
correlation of baseline urinary c-telopeptide levels with a
worsening of the WOMAC index. Clearly, clinical variables
such as flare, pain, and function must be considered in
future studies of CII degradation biomarkers.

The statistically negative findings for a benefit of glu-
cosamine in this study could have arisen for a number of
reasons other than that glucosamine is ineffective. One pos-
sibility is an inadequate sample size. The primary purpose of
the trial, on which the sample size rested, was symptom
modification, not CII degradation products. High inter-sub-
ject variability of biomarker levels is shown by the large
standard deviations. As a result, our sample size may not
have been adequate. Further, in the absence of longitudinal
data for these biomarkers, the time required to detect a
change in CII degradation is uncertain, and a 6-month study
may not have been sufficiently long. CII degradation mark-
ers may also not be appropriate outcome measures for earli-
er stages of OA. Although Cerejo, et al28 report a significant
association of C1,2C/C2C ratio with the progression of knee
OA in a cohort that included Kellgren-Lawrence grade 2 and
3 at baseline, in the study by Fortin, et al27, an association
of CII degradation markers was only found with late knee
and hip OA, but not early OA. OA in joints other than the
knee may have been a confounding factor, since C1,2C/C2C
ratios have been found to predict disease progression only in
nongeneralized OA28. We included hand OA in our linear
regression analyses to assess the possibility of confounding
by generalized OA, and found no effect (data not shown).

Finally, it is also possible that an effect of glucosamine
was not detected, because the agent has its action on carti-
lage biosynthesis or other degradation enzymes, such as
MMP-3, which is involved in proteoglycan degradation.
The role of glucosamine on MMP-3 has been suggested by
other studies30,31.

The CII degradation markers used in this study have been
developed only recently. As a result, incomplete information
exists for these biomarkers as outcome measures in longitu-
dinal studies. However, evidence of validity for the use of
C1,2C and C2C in OA is available from animal stud-
ies21,23,24,42 and recent human studies25,27,28. In this study,
there was a nonsignificant trend for clinical flare to predict
the C1,2C/C2C biomarker ratio, and a significant associa-
tion of a greater rise in this ratio with worse baseline func-
tion and pain.

No statistically significant effect of glucosamine sulfate
on CII degradation biomarkers was observed for knee OA
over 6 months. Further comprehensive human research is
necessary to elucidate which biopathologic systems, if any,
are affected by glucosamine treatment. However, the results
suggest that further studies may be justified to assess CII
degradation products as predictors of disease progression at
least as defined by clinical flare and the association of CII
degradation products with pain and function.
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