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Abstract The aim of this study was to assess the structural eYcacies of daily glucosamine sulfate and chondroitin
sulfate in patients with knee osteoarthritis (OA). The
authors surveyed randomized controlled studies that examined the eVects of long-term daily glucosamine sulfate and
chondroitin sulfate on joint space narrowing (JSN) in knee
OA patients using the Medline and the Cochrane Controlled Trials Register, and by performing manual searches.
Meta-analysis was performed using a Wxed eVect model
because no between-study heterogeneity was evident. Six
studies involving 1,502 cases were included in this metaanalysis, which consisted of two studies on glucosamine
sulfate and four studies on chondroitin sulfate. Glucosamine sulfate did not show a signiWcant eVect versus controls on minimum JSN over the Wrst year of treatment
(SMD 0.078, 95% CI ¡0.116 to ¡0.273, P = 0.429). However, after 3 years of treatment, glucosamine sulfate
revealed a small to moderate protective eVect on minimum
JSN (SMD 0.432, 95% CI 0.235–0.628, P < 0.001). The
same was observed for chondroitin sulfate, which had a
small but signiWcant protective eVect on minimum JSN
after 2 years (SMD 0.261, 95% CI 0.131–0.392,
P < 0.001). This meta-analysis of available data shows that
glucosamine and chondroitin sulfate may delay radiological
progression of OA of the knee after daily administration for
over 2 or 3 years.
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Introduction
Osteoarthritis (OA) is the most common form of arthritis
and is a leading cause of morbidity and disability [1]. Treatment strategies for OA include both non-pharmacological
and pharmacological therapies. Drugs for OA treatment
have been classiWed as symptom-modifying drugs or as
structure-modifying drugs. Structure-modifying drugs
should be able to favorably alter joint structure, and thus,
aVect disease progression [2].
Glucosamine is a normal constituent of glycosaminoglycans in cartilage matrix and synovial Xuid, and glucosamine
sulfate stimulates cultured human chondrocytes to synthesize proteoglycans, inhibits the actions of catabolic
enzymes, and reduces IL-1 levels in synovial Xuid [3, 4].
On the other hand, chondroitin sulfate is a major component of the extracellular matrix of connective tissues [5].
Furthermore, in articular cartilage, high levels of chondroitin sulfate in aggrecan plays a major role in creating considerable osmotic pressure that expands the matrix and places
the collagen network under tension [6].
The therapeutic eVects of glucosamine and chondroitin
sulfate in OA have been studied for 20 years, and their
symptom relieving eYcacies were recently analyzed by
high-quality meta-analysis [7, 8]. Moreover, both have
been used as safe and eVective options for the management
of the symptoms of OA [9, 10]. However, the ultimate goal
of OA treatment is to prevent or at least retard disease
progression. For structure-modifying agents, prospective
evaluations of radiographic joint space narrowing (JSN)
changes are required. Previous several studies have
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demonstrated by JSN analysis the possibility that glucosamine sulfate and chondroitin sulfate modify the disease
state, but their eVects remain debatable [11–16].
Meta-analysis is a statistical procedure that allows the
results of several studies to be combined to produce overall
estimates of major eVects with enhanced precision [17].
The major advantage of meta-analysis is that increases
sample size, which possibly reduces the likelihood that random errors will produce false-positive or false-negative
associations.
We performed meta-analysis on the data produced by
available randomized controlled trials (RCTs) on the disease-modifying eVects of glucosamine and chondroitin sulfate in OA of the knee. Thus, the aim of the present study
was to investigate the structural eYcacies of glucosamine
sulfate and chondroitin sulfate in patients with OA of the
knee, using a meta-analysis approach.

Methods
IdentiWcation of eligible studies and data extraction
We performed an exhaustive search for studies that examined the eVects of glucosamine sulfate and chondroitin sulfate on knee JSN in OA patients. Literature searches were
performed using MEDLINE and the Cochrane Controlled
Trials Register to identify available articles (the most recent
article was published in July 2008). The following key
words and subject terms were used in the searches: ‘glucosamine’, ‘chondroitin’, ‘knee’, ‘cartilage’, ‘structure’ and
‘osteoarthritis.’ In addition, all cited references were
reviewed to identify additional works, which are not
indexed by electronic databases. Results were limited to
English language papers. All randomized controlled studies
that compared glucosamine sulfate or chondroitin sulfate
with a placebo in patients with OA were considered eligible
if they utilized JSN as an outcome variable after treatment
commencement. Studies were excluded if they did not contain a placebo group, the OA site was not the knee joint,
they did not contain adequate data, and when the study concerned was cross-sectional. We quantiWed the methodological qualities of primary studies using Jadad scores [18].
The following information was extracted from each
study: Wrst author, year of publication, dose of glucosamine
or chondroitin, length of follow-up, intention to treat analysis, mean and SD of JSN (change-from-baseline), and number of patients who experienced a clinically relevant
(>0.5 mm) mean JSN. When no SD data was provided, we
imputed SD values from 95% conWdence intervals (CI).
SDs were calculated by dividing the length of the conWdence interval by 3.92 and then multiplying the result by
the square root of the sample size.
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Evaluation of publication bias
Funnel plots were used to detect publication bias. However,
because funnel plots require a range of studies of diVerent
sizes and subjective judgments, we evaluated publication
bias using Egger’s linear regression test [19]. Egger’s test
measures funnel plot asymmetry using a natural logarithm
scale of odds ratios (ORs).
Evaluation of statistical associations
Standardized mean diVerences (SMDs) were used for JSN
analysis and ORs were used to analyze severe narrowing
(>0.5 mm). SMDs were calculated by dividing the diVerence between the glucosamine or chondroitin and control
groups by baseline variance. This measure compares treatment and placebo arms in terms of standardized scores. A
treatment that is one unit better than the placebo is 1 SD
better, based on variations in original JSNs. An SMD scale
for eVect sizes was suggested by Cohen, where 0.8 reXects
a large eVect, 0.5 a moderate eVect, and 0.2 a small eVect
[20].
We assessed within- and between-study variations and
heterogeneities using Cochran’s Q-statistics. The heterogeneity test was used to assess the null hypothesis that all
studies evaluated the same eVect. If the signiWcant Q-statistic (P < 0.10) indicates heterogeneity across studies then
the random eVects model should be used for meta-analysis.
This model assumes that diVerent studies may estimate
diVerent underlying eVects, and considers both intra- and
inter-study variations [21]. In the present study, we used the
Wxed eVects model because heterogeneity was not identiWed.
We quantiWed the eVect of heterogeneity using
I2 = 100% x (Q-df)/Q, where I2 measures the degree of
inconsistency between studies and determines whether the
percentage total variation across studies is due to heterogeneity rather than chance [22]. I2 ranges between 0 and
100%; I2 values of 25, 50, and 75% are referred to as low,
moderate, and high estimates.
We also performed sensitivity analyses by limiting studies based on short ·1 years) or long (¸2 years) follow-up
periods. Statistical manipulations were undertaken using a
Comprehensive Meta-Analysis computer program (Biosta,
Englewood, NJ, USA).

Results
Studies included in the meta-analysis
Two hundred and ninety-three studies were identiWed by
electronic or manual search and nine were selected for

3
OA Osteoarthritis, C control, ITT intention-to-treat, GS glucosamine sulfate, CS chondroitin sulfate, NA not available, JSN joint space narrowing
a
Mean (SD)

Minimum JSN, Mean JSN No
23 1
23
8.7
8.7
NA
NA
56.5
47.8
6013

5711
Uebelhart-2 et al. [16] CS 400 £ 2 mg a day

5

3
Minimum JSN, Mean JSN Yes
60 1
60
31.6
28.3
NA
NA
82.1
79.6
Uebelhart-1 et al. [15] CS 800 mg 2 periods of 63.2 (9.1) 63.7 (8.1)
3 months during 1 year

Yes

Minimum JSN, Mean JSN Yes

Mean JSN
309 313 2

150 150 2
27.3

25.6
30.1
NA
NA
68
68
NA

CS 800 mg once a day
Michel et al. [14]

NA
CS 800 mg once a day
Kahan et al. [13]

62.5 (9.1) 63.1 (10.7) 76 (51) 78 (52) 27.7 (5.2) 28.1 (5.5) 26.6

Minimum JSN, Mean JSN Yes
Severe narrowing
106 106 3
35.8
79 (75) 83 (78) 27.3 (2.6) 27.4 (2.7) 33.0
GS 1,500 mg once a day
Reginster et al. [12]

66.0 (8.1) 65.5 (7.5)

Yes
Minimum JSN Severe
narrowing
101 101 3
45.5
80 (79) 77 (76) 25.7 (2.1) 25.7 (1.8) 34.6
GS 1,500 mg once a day
Pavelka et al. [11]

61.2 (7.3) 63.5 (6.9)

OA
C
OA
C
OA
OA

C

Sex (%)
Age*
Dose
Study

No between-study heterogeneity was found during any
analysis, and thus, all meta-analyses were performed using
a Wxed-eVect model. It was diYcult to correlate the funnel
plot, which is usually used to detect publication bias,
because the number of studies included was too small.

Table 1 Characteristics of individual studies included in meta-analysis

Heterogeneity and publication bias

C

Meta-analysis of the eVect of chondroitin sulfate
on knee JSN

OA

BMI (kg/m2)

Drop rate (%)

Numbers

Two studies of glucosamine sulfate analyzed knee JSN [11,
12]. We examined the eVect sizes 1 and 3 years after glucosamine sulfate treatment commencement, respectively.
Glucosamine sulfate showed no signiWcant eVect versus
controls on minimum JSN after 1 year of treatment (SMD
0.078, 95% CI ¡0.116 to ¡0.273, P = 0.429) (Table 2;
Fig. 1). However, at 3 years, glucosamine sulfate revealed a
small to moderate protective eVect on minimum JSN (SMD
0.432, 95% CI 0.235–0.628, P < 0.001) (Table 2; Fig. 1).
Meta-analysis based on severe JSN criteria showed that
glucosamine sulfate had a protective eVect versus controls
(OR 0.361, 95% CI 0.204–0.640, P < 0.001) (Table 2;
Fig. 1).

C

Follow-up Variables analyzed
period
(years)

Meta-analysis of the eVect of glucosamine sulfate
on knee JSN

Four studies analyzed knee JSN [13–16]. After 2 years on
chondroitin sulfate, a small protective eVect was observed
versus controls on both minimum and mean JSNs (SMD
0.317, 95% CI 0.136–0.497, P = 0.001, SMD 0.236, 95%
CI 0.148–0.386, P < 0.001) (Table 2; Fig. 2). We divided
studies according to follow-up period. Chondroitin sulfate
showed no signiWcant eVect versus controls on minimum
JSN after 1 year of treatment (SMD 0.295, 95% CI 0.000–
0.590, P = 0.050) (Table 2; Fig. 3). However, at 2 years,
chondroitin sulfate revealed a small but signiWcant protective eVect on minimum JSN (SMD 0.261, 95% CI 0.131–
0.392, P < 0.001) (Table 2; Fig. 3).

5

ITT
Quality
analysis score

full-text review based on title/abstract details. However, 3
of the 11 studies were excluded; one for OA of hip [23] and
two studies because they were not written in English [24,
25]. Thus, six studies met the inclusion criteria [11–16].
These 6 studies involved a total of 749 patients and 753
controls, and 2 glucosamine and 4 chondroitin trials that
reported information on JSN assessments. The characteristic features of the studies included in the meta-analysis are
given in Table 1. Individual demographic baselines were
well matched between studies. Follow-up periods ranged
from 1 to 3 years and quality scores ranged from 3 to 5.
Five of the six studies were ITT analysis.

NA
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Table 2 Meta-analysis of the structural eVect of glucosamine and chondroitin sulfate on cartilage in knee OA
Drug

Glucosamine sulfate

Chondroitin sulfate

Group

No. of Studies

Test of association

Test of heterogeneity

Std diV in means

95% CI

P values

Model

Q

P values

I2

Follow-up for 1 years

2

0.078

¡0.116–0.273

0.429

F

1.14

0.284

12.7

Follow-up for 3 years

2

0.432

0.235–0.628

0.000

F

0.03

0.848

0

JSN > 0.5 mm

2

0.361a

0.204–0.640

0.000

F

0.05

0.810

0

Minimum JSW

3

0.317

0.136–0.497

0.001

F

2.14

0.342

6.9

Mean JSW

4

0.236

0.148–0.386

0.000

F

0.07

0.995

0

Follow-up for 1 year

2

0.295

0.000–0.590

0.050

F

0.00

0.965

0

Follow-up for 2 years

2

0.261

0.131–0.392

0.000

F

0.02

0.864

0

F Wxed eVect model, R random eVect model, JSW joint space width, JSN joint space narrowing
a
Odds ratio

However, no indication of publication bias was evident
(Egger’s regression test P values > 0.1).

Discussion
Published evidence supports the eYcacies of glucosamine sulfate and chondroitin sulfate in terms of delaying

structural progression in knee OA. With respect to the
structure-modifying eVects of treatment, this meta-analysis provides evidence that both glucosamine sulfate
and chondroitin sulfate inhibit the progression of knee
OA. In this meta-analysis, structural eYcacies were estimated using JSN and number of severe narrowings as
measures of eYcacy. Joint structural changes were
assessed on radiographs and are represented by joint

Fig. 1 Standard diVerence in the mean values and 95% CI of individual studies and pooled data for the structural eVect of glucosamine sulfate on
minimum JSN in knee OA after 1 year (a) and 3 years (b) of treatment
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Fig. 2 Standard diVerence in the mean values and 95% CIs of individual studies and pooled data of the structural eVects of glucosamine sulfate
on minimum (a) and mean JSNs (b) in knee OA

space width changes for individual studies. Furthermore,
joint structural damage progression was arbitrarily
deWned as a JSN of >0.5 mm, because the 0.5 mm cutoV
was suggested to be clinically relevant in a study that

investigated the eYcacies of disease-modifying drugs in
OA [26].
Glucosamine sulfate did not show a signiWcant eVect
versus controls on minimum JSN after 1 year of treatment,

Fig. 3 Standard diVerence in the mean values and 95% CIs of individual studies and pooled data for the structural eVects of chondroitin sulfate
on mean JSN in knee OA at 1 and 2 years after treatment commencement
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but glucosamine sulfate revealed a small to moderate chondroprotective eVect after 3 years. Furthermore, the percentage of patients who experienced a clinically relevant
(>0.5 mm) mean JSN after 3 years was signiWcantly lower
in the glucosamine sulfate group than in the control group.
The same protective pattern was observed for chondroitin
sulfate by meta-analysis over 1 and 2 years, and chondroitin sulfate revealed a small but signiWcant protective eVect
on minimum JSN after 2 years of treatment. This metaanalysis indicates that the minimum duration of clinical trials to establish a disease-modifying eVect is 2 years. It is
also important to note that the sulfate salt of glucosamine (a
prescription medicine produced by the Rotta Pharmaceutical Company, Italy) was used in two studies included in
this glucosamine meta-analysis. Glucosamime sulfate is
approved as a prescription drug for OA in the European
Union, and glucosamine (considered a nutritional supplement in North America and Asia) is available in a sulfate or
hydrochloride form. However, it has not been established
whether diVerent forms of glucosamine have diVerent
chondroprotective eVects. A previous meta-analysis of glucosamine on OA symptoms concluded that while glucosamine sulfate is eVective, glucosamine hydrochloride is not
[7]. Subgroup analyses of the Rotta preparation showed signiWcant beneWt over placebo in terms of pain and Lequesne
index [27]. For non-Rotta preparations, pooled results
showed no statistically signiWcant diVerence in pain. Thus,
the structural eYcacies of other forms of glucosamine cannot be predicted. The results of our meta-analysis should be
treated with caution.
Our analysis diVered from previous meta-analyses in
terms of the structural eYcacies of glucosamine sulfate and
chondroitin sulfate in OA. Three meta-analyses of glucosamine sulfate used end of study data and performed analysis
over a 3-year period [28]. In contrast, we performed this
meta-analysis using the change-from-baseline data over 1
and 3 years. The chondroitin meta-analysis by Reichenbach
et al. [8] also used end-of-period data, whereas in the present study, this data were also analyzed using change-frombaseline data at 1 and 2 years. DiVerent sets of studies were
used in the chondroitin meta-analysis and our study.
Reichenbach et al. [8] included Conrozier’s and Malaise
et al.’s studies [24, 25], but we excluded these studies
because they were not reported in English. However,
results were similar in both studies.
The present study has some shortcomings that should be
considered. First, available data suggest that glucosamine
sulfate and chondroitin sulfate may be eVective diseasemodifying OA drugs, but data on the long-term use of glucosamine sulfate and chondroitin sulfate on structure
changes in knee OA are sparse. Furthermore, because of the
relatively sparse data on glucosamine sulfate and chondroitin sulfate and JSN, further studies on their structural eVects
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are needed. Second, the results of this meta-analysis were
obtained using prescription drugs containing glucosamine
sulfate 1,500 mg produced by the Rotta Pharmaceutical
Company. Since the content and purity of the various overthe-counter preparations available are known to vary markedly, the relative eYcacies of the various preparations may
also vary. Moreover, this result should not be extrapolated
to over-the-counter preparations or food supplements, as
their contents and pharmacokinetics cannot be guaranteed.
Third, in addition to glucosamine formulations, dosages
may aVect the eYcacy of glucosamine sulfate. The apparent
superior proWle of the Rottapharm product might also due
to its unique once-per-day formulation. Furthermore, the
possibility of a dosage eVect could not be evaluated due to
limited data. Fourth, this study was limited to knee OA, and
thus, out Wndings cannot be extrapolated to other OA sites,
such as, the hip and interphalangeal joints.
In conclusion, this meta-analysis suggests that glucosamine sulfate and chondroitin sulfate may delay the natural
radiological progression of OA of the knee. The long-term
administration of daily oral glucosamine sulfate at
1,500 mg over a minimal period of 3 years or daily oral
chondroitin sulfate at 800 mg over a minimal period of
2 years may retard degenerative processes aVecting knee
joint cartilage.
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