Glucosamine
Synonyms/Common Names/Related Substances: Sulfate
Gty aNoy
# 2-acetamido-2-deoxyglucose, acetylglucosamine, Arth-X Plus®, chitosamine, D-
glucosamine, enhanced glucosamine sulfate, Flexi-Factors®, glucosamine
chlorohydrate, Glucosamine Complex®, glucosamine hydrochloride, glucosamine
hydroiodide, Glucosamine Mega®, glucosamine N-Acetyl, glucosamine sulfate,
glucosamine sulphate, Joint Factors®, N-acetyl D-glucosamine (NAG, N-A-G),
Nutri-Joint®, Poly-NAG, Ultra Maximum Strength Glucosamine Sulfate®.

CLINICAL BOTTOM LINE/EFFECTIVENESS

Brief Background:

® Glucosamine is an amino-monosaccharide that is naturally produced in humans. It is one of the
principal substrates used in the biosynthesis of macromolecules that comprise articular cartilage, such
as glycosaminoglycans, proteoglycans, and hyaluronic acid.

* Available evidence from randomized-controlled trials supports the use of glucosamine (sulfate) in the
treatment of osteoarthritis, particularly of the knee. It is believed that the sulfate moiety provides clinical
benefit in the synovial fluid by strengthening cartilage and aiding glycosaminoglycan synthesis. If this
hypothesis is confirmed, it would mean that only the glucosamine sulfate form is effective and non-
sulfated glucosamine forms are not effective (1).

* Glucosamine is commonly taken in combination with chondroitin, a glycosaminoglycan derived from
articular cartilage. Use of complementary therapies, including glucosamine, is frequently observed in
patients with osteoarthritis (2), and may allow for reduced doses of non-steroidal anti-inflammatory
agents (3).

® Hypotheses of beneficial effects of glucosamine or chemically related compounds on wound healing (4;
5), psoriasis (6), inflammatory bowel disease (5;7;8), and migraine prophylaxis (9) have been proposed,

but little rigorous research has been done in these areas.

* Numerous studies demonstrate that glucosamine is well tolerated for up to three years, although it
should be avoided by patients with shellfish allergy. Initial concerns about effects on insulin levels or
glycemic control have been tempered by more recent human evidence suggesting no significant effects,
although this remains an area of controversy.

Scientific Evidence for Common/Studied Uses:

Indication Evidence Grade A =
Knee osteoarthritis (mild-to-moderate) A :“ B
Osteoarthritis (general) B fg“ﬁ"iéﬂf'
Chronic venous insufficiency C

Inflgmmatory bowel disease (Crohn's disease, ulcerative C

colitis) =

Rheumatoid arthritis C
Temporomandibular joint (TMJ) disorders C
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Historical or Theoretical Uses that Lack Sufficient Evidence:

® AIDS, athletic injuries, back pain, bleeding esophageal varices (injection) (10), cancer, congestive heart
failure, depression, diabetes, fiboromyalgia, hypo-pigmenting agent, immunosuppression (11), joint pain,
kidney stones, knee pain, migraine headache, migraine prophylaxis, osteoporosis, pain, psoriasis, skin
rejuvenation, spondylosis deformans, ulcerative colitis, wound healing.

Expert Opinion and Historic/Folkloric Precedent:

* Glucosamine has been used extensively for the treatment of osteoarthritis for more than a decade in
Europe.

* In response to the growing popularity of glucosamine in the United States, the National Institutes of
Health (NIH) sponsored a large Phase llI clinical trial to rigorously test the efficacy of glucosamine
(alone and in combination with chondroitin) in treating symptoms of osteoarthritis. The NIH, in
collaboration with the National Center for Complementary and Alternative Medicine (NCCAM) and the
National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS), awarded the University
of Utah School of Medicine a four-year research contract to coordinate a nine-center study of the
effectiveness of glucosamine (and chondroitin) in over 1,000 patients with osteoarthritis of the knee.
Subjects were randomized to receive either glucosamine, chondroitin, glucosamine and chondroitin
together, celecoxib or placebo for 16 weeks. The primary outcome measured was pain improvement.
The study is complete, data have been analyzed, and the investigators are in the process of submitting
a report to a peer-reviewed medical or scientific journal.

Brief Safety Summary:

® Likely Safe:When used orally in studied doses of standardized products (500mg taken three times daily
or 1500mg once daily) for short durations by otherwise healthy adults. When given as intra-articular
injections of glucosamine sulfate at recommended doses for up to 6 weeks (not available in the United
States) (12).

® Possibly Safe: When used orally at recommended doses for up to three years (13;14) or when used
short-term intramuscularly (15), or intravenously (16). A physician has reported using doses of up to 3
grams daily and higher in patients with osteoarthritis (17). Despite initial concerns about use in diabetic
patients based largely on in vitro and rat studies noting insulin resistance and possible glycemic effects
significant effects (including on hemoglobin Alc levels in patients with type 2 diabetes after 90 days of
therapy) (26;27).

® Possibly Unsafe: Due to lack of sufficient data, may be unsafe when used in patients during pregnancy
and lactation. Glucosamine is not recommended in children under the age of 2 years. Patients with
shellfish allergies should avoid glucosamine; poor processing during the manufacturing process can
lead to traces of intact proteins that can contribute to allergic reactions. The injectable forms of
glucosamine are not available in the United States.

DOSING/TOXICOLOGY

General:

* Recommended doses are based on those most commonly used in available trials, or on historical
practice. However, with natural products it is often not clear what the optimal doses are to balance
efficacy and safety.

® Glucosamine is not considered a drug in the United States and is therefore not required to be tested for
quality by any agency (governmental or otherwise) prior to sale. Therefore, glucosamine preparations in
the United States may vary in quality among different manufacturers and from batch to batch within the
same manufacturer. In parts of Europe, glucosamine sulfate is available as a prescription drug of
defined chemical nature.
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Standardization:

* Most studies of orally administered glucosamine have used glucosamine sulfate. Multiple salts of
glucosamine are available, including glucosamine sulfate, glucosamine hydrochloride, and glucosamine
hydroiodide. It is not clear if formulations other than glucosamine sulfate confer differences in efficacy or
safety.

* In December 1999 and January 2000, ConsumerlLabs conducted quality tests on 23 glucosamine and
glucosamine-chondroitin products. All 10 of the glucosamine-only products passed testing. However, six
out of 13 glucosamine-chondroitin did not pass, primarily due to low chondroitin levels. In the November
2003 test, all six glucosamine-only products tested passed and two glucosamine-chondroitin
combination products failed, due to low chondroitin levels.

Adult Dosing (18 years and older):
Oral:

* Osteoarthritis: In most clinical trials, glucosamine sulfate 500mg three times daily (tablets or capsules)
has been used for up to 90 days (28;29;30;31;32;33;34;35), with limited long-term study for up to 3
years (13;36;37;14). Clinical trials have also used 1500mg daily for up to 6 months (38;39;40;41). In
one clinical trial, 1500mg daily (crystalline powder for oral solution) was used (42). In another trial,
glucosamine hydrochloride (HCL) was given to patients at doses of 500mg three times daily (43). There
are anecdotal reports that dosing adjustments may be necessary in obese patients, (20mg/kg of body
weight daily has been recommended) however, clinical studies to support this recommendation are
lacking. A dose of 2000 milligrams per day for 12 weeks has also been administered in a study (44).
Note: Full therapeutic benefit may take several weeks or up to one month in some patients.
Glucosamine hydrochloride provides more glucosamine than the glucosamine sulfate salt form on a
molar level, although this difference becomes irrelevant when glucosamine is formulated to provide
500mg of glucosamine per tablet. A higher dose of the sulfate salt of glucosamine than of the
hydrochloride salt is required to provide a dose of 1500mg of glucosamine (45).

® Chronic venous insufficiency: One clinical trial used Perclar® (glycosaminoglycan) administered at
various daily doses: 48mg, 72mg, 96mg (46).

® Rheumatoid arthritis: One clinical trial used 420mg of Teoremac (glucosamine) daily for 14 days (47).

Intramuscular:

® Osteoarthritis: Doses of 400mg twice weekly have been used in clinical trials (15). One study used
400mg intramuscular glucosamine 3 times weekly, then 250mg orally 4 times weekly (48). One study
used 400mg glucosamine injection for 1 week followed by 500mg oral glucosamine 3 times daily for 2
weeks (49) Another study used 10 injections of 125 mg/0,5 ml Arteparon® (glycosaminoglycan
polysulfate) (50).

Intra-articular:

® Osteoarthritis: Dosages of 400mg of glucosamine sulfate daily for 7 days have been used (16).
Dosages of 1 and 50mg of glycosaminoglycan polysulfate approximately every seven days for 5 or 10
injections have been used (51). In one study, patients received one injection of glucosamine every week
for five weeks (12). One study used glucosamine sulphate or glycosaminoglycan polysulphate injections
over a period of six weeks (52). Another study used 6 injections with 125mg/0.5ml Arteparon (50).

Intravenous:

® Osteoarthritis: One ampule of 400mg glucosamine sulfate has been administered intravenously daily
for 7 days (16).

Pediatric Dosing (younger than 18 years):
® Often not recommended due to lack of sufficient evidence.

* In one study, 12 children with inflammatory bowel disease were treated with 3-6 grams of N-acetyl-
glucosamine (7).
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MECHANISM OF ACTION

Pharmacology:

* Constituents: Glucosamine is an amino-monosaccharide naturally produced in humans. It is one of the
principal substrates used in the biosynthesis of macromolecules that comprise articular cartilage, such
as glycosaminoglycans, proteoglycans, and hyaluronic acid. It is believed to play a role in cartilage
formation and repair.

* Anti-inflammatory effects: Unlike prostaglandin inhibitors, which have been associated with
deterioration of joints in osteoarthritis, glucosamine sulfate increases synthesis of proteoglycans in in
vitro cultures of normal human chondrocytes (68;69), chondrocytes isolated from human osteoarthritic
articular cartilage (69;70), and may be associated with disease modifying effects clinically (13;13).
Clinical trials suggest that the disease-modifying effect is limited to patients with mild-to-moderate
disease (35;64).

Although glucosamine is neither an analgesic nor an anti-inflammatory agent, it may exert mild anti-
inflammatory effects. Glucosamine has a beneficial effect in animal models of experimental arthritis (71;
72) and also appears to display mild anti-inflammatory activity (73;74;75).

Endocrine Effects: The effects of glucosamine on insulin resistance and serum glucose levels have
24), with some suggestion that there may be a small effect on glucose levels in humans (25), although
more recent studies in humans report no significant effects (26;27). Scroogie et al. conducted a placebo
controlled, double-blind, randomized trial to evaluate possible effects of glucosamine supplementation
on glycemic control in a population of patients with type 2 diabetes mellitus (27). Included subjects were
typically elderly and being treated with one or two drugs to maintain glycemic control. Over a 90-day
period, patients received either placebo or a combination of 1500mg of glucosamine hydrochloride with
1200mg chondroitin sulfate (Cosamin DS; Nutramax Laboratories Inc, Edgewood, Md). The primary
outcome measure was hemoglobin Alc level. The authors reported that mean hemoglobin Alc
concentrations did not significantly differ between groups or within groups.

Hematological Effects: A study conducted in eight heparinized dogs with bleeding esophageal varices
greater than 2mm in diameter were given glucosamine gel (10). The dogs were given 2.5% to 3.5% of
poly-N-acetyl glucosamine gel intra-variceally and para-variceally. Results showed that in all cases the
variceal hemorrhage was stopped with three to four injections that had a mean total gel volume of
1.9mL. The authors concluded that the endoscopic injection of bleeding esophageal varices in the dogs
with the use of poly-N-acetyl glucosamine gel was an effective and safe method for stopping the
hemorrhage and inducing permanent varix obliteration.

Pharmacodynamics/Kinetics:

® Absorption: A small, brief evaluation of N-acetylglucosamine (NAG) and polymeric form (sustained
action) of NAG suggests that it is readily absorbed with the polymeric form, producing sustained levels
(76). No detailed studies on the absorption of other forms of glucosamine (for example, glucosamine
hydrochloride) by humans are available. The maximum concentration (C,,) Of plasma proteins after
glucosamine sulfate administered orally to healthy adults is 31umol/L, administered intravenously is
130umol/L, and administered intramuscularly is 128umol/L (77).

® Bioavailability: The bioavailability of intramuscular administration of glucosamine sulfate in healthy
adults was found to be approximately 96% (77). The bioavailability of oral glucosamine sulfate is 26%
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indicating a significant first-pass metabolism of glucosamine by the liver (77).

® Distribution: The volume of distribution after intravenous administration of glucosamine in humans has
been reported as 71mL/kg (62). Glucosamine is incorporated into plasma glycoproteins and distributes
into liver, kidney, and skeletal tissues (78). Due to the substantial mass of the skeleton (bones and
cartilage), it has been estimated that approximately 30% of administered glucosamine is taken up by the
skeletal tissues in the rat (78).

* Elimination: The plasma levels of glucosamine sulfate (800mg) administered intravenously falls rapidly,
with an initial half-life of 6.1 minutes and a terminal half-life of 2.1 hours (62). In a study conducted in 6
healthy men, the terminal half-life in plasma proteins for intravenous administration of glucosamine was
70 hours, for intramuscular 57 hours, and oral 68 hours (77). Larger doses of 12-30 grams exhibit a
beta elimination half-life of 120-150 minutes, suggesting a linear pharmacokinetic profile (61;63).

® Excretion: Glucosamine is excreted mainly in the urine (61), with only small amounts excreted in feces
(62). Notable amounts are also metabolized to carbon dioxide and are excreted in expired air (62).
Elimination is delayed in renal insufficiency (63).

* German physicians first reported the use of glucosamine as a therapeutic agent for osteoarthritis in
1969. In several uncontrolled trials, the administration of glucosamine sulfate given intravenously, intra-
articularly, and intramuscularly was reported to diminish pain and increase mobility.

* More controlled trials became feasible after the introduction of glucosamine sulfate tablets by Rotta
Research Laboratorium, an Italian pharmaceutical company. Notably, the majority of the clinical and
pharmacokinetic studies, conducted in Europe during the 1980s and 1990s, have been conducted with
glucosamine sulfate supplied by researchers affiliated with Rotta.

* Public enthusiasm for glucosamine as a treatment for osteoarthritis increased substantially in 1997
largely because of the best-selling book, The Arthritis Cure, by Jason Theodosakis, MD.

* In 1998, over one billion capsules of glucosamine were sold in the United States (43).

EVIDEMCE TABLE

Condition Study Design Author, N Statistically Quality of Magnitude ARR NNT Comments
Year Significant?  Study of Benefit
0-2=poor
3-4=good
5=excellent
Knee Systematic review Richy, 2003 | NA Yes NA Medium | NA | NA [High level of efficacy
osteoarthritis reported across

included trials in terms
of Lequesne Index,
Western Ontario
MacMaster University
Osteoarthritis Index
(WOMAC), visual
analog scale for pain,
mobility, safety, and
response to
treatment. Limited
study found of effects
on joint space

narrowing.
Knee/hip Meta-analysis McAlindon, (1710 Yes NA Medium |44% | 3 | Possible
osteoarthritis 2000 overestimation of
benefits; 30% effect
size in knee

osteoarthritis of mild
to moderate severity;
2 abstracts included in
analysis.

Knee Randnmized Cihere 137 Nn 5 None NA NA |A discontinuation trial
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osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

controlled trial

Randomized
controlled trial

Randomized
controlled trial

Sub-analysis of
randomized

controlled trial by

Reginster et al.
(2001)

Randomized
controlled trial

Randomized
controlled trial

Randomized
controlled trial
(combination
therapy)

RCT (combination

therapy)

2004

Reginster,
2001

Reginster,
1999; 2001

Bruyere,
2003

Pavelka,
2000; 2002

Rindone,
2000

Das, 2000

Cohen,
2003

212

212

212

202

114

93

63

Yes

Yes

Yes

Yes

No

Yes

Unclear

I~

I~

Medium

Medium

Small

Small

None

Medium

Medium

22%

%

24%

5

4

found no differences
in severity of disease
flare or other
secondary outcomes
between placebo and
glucosamine patients.

1500mg glucosamine
oral solution daily vs.
placebo for 3 years;
no significant
radiologic joint-space
loss with glucosamine
vs. loss with placebo;
significant
improvement in
WOMAC pain score
vs. placebo.

1500mg glucosamine
daily vs. placebo for 3
years; significant
improvements in
WOMAC osteoarthritis
index and joint space
narrowing.

In sub-study of RCT,
patients with the least
severe joint space
narrowing at baseline
experienced the
greatest deterioration
over 3 years and
appeared to be the
most responsive to
glucosamine sulfate
therapy.

1500mg glucosamine
daily vs. placebo for 3
years; significant
improvements in
Lequesne index and
absence of joint-
space narrowing vs.
placebo.

1500mg glucosamine
vs. placebo for 2
months; no significant
difference between
groups; study in
patients with
advanced disease.
Which salt form of
glucosamine used
was not specified.

1000mg glucosamine,
800mg chondroitin,
and 152mg
manganese ascorbate
twice daily for 6
months; benefit
limited to individuals
with mild-to-moderate
osteoarthritis. Study
sponsored by
manufacturer.

Topical glucosamine/
chondroitin
combination vs.
placebo for 8 weeks
acenciated with
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Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Knee
osteoarthritis

Randomized
controlled trial

Randomized
controlled trial

Randomized
controlled trial

Randomized
controlled trial
(published abstract)

Equivalence trial
(glucosamine vs.
ibuprofen)

Randomized
controlled trial

Randomized
controlled trial

Combined data of
three randomized
controlled trials

Randomized
controlled trial

Hughes,
2000; 2002

Houpt, 1999

Noack,
1994

Forster
1996

Muller-
Fassbender,
1994

Rovati,
1994

Reichelt,
1994

Rovati,
1992

Raatikainen,
1990

80

118

252

329

200

329

155

606

31

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

lw

(3]

o

(o8]

o

I~

I~

lw

lw

None

NA

Small

Medium

Medium

Medium

Small

Small

Small

%

17%

34%

NA

22%

38%

o

(o8]

[6;]

©
g

o1 |§L\'|

improved symptoms.

1500mg glucosamine
daily vs. placebo for 3
years. Large placebo
effect noted (33%);
possibly
underpowered to
detect between-group
differences.

1500mg glucosamine
HCl vs. placebo for 8
weeks; improved
mobility but no
significant difference
between groups in
pain & stiffness;
unique trial of
glucosamine HCI with
trend towards
improvement late in
trial.

1500mg glucosamine
vs. placebo daily for 4
weeks; responder rate
significantly higher
with glucosamine than
placebo.

1500mg glucosamine
vs. piroxicam 20mg
vs. Glucosamine
1500mg + Piroxicam
20mg vs. placebo
daily for 90 days;
limited description of
methodology or
statistical analysis.

1500mg glucosamine
sulfate vs. ibuprofen
1200mg daily for 4
weeks; improvement
in both groups vs.
baseline; no
significant difference
between groups; no
placebo arm.

1500mg glucosamine
vs. 20mg piroxicam
vs. glucosamine +
piroxicam vs. placebo
daily.

400mg glucosamine
intramuscular
injections twice
weekly for six weeks
vs. placebo; intention-
to-treat analysis.

: /\Combined data of

three 4-6 week trials
of glucosamine (oral
or intramuscular) vs.
ibuprofen vs. placebo;
methodologically
limited analysis.

12 intramuscular
glycos- aminoglycan
(Arteparon®)
injections given over
six weeks; patients
followed for one year.
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Knee
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Knee
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Knee
osteoarthritis

Knee pain
(suspected
osteoarthritis)

Osteoarthritis

Osteoarthritis

Randomized
controlled trial

Randomized
controlled trial

Equivalence trial
(glucosamine vs.
ibuprofen)

Equivalence trial
(glucosamine vs.
ibuprofen)

Randomized
controlled trial

Randomized

controlled trial

Meta-analysis

Meta-analysis

Ishikawa,
1982

Vajaradul,

1981

Qiu, 1998

Lopes, 1982

Pujalte,
1980

Braham,
2003

Towheed,
2005

Towheed,
2001
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Intra-articular glycos-
aminoglycan
polysulfate studied,;
randomization not
specified; outcomes
assessment tool not
clearly standardized.

Intra-articular
glucosamine
injections vs. placebo
for 4 weeks.
Incomplete dosing
information.

1500mg glucosamine
vs. 1200mg ibuprofen
daily for 4 weeks.
Broad range of patient
ages

(28-78 years).

1500mg glucosamine
vs. 1200mg ibuprofen
daily for 8 weeks;
significantly lower
pain scores with
glucosamine;
subjective measures
of efficacy used;
blinding not
described.

1500mg glucosamine
vs. placebo daily for
6-8 weeks; significant
reductions in articular
pain, joint tenderness,
swelling in
glucosamine group
vs. placebo.

Glucosamine 2000mg
daily improved
subjective accounts of
knee pain but not
objective measures of
function vs. placebo
after 12 weeks.

20 analyzed RCTs
Pooled results

from studies using a
non-Rotta preparation
or adequate allocation
concealment

failed to show benefit
in pain and WOMAC
function while those
studies evaluating

the Rotta preparation
show that
glucosamine was
superior to placebo in
the

treatment of pain and
functional impairment
resulting from
symptomatic OA.

Pooled data from 16
trials showed mean
difference for pain
reduction vs. placebo

to be 1.40; mean
diffarance in
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Osteoarthritis
(temporo-
mandibular
joint)
Osteoarthritis
(knee and
spinal
degenerative
joint disease)
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Meta-analysis

Meta-analysis

Meta-analysis

Systematic review

Systematic review

Systematic review

Systematic review

Equivalence trial
(glucosamine sulfate
vs. ibuprofen).

Randomized
controlled trial

Equivalence trial
(glucosamine vs.
piperazine/
chlorbutanol)

Randomized
controlled trial

Towheed,
1999

Denham,
2000

Kreder,
2000

Barclay,
1998

Gottleib,
1997

Da Camara,
1998

Brief, 2001

Thie, 2001

Leffler, 1999

D'Ambrosio,
1981

Drovanti,
1980

9
trials

15
trials
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6
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Small
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Medium

10%

48%

32%

N

Lequesne index 0.63.

Pooled data from 5
placebo controlled
trials found effect size
for pain relief vs.
placebo to be 1.23.

Pooled data from 15
trials found effect size
for pain to be 0.44.

Pooled data from 16
trials found effect size
for pain to be 0.44.

Benefits reported in
pain and mobility.
Analysis excluded
studies with >30
subjects or with poor
design.

Positive trends in
osteoarthritis
symptoms reported.
Vaguely described
study.

Positive trends in
osteoarthritis
symptoms reported
from 11 trials. Vaguely
described study.

Positive trends in
osteoarthritis
symptoms reported
from 9 trials. Vaguely
described study.

1500mg glucosamine
sulfate vs. 1200mg
ibuprofen daily for
three months.

Glucosamine HCI
1500mg, chondroitin
sulfate 1200mg, and
manganese 228mg
daily for 16 weeks;
study was sponsored
by manufacturer.
Significant results for
knee, but not for back.

Glucosamine 400mg
injection for 1 week
followed by
glucosamine 500mg 3
times daily for 2
weeks OR piperazine/
chlorbutanol injection
for one week followed
by two weeks of
placebo. Inconsistent
routes of
administration;
comparisons made to
unproven therapies.

1500mg glucosamine
or placebo daily for 30
days; significantly
better scores for
articular pain, joint
tenderness, swelling,
and restriction of
artive movements in
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glucosamine group.

Intramuscular
glucosamine 400mg 3
times weekly, then
250mg orally 4 times
weekly OR
phenylbutazone
600mg
intramuscularly daily,
then 200mg orally 4
times weekly or
250mg twice daily.
Both groups showed
improvements.

Glucosamine 400mg
injection for 1 week
followed by
glucosamine 500mg 3
times daily for 2
weeks OR piperazine/
chlorbutanol injection
for one week followed
by two weeks of
placebo. Inconsistent
routes of
administration;
comparisons made to
unproven therapies.

Intra-articular
glucosamine sulfate
associated with
superior effect vs.
glycos- aminoglycan
polysulfate in mild
osteoarthritis.

Intra-articular injection
vs. intramuscular
injection, with similar
clinical response.

1500mg glucosamine
daily for 6-8 weeks;
no placebo arm.

Perclar® (glycos-
aminoglycan)
administered at
various daily doses:
48mg, 72mg, 96mg;
treatment associated
with improvements in
70-96% of subjects.

3-6 grams daily N-
acetyl glucosamine in
children; mixed
results.

420mg glucosamine
or 100mg
indomethacin daily for
14 days; both groups
with significantly
improved pain on
pressure; no
difference between
groups, but possibly
underpowered.

1600mg glucosamine,
1200mg chondroitin,

and 10N0OmMa caleinm
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joint (TMJ) twice daily; mixed
disorders results.

EVIDEMCE DISCUSSION

Knee Osteoarthritis:

® Summary: There is compelling evidence from available randomized-controlled trials to support the use
of oral glucosamine sulfate in the treatment of mild to moderate knee osteoarthritis. Notably, nearly all
statistically significant studies have used glucosamine sulfate supplied by one European manufacturer
(Rotta Research Laboratorium). Therefore, it is unknown whether glucosamine preparations sold by
different manufacturers are equally effective. Studies not demonstrating statistically significant efficacy
have often either included patients with severe osteoarthritis or utilized formulations other than
glucosamine sulfate. Additional high-quality studies, conducted independently of glucosamine
manufacturers, are warranted to confirm the efficacy of glucosamine. Full therapeutic benefit may take
several weeks or up to one month to occur.

Systematic Review and meta-analysis: Richy et al. conducted a systematic review of controlled trials
of glucosamine sulfate and chondroitin sulfate in patients with knee osteoarthritis (79). A literature
search was conducted to include placebo controlled trials published or performed between January
1980 and March 2002 via MEDLINE, PREMEDLINE, EMBASE, the Cochrane Database of Systematic
Reviews, Current Contents, BIOSIS Previews, HealthSTAR, and EBM Reviews, as well as a manual
review of the literature and congressional abstracts, and direct contact with authors and manufacturers
of glucosamine and chondroitin products. Outcomes of interest included joint space narrowing,
Lequesne Index, Western Ontario MacMaster University Osteoarthritis Index (WOMAC), visual analog
scale for pain, mobility, safety, and response to treatment. Data abstraction was performed
systematically by 2 independent reviewers who were blinded to sources and authors. The authors
reported highly significant efficacy of glucosamine overall in terms of all assessed outcomes, although
limited results were available in included studies for joint space narrowing.

McAlindon et al. conducted a meta-analysis and systematic quality assessment of clinical trials of
glucosamine in knee and/or hip osteoarthritis (80). Human clinical trials were identified via a search of
MEDLINE (1966 to June 1999), and were included if they were published or unpublished double-blind,
randomized, placebo controlled trials of 4 or more weeks' duration that studied glucosamine for knee or
hip osteoarthritis, and reported extractable data on the effects of treatment on symptoms. Inclusion
criteria also required reporting of at least one of the following outcomes: global pain score for index joint,
pain on walking for index joint, Western Ontario and McMaster Universities (WOMAC) Osteoarthritis
Index Pain Subscale, Lequesne index, or pain in index joint during activities other than walking. Six
studies met inclusion criteria (43;30;31;15;81;12). Each trial was evaluated with a quality assessment
instrument measuring 14 aspects of clinical trial conduct. Pooled analysis revealed a moderate
treatment effect for glucosamine of 0.44 (95% CI, 0.24-0.64). Although these results are suggestive,
methodological flaws and publication bias of the individual trials may have exaggerated estimates of
clinical benefit. Notably, two abstracts were included in the meta-analysis (43;81) which were not
subjected to peer review prior to publication, did not include detailed accounts of statistical analyses,
and one used glucosamine hydrochloride, which may not be clinically comparable to glucosamine
sulfate (43). Other limitations include a lack of detailed descriptions of patients enrolled in the individual
trials. The safety profiles of glucosamine sulfate and chondroitin sulfate were not reviewed in the meta-
analysis (82).

Controlled Trials of Oral Glucosamine(Long-term Results): Reginster et al. assessed the effects of
glucosamine on the long-term progression of osteoarthritis joint structure changes and symptoms (13;
36). A total of 212 patients with knee osteoarthritis were studied in this well designed and reported,
randomized, double-blind, placebo controlled trial. Subjects were administered a daily oral solution
containing glucosamine sulfate (1500mg) or placebo for 3 years. The primary measure of biologic effect
was change in width of medial tibio-femoral joint space, a radiographic measurement of outcome
recommended by expert consensus. Clinical symptoms were scored by the validated WOMAC
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osteoarthritis index. An intent-to-treat analysis demonstrated a progressive joint-space loss in the
placebo group (by an average of 20mm), whereas no significant joint-space loss was observed in the
glucosamine group. Patients treated with glucosamine also experienced significant improvements in
WOMAC pain and physical function subscales when compared to placebo. No significant differences
from placebo were found in terms of adverse effects, suggesting fairly long-term safety of oral
glucosamine sulfate. The glucosamine used in this study was a prescription formulation (Dona®, Viartril-
S®, or Xicil®, Rotta Research Group, Monza, Italy) of defined chemical composition. Glucosamine
sulfate cannot be generalized to other glucosamine products (or compound mixtures) that are available
as dietary supplements in some countries. Limitations of this trial include a large dropout rate of
approximately one third of the subjects (38 in treatment group and 35 in placebo group). The authors
note that the reasons for dropout did not differ significantly between groups, and were not directly
attributable to symptoms, although detailed follow-up of dropouts was not clearly described.

Pavelka et al. published results of a three-year randomized, placebo controlled trial of glucosamine
sulfate 1500mg once daily for osteoarthritis of the knee (37;14). This study was conducted in 202
patients with mild-to-moderate knee osteoarthritis confirmed by physical and radiographic diagnosis,
using American College of Rheumatology criteria, with baseline average joint space widths of slightly
less than 4mm and a Lequesne index score of less than 9 points. The primary outcome was
progression of osteoarthritis, measured via the Lequesne index and joint space measurements.
Changes in radiographic minimum joint space width were measured in the medial compartment of the
tibiofemoral joint, and symptoms were assessed using the algo-functional indexes of Lequesne and
WOMAC (Western Ontario and McMaster Universities). After three years of treatment, the authors
reported that the placebo group experienced progression of mean joint space narrowing of -0.19 mm
(95% confidence interval, -0.29 to -0.09 mm), while there was no average change with glucosamine
sulfate use (0.04 mm; 95% confidence interval, -0.06 to 0.14 mm). Differences between the groups was
statistically significant (p=0.001). In addition, fewer patients treated with glucosamine sulfate
experienced predefined severe narrowings (>0.5 mm): 5% versus 14% (p=0.05). Symptoms improved
modestly with placebo use but by as much as 20-25% with glucosamine sulfate, with significant final
differences on the Lequesne index and the WOMAC total index and pain, function, and stiffness
subscales. There was no significant difference in adverse events between groups.

Bruyere et al. investigated the relationship between baseline radiographic severity of knee osteoarthritis
and long-term joint space narrowing, reporting that those with the least severe joint space narrowing at
baseline experience the greatest deterioration over three years and appeared to be the most responsive
to glucosamine sulfate (83). This study was a sub-analysis of the previously published three-year
randomized, placebo controlled, prospective study in 212 patients with knee osteoarthritis, recruited
from outpatient clinics by Reginster et al. (13;36). Mean joint space width (JSW) was assessed by a
computer-assisted method using weight-bearing anteroposterior knee radiographs. The authors
reported that in the placebo group, baseline JSW was significantly negatively correlated with joint space
narrowing measured after 3 years (p=0.003). Also in the placebo group, among patients in the lowest
quartile of baseline mean JSW values (<4.5mm), JSW increased by a mean of 3.8%, compared to 6.2%
in the glucosamine sulfate group, although this difference was not statistically significant (p=0.70). In the
highest quartile of baseline mean JSW values (>6.2mm), joint space narrowing of 14.9% occurred in the
placebo group compared to 6.0% in the glucosamine sulfate group. Patients with the most severe
osteoarthritis at baseline had a risk ratio (relative risk) of 0.42 to experience 0.5mm of joint space
narrowing over 3 years, compared to those with less affected joints. In patients with mild osteoarthritis
(highest quartile of baseline mean JSW), glucosamine sulfate use was associated with a non-significant
trend towards reduction in joint space narrowing (p=0.10).

Controlled Trials of Oral Glucosamine(Short-term Results): Cibere et al. performed a randomized,
double-blind, placebo controlled discontinuation trial of glucosamine in which 137 current users with
knee osteoarthritis were given glucosamine (1500mg daily) or placebo for 6 months (38). The primary
outcome was the proportion of disease flares in the glucosamine and placebo groups using an intent-to-
treat analysis. Secondary outcomes included time to disease flare, analgesic medication use, severity of
disease flare, and change in pain, stiffness, function and quality of life in the glucosamine and placebo
groups. The primary endpoint of a disease flare was seen in 28 (42%) of 66 patients in the placebo
group and 32 (45%) of 71 patients in the glucosamine group. The between-group difference of -3% was
not statistically significant (95% confidence interval, -19 to 14; p=0.76). This trial is unique because it
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was a discontinuation study, an approach infrequently used to demonstrate efficacy. One limitation of
this design is that any initial benefit of glucosamine cannot be evaluated. The need for rescue
medication in a discontinuation trial may be seen as a further limitation due to the potential confounding
effect. However, analgesic medication use was included in the secondary analysis of the data and was
similar in the placebo and glucosamine groups. The researchers concluded knee osteoarthritis disease
flare occurred as frequently, as quickly, and as severely in patients who were randomized to continue
receiving glucosamine compared with those who received placebo, and as a result, the efficacy of
glucosamine as a symptom-modifying drug in knee osteoarthritis is not supported by this study.

Rindone et al. conducted a randomized, controlled trial comparing the effects of glucosamine and
placebo in the treatment of 98 patients with knee osteoarthritis (35). Patients were randomized by a
computer generated code to receive placebo or glucosamine 500mg three times daily for two months.
The primary outcome was pain intensity at rest and while walking, as assessed by a visual analog
scale, measured at baseline and after 30 and 60 days of treatment. The authors reported no statistical
difference between glucosamine and placebo at either 30 or 60 days. It is unclear if the negative results
are related to inclusion of patients with more advanced disease, or if the study was not sufficiently
powered. Of note, the salt form of glucosamine was not specified, and the American manufacturer is no
longer in business at the address indicated in the study.

A randomized, double-blind, placebo controlled trial was conducted in 80 patients with radiographic
diagnosis of osteoarthritis recruited from a rheumatology outpatient clinic, to evaluate the effects of
glucosamine sulfate 1500mg daily or a placebo for six months (84;39). Patients were excluded if they
had prosthetic material in both knees, had previously taken glucosamine, had received arthroscopic
surgery of the knee in the past 3 months, and had any intra-articular injection in the last month. The
study assessed safety and efficacy at 0, 6, 12, and 24 weeks which included 100mm visual analogue
(VAS) pain scales for global pain, pain on movement and pain at rest, the McGill Pain Questionnaire,
WOMAC, range of movement, use of rescue analgesics and adherence to trial medication. The primary
outcome was patients' global assessment of pain in the knee. The results of the primary outcome global
assessment of pain in the knee demonstrated no statistically significant difference between glucosamine
and placebo based on area under the curve analysis (mean difference 0.15mm, 95% confidence
interval -8.78 to 9.07). However, there was a 33% response in the placebo group, and therefore the
sample size may not have been adequate to detect true between-group differences. No significant
differences were found between groups with regard to pain, range of movement, or use of rescue
analgesia. A small significant difference was found between groups in knee flexion (mean difference 13
degrees, 95% CI -23.13 to -1.97). A subgroup of patients with mild-to-moderate pain experienced a
trend towards analgesia with glucosamine sulfate.

Houpt et al. conducted a double-blind, randomized, placebo controlled trial of glucosamine in which 118
patients with knee osteoarthritis were given glucosamine hydrochloride (500mg three times daily) or
placebo for 8 weeks (43). The primary outcome was a difference in total scores of the Western Ontario
and McMaster University Osteoarthritis Index (WOMAC) at week 0 and week 8. The secondary
outcomes assessed were pain reductions measured by daily diary and knee examination. Although
positive trends were seen in subjects treated with glucosamine, no significant differences were
observed in WOMAC scores between the glucosamine hydrochloride and placebo groups. However,
positive trends were seen in the glucosamine group in 23 of 24 WOMAC questions. The secondary
outcomes did reach statistical significance from weeks 5-8, suggesting improvements in knee
examinations (p=0.026) and in the responses to a daily diary pain question (p=0.018). Although mobility
did improve, pain and stiffness did not reach a statistically significant difference between the two
groups. The wide confidence intervals suggest very low precision, possibly suggesting too much
heterogeneity. This trial is unique because it used glucosamine hydrochloride instead of the more
common glucosamine sulfate. The study was well designed and reported, reporting no significant
difference in WOMAC scores compared to placebo. However, the results of the secondary outcomes
should be viewed cautiously, due to the subjective nature of the questions; variations in patient
understanding may lead to bias.

Noack et al. performed a double-blind, randomized, placebo controlled trial of glucosamine in 252
patients with knee osteoarthritis (30). Patients received glucosamine sulfate (500mg three times daily)
or placebo for four weeks. Responders were defined as patients with a reduction of at least 3 points in
the Lequesne index with a positive overall assessment by the investigator. The responder rate was


javascript:doRefLink('PM:10693368')
javascript:doRefLink('PM:11934964')
javascript:doRefLink('PM:10555905')

significantly higher in the glucosamine group (55%) than in placebo (38%). The overall result did not
change after analysis of the data by intention-to-treat.

Forster et al. presented an abstract of a randomized controlled trial comparing glucosamine, piroxicam
and placebo (85). In this 90-day analysis, patients were assigned to receive daily placebo, 1500mg
glucosamine, 20mg piroxicam, or the combination of 1500mg glucosamine and 20mg piroxicam. The
primary outcome measure was the Lequesne index of severity. Improvements in this index were noted
in 48% of glucosamine patients, 39% of piroxicam patients, 46% of patients receiving the combination,
and 14% of patients receiving placebo. Since only an abstract was published, data regarding
methodology and statistical analysis is limited.

Muller-Fassbender et al. compared the efficacy of glucosamine to ibuprofen in treating symptoms of
knee osteoarthritis in a randomized, controlled, double-blind trial (29). In this study, 200 patients were
randomized to receive either 500mg glucosamine sulfate or 400mg ibuprofen three times daily for four
weeks. Inclusion criteria were based on medical and medication history, physical examination, and
radiograghical evaluation. The exclusion criteria included significant hematological disorders, history of
renal or hepatic impairment, peptic ulcer disease, hypersensitivity to NSAIDs, recent injury to the
involved knee, and intra-articular corticosteroid use in the past two months. Patients were not permitted
to take NSAIDs, corticosteroids, analgesics or any other medication for the treatment of osteoarthritis,
but were allowed to receive physical therapy if it was recorded in their profiles. The primary outcome of
the study was clinical improvement in symptoms and a decrease in Lequesne index. After four weeks,
significant reductions in symptoms (defined as a reduction of at least 2 points in the Lequesne index)
were observed in both groups; however, significantly more adverse events were noted in the ibuprofen
group (35%) than in the glucosamine group (6%) (p<0.05). Limitations of this trial include poorly
described randomization methods.

An abstract by Rovati et al. describes a double-blind, randomized, placebo controlled trial of 329
patients with knee osteoarthritis (32). Subjects were randomized to receive either 1500mg glucosamine
sulfate, 20mg piroxicam, 1500mg glucosamine and 20mg piroxicam, or placebo, all administered once
daily. The primary outcome measure was the Lequesne index. The study results were based on an
intention-to-treat approach in 310 evaluable patients, including dropouts for worsening, inefficiency, or
concomitant use of other symptomatic drugs. The glucosamine and glucosamine-piroxicam group
showed significant decreases in the Lequesne index. The results are promising, although descriptions
of methods and statistical analysis were limited in this abstract.

Qiu et al. conducted a randomized, double-blind trial comparing glucosamine to ibuprofen in 178
patients with knee osteoarthritis (34). Both glucosamine sulfate (500mg, three times daily) and ibuprofen
(400mg, three times daily) significantly reduced pain and swelling of the knee after two and four weeks
of treatment. Patients taking ibuprofen reported significantly more adverse effects than those taking
glucosamine (p=0.01). This study is promising, although there is possible bias due to association with
the glucosamine manufacturer Rotta Research Laboratorium.

Lopes et al. conducted a trial comparing tolerance and efficacy of glucosamine to ibuprofen in 40
patients with osteoarthritis of the knee (33). Patients were randomized to receive 500mg glucosamine
sulfate or 400mg ibuprofen three times daily with meals for eight weeks. The primary outcomes
assessed were articular pain and presence of swelling. Results showed that pain scores initially
decreased more slowly in the glucosamine group than in the ibuprofen group (during the first two
weeks). However, pain scores in the glucosamine group continued to decrease until becoming
significantly lower than in the ibuprofen group by week 8 (p<0.05). Four patients with inflammation in the
ibuprofen group showed no reduction in inflammation, while two of seven patients in the glucosamine
group returned to normal. This study is limited by the use of highly subjective efficacy measures.

Pujalte et al. performed a double-blind, randomized, placebo controlled trial of glucosamine in 20
patients with knee osteoarthritis (31). Patients were randomized to receive placebo or 500mg of
glucosamine three times daily for 6-8 weeks. Results revealed significant reductions in the primary
outcomes measured (articular pain, joint tenderness, swelling) in the glucosamine group compared to
placebo (p<0.01). The clinical relevance of these results is limited by the lack of accounting for
dropouts, and small sample size.

® Braham et al. conducted a randomized, placebo controlled trial to assess the effects of oral
glucosamine supplementation on functional ability and degree of pain in 46 individuals with regular knee
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pain felt to be due to previous articular cartilage damage and osteoarthritis (44). Subjects were assigned
to receive either glucosamine 2,000mg or placebo daily for 12 weeks. During this period, four testing
sessions were conducted, with changes in knee pain and function assessed by clinical and functional
tests (joint line palpation, a 3 metER "duck walk," repeated walking stair climb), two questionnaires
(Knee Injury and Osteoarthritis Outcome Score [KOOS] and Knee Pain Scale [KPS]), and participant
subjective evaluation. At the completion of the study period, the authors reported significant
improvements in clinical and functional test scores in the glucosamine group compared to baseline, but
there were no significant differences between groups. Significant improvements were observed in the
glucosamine group compared to placebo in questionnaire results (p<0.05), KOOS quality of life scores
(p<0.05), and KPS scores (p<0.05). On self-report evaluations of knee pain, improvements were
reported by 88% of glucosamine patients versus 17% of placebo patients. Most improvements were
observed at 8 weeks.

Controlled Trials of Parenteral (Injection) Glucosamine: Rovati reported on combined data of three
trials of 4-6 weeks duration comparing glucosamine sulfate against placebo or ibuprofen in the
treatment of osteoarthritis of the knee (86). In the first trial, glucosamine sulfate 500mg three times daily
for four weeks was compared to placebo in 241 patients, with improvement in 52% of subjects receiving
glucosamine and 37% of those receiving placebo (based on intention-to-treat). In the second trial,
glucosamine sulfate 400mg or placebo was administered intramuscularly twice weekly for six weeks to
155 individuals, with 51% of glucosamine subjects responding and 32% of placebo subjects responding
(again based on intention-to-treat). A third trial of glucosamine sulfate 500mg three times daily vs.
ibuprofen 400mg three times daily was evaluated in 199 hospitalized patients for four weeks with 48%
responding to glucosamine and 51% responding to ibuprofen. The studies were limited in that
randomization procedures and accountability for dropouts were not clearly specified.

Reichelt et al. studied the efficacy of intramuscular injections of glucosamine in 155 patients with knee
osteoarthritis in a multi-center, double-blind, randomized, placebo controlled trial (15). Patients were
randomized to twice-weekly injections of either glucosamine sulfate (400mg) or placebo for six weeks.
Efficacy was assessed at weekly intervals using the Lequesne index. Therapy responders were
considered those patients with a decrease in the Lequesne index of at least 3 points from basal value,
together with an investigator overall judgment of efficacy rated "good" or "moderate.” The authors
reported that the frequency of therapy responders was significantly greater in the glucosamine sulfate
group (p=0.012). An intention-to-treat analysis of the data yielded similar results. However, one cannot
necessarily extrapolate the relative efficacy between intramuscular and oral formulations of glucosamine
sulfate.

A small study by Raatikainen et al. evaluated the effects of 12 intramuscular injections of
glycosaminoglycan polysulfonate (Arteparon®) given over six weeks to relatively young patients with
damaged patellar cartilage and arthroscopically verified chondromalacia (87). The patients were
followed for one year. Improvement was seen in macroscopic evaluation of patellar cartilage at one year
in 8 of 13 patients treated with glycosaminoglycan and in 3 of 13 patients receiving placebo. Limitations
of the study include the small study size, questions as to randomization (randomization method not
specified, trend toward heavier patients in placebo group), and no accountability for dropouts.

Vajaradul studied the effect of intra-articular injections of glucosamine on symptoms of knee
osteoarthritis (12). In this double-blind, randomized, placebo controlled trial, 54 patients received a
weekly injection of glucosamine (Viartril®, dosage unspecified) or placebo in the affected knee for 5
consecutive weeks. Although both treatments significantly reduced pain, the action of glucosamine was
greater than that of placebo. Four weeks after the last injection, 13 of 26 glucosamine-treated patients
were completely pain-free, compared to only 2 of 26 placebo-treated patients (p<0.001}. The clinical
utility of these results is limited due to the lack of reported dosing information and limited description of
methods.

Controlled Trials of Combination Therapy (Glucosamine/Chondroitin): Das et al. performed a 6-
month manufacturer-sponsored evaluation of a combination of glucosamine hydrochloride 1000mg
(FCHGA49), low molecular weight sodium chondroitin sulfate 800mg (TRH122) and manganese
ascorbate 152mg (Cosamin® DS) (64). Each agent was administered twice daily to patients with
radiographically defined osteoarthritis of the knee. Exclusion criteria for the study included pregnancy,
severe activity-limiting diseases, type 2 diabetes, alcoholism, history of significant hematological
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disorder, history of hepatic or renal impairment, active peptic ulcer, metabolic diseases, musculoskeletal
disease other than osteoarthritis, injury or surgery to the involved knee in the past 6 months, intra-
articular corticosteroids within the last 2 months, and regular use of NSAIDs in the past 2 months.
Patients included had at least a Lequesne index of severity of osteoarthritis of 7, and a radiograph
grade of 2 or more based on the Keligren and Lawrence grading system. Further inclusion criteria were
ability to walk, willingness to comply with study protocol, arthritic symptoms for greater than 6 months,
and age between 45-75 years. The primary outcome of this study was the Lequesne index of severity of
osteoarthritis of the knee (ISK). The secondary outcome was the Western Ontario and McMaster
Universities osteoarthritis index (WOMAC). Response to treatment was defined as a 25% improvement
in the parameters studied (ISK, WOMAC score, or patients' global assessment with ISK as the primary
outcome). Patients with mild-to-moderate osteoarthritis displayed significant improvement in the ISK for
osteoarthritis of the knee compared to placebo at four months (p=0.003). The patients' global
assessments were used to evaluate the results in 70% of the intervention group versus 46% of the
placebo group (p=0.04). The WOMAC results were used in 58% of the treated group versus 41% of the
placebo group (p=0.2). Patients with severe osteoarthritis did not show significant improvement in any
of the index methods used. A methodological limitation of this study was the use of data from prior visits
to fill in for missing data elements (accounting for 16% of data points). In addition, this trial used doses
greater than commonly used in other clinical trials (glucosamine 2000mg/chondroitin sulfate 1600mg
daily rather than glucosamine 1500mg/chondroitin sulfate 1200mg daily.

® Topical glucosamine/chondroitin: Cohen et al. assessed the ability of a topical preparation of
glucosamine sulfate and chondroitin sulfate to reduce pain related to osteoarthritis of the knee (88). In
this randomized controlled trial, 63 patients were assigned to receive either topical
glucosamine/chondroitin or placebo over an eight-week period. At the end of the study period, the
authors reported a greater mean reduction in VAS pain scores in the glucosamine/chondroitin group
(mean change: -3.4cm) compared to the placebo group (mean change: -1.6 cm), with effects also seen
after four weeks. However, statistical analysis was not well described.

® Open Trials: An open trial was conducted by Wein et al. to evaluate the use of glucosamine
hydrochloride in the treatment of pain associated with osteoarthritis of the knee (89). The study was
conducted in 110 individuals who received either an unknown amount of glucosamine hydrochloride or
placebo tablets for 2 months. Outcomes were evaluated using a patient questionnaire (2 pain questions
and 3 function questions). The authors reported that the only statistically significant difference between
treated group and placebo was a decrease in pain using stairs in the glucosamine group (p=0.043). This
was an open (unblinded) trial, which may have allowed for the introduction of bias.

* A case series was reported in 190 patients from 1978 through December 1982 to evaluate the efficacy
of glucosamine in the treatment of knee osteoarthritis (90). Patients received a total of five intra-articular
injections containing 200mg glucosamine sulfate, 200mg glucosamine hydrochloride, and 50mg
lidocaine. Following the injections, patients received 500mg of glucosamine sulfate twice daily for 12
consecutive weeks. The authors reported that after the second intra-articular injection, and following use
of oral glucosamine, improvements occurred in overall pain and function of joints.

Osteoarthritis (General):

® Summary: Several controlled trials have reported benefits of glucosamine in the management of
osteoarthritis at sites other than the knee. However, the evidence is less plentiful than that for knee
osteoarthritis. Overall, trials have not been well designed or reported, and many have compared the
efficacy of glucosamine to other agents (without proven efficacy), without placebo comparison. A
number of meta-analyses and systematic reviews have reported beneficial effects, although most have
included trials of knee osteoarthritis. Notably, knee osteoarthritis tends to respond better than other
osteoarthritic joints to any treatment (it is possible that the make-up and structure of the knee joint plays
a role). Future studies are warranted to assess the efficacy of glucosamine in treating osteoarthritis of
different specific joints at different stages of severity.

* Meta-analyses and Systematic Reviews: In 2000, McAlindon et al. conducted a meta-analysis and
systematic quality assessment of clinical trials of glucosamine in knee and/or hip osteoarthritis (80).
Human clinical trials were identified via a search of MEDLINE (1966 to June 1999), and were included if
they were published or unpublished double-blind, randomized, placebo controlled trials of 4 or more
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weeks' duration that studied glucosamine for knee or hip osteoarthritis, and reported extractable data on
the effects of treatment on symptoms. Inclusion criteria also required reporting of at least one of the
following outcomes: global pain score for index joint, pain on walking for index joint, Western Ontario
and McMaster Universities (WOMAC) Osteoarthritis Index Pain Subscale, Lequesne index, or pain in
index joint during activities other than walking. Six studies met inclusion criteria (43;30;31;15;81;12).
Each trial was evaluated with a quality assessment instrument measuring 14 aspects of clinical trial
conduct. Pooled analysis revealed a moderate treatment effect for glucosamine of 0.44 (95% Cl, 0.24-
0.64). Although these results are suggestive, methodological flaws and publication bias of the individual
trials may have exaggerated estimates of clinical benefit. Notably, two abstracts were included in the
meta-analysis (43;81) which were not subjected to peer review prior to publication, did not include
detailed accounts of statistical analyses, and one used glucosamine HCL which may not be clinically
comparable (43). Other limitations include a lack of detailed descriptions of patients enrolled in the
individual trials. The safety profiles of glucosamine sulfate and chondroitin sulfate were not reviewed in
the meta-analysis (82).

In 2000, Denham and Newton conducted a meta-analysis of 15 randomized double-blind placebo
controlled trials of glucosamine and chondroitin either given as separate agents or together for patients
with osteoarthritis of the knee or hip (65). Trials were included if they lasted longer than four weeks and
used standardized osteoarthritis outcome measures. Two independent reviewers examined outcomes,
quality, and financial sponsorship of the studies, and disagreements were resolved by discussion.
Pooled effect size was calculated by dividing the difference in mean outcomes between treatment group
and control group by the standard deviation of the outcome value in the control group. The resulting
effect measure combined disability outcomes with pain outcomes; the primary outcome was
improvement of symptoms at four weeks, measured by either a pain scale or a disability index. None of
the studies had affiliation with government or companies that might bias the results toward positive
trials. Glucosamine therapy was reported to be associated with an effect size of 0.44 (95% ClI, 0.24-
0.64). Limitations of this meta-analysis include the poor design and reporting of the included trials, and
pooling of heterogeneous outcomes.

In 2000, Kreder conducted a meta-analysis of controlled trials published between 1966 and June 1999
(91). Studies were included in any language that compared oral/parenteral glucosamine sulfate or
glucosamine hydrochloride with placebo, lasted for 24 weeks, were conducted in patients with knee or
hip osteoarthritis, and measured outcomes using a standardized tool. Two reviewers used a 14-point
scale to evaluate studies and to resolve any scoring discrepancies. Six studies were included in the
pooled analysis, involving 911 patients. The combined results of this meta-analysis showed a moderate
benefit of glucosamine, with an effect size of 0.44 (95% ClI, 0.24-0.64). However, due to inconsistencies
in the designs of included studies, the result cannot be considered definitive.

In 2001, Towheed et al. conducted a systematic review and meta-analysis of randomized controlled
trials evaluating the effectiveness and toxicity of glucosamine in the treatment of osteoarthritis, for the
Cochrane Collaboration (92). Literature searches were conducted in Medline, Embase, and Current
Contents through November 1999, as well as the Cochrane Library Controlled Trials Register. The
authors also contacted experts and searched reference lists of randomized control trials and pertinent
review articles. Trials were included if they evaluated effectiveness and safety of glucosamine in
osteoarthritis, included a placebo or equivalent agent, and were single or double-blinded. Sixteen trials
data were pooled using standardized mean differences. The standardized mean difference for pain
reduction comparing glucosamine to placebo was found to be 1.40, representing a clinically significant
treatment benefit. The pooled standardized mean difference for pain reduction comparing glucosamine
to placebo for Lequesne index was 0.63, and for pain reduction comparing glucosamine to NSAIDs was
0.86. The authors suggested that there is evidence that glucosamine is both effective and safe in the
short-term management of osteoarthritis, but long-term safety and efficacy are not known. It is also
unknown whether different glucosamine preparations/brands are equally effective: 81% of the included
trials had some affiliation with Rotta, an Italian manufacturer of glucosamine sulfate.

In 1999, Towheed and Anastassiades reported a systematic review and meta-analysis of randomized
controlled trials evaluating the efficacy of glucosamine sulfate in the management of osteoarthritis (93).
The review consisted of a Medline search from 1966-1997, in order to identify controlled trials published
in English. A meta-analysis was conducted and effect sizes were used to synthesize data measured
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with various scales, and odds ratio was used to pool dichotomous data. The search strategy identified 9
clinical trials with a mean duration of 5.4 weeks. In 7 trials that compared glucosamine to placebo,
glucosamine was reported as superior in all. In 2 trials that compared glucosamine to ibuprofen,
glucosamine was superior in 1 and equivalent in 1. The combined effect for pain relief comparing
glucosamine to placebo in 5 studies was 1.23 (95% ClI, 0.93 to 1.53). The odds ratio for overall
favorable response comparing glucosamine to placebo, which was comparable in two trials, was 2.04
(95% Cl, 1.38 to 3.02). A limitation of this analysis was the heterogeneity of included studies, in terms of
osteoarthritis definitions and outcome measures used.

Several additional reviews have been conducted, in most cases without quantitative analyses, and
concluded promising results of glucosamine in the treatment of osteoarthritis (56;94;95;96). In general,
the trials included have used heterogeneous measurement techniques, and the reviews have not
utilized comprehensive, systematic search strategies or inclusion criteria.

Towheed et al. conducted a meta-analysis of randomized controlled trials evaluating the effectiveness
and toxicity of glucosamine in osteoarthritis. A literature search was conducted to include single blinded,
double blinded trials and placebo controlled published up to January 2005 via MEDLINE,
PREMEDLINE, EMBASE, AMED, ACP Journal Club, DARE, Cochrane Database of Systematic
Reviews, and Cochrane Controlled Trials Register, as well as written letter to content experts, and hand
searched reference lists of identified randomized controlled trials and pertinent review articles. All
searches were updated in January 2005. This update included 20 studies with 2570 patients. Data
abstraction was performed independently by two investigators and the results were compared for
degree of agreement. Pooled results from studies using a non-Rotta preparation or adequate allocation
concealment failed to show benefit in pain and WOMAC function while those studies evaluating the
Rotta preparation show that glucosamine was superior to placebo in the treatment of pain and functional
impairment resulting from symptomatic osteoarthritis. WOMAC outcomes of pain, stiffness and function
did not show a superiority of glucosamine over placebo for both Rotta and non-Rotta preparations of
glucosamine. Glucosamine was also seen as safe as placebo.

Placebo Controlled Trial: Drovanti et al. performed a double-blind, randomized, placebo controlled trial
of glucosamine in 80 patients with osteoarthritis (28). Patients received either oral glucosamine sulfate
(500mg three times daily) or placebo (lactose) for 30 days. The primary outcomes were evaluation of
clinical signs of osteoarthritis after glucosamine use. Scores for articular pain, joint tenderness, swelling,
and restriction of active movements were reported as significantly lower in glucosamine-treated patients
at 14, 21, and 30 days (p<0.01). At the study's end, physicians rated improvements in 29 of 40
glucosamine-treated patients as excellent or good overall, compared with 17 of 40 for placebo
(P=0.005).

Comparison Trials (Various Routes of Administration): Thie et al. compared glucosamine sulfate to
ibuprofen in the management of osteoarthritis of the temporomandibular joint (40). A total of 45 patients
were randomized to receive glucosamine sulfate 500mg or ibuprofen 400mg three times daily for 3
months. The authors reported that both groups experienced improved pain scores and voluntary
maximal mouth opening over baseline. At three months, 71% of those receiving glucosamine sulfate
and 61% of those receiving ibuprofen displayed at least a 20% improvement in clinical response.
Limitations include the lack of a placebo group.

Leffler et al. reviewed the daily use of glucosamine hydrochloride 1500mg, chondroitin sulfate 1200mg,
or manganese ascorbate 228mg in a 16-week crossover trial, to evaluate treatment of degenerative
joint disease of the knee and low back (66). Thirty-four males from the U.S. Navy diving and special
warfare community with a mean age of 44 years were assessed. The primary outcomes included results
of pain and functional questionnaires, physical examination scores, and running times. The authors
reported that knee osteoarthritis symptoms were relieved as measured by summary disease score
(p=0.05), patient assessment of treatment (p=0.02), visual analog scale for pain recorded at clinic visits
(p=0.05) and in a diary (p=0.02), and physical examination score (p=0.01). There was no difference
noted in running times. The study did not report a benefit or exclude a benefit for spinal degenerative
joint disease. Generalizability to clinical practice is limited by the small study size.

Using virtually identical study designs, Crolle et al. and D'Ambrosio et al. published trials comparing the

efficacy of glucosamine sulfate to piperazine/chlorbutanol, a combination registered in Italy as an anti-
arthritic drug (without anti-inflammatory properties) (49;16). In each study, thirty patients with chronic
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osteoarthritis received either 400mg glucosamine sulfate daily (by intramuscular, intravenous, or intra-
articular routes) for one week, followed by two weeks of oral glucosamine sulfate (500mg three times
daily), or an intramuscular daily injection of piperazine/chlorbutanol for one week, followed by two weeks
of placebo. In both studies, semi-quantitative scores of pain improved in both treatments during the first
week; however, in the following two weeks, further significant reductions in pain scores were noted only
in the glucosamine group. Crolle et al. reported results that were significantly different from placebo at
21 days in pain at rest, pain on active movement, and restricted function (p< 0.01) (49). D'Ambrosio et
al. reported significant results in a decrease in mean symptoms scores with injectable glucosamine
treatment by 58% (p<0.05) and by a further 13% with oral maintenance therapy (p<0.01) compared to
piperazine/chlorbutanol (16). Interpretation of the results from these studies is limited because of
inconsistent routes of administration of glucosamine, inadequate descriptions of the severity of
osteoarthritis, heterogeneous durations of disease, and the use of subjective measures of efficacy.

Mund-Hoym conducted a randomized comparison trial comparing the efficacy of Dona® 200-S
(glucosamine sulfate) or phenylbutazone for arthritis-induced changes in spinal column flexibility and
pain in 80 arthritic patients (48). Subjects received either 400mg intramuscular Dona200-S three times
weekly followed by 250mg orally 4 times weekly, or 600mg intramuscular phenylbutazone daily followed
by 200mg orally 4 times weekly or 250mg twice daily. The authors reported improvements with both
treatment therapies, although Dona 200-S demonstrated greater improvements in paravertebral tension
and pain intensity over a shorter period of time than phenylbutazone. Limitations of this study included
lack of a placebo arm, unclear randomization methods, and lack of blinding.

Hehne et al. reported a comparative study in 68 patients with mild-to-moderate osteoarthritis (52).
Subjects were administered intra-articular injections of glucosamine sulfate or glycosaminoglycan
polysulfate for 6 weeks to evaluate differences between the two forms of drug. The authors reported
that therapy was successful in two-thirds of patients treated: Initial pain was eliminated or improved in
80% of subjects, "getting going"” pain was reduced in approximately 64%, signs of synovitis decreased
in 66%, and gait function and maotility improved. In subjects with "mild" osteoarthritis, reduction of pain
occurred in 90% of subjects using glucosamine, while glycosaminoglycan polysulfate was more
beneficial in advanced cases. Limitations of this study include lack of a placebo arm and incomplete
description of statistical analysis.

¥ Case Series: Tapadinhas et al. reported a study in 1208 patients with osteoarthritis to evaluate the
clinical effectiveness of glucosamine sulfate (41). Patients received 500mg glucosamine sulfate three
times daily for 6-8 weeks. Outcomes were assessed by physician ratings. Physicians rated patient
progress as being "good" in 694 patients (58.7%), "sufficient" in 426 (36%), and "insufficient” in 63
(5.3%). A significant proportion of patients (9.3%) who had not responded to previous treatments
reportedly benefited from oral glucosamine sulfate treatment. However, lack of a control group and use
of subjective assessment measures limit the clinical applicability of these results.

® Dosing/Route of Administration: Dettmer evaluated the effects of Arteparon® (Glycosaminoglycan
polysulfuric acid GAGPS) at different doses and routes of administration in 100 patients with
osteoarthritis of the hip joint (50). Subjects were divided evenly to receive either 6 intra-articular
injections of 125mg/0.5mL Arteparon® or 10 intramuscular injections of 125mg/0.5mL Arteparon®. The
results showed that there are no significant differences between dosing administration and both groups
report positive results. The study has some flaws that limit the interpretation of the data such as no
explanation of blinding or randomization and the lack of statistical analysis.

Chronic Venous Insufficiency:

® Summary: Chronic venous insufficiency is a syndrome characterized by failure of venous valves of the
legs. Clinically this may include lower extremity edema, varicosities, pain, pruritis, atrophic skin
changes, and ulcerations. The term is more commonly used in Europe than in the United States.
Currently, there is a lack of sufficient evidence to recommend for or against the use of glucosamine in
the treatment of this syndrome.

® Evidence: Gosetti et al. reported a case series evaluating daily doses of 48mg, 72mg, or 96mg
Perclar® (glycosaminoglycan) in the treatment of 60 patients diagnosed with venous insufficiency of the
lower limbs (46). After 30 days of treatment, the authors reported an improvement in edema and pain in
all evaluable patients, reduction in venous pressure values in 97% of cases, and activation of the
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fibrinolytic system in 90% of patients. Although promising, the lack of a placebo group limits the clinical
applicability of these findings.

Inflammatory Bowel Disease:

® Summary: There is a lack of sufficient evidence to recommend for or against the use of glucosamine in
the treatment of inflammatory bowel disease (Crohn's disease or ulcerative colitis).

® Evidence: A pilot study was conducted in 12 children to evaluate the effects of N-acetyl glucosamine as
an adjunct therapy in treating inflammatory bowel disease (7). Subjects had all been diagnosed with
refractory inflammatory bowel disease, 10 with Crohn's disease and 2 with ulcerative colitis. All patients
were administered oral N-acetyl glucosamine, 3-6 grams daily. The authors reported that 8 children
demonstrated "clear improvements," while 4 required bowel resection. In 7 children diagnosed with
symptomatic Crohn's strictures prior to the trial, 3 required surgery over a mean follow-up of >2.5 years,
and endoscopic exam detected "improvements" in the other 4 children. Rectal administration of N-acetyl
glucosamine was associated with remission in 2 cases, "clear improvement” in 3 cases, and no effect in
2 cases. Although suggestive, the lack of a control group makes it difficult to distinguish these results
from the possible natural history of these diseases. The small sample size, heterogeneous baseline
diagnoses, subjective measures used, and lack of statistical analysis limit the clinical utility of these
results.

Rheumatoid Arthritis:

® Summary: There is not sufficient evidence from human trials to recommend for or against the use of
glucosamine in the management of rheumatoid arthritis. Only limited, preliminary study has been
conducted in this area.

® Evidence: Giordano et al. reported a double-blind crossover study in 15 rheumatoid arthritis patients to
compare the actions of Teoremac® (glucosamine) and indomethacin (47). Total daily doses of 420mg
Teoremac® and 100mg indomethacin were administered for 14 days. Primary outcomes measured
included number of painful joints on pressure and intensity of pain, number of painful joints on passive
movement and intensity of pain, number of swollen joints and amount of swelling, and number of joints
with functional limitation and the degree of functional limitation. The authors reported that both
Teoremac® and indomethacin significantly improved pain on pressure, with no difference between the
two drugs (p<0.01). Teoremac® elicited a slightly better effect in pain on passive movement, while the
action of both drugs on limitations of function and swelling were not significant (p>0.05). Notably, the
sample size in this trial may have been too small to detect significant differences in outcomes between
groups. There was no placebo arm as a reference for comparisons of efficacy. Therefore, these results
can only be considered preliminary.

Temporomandibular Joint (TMJ) Disorders:

® Summary: There is a lack of sufficient evidence to recommend for or against the use of glucosamine
(or the combination of glucosamine and chondroitin) in the treatment of temporomandibular joint
disorders.

® Evidence: Shankland conducted a study in 50 patients diagnosed with temporomandibular joint
disorders to evaluate the clinical effects of treatment with chondroitin and glucosamine (67). Subjects all
received a mixture of 1200mg chondroitin sulfate-4 and chondroitin sulfate-6 twice daily, 1600mg
glucosamine hydrochloride twice daily, and 1000mg calcium ascorbate. Patients were instructed to take
all three supplements together, and were also permitted to take over-the-counter ibuprofen or aspirin if
needed. The authors found that 40 patients (80%) reported decreased joint inflammation and pain, 1
patient (2%) reported worsened symptoms, 4 patients (8%) reported no change, and 5 patients (10%)
did not comply with the study protocol. These preliminary results are limited by the lack of a control
group, use of a combination therapy, and subjective outcomes measurements.

PRODUCTS STUDIED

Brands used in statistically significant clinical trials:
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® Glucosamine sulfate preparations manufactured by Rotta Research Group, Monza, Italy: Dona®
(30;15;13;13), Viartril® (12), Viatril-S® (34;13;13), Xicil® (13;13).

* Glucosamine/Chondroitin preparations manufactured by Nutramax: Cosamin® (66); Cosamin® DS
(64).

® Glucometacin preparation: Teoremac® (47).

* Glycosamine-glycan preparation:Perclar® (46).

® Glycosaminoglycan polysulfate preparation: Arteparon® (50).

Third-party testing:

® Consumer Labs (Initial posting November 2, 2003; Updated on July, 21, 2004): NutraJoint® Plus
Glucosamine, Maximum Strength Formula Dietary Supplement Drink Mix 1650mg glucosamine
hydrochloride/scoop of powder (Knox®),Glucosamine 500mg 500mg glucosamine sulfate and
hydrochloride/tablet (Nature Made®), Glucosamine Sulfate, 750mg Complex, Superior Joint Support
750mg glucosamine potassium sulfate complex/capsule (NOW®), Glucosamine HCI with Boswellia
375mg glucosamine hydrochloride/capsule (Nutrilite®), Glucosamine Sulfate 1000mg glucosamine
sulfate*2 potassium chloride/capsule (Spring Valley®), Glucosamine Sulfate 500mg glucosamine
sulfate*2 potassium chloride/capsule (Vitamin World®).

* Consumer Reports (January 2002): Out of 19 products that were tested, most were well-standardized,
and reported to deliver at least 90% of the amount of glucosamine or chondroitin as labeled.
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