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CURRENT DRUG THERAPY

■ ABSTRACT

Glucosamine is now widely used in the hope that it will
relieve symptoms of osteoarthritis and stop its
progression, yet studies have so far failed to prove
convincingly that it works, how it might work, or whether
it is safe to take long-term. This is an overview of the
evidence to date for currently available glucosamine
preparations, as well as for glucosamine used in
combination with another popular nutraceutical,
chondroitin sulfate.

■ KEY POINTS

Claims that glucosamine modifies osteoarthritis rest
primarily on animal studies showing decreased cartilage
erosion and on two European trials in humans.

Studying the modifying effects of glucosamine on
osteoarthritis will require years of observation, as the
disease tends to progress very slowly, progression is not
necessarily linear, and an agent that has disease-
modifying or structure-modifying properties may have
little or no immediate effect on symptoms.

To better assess for potential disease-modifying effects of
glucosamine on osteoarthritis, most researchers now use
radiography of the knee in a semi-flexed position with
fluoroscopic positioning rather than imaging the knee
fully extended with the patient standing.

Because most studies of glucosamine have been short
(approximately 3 months) and have involved only small
numbers of patients, the long-term safety of this
nutraceutical is still not known.

ROM ANCIENT TIMES, MAN has treated
maladies using substances that occur in

nature, and osteoarthritis (OA) has been par-
ticularly fertile ground for so-called natural
remedies.

Glucosamine is a naturally occurring sub-
stance now sold in pill form and widely used
by patients with OA, either on their own or
on the recommendation of their physician.
But what do we really know about the effects
of this much-touted nutraceutical on OA?

Glucosamine is one of the most thorough-
ly studied nutraceuticals, and yet the studies
have not answered key questions: eg, Does it
work? How does it work? Is it safe for long-
term use? Given the popularity of glu-
cosamine, claims made in the mass media, and
the number of clinical trials devoted to it,
clinicians need to be familiar with the latest
information—such as it is—so as to be ready
to discuss it with their patients and help them
make well-informed treatment decisions.

Let’s examine the clinical evidence for the
symptom-relieving efficacy of current glu-
cosamine preparations, as well as the chal-
lenges of studying disease modification in OA.

■ WHAT IS GLUCOSAMINE?

Glucosamine is an amino monosaccharide
composed of glucose with a bound amino
group. It is present in several tissues, includ-
ing cartilage. Several molecules within the
joint incorporate the glucosamine molecule
into their structure, including the gly-
cosaminoglycans (GAGs) heparan sulfate,
keratan sulfate, and hyaluronan. Urinary
excretion of glucosamine is elevated in both
OA and rheumatoid arthritis.1
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Sulfate vs hydrochloride formulations
Most clinical trials of glucosamine supplemen-
tation in treating OA have used glucosamine
sulfate because it is well absorbed from the gas-
trointestinal tract in its crystalline form, with
linear pharmacokinetics reported at doses
between 750 and 1,500 mg/day.2 Its elimina-
tion half-life has been estimated at 15 hours.
However, many of the products sold in the
United States contain glucosamine
hydrochloride, a compound about which there
is considerably less information. As with other
nutraceuticals, there is a problem with the
lack of standardization in the actual amounts
of active ingredient in commercially available
products, which in the case of glucosamine
may vary from 53% to over 100% of the
amount stated on the package label.3

Proposed mechanisms of action
The mechanism of action of glucosamine sul-
fate in OA is uncertain. Some in vitro experi-
ments have shown stimulation of the synthe-
sis of cartilage GAGs and proteoglycans.4,5

Enhanced synovial production of hyaluronic
acid has been proposed as a mechanism in one
study.6 Glucosamine has been reported to dou-
ble steady-state levels of aggrecan mRNA7

and also to inhibit aggrecanase activity
induced by interleukin 1.8 Other research has
shown that, in normal human articular chon-
drocytes, glucosamine and N-acetylglu-
cosamine inhibit nitric oxide production
induced by interleukin 1β (IL-1β) and tumor
necrosis factor-alpha.9 N-Acetylglucosamine
also suppressed production of IL-6 and
cyclooxygenase-2 stimulated by IL-1β.9

■ DOES GLUCOSAMINE RELIEVE
SYMPTOMS OF OA?

Standard measures
of symptom improvement
The two main measures of symptomatic relief
in glucosamine trials have been the Lequesne
Index and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC),
and both have been validated in OA trials.

The Lequesne Index is a questionnaire
dealing with measurement of pain (five ques-
tions), walking distance (one question), and
activities of daily living (four questions). The

scores for each question are added into a com-
bined pain-severity score.10 The WOMAC is
a self-administered questionnaire with 24
questions in the areas of pain, disability, and
joint stiffness. The questions can be answered
using either a five-point scale or a 100-mm
visual analog scale of severity.

Attempts to test improvement in symptoms
Several human studies and a meta-analysis
have tested for improvement in symptoms of
OA using oral and intramuscular forms of glu-
cosamine sulfate:

Reichelt et al11 found that intramuscular
glucosamine sulfate 400 mg twice weekly for 6
weeks reduced the severity of pain as measured
by the Lequesne Index when contrasted with
placebo.

Muller-Fassbender et al12 compared oral
glucosamine sulfate 1,500 mg/day with moder-
ate doses of ibuprofen (1,200 mg/day) for OA
of the knee in a 4-week randomized, double-
blind, parallel-group study. Pain reduction was
more rapid with ibuprofen. However, at 4
weeks there was no significant difference in
pain relief between the study groups. No group
received high-dose ibuprofen (> 1,200
mg/day).12 This study did not include a place-
bo group.

Qiu et al13 performed a double-blind
study of 178 patients with OA of the knee,
comparing oral glucosamine sulfate 1,500
mg/day with ibuprofen 1,200 mg/day for 4
weeks. At the end of the study, a trend favored
glucosamine in the reduction of knee pain.
Adverse events were reported in 6% of
patients in the glucosamine group and in 16%
of patients in the ibuprofen group. No patients
in the glucosamine group dropped out because
of drug-related effects, as compared with 10%
of the ibuprofen group. This study did not
include a  placebo group.

A meta-analysis14 of trials published
before the year 2000 found evidence of a mod-
erate to large therapeutic effect, but quality
issues and possible publication bias suggest
that these effects may have been exaggerated.

An industry-sponsored European trial,
Glucosamine Unum in Die Efficacy
(GUIDE),15 compared glucosamine sulfate
with acetaminophen and placebo in 318
patients with knee OA. Study patients were
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randomized to receive glucosamine sulfate sol-
uble powder 1,500 mg once a day, aceta-
minophen 1,000 mg three times a day, or
placebo for 6 months. The main efficacy mea-
sure was the 6-month change in the Lequesne
Index. At 6 months, the glucosamine group
achieved significantly better scores compared
with the placebo group. Those taking aceta-
minophen failed to achieve a statistically sig-
nificant benefit compared with placebo by
either the Lequesne Index or WOMAC.
There was no difference between the glu-
cosamine, acetaminophen, and placebo
groups in terms of safety.15 It should be noted
that the form of glucosamine used in this
trial—glucosamine sulfate—is not compara-
ble to the form of glucosamine most often
used in the United States.

Recent trials cast doubts
Over the past 3 years, trials and meta-analyses
have cast doubt on early findings regarding
the efficacy of glucosamine in OA.

Hughes and Carr16 randomized 80
patients with knee OA to receive either glu-
cosamine sulfate 1,500 mg/day or placebo for
6 months. No difference between glucosamine
and placebo was noted in the primary variable
of patients’ global assessment of pain in the
affected knee.

McAlindon et al17 used a unique Internet-
based recruiting system and followed 205
patients with knee OA randomized to receive
glucosamine sulfate 1,500 mg/day or placebo for
12 weeks. The primary end point was the pain
subscale of the WOMAC. At study conclusion,
no difference was noted in the groups with regard
to pain, physical function, or overall WOMAC
scores. Stratification by severity of OA, glu-
cosamine product used, or the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) did not alter
the results.

A Cochrane review of glucosamine ther-
apy in OA18 analyzed a pool of 20 studies and
2,570 patients. Pain and function were seen to
improve by 28% and 21%, respectively, by the
Lequesne Index compared with placebo. No
improvement was seen in the overall
WOMAC pain and function scales. Some
have speculated that these inconsistent study
results are due to a lack of standardization in
glucosamine preparations.

A recent discontinuation trial19 has
added to the uncertainty about glucosamine’s
efficacy, finding that 137 patients clinically
classified as moderate responders to glu-
cosamine sulfate were no less likely to experi-
ence an OA flare if they continued or discon-
tinued the glucosamine. No statistically sig-
nificant differences between the groups were
noted in pain and WOMAC function scores
after 6 months.19

■ PRINCIPLES OF DISEASE
MODIFICATION IN OA

According to one estimate,20 OA significant-
ly disables 10% to 30% of those affected by it,
making it the leading cause of chronic disabil-
ity in the United States. The occurrence and
progression of OA were long regarded as
inevitable, but these perceptions are changing
as the study of disease-modifying and struc-
ture-modifying therapies evolves. Successful
intervention and disease modification would
have significant personal and societal impact.

As pain is the most common symptom in
OA, the traditional medical treatment for OA
has focused on pain management,21 and med-
ical societies such as the American College of
Rheumatology have published recommenda-
tions for symptomatic management.22 To date,
disease-modifying interventions have been lim-
ited to using exercise and weight loss to reduce
risk factors such as obesity, repetitive stress, or
joint trauma. Research into pharmacologic dis-
ease modification in OA has included relative-
ly straightforward approaches such as antibi-
otics, hyaluronate, and polysaccharides, and
more complex therapies such as manipulation
of growth factors and cytokines, stem-cell graft-
ing, and genetic manipulation.23 These so-
called chondroprotective therapies were origi-
nally intended to preserve cartilage from the
arthritic process, but their potential role may
now extend to preventing, retarding, stabilizing,
or reversing the development of the disease
itself, not just protecting cartilage.

■ CHALLENGES TO TESTING DRUG
EFFECTIVENESS IN OA

Proving an agent has disease-modifying or
structure-modifying properties may involve
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years of observation, because OA progresses
slowly: for example, OA of the knee may
progress at a rate of 0.1 mm/year24 in joint-
space width, which is difficult to measure
radiographically. In addition, progression
doesn’t necessarily occur in linear fashion
throughout the natural history of the disease.
Adding to the difficulties in finding and
investigating these compounds, an agent that
has disease-modifying or structure-modifying
properties may have little or no immediate
effect on symptoms, and we have no direct
way to examine the progression of disease.

Markers of modification
Hence, clinical trials for these drugs are chal-
lenging. Surrogate markers are often used to
measure disease modification or structural mod-
ification. At present, the most commonly used
is the joint-space width assessed via fluoroscop-
ically positioned anteroposterior radiography of
the semi-flexed knee.25 Also under study are
surface imaging or cartilage volume determina-
tion by magnetic resonance imaging (MRI),
arthroscopic scores, and serum biomarkers.26,27

US and European guidelines for the design
of trials to establish the efficacy of disease-mod-
ifying drugs for OA stipulate that trials must
demonstrate both modulation of joint-space
narrowing and clinical efficacy.28 Therefore,
assessments of structural progression (ie, joint-
space width) must also include measurement of
pain, stiffness, and function.

Radiography of the semi-flexed knee with
fluoroscopic positioning is now preferred to
radiography of the standing, fully extended
knee,29 for reasons to be discussed later.

■ ARE CLAIMS OF DISEASE MODIFICATION
JUSTIFIED?

Claims that glucosamine modifies OA rest pri-
marily on animal studies showing decreased
cartilage erosion30 and on two European trials
in humans. In one European trial,31 212
patients with OA of the knee were random-
ized to receive placebo or glucosamine sulfate
1,500 mg/day and were followed prospectively
for 3 years. Anteroposterior radiography of
each knee fully extended and bearing weight
was performed at enrollment, at 1 year, and at
3 years. At 3 years, the treatment group had a

joint-space reduction of .06 mm while the
placebo group had a reduction of .31 mm.
Whether this is a clinically meaningful differ-
ence in joint space is unclear. Patients taking
glucosamine also showed symptomatic
improvement by WOMAC of 20% to 25%,
while those on placebo had a slight worsening
of symptoms, as judged by WOMAC. No sig-
nificant adverse events were attributed to the
use of glucosamine sulfate.

A second trial randomized 202 patients to
receive placebo or glucosamine sulfate 1,500
mg/day for 3 years.32 The width of the narrow-
est medial joint space of the tibiofemoral joint
was measured serially, using visual assessments
with a 0.1-mm graduated magnifying glass on
anteroposterior radiographs of each knee fully
extended and bearing weight. At 3 years, a sig-
nificant difference in joint-space width was
noted in the glucosamine group, with a 0.19-
mm decrease in joint space in the placebo
group and a 0.04-mm increase in joint space in
the glucosamine sulfate group. Patients receiv-
ing glucosamine also had significantly greater
improvements in the WOMAC score and the
Lequesne Index in the glucosamine group.

Radiography of semi-flexed knee
may be preferable
The favorable results of these studies in terms
of disease modification have been questioned
because of the radiographic technique they
used to assess joint space, ie, with the knee
fully extended and bearing weight. At issue is
whether the joint-space width seen on radio-
graphs of the knee fully extended while stand-
ing could be significantly affected by knee
pain and whether radiography of the semi-
flexed knee would be preferable in these stud-
ies.

In a study by Mazzuca et al,33 19 patients
with painful knee OA underwent baseline
radiography after a “washout” period during
which analgesics and NSAIDs were withheld.
Each patient underwent both standing-
extended and semi-flexed fluoroscopically
positioned radiography. Analgesic or NSAID
treatment was then reinstated, and radiogra-
phy was repeated 2 to 8 weeks later. Knee pain
was rated using the five-point Likert scale, an
assessment of the impact of disease on quality
of life. The authors found that changes in

Glucosamine
studies now use
semi-flexed, not
standing-
extended knee
imaging
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joint pain in these patients produced signifi-
cant changes in joint-space width on the
standing-extended view, whereas changes in
joint pain produced no significant changes in
joint-space width on radiographs of the semi-
flexed knee.

This suggests an effect of therapy on pain
rather than a disease-modifying effect, and
past studies that used the standing-extended
technique may need to be redone with the
semi-flexed position. Most trials have now
adopted the semi-flexed fluoroscopically posi-
tioned technique for assessing potential dis-
ease modification.

Glucosamine plus chondroitin,
other combinations
One double-blind, placebo-controlled, cross-
over trial evaluated the combination of glu-
cosamine HCl, the form of glucosamine used
most often in the United States, 1,500 mg/day,
chondroitin sulfate 1,200 mg/day, and man-
ganese ascorbate 228 mg/day in a 16-week trial
in men with pain and radiographic knee OA
or low-back pain believed to be related to
OA.34 Patients with knee OA had improve-
ment based on a visual analog scale for pain,
patient self-assessment of treatment effect, and
a summary disease score (pain questionnaire,
functional questionnaire, physical examina-
tion score, and running time). No benefit was
reported in patients with spinal OA.

Another small, placebo-controlled trial
randomized patients with knee OA to a regi-
men of glucosamine HCl 1,000 mg, chon-
droitin sulfate 800 mg, and manganese ascor-
bate 152 mg twice a day, or placebo.35 Patients
were evaluated at baseline and then every 2
months for 6 months using the Lequesne
Index of pain severity. At 4 and 6 months,
those with radiographically mild to moderate
knee OA showed significant improvement by
the Lequesne Index when compared with
those on placebo. Those with severe radio-
graphic OA of the knee had no significant
symptomatic benefit. The study did not eval-
uate for disease modification or structure
modification.

The Glucosamine/chondroitin Arthritis
Intervention trial (GAIT),36 sponsored by the
National Institutes of Health, randomized
1,583 patients with OA of the knee to receive

one of five treatments: glucosamine HCl
1,500 mg/day; chondroitin sulfate 1,200
mg/day; glucosamine HCl plus chondroitin
sulfate; celecoxib 200 mg/day; or placebo. The
primary end point was the percentage of
patients achieving at least 20% improvement
on the WOMAC pain subscale at 6 months.
The only statistically significant response
compared with placebo occurred in those on
celecoxib (70.1% vs 60.1%, P = 0.008).
Patients were then stratified by baseline sever-
ity according to their WOMAC pain score,
most of them falling into the category of mild
OA pain. In a subgroup analysis, in those with
moderate to severe OA pain (WOMAC Pain
301–400 mm), the combination of glu-
cosamine HCl and chondroitin sulfate was
more efficacious than placebo as measured by
a dichotomous response rate (positive = 50%
improvement in pain) of 79.2% vs 54.3% for
placebo (P = .002).

From these results, it appears that patient
selection may be important in maximizing any
potential benefit from therapy with combined
glucosamine-chondroitin therapy. The study
also had a particularly high placebo response
rate, which may have been due to the enroll-
ment of patients with less symptomatic OA.

Glucosamine HCl vs glucosamine sulfate
In addition, the GAIT study used glucosamine
HCl instead of glucosamine sulfate,36 the form
used in most other studies, particularly those
that have shown efficacy. This raises the ques-
tion of whether the choice of glucosamine
HCl negatively affected efficacy in the trial.
However, a small Chinese trial (142 patients)
randomized patients with knee OA to glu-
cosamine sulfate 1,500 mg/day or to glu-
cosamine HCl 1,440 mg/day for 1 month37 and
found no differences in efficacy, while a clear
majority of patients achieved symptomatic
improvement by Lequesne scores in each
group. The study had no placebo group. Safety
assessments continued for 2 additional weeks
with no significant adverse events reported.

■ KEY ISSUES UNRESOLVED

As we have seen, the clinical trials to date
have left key issues about glucosamine in OA
unresolved.
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• The studies that have more clearly shown
efficacy have used glucosamine sulfate as a sin-
gle agent, and we still do not know if it is cor-
rect to expect the same results with the
hydrochloride form, which is widely available
in the United States.
• Recent trials cast doubt on whether glu-
cosamine sulfate is effective at all in knee OA.
• Currently, we have no significant clinical
evidence to recommend the use of the combina-
tion of glucosamine (sulfate or hydrochloride)
and chondroitin sulfate over glucosamine alone.
• The results of GAIT36 suggest that sub-
groups of patients with OA may derive bene-
fit from glucosamine while others may not,
highlighting the potential importance of

patient selection in the use of glucosamine.
• In the numerous clinical trials of glu-
cosamine published over the past decade, no
major adverse effects have emerged, yet we
must keep in mind that the number of patients
followed for longer than 3 months is exceed-
ingly small, so long-term safety remains to be
proven.

The treatment of OA will be increasingly
important given the aging of the population in
the United States and other Western coun-
tries. It is hoped that research on the appro-
priate use of not only glucosamine, but also
other nutraceuticals and natural remedies, will
yield important insights that will lead to
enhancing our management of OA.
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