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Editor’s Note: The widespread
use of complementary and alter-
native medicine (CAM) by pa-
tients in the United States makes
it imperative for physicians to
have a better understanding and
knowledge about CAM modali-
ties in order to provide best care
for their patients.

The University of Washington
School of Medicine (UW-
SOM), in collaboration with
Bastyr University, has been
awarded a grant from the Na-
tional Center for Complemen-
tary and Alternative Medicine
(NCCAM) directed at develop-
ing educational materials and
integrating CAM into the UW-
SOM curriculum. One aim of
the grant was to develop evi-
dence-based monographs for the
most important herbs and
supplements for physicians to
know about.

Made possible by funds from this
NCCAM grant (AT00813-01),
this insert to Drug Therapy Topics
reviews one of these supplements.
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Glucosamine and Chondroitin
by Barak Gaster, M.D.

Osteoarthritis (OA) is the most common cause of disability inadults! Interest in alternative
treatments for OA has grown as more data has emerged about the risks of nonsteroidal anti-
inflammatory drugs (NSAIDs).2 Glucosamine and chondroitin, two therapies promoted for
“healthy joints,” are now the most commonly used dietary supplements in the United States.
In four years, sales have doubled from $288 million in 2000 to $730 million in 2004.

Pharmacology

Avrticular cartilage is made up mostly of extra-cellular matrix. This matrix contains giant
proteoglycan molecules which are made of a hyaluronic acid backbone to which giant
glycosaminoglycan chains (GAGs) are attached. Chondroitin is one type of GAG, and
glucosamine is a building block for many different GAGs. Both are thus naturally occurring
substrates for the production of articular cartilage. Commercial glucosamine is primarily
derived from the shells of crabs and other shellfish while commercial chondroitin is produced
primarily from the cartilage of cows.

Glucosamine is a small, easily absorbed amino sugar. Though easily absorbed, its
bioavailability is still less than 20% due to a high first-pass effect in the liver. Chondroitin is
a very large, poorly absorbed molecule. Its oral bioavailability is less than 20%.

Both glucosamine and chondroitin can stimulate proteoglycan production in vitro.*
Chondroitin also seems to inhibit the inflammatory enzyme leukocyte elastase, an effect
which may provide some analgesiaand may contribute to the slowing of cartilage degradation.®

Clinical studies

Numerous randomized controlled trials (RCTs) of glucosamine have suggested possible
efficacy, although the results have been somewhat mixed. A meta-analysis published in 2002
aggregated the results from 15 studies and found highly significant results for glucosamine.®
A subsequent Cochrane review, updated in 2005, included the results from 5 additional
RCTs and found greater trial heterogeneity and more mixed results.’

In the largest and longest glucosamine study, 212 patients were followed for 3 years.®
Patients who received glucosamine had significantly improved symptom and function scores
as well as significantly less joint space narrowing on serial knee x-rays. This last finding raises
the question of whether glucosamine may be disease modifying for OA, an outcome which
has not been demonstrated for NSAIDs.

In February 2006, the first results from the long-awaited GAIT trial were published.®
This NIH funded, multi-center trial randomized 1583 patients to glucosamine, chondroitin,
combination glucosamine and chondroitin, or placebo. The primary outcome (>20% reduction
in pain score) was not significantly better in those receiving glucosamine, chondroitin, or their
combination. There were, however, dramatically favorable results for the subset of patients

with moderate to severe pain at baseline, as well as in all patients when a more robust outcome
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Glucosamine and Chondroitin (continued)

measure, designed to more effectively cull out placebo responders, was used. Another noteworthy
finding was the consistently superior response seen in the group receiving the combination of
glucosamine and chondroitin, suggesting for the first time a possible synergistic effect from
using these 2 agents together. The GAIT trial will continue for 2 more years, providing longer
term data and including an analysis of joint space changes seen on serial x-rays.

Adverse effects and drug interactions

Both glucosamine and chondroitin are extremely well-tolerated with no significant adverse
effects greater than placebo. Although theoretical concerns have been raised about whether
glucosamine might worsen glycemic control in patients with diabetes or might contribute to
atherosclerosis in patients with coronary artery disease, there has been no clinical evidence to
support either possibility.2-1?

Because chondroitin is derived from cattle, its potential to transmit bovine spongiform
encephalitis (BSE) has been raised. Because BSE prion particles are generally not found in
cartilage, however, it is exceedingly unlikely that this could occur, with a vanishingly small risk
of less than 1 case per 10 billion servings, similar to eating beef.*

Theoretically, patients who have seafood allergies should avoid glucosamine since it is
derived from shellfish, although despite millions of users around the world there have been no
case reports of such reactions. No significant drug interactions have been reported with either
chondroitin or glucosamine.

Formulation and dosage

The most commonly used doses in RCTs have been chondroitin 400mg Tip and glucosamine
500mg TiD. Products containing the two in combination are generally similar in price to those
containing either agent alone.

Patients should be warned that symptom relief may take 4-8 weeks, which is longer than
patients may be used to with NSAIDs. More trials have tested the glucosamine sulfate rather
than the glucosamine hydrochloride form, although this difference is unlikely to be important
since the salts disassociate in the stomach after ingestion.

Although product quality remains poorly regulated by the FDA, ConsumerLab recently
tested a large sample of combination glucosamine chondroitin products and found that all 11
products analyzed contained the amounts of each substance that was listed on the labels.4

Summary of the Evidence

» Substantial evidence suggests that glucosamine may be effective
for OA of the knee although the results have not been consistent.
The body of data for chondroitin is smaller but also suggestive.

e Both agents are safe and very well tolerated.

e There is preliminary evidence that the two agents when taken in
combination have a synergistic effect.

* Symptom relief may take 4-8 weeks to appear which is much longer
than patients may be accustomed to with NSAIDs.

Note:

More than twenty other similar monographs are available at www.uwcam.org including: black cohosh,
echinacea, feverfew, garlic, ginkgo biloba, kava, milk thistle, phytoestrogens, saw palmetto, and St. John’s
wort. For more information on the UW-SOM CAM curriculum project, contact Ronald Schneeweiss, MBChB
(sron@fammed.washington.edu) or Barak Gaster, MD (barakg@u.washington.edu).



