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Glucosamine: review on its effectiveness in treating
knee osteoarthritis.

Background

Over the last few years, injured workers have been submitting receipts for
reimbursement after purchasing glucosamine sulfate as a potential treatment for
their work-related joint problem - usually trauma induced osteoarthritis. At
present, reimbursement has been handled inconsistently, hence the Evidence
Based Practice Group has been asked to undertake a systematic review on the
subject of glucosamine, a dietary supplement (North American definition), and its
effectiveness in treating osteoarthritis.

Throughout this paper, the reader will note that we repeatedly make
reference to 'level of evidence' when assessing the literature. The definition of
each of these levels is presented in Appendix 1.

Osteoarthritis (Evidence level 3 or 4)

Worldwide, arthritis is the most common cause of long-term disability!". In
Canada, it is estimated that arthritis causes 25 per cent of all long-term disability
cases. It is estimated that arthritis and related disorders cost the Canadian
economy nearly $18 billion yearly). Osteoarthritis (OA), also known as
degenerative joint disease, degenerative arthritis, and osteoarthrosis, is the most
common form of arthritis®. OA affects people of all ethnic groups in all
geographic locations®®. It is more common in women. Nearly three million
Canadians - approximately 1 in 10 - have osteoarthritis. OA is the most frequent
joint disorder in seniors. It is estimated that 85% of Canadians are afflicted with
osteoarthritis by age 70. The prevalence of osteoarthritis is two and a half times
greater than heart disease and more than six times greater than cancer. It is
estimated that by the year 2031, the number of people with arthritis (osteoarthritis
and rheumatoid arthritis) in Canada will increase by 124%®). In the US, it is
estimated that more than 4 of people older than 45 years report joint symptoms
that vary from a sensation of occasional joint stiffness and intermittent aching
associated with activity to permanent loss of motion and constant pain®©?.

The joint degeneration that causes the clinical syndrome of osteoarthritis
occurs most frequently in the hand, foot, knee, hip and spine. However, it can
develop in any synovial joint. In all synovial joints, the prevalence of degenerative
changes increases with age. The cause of OA is mainly unknown (primary or
idiopathic osteoarthritis). Less frequently, OA develops as a result of joint injury,
infection, hereditary, developmental, metabolic or neurologic disorders
(secondary OA). The age of onset of secondary OA depends on the underlying
cause. However, primary OA is strongly associated with age. The prevalence of
primary OA increases sharply from less than 5% among those aged between 15
- 44 years and then rises rapidly up to 90% in some populations older than 65
years®7”).




The concept that OA is the result of normal wear and tear has evolved
over time. Studies have shown that the changes observed in articular cartilage
from older individuals differ from those observed in articular cartilage from
individuals with OA. It has been shown that the clinical syndrome of joint pain
and loss of joint function in OA is generally caused by progressive loss of
articular cartilage, which is then accompanied by attempted repair of articular
cartilage, remodelling and sclerosis of subchondral bone. In many instances, it is
accompanied by the formation of subchondral bone cysts and osteophytes.
Normal life-long joint use has not been shown to cause all of these degenerative
changes. Thus, OA is not simply a result of mechanical ‘wear and tear’ of a
synovial joint over time® ",

It is generally accepted that OA is a progressive disease. However, this is
not always true. A summary of, on the average, 13 year follow-up studies among
426 patients with OA of the hip and knee suggested that only 39% patients had
radiological signs of joint degeneration across time. These studies also showed
that there was no strong correlation between radiological changes and the
clinical course of the disease!'?. The clinical course of OA can remain stationary,
slowly progress for many years, improve temporarily or in some instances
progress rapidly such that the patient becomes significantly functionally impaired
within a few years. Most OA patients will have intervals of symptomatic
improvement. To date, much is still unknown regarding the natural history of OA.
However, it has been shown that joint torsion and impact loading, crystal
deposition and neuromuscular dysfunction are associated with more rapid
progression of joint degeneration and subsequent development of clinically
significant OA""2).

The principal clinical features usually reported by patients with OA include
joint pain and decreased joint function. Typically, pain is worse with weight
bearing or joint 'loading' activities and improves with rest. Despite its importance,
much remains unknown regarding the nature, cause and the natural history of
OA pain. Cartilage, the principal structure involved in OA, possesses few, if any,
pain sensitive fibers. Potential sources of pain in OA include osteophyte growth
with stretching of the periosteum, raised intraosseus pressure, microfractures,
ligament damage, capsular tension, meniscal injury and surrounding synovitis''®.
Inflammation may be present in OA and may cause pain by direct stimulation of
peripheral afferent nociceptive fibers (PAN) or by sensitizing PAN fibres to
mechanical or other noxious stimuli. Systemic markers of inflammation, such as
C-reactive protein, are raised in many patients with OA and may predict future
progression of the disease although this continues to be debated in the literature.
There is also a central component of pain, and emotional influences, such as
anxiety and depression may well be significant contributors to its clinical course.
As such, it is generally accepted that pain, at least in knee OA, is likely to be
heterogeneous in origin. Different causes of pain may dominate different patients
or the same patient at different phases of the disease!"'>"%,



Glucosamine (Evidence level 3 or 4 studies)

Glucosamine has been evaluated as a therapeutic agent for OA in
Germany since 1969'®. The compound glucosamine sulphate can be derived
from chitin. Chitin is the second most abundant polymer on earth and is available
from, for example, crab, lobster, shrimp or oyster shells. It can also be produced
by synthetic means. In Europe (except the UK), glucosamine is available as a
prescription medication. In the UK and North America, glucosamine is available
as a dietary supplement (a.k.a. as nutraceutical i.e. dietary supplements that
have proven pharmaceutical properties and efficacy)!'""'®).

Glucosamine is found in almost all human tissues but is highest in
concentration in the liver, kidney and cartilage. It is the most fundamental
building block required for the biosynthesis of various compounds including
glycolipids, glycoproteins, glycosaminoglycans, hyaluronate and proteoglycans,
which are all compounds intimately involved with joint structure and function.
Glucosamine is also an essential component of cell membranes and cell surface
proteins as well as interstitial structural molecules that hold cells together.
Directly or indirectly, glucosamine plays a role in the formation of articular
surfaces, tendons, ligaments, synovial fluids, skin, bone, nails, heart valves,
blood vessels and mucous secretion within the digestive, respiratory and urinary
systems(!?,

Clinically, glucosamine can be administered via intravenous,
intramuscular, intra-articular [these 3 methods are practised in Europe (with the
exception of UK)] and oral routes. Approximately 70% of the oral glucosamine
sulphate is absorbed through the intestine and excreted through the renal
system. The majority of clinical trials on oral glucosamine have used a standard
dosage of glucosamine, 500mg taken three times daily, with or without rescue
pain medication as required by the patient®?.

The classification of glucosamine as a dietary supplement instead of a
drug implies that the manufacturers do not need to comply with Good Practice in
Manufacturing as outlined for pharmaceutical industries. Studies have shown that
there is a variation in both purity and content of glucosamine from different
manufacturers and even different batches from the same manufacturer.
Investigators from the US National Institute of Health overseeing the largest
clinical trial on glucosamine and chondroitin for treatment of OA could not find a
satisfactory source that contained consistent amounts from batch to batch and
had to manufacture the compounds themselves?'2?).

Glucosamine and OA: biological plausibility (Evidence level 4) studies

OA results in the progressive catabolism of cartilage proteoglycans due to
an imbalance between its synthesis and degradation. This relative decrease in
the cartilage proteoglycans alters the affinity of the cartilage matrix for water and
the ability of water (H,O) to easily flow in or out of the joint surface. It has been
shown that such structural changes in the composition of these molecules have a
negative impact on the biomechanical properties of normal adult articular
cartilage and synovial fluid. The changes in the molecular structure make




articular cartilages vulnerable to the effects of compressive, tensile and shear
forces that occur during normal joint motion(#22%),

Proteoglycans, large macromolecules consisting of multiple chains of
glycosaminoglycans and oligosaccharides attached to a central protein core,
provide a framework for collagen and also helps bind water and cations, forming
a viscous, elastic layer that Ilubricates and protects cartilage. The
glycosaminoglycans most common in human connective tissue include keratin
sulphate, dermatan sulphate, heparin sulphate, chondroitin sulphate and
hyaluronic acid. They consist of amino sugars which are repeating disaccharide
units composed of a hexuronic acid (D-glucuronic acid, iduronic acid or L-
galactose) and a hexosamine (D-glucosamine or D-galactosamine)!'>2%+2%

Theoretically, exogenous administration of glycosaminoglycans (e.g.
glucosamine sulphate or chondroitin sulphate) to chondrocytes will ameliorate
the imbalance between synthesis and degradation of cartilage occurring in the
OA patient. It is also theoretically plausible to prevent further damage to the
articular cartilage of osteoarthritic joints. Glucosamine (2-amino-2-deoxy-alpha-
D-glucose) is an aminosacharide that takes part in the synthesis of
glycosaminoglycans and proteoglycans by chondrocytes. Glucosamine serves as
a substrate for the biosynthesis of chondroitin sulphate, hyaluronic acid and other
macromolecules located in the cartilage matrix®®"

Laboratory studies have suggested that glucosamine can be absorbed
through the gastrointestinal tract. Radioisotope studies of glucosamine have
shown rapid distribution throughout the body with selective uptake by articular
cartilage. In vitro studies have indicated that glucosamine can stimulate
glycosaminoglycan and proteoglycan synthesis within the joint tissue. In animal
studies, high doses of glucosamine have been shown to have mild anti-
inflammatory effects. The mechanism of anti-inflammatory effects of glucosamine
is apparently not done via the cyclooxygenase and modification of prostaglandin
pathway, such as in non-steroidal anti-inflammatory drugs, but it is probably
based on its ability to synthesize proteoglycans needed to stabilize cell
membranes and increase the intracellular ground substance. Glucosamine does
not have the ability to directly act as an analgesic agent. Instead, glucosamine
appears to directly reduce the progression of joint matrix destruction and
probably promote regeneration of this substance by stimulating production of
osteoglycans. Despite explanations provided by these studies, the physiological
explanation on how glucosamine influences cartilage destruction still needs
further elucidation'®>").



Objectives of this review

e To conduct a systematic review on the available systematic reviews on the
effectiveness of glucosamine in treating osteoarthritis

e To up-date the available published systematic reviews with the latest clinical
trials on the subject

e To make policy recommendations to the WCB of BC based on the available
evidence

Materials and methods

Literature searches, up to August 15, 2003, were undertaken on medical
literature databases including PubMed, Cochrane Library (including Cochrane
Clinical Trial Registry), ACP Journal Club, Clinical Evidence, Bandolier, the US
Agency for Healthcare Research and Quality, the US Institute for Clinical System
Improvement and the NHS Centre for Reviews and Dissemination at the
University of York.; websites of members of the International Network of
Agencies for Health Technologies Assessment (including Canada, the US, Great
Britain, New Zealand, Australia, Sweden and Denmark), British Society for
Rheumatology, Canadian and the US Arthritis Societies.

Searches were undertaken by employing a combination of medical subject
heading and textwords of; glucosamine, glycosaminoglycans, glucosamine and
chondroitin, osteoarthritis, arthritis, degenerative joint disease, osteoarthrosis and
review or systematic review or meta analysis. Inclusion criteria: publications were
selected if they were systematic reviews and/or meta-analyses. The primary
studies were restricted to humans with no restriction to age, sex or ethnicity of
the participants. There was no restriction placed on the year of publication.
However, these systematic reviews or meta-analyses were required to have
glucosamine as the primary treatment modality in the study. Publications were
restricted to those available in English. Exclusion criteria: publications were
excluded if the methodology used to evaluate the quality of the primary studies
was not apparent.

A second search was undertaken by substituting keywords review or
systematic review or meta analysis with controlled trials or randomized controlled
trials limited to the publication years of the latest available systematic review. The
purpose of the second search was to identify newly published controlled or
randomized controlled trials on the subject that have not been included in the
latest published systematic review(s).



Results

Systematic reviews (Evidence level 1)

There were 9 published systematic reviews that could be identified and
retrieved. The earliest review was published in 1997 and the latest was in
2003(432)

1. A systematic review on pharmacological therap}/ in OA of the knee was
conducted by Towheed and Hochberg in 1997'*Y). The emphasis of that
review was on nonsteroidal anti-inflammatory agents (NSAIDs). However, the
review included 266 patients in 6 glycosaminoglycan trials (1 trial in 1982, 2
trials in 1987, 2 ftrials in 1989 and 1 ftrial in 1993). With regard to
glycosaminoglycans, the authors concluded that there was no evidence on
the effectiveness of glycosaminoglycans in treating OA. However, this review
did not employ a standardized review methodology and had a number of
limitations by virtue of its methodology including English language only
inclusion, limited literature searches and published primary research on knee
OA only ( 'mixed' trial of knee and hip OA, for example, was excluded).

2. Bandolier did a review on glucosamine and arthritis in 1997?®. There were 8
randomized double blind controlled trials identified on patients with various
anatomical locations of OA. Four trials listed intra-muscular administration of
glucosamine and another 4 used oral administration of the agent. Five trials
were placebo-controlled trials and three trials were active-controlled trials. All
trials showed superiority of glucosamine against placebo with overall Number
Needed to Treat (NNT) of 5 (i.e. one of every five patients with OA being
treated with glucosamine would have short term benefit in reduced pain who
would not have had it if they had been given placebo). The active-controlled
trials showed that there was no difference in terms of pain between OA
patients treated with glucosamine or NSAIDs. Overall, 2.31% of patients
stopped taking glucosamine due to adverse effects. The majority of side
effects noted were epigastric pain, heartburn, diarrhea and nausea. However,
the trials being reviewed in this study were of short duration. The longest
follow-up was only 8 weeks.

3. Barclay, Tsourounis and McCart published a systematic review on the subject
in 1998%). The authors included published randomized controlled trials (RCT)
from 1965 to 1997 with 30 or more participants being given oral glucosamine.
There were 3 RCTs (2 placebo-controlled and 1 ibuprofen controlled)
included in the review with a total of 275 patients. All these trials were of short
duration with the longest being 8 weeks. The authors concluded that
glucosamine administration provided better improvement in OA symptoms, as
measured by Lequesne index or pain score, compared to placebo or the
same with improvement observed among OA patients treated with ibuprofen.
However, the authors also pointed out the flaws in the design and data
analysis of these trials including its blinding method, inclusion/exclusion



criteria, concomitant medication use and the failure to conduct intention to
treat analysis. Adverse effects observed in these trials include constipation,
nausea, heartburn, edema, painful/heavy legs, palpitation/exhaustion and
skin reaction. The incidence of adverse effects ranged from 0.08% for
tachycardia to 3.48% for epigastric pain

. Towheed, Anastassiades, Shea et al (2003) ") published a systematic review
on the subject in the Cochrane Library. The authors did a thorough search of
RCT on the effectiveness in treating OA and toxicity of glucosamine. The
literature search, which included manual searching and personal
communications, was done up to November 1999. This appears to be the first
published systematic review on glucosamine use in OA that had been
undertaken by employing the rigorous methodology required when conducting
such reviews. The majority of the primary studies reported outcome measures
on pain, range of motion and functional status. 16 RCTs (12 on knee OA, one
on spine OA, one on multiple sites and two did not specify the site) were
identified. 13 RCTs were placebo-controlled and 4 RCTs were active-
NSAIDs-controlled. The method of glucosamine administration varied across
the studies. In the 13 placebo-controlled RCTs, glucosamine was found to be
superior in all but one. In the 4 active-NSAIDs-controlled RCTs, glucosamine
was found to be equivalent in two trials and superior in the other two trials.
The authors noted that glucosamine had an excellent safety profile in the 16
RCTs. The ratio of withdrawal due to glucosamine toxicity was estimated at
1.4%. Of the 992 subjects on glucosamine, only 61 reported adverse
reactions. With regard to the quality of the primary studies, the authors
concluded that median design score was 2/8, median data analysis score was
7/8 and total median quality score was 9/16. The authors also pointed out
what they considered to be serious flaws in the primary studies, including the
lack of standardization in the diagnostic criteria of OA, short duration of
follow-up, blinding and randomization methods, lack of sample size
calculation and intention to treat analysis as well as lack of pre-randomization
inclusion and exclusion criteria. Further, the authors noticed that 13 out of 16
primary studies were somewhat associated with Rotha Pharmaceutical (one
of the manufacturers of glucosamine in Italy). The authors concluded that
there was good evidence that glucosamine was both effective and safe in
treating OA. However, the long term effectiveness and toxicity of glucosamine
therapy in OA remained unclear. The authors concluded that at that stage it
was not known whether glucosamine prepared by manufacturers other than
Rotha Pharmaceutical would be as effective in treating OA. In this systematic
review, the authors did not assess the possibility and the impact of publication
bias, for example, by employing a simple funnel plot analysis.

. McAlindon, LaValley, Gulin and Felson published a systematic review and
meta analysis on glucosamine and chondroitin for treatment of OA in 2000¢%®).
The authors searched Medline (1996 to June 1999) and the Cochrane trial
registry for trials on glucosamine and or chondroitin for treating knee or hip



OA. The primary studies were included if they were randomized, double blind
controlled trials with a minimum of 4 weeks duration whether published or
unpublished. The authors provided a clear review methodology including
inclusion and exclusion criteria. There were 17 trials that fulfilled the inclusion
criteria. However, only 15 trials were included in the meta analysis since
information available on 2 trials did not allow for data extraction. Based on the
meta analysis, the authors concluded that glucosamine or chondroitin may
have a small to moderate short term effect for the symptomatic management
of OA (pain and Lequesne index). However, the predicted effect might have
been exaggerated due to methodological flaws in the primary studies e.g.
inadequate blinding, not analyzed by intention to treat, publication bias,
factory sponsored trials (14 of 15 trials) and the inverse relationship between
trial effect size and the trial size and quality (lower quality and or smaller trials
showed a larger effect). The authors undertook a funnel plot analysis in order
to assess the possibility of publication bias. An asymmetric funnel plot
confirmed the possibility of publication bias. In light of the relatively poor
quality of the primary studies, high probability of publication bias and short
term duration of follow-up, the conclusion that glucosamine or chondroitin use
demonstrated a small to moderate effect in relieving symptoms of OA needs
to be interpreted with caution. The authors did not summarize the safety
profile of the compounds.

. In 2001 Hausellman published a systematic review on nutripharmaceuticals
for OA (such as glucosamine and or chondrotin, avocado/soy bean, diet, fish
oil) ®. The inclusion criteria included published peer-reviewed primary
research on knee OA treated with glucosamine and or chondroitin as the only
orally given 'drug’. He found 5 studies of 331 patients that fulfilled the
inclusion criteria for glucosamine alone. He concluded that there was a
moderate to large effect size of glucosamine in treating knee OA. However,
the effect size diminished when the meta analysis was limited to the more
recent high quality trials. Meta analysis limited to these high quality trials
showed a small to moderate effect size of glucosamine in reducing pain and
increasing function [Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC)] in knee OA patients. He suggested that the pain reduction
due to the administration of glucosamine is comparable to pain reduction
achieved by NSAIDs and results in fewer side effects. The author further
suggested that the conclusion derived from this review on knee OA may not
be generalizable to other joint OA. The highlight of this review was the
inclusion of a 3 year follow-up, high quality clinical trial that was published in
2001 by Reginster et al. This particular trial will be discussed separately in the
section on additional clinical trials.

. In March 2001, Bandolier up-dated their previous review on glucosamine®.
In this review, Bandolier included the systematic review by Towheed et al®”
and McAlindon et al®®. Bandolier concluded that based on these 2 reviews
short-term primary studies, the evidence on the effectiveness of glucosamine



on short-term primary studies, the evidence on the effectiveness of
glucosamine in OA treatment continues to build. However, it was pointed out
that glucosamine takes about 1 month to exert its full effect and there was no
definitive way to find out which glucosamine preparation provides the best
stable and consistent formulation.

8. Ruane and Giriffiths (2002) published a systematic review comparing oral
glucosamine with ibuprofen for joint pain®Y. Trials with treatment duration of <
4 weeks were excluded. The actual interventions that were compared in the
review were 1500 mg/day glucosamine sulphate and 1200 mg/day ibuprofen,
each taken in 3 divided doses. The authors did not provide information on
how the trials were selected or reviewed and they did not comment on how
the validity of the primary research was assessed. Unpublished trials were not
included in this review. There were 2 trials (218 patients) included in this
review. The authors concluded that there was no significant difference
between ibuprofen and glucosamine with respect to pain reduction in patients
with OA. This conclusion needs to be interpreted cautiously due to the low
methodological quality of this review.

9. Richy et al published a meta analysis on oral glucosamine or chondroitin in
knee OA (2003) 2. The authors did an exhaustive search on published and
unpublished randomized placebo controlled trials of at least 4 weeks duration
on glucosamine or chondroitin in treating knee or hip OA between January
1980 to March 2002. Richy et al provided a clear description on the objectives
and methodology being followed in this review. Fifteen studies fulfilled the
selection criteria. Seven of these trials (1203 participants) were on
glucosamine alone. The authors concluded that there was a small effect size
of glucosamine in reducing joint space narrowing among knee OA patients
(radiological measure). There was also a small to moderate effect size of
glucosamine, as measured by Lequesne Index, overall WOMAC score, visual
analog pain scale and mobility, in treating hip or knee OA patients. The
authors concluded that the minimal time reported for the onset of
glucosamine beneficial effect was 2 weeks. The number needed to treat for
glucosamine was assessed at 4.9. With regard to side effects, the authors
concluded that the observed, serious side effects were low and statistically
identical between treated and placebo groups.

10. The Norwegian Health Technology Assessment team conducted a systematic
review on the clinical effectiveness of glucosamine and chondroitin sulphate
in the treatment of osteoarthritis. The authors included all randomized
controlled trials of patients diagnosed with primary knee OA who were treated
with glucosamine and or chondrotin sulphate. The studies were excluded if
the participants were diagnosed with secondary OA, if there was insufficient
description of diagnostic criteria and if it was a pharmacological instead of
clinical studies. The authors also attempted to conduct an economic
evaluation as part of the review. The search was done on Medline (1966 -



September 2003) and Embase (1988 — September 2003) databases.
Fourteen RCTs with a total of 2100 patients were included in this review. The
authors concluded that glucosamine and chondroitin relieved pain and
improved function in patients with mild to moderate OA who were treated for
at least 3 months. Side effects were comparable with placebo treatment, both
in type and frequency, after 3 years follow-up. The authors were not able to
find any published cost-effectiveness study on the subject. However, based
on the retail price of Artrox® (medicinal grade glucosamine preparation from
Pfeizer), the authors estimated the cost around 7.00 Nkr (Norwegian kroner)
for 1000 mg of Artrox® glucosamine. In contrast, dietary supplement grade of
glucosamine varied from 0.6 - 1.25 Nkr/1000 mg of glucosamine.

11.The UK National Health Services National Horizon Scanning Centre (NHSC)
undertook a review on glucosamine sulphate for treating osteoarthritis in
anticipation of the marketing application of medicinal quality Glucosamine
Sulphate (NSC 758) from Rotta Research Laboratorium. The available brief
manuscript did not specify the methodology employed in this review.
However, the review was conducted based on published systematic reviews
by Towheed et al®, McAlindon et al®® Richy et al®® and randomized
controlled trials by Reginster et al®®, Pavelka et al®¥, Hughes and Carr®"
Other readings of interest) and Rindone et a|(35. Other readings of interest)_ An abstract based
cost-benefit analysis of glucosamine sulphate compared with piroxicam
demonstrated that glucosamine sulphate was more expensive (€ 81 vs. € 33),
and that glucosamine sulphate resulted in a potential net saving of almost €
11 per patient in 90 days, and € 110 per patient in 150 days. The authors
attributed this to glucosamine's higher efficacy. However, it was not clear
whether that was a direct or indirect evaluation. The NHSC cautiously
concluded that glucosamine sulphate may play a part in the long term therapy
of OA and even potentially delaying the natural progression of the disease.
The annual cost of glucosamine was estimated to be comparable with COX-2
selective inhibitors. However, if glucosamine sulphate could alleviate
symptoms and slow disease progression, the cost may be offset by
reductions in the use of analgesics and NSAIDs. At the time of publication, it
was estimated that the Rotta's glucosamine sulphate would cost about £ 1 per
day per patient.

Contraindications and side effects

At very high doses (5000mg/kg oral, 3000 mg/kg IM and 1500 mg/kg V)
of glucosamine administration, there is no mortality observed in mice or rats. As
such, there is no LDsy for glucosamine!’®??. Evidence from case series
(Evidence level 3,4), short term clinical trials (evidence level 1,2) and 3 year
follow-up clinical trials (evidence level 1) ®*3% show that side effects caused by
administration of glucosamine (mostly oral administration) are generally mild,
always lower than the standard first choice treatment for OA (NSAIDs) and
sometimes even less than placebo. The side effects of glucosamine include
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epigastric pain/tenderness, heartburn, diarrhea, nausea, dyspepsia, vomiting,
drowsiness, constipation, gastric heaviness, itchiness/allergic episode,
headaches, vertigo, anorexia, abdominal pain, somnolence, insomnia, neuritis,
depressive mood, edema, tachycardia, increased or decreased blood pressure,
cardiac failure (4% in glucosamine vs. 7% in placebo).

Glucosamine also has an important role in glucose metabolism by
increasing insulin resistance. Animal studies have shown that glucosamine
increased glucose insulin resistance in normal and experimentally diabetic
animals. Patients with OA tend to be elderly and obese, as such they tend to be
prone to type 2 diabetes. A subtle worsening of insulin resistance in this type of
patients may well then result in subsequent longer-term sequelae. However,
currently, there is no contraindication to administering glucosamine in diabetic
patients. However, appropriate rigorous follow-up of such diabetic patients would
be warranted. Some experts have suggested that glucosamine not be prescribed
for patients with rheumatoid arthritis, crystalline arthropathies such as gout nor in
pregnant women or children. Patients allergic to shellfish should not use
glucosamine (Evidence level 4)?338:39),

Additional clinical trials

1. A randomized double blind placebo controlled trial of 212 patients by
Reginster et al (2001) is the first long term trial on glucosamine sulfate use in
treating knee OA®). The authors randomly assigned 106 patients, each to
receive either placebo or glucosamine for 3 years. This is a high quality
randomized controlled trial which has been included in some of the more
current systematic reviews as noted above. This is the first clinical trial that
shows the potential structure modifying effect of glucosamine in treating knee
OA. In the three years follow-up the authors found that among placebo
treated patients there were progressive joint space loss (mean joint space
loss of - 0.31 mm) while no significant joint space loss was observed among
patients treated with glucosamine (mean joint space loss - 0.06 mm).

2. Another more recent randomized double blind controlled trial by Pavelka et al
(2002)% also shows the potential structure modifying effect of glucosamine
in treating knee OA. Pavelka et al found that at the end of 3 year follow-up,
there was a mean joint space narrowing of - 0.19 mm among placebo treated
patients and a mean improvement of joint space of 0.04 mm among
glucosamine treated patients. However, the qualitg/ of this study is lower than
the previous study undertaken by Reginster et al®).

3. A good randomized double blind controlled trial by Cohen et al®® (2003)
shows that topical glucosamine, chondroitin and camphor has a greater mean
reduction in pain compared to placebo after 8 weeks among knee OA
patients. At the end of eight week follow-up, Cohen et al found that patients
treated with the active substance had a significantly higher reduction in pain

11



score (mean reduction (SD) 34 + 26 mm) compared to the placebo treated
group (mean reduction (SD) 16 £ 27 mm).

. Braham et al published a double blind 'randomized' controlled trial on
glucosamine in patients with regular knee pain (not necessarily due to OA)
(2003)®%). There are several methodological flaws in this study including
patient selection process, inclusion/exclusion criteria and the use of pseudo-
randomization instead of true randomization. However, this is a unique study
with regard to the assessment of knee pain in general. The authors found that
patients treated with glucosamine had a better quality of life score (as
measured by Knee Injury and Osteoarthritis Outcome Score) at week eight
and twelve, and lower knee pain (as measured by Knee Pain Scale) at week
eight.

. A recent small (n = 18) randomized placebo controlled trial in Canada on
glucosamine in treating OA of the knee was conducted by Kumbhare et al“0).
The study showed that both the glucosamine and placebo group showed
improvement in pain scores and range of motion, suggesting a placebo effect.
However, there was a 42% drop out of participants in this study. This study
has not been published in any peer reviewed journal nor has it been included
in any of the systematic reviews reviewed above.

. The meta analysis by Richy et al'®, systematic review published by the
Norwegian Health Technology Assessment“? and the National Health
Services National Horizon Scanning®” have already incorporated the latest
published clinical trials.
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Summary/Conclusions

There is some level 1 evidence (Appendix 1) on the short and long term
effectiveness of glucosamine in alleviating OA symptoms, as measured by
pain index, Lequesne index or WOMAC, particularly of the hip or knee joint.
There is also some level 1 evidence on the possible role of glucosamine as a
structure-modifying drug for OA as measured by x-ray imaging of the joint
space.

The majority of research regarding glucosamine and OA were undertaken on
patients with either knee or hip OA. This limitation raises questions regarding
the generalizability of the outcome toward OA of other joints such as those in
the hand/wrist, shoulder and ankle.

The majority of clinical studies were done with glucosamine sulphate and little
evidence is available on the efficacy of other forms of glucosamine (e.g.
hydrochloride, chlorhydrate salt, hydroiodide, combination with herbs, vitamin
A, vitamin E, or minerals including Mg, K, Cu, Zn or Se).

The majority of the primary research on glucosamine is funded by
manufacturers of the compound.

The longest reported clinical trial on glucosamine and OA is for 3 years.
Given the nature of OA as a chronic disease process, the information on the
long-term toxicity/side effects of glucosamine administration is still lacking.
Information on possible drug interaction(s) is still lacking.

The use of combination glucosamine and chondroitin for treatment of OA has
become extremely popular. However, there is no evidence that this
combination is more effective than either supplement alone.

Currently, the National Center for Complementary and Alternative Medicine
(part of the US National Institute of Health) is conducting a large, well
designed (as of September 16, 2003 is still recruiting participants)
Glucosamine/Chondroitin  Arthritis Intervention Trial (GAIT). This study is
designed to compare the efficacy of glucosamine, chondroitin, glucosamine
and chondroitin, celecoxib (COX-2 inhibitor) and placebo on patients with OA.
The results of this major clinical trial are expected to be published in 2004 and
will provide more definitive evidence on the efficacy of glucosamine in
particular. The Evidence Based Practice Group will update this review
accordingly®".
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Appendix 1.

Workers' Compensation Board of BC - Evidence-based Practice group.

Quality of published evidenc

e (adapted from 1,2,3,4)

1 Evidence from at least 1 properly randomized controlled trial (RCT) or
systematic reviews of RCTs.

2 Evidence from well-designed controlled trials without randomization or
systematic reviews of observational studies.

3 Evidence from well-designed cohort or case-control analytic studies,
preferably from more than 1 centre or research group.
Evidence from comparisons between times or places with or without the

4 intervention. Dramatic results in uncontrolled experiments could also be
included here.

5 Opinions of respected authorities, based on clinical experience, descriptive
studies or reports of expert committees.
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health examination. CMAJ. 1979;121:1193-1254.
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1998;14(4):374-376.

3. Scottish Intercollegiate Guidelines Network (2001). SIGN 50: a guideline
developers' handbook. SIGN. Edinburgh.

4. Canadian Task Force on Preventive Health Care. New grades for
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