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Abstract

The clinical effectiveness of glucosamine and chondroitin
supplements in slowing or arresting progression of
osteoarthritis of the knee: a systematic review and

economic evaluation

C Black,'” C Clar,' R Henderson,? C MacEachern,?> P McNamee,*

Z Quayyum,* P Royle' and S Thomas'

'Section of Population Health, School of Medicine and Dentistry, University of Aberdeen, UK

?Public Health Medicine, NHS Grampian, Aberdeen, UK

’Department of Orthopaedics, Raigmore Hospital, Inverness, UK
“Health Economics Research Unit, University of Aberdeen, UK

‘Corresponding author

Objective: To assess the clinical effectiveness and cost-
effectiveness of glucosamine sulphate/hydrochloride and
chondroitin sulphate in modifying the progression of
osteoarthritis (OA) of the knee.

Data sources: Electronic databases were searched
from 1950 to 2008 and included: MEDLINE and
PubMed; EMBASE; Cochrane Library (including
Cochrane Systematic Reviews Database, CENTRAL,
DARE, NHS EED and HTA databases); Allied and
Complementary Medicine (AMED); National Research
Register (NRR); Web of Science Proceedings; Current
Controlled Trials; and Clinical Trials.gov. Other sources
included bibliographies of retrieved papers, registered
but unpublished trials, internet searches and the Food
Standards Agency website.

Review methods: A search was conducted for
systematic reviews of randomised controlled trials
(RCTs), which were used to identify RCTs of at least 12
months’ duration and updated with searches for primary
studies. A cost-effectiveness model was constructed
using cohort simulation and drawing on available
evidence. Sensitivity analysis was undertaken and value
of information analysis conducted. A review of studies
of mechanism of action was carried out to explore the
biological plausibility of the preparations.

Results: Five systematic reviews and one clinical
guideline met the inclusion criteria. They reported
inconsistent conclusions with only modest effects

on reported pain and function. A reduction in joint
space narrowing was more consistently observed, but
the effect size was small and the clinical significance
uncertain. A separate review of eight primary trials of

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

> |2 months’ duration showed evidence of statistically
significant improvements in joint space loss, pain and
function for glucosamine sulphate, but the clinical
importance of these differences was not clear. In two
studies of glucosamine sulphate, the need for knee
arthroplasty was reduced from 14.5% to 6.3% at 8
years’ follow-up. For other preparations of glucosamine,
chondroitin and combination therapy, there was less
evidence to support a clinical effect. Cost-effectiveness
modelling was restricted to glucosamine sulphate. Over
a lifetime horizon the incremental cost per quality-
adjusted life-year (QALY) gain for adding glucosamine
sulphate to current care was estimated to be £21,335.
Deterministic sensitivity analysis suggested that the
cost-effectiveness of glucosamine sulphate therapy was
particularly dependent on the magnitude of the quality
of life (QoL) gain, the change in knee arthroplasty
probability with therapy and the discount rate. At a cost
per QALY gained threshold of £20,000, the likelihood
that glucosamine sulphate is more cost-effective than
current care is 0.43, while at a threshold of £30,000, the
probability rises to 0.73. Probabilistic sensitivity analysis
showed that estimates were imprecise and subject to

a degree of decision uncertainty. Value of information
analysis demonstrated the need for further research.
Several biologically plausible mechanisms of action for
glucosamine sulphate and chondroitin were proposed.
Conclusions: There was evidence that glucosamine
sulphate shows some clinical effectiveness in the
treatment of OA of the knee. No trial data came from
the UK and caution should be exercised in generalising
the findings to the UK health-care setting. Cost-



Abstract

effectiveness was not conclusively demonstrated. There
was evidence to support the potential clinical impact of
glucosamine sulphate. The value of information analysis
identified three research priorities: QolL, structural
outcomes and knee arthroplasty. The biological

mechanism of glucosamine sulphate and chondroitin
remains uncertain and, in particular, the proposal
that the active substance may be sulphate should be
explored further.
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Executive summary

Background

Osteoarthritis (OA) of the knee is a major source
of disability in the UK, resulting in pain, loss

of function and, for some, the need for knee
arthroplasty. Two components of cartilage
structure, glucosamine and chondroitin, are
available as food supplements and/or licensed
medicines. Reviews of short-term effectiveness
in preventing disease progression and symptom
control have been disappointing.

Objective

The aim of this systematic review and economic
analysis was to assess the clinical effectiveness
and cost-effectiveness of glucosamine sulphate
or hydrochloride and chondroitin sulphate in
modifying the progression of OA of the knee.

Methods

To assess clinical effectiveness, we first conducted
a search for systematic reviews of randomised
controlled trials (RCTs). Electronic databases

were searched from 1950 to 2008 and included:
MEDLINE and PubMed; EMBASE; Cochrane
Library (including Cochrane Systematic Reviews
Database, CENTRAL, DARE, NHS EED and HTA
databases); Allied and Complementary Medicine
(AMED); National Research Register (NRR); Web
of Science Proceedings; Current Controlled Trials;
and Clinical Trials.gov. Other sources included
bibliographies of retrieved papers, registered but
unpublished trials, internet searches and the Food
Standards Agency website. We used these reviews
to identify RCT5s of at least 12 months’ duration
and updated our findings with searches for primary
studies up to October 2007, with monthly alerts
being checked through to November 2008. Data
were extracted from the reviews and RCTs and
quality was checked. Where appropriate, meta-
analysis was undertaken.

No cost-effectiveness studies were identified in the
published literature. Using cohort simulation, and
drawing on evidence from the clinical effectiveness

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

review as well as from other relevant sources, a
model to assess cost-effectiveness was constructed.
Sensitivity analysis was undertaken and value of
information analysis conducted.

Furthermore, a review of studies of mechanism of
action was carried out to explore the biological
plausibility of the preparations under study.

Results

Five systematic reviews and one clinical guideline
met the inclusion criteria. They reported
inconsistent conclusions with, at best, modest
effects on reported pain and function. A reduction
in joint space narrowing was more consistently
observed; however, the effect size was small and the
clinical significance was reported to be uncertain.
Data were not presented separately for long-term
studies of > 12 months; therefore, we went on to
review separately RCTs of > 12 months’ duration.

Eight primary trials were included with a duration
of at least 12 months. There was evidence of
statistically significant improvements in joint
space loss, pain and function for glucosamine
sulphate; however, the clinical importance of
these differences was less clear. In two studies

of glucosamine sulphate, both funded by the
manufacturer (Rotta, Italy) of an oral powder
product, the need for knee arthroplasty was
reduced from 14.5% to 6.3% at 8 years’ follow-up.
For other preparations of glucosamine, chondroitin
and combination therapy, there was less evidence
to support a clinical effect.

Cost-effectiveness modelling was restricted to
glucosamine sulphate. Over a lifetime horizon

the incremental cost per quality-adjusted life-year
(QALY) gain for adding glucosamine sulphate

to current care was estimated to be £21,335.
Deterministic sensitivity analysis suggested that the
cost-effectiveness of glucosamine sulphate therapy
was particularly dependent on the magnitude

of the quality of life (QoL) gain. At a cost per
QALY gained threshold of £20,000, the likelihood
that glucosamine sulphate is more cost-effective
than current care is 0.43, while at a threshold of
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£30,000, the probability rises to 0.73. Probabilistic
sensitivity analysis showed that estimates were
somewhat imprecise and subject to some degree of
decision uncertainty. Value of information analysis
indicated that further research to reduce decision
uncertainty would be beneficial, with priority being
given to determining the magnitude and duration
of QoL gains that arise following treatment.

Several biologically plausible mechanisms of action
for glucosamine sulphate and chondroitin were
proposed. Importantly, bioavailability in the joint
space synovial fluid was demonstrated.

Conclusions

There was evidence that glucosamine sulphate
shows some clinical effectiveness in the treatment
of OA of the knee. No trial data came from the
UK, and in the absence of good UK data about the
current referral practice, management and surgical
rate, caution should be exercised in generalising
these data to the UK health-care setting. Cost-
effectiveness was not conclusively demonstrated,
with substantial uncertainty related to the
magnitude and duration of QoL gain following
treatment. There was evidence from biological
studies to support the potential clinical impact of
glucosamine sulphate. For other preparations, the
evidence base was less consistent (chondroitin) or
absent (glucosamine hydrochloride).

Based on sensitivity analysis and value of
information analysis three research priorities were
identified:

1. QoL - further clarification of the potential
QoL gains [using a generic preference-
based QoL measure (such as the Health
Utilities Index 3, Short Form-6D, EuroQol-
5D) that can readily be used to estimate utility]
from treatment with glucosamine sulphate

versus placebo over long-term treatment.

Any future trial should also inform our
understanding of the relation between QoL
and costs of collecting resource use and cost
data to allow estimation of the resource impact
of any changes in QoL.

2. Structural outcomes — further long-term trial
data are required to clarify the impact on the
ultimate need for knee arthroplasty, including
the ability to delay the need for surgery. As
yet, surrogate marks continue to be proposed
but, in the absence of long-term follow-up to
surgery, the implications of change in surrogate
end points remain uncertain.

3. Knee arthroplasty — a nationally representative
cohort study is required to understand what
proportion of patients with OA (diagnosed in
primary care and referred to secondary care)
require knee arthroplasty.

Trials of interventions should focus on glucosamine
sulphate, and the Rotta product is the only one to
date that has demonstrated effectiveness. While
uncertainty about other preparations remains,
there was insufficient evidence of effectiveness and
it was not possible to develop an economic case for
further study at this time. Any trial should:

* include collection of information about co-
prescribing, the use of other interventions and
adverse events

e recruit obese and overweight participants and
people across stages of OA severity

* use the opportunity to gather a number of
measures of joint structure and damage

* be of at least 3 years’ follow-up, with a
mechanism to follow the cohort long term (e.g.
through record linkage to hospital data).

The biological mechanism of glucosamine sulphate
and chondroitin remains uncertain and, in
particular, the proposal that the active substance
may be sulphate should be explored further.
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Chapter |

Introduction

Osteoarthritis (OA) of the knee is a leading
cause of pain and disability in the UK.
Treatments to date have largely helped only to
manage symptoms and have not modified the
disease process. While the clinical course of OA is
variable, for some the condition progresses to the
point where knee arthroplasty is the only option
for the management of pain and restoration of
function.

Two components of the cartilage structure,
glucosamine and chondroitin, are available as
food supplements. Proponents of these treatments
suggest that oral supplements increase the
concentration of these components of cartilage in
the joint and may help to preserve, or even repair,
the damaged joint in OA.

As food supplements, glucosamine and chondroitin
have not been subject to the same rigorous control
and licensing processes as medicines. However,
one product, a preparation of glucosamine
hydrochloride, has received a licence as a
prescription-only medicine in the UK. A further
glucosamine sulphate product, featured in

many of the clinical trials, is licensed in Europe,
but not in the UK. A number of randomised
controlled trials (RCTs) have been conducted

to assess the effectiveness of these treatments in
the management of OA and several reviews have
sought to summarise the clinical effectiveness.
While there has been a degree of heterogeneity

in the conclusions drawn, in general, the impact
on short-term pain and function outcomes has
been disappointing. However, if the mechanism
of action is one of long-term disease modification,
through joint preservation and repair, as has been
suggested, short-term studies may not have been
able to demonstrate benefit.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

This review sought evidence of the clinical
effectiveness of glucosamine and chondroitin in
modifying disease progression by focusing on
trials of at least 12 months’ duration. Disease
progression was defined in terms of pain,
function, joint structural change and arthroplasty.
Economic analysis examined the cost-effectiveness
of the addition of these treatments to current

care and, using value of information analysis,
sought to identify where additional research
might most effectively be targeted. A review of
biological studies has been included to explore the
biological plausibility of a mechanism of action for
glucosamine and chondroitin in joint preservation
and repair.

Aims and objectives

The aim of this systematic review and economic
analysis was to assess the clinical effectiveness
and cost-effectiveness of glucosamine sulphate
or hydrochloride and chondroitin sulphate in
modifying the progression of OA of the knee.

In particular, we sought to address the following
questions:

* Do glucosamine and/or chondroitin prevent or
slow progression of OA of the knee?

e Is treatment with glucosamine and/or
chondroitin safe?

e Is the addition of glucosamine and/or
chondroitin to current clinical practice cost-
effective?

e Where could research most effectively be
focused to address remaining uncertainties?
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Chapter 2
Background

Osteoarthritis of the
knee: an overview

Osteoarthritis is the most prevalent joint disorder
and cause of disability in the UK." Although

the incidence increases with age, its onset is not
inevitable. Most commonly, OA affects the knees,
hips and small joints of the hands. The focus of this
review is on OA of the knee and the information
presented below, while often applicable to OA at
other anatomical sites, will concentrate on the knee
joint.

Although there are different systems with which
OA is classified, OA can be broadly separated into
primary and secondary OA. Primary, idiopathic,
OA is the most common. Secondary OA results
from previous trauma, infection or congenital
abnormality.”

Clinically, OA leads to asymmetric joint swelling,
joint crepitus, decreased range of movement

and occasionally joint locking. Symptomatically,
patients may complain of joint pain with associated
short-lived early morning stiffness; however, the
degree of severity of symptoms is hugely variable
and does not necessarily represent radiological
change.

Definition of osteoarthritis

Osteoarthritis has been defined as a chronic
disorder characterised by:*

e focal erosive lesions

* cartilage destruction

e subchondral sclerosis

* cyst formation

* large osteophytes at the margins of the joint.

A member of the non-inflammatory arthritides,
OA has been described as a degenerative process.”
However, there is evidence of an inflammatory
response with upregulation of various pro-
inflammatory mediators. Recent National
Institute for Health and Clinical Excellence
(NICE) guidelines for the management of OA
highlighted the dynamic nature of the joint
remodelling process, describing it as a ‘repair

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

process’ for synovial joints. Clinically, a dynamic
process is in keeping with the range in severity of
symptoms and signs experienced by individuals.

In the long term, OA may lead to pain, deformity,
impairment of function and, in some patients, a
need for knee arthroplasty. For a proportion of
patients, symptoms are reported to stabilise or even
improve.!

Diagnosis

The diagnosis of OA is based on clinical
examination of the joint and first-line investigation
by means of X-ray assessment. Classically,
radiographic evidence of OA includes:

* decreased joint space

e osteophytosis

e formation of subchondral cysts
e subchondral sclerosis.

The widely used American College of
Rheumatology (ACR) definition of OA is based
on a set of clinical criteria along with evidence,
from blood tests, of an absence of a primary
inflammatory process (Box 1).*

The recently published NICE guideline for OA'
simplifies the definition of OA to:

e persistent joint pain that is worse with use

e age 45 years and over

* morning stiffness lasting no more than half an
hour

as the basis for a clinical working diagnosis. In the
majority of patients, further investigation was felt
not to be warranted in routine practice.

Aectiology

The aetiology of OA remains unclear, but it is
certainly multifactorial. There is a marked genetic
predisposition to the disease with high levels

of concordance noted in twin studies. Other
factors which come into play include joint shape,
occupation and leisure activities. At the cellular
level, there is an imbalance of the continuous
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BOX I American College of Rheumatology definition of OA

A diagnosis of OA of the knee is defined as presenting with pain, and meeting at least five of the following criteria:

*  patient older than 50 years of age

* less than 30 minutes of morning stiffness

*  crepitus (noisy, grating sound) on active motion

*  bony tenderness

*  bony enlargement

*  no palpable warmth of synovium

*  erythrocyte sedimentation rate (ESR) <40 mm/hour
*  rheumatoid factor < 1:40

*  non-inflammatory synovial fluid

catabolic and anabolic metabolism, favouring
catabolic degeneration of articular cartilage.

Osteoarthritis is the clinical and pathological
outcome of a range of disorders that results

in structural and functional failure of synovial
joints. Osteoarthritis occurs when the dynamic
equilibrium between the breakdown and repair
of joint tissues is overwhelmed.’

In early OA, fibrillation is seen on the surface
layer of articular cartilage. This fibrillation tends
to correspond to areas of weight bearing and,

on microscopy, has the appearance of superficial
clefts. As the disease process worsens, these

clefts become deeper and this is associated with
progressive cartilage loss. Ultimately, the weight-
bearing surface of cartilage is destroyed completely,
leaving an area of particularly dense subchondral
bone. These progressive changes lead to gradual
reduction in joint space and ultimately abolition
of joint space with ‘bone on bone’ contact which is
visible on standard X-rays.®

Risk factors and
predictors of disease

A variety of risk factors for developing OA have
been identified. These have been classified as:!

* genetic — it has been estimated that genetic
factors account for 40-60% of hand, knee and
hip OA

* constitutional (e.g. ageing, female gender,
obesity, high bone density)

* biomechanical (e.g. joint injury, occupational
and recreational issues, reduced muscle
strength).

It appears that there may be different risk factors
for disease progression and development.® For
example, high bone density has been identified

as a risk factor for development, whereas low
bone density has been identified as a risk factor
for progression in knee OA.® Other risk factors
associated with the progression of knee OA include:
obesity, low intake of vitamins C and D, and varus/
valgus malalignment.® Deprivation and manual
occupations have also been associated with higher
prevalence of knee pain and the need for knee
arthroplasty.'*!!

Burden of OA
Epidemiology

The epidemiology of OA has been described as
‘difficult to determine’.! This reflects differences
between studies with respect to the method used
for diagnosing OA - radiological or clinical.'?
However, even comparing the results of studies
using the same broad methodology can be
difficult.” For example, a variety of radiological
diagnostic criteria are available, and the results
may be dependent on which criteria are used."
Furthermore, OA (whether radiologically or
clinically diagnosed) will present with varying
degrees of severity. Whether or not patients with
all degrees of severity are included in prevalence
estimates, or only those people with the most
severe arthritis, will affect the results.” In addition,
radiological and clinical diagnoses do not always
correlate.”" For example, patients with radiological
OA of the knee may not experience pain.'*
Similarly, patients experiencing knee pain may not
have any radiographic signs.*!2
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There also appear to be differences between
prevalence rates reported by studies undertaken
within different populations.’” However, due to
the methodological issues described above, further
studies are required to clarify if these differences

are genuine or an artefact resulting from the
method of case ascertainment.'?

Table 1 summarises estimates of the prevalence
of knee OA drawn from several studies. While

TABLE | Prevalence of knee osteoarthritis contained within the published literature

Reference

National Collaborating
Centre for Chronic
Conditions 2008'

Garstang and Stitik 2006'2

D’Ambrosia 2005'3

Arden and Nevitt 2006’

Corti and Rigon 2003

Bedson et al. 2007'¢

Dillon et al. 2006'°

White 2006'7

Williams and Spector 2006'®

Brooks 2002"

Population

UK
Adults aged over 50 years

Various countries
Adults aged over 55 years

USA; Framingham study

Adults aged 80 years and
over

USA

Adults aged 75 years and
over

Sweden

Adults aged 75 years and
over

Netherlands
Adults aged 65-75 years

Italy
Adults aged 65 years

UK
Adults over 50 years

USA,; National Health and
Nutrition Examination
Survey (1991-4)

Adults aged 60 years and
over

Population surveys
conducted in the UK among
adults aged over 55 years

Adults aged over 60 years

USA,; National Health and
Nutrition Examination
Survey (1971-5)

Adults aged 65-74 years
UK

Adults aged over 55 years
Spain

Adults (no age range
specified)

Criteria

Radiological

Radiological

Radiological — severe (grade

Il or IV)

Radiological

Radiological

Radiological

Clinical

Clinical

Radiological — severe (grade

Il or V)

Knee pain lasting more than
4 weeks

Clinical

Radiological — severe (grade

Il or IV)

Clinical

Clinical (self-completed
postal questionnaire)

The prevalence estimates are contained within review articles which cite primary studies.
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Prevalence

25%

At least 33% (and up to 68%
in some studies)

Women: 21.1%
Men: 17.4%

30%
Women: 45%
Men: 33%

Women: 35%
Men: 21%

Women: 26%
Men: 2%
25-37%

Women: 12.9%
Men: 6.5%

~25%

10-15%
Women: 6.6%
Men: 2.0%

18.1%

10.2%
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not intended to be a comprehensive list, it
demonstrates the range of estimates reported
within the published literature.

Despite the methodological issues alluded to, some
broad conclusions can be drawn. Osteoarthritis of
the knee becomes more common with increasing
age. In addition, prevalence rates among elderly
women exceed those of elderly men."

Natural history of OA of the knee

The natural history of OA is not fully understood."
However, in contrast to the widely held view that
OA is an invariably progressive, deteriorating
condition, it would appear that the condition can
remain stable for some time.” While radiographic
recovery is uncommon, radiographic signs may
stabilise and clinical outcomes may even improve.
This is reflected in the relatively low proportion of
patients coming to surgery and has been reported
even among patients referred to specialist clinics.?’

A recently published guideline on the management
of OA states that, over a period of several years,
approximately one-third of patients with knee OA
improve, one-third remain stable and one-third
deteriorate.'

Several authors'”2?! have reported that the clinical
progression of OA is variable. Some patients may
experience rapidly progressive disease, while in
others, the condition can remain stable for many
years. White'” described a study which found that
up to 40% of patients with significant radiographic
knee OA showed no deterioration when repeat
radiographs were performed 20 years later. It has
been claimed that when followed up for over a
decade, radiographic signs of joint degeneration
did not progress in one-third to two-thirds of
patients with OA of the knee or hip.? In one

small study that followed up 63 patients with knee
OA over an 11-year period, the radiographic
appearance improved in 10% of patients.?! Dieppe
and colleagues? followed up over a 3-year period
approximately 400 patients with OA who had been
referred to a specialist rheumatology clinic. Two-
thirds of the patients recruited had OA of the knee.
Fifty-eight per cent of patients reported an overall
worsening of their condition. Twenty-one per cent
reported no change and 21% reported an overall
improvement. With respect to pain, there was
considerable individual patient variation with many
patients reporting markedly different levels of pain
at follow-up compared with baseline. All measures
of function showed an overall deterioration.

Dieppe and colleagues® found that there was no
correlation between radiographic change and
clinical outcomes. They suggested that X-ray
appearances may poorly reflect morphological
changes within joints, or alternatively that clinical
and radiographic changes are out of step with
each other. Johnson and colleagues®” explored the
association between self-assessed symptoms and
functional and radiological measures, reporting a
poor correlation after 7 years. Improvements in
self-assessed symptoms (in 25% of participants)
were not reflected in measures of function or on
imaging. The authors raise the question of the role
of adaptation by patients as they develop strategies
to avoid pain. Assessments focusing on pain or
ability to complete certain tasks will not detect the
more subtle changes in social and physical activity
that may be occurring as a coping mechanism.*

Consequences for health

The pain and disability associated with OA can
have a marked effect on patients’ quality of life
(QoL) and their ability to live independently.'”
People with the condition can experience
significant limitations with respect to undertaking
activities of daily living.'"* OA of the large, weight-
bearing joints (hips and knees) is particularly
debilitating,”!” and it has been claimed that

knee OA is the most frequently reported cause of
disability in older adults.? Disability in relation

to walking and using stairs that is attributable to
knee OA equals that associated with cardiovascular
disease.'” A number of chronic conditions (e.g.
hypertension, diabetes mellitus) may contribute
to disability. If present, such conditions may add
to the difficulties experienced by patients as a
consequence of their arthritis."

Hawker and colleagues?! conducted a study to
explore the nature of the pain experienced by
people with knee and hip OA. Ninety-one of the
143 participants recruited had knee OA. Two
main types of pain were described: a constant dull,
aching pain and an intermittent, unpredictable,
intense pain. The latter was associated with the
avoidance of social and recreational activities,

as well having an adverse effect on the patients’
mood.

Other studies have reported a high prevalence of
psychological morbidity among patients with knee
OA. 2% As well as affecting patients’ QoL, this
may also impact on their use of health services.
Rosemann and colleagues® report that depression
was positively associated with patients consulting
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their GP and being referred to an orthopaedic
specialist because of knee pain, although other
studies have reported an inverse relationship.'®
However, both situations are problematic. It may
be the case that some patients referred to an
orthopaedic specialist are undergoing surgery
when, in the first instance, treating their depression
would have been more appropriate. It is also
possible that depressed patients who do not engage
with health services are missing out on care from
which they would benefit.

Several studies have reported that patients with
knee pain may not consult health professionals.'®*’
A variety of contributory factors have been
proposed. It has been suggested that patients view
knee OA pain as being an inevitable consequence
of ageing and something which has to be
tolerated.?” It has been suggested that the attitude
of health professionals can contribute to this (e.g.
by discussing knee pain and OA using terms such
as ‘wear and tear’).” Studies also suggest that some
patients have a degree of therapeutic nihilism

and believe that little can be done to alleviate
their pain.?” Other studies suggest that some
patients fear becoming addicted to analgesics or
experiencing medication side effects.?”

Current standard
care/optimal care

Treatment

A range of treatments can help to manage the
symptoms of OA of the knee. Non-pharmacological
interventions include weight loss, exercise and a
range of physiotherapy interventions. Pain control
is achieved through the use of exercise, simple
analgesia, non-steroidal anti-inflammatory drugs
(NSAIDs) and, if necessary, opiates. Transcutaneous
electrical nerve stimulation (TENS) machines, heat
therapy and topical NSAIDs may also be used. If
non-invasive interventions fail to control symptoms,
then intra-articular injections, arthroscopic lavage
and debridement for joint locking, and ultimately
arthroplasty have been utilised with evidence of
varying degrees of effectiveness. The primary aim
of these treatments is management of symptoms, in
particular pain and loss of function. Most of these
treatments do not modify disease progression.?

Management of OA of the knee

In the UK, information about current health-
care practice in the management of OA of the
knee is scarce.”® While we may not have clear
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details of current practice, a guideline produced
by NICE in 2008, and based on work by the
National Collaborating Centre for Chronic
Conditions (NCCCC),' provides recommendations
for the care pathway for people with OA.

Figwre 1 summarises the recommended care.

The three core treatments in the centre circle

were recommended for all patients. Paracetamol
and topical NSAIDs were recommended as the
first line in analgesia; treatments in the outer
circle then being recommended for only selected
individuals. The guideline authors did, however,
note a number of areas of uncertainty including:
the most effective combinations of treatments; how
to improve adherence to the non-pharmacological
interventions; and how most effectively to treat very
elderly patients.

Current care
Non-pharmacological interventions

There are no national data about the levels

of current practice in relation to the non-
pharmacological interventions outlined in the
centre circle. If guideline uptake was complete
then all patients with OA would receive these core
treatments. The guideline does not estimate the
cost or service implications of implementing these
changes. Chevalier and collegues® conducted

a questionnaire survey among French general
practitioners to investigate the management and
treatment of knee OA. They compared the survey
results with recommendations produced by the
European League Against Rheumatism in 2000
and found that non-pharmaceutical treatments,
including recommencing exercise and weight

loss as first-line approaches, appeared to be
underutilised. They reported a high request rate
for radiological examinations even if not required;
the underutilisation of non-pharmacological
treatments as a first-line approach; the
inappropriate use of bed rest; and high use of oral
NSAIDs as a first-line analgesic.

Pharmacological interventions

The main changes to practice identified in

the NICE guideline® are around the use of
paracetamol and topical NSAIDs as first-line
care. This change in practice, if implemented,
was identified as critical in reducing the adverse
events experienced in relation to the use of
NSAIDs. Approximately 167,000 people with OA
in England (based on a sample of primary care
practices) were estimated to be treated currently
with topical NSAIDs, increasing to more than
2.5 million if the guideline was adopted (a total
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Oral NSAIDs
including COX-2
inhibitors Opioids

Capsaicin

Intra-articular
corticosteroid
injections

Paracetamol

Supports and
braces

Topical
NSAIDs

Education, advice,
information access Local heat

and cold

Strengthening exercise,
aerobic fitness training

Shock-
absorbing shoes Weight loss if o
or insoles overweight/obese Assistive

devices

Joint
arthroplasty

Manual therapy
(manipulation and
stretching)

FIGURE | Targeting treatment: a summary of the treatments recommended. COX-2, cyclo-oxygenase-2; NSAIDs, non-steroidal anti-
inflammatory drugs; TENS, transcutaneous electrical nerve stimulation. (Reproduced from: National Collaborating Centre for Chronic
Conditions. Osteoarthritis: national clinical guideline for care and management in adults. London: Royal College of Physicians, 2008.
Copyright © 2008 Royal College of Physicians. Reproduced by permission.)

cost of approximately £17million per year). Data Hospital Episode Statistics (HES) data in

about oral NSAID and cyclo-oxygenase-2 (COX- 2005-6 reported that 19,686 people over the

2) inhibitor utilisation were limited, and based age of 45 years received arthroscopic lavage

on clinical judgement, with an estimated 50% of and debridement in England. One of the major

people with OA receiving these treatments. The conclusions of the NICE guidelines for OA was to

other main change in practice would come from recommend that this procedure only be used where

the dual prescription of proton pump inhibitors to patients have a clear history of mechanical locking.

all patients receiving NSAIDs or COX-2 inhibitors, The guideline predicts that following this guidance

but again estimates about current practice were would result in one-third fewer patients receiving

not based on collected data. These data applied to arthroscopies.

OA as a whole, 1.e. were not restricted to OA of the

knee. Audit data from England and Wales, complete for
more than 85% of National Health Service (NHS)

Intra-articular injections with hyaluronic acid were hospitals, reported that 57,597 knee arthroplasties

not recommended for use. No data were presented were conducted in 2006; of these 97% were for OA.

on the extent of use in current practice. The average age of patients undergoing surgery

was 70 years and 57% were female.*!
Invasive procedures
Two main invasive procedures are used in the Economic burden of OA
management of OA of the knee:
It has been estimated that OA in general costs the
* arthroscopic lavage and debridement US economy $60-65 billion annually.'**' In the
* knee arthroplasty. UK during the period 1999-2000, an estimated
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36 million working days were lost as a result of
OA, with a cost of £3.2 billion in associated lost
productivity.'

Osteoarthritis has major impacts on health services.
It is estimated that two million adults attend

their GP each year as a consequence of OA." With
respect to knee pain, the incidence of new GP
consultations among those aged 50 years and older
is estimated at 10% per annum.' As noted above,

in the order of 58,000 primary knee arthroplasty
operations are carried out annually in England and
Wales for OA of the knee.

A UK population survey conducted by Yong and
colleagues'' attempted to estimate the proportion
of the population aged 65 years and older that
may benefit from knee arthroplasty based on
Lequesne index scores. It was reported that 7.9%
of respondents were assessed as possibly requiring
knee arthroplasty. This dropped to 5.1% once
patients with specified contraindications to surgery
were taken into account. Of these patients, 5.3%
appeared to be candidates for bilateral knee
arthroplasty.

A trial of patient education for management of
OA of the knee conducted in the UK in 1996-7,
and including an economic evaluation, provided
a detailed and valuable source of costs of care at
that time.** The estimated direct cost of knee OA-
related health care over the 2-year study period
(excluding the trial intervention) was £212 per
patient for the NHS. Within this total, medication
and primary care costs were estimated to be, on
average, £50 per patient. The mean hospital-
based costs per patient were £52 (including
radiology) with a further £20 for allied medical
professions and complementary therapists on the
NHS. Patients paid £78 per patient for private
consultations with allied health-care professionals
(largely physiotherapy), complementary therapy,
travel expenses, prescription charges and over-the-
counter medicines. The cost for society as a whole
was £291 per patient.*

With a mean study population age of 65 years, the
trial participants may have been a little younger
than the general population of people with OA

of the knee. Seventy-one per cent were female

and 55% of participants had at least 3 years of

OA history prior to recruitment. Approximately
15% of patients required a hospital inpatient stay
during the 1-year follow-up period, accruing a total
of 5.9 days as inpatients in orthopaedics. For the
170 patients in the study, 276 visits to the GP were
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required in the 12 months prior to the trial and 52
outpatient clinic appointments were necessary for
management of their OA.?*%

Studying OA
treatments in trials

Studying the impact of treatments on OA within
trials has been challenging. Progression of disease
occurs over years and decades. The number

of people deteriorating to need arthroplasty is
relatively small in relation to the total population
with knee OA. Thus, studying interventions that
aim to modify the course of the condition requires
either very long follow-up or a surrogate marker
for progression.

Surrogate end points for trials are often criticised.
In knee OA, two main types of end points have
been adopted in trials of interventions: composite
scoring systems for pain and function specific to
OA; and measures of joint space.

Measures of health state in OA

Standard generic measures of QoL such as the 36-
item Short Form General Health Survey (SF-36)
have not been widely adopted in trials of therapy
for knee OA. Several instruments are available

for assessing pain and function specifically in

OA. Lequesne® developed a scoring system

for severity of knee OA based on pain, walking
distance and activities of daily living, and using
this, subdivided patients into levels of severity of
disability. The Western Ontario and McMaster
Universities OA index (WOMAC)® is another
index for the assessment of OA of the knee or hip
and is based on assessment of pain, stiffness and
physical function. The WOMAC index is probably
the most widely used within trials.**=7 It has been
rated as the leading tool in OA of the knee and
hip; however, problems have been identified where
function and pain domains are divergent in terms
of a patient’s experience.* The most commonly
used tools are summarised in Zable 2.

Trials generally present a mean treatment group
difference from baseline to the end of the trial.
In order to interpret the difference there is a
need to understand the clinical significance of
the change, sometimes known as the ‘minimal
clinically important difference’ (MCID). The
MCID is a threshold and how such cut-off points
are defined is not standardised and is vulnerable
to the approach used. They do, however, give an
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idea of the magnitude of effect needed for patients
to express an improvement in their clinical state.
Tubach and colleagues™ estimated the MCID
using WOMAC and a 0-100 scale in patients with
knee OA, stratifying by baseline symptom severity.
The MCID for patients with low baseline scores
was estimated to be a 5-point improvement [95%
CI (confidence interval) 4 to 7]. For those who
reported intermediate baseline scores, a 12-point
(95% CI 10 to 15) improvement was considered
clinically important. For those with high baseline
scores, the MCID was 20 (95% CI 18 to 23).%

None of these patient QoL scoring systems are in
use in clinical practice outwith the context of a trial,
and they have not been designed for individual
patient clinical decision-making. A working group
from OMERACT (Outcome Measurement in
Clinical Trials) and OARSI (Osteoarthritis Research
Society International) has been working on new
definitions of severity of knee and hip OA, with

a view to considering when knee arthroplasty is
necessary.*

Measuring joint space width

Osteoarthritis has typically been considered a
slowly progressive condition; however, in OA of the
knee, the outcome is variable. While radiographic
recovery is uncommon, it can occur, as mentioned
above.?! Clinical outcomes, measured using the
scales described above, may stabilise or improve.
So, while clinical care of OA is based on clinical
symptoms, there has been substantial research
interest in assessing if interventions are modifying
the long-term disease process, reducing joint
damage and, ultimately, reducing the progression
of symptoms and the need for knee arthroplasty or
other surgical interventions.

Markers for those at risk of progressive disease
have been sought. Radiological markers of joint
damage, in particular joint space narrowing, have
been widely accepted as surrogate markers for
structural damage and have been recommended as
a primary end point for clinical trials by scientific
organisations and regulatory agencies in Europe
and the USA.*!

Some studies use tools such as the Kellgren—
Lawrence scale based on radiological appearances:

e Grade 0
e Grade l

Normal

Questionable: doubtful
narrowing of joint space and
possible osteophytic lipping
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* Grade 2 Mild: definite osteophytes and
possible narrowing of joint
space

Moderate: moderate multiple
osteophytes, definite narrowing
of joint space and some sclerosis
and possible deformity of bone
ends

Severe: large osteophytes,
marked narrowing of joint
space, severe sclerosis and
definite deformity of bone ends.

e Grade 3

e Grade 4

The use of scales is subjective and, in the context
of clinical trials and assessing disease progression
over time, may lack reproducibility. With only

five grades, such tools are relatively crude and
subtle changes cannot be represented. Joint space
has the advantage that it can be measured using
standard X-rays. The relationship between joint
space, progressive joint damage and progressive
symptoms is discussed below.

Definitions of joint
space in the knee
Healthy knee

In a healthy knee joint, articular cartilage, not
normally visible on standard X-rays, fills the joint
creating an apparent space on X-rays between the
visible femoral and tibial bones. The knee joint
space can be summarised by a number of measures
on standard X-rays; the commonly used measures
are summarised below:

* mean medial joint space

* minimum joint space

* mean lateral joint space

* minimum lateral joint space.

Joint space loss is a characteristic radiological
feature of OA, as well as rheumatoid arthritis
and other inflammatory arthropathies. In these
conditions, joint space loss represents loss of
articular cartilage.* What constitutes a ‘normal’
healthy joint space on standard X-ray is not well
studied. X-ray studies among people attending
Accident and Emergency (A&E) for investigation
of knee pain or following minor trauma, and
considered ‘normal’ by a radiologist, have reported
on joint space. In this population, there was little
difference between weight bearing and non-
weight bearing imaging; a finding believed to
reflect the relative lack of ligament laxity in the
normal knee.* Joint space in the healthy knee is
consistently reported to be less in women than in
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men. Dacre and colleagues®? reported that medial
and lateral joint spaces decreased with age, but
were not associated with body mass index (BMI),
height or weight. 7able 3 summarises measures of
normal joint space.*

Osteoarthritic knee

In OA of the knee, joint space volume varies
among individuals. A number of approaches to
systematically describing the changes seen on X-ray
in OA of the knee have been reported. Several
grading systems have been used and these can be
split into two types:

1. Semi-quantitative — defining the grade of joint
damage based on joint space loss, osteophyte
formation, subchondral sclerosis, angular
deformity and cyst formation. Various scoring
systems have been reported since the original
scale by Kellgren and Lawrence and accepted
by the World Health Organization (WHO).*>*

2. Quantitative — with formal measuring
(chondrometry) joint features. Again, various
methods have been applied to how and where
to measure.*

Single baseline measure as
a predictor of severity of
symptoms or progression

Joint space width at baseline was reported as a
predictor of complete joint space loss (score = 3
on a scale of 0-3) in a long follow-up study in the
USA,* with 50% of patients with a baseline joint
space width score of 1 progressing to complete
joint space loss in 12.03 years, and in 7.44 years if
baseline joint space width score = 2.

A number of studies have reported little correlation
between baseline (one point in time) measures

of joint space width (mean or minimum) and
symptoms of OA (pain, function or composite
measures such as WOMAC score)."** Comparisons
of joint space width with direct arthroscopy
visualisation of the joint space also report poor
sensitivity and specificity.”

TABLE 3 Summary of measures of normal joint space

Dacre 19914 Male

7.03 (6.91-7.15)
7.44 (7.30-7.58)

Mean medial joint space (mm)

Mean lateral joint space (mm)

Change in joint space width

as a predictor of symptoms

Joint space narrowing over 2-3 years has been
reported by some authors, to correlate with
baseline pain scores and changes in measures of

pain,**! but has not been a consistent finding by
all.®

Bingham and colleagues® reported that a 60%
joint space narrowing in 2 years correlated with
a 10 mm increase in pain, function and total
WOMAC scores using a 100 mm visual analogue
scale (VAS).

Change in joint space width
as a predictor of joint
damage progression

A correlation between joint space narrowing

and knee arthroplasty has been reported,

with a minimum medial joint space narrowing

> 0.5 mm over 3 years being a predictor of knee
arthroplasty [relative risk (RR) 3.5, 95% CI 1.23
to 9.97] in the subsequent 5 years, but was based
on small numbers of patients progressing to
knee arthroplasty.”” Minimum medial joint space
narrowing of > 0.6 mm in 3 years gave an RR of
5.16 (95% CI 1.76 to 15.12) of surgery.*

Cicuttini and colleagues® reported that joint space
loss, as measured by magnetic resonance imaging
(MRI), correlated with knee arthroplasty. Of the 37
people with a rate of loss of < 3% (based on MRI at
year 0 and year 2), three required knee arthroplasty
by 4 years. In comparison, for the 36 with a tibial
cartilage loss of > 8% per year, eight needed knee
arthroplasty; an RR of 7.1 (95% CI 1.4 to 36.5)
after adjustment for factors such as age, gender,
BMI, etc.>*

Issues with measuring

knee joint spaces
Reproducibility of procedure for X-ray

In the diseased knee, the positioning during
imaging is important, with substantial differences

Female

5.73 (5.58-5.88)
6.44 (6.30-6.58)
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in joint space measurements depending on weight
bearing and position. The OARSI issued a protocol
for imaging the knee in guidelines published in
1996, recommending:

A standing (weight bearing) antero-posterior
fully extended knee view.”

Since then various modifications have been

tried. Variations in method do affect the absolute
measures and require the position to be reproduced
in order to minimise within-study comparisons

or assessment of change over time.’*** Protocols
must also set out the imaging technical details if
reproducibility over time is to be achieved, i.e.
focus to film distance, radiological parameters and
control for joint rotation.*

Reproducibility of measurements

Intraobserver reproducibility for joint space
measurements has been reported to be high
[k>0.88;%%k=0.77 (0.72-0.82)].* Inter-observer
reproducibility was lower (lateral £ = 0.6; medial
k=0.72).**% Grading joint space loss based

on a scale and using comparative images as
examples improved intra- and inter-observer
reproducibility.”” The use of automated systems to
measure joint space width from digital images is
likely to reduce this source of error and has been
widely adopted in trials.

Impact of pain on positioning of the knee

Knee pain has a major impact on a person’s
ability to fully straighten (extend) their knee joint.
The degree to which extension is achieved may,
therefore, be modified by treatments that modify
pain. As a result, the joint space width would be
artificially altered, reflecting not the cartilage
volume, but rather the degree of extension
achieved. This is a potential confounder in trials.”

Assessment of knee OA
progression in clinical trials

Western Ontario and McMaster Universities
osteoarthritis index scores and measures of joint
space change have been adopted by OMERACT
and regulatory bodies as the key outcome measures
for clinical trials in knee OA.**% Despite the
various caveats outlined above, these measures have
been widely adopted by trialists. Few studies have
achieved long-term follow-up of trial participants
to measure other hard clinical end points, such as
knee arthroplasty.
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Relation to clinical practice

While patients are often assessed using X-rays in
clinical practice, pain is the major feature that
determines when further intervention is required.
The correlation between radiological changes and
symptoms, as has been noted, is poor. X-rays are
used widely in trials to assess disease progression,
but this does not translate into clinical decision-
making about when surgery is required.

Interventions under
investigation

Glucosamine and chondroitin

Both glucosamine and chondroitin are natural
constituents of hyaline cartilage. With the
exception of one preparation of glucosamine,

in the UK they are considered, for regulatory
purposes, to be food supplements. It has been
claimed that glucosamine and chondroitin reduce
the pain of OA, but recent systematic reviews have
cast doubt on this.®"%> However, it has also been
suggested that glucosamine might have some effect
on preserving cartilage in early OA, and hence
might slow down progression.

As a food supplement, glucosamine and
chondroitin can be bought by anyone, either over
the counter or by mail order, without the need for
a prescription. They come in different forms and
doses, and may be taken on their own or mixed
with food and drink. For example, glucosamine
may be added to a range of drinks, from iced tea to
fruit smoothies.

Glucosamine
Glucosamine is a naturally occurring amino
sugar that is a building block for the complex
proteins called glycosaminoglycans which are part
of the structure of cartilage. Hyaline cartilage
is composed of about 50% collagen, and the
remainder is mainly made up of proteoglycan
molecules which serve to give the cartilage a
viscoelastic resilience and thus to act as a cushion.
The proteoglycan molecules (also called aggrecans)
consist of numerous long-chain glycosaminoglycans
linked to a core protein. The glycosaminoglycans
are repeating disaccharide units consisting of a
hexuronic acid and a hexosamine (amino sugar).
Glucosamine (C;H ,NO,) is the hexosamine
constituent of keratan sulphate, which is found in
hyaline cartilage alongside the glycosaminoglycans
chondroitin 4-sulphate and chondroitin 6-sulphate
(which are therefore much larger molecules than
glucosamine).®
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Two forms of glucosamine exist for use as

oral supplements: glucosamine sulphate and
glucosamine hydrochloride. Glucosamine is usually
derived from shellfish (chitin); however, it may

also be obtained from the chitin present in the cell
walls of many fungi (which may be of advantage
for people with shellfish allergy).®* Oral (either

in tablet form or as a powder dissolved in water),
intramuscular and even intra-articular preparations
exist. Doses vary considerably between and within
preparations. Commonly used dosages are between
1250 mg and 1500 mg daily.

Chondroitin

Chondroitin is a large gel-forming molecule, which
forms part of cartilage and confers resistance to
compression. Despite being a large molecule, it is
partially absorbed from the diet or supplements.

Chondroitin is used orally as chondroitin 4- and
6-sulphate. It is made from extracts of cartilaginous
cow and pig tissues (tracheal cartilage), or from
fish or bird cartilage.? Chondroitin is usually

taken orally, either in tablet form or as a powder
dissolved in water, but intramuscular applications
have also been used. Commonly used dosages are
between 800 mg and 1200 mg daily, but again can
vary substantially between and within products.

As regards the possible mechanism of action by
which glucosamine and chondroitin might work
in OA, the hypothesis is that oral supplements

of these compounds taken on their own or in
combination may help strengthen or repair
cartilage, thus having disease-modifying potential
in OA. We address in detail the biological
plausibility of glucosamine and chondroitin as a
disease-modifying agent in OA in Chapter 5.

Glucosamine and chondroitin
availability in the UK
Licensed preparations

In 2007, Alateris® (Randsom, UK) (glucosamine
hydrochloride) was licensed in the European
Union and made available as a “prescription

only medicine’ in the UK. There were no clinical
trials for this product to support the licensing
application. The tablets are 625 mg and the
recommended dosing is two tablets (1250 mg) per
day. A 1-month supply was priced at £18.40 in the
British National Formulary (BNF) in May 2008. As a
new product, Alateris is monitored under the UK
Department of Health, Medicines and Healthcare
Products Regulatory Agency (MHRA) ‘black
triangle’ intensive surveillance scheme.®

The only other ‘prescription only medicine’
glucosamine product (glucosamine sulphate),
produced by Rotta, Italy, with a medicinal licence in
some European countries is not currently available
in the UK. It is used at a dose of 1500 mg per day.

Food supplements

Glucosamine, chondroitin and combination
products are also available in the UK as non-
licensed food supplements from health food shops,
pharmacies and the internet. Food supplements are
not subject to the same rigorous testing and control
measures as licensed medicines and the products
may vary in relation to combinations, compounds,
strengths and purities.

Adebowale and colleagues® studied 14 products
containing glucosamine sulphate or hydrochloride
and 11 products containing chondroitin sulphate
available on the US market. Deviations from label
claims for glucosamine content ranged from

as low as 25% to over 115% (although only two
products appeared to contain less than 90% of the
label claim). For chondroitin sulphate, deviations
from the label claim ranged from less than 10% to
110%, with 4 of 11 products containing less than
40% of the claimed chondroitin content. A further
testing of 32 chondroitin sulphate products, using
a phototrode titration method, found that over
half of the products contained less than 40% of
the label claim (with all of the products costing
less than US$1 containing less than 10%). Barnhill
and colleagues® tested 20 chondroitin sulphate
products available in the US and found that none
complied with the Food and Drug Administration
(FDA) good manufacturing practices for
pharmaceuticals. Table 4 provides an illustration of
the costs associated with different preparations.

Prescribing glucosamine and chondroitin

Alateris (glucosamine hydrochloride) appears

in the BNF as the only product licensed as

a ‘prescription only medicine’ available for
prescription in the UK. In June 2008, the Scottish
Medicines Consortium (SMC) reviewed the
suitability of Alateris for use in NHS Scotland in
terms of clinical effectiveness and cost-effectiveness
and concluded that:

Alateris is not recommended for use within
NHS Scotland for relief of symptoms in mild
to moderate osteoarthritis of the knee. No
direct clinical trial evidence of the efficacy
and safety of this specific product is available.
Randomised controlled trials of other
formulations of glucosamine hydrochloride
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TABLE 4 Example prices of preparations in the UK in 2008 (subject to special offers and deals between manufacturers and retailers)

Preparation Composition Price

Valupak 30 tablets (400mg Gl + 100 mg Ch) £0.99

Valupak Joint Care 30 tablets (500 mg GI + 400 mg Ch) £4.99

Newmark 30 tablets (400mg Gl + 100mg Ch) £1.80

Newmark Glucosamine 30 tablets (500 mg Gl) £1.89

Natures Aid Glucosamine 90 tablets (100 mg Gl) £12.00

Alateris 60 tablets (625 mg Gl) £18.40 (BNF 2008)

BNFE, British National Formulary; Ch, chondroitin; Gl, glucosamine.

indicate little or no benefit over placebo
in improving symptoms in patients with
osteoarthritis of the knee.

In addition, the manufacturer did not present
a sufficiently robust economic analysis to gain
acceptance by SMC.%

Food supplements, as unlicensed products, are
either ‘blacklisted’ as not for prescription or what
is called ‘pay and report’, i.e. if a prescription

is issued, the pharmacist is reimbursed for the
script but the prescription is reported to the local
health board to follow up.* The scale of use of
glucosamine and chondroitin in the UK is not
well documented. One small survey in two GP
practices in the UK identified that 16% of people
with OA had used glucosamine and 5% had used
chondroitin. In Scotland, in 2007, only 376 items
for glucosamine hydrochloride were dispensed
on prescription (Mr D Pflegger, Robert Gordon
University, 2009, personal communication).

Key questions and rationale

Some of the findings in this chapter have
implications for the interpretation of the evidence,
including the following:

*  OA of the knee is diagnosed mostly on clinical
grounds.

* Progression is variable; symptoms improve in a
significant minority.

* Radiological changes do not usually regress,
but often do not progress.

* Clinical symptoms may not correlate with
radiological changes.

*  Progression is slow, over many years.

* There are tried and tested instruments for
assessing the impact of OA, such as WOMAC.
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e Joint space is the main objective measure, but
there can be some subjectivity in quantifying.
The link to long-term outcomes is not well
established.

In undertaking this review and economic
evaluation, we were aware that a number of reviews
had already been published. In general, these had
included studies of short duration and had not
focused on long-term outcomes. In this report, we
were interested in the progression of knee OA and
whether glucosamine and/or chondroitin could
modify the disease process. We were, therefore,
only interested in trials of sufficient duration to
assess long-term outcomes. We have restricted

our review to studies of a minimum of 12 months’
follow-up.

The questions we planned to address in this report
are summarised below:

1. Does glucosamine prevent or slow progression
of OA of the knee?

2. Does chondroitin prevent or slow progression
of OA of the knee?

3. If so, does the combination of both offer any
greater effect?

4. If they are useful, what dosages should be

used?

What are the costs, in terms of both the

product costs and any side effects?

6. Are there any savings to the NHS from their
use, for example by reduced consumption of
prescribed NSAIDs, or from avoidance of knee
arthroplasty procedures?

7. Is there evidence of cost-effectiveness from well
constructed economic evaluations?

[$14

From the evidence review we sought to be able to
come to one of three possible conclusions:
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1. The evidence base is sufficient to conclude that
they are not effective.

2. The evidence base is sufficient to conclude that
these products are clinically effective, in which
case further research into clinical effectiveness
is not required.

3. The evidence is inconclusive, but suggestive
enough of benefit to justify further research.

If further research was indicated, then we planned
to address several further questions, where the data
permitted:

1. Are the alleged benefits of glucosamine and
chondroitin on knee cartilage biologically
plausible?

2. If, as suggested by the commissioning brief,
the evidence suggests that there is no gain in
short-term symptom relief, but only in long-

term preservation of cartilage (which does
imply longer-term reductions in symptoms,
advanced OA and perhaps of the need for knee
arthroplasty), what should the comparator in
trials be?

If the gain is in long-term outcomes, are there
short-term indicators of benefit which could be
used, rather than waiting 20 years for advanced
OA to become manifest?

Which variables or assumptions (e.g. costs,
QoL, mortality, extrapolation of effectiveness
over time) are most important in generating
uncertainty in the cost-effectiveness estimates,
and which would provide the greatest return in
terms of reducing uncertainty at a reasonable
cost. These variables and assumptions will

be identified using value of information
analysis, and will form the main basis in
recommendations for further research.
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Chapter 3

Clinical effectiveness of glucosamine
and chondroitin on the progression

of OA of the knee

In this chapter we cover the evidence of clinical
effectiveness of glucosamine and chondroitin on
the progression of OA over at least 12 months. A
number of reviews have been published in recent
years. Many of these have included studies of short
duration which, while adequate for addressing
short-term effects, including the effect on pain and
function in the short term, are not adequate for
studying whether these treatments have an effect
on the natural history and clinical progression of
the disease.

Methods

Inclusion criteria
Types of studies

In the first instance, we reviewed systematic reviews
of RCTs where the review included at least one
trial which met our duration inclusion criteria.

The acceptable minimum duration of follow-up
was 12 months, i.e. reviews had to include at least
one primary study with a study duration and/or
duration of follow-up of 12 months.

We then used these reviews as a source to identify
RCTs of at least 12 months’ duration. We also
considered any additional RCTs published after
the last search of any relevant included review, or
any RCTs not included in any of the reviews, but
fulfilling our inclusion criteria.

Types of participants

People with OA of the knee were included. No
restrictions were made regarding stage of OA, but
information on OA stage was noted as indicated by
the reviews.

Types of interventions

Treatments with glucosamine or chondroitin taken
in pharmacological form (capsule/tablet or powder)
were included (any salts and any doses, with
glucosamine and chondroitin being used alone or
in combination). Topical applications or injections
were excluded. Glucosamine or chondroitin taken
as additives to drinks were not included.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Where data permitted, glucosamine sulphate
and hydrochloride studies were to be analysed
separately. Trials of the Rotta product of the
sulphate form were also to be analysed separately.

Recent NICE guidelines reiterate that none of

the existing treatments have been demonstrated

to modify OA disease progression. The main
comparator was therefore placebo, but comparisons
with analgesics and non-pharmacological
interventions were not excluded. Different
comparators would have been explored by
sensitivity analysis if appropriate data had been
found.

Types of outcome measures

Because this review was prompted by the
suggestion that glucosamine and chondroitin might
have structural effect, systematic reviews were only
considered for inclusion if they assessed both pain/
function and a measure of joint structure, such as
joint space loss. Randomised controlled trials were
considered if they assessed function or structure.

Data on the following outcome measures were
extracted:

* pain

e function

e composite measures of health status (WOMAC
score, Lequesne index, SF-36 or similar)

* joint space loss (as defined in the trials)

* knee arthroplasty

e adverse events.

Search strategy

The search strategy comprised the following main
elements:

* searching of electronic databases

* scrutiny of bibliographies of retrieved papers

e checking for details of registered, but
unpublished trials

* internet searches
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* the Food Standards Agency website for details
on safety.

Electronic databases included: MEDLINE and
PubMed; EMBASE; the Cochrane Library
(including the Cochrane Systematic Reviews
Database, CENTRAL, DARE, NHS EED and HTA
databases); Allied and Complementary Medicine
(AMED); National Research Register (NRR); Web
of Science Proceedings; Current Controlled Tiials;
and Clinical Trials.gov.

To identify additional recent RCTs that were
published after the publication of high quality
reviews, searches for RCTs were carried out back to
the beginning of 2004 for glucosamine and back to
2005 for chondroitin. A separate search was done
to identify studies specifically investigating adverse
events of glucosamine and/or chondroitin. See
Appendix 1 for details.

We considered only papers published in English,
German, French, Italian and/or Spanish. Reports
published as meeting abstracts only (with
insufficient methodological details reported to
allow critical appraisal of study quality) were
excluded, except as a guide to trials not yet
published in full.

Study selection

Titles and abstracts were examined for inclusion by
one reviewer. Full copies were obtained of papers
that appeared to fulfil the inclusion criteria (or
where there was doubt) and these were checked by
two reviewers independently for final inclusion.
There were no disagreements.

Quality assessment

Potential systematic reviews were assessed according
to the following criteria, which are based on the
criteria of the Quality Of Reporting Of Meta-
analyses (QUOROM) statement:”!

1. inclusion criteria described (study design,
participants, interventions, outcomes)

2. details of literature search given (databases,

dates, keywords, restrictions)

study selection described

data extraction described

study quality assessment described

study flow shown

study characteristics of individual studies

described

quality of individual studies given

9. results of individual studies shown

N o Otk W

*®

10. was the statistical analysis appropriate?

Studies were considered to be systematic reviews
if they described inclusion criteria, gave details of
their literature searches and fulfilled at least half
of criteria 3 to 10. In addition, the reviews had

to fulfil the remaining inclusion criteria for our
review, i.e. they (i) summarised RCTs, (ii) included
at least one RCT of at least 1 year’s duration,

(ii1) included at least one RCT including patients
with OA of the knee, (iv) considered the effects

of glucosamine sulphate or hydrochloride or
chondroitin sulphate, alone or in combination,
compared with placebo, and (v) reported data on
both symptoms/pain and structure/joint space.

Studies were classified as being high, moderate or
poor quality, according to the following criteria:

e high quality: all criteria fulfilled, or not more
than one of ‘description of study selection’ or
‘description of study flow” not fulfilled

* moderate quality: more than one of the quality
criteria not fulfilled, but most important
methodological aspects described [inclusion
criteria, literature search, quality assessment,
details on individual studies (including quality),
appropriate statistical analysis]

* poor quality: any others.

The quality of RCTs, identified by any of the
methods outlined above, was assessed according
to the following criteria [modified from the
criteria suggested by the Centre for Reviews and
Dissemination (CRD) report on systematic review
methodology]:™

e description and method of randomisation

e allocation concealment

* blinding of participants to active agent or
placebo

* blinding of outcomes assessors

e numbers of participants randomised, excluded
(with reasons) and lost to follow-up

e whether intention-to-treat analysis was
performed

e methods for handling missing data

e appropriateness of statistical analysis.

Data extraction

Data were extracted independently by one reviewer
using a standardised data extraction table and
checked by another. Only a small number of
discrepancies occurred, and these were resolved by
discussion and by checking the original article.
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Data analysis
The systematic reviews included were compared
according to the following criteria:

* conclusions reached with respect to the
effectiveness of glucosamine and/or
chondroitin (in relation to relevant outcome
measures)

* any differences in conclusions reached and the
reasons for this; for example, inclusion criteria
for studies, number and nature of studies
included, outcome measures considered,
importance placed on study quality or study
duration, different forms of glucosamine
considered separately (glucosamine sulphate
and glucosamine hydrochloride), etc.

* usefulness in addressing our research question
about the clinical effectiveness of glucosamine
and/or chondroitin in modifying disease
progression over at least 12 months.

Data from systematic reviews were tabulated and
discussed in a narrative review. Study characteristics
of the primary studies included in the reviews

were compared against the inclusion criteria of the
present review. Characteristics and quality of RCTs
fulfilling the inclusion criteria of this review (both
those included in previous reviews and studies
newly identified) were also tabulated.

For the RCTs, where data permitted (i.e. more
than one study available for a given parameter
and parameters measured in a comparable way)
data from primary studies were summarised

in a meta-analysis using the Cochrane Review
Manager Software 5.0.4. Continuous data were
summarised as weighted mean differences using
both fixed- and random-effects models. Where the
point estimate was the same, the random-effects
model was quoted because the confidence intervals
better reflect the uncertainty around the point
estimates. No dichotomous results were analysed.
Heterogeneity was assessed using the chi-squared
test. For outcomes where no meta-analysis was
possible, results were summarised narratively.

Results

The results have been presented in two sections.
First, we present the findings from the review of
systematic reviews. Secondly, we report the results
of the review of the primary RCTs that met the
criteria for this review.
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Review of systematic reviews
Search results

The searches of MEDLINE, EMBASE and

the Cochrane Library combined (as shown in
Appendix 1) retrieved 677 articles. The duplicates
were removed, and the remaining abstracts checked
against the inclusion criteria. This resulted in 23
articles, for which the full papers were obtained for
further checking. The QUOROM flow diagram of
search results is shown in Figure 2.

Of the 23 potential relevant systematic reviews,
five were included in the analysis. Twelve of the
remaining reviews were excluded because they were
not systematic reviews (i.e. they did not include

a description of their methodology and did not
systematically summarise the data). The remaining
six were systematic reviews, but one was a review
of nutritional supplements in OA specifically
excluding glucosamine and chondroitin, one only
reported short-term data (up to a maximum of 12
weeks) and the remaining four did not consider
structural outcomes (the bibliographies of these
four reviews were searched to ensure no individual
studies met our inclusion criteria for trials).

Details of reasons for study exclusion are shown in
Appendix 2.

Of the remaining five reviews, two dealt with
glucosamine only,**” two dealt with chondroitin
only ° and one dealt with both glucosamine and
chondroitin.” All five reviews included a meta-
analysis. Additionally, a recent NCCCC guideline
for the management of OA was identified, which
included a systematic assessment of glucosamine
and chondroitin.! This guideline was used to
inform the NICE guideline for the management
of OA* and was the only included review that
considered combination therapy with glucosamine
and chondroitin. Table 5 shows details of the five
reviews and one guideline included.

Quality of included reviews

Four of the five included reviews were classified as
being high quality reviews, with three®-27 fulfilling
all the quality criteria and one™ failing to give
details of study selection. One review’* was rated
as moderate quality, as neither study selection
nor data extraction were described and details on
statistical analysis were lacking. The guideline'
described certain methodological aspects rather
briefly, but referred to methods manuals which
appeared to assure a high quality systematic
reviewing process.
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Search of MEDLINE, AMED and
EMBASE Oct 2007 (main search and >
specific searches) n = 677

Remove duplicates and studies
not relevant to topic

!

l

Systematic reviews:
selected from titles and
abstracts n = 23

RCTs:
From reviews n = 46 _
From searchesn =8 P | Excluded: n = 47

additional trials

Excluded: n = 18

Included systematic reviews:
From original searchn =5
From autoalerts n = |
guideline

From original searchn = 6
8 —>

Incl RCTs:
ncluded RCTs Autoalerts (Oct

2008):n = |

From searches n = | . X
included trial

From autoalerts n = |

FIGURE 2 QUOROM flow diagram of search results.

Inclusion criteria

Key inclusion criteria and review characteristics

are shown in Table 6. The inclusion criteria varied
substantially between reviews. One review’® had
narrow inclusion criteria, looking at double-blind
RCTs lasting at least 12 months and studying the
effect of oral glucosamine in primary knee OA.

All the studies included in this review, therefore,
met with our inclusion criteria of 12 months’
duration/follow-up. The other four reviews and one
guideline included at least one study of a minimum
of 12 months’ duration (so were included here),
but had wider inclusion criteria and, therefore, also
included a number of studies of shorter duration.

Trials included in systematic reviews

The five reviews and one guideline described

a total of 45 controlled trials — 21 studying
glucosamine, 20 studying chondroitin — and

four studying a combination of chondroitin

and glucosamine (one of which compared
combination therapy with glucosamine or
chondroitin monotherapy). Table 7 summarises
the characteristics of the 45 primary studies.

The NCCCC OA guideline' included two
systematic reviews® 2 and six additional RCTs.
For glucosamine, only two RCTs (the long-

term studies by Reginster and colleagues’ and
Pavelka and colleagues”) were included in all the
relevant reviews. For chondroitin, only six studies
were included in all the relevant reviews. The
largest number of primary studies was included

in the review by Towheed and colleagues® for
glucosamine and Reichenbach and colleagues®
for chondroitin, and these two reviews also tended
to provide the most detail. Therefore, most of the
detail presented on the primary studies derives
from these two reviews.

The glucosamine trials included between 20 and
1583 participants. With the exception of two trials,
the proportion of women included was generally
greater than the proportion of men (up to 91%
women, with two trials including 48% and 5%
women). The mean age range of participants

was between 51 and 75 years. Study duration was
between 3 weeks and 3 years, with 15 trials having
a study duration of no longer than 3 months

and two having a duration of at least 1 year. The
chondroitin trials included between 17 and 622
participants. As in the glucosamine trials, there
were generally more women than men in the
trials (33-94%), and mean age was between 50
and 67 years. Trial duration was between 6 weeks
and 2 years, with the trials generally having a
longer duration than the glucosamine trials (one
had a duration of less than 3 months; five had a
duration of at least 1 year). One trial, studying a
combination of chondroitin and glucosamine, had
1583 participants with a mean age of 58 years and
27% women, and a trial duration of 24 weeks.

Only one of the single therapy and two of the
combination therapy trials gave glucosamine




No. 52

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3520

panunuod>

y3iy :Aupnb [pianQ
sak
:9eludouadde sisAjeue [eonsiyelg

s34 :umoys

SaIpN3s [ENPIAIPUI JO SINSaY
S9A :uanId

saIpnas [enplAIpul Jo Alend
sak

:paqLIDSap SaIpNJs [enpIAIpU
O sonsLRIdeIRYD APNIg

saA :umoys mojj Apnig

s/ :paquiosap
Juswssasse Ajlfenb Apnig

S9A :paqLIDSap UOIDEIIXD BIE(
ou :paqlIdsap uond3|es Apnig

saA :uaAId
yoJeas 24njeJay|| Jo s|ie3nq

S3A :paqLIDSOP BIISILID UOISN|PU|

Ayend

MOJ2q S[eLl) dAdadsa

93 JO S|IBIOP 935 ‘MBIABM SIY) JO
BIISILID UOISN|DUI BY [N} S[el1 y10q
:(3uawWod) sonsLIRIdkIRYD APNIS

G pue
 s2a00s Ajjenb pepe[ :Ajjenb el

(Tiz-z0t
a3uel) | :suedpnued jo JaquinN

T S[el3 papn|aul Jo JaquinN

salpn3s papnpdu|

auou :sasAjeue AIAnIsuas/sdnoa3qng
ajeridoudde A3ojopoyiaw [ednsiyess ‘siskjeue-elaw :sisAjeue ejeq

SNSUSSUOD AQ PBAJOSa. SJoM sjuswaa.Sesip

‘suoyine oM} Aq Aj3uspuadapul pa3delIxa SJ9M BIEP :UOIIDBIIXS BIR(
pepe[ Aq padojaasp a[eds a3 Suisn

passasse sem Apnis Uoea jo Aljenb [esi8ojopotiawi sy :juswssasse Ayifend
USAIZ UOI129[3s ApPN3S UO S|IBI9P OU :UOIId3[as Apnig

¥00T
3sn3ny Yo.Jeas 1se| JO S1kp PAJEdIpUl SWLIS) YDJBSS ‘SISl| 9dUI9a. Jo Suluueds

‘aseqejep Jo uondadul Wouy Ydaeas ‘Adeaqi auedyd0?) ‘SMalAdy (JNg3)
aupIpa| paseg-aduapiag ‘SISOIF ‘ISVEWT ‘ANITATI ASa1e.s Yd.eag
A3ojopoyrapy

SJUDAS 3SJRAPE ‘Uoijedlipow woldwiAs

— SaWoDdINO [euonippe ‘3uimo.Lieu adeds juiof — swodno Asewid :sawodINQ

aujWwesooN|3 [eJO :SUOIUIAIDIU|

VO 99wy Arewiad yum sjusired :syuedidiaed

Jeak | 3ses| Je uonednp Apnis {s| )Y pul|g-a|gnop :udisap Apnig
DLI1LID UoIsnIU|

ASojopoyjaw pue el13113 uoisnpu|

aulapIng pup smaiAdJ d1DWIIsAs papnpul Jo sans1R1DIDYY § FTGVL

21

YO

29wy Ul duiwesodn|3 jo Aajes
pue A>ediye dnewoldwAs
pue [eJn3oNJ3s SN0
puejrey]

£,500C dnsjood
aulwpsodn|o

Apms

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Clinical effectiveness of glucosamine and chondroitin on the progression of OA of the knee

ydiy :Aupnb [pianQ
sak
:9jeridoudde sisAjeue [eonsielg

sak :umoys

S9IpNJS [BNPIAIPUL JO S)NSDY
s/ :uanId

SSIpN3s [enpiAIpul jo A3end
sk

:PaqIIDSap SIIPNIS [eNpIAIpUl
Jo sonslIaIdeIRYd APNig

saA :umoys moj} Apnig

saA :paquosap
Juawissasse Aljenb Apnig

SaA :paqLIdSap UoNDE.IIXD BIEQ
s9A :paqlIdsap uond9|es Apnig

S9A :uanIg
yoJeas 24nje.dl| Jo s|ieInq

SaA :paqLIDSOp BIISILID UOISN|DU|

Ayend

JoJ3u0d ogade|d yum saipnis e jou
‘auiwresoon|3 [edo 3unesiIsaAul saIpnIs
|le 30U ‘saauy Ajuo SuiredisaAul
salpnis ||e 30U {(07/81) 4eak | >

JO suoneINp YIIMm salpnis Aj3sow
:(3uawiWwod) sonsLIRIdkIeYD APNIS
S[eld) Q| Ul JUSW[EIdUOD

uoljedo||e ayenbapeu| "7’} 24028
ueaw pepe[ (9] Jo) 0| S90S |10}
ueaw ‘(JejILIs sUelpaW ‘g JO) £'9
pue /'€ s2400s sisA[eue pue udissap
uesW 3[eds aYdsz1en) :Aljenb (el

(61€-0¢
a3uel) 9467 :siuedpied jo saquunN

0T :S[el3 papnpaul jo JaquunN

salpn3s papnpu|

uoneJsedaud sujwesodn|3

B130y-Uou sA ajeyd|ns saujwesoon|3 jo uone.eds.id enjoy uswjesduod
UOIIBDO|[B OU SA JUSW[BIOUOD UOIIedO|E :sasA[eue AJAnIsuas/sdnoi3qng
ajeludoadde ASojopoyiaw [ed3siiels ‘siskjeue-eawl sisA[eue eyeq

SNSUISUOD AQ PaA|OSaJ sjusWwa.ISesIp

{s1omaira. om] Aq Ajzuspuadspul peide.IIXe 949M BIBP (UONDRIIXS BIB(

(g 2402s WNWIXeW) s)LIYLIe ploJewnay.

ui sfely QSN 40} ayaszien) Aq padojaaap ojeds e pue a[eds pepe[ a3 Suisn
passasse sem Apnis yoea jo Ajljenb [ediSojopoyiaw a3 :Juswssasse A3end
SNSUSSUOD AQ JUSWS3.SE {PIIOEIUOD DISM SJIOYINE “IB3[dUN SEM UOIJESILIOPUE.
J1 ‘s1amalnad om) Aq Appuspuadapul suop sem UoNRDBJas APNIs :UOIII3|RS ApNIS
S00T Asenuef

Yo.eas 15e| JO 91Bp (USAIS A391e.1S YdUBaS Pa|ieIap [ell) [euonippe Joj Adsnpul
pUE SJIOYINE 0] S19339| ‘SISI| ddUL.I9a. Jo Sujuueds ‘saseqelep jo uondadul wouy
yoJeas YV ‘qQniD [eudnof 4DV ‘QIINYV ‘SMSIASY DIIBWSISAS Jo aseqele pue
1915139y s[eld] pojjoauo)) sueayd0) ‘ISVAINT ‘INITATIN A3e1e43S Yoaeag
A3ojopoyrapy

SJUDAS 9SJOAPE

‘s31Jouaq [BJNIDNIIS — SOLLIODINO [BUONIPPE {SIUSUSSISSE [BqO|3 ‘SJUSLUSSISSE
[euonouny ‘uonzow jo adued ‘ured — sswodIno Auewlid :sswonnQO

saidedayy

UOIJBUIGUIOD OU ‘{|0J3U0D SAIDE 40 0gade|d SA SulWesodN|S :SUoUSAIIU|
(auiol uejnqipuewolodwa)

jou) 3Jis Aue 3 YO AJepuodas 4o Asewid Yim synpe :syuedidiieq

|oJ3uod

9AI3OE U0 pajjo.3uod ogade(d ‘puliq a|gnop Jo d3uls ‘s| DY :udisap Apnig
DII91LID uoIsn|U|

A3ojopoyjaw pue er1a311d uoisnpuj

VO Ul aujwesodn|3 jo AIdIxol
PUE SSOUDAIIDDYS :SND04

(ma1Aa4 suRIYD0D))
epeue)

9500C Pedymol
Apmg

(Panunuod) aulfaping pup smalAs. 213pwalsAs papnjoul Jo so1s11919DDYD § JTGVL

22



No. 52

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3520

panunuod>

a1eaapowl Apnb jpsarQ

Jespun
:9jelidoudde sisAjeue [eonsnels
Sk :umoys

S3IpN3S [ENPIAIPUI JO SINSSY
S/ :uaAI8

sa1pnis [enplAIpul Jo ANEND
sak

:PaqIIdSap S3IPNIS [BNPIAIpUl
JO sonsLIRIdkIRYD APNIg

sak :umoys Moy} Apmg

s34 :paqlidsap
juswssasse Ajifenb Apnig

OU :paqLIDSap UOIIDEIIXD BIE(
ou :paqlIdSap uoI3|Rs Apnig

(pawi) 3nq) sk :uaAId
yo.eas aunjedall| Jo s|rernq

S9A :paqLIDSap elIa3IId Uoisn|u|

Ayend

soisad[eue jo uondwnsuod
JUBJILIODUOD 0] SUIMO Paselq Sem
uonen[eAs ured Jey3 pajou sioyine
$193u0| Jo Jeak e pajse| salpnis 994y}
:(3uaWIWoD) sanslIRIdRIRYD APMIS

Apnjs auo

Joj €| ‘sa1pnis oM3 4oy | | ‘Apnis suo
10} ¢ ‘saIpN3s OM3 10} / ‘ApPNIS U0 0}
9 :s2.02s Ajijenb ‘paydjew ||om elep
auljaseq oiydeaSowsp :Aifenb el
606 :saueddnued jo ssquunN|

/ S|El3 papn|aul jo JaquinN

salpnjs papnpuj

auou :sasAjeue AyAnIsuas/sdnoasqng

i{selq — sa1pms ajeJedas auam Aayy ysSnoys se sasjeue

-e39W J19Y3 ul Apn3s 9|3uls e jo slued 0M) papndul SIOYINe Y3 SISED OM) Ul
“anamoy ‘ajelidoadde ASojopoyiaw [ednsiiess (siskjeue-eaw sisA[eue eyeq
USAIS UO[12B11XD BIEP UO S|IEI9P OU :UOIJBIIXS Ble(

SNSUSSUOD AQ POA|OS. SSOUBIDHIP
{SI9MBIADI OM) AQ pash Juswnaisul Alfenb we-4,| :uswssasse Ayend

USAIZ UOI123[as ApPN3s UO S|IBI9p OU :UOIId3[as Apnig

S00T Yo4eas 1se| Jo 93BP (G007 PUB 086 | U29MIaq sjeulnol

pamalaal-J9ad ul paysiignd saipnis 03 pajwi| Yya.eas (ydua.d Jo ysi3ug ul
paysiiqnd saipn3s 03 pajiwi| ‘pa3edIpul SWIS) YdJeds S3sl| 9duId)a. jo Suluueds
£1915139Yy S[eld] P3]|0JIU0D) dUBIYD0D) ‘PIANd/INITATIN ASere3s Yoaeag
A3ojopoyrapy

SJUDAS 3SJRAPE ‘Suimolieu

aoeds julof wnwiuiw ‘eaue adeyns juiol ‘Yipim adceds juiof uesw — a4n3onals
‘uondwnsuod d1sedjeue Jo [ySN ‘@i Supjem ‘ured QA ‘Juswssasse [eqo|d
s uaned Jo s 103e31saAuUl ‘DOVINOM XSpul susanba — swoldwis :sswodInQ
91eyd|ns unRIOIpPUOYD [BIO SUOIUSAISIU|

diy 4o sauy a3 jo YO yum sauaned :syuedpdiiey

SYO9M }, ISB3| JB UOIBINP

Apnis ‘sjela) pajjosiuod-oqade|d ‘pulg-s|qnop ‘pasiwopuel :udisap Apnig
DII921ID UoIsn|oU|

ASojopoyjaw pue el311d uoisnpuj

23

a1eydins unioapuoyd jo
Ajajes pue Aded1Y9 [edn3dnls
pue >newoldwAs :sndo4

Qoue.4
»900C Bued
unloipuoyy

Apms

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



dn-mojjo} Jo ya3us| ‘uoneJnp JuswIea.] ‘(UonEISIUILIPE

[eJ0 YUM S[el) uf) 98esOp URIoJpUOYD — UOISS.39.-BIoW S|qeLIBAIUN Ul
pepn|aul (sdnou3 [els) Ul SUOIIUSAISIUI-0D JO 9SN Ul 9DURIRYIP ‘()M 97
}Jo-1nd) dn-mojjoy jo yadus| ‘uone.isiuiwpe jo ainod ‘Suipuny ‘(syusned
00T Ho-1nd) azis [ew) ‘|didulid 1e9.3-03-UonUSIUI SYI YIIM SOUBPIOIDE Ul
sasAjeue jo Aoenbape ‘Suipul|q juaijed ‘|oajuod ogade|d e jo asn ‘uonedo|e
O JUSWI[BIdUOD — AQ paljiIe.ls sasA[eue :sasA[eue AJAnIsuss/sdnoidqng

ajeludoudde ASojopoyiaw [ednsneIs ‘siskfeue-elaw :sisA[eue ejeq]

SNsuasuod Juanbasuod

PUE USM3IASJ PJIY} B YIIM UOISSNOSIP AQ PRAJOSaU sJusWSa.Sesip ‘Auessadau
9J9YM UO[IBLLIOJUI [BUOIIIPPE IO} PRIDBILUOD SIOYINE ‘PASN S[el] JOAOSSO.ID
O SaAey 3s.1j A|uo ‘wio) pasipaepuesls Suisn ‘23ed1|dnp Ul :uondEIIXS BlE(Q

eyep 3uissiw 3|puey o) poylaw ‘pawiojtad sisAjeue jeau) 03 uonualul ‘dnoud
[043U0D Ul 9)ed [eMEIPYIM ‘dNoJS URICIPUOYD Ul B)B] [BMEBIPYIIM ‘P3|[0.IUOD
oqaoe|d se paqlidsap ‘sysidesayy jo Suipuijq a3enbape ‘syuaned jo Suipuiq
ajenbape ‘puiq a|gnop aq 03 pajuodad ‘JusweaduUod uoedo|E ‘Udisap
Apnis 3unsi| pajuasaud a|qe) ‘snsuasuod Juanbasuod pue JoMaIASI pUIY] B
YIIM UoISSNISIP AQ PaA|OSa. sjuaWwaa.iSesip !(sIsA[eue Jea.3-03-uoiualul ‘eyep
Buissiw jo 3uipuey) sasAjeue jo Aoenbape pue 3uipul|q ‘UoIBdO|[e JUSWIED.)
JO JUSWI[BIDUOD Passasse Apuapuadapul SISMBIASL OM] JUSWSSISSE AJI[end

pUNO} S109Y3 [[BLUS 40} UOSEDU A[X|IjUn
ue sem sdnou3 uosiiedwod usamiaq
soisa3[eue jo uondwnsuod [enbaun
Jey) pajou papnduj suopjedijdde

y3iy :Aupnb [pianQ
sak
:ayeludoudde sisAjeue [eonsiels

99U3-UOU puUE URIoIPUOYD [BIO
-uou Jo SaIpN3s SWOS ‘uole.Inp
Apnis 110ys © pey salpnis 1sow
:(3uUswiwod) sonstLIdeIeYd ApNIS

uolssnosip Aq paAjosa. sjuswea.desip
{A1q18118 1o} syuodau pajenfeAs Apuspuadapul SI9MSIASI OM] :UOIID3|SS APNiS

9007 J9qWRAON O€ YoJeas

Clinical effectiveness of glucosamine and chondroitin on the progression of OA of the knee

SaA :umoys

SOIpNIS [ENPIAIPUI 4O SINS3Y puiq s|gnop  15e| JO 1eP 'sayd.eas [eauswajddns SAISUBIXS (SUONDLIISA S8en3ue| Ou (uMOYS

9q 03 paiodau 9a4y3 Inq |[e {(£7°0 A8a3e.35 2.1B3S Pa|IeIap (9007286 1) THVYNID (9007086 1) ISVEINT
pue 700 usamiaqg isow ‘L:gpue g (9007-9961) ANITATW (9007-0L61) TVHLNID duBIY0D) :AS938.35 Udeas
UL9aMIaq) Seld) ¢ ul patiodau sajel A3ojopoyrapy
sk [emeapyam ‘elep 3uissiw 3uljpuey 4oy (snoLiss/jo
e o o TR TR s s s s o s ) s
o } SISAeUE Y ) 1-03-uonusiul p pue ueaw uj sa3ueyd — AJBpUODAS {0} PaLIaja] sawodIno pajejRU-ured jo

sk :umoys mojy Apnig  S[eli3 334y Ajuo isfeliy 6| 4o} me_w:: Ayp.resaiy paquisap Ajsnoiasad ‘ojess ured suo ueys a4ow uo eiep papiroad
JUSLL[ESOUOD UOREDO|[E PUE 35USNDSS Apnis uaym [(3s41y swed uaasydiym) Adeusys unioapuoypd jo uoneuIwID)

uonedojfe jo uoneJous3 Ayjenb J9)JE SUYUOW ¢ JO WNWIXEW e Je o [eL)) jo pud je] ured — Asewiud :sawodInQ
Jay31y jo pue Ja3ue| 8q 03 papusl

S :paqLIdsep UORIBIIXD BIRA  gpyy pauiopiad Ajpuenau :Aaijenb el
sa4 :paqLIdsap uonda|es Apnig (1€9-£1

saf :uaAig
saIpn3s [enplAlpul jo Ajend

s34 :paquIosap
Juswssasse Ajifenb Apnig
(Ajle1o paJasiuiwpe Aep/3w QQf >) PIPN|IX SISOp

MO]| UBAIS sdnoJS [ell3 ‘JuswIea.) ou 1o 0gade|d SA URIOJPUOYD SUOIUDAIDIU] VO Yum sauaied uj ured uo

diy Jo sawy| 8y jJo YO YuM sjuanred :syuedidiueq  UIIOIPUOYD JO S129)D :SNDOH

saf :uaAi8  a3ued) 9G04 sauedidnued jo daquunN
yoJeas 24njeJayl| Jo s|ieIng

s| Dy-Isenb .o pasiwopue. :udisap Apmg MN/AUBULIDD) /pUBIISZIIMS

15£00T YorquaLdISy

(sisAjeue-e3aw Ul papnpdul

S9A :paqLIDSap BIISILID UOISN|OU| 07) TT :S[el3 papnpul Jo JaquinN DI423142 UoISndU|

Anend salpnjs papnpuj A3ojopoy3jaw pue L3142 uoisnpu| Apmsg

(panunuos) auljaping pub smaiaas d11pwialsAs papnjoul Jo so13s1191o00YD) § JTGVL

24



No. 52

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3520

panunuod

a1eaapowl/y3iy :A1pnb ipsarQ
sok

:oelidouadde sisAjeue [eonsnelg
Sk :umoys

SSIpPNIs [ENPIAIPUI JO SINSaY
S9A :uanId

S91pNIs [ENPIAIPUI JO AN[END
AjlenJed

:paqLI2sap SaIpNIS [eNPIAIpU
Jo sonsiieldeIRYD APNIS

OUu :UMoYs Moj} Apmig

A|[enJed :paquiosap
Juswssasse Ayifenb Apnig

Afenaed
:PaqIIOSap UO[IDBIIXD BIE(]

saA :paqlIdsap uonda|es Apnig

A|lenJed :usai8
YoJeas 2.4njelal| Jo s|ieInq

soA :paqLIdsap elIslD)

Aend

9|qi1e paJspisuod 1ou

10 papN|oUl J3Y3IS SJ9M PUB MBIAS
juasaud ay3 Aq paJsapisuod usaq
aAey |[e ‘papNjoul S| DY |euonippe
ay) JO ‘9AOQE pasLIBLIWINS /00T
YorquaydIsy pue §O0T pPesymol
:(3uUsWwiWwod) sonsLLIdeIeYD ApNIS
punos A|jediSojopoyisw se paqLIsep
S[elJ3 uploJpuoyd/aulwesodn|3
pauIqIOD JO S|el) pUB URloJpUoYd
| {punos A|esi8ojopoyiawl

JAuenb y3iy se paqliossp sjeLn
auiwesoon|3 e :Auenb el
(unioapuoyp/auiwesoon|d
UOITBUIQUIOD €8 ‘S[ell unlopuoyd
666€ ‘S[ew dauiwesodn|3 40Gy)
el suedpnued jo saquinN
SLOY

[euonippe xis ‘(£00T Y2equayd1ay
‘S00T P99YMO] ) SMDIADI DIJBLUDISAS
OM] :S[ElI) PapN[aUl JO JaquinN

salpnjs papnpuj

auou :sasAjeue AyAisuas/sdnoasqng
pape.J3
SIUSLUDIBIS DDUSPIAS SISSUIUAS SOUSPIAS PUE SO|GBI SDUSPIAS :SISA[eue ele(

ssaua3a|dwod pue Ad>eundoe oy dnoud juswdojaasp auleping
AqQ Pa.4apISUOD 9OUSPIAS {IBYdJeasal SUO AQ PRIDBIIXS BIEP (UOIIDEIIXS BIR(]

ssaua)a|dwod pue Ade.andde Joj dnoud juswdojaasp auleping Aq
PoJ9pISUOD 9DUSPIAS {[enUBW [B21UY293 JD|N Y3IM Jueljdwod LisydJeasad suo
Aq Jaded yoes Joy pajidwod sisippayd [esieadde [eonud ;juswssasse A)jend

JUBAS|SJ 949YyM paurelqo suaded
[N} {SUOISN[OX® O} SUOSES. UM PaJeISUS3 SISI| UOISN|IXS :UONDS|9s Apnig

papnjpxa saaded a3en3ue| ysijSug
-uou pue sydeasqe Jaded souausjuod ‘papnjpul sjeulnol pamairad-iaad Aq
pa1dadoe/paysiignd siaded ‘pajesipul Jou swua) youess ((£007 |Mdy 01 §861)

QIWY (2007 Idy) Areagr] sueayo) ‘(£00T IMdy 03 Z861) THYNID (2007
Iidy 01 086 1) ASVAINT ‘(£00T I4dY 03 996 1) ANITAIW :ASe1e138 UdJBg

A3ojopoyrapy

sadueyd [edn3onais “JoQ ‘uonduny ‘swoldwAs :saWwodINQ

oqgaoe|d

SA W0} punodwod ul 4o SUOJe UlI0IPUOYD U0 SUIWESOdN|S :SUOIIUBAIDIU|
VO Yyum synpe :sjuedidnaed

papnPxa Qf > azis 9|dwes

UM s[el) {(SSIpNIs [BUOIIBAIDSGO) ‘S| DY ‘SMIIADI d13eWRISAs :udisap Apmg

DLIILID UoIsnoU|

A3ojopoyjaw pue eri1a314d uoisnpu|

VO Jo Juswadeuew :snd04

N
/8007 dullepin3 DDDDN
uiioJpuoys/auiupbsodn|o

Apmg

25

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Clinical effectiveness of glucosamine and chondroitin on the progression of OA of the knee

y3iy :Aupnb jpsarp
sak
:ajeridoudde sisAjeue [eonsielg

saA :umoys

S9IpNJS [BNPIAIPUI JO S)NSDY
s/ :uaAIg

saIpn3s [enplAlpul jo Alend
sak

:PaqIIdSap SaIpNIs [eNpIAIpUI
Jo sonsiaIdeIRYd APNig

saA :umoys moj} Apnig

sak :paquosap
juawssasse Ajifenb Apnig

S9A :paqLIdsap uolIde.IXD BIR(]
s9A :paqlIdsap uonda|es Apnig

S9A :uanId
yoJeas 24njeJdl| Jo s|ieInq

sak ‘peqlidssp el=3luD)

Ayrend

"9|eds aN30[eUE [BNSIA ‘S\YA ‘[Bl43 P3||0JIUOD PIsIWLOpUE ‘| )Y ‘)] Jo Aljenb oD ‘8nup Aiojewwejjui-i3ue [epioaals-uou ‘qIySN

VO 93 jo

S9IpNIs |[B {S2IpN3s W.IS)-1I0ys Auew
:(3uaWIWoD) sonsLIRIdkIRYD APNIS
PayoIeW ||oM OS[e

S[el3 uloJpuUoOYd pue sulwesodn|3
Jojy eyep aulaseq dydeaSowsp
‘PaydIBW ||]9M BIEP SUI[SSEq
s1ydesSowsap [enplAlpul {|ie3op
JUSDIYNSUI PeY BUO ‘G/G BUO ‘G/f, BUO
‘G/€ PaJ0ODS Al — S[elJ] unlodpuoyd
{G/G INO} pUB G/}, Pa.40DS 93.Y3 —
s[el3 sujwesodn|3 :Ajenb el

(61 €7 oBue) (sjern

unloJpuoyd G// ‘sjel) sauiwesodn|3
0201) SZ£1 :syuedpnJed jo saquinN
(sfeln

unloJpuoyd 3y3ie ‘sels3 suiwesodn|3
USASS) G| :S[ElI PapN|DUl JO JaquINN|

salpn3s papnpu|

auou :sasAjeue AJAnIsuas/sdnoa3qng

spunodwod

OM] 3Y3} US9MIBQ SIOUDIHIP JUBDHIUSIS OU SI9M J3Y3 JBY) SSWIODINO |[B

Joy Buppdaypd Jayye Jay1a30) pasAjeue auam UNIOIPUOYD pUE Sulwesodn|3

Joy eyep ‘oyelidouadde A3ojopoyisw [ed13sIIeIS ‘SisA[eue-eloW :SisA[eue ejeq]
Juswiaa.desip

JO 9SBD U] Pa)JNSUOD SEM JOMBIASJ PJIY] B (WO} PasIp.Jepue)s e 3uisn sioyine
oM} Aq A|pul|q Pa3oe.IIXS S49M SIUWODINO paulepa.d 1o} BIep (UoIIdeIIXd Bleq
juswssasse Ayjenb Joy papuijq 24o9m sadUNOS pue sSWEU SJoyine

{SNSUSSUOD AQ PIA|OSD. DIOM SIDURIBYIP ‘B[eds pepe| a3 SUISN SISMBIIASI OM)

AQ paJ0ds A|pul|q 9J9M BLISILID Uoisn|dul ay3 3uljjiy|n} s[ell :Juswssasse Aend)

ssac0.4d uondaes

3U3 JO} pPapUI|q J9M SIDUNOS pUk SSWEU SJOYINE {PaJNSUOD SEM JoyIne
p41y3 & ‘JuswaaJ3esip jo ased ay) ul ‘A|iqiSije 4oy sioyine juspuadapul om)
AQ pamairal auam paliauapl suonedliqnd jueasjau Ajfernualod :uondsjes Apnig
7007 Yo'l YoJeas 1se| Jo D)ep {Sayd.Ieas

[eauswa|ddns sAIsUSIX® {sUoIIDIIISSL 93en3ue| ou {pajedIpUl SW.IS) UYDUeas
2007 Y2-Bl PUB 086 | Adenue[ usamiaq paysiiqnd saIpnis 4o} YoJeas (SMIIASY
g3 ‘sIua3u0D) JuaLIND) US)ISISY S[BLI] PR||0.JIU0D) dUBIYD0D) ‘ISYdIAT
YVLSYIESH ‘smalAR.d SISOID ‘INITAIAINDAd ‘INITATIN A3938.35 Yd.resg
A3ojopoyrapy

S)D9}JO 9SJIAPE ‘JUSWIEa.) 0) siapuodsau

‘Quawssasse Ayljiqow 4o} SYA ‘ured SYA ‘DVINOM ‘Xopul susanban
‘Buimo.eu aoeds Julof :saW02IN0 SUIMO||0) DY) JO SUO ISEI| JB [SAWODINQO
unIoJpUOYD IO SUIWESOON|S [BJO :SUCIUDAII]

diy 4o sauy a3 jo YO yum sauaned :syuedpiaey

SPM §

1se9| Je poliad Juswiea.y ‘7007 YoJel PUe 086 | Adenue[ usamiaq pawlioiad
s[el) pajjoJiuod-oqgade|d ‘|sjjesed ‘puiig-ajqnop ‘pasiwopuel :udisap Apnig
DLI211I2 UoIsnou|

A3ojopoyjaw pue er1a311d uoisnpuj

YO

2auy| Ul eyd|ns uplopuoyd
pue a3eyd|ns suiwesoon|3

Jo Adeoiye onewoldwAs

pUE [eJn32NJ3s :SNd04
aouel4/wnigjeg

5£00T Ayary

Apmg

(Panunuod) auifaping pup smalAa. 213pwalsAs papnjoul Jo sos14919DIDYD § JTGVL

26



DOI: 10.3310/htal 3520

Health Technology Assessment 2009; Vol. |3: No. 52

TABLE 6 Summary of review characteristics

Poolsup 20057

Inclusion

RCTs, double
blind, duration at
least | year

Primary knee OA

Glucosamine vs
placebo

Joint space
narrowing,
symptoms,
adverse events
Quality: high
Included trials: 2
(414 participants)

Towheed 2005¢2

Inclusion

RCTs, single or
double blind

Primary or
secondary OA

Glucosamine vs
placebo or active
intervention

Pain, range of
motion, functional
assessment,
structural benefits,
adverse events

Quality: high
Included trials: 20
(2596 participants)

Bana 20067

Inclusion

RCTs, double
blind, duration at
least 4 weeks
OA of the knee
or hip

Oral chondroitin
sulphate vs
placebo
Symptoms, pain,
structure, adverse
events

Quality: moderate

Included trials: 7
(909 participants)

Qol, quality of life; RCTs, randomised controlled trials.

hydrochloride rather than glucosamine sulphate.
One single therapy trial switched from glucosamine
sulphate to glucosamine hydrochloride halfway
through the trial owing to supply problems for

the glucosamine/placebo product initially used.
Towheed and colleagues® reported data for nine
trials using the Rotta preparation of glucosamine
and for eight trials using a non-Rotta preparation.
None of the studies included Alateris, the only
licensed glucosamine product in the UK.

Findings

The findings of the reviews need to be compared
with caution; some reviews were more inclusive
than others. Of the glucosamine trials, three

did not clearly include only knee OA, four gave
glucosamine by injection and five had active rather
than placebo control groups (three compared
with ibuprofen, two compared with piperazine
plus chlorbutanol). These glucosamine trials

were included in the review by Towheed and
colleagues,” but in none of the others. Of the
chondproitin trials, one considered hip rather than
knee OA and two gave chondroitin by injection.
These chondroitin trials were included in the
review by Reichenbach and colleagues,®' but in
none of the others. Reichenbach and colleagues,®
also included several studies published in abstract
form only, although additional information was
obtained where possible. Of the combination
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NCCCC
guideline 2008'

Inclusion

Systematic
reviews, RCTs

OA in adults

Glucosamine or
chondroitin alone
or in compound
form vs placebo
Symptoms,
function, Qol,
structural changes

Quality: moderate

Included trials:
2 systematic
reviews, 6
additional
RCTs (10,342
participants)

Reichenbach
2007¢!

Inclusion

Randomised or
quasi-randomised
controlled trials

OA of the knee
or hip
Chondroitin vs
placebo or no
treatment

Pain, joint space
width, adverse
events

Quality: high
Included trials: 22
(4056 participants)

Richy 20037

Inclusion

RCTs, double
blind, duration at
least 4 weeks

OA of the knee
or hip

Oral glucosamine
or chondroitin vs
placebo

Joint space width,
function, pain,
adverse events
Quality: high
Included

trials: 15 [7
glucosamine (1020
participants), 8
chondroitin (775
participants)]

therapy trials, three had a duration of less than
a year, one studied a topical application of
glucosamine and chondroitin, and two examined

no structural outcomes. These combination therapy
studies were included in the NCCCC OA guideline

2008.!

Appendix 3 summarises the results of the meta-
analyses of the included reviews and Appendix

4 shows the results of any relevant subgroup or
sensitivity analyses. Fundamental to our research
question, none of the reviews presented data
separately for trials of longer duration for all
outcomes. For structural changes, most of the
trial data have been limited to longer trials, so
conclusions from three of the reviews were based
solely on trials of more than 1-year follow-up. The
other two reviews, and the guideline, based their
conclusions about structural changes on a mixture

of shorter- and long-term studies

As the NCCCC OA guideline' focused mainly on
two systematic reviews already included here and
the only additional RCT eligible for the present

review is already described below, the results of that

guideline are not shown in further detail. Table 8

summarises the conclusions and recommendations

of the reviews. Trials and reviews are hereafter
referred to by the name of the first author.
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TABLE 7 Distribution of primary studies in the included reviews

Glucosamine only Chondproitin only Both

Poolsup Towheed Bana Reichenbach NCCCC Richy
2005% 20057 2006™ 2007¢ 2008' 2003

Glucosamine

Cibere 20047 v
Crolle 19807

D’Ambrosio 1981% v
Drovanti 19808
Herrero-Beaumont 2007°
Houpt 19998

Hughes 20028%

McAlindon 2004%
Muller-Fassbender 19948
Noack 1994%

Pavelk4 20027

Pujalte 1980

Qiu 1998%

Reginster 20017

Reichelt 19947

Rindone 2000°! v
Rovati 1997

Usha 2004 v
Vajaradul 1981%

Vaz 1982% v
Zenk 2002%

R

AN

\
A N N N N T S N N N N N N N N NN
\

Chondroitin

Alekseeva 1999%

Bourgeois 1998% v
Bucsi 1998% v
Conrozier 1992'©

Fleisch 1997

Kahan 20070

Kerzberg 1987'%

LHirondel 1992'%4

Mazieres 1992'% v
Mazieres 2001 '% v
Mazieres 2007'%

Michel 2005'%®8 4
Morreale 1996'%

Nasonova 2001 ''°

Pavelk4 1999'"

Rovetta 1991'2

AN N N N N N N N N N N SR
N N N N N N N N N U U RN
\
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TABLE 7 Distribution of primary studies in the included reviews (continued)

Glucosamine only

Towheed
200573

Poolsup
2005¢

Soroka 2002''?

Uebelhart 1998''*
Uebelhart 1999'®
Uebelhart 2004''®

Glucosamine/chondroitin
Clegg 2006'”

Cohen 2003''®

Das 2000'"?

Rai 2004'%

Glucosamine

Structure For glucosamine, only two trials were
included in the analysis of structural outcomes in
all the three relevant systematic reviews (including
the Richy review where only glucosamine trials were
included in the analysis of structural outcomes),
namely the trials by Reginster”® and Pavelka.”” Both
the Poolsup”™ and Towheed® reviews concluded
that glucosamine may delay the structural
progression of OA of the knee.

Symptoms/pain While Poolsup™ concluded that
their results showed evidence in support of an
improvement of symptoms with glucosamine
sulphate, Towheed® was more cautious. They
stated that overall, glucosamine was shown to have
a moderate clinically significant effect on pain
compared with placebo. With respect to function,
results were mixed, with significant results for the
Lequesne index, but not for the WOMAC total
score or any of the WOMAC subscores; in their
subgroup analyses, results were only significant for
pain and the WOMAC total score for studies using
the Rotta preparation of glucosamine, while they
were non-significant for trials using a non-Rotta
preparation. Poolsup”™ only considered long-term
studies (whereas Towheed® included mainly short-
term studies) and commented that an effect on
physical function may only be achieved with long-
term use of glucosamine.

Adverse events Both reviews concluded that
glucosamine was safe. Towheed® did, however,
mention the concern and uncertainty with respect
to a possible effect of glucosamine on glucose
metabolism; while not including this particular
question in their review, they did quote two studies
specifically addressing this question that found
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Chondroitin only Both
Bana Reichenbach NCCCC Richy
2006™ 2007¢ 2008' 20037
v v
v v v v
v v
v v v v
v v
v
v
v

no evidence of an adverse metabolic effect of
glucosamine.

Chondroitin

Structure Both the review by Bana™ and the review
by Reichenbach® came to similar conclusions with
respect to the structural benefits of chondroitin
sulphate. Both suggested a small effect on

joint space width in favour of chondroitin, with
uncertain clinical significance (and possibly in the
absence of a functional benefit). They considered
the same two trials of more than one year follow-
up (with the addition of one further shorter study
included in the Reichenbach review®!).

Symptoms/pain Both Bana™ and Reichenbach®
were cautious in their interpretation of the data
with respect to benefits of chondroitin sulphate

on joint pain and function. Bana™ concluded that
there was a true, but modest, effect of pain relief
and improvement of function but also concluded
that the results were probably biased owing to the
poor quality of the data. They pointed out that
pain evaluation was complicated in most studies as
concomitant analgesic or NSAID use was allowed,
but actual consumption was often not reported

in detail. They also observed a latency period of
about a month before an advantage of chondroitin
with respect to pain relief and function was seen,
as well as an effect lasting beyond the cessation of
treatment, which they thought might justify cycles
of treatment to be used.

Reichenbach® stressed the high degree of
heterogeneity between studies and the poor quality
of many studies and concluded that large-scale
methodologically sound trials indicated that the
symptomatic effect of chondroitin sulphate was
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TABLE 8 Conclusions and recommendations of reviews

Study

Glucosamine
Poolsup 2005”3

Towheed 2005¢2

Chondroitin

Bana 200674

Authors’ conclusions

Pain/function: The results showed
evidence in support of an improvement of
symptoms by glucosamine sulphate

Structure (based on two studies of > |-year
follow-up): The results showed evidence
in support of a delay of structural
progression by glucosamine sulphate

Adverse effects: The evidence suggests that
glucosamine sulphate is safe in long-term
use

Pain/function: Overall, glucosamine showed
a moderate clinically significant effect

on pain compared with placebo. Pooled
results from studies using a non-Rotta
preparation of glucosamine or adequate
allocation concealment failed to show
benefit in pain and WOMAC function,
while those studies evaluating the Rotta
preparation showed 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

Structure (based on three studies of variable
follow-up): Glucosamine may modify

the natural radiological progression

of osteoarthritis of the knee (delaying
progression)

Adverse effects: Glucosamine was as safe as
placebo

Pain/function: The results analysed
suggested a true, but modest effect of
chondroitin sulphate on relief of pain and
improvement of joint function in patients
treated. However, the authors concluded
that the evaluation could be biased, as only
few methodologically sound papers were
available

Structure (based on three studies > | year):
Structure (mean and minimum joint space
width) appears to be preserved with
chondroitin sulphate (versus deterioration
in the placebo groups), but in the main
study showing a structural advantage, no
effect on the WOMAC score was seen

Adverse effects: The tolerance of
chondroitin sulphate can be considered as
excellent

Recommendations for
research

High quality, placebo-
controlled long-term trials
of various forms (different
salts, different forms of
glucosamine sulphate) of
glucosamine are needed

Questions remaining to be
answered

Are different glucosamine
preparations sold by
different manufacturers
equally effective and safe in
the therapy of OA?

Is glucosamine sulphate
equally effective as
glucosamine hydrochloride?

Is there any further benefit
obtained by using mixed
glucosamine preparations
that contain additional
therapeutic products, such
as chondroitin sulphate?

Is glucosamine helpful for all
stages of OA severity?

What is the optimal dose
for maximising efficacy and
minimising toxicity?

What are the patient
specific predictors of
favourable effects on
radiological progression of
OA?

Further large studies lasting
at least 2 years are needed
to confirm any effects of
chondroitin sulphate on
preservation of structure/
joint space width

Studies needed to ascertain
for which OA patients
these drugs are useful

(e.g. patients with mild to
moderate disease)

Additional comments

An effect on physical
function may only be
achieved during long-term
use

There is uncertainty
about the effect of
glucosamine on glucose
metabolism with long-
term use — no evidence
of an adverse effect was
found by two studies

Pain evaluation is biased
as in most studies
concomitant analgesic/
NSAID use is allowed —
but often not reported in
detail

A latency period of about
| month was observed
before an advantage of
chondroitin for pain relief/
function could be seen

The activity of chondroitin
appears to last for up to

3 months after the drug

is stopped, so cycles of
treatment/no treatment
might be justified
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TABLE 8 Conclusions and recommendations of reviews (continued)

Study
Reichenbach 2007¢'

Authors’ conclusions

Pain/function: There was a high degree

of heterogeneity between trials, making
interpretation difficult; most studies were
poor quality; large-scale, methodologically
sound trials indicate that the symptomatic
benefit of chondroitin is minimal or non-
existent

Structure (based on five studies of varying
duration): A small effect on joint space
width in favour of chondroitin was seen,
with uncertain clinical significance

Adverse effects: No evidence was found
that chondroitin is unsafe

Practice recommendation: The use of
chondroitin in routine clinical practice
should be discouraged. In patients with
advanced OA an effect is unlikely; in
patients with low-grade OA use of
chondroitin should be restricted to RCTs

Glucosamine/chondroitin

NCCCC guideline
2008!

General/pain/function/adverse events: The
evidence from the trials is often difficult
to compare owing to differences in the
products used (and their bioavailability),
between-study populations, patient BMI,
and the use of analgesia at the time of
pain and function assessment in the trials.
Overall, trials using glucosamine sulphate
as a single dose of 1500 mg rather than
hydrochloride 500 mg three times a

day showed a small benefit compared
with placebo for treatment of knee OA.
However, at the time the guideline was
prepared, the hydrochloride preparation
has been granted a European Medicines
Evaluatory Agency licence, while the
sulphate has not. The evidence for efficacy
of chondroitin was less convincing

Evidence to support the efficacy of
glucosamine hydrochloride as a symptom
modifier is poor. For the non-licensed
product (glucosamine sulphate), the
evidence is not strong enough to
warrant recommending that it should be
prescribed on the NHS. Notwithstanding
some evidence of benefit and very little
evidence of harm in clinical practice,

and despite the extra scrutiny these
agents have received, the economic
cost—consequence table shows that

only glucosamine sulphate is potentially
cost-effective out of the interventions
considered in this section.
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Recommendations for
research

Future trials should

adhere to methodological
standards reducing possible
biases; reporting should
adhere to standards such as
the CONSORT criteria

A rigorously designed,
adequately powered
randomised placebo-
controlled trial restricted to
patients with low-grade OA
would be needed to assess
if chondroitin is more
effective in patients with
mild disease than in patients
with more severe disease

Study of short- and long-
term effects in the very
elderly

Benefits of individual and
combination OA therapies
in people with multiple joint
region pain

Identifying subsets of
people with OA in whom
existing treatments are
more beneficial and cost-
effective

Additional comments

A significantly larger effect
of chondroitin was seen
in trials in which use of
rescue analgesics was
reported to be higher in
the control groups

Concomitant use of
medication (analgesics,
NSAIDs) was poorly
reported — but small/
lack of effect seen was
unlikely to be related to
concomitant analgesic/
NSAID use

Recently performed
methodologically sound
trials with effect sizes
near zero tended to have
lower proportions of
patients with low-grade
OA - but the effect of
chondroitin may depend
on OA stage

continued
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TABLE 8 Conclusions and recommendations of reviews (continued)

Study Authors’ conclusions

A wide range of ICERs were reported
and the poorest estimates of efficacy
would take it beyond the threshold of
affordability in the NHS. Because only
one glucosamine hydrochloride product is
licensed, it would not be cost-effective to
prescribe glucosamine on the NHS

Many people with OA take over-the-
counter nutraceutical products and

may benefit from clear, evidence-based
information. In particular, the guideline
development group felt that it would be
beneficial to advise people who wanted
to trial over-the-counter glucosamine
that the only potential benefits identified
in early research are related purely to a
reduction of pain (to some people, and
to only mild or modest degree) with
glucosamine sulphate 1500 mg daily. They
could also benefit from advice on how to
perform their own trial of therapy, that
is, to evaluate their pain before starting
glucosamine and ensure they review the
benefits of glucosamine after 3 months

Structure: In assessing the outcomes
given in the evidence base, the

guideline development group regarded
measurement of joint space narrowing
as of questionable value in assessing any
potential beneficial structural modification,
and convincing evidence of improvement
in patient-centred outcomes consequent
on any structural modification is still
lacking. There is therefore no positive
recommendation regarding structure
modification

Overall recommendation: The use of
glucosamine or chondroitin products is not
recommended for the treatment of OA

Richy 20037 Pain/function: Comparable symptomatic
efficacies (Lequesne index, VAS pain and
mobility) of chondroitin and glucosamine

were shown

Recommendations for

research Additional comments

Long-term studies are
needed to confirm and
evaluate the structural
efficacy of chondroitin

It is important to note
that rescue medications
were allowed in all trials;
however, cumulative
doses were low and

it might be unlikely

that rescue medication
affected the pain-relieving
effect of glucosamine and
chondroitin

For glucosamine, further
studies on the relationship
between structural and
symptomatic changes,
controlling for baseline
characteristics including OA
stage, are needed, as well
as studies on the possible
use of glucosamine in
prevention

BMI, body mass index; CONSORT, Consolidated Standards of Reporting Trials; ICERs, incremental cost-effectiveness ratios;
NSAIDs, non-steroidal anti-inflammatory drugs; RCTs, randomised controlled trials; VAS, visual analogue scale.
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minimal or non-existent. They suggested that if
there was an effect, chondroitin sulphate was more
likely to benefit patients with low-grade OA than
patients with advanced OA. They also mentioned
the problem of concomitant use of rescue
analgesia, but observed that in trials where use of
rescue analgesia was reported to be greater in the
placebo group, the effect of chondroitin sulphate
was actually reported to be larger than in trials
reporting equal use in both comparison groups.

Adverse events Both reviews concluded that
chondproitin sulphate was safe.

Glucosamine and/or chondroitin

Analysing trials of glucosamine or chondroitin
versus placebo together in one meta-analysis,
Richy” found glucosamine/chondroitin to

be superior to placebo for all the outcomes
investigated. The authors concluded that
glucosamine sulphate or chondroitin sulphate

had a comparable benefit with respect to
symptomatic outcomes (Lequesne index, VAS pain
and mobility). Authors reported that adequate
structural data were only available for glucosamine,
and a statistically significant benefit in the low

to medium range was reported. Exclusion of
structural data from certain chondroitin studies
was a result of inadequately detailed reporting.
The authors mentioned the concomitant use of
rescue medication, but concluded that cumulative
doses were low and that rescue medication was
unlikely to have affected the pain-relieving effect of
glucosamine and chondroitin.

The NCCCC OA guideline' did not recommend
the use of glucosamine or chondroitin products
for use in OA. They concluded that the evidence
from the trials was often difficult to compare owing
to differences in the products used (and their
bioavailability), between-study populations, patient
BMI, and the use of analgesia at the time of pain
and function assessment in the trials. They found
that, overall, trials using glucosamine sulphate as a
single dose of 1500 mg rather than hydrochloride
at 500 mg three times a day showed a small benefit
compared with placebo for treatment of knee OA.
However, at the time the guideline was prepared,
the hydrochloride preparation had been granted

a European Medicines Evaluatory Agency licence,
while the sulphate had not. The evidence for
efficacy of chondroitin was less convincing.

Their results suggested that the evidence to
support the efficacy of glucosamine hydrochloride
as a symptom modifier was poor, and for the
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non-licensed product (glucosamine sulphate),

the evidence was not strong enough to warrant
recommending that it should be prescribed on the
NHS. Notwithstanding some evidence of benefit
and very little evidence of harm in clinical practice,
and despite the extra scrutiny these agents had
received, their economic cost—consequence table
showed that only glucosamine sulphate was
potentially cost-effective out of the interventions
considered in this section; however, a wide range
of incremental cost-effectiveness ratios (ICERs)

was reported and the poorest estimates of efficacy
would take it beyond the threshold of affordability
in the NHS. Because only a glucosamine
hydrochloride product was licensed, it would not be
cost-effective to prescribe glucosamine on the NHS.

The guideline, however, also stated that many
people with OA take over-the-counter nutraceutical
products and may benefit from clear, evidence-
based information. In particular, the guideline
development group felt that it would be beneficial
to advise people who wanted to trial over-the-
counter glucosamine that the only potential
benefits identified in early research were related
purely to a reduction of pain (to some people, and
to only a mild or modest degree) with glucosamine
sulphate 1500 mg daily. They could also benefit
from advice on how to perform their own trial

of therapy, that is, to evaluate their pain before
starting glucosamine and ensure they review the
benefits of glucosamine after 3 months.

With respect to structural outcomes, the guideline
development group regarded measurement of
joint space narrowing as of questionable value

in assessing any potential beneficial structural
modification, and convincing evidence of
improvement in patient-centred outcomes
consequent on any structural modification was

still lacking. There was therefore no positive
recommendation regarding structure modification.

Research recommendations and

conclusions from the systematic reviews

Table 8§ summarises the researchers’ conclusions and
recommendations from the reviews and guideline.
The conclusions about clinical effectiveness of
glucosamine and chondroitin were not consistent.
Authors noted that, at best, a modest effect on pain
and function was observed. The effect on joint
space was more consistent, but again the effect

size was considered to be small and the long-term
significance was hampered by the lack of long-
term follow-up studies. The variability in quality

of some of the trials, in particular for chondroitin,
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was noted, as was the variability in the preparations
used.

For the purposes of our research question about
the effectiveness in modifying long-term disease
progression, the reviews we identified, with the
exception of Poolsup,” included only a very small
proportion of trials of adequate follow-up. While
conclusions regarding structural changes were,

in three of the six reviews and guidelines, based
on studies of at least 1 year, none presented their
data for long-term QoL outcomes separately. In
addition, the reporting of data extracted from
primary studies varied in the reviews with some
inconsistencies. We therefore went on to review
RCTs of at least 12 months’ duration or follow-up
and the results are reported below.

Review of randomised

controlled trials
Search results

The range of trials included in the reviews
presented above varied widely and it proved
difficult to apply the findings to assessing the
effectiveness of glucosamine and chondroitin on
long-term outcomes such as disease progression. In
addition, the reporting of the reviews on primary
studies was not always consistent as not all reviews
described all the details about the primary studies.
We have, therefore, reviewed separately all the
primary studies fulfilling our inclusion criteria
(both the ones included in the reviews and new
ones identified in our searches and not included in
the reviews).

Within the reviews included above, there were
only two glucosamine RCTs fulfilling the inclusion
criteria of our review,’®’7 three chondroitin
trials!®!!*116 (an earlier publication, Conrozier
1998,?! is included in the Reichenbach review®'),
and one combination therapy trial.'*

Table 9 compares the characteristics of the primary
studies included in the systematic reviews against
the inclusion criteria of our review. The most
frequent reason for not fulfilling the inclusion
criteria of the present review was short study
duration (18 glucosamine, 15 chondroitin and one
combined glucosamine/chondroitin trial).

In addition, Table 9 includes the details of studies
identified in our additional searches. Through
examination of the excluded reviews and through
supplemental searches, we identified four further
RCTs studying glucosamine, and four studying

a combination of glucosamine and chondroitin.

However, only one trial fulfilled our inclusion
criteria,'* reporting only on symptoms, but not
on structure. A fifth trial was identified through

a PubMed auto-alert in June 2008. Kawasaki'#®
reported both on symptoms and on structure. For
details of reasons for trial exclusion, see Table 9.

One study excluded from our review is worthy of
noting here because of its high profile: the GAIT
(Glucosamine/chondroitin Arthritis Intervention
Trial) study, funded by the National Institute of
Health (NIH) and conducted in multiple centres
across the USA.""" The original study was an RCT
of 24 weeks’ duration and was thus excluded from
our review.'"” Recently (October 2008) a further
report was published with 24 months of follow-
up.'?! This report is of a subset of participants in
the original trial who met certain criteria and who
accepted an invitation to participate in the longer
follow-up. Inclusion in the follow-up study required
that patients had appropriate baseline imaging and
continued on treatment and participating in follow-
up at least until repeat imaging was done at 12
months. The authors describe the subsequent study
as a prospective observational study.'** Substantial
numbers of patients who were eligible for this
extension study were not included in the analysis;
the most common reason was withdrawal prior to
completing 12 months of follow-up. For example,
in the glucosamine arm of the study, 134 patients
were eligible, but only 77 were analysed, with 33
withdrawing from the study. The withdrawals were
not described. The resulting study is at high risk
of biases around participation, where patients

who dropped out were likely to differ, in a non-
random way, from those who continued. The
baseline characteristics of patients participating in
the extension study differed between groups with
regard to sex, symptoms, radiological grade and
BMI.

The eight studies fulfilling our inclusion criteria
are highlighted in grey in Table 9.

The eight trials included did not allow a detailed
comparison of different glucosamine preparations
(sulphate versus hydrochloride or Rotta versus non-
Rotta preparations). Similarly, none of the trials
included a comparison between glucosamine and
chondroitin, or a comparison between glucosamine
and chondroitin combination therapy with

either glucosamine or chondroitin monotherapy.
Likewise, none of the trials compared different
doses of the treatment.

Table 10 summarises the characteristics of the
included trials. The results for glucosamine and
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TABLE 9 Randomised controlled trials (RCTs) included in reviews and identified in additional searches against inclusion criteria for this
review (highlighted trials met all of the inclusion criteria for this review)

Structural

Knee Duration Oral Placebo outcomes Full text
RCT OA > | year medication control included publication
Glucosamine
From systematic reviews
Cibere 20048 v No v v No v
Clegg 2006''7 4 No 4 v No v
Crolle 19807 ? No No No No v
D’Ambrosio 19818 Various No No No No v

sites
Drovanti 19808 Various No 4 4 No v

sites
Herrero-Beaumont 2007 v No v v No v
Houpt 1999% v No v v No v
Hughes 2002 v No v v No v
McAlindon 20042 v No v v No v
Miiller-Fassbender 19948 v No 4 No No
Noack 19948 4 No 4 v No v
Pavelka 20027 v v v v v v
Pujalte 1980°% v No v v v v
Qiu 1998% v No v No No v
Reginster 20017 v v v v v v
Reichelt 1994 4 No No No v
Rindone 2000”! v No v v No v
Rovati 1997 v No v v No ?
Usha 20047 4 No 4 v No v
Vajaradul 1981% v No No v No v
Vaz 1982% v No v No No v
Zenk 2002% v No v v No v
Additional searches
Braham 2003'* ? No 4 v No v
Frestedt 2008'% v No v 4 No v
Mehta 2007'% v No v No No v
Zhang 2007'%® v No v No No v
Chondroitin
From systematic reviews
Alekseeva 1999% No 4 v No v
Bourgeois 1998% v No v v No 4
Bucsi 1998% v No v v No v
Conrozier 1992 No No v v No v
Fleisch 1997 4 v 4 v No No

continued
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TABLE 9 Randomised controlled trials (RCTs) included in reviews and identified in additional searches against inclusion criteria for this
review (highlighted trials met all of the inclusion criteria for this review) (continued)

Knee Duration
RCT OA 2 | year
Kahan 2007'% v v
Kerzberg 1987'% 4 No
LHirondel 1992'% 4 No
Mazieres 1992'% v No
Mazieres 2001 ' v No
Mazieres 2007'% 4 No
Michel 2005'%® v v
Morreale 1996'%° 4 No
Nasonova 2001''° v No
Pavelka 1999'" v No
Rovetta 1991''2 4 No
Soroka 2002'"? v No
Uebelhart 1998''*/Conrozier v v
1998'!
Uebelhart 1999'' 4 No
Uebelhart 2004''¢ v v
Glucosamine/chondroitin
From systematic reviews
Clegg 2006'" v No
Cohen 2003''® 4 No
Das 2000'"? v No
Rai 2004'% v v
Additional searches
Messier 2007'22 v v
Kawasaki 2008'% v v
Debi 2000'? v No
Leffler 1999'3° v ?
Nguyen 2001 '*' No No

Ch, chondroitin; Gl, glucose.

chondroitin are presented separately. Appendix 5
provides all of the data in a single summary table
for direct comparison between treatments.

Findings

Glucosamine

Trial characteristics

Three trials compared glucosamine with placebo.
The trials by Pavelkd’” and Reginster’® were both
randomised, double-blind, placebo-controlled trials
with a duration of 3 years. Follow-up data for knee
arthroplasty for both trials taken together were
available for a mean follow-up of 8 years (5 years

Structural
Oral Placebo outcomes Full text
medication control included publication
v v v No
No 4 No v
v v No v
v v No v
v v No v
v v No v
v v v v
v v No v
v v No v
v v No v
No No v
v v No No
v v v v
v v No No
v v v v
v v No v
No No v
v v v v
v v v v
v v No v
v v v v
No v No v
?, not only v No v
Gl/Ch
v v No v

after cessation of treatment®?). Both were funded
by the Rotta Research Group. The third trial, by
Kawasaki'* was a Japanese open-label RCT with a
duration of 18 months.

A total of 556 people participated in these trials.
The mean age of participants was between 61 and
70 years and more women than men were included
(between 75% and 100% women). Most had OA of
Kellgren—-Lawrence grade 2 at baseline (between
53% and 54% for Pavelkd and between 70% and
71% for Reginster); the rest had OA of Kellgren—
Lawrence grade 3 (no details given in the trial by
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Kawasaki which just stated that both Kellgren—
Lawrence grades 2 and 3 were included). In all
trials, baseline characteristics were well balanced in
the comparison groups.

Interventions

In the Pavelka and Reginster trials, 1500 mg per
day glucosamine sulphate (Rotta) was given as a
powder oral solution. Kawasaki used 1500 mg per
day glucosamine hydrochloride. All trials reported
that there was no significant difference in rescue
analgesia use between comparison groups and that
medication adherence was good.

Outcome measures and further trial details are
summarised in Table 10.

TABLE 11 Results for trials of glucosamine on joint structure

No. of

Study Outcome participants
Kawasaki 2008' Joint space width  1: n=49
(Hydrochloride) C:n=42
Pavelk4 200277 Minimum joint lLn=10lI
(Sulphate) space width C:n=10l

Severe joint

space narrowing

(>0.5mm)
Reginster 200176 Mean joint space Il:n=106
(Sulphate) width C:n=106

Minimum joint Il:n=106

space width C:n=106

Trial quality

Details for trial quality are shown in Table 10. Trial
quality for the trials by Pavelka and Reginster was
good. The trial by Kawasaki was of poor quality.
Randomisation and allocation concealment were
not described and there was no blinding (with the
exception of assessment of joint space width).

Results
Structure Table 11 summarises the results for trials
of glucosamine on joint structure.

The trials by Pavelka and Reginster showed

a statistically significant effect in favour of
glucosamine for minimum joint space width,
with a weighted mean difference from baseline to

Change from baseline/ p-value
difference between (between
Baseline groups groups)
I: 2.6 mm, Change from baseline: NS
SD 1.2 I: 0.0mm (95% Cl-2.2 to
C: 3.1 mm, 1.7)
SD 1.0 C:-0.3mm (95% Cl -1.8
to 1.6)
Difference: 0.2mm
I: 3.89mm, Change from baseline: 0.001
SD 1.48 I: +0.04mm (95% CI -0.06
C:3.63mm, to 0.14)
SD 1.57 C:-0.19mm (95% CI -0.29
to -0.09)
Difference: 0.23mm (95%
C10.09 to 0.37)
End of study: 0.05
l:n=5
C:n=14
NNT =1
Total joint Change from baseline: 0.043
space width: |. _0.06 mm (95% Cl -0.22
I: 5.23mm, to 0.09)
SD1.36 C:-0.31 mm (95% CI -0.48
C:5.39mm, to —0.13)
SD1.29 Difference: 0.24 mm (95%
Cl10.01 to 0.48)
I: 3.82, Change from baseline: 0.003
SD [.32mm I: =0.07 mm (95% CI -0.22
C:3.95, to 0.07)
SD I.24mm . _0.40mm (95% Cl -0.56
to -0.24)
Difference: 0.33 mm (95%
Cl10.12 to 0.54)

C, control; |, intervention; NNT, number needed to treat; NS, not significant.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.
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Glucosamine Placebo
Study or Mean difference IV Mean difference IV
subgroup Mean SD Total Mean SD Total Weight (random, 95% CI) (random, 95% CI)
Pavelka 20027 0.04 0363 101 -0.19  0.363 67.3%  0.23 (0.13 to 0.33) ——
Reginster 20017 -0.07  0.539 106 -0.40 0594 32.7%  0.33 (0.18 to 0.48) —
Total (95% ClI) 207 100.0%  0.26 (0.17 to 0.35) 2
Heterogeneity: T = 0.00; x* = I.15, df = | (p =0.28); > = 13% t t t t
Test for overall effect: z = 5.60 (p = 0.00001) -05 -025 0 025 05
Favours Favours
placebo glucosamine

FIGURE 3 Glucosamine sulphate: a meta-analysis of minimum joint space width — difference from baseline (fixed-effects model
produces same point estimate; random-effects model presented as confidence interval better reflects the uncertainty around that point

estimate). IV, inverse difference.

end of study of 0.26 mm (95% CI 0.17 to 0.35),
indicating less joint space loss with glucosamine
(Figure 3). Both trials reported a point estimate
in favour of glucosamine sulphate, with minimal
evidence of heterogeneity in the size of the effect
being observed. Pavelka found significantly more
patients with severe joint space narrowing (more
than 0.5mm) in the placebo group than in the
intervention group (n = 14 versus n =5, p <0.05).

Mean joint space width was reported by Reginster
only, who observed a significant difference of
0.24mm (95% CI 0.01 to 0.48) in mean joint space
narrowing, indicating a preservation of joint space
with glucosamine. Kawasaki reported results for
joint space width (determined at the centre point
of the medial femoral condyle) and found no
significant effect of glucosamine hydrochloride
versus control.

A subgroup analysis of the Reginster trial (Table 12)
compared patients in the lowest quartile for mean
joint space width (joint space width <4.5 mm)
with patients in the highest quartile for mean
joint space width (joint space width > 6.2 mm).

In the patients in the lowest quartile (n =29
intervention, n = 23 control), mean joint space
width increased by 0.22mm (SD 0.66 mm) in the
intervention group and 0.13mm (SD 0.81 mm)

in the control group (no statistically significant
difference). In the patients in the highest quartile
(n =27 intervention, n = 26 control), mean joint
space width decreased by 0.45mm (SD 1.04 mm)
in the intervention group and by 1.05mm (SD
1.28 mm) in the control group (difference not
statistically significant, p = 0.1). There was a
statistically significant difference in joint space
change between the two subgroups (p <0.01). The
authors speculated that the results may indicate
that patients with less severe disease may benefit
more from structure-modifying drugs, although

improvements in the joint space width were also
observed in the control group.

Symptoms/pain For function and pain assessment,
the trials did not report data consistently (for
example, Pavelka and Kawasaki reported WOMAC
scores as points, whereas Reginster used per cent
change on a VAS), only Pavelka used the Lequesne
index, and Kawasaki used the Japan Orthopaedic
Association (JOA) score and a visual analogue pain
scale, so data could not be summarised in a meta-
analysis (Table 13).

Pain Pavelka found a statistically significant effect
in favour of glucosamine compared with placebo
at the end of the 3-year trial for the WOMAC
pain subscale [difference between groups 0.7
points (95% CI 0.06 to 1.3)]. Similarly, Reginster
found a statistically significant effect in favour

of glucosamine for the WOMAC pain subscale
[change from baseline approximately —36.7,

SE 8.3 mm (VAS) for glucosamine and -7.5 SE,
10.6 mm for the control group (estimated from
graph)]. Kawasaki did not find any statistically
significant difference in the WOMAC pain subscale
or the VAS pain scale between the glucosamine
hydrochloride and control groups. Meta-analysis
(Figure 4) illustrates the small, but statistically
significant favourable effect for glucosamine.

Little detail was reported in the three trials about
the use of rescue analgesia with the exception

of stating in all three trials that there was no
statistically significant difference in the volume of
rescue analgesia used.

Function Pavelkd found a statistically significant
effect in favour of glucosamine compared with
placebo for both the WOMAC function and
stiffness subscales (difference between groups
2.1 points (95% CI 0.28 to 3.9) for function and
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TABLE 12 Subgroup analysis: summary from Reginster 2001 trial”®

Study
Reginster 20017

C, control; |, intervention.

Subgroup

Mean joint space width lowest
quartile (<4.5mm, n=29
intervention, n = 23 control)

Vs
Highest quartile (> 6.2mm,

n = 27 intervention, n =26
control)

Outcome

Change in mean
joint space
width

Change from baseline/
difference between groups

Joint space width <4.5mm:

l: +6.2%, SD 17.5; +0.22mm,
SD 0.66

C: +3.8%, SD 23.8; +0.13mm,
SD 0.8l

Joint space width > 6.2 mm:

I: =6.0%, SD 15.1; —0.45 mm,
SD 1.04

C:-14.9%, SD 17.9; —1.05mm,

SD 1.28

TABLE 13 Summary of glucosamine trial results for pain, function and composite health state scores

No. of

Study participants Outcome Baseline

Kawasaki I: n=49 JOA total score I:74.2,SD 13.3

2008 c:p=42 (range 0-100) C:69.6,SD 14.4
JOA gait (range I:23.3,SD 5.5
0-30) C:21.55D 6.6
JOA stairs (range I: 14.7,SD 5.6
0-25) C:11.9,D 6.1
JOA range of 1:29.4,SD 5.0
motion (range C:29.5,SD 4.8
0-35) ’
JOA swelling I: 6.8,SD 2.7
(range 0-10) C:6.7,SD 3.3
VAS pain (range I: 5.0,SD 2.0
0-10) C:4.9,5D 1.8
WOMAC total I:31.5,SD 15.6
(range 0-96) C:28.7,5D 16.0
WOMAC pain 1:7.2,SD 3.9
(range 0-20) C:6.5,SD 3.4
WOMAC stiffness  1:3.4,SD 1.6
(range 0-8) C:27,SD 1.6
WOMAC function 1:20.8,SD 11.0
(range 0-68) C:19.6,SD 11.5

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Change from baseline/difference

between groups

I: +13.7 (95% CI -18.5 to 43)
C: +16.3 (95% Cl —4.8 to 39.8)
I: +4.4 (95% Cl2.8to I 1)

C: +6.3 (95% CI -3.6 to 20)

I: +5.5 (95% Cl -8.2 to 20.3)
C: +6.3 (95% CI-1.1 to 17.5)
I: +1.4 (95% CI -5.5 to 5.5)

C: +1.9(95% CI -6.1 to 10)

I: +2.6 (95% CI 0.3 to 5)
C: +1.9 (95% Cl -5.0 to 10)

I: ~1.6 (95% CI 5.0 to 2.2)

C: 1.7 (95% CI -5.5 to 2.5)

I: ~14.9 (95% Cl —45.5 to 6)
C:—11.5(95% CI -38.8 to 7.5)
I: 3.6 (95% Cl —14.1 to 3)
C:-2.9 (95% CI 9.5 to 0.5)

I: =1.5 (95% Cl -5.1 to 1.0)
C:-0.7 (95% Cl -3 to 1.5)

I: -9.8 (95% Cl -31.2 t0 5.2)
C:-7.5(95% Cl -27.2to 7)

p-value

< 0.0l for joint
space change
between the
two quartiles

p-value

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

continued
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TABLE 13 Summary of glucosamine trial results for pain, function and composite health state scores (continued)

No. of Change from baseline/difference
Study participants Outcome Baseline between groups p-value
Pavelka l:n=10lI Lequesne index I: 8.95, SD 2.30 Change from baseline: 0.002
20027 cip=101  (points) C:894,SD227  1:-1.7(95% Cl-2.2 to -1.2)

C:-0.82 (95% CI —I.1 to -0.51)

Difference: 0.91 (95% CI1 0.34 to 1.5)
WOMAC total 1: 30.70, SD 14.40  Change from baseline: 0.01
(points) C:30.48,SD 14.43  I:-8.0 (95% Cl -9.8 to —6.3)

C: 4.9 (95% CI -6.5 to 3.2)

Difference: 3.1 (95% CI1 0.77 to 5.5)

WOMAC pain I: 6.61,SD 3.45 Change from baseline: 0.03
(points) C:6.33,SD3.13  1:-2.0 (95% Cl -2.4 to —1.5)

C:-1.3(95% CI -1.7 to 0.88)

Difference: 0.7 (95% CI 0.06 to 1.3)
WOMAC function 1:21.84,SD 10.67  Change from baseline: 0.02
(points) C:22.00,SD 11.03  I:-5.8 (95% Cl 7.1 to —4.4)

C: -3.7 (95% CI 4.9 to -2.5)

Difference: 2.1 (95% CI1 0.28 to 3.9)
WOMAC stiffness  1: 2.25, SD .47 Change from baseline: 0.0l
(points) C:2.15,SD |.44 I: -0.31 (95% CI -0.55 to 0.07)

C: +0.11 (95% CI -0.12 to 0.34)

Difference: 0.42 (95% CI 0.09 to 0.75)

Reginster I:n=106 WOMAC total I: 1030.2mm, Change from baseline: 0.020
2001 cip=106  (outof2400mm)  SD473.8 I: —11.7% (95% Cl —20.3 to —3.2)
;36943&78mm’ C: +9.8% (95% Cl —6.2 to 25.8)
’ Difference: 21.6% (95% CI 3.5 to 39.6)
WOMAC pain I: 194.1 mm, Change from baseline: 0.047
SD 101.9 I: ~—36.7mm, SE 8.3
C: 172.2mm, C: ~-7.5mm, SE 10.6
SD 104.5 .
(estimated from graph)
WOMAC function  I: 740.1 mm, Change from baseline: 0.020
SD 364.2 I: ~—160mm, SE 24.2
C: 670.8mm, C: ~—65.5mm, SE 31.5
SD 367.8 )
(estimated from graph)
WOMAC stiffness  1: 96.0mm, NS
SD 54.8
C: 96.7mm,
SD 54.6

C, control; I, intervention, NS, not significant.

0.42 points (95% CI 0.09 to 0.75) for stiffness). difference in the JOA total score or the gait, stairs,
Reginster found statistically significant effects in range of motion or swelling subscores, or in the
favour of glucosamine for the WOMAC function WOMAC stiffness and function subscores between
subscale [change from baseline about —160 glucosamine hydrochloride and the control

SE, 24.2mm (VAS) for glucosamine and -65.5, group. Meta-analysis (Figure 5) illustrates the

SE 31.5mm for the control group (estimated small, but statistically significant favourable effect
from graph)], but not for the stiffness subscale. for glucosamine. While the ClIs overlap, visual

Kawasaki did not find any statistically significant inspection identifies substantial heterogeneity,
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Glucosamine Placebo

Study or
subgroup Mean SD Total Mean

SD Total Weight

Standardised mean
difference IV
(random, 95% CI)

Standardised mean difference IV
(random, 95% CI)

Kawasaki 2008'2  -3.6 20.74 49 -29 12.13 42
Pavelka 20027 -2.0 1.63 10l -1.3 4.68 101
Reginster 20017 -36.7 60.42 106 -7.5 77.17 106

Total (95% ClI) 256 249
Heterogeneity: 12 = 0.01; x> = 2.60, df = 2 (p = 0.27); I> = 23%
Test for overall effect: z=2.45 (p = 0.01)

100.09% —0.25 (-0.46 to —0.05) <o

20.8% —0.04 (—0.45 to 0.37) —
39.2% —0.20 (~0.48 to 0.08) —
40.0% —0.42 (—0.69 to -0.15) ——

-1 =05 0 0.5 |
Favours glucosamine  Favours placebo

FIGURE 4 Glucosamine sulphate and hydrochloride: a meta-analysis of WOMAC pain scores at end of study (fixed-effects model
produces same point estimate; random-effects model presented as confidence interval better reflects the uncertainty around that point

estimate). IV, inverse difference.

with the glucosamine hydrochloride product
demonstrating little evidence of an effect.

Function/pain composite scores Pavelkd found

a statistically significant effect in favour of
glucosamine compared with placebo for both

the Lequesne index and the WOMAC total score
(difference between groups 0.91 points (95%

CI 0.34 to 1.5) for the Lequesne index and 3.1
(95% CI 0.77 to 5.5) for the WOMAC total score).
Reginster found statistically significant effects in
favour of glucosamine for the WOMAC total score
[per cent change from baseline, difference between
groups 21.6% (95% CI 3.5 to 39.6)]. Kawasaki did
not find any significant difference in the WOMAC
total score between glucosamine hydrochloride and
the control group.

Knee arthroplasty In a follow-up analysis®® of the
trials by Reginster and Pavelka taken together,
patients with at least 12 months of treatment were
followed up for their joint replacement status. Of
340 eligible patients, 275 (81%) could be followed
up. Of these, 144 had been in the glucosamine
groups of the trials and 131 had been in the
placebo groups. No significant baseline differences

were found between the patients followed up

and those lost to follow-up. After a mean post-
intervention follow-up of 5 years (8 years from trial
baseline), significantly fewer patients in the former
glucosamine groups had received knee arthroplasty
than patients in the former placebo groups (9/144
in the glucosamine groups and 19/131 in the
placebo groups, RR 0.43 (95% CI 0.20 to 0.92,
p=0.024).

Adverse events Neither Pavelka nor Reginster found
significant differences in reported adverse effects
between the glucosamine groups and the placebo
groups. No significant differences in routine
laboratory test results were seen, and Reginster
did not note any change in glucose homeostasis.
Adverse events were not reported systematically

in the study by Kawasaki. One patient in the
glucosamine group and two in the control group
withdrew from the trial because of adverse events.

Chondroitin

Trial characteristics

Of the three chondroitin trials, all were described
as double-blind, placebo-controlled RCTs. The trial
by Michel'*® had a duration of 2 years, whereas the

Reginster 20017 —160.0 176.18 106 —65.5 229.32 106
Total (95% ClI) 256 249
Heterogeneity: t = 0.01; x* = 3.01, df =2 (p = 0.22); I’ = 33%

Test for overall effect: z=3.25 (p = 0.001)

39.4% -0.46 (-0.73 to —0.19)

100.0% -0.37 (-0.59 to —0.15)

Glucosamine Placebo Standardised mean Standardised mean
Study or difference IV difference IV
subgroup Mean SD Total Mean SD Total Weight (random, 95% CI) (random, 95% CI)
Kawasaki 2008'% 98 4416 49 -75 4149 42 22.3% —0.05 (—0.47 to 0.36) —r
Pavelka 20027 -5.8 4.89 10l -3.7 435 10l 383% —0.45 (-0.73 to —0.17) ——

-
-l -05 0 05 |
Favours Favours
glucosamine placebo

FIGURE 5 Glucosamine sulphate and hydrochloride: a meta-analysis of WOMAC function scores at end of study (fixed-effects model
produces same point estimate; random-effects model presented as confidence interval better reflects the uncertainty around that point

estimate). 1V, inverse difference.
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two trials by Uebelhart''*!'% had a duration of 1
year. The two trials by Uebelhart''*!''® were industry
funded. No funding information was available for
the trial by Michel.!"

A total of 456 people participated in the three
trials. The trials included participants of a mean
age of between 57 and 64 years, with between 48%
and 82% being female. Osteoarthritis severity
was not reported in the trial by Michel; in the
trials by Uebelhart, between 13% and 48% had
OA of Kellgren-Lawrence grade 1 at baseline,
between 43% and 59% had grade 2, and between
9% and 30% had grade 3 [with more patients in
the Uebelhart (2004) study''® having more severe
disease]. In all trials, baseline characteristics were
well balanced in the comparison groups.

Interventions

In the trial by Michel, 800 mg/day chondroitins

4- and 6-sulphate [Condrosult® (IBSA, Hungary)]
were given as a tablet. In the trials by Uebelhart
(1998)'* and Uebelhart (2004),''° 800 mg/day
chondproitins 4- and 6-sulphate (Condrosulf) were
given in powder form. In the Michel and Uebelhart
(1998) trials the treatment was given continuously,
whereas in the trial by Uebelhart (2004) treatment
was administered intermittently for 3-month
periods (from study entry to the third month,

and from the sixth to the ninth months). Michel
reported that analgesia use was similar between the
comparison groups; no information was given in
the trial by Uebelhart (1998), whereas in the trial
by Uebelhart (2004) paracetamol consumption

was significantly greater in the placebo group at 12
months than in the intervention group.

Outcome measures and further details of the trials
are summarised in Table 10.

Trial quality

The Michel and Uebelhart (2004) trials were
of good quality. The trial by Uebelhart (1998)
was of poor quality, reporting little detail of
the randomisation procedure and allocation
concealment.

Results
Structure Table 14 summarises the results for
chondroitin on structural outcomes.

The three chondroitin trials showed a significant
effect in favour of chondroitin for minimum joint
space width, with the weighted mean difference
changing from 0.02mm (95% CI -0.20 to 0.24) at
baseline to 0.18 mm (95% CI 0.07 to 0.30) at the

end of the trials (p = 0.001, random-effects model),
no statistically significant heterogeneity, but the
estimate was driven by the larger trial by Michel
(Figure 6). Similarly, a significant effect in favour of
chondproitin was shown for mean joint space width,
with the weighted mean difference changing from
—0.01mm (95% CI -0.30 to 0.28) at baseline to
0.20mm (95% CI 0.07 to 0.32) at the end of the
trials (p = 0.003, random-effects model) (Figure

7). These results indicate less joint space loss with
chondroitin sulphate. Uebelhart (1998) also found
a significant positive effect of chondroitin sulphate
compared with placebo on some indicators of bone
metabolism.

Michel did a subgroup analysis of the patients

with a minimum joint space width of 1 or more
millimetres at entry (225/300 patients) and found
no significant difference to their main results

(Table 15). They also state that mean joint space
width at baseline had no influence on radiographic
progression.

Symptoms/pain Results for function and pain were
very mixed and significant changes in joint space
were not always mirrored by significant changes in
pain/function (Zable 16).

Pain Michel did not find any significant differences
between chondroitin sulphate and placebo

for the WOMAC pain subscore. The trials by
Uebelhart (1998 and 2004), on the other hand,
found a statistically significant effect in favour
of chondroitin sulphate for the Huskisson visual
analogue pain scale [a decrease of 3.66cm in the
intervention group and 1.64 cm in the placebo
group (p <0.001) in Uebelhart (1998) and a
decrease of 24.5 mm in the intervention group
and 15.3 mm in the placebo group (p <0.05) in
Uebelhart (2004).

Uebelhart (1998) did not report on the use of
rescue analgesia but Uebelhart (2004) noted
statistically significantly less use of paracetamol

in the chondroitin group compared with the
placebo group at 12 months (25.8 tablets versus 55
tablets per month; p <0.05). Michel reported no
statistically significant difference.

Function Michel did not find any significant
differences between chondroitin sulphate and
placebo for the WOMAC function or stiffness
subscores. The trial by Uebelhart (1998) found no
significant effect for overall mobility capacity, but
the trial by Uebelhart (2004) found statistically
significant results in favour of chondroitin sulphate
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Chondroitin
sulphate Placebo

Study or Mean difference IV Mean difference IV

subgroup Mean SD Total Mean SD Total Weight (random, 95% CI) (random, 95% CI)

Michel 2005'% 246 048 150 228 056 150 91.8%  0.18 (0.06 to 0.29) -+

Uebelhart 1998''*  3.50 1.00 14 3.6 1.30 12 1.6% —0.10 (—1.00 to 0.80)

Uebelhart 2004''* 3.6l .51 77 3.23 127 76 6.6%  0.38 (-0.06 to 0.82) B E—

Total (95% ClI) 241 238 100.0%  0.18 (0.07 to 0.30) -

Heterogeneity: T = 0.00; x> = 1.16, df = 2 (p = 0.56); I> = 0% ; ; ; ;

Test for overall effect: z=3.319 (p = 0.001) -l -0.5 0 0.5 I
Favours Favours
control experimental

FIGURE 6 Chondroitin sulphate: a meta analysis of minimum joint space width at end of study (fixed-effects model produces same
point estimate; random-effects model presented as confidence interval better reflects the uncertainty around that point estimate). IV,

inverse difference

Chondroitin
sulphate Placebo

Study or Mean difference IV Mean difference IV

subgroup Mean SD Total Mean SD Total Weight (random, 95% CI) (random, 95% CI)

Michel 2005'% 304 053 50 286 061 150 90.3%  0.18 (0.05 to 0.31) -+

Uebelhart 1998'"*  4.40 1.00 14 460 140 12 1.8% —0.20 (—1.15 to0 0.75) B

Uebelhart 2004''®  4.20 1.58 77 3.74 128 76 7.9%  0.46 (0.00 to 0.92) E—

Total (95% CI) 241 238 100.0%  0.20 (0.07 to 0.32) <>

Heterogeneity: T = 0.00; x* = 2.02, df =2 (p = 0.36); > = 1% ; ; ; ;

Test for overall effect: z = 2.98 (p = 0.003) -1 =05 0 05 |
Favours Favours
control experimental

FIGURE 7 Chondroitin sulphate: a meta-analysis of minimum joint space width at end of study (fixed-effects model produces same
point estimate; random-effects model presented as confidence interval better reflects the uncertainty around that point estimate). IV,

inverse difference

TABLE 15 Subgroup analysis: summary from Michel 2005'%

Study
Michel 2005'%®

Subgroup

atentry (kn=114,C:
n=111)

C, control; |, intervention.

Patients with minimum
joint space width > | mm

Outcome

Minimum joint
space width

Mean joint
space width

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Change from baseline/difference between

groups p-value

Change from baseline: 0.0l
I: +0.05mm, SD 0.53 (95% CI -0.05 to 0.14)
C: -0.14mm, SD 0.57 (95% CI -0.25 to -0.03)

Difference: 0.19mm, SD 0.55 (95% CI 0.04 to
0.33)

Change from baseline: 0.006
I: +0.01 mm, SD 0.54 (95% CI -0.09to 0.11)
C: -0.20mm, SD 0.58 (95% CI -0.31 to -0.09)

Difference: 0.21 mm, SD 0.56 (95% CI 0.06 to
0.36)
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for walking time [a decrease of 4.4 seconds in the
intervention group and 0.1 seconds in the placebo
group (p <0.05)].

Function/pain composite scores Michel did not find
any significant differences between chondroitin
sulphate and placebo for the WOMAC total
score. However, the trial by Uebelhart (2004)
found a statistically significant result in favour of
chondroitin sulphate for the Lequesne index [a
decrease of 3.2 points in the intervention group
and 2.1 points in the placebo group (p <0.01)].

Adverse events None of the chondroitin trials found
significant differences in reported adverse effects
between the chondroitin groups and the placebo
groups. No significant differences in routine
laboratory test results (where reported) were seen.

Combination therapy with

glucosamine and chondroitin

Trial characteristics

Both trials of glucosamine and chondroitin
combination therapy were double-blind, placebo-
controlled single centre trials with a duration of 1
year. The trial by Messier'#? was industry funded;
no funding information was available for Rai.'* A
total of 189 people participated in these trials. The
mean age was between 70 and 74 years for Messier
and around 54 years for Rai. The trial by Messier
included more women than men (between 66% and
76% women); no gender information was given by
Rai. Neither of the trials gave details of OA severity
or duration. Rai reported baseline characteristics
to be well balanced in the comparison groups,
whereas in the trial by Messier, participants in the
intervention group were significantly younger,
more overweight, and had a higher income than
those in the placebo group.

Interventions

In the trial by Rai, it was only stated that Kondro,
an oral combination of glucosamine sulphate
and chondroitin sulphate, was given. No details
on dosing were given, but the Kondro capsules
contain 250 mg glucosamine sulphate and

200 mg chondroitin sulphate, and presumably
one capsule a day was given. In the trial by
Messier, a combination of 1500 mg glucosamine
hydrochloride plus 1200 mg chondroitin
sulphate was given each day, either in one dose
or distributed over three doses a day. During
the first 6 months, this was supplemented in
both comparison groups by six healthy lifestyle
classes, and in the second 6 months, an exercise
programme was added that lasted for 6 months.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

The exercise programme was home and facility
based and consisted of two 15-minute walking
sessions, separated by 20 minutes of strength
training. Exercise sessions were held for an

hour each twice a week. In the trial by Messier,
paracetamol was allowed as a rescue medication.
In the trial by Rai, patients were advised to take
paracetamol for pain. Messier did not report
whether the difference in analgesic consumption
between the groups was significant (a decrease of
37% by 12 months in the intervention and 11%
in the placebo group), and Rai did not report
analgesic consumption.

Outcome measures and further trial details are
summarised in Table 10.

Trial quality

The trial by Messier was of moderate quality,
whereas the trial by Rai was of poor quality. Messier
did not explicitly describe randomisation, but

their description implies that randomisation was
done centrally by the sponsor. Rai did not report
the method of randomisation, it was unclear
whether allocation was concealed and the study was
described as double blind, but no further detail was
given, withdrawals or drop-outs were not reported,
and it was not reported whether analysis was by
intention to treat.

Results

Structure Rai found a statistically significant result
for the preservation of minimum joint space

with a combination of glucosamine sulphate

and chondroitin sulphate compared with

placebo [change from baseline —0.04 mm in the
intervention group and —0.13mm in the placebo
group (p <0.01)]. Table 17 summarises the trial
findings for the effects on structure.

Symptoms/pain Table 18 summarises the findings for
symptoms and pain.

Pain Messier did not report any statistically
significant difference in the pain component of
WOMAC at 6 or 12 months. Rescue analgesia use
was decreased in both the treatment and placebo
groups, but there was no statistically significant
difference between the groups. Rai did not report
on pain as a separate score nor did they report on
analgesia use.

Function Messier did not find any statistically
significant differences either at 6 months (i.e.
before the exercise intervention) or at 12 months
for a combination of glucosamine hydrochloride

55



56

Clinical effectiveness of glucosamine and chondroitin on the progression of OA of the knee

TABLE 17 Summary of the effect of combined glucosamine and chondroitin versus placebo on structure

Study Outcome Baseline End of study
Rai Minimum joint  I: 3.66 mm I:3.62mm, p =NS
2004'*  space width vs baseline

C: 3.65mm

C:3.52mm, p <0.01

vs baseline

C, control; |, intervention; NS, not significant.

plus chondroitin sulphate plus exercise (versus
placebo plus exercise) for any of the following
outcomes: WOMAC function subscale, the distance
walked in 6 minutes or knee concentric extension
strength. The intervention group had a statistically
significant benefit for knee concentric flexion
strength and balance.

Pain/function composite scores Messier did not find
any statistically significant differences either at

6 months or at 12 months for a combination of
glucosamine hydrochloride plus chondroitin
sulphate plus exercise versus placebo plus exercise
for results of the WOMAC total score. In the trial
by Rai, a statistically significant benefit of the
combination treatment compared with placebo was
seen on the Lequesne index. However, compared
with other studies reporting results of the Lequesne
index, the deterioration seen in this trial in the
placebo group seems rather extreme (4.6. to 3.7 in
the intervention group versus 4.9 to 11.48 in the
placebo group).

Adverse events Neither of the trials of glucosamine/
chondroitin combination therapy reported
systematically on adverse effects.

Adpverse effects of glucosamine or

chondroitin - additional data

No long-term observational studies were identified
that investigated any adverse events association
with glucosamine (any form) or chondroitin
sulphate or a combination of the two.

Anderson and colleagues® conducted a review
of adverse effects of glucosamine which did not
have the characteristics of a systematic review, but
seemed to aim at some thoroughness (literature
search described, obviously some formal extraction
of data). For their safety assessments in humans,
they summarised data from 33 studies in 3063
patients. In 16 studies of a total of 854 participants
followed for a weighted average of 37 weeks,

no significant changes in blood glucose values

Change from baseline/

difference between groups p-value

<0.0l

were seen with glucosamine administration at
therapeutic doses. In 13 studies including over
800 participants, no laboratory or cardiovascular
abnormalities were seen with glucosamine
administration at therapeutic doses for a weighted
average of around 40 weeks. Studies reporting
common adverse events included 988 participants
followed for a weighted average of 37 weeks.
Adverse events were reported less frequently

with glucosamine than with placebo [rate ratio
0.76 (95% CI 0.61 to 0.92, p < 0.05)]. Five studies
reported adverse events with glucosamine in
comparison with adverse events with ibuprofen,
and the prevalence of adverse events was 10.0%
with glucosamine and 32.5% with ibuprofen.

Stumpf and colleagues'* reviewed data on the
effect of glucosamine on glucose control. The
review was not a systematic review, but a search
strategy was described. Of 16 clinical studies

of oral glucosamine, only five included plasma
glucose concentrations that could be pooled. After
3-12 weeks of treatment, glucose values in the
glucosamine groups were not significantly different
from those in the placebo groups. Two 3-year
studies (Pavelka and colleagues’ and Reginster
and colleagues™) also found no significant effect
on glucose levels. However, the authors concluded
that data were limited and longer-term effects were
uncertain.

One RCT by Scroggie and colleagues'* studied 34
patients with type 2 diabetes and a mean age of 69—
71 years. Patients in the intervention group (n = 22)
were given a combination of 1500 mg glucosamine
hydrochloride plus 1200 mg chondroitin sulphate
per day. Tivelve patients were in the placebo group.
After 90 days of treatment, glycaemic control
(HbAlc levels) were not significantly different
between the comparison groups.

Knudsen and Sokol'** presented a case report of a
potential interaction of glucosamine/chondroitin
with warfarin in a single patient, resulting in an
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TABLE 18 Summary of the effect of combined glucosamine and chondroitin versus placebo on measures of pain, function and composite

health status scores

Study

Messier
2007'%

Rai 2004'2

Outcome

WOMAC pain

WOMAC function

6-minute walk

Knee concentric extension strength

Knee concentric flexion strength

Balance (foot length)

Lequesne index

Baseline

I: 7.1, SE 0.5
C:59,SE0.5

1:25.9,SE 1.7
C:21.1,SE 1.5

I:384.7m, SE17.6
C:398.7m, SEI7.3

1:209.4 N, SE 31.2
C: 163.9 N, SE20.6

I: 106.0 N, SE 16.1
C:83.0N,SE 10.9

1: 0.52, SE 0.04
C:0.53, SE 0.03

I: 4.6
C:49

C, control; |, intervention; N, Newton; NS, not significant.

End of study

6 months:

I: 6.2, SE0.4
C:6.2,SE0.4
12 months:

I: 6.0, SEO.5
C:5.18, SE0.5

6 months:
I:21.9, SE 1.1
C:22.9,SE I.1
12 months:

I: 19.4,SE 1.2
C:20.6,SE 1.2

6 months:

I: 393.6m, SE 8.0
C:396.5m,SE 7.9
12 months:

I: 409.2m, SE 8.7
C:410.5m, SE 8.6
6 months:

I: 176.9 N, SE 16.3
C:202.7N,SE 17.5
12 months:

I: 207.6 N, SE 14.6
C:209.7 N, SE 15.0

6 months:

I: 106.1 N, SE 7.3
C: 106.7N,SE 7.8
12 months:

I: 1029 N, SE 7.7
C: 1248 N, SE 8.3

6 months:
I:0.523,SE0.014
C:0.583,SE0.017
12 months:

I: 0.538,SE0.017
C:0.591, SE 0.020

I:3.7
C:11.48

p-value

NS

NS

NS

NS

NS at 6 months,
p=0.05at 12
months

p=0.0l at 6
months, p =0.05 at
12 months

<0.0l

and the International Pharmaceutical Abstracts
database. They identified 43 unique cases of

an increased INR in people using warfarin and
glucosamine or a glucosamine/chondroitin sulphate
combination product (20 cases from MedWatch, 21

increased international normalised ratio (INR)
(i.e. a higher risk of bleeding). The authors did

a search of the US FDA MedWatch database and
the WHO Adverse Drug Reactions database, as
well as a literature search of MEDLINE, EMBASE
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cases from the WHO database, and one published
case report). The reports showed a temporal
relationship between glucosamine or combination
product use and warfarin, with a number of the
reports stating that patients had a stable INR when
they started taking glucosamine, and that the event
resolved again in most cases when glucosamine was
stopped. The Therapeutic Goods Administration
of the Australian Government has received 12
reports (nine included in the WHO data) of
interactions between warfarin and glucosamine. In
10 of these case reports, clinically significant rises
in INR were observed 4-20 days after initiation of
glucosamine.'*®

A case report in the UK reported the death
of a man who developed acute liver failure.
The otherwise healthy 64-year-old man had
recently started treatment with glucosamine. A
fatal accident enquiry concluded that there was
insufficient evidence to attribute the death to
glucosamine.

Summary

We summarise below the evidence of clinical
effectiveness of glucosamine and chondroitin,
highlighting where data were suitable for inclusion
in economic modelling and where there were
important gaps or uncertainty in the evidence.

Systematic reviews

This review summarised five systematic reviews
and one clinical guideline — two on glucosamine,
two on chondproitin and two on glucosamine
and/or chondroitin for OA of the knee. Taken
together, the reviews summarised 45 trials — 21 of
glucosamine, 20 of chondroitin sulphate and four
of a combination of glucosamine and chondroitin.
There were considerable differences between the
reviews in terms of the studies included — with
respect to parameters such as study duration,
comparison interventions and inclusion of
treatment for disorders other than OA of the knee.
In particular, the lack of presentation of analysis for
all outcomes and conclusions separately for long-
term studies made it difficult to draw conclusions
about the effectiveness of glucosamine and
chondroitin on long-term OA disease progression.
This was less of an issue for structural change
outcomes as few studies presented this finding, and
where they did, the duration was generally longer.
No major safety concerns were highlighted in the
reviews. We, therefore, focused our assessment of
clinical effectiveness on analysis of primary RCTs

and we included eight trials that met our inclusion
criteria of at least 12 months’ follow-up.

Evidence of clinical effectiveness
Glucosamine

Two RCTs77 investigated glucosamine sulphate,
both using the Rotta preparation (including a

total of 414 participants), and one'® investigated
glucosamine hydrochloride (including a total of
142 participants). Owing to the small number

of trials eligible, we could not compare different
forms of glucosamine preparations, different doses
or monotherapy with combination therapy.

Glucosamine sulphate (Rotta product)

Our meta-analysis showed a statistically significant
effect of glucosamine sulphate in comparison
with placebo on joint space width. The clinical
significance, while not meeting the pre-stated
meaningful change used by trialists when
calculating study power (change of 0.33-0.50 mm
reported), was supported by the 8-year follow-

up data that showed significantly fewer knee
arthroplasties in the glucosamine group than in
the placebo group (6.3% versus 14.5%; RR 0.43).
Both trials also found statistically significant results
in favour of glucosamine for almost all pain and
function parameters examined (except WOMAC
stiffness in one trial). The clinical significance
was uncertain. No a priori clinically significant
change was specified by the trialists. Changes

in function were less than suggested by Tubach
and colleagues™ to be of clinical importance. It

is important to note that both these trials used
the Rotta preparation, a powdered oral form of
glucosamine.

Participants in the two relevant trials were slightly
younger than might be expected in a clinical
population of people with OA of the knee (mean
61-66 years) and included a high proportion of
women (75-79%). Participants had experienced OA
for variable durations with a mean of 8-10 years,
but with substantial heterogeneity. One of the
trials” required participants to have a Lequesne
index of at least 4 and not exceeding 12, and so
excluded people with mild symptoms (1-4) and
those with very severe symptoms. The recruited
population had a mean score of approximately

9 at baseline reflecting ‘severe’ symptoms. Obese
people were excluded from the trials. As indicated
in Chapter 2, the decision to undertake knee
arthroplasty is based on clinical assessment but is
influenced by many factors, including patient and
health service characteristics. The comorbidities
of participants were poorly reported. The clinical
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setting for the two trials in the Czech Republic and
Belgium may differ substantially from the UK. In
the UK, there are few data about the proportion of
people with OA receiving knee arthroplasty, so it is
difficult to determine if the surgical rate of 14.5%
in 8 years from ‘referral’ (plus a mean of 8 years

of OA prior to referral) reflects practice that is
generalisable to the UK.

In addition, the studies with 8-year follow-up
ended as RCTs after 3 years. During the ensuing
follow-up, participants were not restricted to
treatment choices and substantial treatment group
switching may have occurred. The study design,
utilising routine health-care data to identify
knee arthroplasties, precluded the gathering of
information about medicine use after the RCT
ended or further information about QoL. This
switching would, if anything, lessen the effect
size observed when comparing the treatment
and control groups based on their original trial
allocation.

Glucosamine hydrochloride

Only one poor quality trial of glucosamine
hydrochloride was identified.'* No significant
differences between glucosamine hydrochloride
and the placebo control were seen for any of the
structural, pain or functional outcomes assessed.
We therefore have very limited evidence about the
effectiveness of hydrochloride preparations, and
nothing to support its clinical effectiveness.

Chondroitin

Three studies investigated chondroitin sulphate
(including a total of 456 participants).'®!!+116
Our meta-analysis showed small, but statistically
significant effects on both mean and minimum

joint space width in favour of chondroitin sulphate.

As noted previously, while this surrogate end
point has been widely used within trials, the
clinical significance of joint space narrowing

in relation to long-term disease progression

and knee arthroplasty is uncertain. The lack of
correlation between symptoms and joint space
loss makes it difficult to translate this outcome
into a measure of health utility that can be utilised
in any health economics modelling. There were
no studies following participants for sufficient
duration to assess the effect on knee arthroplasty.
Results for pain and function were not consistent
between studies, with studies using different

tools to measure effect. Of the two larger, good
quality studies, one'” reported no significant
eftect on WOMAC scores while the other''® found
improvements on the Lequesne index for both
the placebo (2 points) and treated (3 points)

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

groups. While statistically significant, the clinical
significance of a 1-point difference on this scale

is uncertain. The Lequesne index is scored out of
24, but anything over 13 is considered to represent
extremely severe symptoms.

Combined glucosamine and chondroitin

"Two poor-to-moderate quality studies
investigated a combination of glucosamine (one
of glucosamine sulphate, one of glucosamine
hydrochloride) and chondroitin (including a
total of 189 participants).'?*'?? Only one of the
trials'®’ measured joint space parameters and
found a statistically significant result in favour of
the treatment with respect to loss of minimum
joint space width. One trial'* did not report any
significant difference between the combination
therapy and placebo on any of the WOMAC
parameters measured. The other trial'*” reported
a clinically and statistically significant effect on
the Lequesne index, with an improvement in the
treated group and a worsening of the mean score
from moderate to very severe. However, the study
was of poor quality with unclear randomisation,
allocation concealment and analysis.

The observational GAIT ancillary study was not
included in this review, but reported differences in
joint space loss that were not statistically significant
when comparing glucosamine, chondroitin or a
combination of glucosamine and chondroitin with
placebo. The smallest joint space loss was observed
in the glucosamine group, but the study suffered
from being underpowered, with fewer participants
meeting the inclusion criteria than anticipated.

All of the reviews or trials examined suggested that
there were no safety concerns with glucosamine or
chondroitin sulphate. Examination of additional
literature suggested that glucosamine (and
probably chondroitin) does not have any significant
effect on glucose homeostasis, despite clinical
concerns that there may be an impact, or on the
incidence of any other adverse events or laboratory
abnormalities. However, a possible interaction in
people taking warfarin was suggested. In general,
the studies investigating relevant adverse events
parameters were small and data on long-term
follow-up were lacking. The association with acute
liver toxicity is uncertain.

Table 19 gives a summary of the findings from the
clinical effectiveness review focusing on effect after
at least 12 months’ follow-up. Statistical significance
is reported, but may not necessarily reflect clinically
important differences.
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In conclusion, we found evidence of long-term

effectiveness for the Rotta product of glucosamine

sulphate from two good quality trials, although
both were funded by the manufacturers. The
evidence of modification to structural change
was supported by a difference in rate of knee
arthroplasty after 8 years of follow-up. WOMAC

scores were measured for 3 years and demonstrated

minor improvements, of borderline clinical

importance, in both the treatment and control
groups. There was evidence of no reduction in
the use of analgesia and very limited long-term
safety data but no safety issues were identified in
short-term studies. For all other preparations,
there was insufficient evidence of effectiveness,
heterogeneity in the trial data or no evidence to
enable conclusions to be drawn.

TABLE 19 Summary of findings from the clinical effectiveness review

Effect

Glucosamine sulphate prevents or slows progression
(compared with placebo):

Joint space loss
Pain/function
Knee arthroplasty

Reduction in need for analgesia

Glucosamine hydrochloride prevents or slows progression

(compared with placebo):
Joint space loss
Pain/function
Knee arthroplasty
Reduction in need for analgesia

Chondroitin prevents or slows progression
(compared with placebo):

Joint space loss
Pain/function
Knee arthroplasty

Reduction in need for analgesia

Glucosamine/chondroitin combination prevents or slows

progression (compared with placebo):
Joint space loss
Pain/function
Knee arthroplasty
Reduction in need for analgesia

Combination offers greater gains over single medicine
treatment

Identification of optimal dose or product
Assurance of safety
Short-term/trial setting

Long-term/clinical setting

Evidence summary

Evidence of effectiveness
Evidence of effectiveness
Evidence of effectiveness

Evidence of no effectiveness

Evidence of no effectiveness (poor quality)
Evidence of no effectiveness (poor quality)
No evidence

Evidence of no effectiveness (poor quality)

Evidence of effectiveness
Heterogeneity of results
No evidence

Mixed evidence

Evidence of no effectiveness (poor/moderate quality)
Heterogeneity of results

No evidence

Evidence of effectiveness (poor/moderate quality)

No evidence

No evidence

Evidence of safety

Very limited evidence
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Chapter 4

Cost-effectiveness of glucosamine and
chondroitin in OA of the knee

Introduction

The review of clinical effectiveness shows

that of the therapies that were reviewed, only
glucosamine sulphate was demonstrated to have a
statistically significant effect on QoL and/or disease
progression. Thus, cost-effectiveness modelling was
limited to a comparison of glucosamine sulphate
versus current care. The model draws upon several
data sources, including the paper by Bruyere

and colleagues,® which uses pooled data from

two previous RCTs of the clinical effectiveness of
glucosamine sulphate.”’” However, there was a lack
of data on costs and QoL from the pooled study.
Thus, the model also draws upon other studies that
report this information. Further detail is outlined
in the Methods section and Appendix 7. One
important issue to note relates to the definition

of current care. In the model presented below,
estimates of the costs of current care are based on
two UK sources,**!¥” while estimates of comparative
effectiveness are based on the definition of

current care used by Bruyere and colleagues,*

that is: ...any care received from health-care
providers, with or without physical therapies and
investigations (hydrotherapy, exercise, ultrasound,
radiological procedures), and treatment with

prescribed medicines (includes antacids, hypnotics
and anxiolytics, antidepressants, analgesics,
corticosteroids, drugs for nutritional, blood,
musculo-skeletal and joint diseases, and local
anaesthetics)’.

Methods

The costs and effectiveness of glucosamine sulphate
were modelled using cohort simulation (Figure §).
Cohort simulation involves the placement of a
number of individuals with pre-defined baseline
clinical characteristics into particular states

of health, with associated costs and QoL, who
may then move or not move to other states of
health over time. Owing to a lack of well-defined
discrete states in knee OA, the approach taken
here involved the placement of the cohort into an
initial baseline level of health status, followed by
change in health status over time. Thus, rather
than using discrete states, health was modelled
along a continuum. In addition to the continuous
health status measure, two additional states were
used. First, to reflect the greater costs and QoL
implications associated with knee replacement
arthroplasty, a separate state was included for this

Glucosamine

OA

TKR progression

TKR progression

Current practice ‘

FIGURE 8 Outline schematic of model structure. TKR, total knee replacement.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

61



62

Cost-effectiveness of glucosamine and chondroitin in OA of the knee

outcome. Knee arthroplasty can include a number
of different surgical procedures. For the purpose
of the model, total knee replacement (TKR)
surgery was assumed. Further, although therapy
had no effect on survival, as the time horizon was
remaining lifetime, the state of death was also
included. An outline schematic of model structure
is shown in Figure 8.

The cohort was pre-defined according to the
baseline clinical characteristics reported within
Pavelkd and colleagues.”” We used this source

as this was the only published randomised
placebo-controlled trial of therapy that reported
baseline and follow-up QoL data, using an
instrument (WOMAC) that permitted conversion
to a preference-based utility scale (HUI3). The
conversion from Likert WOMAC score to HUI3 was
performed using Grootendorst and colleagues.'*®
Grootendorst and colleagues'® conducted a
multicentre randomised trial of hylan G-F 20
against appropriate care among 255 Canadian
patients with symptomatic knee OA of mild to
moderate severity, who had previously been treated
with analgesics, in which patients completed
WOMAC and HUI3 questionnaires at 2-monthly
intervals over 12 months. It is important to use
preference-based scales such as the HUIS3, in order
to permit comparisons of cost-effectiveness with
other therapies using quality-adjusted life-year
(QALY) measures. A recent paper,'® published
after model development, has produced EQ-5D
estimates derived from WOMAC for knee pain
patients. However, as the model does not account
for disease duration, and was not derived from

a population of knee OA patients, we chose to
retain the Grootendorst and colleagues’ mapping
algorithm. '%

Based on Pavelkd and colleagues” and
Grootendorst and colleagues,'*® the cohort had
an initial QoL score of 0.69 (on a 0-1 scale,
where 0 = dead and 1 = perfect health). It is
useful to note that this value is identical to the
EQ-5D based value from Barton and colleagues,’
used by the NCCCC,' which modelled the cost-
effectiveness of oral NSAID or COX inhibitor
therapy for OA. The value of 0.69 was computed
using the best performing model (model 3); this
model had the lowest mean absolute error (MAE)
and the lowest root mean square error statistics
(RMSE) (MAE = 0.1628, RMSE = 0.2065), relative
to the closest alternative model that included
Kellgren radiographic grade (MAE =0.1638,
RMSE = 0.2083). Model 3 is shown as follows:

39

Predicted HUI3 utility score = 0.5274776 +
(0.0079676 x pain) + (0.0065111 x stiffness)

- (0.0059571 x function) + (0.0019928 x pain
x stiffness) + (0.0010734 X pain x function) +
(0.0001018 x stiffness x function) — (0.0030813
pain?) — (0.0016583 x stiffness?) — (0.000243

x function?) + (0.0113565 X age in years) —
(0.0000961 x age in years?) — (0.0172294 x
female) — (0.0057865 x years since onset of OA
in the study knee) + (0.0001609 x years since
onset of OA in the study knee?).

The authors show with the aid of a worked example
that the model predicts that a 56-year-old woman
with WOMAC pain, stiffness, and function scores
of 10, 5, and 24, respectively, who has had OA for
2.5 years, would have a HUI3 score of 0.68. For our
cohort, we obtained a similar value (0.69) to this
with different parameters. We used less disabled
WOMAC pain, stiffness and function scores of

6, 2 and 22 (the higher the score, the worse the
disability), and higher values for OA duration

and age, reported from the mean intention-
to-treat values in the placebo group in Pavelka
and colleagues.” We were only able to use the
Pavelka and colleagues™ estimate as Reginster
and colleagues™ reported VAS WOMAC scores
rather than the Likert version. Further, for ease
of illustration we approximated the Pavelka and
colleagues” demographic estimates by using OA
duration of 10 years and a starting age of 60 years
(the mean values in the placebo group were 11
years and 63 years respectively).

Once the cohort was placed in the starting level

of health, thereafter individuals had a particular
probability of entering the TKR state, or avoiding
TKR and progressing to a different state of

health, or dying. Within the glucosamine group,
individuals were assumed to remain on therapy
until death. Probability of entering the state of TKR
was derived from Bruyere and colleagues;** the
TKR risk was annualised using a standard formula,
p*=1-(1-p)", where p = event probability over
study duration and t = time in years. Probability of
death was estimated from age-specific all-cause life
tables.' As explained above, the QoL associated
with health change over time among those neither
dying nor entering the TKR state was taken from
Grootendorst and colleagues,'* who estimated
regression models that permit conversion of HUI3
scores using WOMAC subscale scores, age, and
duration of OA in the study knee. Owing to a lack
of data reporting QoL prior to TKR within Bruyere
and colleagues,” QoL prior to TKR was estimated
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from another source, using baseline (48 hours prior
to surgery) WOMAC subscale scores published by
Nunez and colleagues,'*! giving a value of 0.51.
Within the model, individuals who entered the
‘prior to TKR’ health state did so at the beginning
of each annual cycle and remained in that state

for the complete cycle length, i.e. 12 months, then
rejoined the larger non-progressive cohort in future
cycles. Added to this, for both progressors and
non-progressors, account was taken of the natural
history of knee OA, using data from Johnson and
colleagues,? who reported 7-year WOMAC subscale
score data for 43 Canadian patients (mean age at
baseline 69 years, 77% female) with moderate to
severe hip or knee OA. Converting to HUI3 using
the Grootendorst and colleagues model, '* the
difference in QoL after 7 years of 0.04 gives an
annual QoL decrement value of 0.006.

The effectiveness of therapy on health states was
obtained from two main sources. First, we used

the estimate from Bruyere and colleagues® of the
effectiveness of therapy in reducing the risk of
undergoing TKR surgery (RR =0.43, 95% CI 0.20
to 0.92). The Bruyere estimate was based on pooled
data from 275 patients who had participated in two
previous randomised placebo-controlled trials of
glucosamine sulphate,””” with follow-up data for a
mean period of 5 years after the end of both 3-year
trial periods.

Second, the effectiveness of therapy in improving
QoL for those who did not progress to TKR was
estimated using Pavelkd and colleagues,”” who
demonstrated a statistically significant change

in WOMAC total scale and subscale scores. To
generate the annual utility improvement with
therapy, the WOMAC subscales scores at baseline

and follow-up, with and without therapy, were
converted to HUI3 using the regression model of
Grootendorst and colleagues.'® The calculation is
shown in Table 20.

Health-care costs associated with knee OA were
estimated from a UK study conducted by Lord and
colleagues.* This study was an RCT of primary
care-based education for knee OA. In both control
and intervention groups, costs were related to the
resources consumed for GP visits, medications,
outpatient visits, inpatient care, professions

allied to medicine consultations, complementary
therapists and X-ray procedures for a population
of patients with radiographic evidence of knee OA.
Data were collected from case notes, supplemented
by patient interview for data on professions allied
to medicine consultations. We used the reported
NHS direct cost element, uprated to 2007-8
prices, for the control group who did not receive
the education programme (£216 per patient per
year). This estimate was very similar to the values
reported in a more recent study by Hurley and
colleagues,'”” who calculated 6-month health-care
and social care costs of £103 for usual care among
chronic knee pain patients in the UK at 2003—4
prices. The cost of TKR surgery (£6126) was
calculated by uprating to 2007-8 prices the 2005-6
NHS Reference Costs estimate for elective primary
knee replacement (code HRG H04, £5747).'*2

We used the lower and upper interquartile range
estimates, uprated to 20078 prices, in probabilistic
analysis, applying a uniform distribution. No UK
published prices were available for glucosamine
sulphate, as the product has no UK licence. UK
prices were, however, available for the licensed
hydrochloride preparation. Listed prices for
glucosamine sulphate in the USA were US$34.95

TABLE 20 Calculation of Health Utilities Index (HUI) from WOMAC scores

WOMAC HUI
Baseline Follow-up Baseline
Placebo Pain 6.33 Pain 5.23 0.687186
Function Function
22.00 18.30
Stiffness 2.15  Stiffness 2.26
Therapy Pain 6.61 Pain 4.61 0.689013
Function Function
21.84 16.04
Stiffness 2.25  Stiffness 1.94

Annualised
Follow-up Difference difference® QoL gain
0.717122 0.029936 0.010080
0.733497 0.044484 0.015050 0.004970

a Calculated using a standard formula of | — (1 — v)", where v = HUI difference (column 6) and t = 3.
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for 30 days’ supply,'* giving a total annual cost of

US$429.40 with international shipping, or £242.60
at an exchange rate of £1 = US$1.77. Purchasing
power parity (PPP) conversion from US$ gives

a cost of £280.40. The price to the NHS is likely

to be cheaper, however, given that the NHS is

a monopoly buyer, and glucosamine sulphate
would be likely to be priced at a similar level to
competitor products, such as the hydrochloride
formulation. For the purposes of assessing the cost-
effectiveness of a likely guide price in the future, we
therefore used current UK published market prices
of glucosamine hydrochloride, giving an annual
cost of £221 per patient per year. In addition
however, based on the PPP conversion price of
£280.40, we used upper and lower bounds of 27%
in deterministic sensitivity analysis to assess the
impact of alternative prices on cost-effectiveness.
Both costs and health outcomes were discounted

at 3.5%. Assumptions for model parameters are
outlined in Table 21.

Data analytic procedures

The sensitivity of the results to different model
assumptions was explored in two ways. First, both
stochastic and non-stochastic parameters were
varied individually using deterministic one-way
sensitivity analysis. These parameters included
glucosamine sulphate acquisition costs, discount
rate, proportion of patients requiring TKR
surgery, health-care costs, QoL scores and TKR
probabilities. Table 22 provides information on the
assumptions used to generate the lower and upper
bounds for each parameter.

TABLE 21 Model assumptions and parameter

Parameter

QoL at baseline — current care

Annual probability of progression to TKR — current care

Annual probability of progression to TKR — glucosamine sulphate

Annual probability of not progressing to TKR — current care

Annual probability of not progressing to TKR — glucosamine sulphate

QoL prior to TKR

Annual reduction in QoL due to natural history

Annual QoL change due to glucosamine sulphate
Health-care costs of knee OA per patient per year
Health-care TKR costs

Glucosamine sulphate acquisition costs per patient per year

Discount rate

Qol, quality of life; TKR, total knee replacement.

Second, to take account of parameter uncertainty,
probabilistic sensitivity analysis was employed.
This involved taking 5000 random draws from
specific distributions of all stochastic parameters
(current care TKR probabilities, relative risk
reduction of TKR associated with therapy, current
care QoL score, QoL gain with therapy, current
care health-care costs, TKR costs). More details on
the specific distributions used are outlined in the
footnotes to Table 23. The distributions selected
for each parameter reflect common candidate
distributions.'*®

Value of information analysis was conducted to
investigate the worth of commissioning further
research on the cost-effectiveness of therapy.
Population expected value of perfect information
(EVPI) was computed, assuming a constant
population size of 500,000 knee OA patients
over a discounted 10-year time horizon. To assess
which parameter, or set of parameters, should

be the focus for any future research, analysis of
covariance techniques were used to explore the
proportionate contribution of each parameter to
variation in incremental cost and QALYs. This was
implemented using the ‘Covariance’ command
in EXCEL; this allows determination of whether
large values of one variable tend to be associated
with large values of another (positive covariance),
whether small values of one variable tend to be
associated with large values of another (negative
covariance), or whether values of both variables
tend to be unrelated (covariance near zero). We
used the covariance between log incremental
costs, log TKR costs, log health-care costs and

Value Data source

0.687186 Pavelka 2002,”” Grootendorst 20073
0.019397 Bruyere 2008

0.008035 Bruyere 2008%2

0.980603 Bruyere 2008

0.991965 Bruyere 2008

0.511682 Nunez 2007,'*' Grootendorst 2007'3
0.005986 Johnson 20072

0.004970 Pavelka 200277

£216 Lord 1999

£6126 Department of Health 2006'*?

£221 British National Formulary 2008'
3.5% The Green Book 2007'*
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TABLE 22 Deterministic sensitivity analysis — parameter values and assumptions

Parameter Value

Annual probability of TKR — current care  0.009698-0.029095

TKR relative risk reduction 0.20-0.92

Annual QoL change due to glucosamine
sulphate

Glucosamine sulphate acquisition costs £161-£280
per patient per year

Health-care costs of knee osteoarthritis ~ £0—£1053
per patient per year

Health-care TKR costs £5171-£6938
Discount rate 0-5%

0.001242-0.008871

Data source and notes

Bruyere 2008°% and authors’ judgement. A 50% decrease
and increase in probability of TKR described in Bruyere
2008°2 is applied

Bruyere 2008.°2 Range is reported 95% Cls of TKR
relative risk reduction

Pavelka 2002.”7 Range is based on lower and upper
95% Cls of total WOMAC change score (0.77 to 5.5),
expressed as percentage changes from mean difference,
and applied to mean QoL change of 0.004970 calculated
from Pavelka 20027

Upper value is US price of Rotta glucosamine sulphate
product converted to GBP using PPP. Lower value is
computed using equivalent percentage difference of 27%

Hurley 2007.'37 Range is lower and upper 95% ClI of
means costs calculated from published standard deviation
of £185

Department of Health 2005 (Appendix NSRCI)'*

Authors’ assumptions

Qol, quality of life; PPP, purchasing power parity; TKR, total knee replacement.

TABLE 23 Probabilistic sensitivity analysis — parameter distributions

Parameter Data source
Annual probability of progression to TKR —  Bruyere 200852
current care

Relative risk of TKR with therapy Bruyere 20082

Health-care costs of knee OA per patient
per year

Lord 1999, Hurley 2007'%"

Distribution

Beta binomial® (2, 98)

Normal® (-0.84, 0.39)
Gamma-“ (42.14, 4.82)

TKR costs

QoL score — current care
QoL gain with therapy
QoL prior to TKR

Department of Health 2005
(Appendix NSRC1)'47

Pavelkd 2002,”” Grootendorst 2007'%®
Pavelkd 2002,”” Grootendorst 2007'%®
Nunez 2007,'*' Grootendorst 2007'%®

Uniform? (5171, 6938)

Beta method of moments® (339, 523)
Normal (0.004970, 0.001950)
Beta method of moments (438, 1570)

Qol, quality of life; TKR, total knee replacement.

a Beta binomial (o, B) refers to a beta distribution with oc = number of events and B = sample size minus number of

events.

o oo o

Uniform (0., B) refers to a uniform distribution with o. = lower interquartile range and § = upper interquartile range.
Gamma (0, ) refers to a gamma distribution with o. = (sample mean/SE)?and 3 = SE?/sample mean.

Normal (o, B) refers to a normal distribution with oo = sample mean and 3 = SE.

Beta method of moments (0., B) refers to beta distribution where o. = sample mean (sample mean (| — sample mean)/

SE?) - | and B = sample mean * (I — sample mean)/(SE?) — | - o..

TKR probability with glucosamine sulphate, and
the covariance between incremental QALYs,

QoL score with glucosamine sulphate, QoL prior
to TKR and TKR probability with glucosamine
sulphate, and then computed the proportionate
contribution of each parameter to the overall sum

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

across parameters. In addition, we conducted EVPI
for parameters, in which repeated 1000-model
simulations were run with each parameter held
constant in turn, while allowing other stochastic
parameters to vary.
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Results

Over a lifetime horizon (mean life expectancy of
22.61 years) the mean discounted costs per patient
associated with current care were calculated as
£4634. Care costs with the addition of glucosamine
sulphate were estimated to be £7039 over the same
time period. Thus, the additional discounted costs
associated with glucosamine were £2405. Mean
discounted QALYs were 8.17 for current care and
8.28 for glucosamine, giving a QALY gain of 0.11.
Avoiding rounding error, the incremental cost per
QALY gain was £21,335.

Deterministic sensitivity analysis revealed that
estimates were reasonably robust to variations

in assumptions (Figure 9). Estimates were most
affected by changes in the QoL gain associated with
therapy. Changes to the costs of current care or
TKR costs had negligible effects.

The results of the probabilistic sensitivity analysis
are presented in Figures 10 and 11. Figure 10 shows
the scatterplot of differences in costs and QALYs
from the 5000 replications. It was apparent that
therapy was unlikely to be cost saving, as there were
only 41 occurrences of costs within the glucosamine
group being lower than those in the current

care group. However, there was a wide scatter
across the x-axis (depicting QALY differences).

Figure 11 shows the cost and QALY differences
between therapy and current care within the
cost-effectiveness acceptability curve framework.
This depicts the change in the probability for
differing values of willingness to pay for a QALY
(or ‘ceiling ratio’). This shows that glucosamine
was not expected to be cost-effective if we were
only prepared to pay up to £10,000 per QALY
(probability of cost-effectiveness = 0.08), but

for increasing amounts of willingness to pay per
QALY, the probability of cost-effectiveness rises
(e.g. if we were prepared to pay up to £20,000
per QALY, the probability of cost-effectiveness =
0.43). At a willingness-to-pay ceiling ratio of above
approximately £22,000, the probability of cost-
effectiveness becomes greater than 0.5.

The EVPI provides an upper bound of the value of
undertaking further research to reduce uncertainty
over whether therapy is more cost-effective than
current care. Figure 12 shows the relationship
between these values and different ceiling ratios

of willingness to pay per QALY. This reveals

that the value of further research was high for a
range of commonly applied ceiling ratios (e.g.
£10,000-£50,000), and far exceeded the likely
costs of research. The EVPI became lower as the
ceiling ratio approached £100,000, as uncertainty
surrounding cost-effectiveness became less for
higher levels of willingness to pay per QALY.
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FIGURE 9 Deterministic sensitivity analysis. QALY(s), quality-adjusted life-year(s); QoL, quality of life; RRR, relative risk reduction;

TKR, total knee replacement.
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FIGURE 12 Expected value of perfect information (EVPI).
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Figures 13 and 14 show the analysis of covariance
results. Figure 13 reveals that the greatest
uncertainty in costs was related to variation in TKR
costs, followed by variation in the probability of
TKR surgery with therapy, followed by variation in
costs of current care. Figure 14 shows that the most
important parameter that contributed to variation
in QALYs was the QoL change arising from the
addition of glucosamine to current care. Quality
of life prior to TKR surgery, and the probability

of progression to TKR surgery, make smaller,
although similar, contributions in comparison.
Figure 15 shows the partial EVPI for parameters.
This reveals quite clearly that the most important
parameter is the QoL gain associated with therapy.
This is followed by the TKR probability with
therapy. Current care costs, the quality of life
associated with TKR and TKR costs have much
smaller values in comparison.

Discussion

The addition of glucosamine sulphate therapy to
current care for knee OA was estimated to lead to
additional costs and gains in health-related QoL.
With a cost per QALY estimate of approximately
£21,335, the magnitude of potential gains appears
moderate in relation to the additional costs.
Deterministic sensitivity analysis suggested that the
cost-effectiveness of glucosamine sulphate therapy
was particularly dependent on the magnitude of
the QoL gains produced by therapy. Probabilistic
sensitivity analysis showed that these estimates of
cost-effectiveness were imprecise, suggesting some
degree of decision uncertainty.

Our estimate of cost-effectiveness was higher
in comparison with other available studies; the
NCCCC' produced two cost per QALY estimates

TKR surgery costs

Current care costs

Parameter

TKR probability

0 10 20

Proportion of sum squares (%)

T
30 40 50 60 70

FIGURE 13 Individual parameter contribution to variation in costs. TKR, total knee replacement.
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Qol change
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T
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FIGURE 14 Individual parameter contribution to variation in quality-adjusted life-years. QoL, quality of life; TKR, total knee

replacement.
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FIGURE |5 Expected value of perfect information (EVPI) for parameters. QoL, quality of life; TKR, total knee replacement.

for glucosamine sulphate. Using only 3-year data
from Pavelka and colleagues,” the mean cost

per QALY was £10,880 (range £3581-£21,219).
Using data only from Reginster and colleagues,™
the mean cost per QALY was £2427 (range
£799-£6519). Without further information on the
sources of data or assumptions used, it is difficult to
explain the differences. One possible explanation
is the difference in the timeframe adopted,
although this seems unlikely, as the longer follow-
up period adopted in the model presented here
allows the incorporation of cost savings and

QoL gains associated with the avoidance of knee
replacement surgery, which would lead to lower,
rather than higher, cost per QALY estimates. A
more plausible explanation is the use of alternative
estimates of QoL. As the same cost difference is
used to generate the two estimates of cost per
QALY reported by the NCCCC,' the cost per
QALY difference is driven by differences in the
QALY gain. Such differences may be due to the
use of alternative ways to value health changes. For
example, the lower cost per QALY gain figures of
Reginster and colleagues’ is generated from use
of the VAS version of the WOMAC rather than the
Likert scale version.

Value of information analysis indicated that further
research to reduce decision uncertainty would be
beneficial. It would appear that a high priority
should be given to obtaining further evidence of
the QoL gains produced by glucosamine sulphate
relative to placebo. The current uncertainty
surrounding the magnitude of such gains may

be related to sample size and the requirement to
map between health status instruments to obtain
suitable QoL values in order to calculate QALYs.
Thus, any future trial should aim to collect data

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

using a generic preference-based QoL instrument,
such as the HUI3, SF-6D or EQ-5D.

It is important to emphasise that the effectiveness
data within economic model are built mainly
around data from one study that pooled data from
two trials,’! while the QoL gain with therapy is
estimated from one trial.”® Further evidence is also
required on the relationship between QoL and
costs. Owing to lack of data, other than through
progression to TKR surgery, it was not possible

to build into the model estimates of cost changes
that arise from changes in QoL. This may be

an important limitation of the current model.

We would anticipate that incorporation of these
effects would have made current cost estimates
less precise, as there was large variation around
the magnitude of QoL improvements, but would
have made little change to mean cost per QALY
estimates. This suggests that a future trial should
also collect resource use and cost data, to allow
estimation of the resource impact of changes in

QoL.

Estimates were not particularly sensitive to QoL
prior to TKR surgery, nor to costs of surgery.
Further, cost-effectiveness was moderately

related to the volume of TKR surgery in
deterministic analysis. To assess the importance
of this parameter, we were only able to apply
arbitrary 50% changes in volume in deterministic
sensitivity analysis, resulting in small changes

of between 1% and 2% in either direction in

the likelihood of requiring surgery. A nationally
representative cohort survey to determine the
current level of TKR surgery would help to ensure
that the modelled estimates presented here are
generalisable to the UK health-care system.
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Chapter 5
Biological plausibility

At the start of this review, we considered the
possibility that the findings of the review of
clinical effectiveness would be inconclusive — not
only uncertain about whether the compounds were
clinically effective, but also that there might not be
sufficient basis to justify a large HTA trial. In that
situation, evidence or not of biological plausibility
might help to decide whether it was worth doing

a trial. For example, if (as has been alleged by

one commentator) none of the glucosamine taken
orally reaches the bloodstream, then that would
seem a good reason for not doing a trial.

The initial, rather simplistic presumption was that
exogenous administration of the precursors of
cartilage would in some way either aid cartilage
regrowth or prevent destruction. For many years,
therefore, glucosamine and chondroitin have
been considered possible candidates as disease-
modifying drugs. Improved understanding of

the natural progression of OA has demonstrated
that the aetiology and pathophysiology of OA is
far more complicated than this. Hyaline cartilage
and subchondral bone are in a constant state of
degradation and regeneration. Osteoarthritis is
accepted to be caused by an imbalance of these
anabolic and catabolic processes. An effective
disease-modifying drug would need to alter

this balance in favour of regeneration, by either
promoting anabolic effects or inhibiting catabolic
effects. There are many potential therapeutic
avenues by which this balance could be modified.
These are summarised in Box 2, which has been
modified from that of Fioravanti and colleagues.'*®
In this chapter, we will briefly examine some of the
ways in which glucosamine and chondroitin might
affect some of these processes with reference to the
recent literature.

Glucosamine, chondroitin
and hyaline cartilage

As discussed in Chapter 1, glucosamine and
chondproitin are contained within hyaline cartilage.
The non-collagenous 50% of hyaline cartilage is
mainly made up of proteoglycan molecules. These
molecules (also called aggrecans) are composed
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of long-chain glycosaminoglycans linked to a core
protein. Loss of aggrecan from the extracellular
matrix in cartilage leads to a change in the
biomechanical properties of the tissue, and in so
doing accelerates the loss of articular cartilage.

The glycosaminoglycans consist of a hexuronic acid
and a hexosamine (amino sugar).

Glucosamine is the hexosamine constituent

of keratan sulphate, which is found in hyaline
cartilage, alongside the glycosaminoglycans
chondroitin 4-sulphate and chondroitin 6-sulphate
(which are therefore much larger molecules than
glucosamine).®* Chondroitin is a large gel-forming
molecule which forms part of cartilage and confers
resistance to compression. Despite being a large
molecule, it is partially absorbed from the diet or
supplements.

Oral bioavailability

Both glucosamine and chondroitin are taken

orally, although the dosage advised varies among
manufacturers. Clearly, compounds taken by mouth
will have no effect if they are not absorbed. There
has been some debate about the oral bioavailability
of both glucosamine and chondroitin, as such large
macromolecules with charge density are not readily
absorbed from the gastrointestinal tract.'"

So, before discussing the plausible mechanisms of
action of both glucosamine and chondroitin, it is
first imperative to determine the pharmacokinetics
and bioavailability of both products.

Glucosamine

Laverty and colleagues'* studied the effects of
glucosamine hydrochloride delivered by the
nasogastric route on the serum and synovial
glucosamine concentrations in eight female horses.
The dose given was equivalent to 1500 mg for a
75kg man. Serum and synovial concentrations were
measured before and up to 12 hours post dosing.
Pre-dose serum and synovial concentrations

were all below measurable levels. After dosing,
synovial concentrations ranged from 0.3 umol/l to
0.7 umol/l. Serum levels of glucosamine returned
to baseline by 6 hours, but synovial concentrations
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BOX 2 Possible mechanisms of action for a disease-modifying drug (adapted from Fioravanti 2006'*)

Anabolic effects

*  Chondrocyte proliferation without cellular dedifferentiation

*  Proteoglycans synthesis
*  Collagen type 2 synthesis

*  Hyaluronic acid synthesis

* Influence of local growth factors: transforming growth factor (TGF)-B, epidermal growth factor (EGF), fibroblast growth

factor (FGF), platelet-derived growth factor (PDGF)

*  Effects of sulphate supplementation

Reduction of catabolic effects by:

* Inhibition of the release or the activity of chondrocitic matrix metalloproteases (MMPs) or negating the downregulation

of tissue inhibitors of metalloproteinase (TIMPs)

* Inhibition of the release or the activity of aggrecanases

* Inhibition of cytokines such as interleukin (IL)- 18, tumour necrosis factor (TNF)-0,, etc.

*  Inhibition of prostaglandin E2 (PGE2)

* Inhibition of the release or the activity of free radicals of oxygen

* Inhibition of the release or the activity of nitric oxide (NO)

*  Inhibition of lysosomal enzymes
*  Anti-apoptotic activity

*  Anti-inflammatory effect

Mixed effects

*  Sulphate supplementation

*  Acting as biological response modifiers

remained elevated for up to 12 hours. Adebowale
and colleagues'' demonstrated the bioavailability
of oral glucosamine hydrochloride and chondroitin
sulphate in beagle dogs.

Setnikar and colleagues'®'% have extensively
studied the absorption, distribution, metabolism
and excretion of glucosamine sulphate. Following
intravenous administration of radiolabelled
glucosamine sulphate in rats, early uptake was seen
principally in the liver and kidneys, but there was
also early detection in the femoral head articular
cartilage, peaking at 0.17 hours post dosing.

This uptake by articular cartilage was also shown
following oral dosing of radiolabelled glucosamine
sulphate in both rat and dog studies.

Using radiolabelled glucosamine sulphate,
Setnikar and colleagues'®® studied oral
administration in healthy human volunteers,
and found gastrointestinal absorption of 90%
with bioavailability of 44%. The difference was

due to the hepatic first-pass effect. Biggee and
colleagues'’ gave 11 patients with known OA, who
had not been taking glucosamine supplements,

a single 1500 mg dose of commercial crystalline
glucosamine sulphate after an overnight fast.
Serum glucosamine levels were measured at
baseline and then regularly up to 8 hours post
ingestion. Baseline serum glucosamine was
undetectable in all subjects. Following ingestion
glucosamine was detectable in 17 of the 18
patients. After ingestion, peak levels ranged

from 0 to 6.4 umol/l (mean 3.6 umol/1).!%” Basak
and colleagues'®® compared serum values after
supplementation with either a novel timed-release
capsule or a standard powder-filled one, in a
12-patient multidose randomised crossover study
using glucosamine sulphate. Serum glucosamine
levels were measured at dosing and up to 24
hours post dosing. Glucosamine was not detected
pre-dose, but the peak concentration afterwards
was 543.12 ng/ml (+ 151.16) and 520.98 ng/ml

(= 152.55) for the powder-filled and timed-release
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preparations respectively. They concluded that
there was a 21% bioavailability.

Persiani and colleagues'™ measured both plasma
and synovial concentrations of glucosamine after
14 days of oral glucosamine sulphate (1500 mg) in
12 OA patients. Glucosamine levels were measured
at baseline and at 3 hours following their last dose.
After the 2 weeks, a 20.5-fold increase was found
in plasma, and a statistically significant 21.5-fold
increase in synovial concentrations was observed.

The optimum dose of oral crystalline glucosamine
sulphate was examined by Persiani and
colleagues.'™ Twelve healthy volunteers received
three consecutive daily doses of 750mg, 1500 mg
or 3000 mg in an open randomised, crossover
fashion. Plasma levels increased in the dose range
750-1500mg, but became non-linear at 3000 mg.
The blood levels remained elevated for 24 hours
after each dose.

Chondroitin

The normal synovial concentration of chondroitin
sulphate has been studied in a healthy population
group. Nakayama and colleagues'®' found that the
normal level of synovial chondroitin, in 82 healthy
volunteers aged between 20 and 79 years of age,
fell with age. The mean synovial concentration
was 103.1 nmol/ml for chondroitin 6-sulphate

and 18.4 nmol/ml for chondroitin 4-sulphate. The
concentration of chondroitin 6-sulphate in the
70-79 years age group was approximately half
that of the 20-29 years age group. The ratio of
chondroitin 6-sulphate to chondroitin 4-sulphate
also steadily decreased with advancing age.
Interestingly, it was also noted that females had
lower concentrations of synovial chondroitin across
all age groups.

Volpi'®* gave 4 g oral chondroitin sulphate
(bovine origin) to 20 healthy volunteers and
measured plasma levels of chondroitin at baseline
and frequently until 48 hours post ingestion.
After ingestion, chondroitin sulphate increased
significantly, peaking at 2 hours, with plasma
levels increased by 200% at 2—4 hours. However,
a second, similar, study by Volpi,'®® using shark
chondproitin sulphate, found similar peak levels
but at 8.7 hours. The author proposed that the
difference may be due to the different molecular
weights and charge densities of the two molecules
studied.

Technetium-labelled chondroitin sulphate was
injected in healthy human volunteers and its whole
body distribution was monitored with a gamma
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camera. As well as the bloodstream showing very
high levels following injection, it was also noted
that very high intensity was detected in the area
surrounding the knee joints.'®*

Ebube and colleagues'®® analysed the different
physiochemical and mechanical properties of
glucosamine hydrochloride and chondroitin
sulphate obtained from various sources. Particle
morphology, particle size and other physical
properties were found to be greatly variable
between sources. This will lead to different
bioavailability profiles seen across the product
range for both supplements.

There is, therefore, a significant body of evidence
supporting the oral bioavailability of both
glucosamine and chondroitin products in human in
vivo studies.

Anabolic state

Many authors have studied the role of glucosamine
on both chondrocytes themselves and also the
chondroprogenitor cells, such as the human
mesenchymal stem cells (hMSCs). Dodge and
Jimenez'* studied the eftects of glucosamine
sulphate on freshly isolated chondrocytes obtained
from patients with knee OA. They observed that
40% of chondrocytes from OA patients failed

to respond to glucosamine sulphate. Of the
remaining 60%, however, it was observed that the
presence of glucosamine sulphate upregulated
messenger ribonucleic acid (mRNA) levels of

the aggrecan gene in a dose-dependent manner,
leading to a corresponding increase in observed
levels of aggrecan. They also observed that the
presence of glucosamine sulphate decreased
matrix metalloproteinase (MMP-3) protein

levels as well as enzymatic activity, and increased
glycosaminoglycan content.!%

Noyszewski and colleagues'®” have also shown that

the addition of radiolabelled glucosamine sulphate
to cultured chondrocytes facilitates the production

of proteoglycan components with direct uptake of

the added radiolabelled glucosamine sulphate.

In another in vitro study, Derfoul and colleagues'®®
found that addition of 100 uM glucosamine
hydrochloride led to enhanced expression of
collagen II and aggregan, and an increased
content of sulphated glycosaminoglycan. It was
also observed that the addition of glucosamine
partially blocked the effects of interleukin (IL)-

1B on downregulating collagen II and aggrecan
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expression. Following addition of glucosamine, the
expression of the matrix-degrading enzyme, MMP-
13, was also downregulated in both chondrocyte
and hMSC cultures.'%®

The effects of glucosamine have also been
attributed to the upregulation of chondrocyte

proliferation, matrix synthesis and gene expression.

Varghese and colleagues'® found that the addition
of glucosamine hydrochloride upregulated matrix
production in 2D and 3D bovine chondrocyte
layers. Up to a dose of 2mM, this effect was seen
principally on aggrecan and type II collagen. This
was not seen at higher doses. It was also noted
that transforming growth factor (TGF)-B1 was
upregulated in a dose-dependent manner in the
presence of glucosamine hydrochloride.'®

Nishomoto and colleagues'”’ observed
upregulation of the mRNA of collagen II and an
increase in aggrecan mRNA expression in porcine
chondrocytes after the addition of chondroitin
sulphate. However, the effect was not seen with all
subtypes of chondroitin sulphate.'”

Mroz and colleagues'”! studied whether
supplementation of glucosamine to cultured
human chondrocytes leads to increased production
of chondroitin sulphate. Figure 16 shows possible
pathways.

They concluded that the addition of exogenous
H-glucosamine did not stimulate an increased
production of chondroitin sulphate.'”

Further work by Kim and colleagues'” explored
the anabolic effects of physiological doses of
glucosamine sulphate on human osteoblast-like
MG-63 cells. The addition of glucosamine sulphate
increased alkaline phosphatase (ALP) activity,
collagen synthesis, osteocalcin secretion and
mineralization of the cultured osteoblastic cells

in vitro in a dose-dependent manner from 10-
1000 pg/ml, generally increasing anabolic activity.

Not all studies support an increase in anabolic
activity with glucosamine sulphate, however.

Using pre-cultured human osteoarthritic explants,
Uitterlinden and colleagues'” studied the effects
of 0.5mM or 5mM addition of either glucosamine
hydrochloride or glucosamine sulphate. A

5mM concentration of both glucosamine

subtypes was seen to significantly downregulate
aggrecan and collagen type II gene expression
suggesting inhibited anabolic activity. At the same
doses, however, there was also significant anti-
catabolic activity with downregulation of MMP-

3, and aggrecanase-1. The addition of 0.5 mM
glucosamine was not seen to alter either anabolic
or catabolic activity at a significant level; however,
similar trends were noted when compared with the
5mM group.'”

Anticatabolic effects

Piperno and colleagues'™ studied the effects of
glucosamine sulphate on proteoglycan synthesis,
caseinase, collagenase, and phospholipase
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A2 (PLA2), and on production of nitric oxide
(NO), cyclic adenosine monophosphate (cAMP),
and protein kinase C, in human osteoarthritic
chondrocyte cell cultures. Glucosamine sulphate
was found to inhibit PLA2 and collagenase

activity in a dose-dependent manner. A dose-
dependent increase in protein synthesis (minimum
concentration 50 uM) and protein kinase C
production was seen.

Monfort and colleagues'” studied the in vitro
effects of chondroitin sulphate on MMP-3
(stromelysin-1) synthesis in human osteoarthritic
chondrocytes. MMP-3 is a cartilage proteolytic
enzyme which induces cartilage breakdown

and also acts as an inflammatory mediator.
Chondrocytes were obtained from human
osteoarthritic cartilage from patients of both sexes,
over the age of 40 years, who were undergoing
arthroplasty. The study noted a marked inhibitory
effect of chondroitin sulphate on MMP-3 synthesis
at all concentrations tested. No significant
differences were found between the various
concentrations.'”

The majority of the studies analysing the in vitro
effects of glucosamine and chondroitin sulphate
have focused purely on chondrocyte cultures. The
onset of OA is increasingly understood to involve
changes within the subchondral bone, including
subchondral bone resorption. The balance of
bone remodelling factors osteoprotegerin (OPG),
and receptor activator of nuclear factor kB

ligand (RANKL), are important in this process.
Tat and colleagues'” studied the effects of both
glucosamine sulphate and chondroitin sulphate
and found that the chondroitin sulphate reduced
production of OPG and RANKL, whereas
glucosamine sulphate significantly reduced
resorptive activity. Both chondroitin sulphate and
glucosamine sulphate may, therefore, play an
important role in reducing the catabolic effects of
subchondral bone in OA.

Cibere and colleagues'”” studied the effects

of glucosamine sulphate on type II collagen
breakdown in a randomised double-blind placebo-
controlled study. One hundred and thirty-seven
patients with proven knee OA who had gained

at least moderate benefit from glucosamine
therapy were randomised to either placebo
(discontinuation) or glucosamine (continuation)
treatment over a 24-week period. The expectation
was that the placebo group would show an increase
in type II collagen markers after discontinuation of
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glucosamine sulphate. However, this study failed to
demonstrate any significant difference between the
two groups when measuring glucosamine sulphate
degradation products in serum and urine.'”

Aggrecanase activity

The aggrecan degradation simulated by IL-

1, tumour necrosis factor (TNF)-a, or retinoic
acid is thought largely to be due to the action of
aggrecanase. Ilic and colleagues'” studied the
effects of long-term glucosamine on aggrecan
degradation in cultures of bovine cartilage.

They concluded that a 5mM concentration of
glucosamine indirectly inhibited degradation of
aggrecan under simulated catabolic activity. When
glucosamine was then removed from the cultures,
aggrecanase activity increased. Uitterlinden

and colleagues'” also demonstrated that the
addition of 5mM either glucosamine sulphate or
glucosamine hydrochloride to cultured human
osteoarthritic explants demonstrated a significant
downregulation of aggrecanase-1. Suppression of
aggrecanase-2 was also detected in the glucosamine
sulphate group.

Furthermore, work by Sandy and colleagues'®'*
concluded that aggrecanase activity is significantly
decreased in the presence of glucosamine

and that this may be via suppression of
glycosylphosphatidylinositol-linked proteins.

Inhibition of oxidative stress

As OA is generally (although not exclusively)
perceived as an ageing phenomenon, it is
postulated that degeneration of articular
cartilage and collagen may be a result of
oxidative stress. Tiku and colleagues'' explored
the hypothesis that glucosamine sulphate

and glucosamine hydrochloride may protect
collagen from fragmentation secondary to
oxidation. Rabbit chondrocytes were cultured
and activated with calcium ionophore which
induces oxidative metabolism, with the addition
of either glucosamine sulphate or glucosamine
hydrochloride. The study confirmed that the
addition of 25 mM of either glucosamine salts
significantly decreased collagen degradation
compared with controls. The author concluded
that glucosamine was likely to inhibit advanced
lipoxidation reactions and therefore prevent
oxidation and degradation of collagen matrix.
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Anti-inflammatory effects

Several authors have postulated that both
glucosamine and chondroitin may function as
anti-inflammatory mediators in relation to OA.
The anti-inflammatory effects of glucosamine
sulphate and chondroitin sulphate on stimulated
chondrocyte cell cultures with IL-1f has been
explored. Jomphe and colleagues'® found that
the addition of physiological levels of chondroitin
sulphate reduced nuclear factor x-light-chain-
enhancer of activated B cells (NF-xB) nuclear
translocation, an important transcription

factor involved in the initiation of various pro-
inflammatory genes such as COX-2, MMP-3 and
TNF-o.. They also concluded that chondroitin
sulphate diminishes IL-1B-induced increase in
other proflammatory mediators (p38 mitogen
activated protein kinase and extracellular signal-
regulated kinase '2). Largo and colleagues'®* also
found that physiological doses of glucosamine
sulphate inhibit NF-xB activation in IL-1fB-activated
human chondrocytes as well as PGE, synthesis.
Furthermore, they found that glucosamine sulphate
inhibited the expression and synthesis of COX-2,
although this result remains controversial within
the literature.'?

Kim and colleagues'”? found that physiological
doses of glucosamine sulphate exhibited anti-
inflammatory effects on the production of TNF-o,
IL-1B and PGE, in macrophage cell lines in vitro.

Inhibition of nitric oxide
and prostaglandin E, and
anti-apoptotic activity

Nitric oxide (NO) is thought to play a role in
the pathogenesis of OA. Production of NO is
increased in chondrocytes from osteoarthritic
bone in comparison with that of normal bone.
Nitric oxide production is also thought to be an
important factor in the regulation of chondrocyte
apoptosis, which in turn is thought to play an
important role in the aetiology of OA.'%

184

Chan and colleagues'® studied the effects

of physiologically relevant concentrations of
glucosamine hydrochloride and chondroitin
sulphate on the regulation of inflammatory
mediators NO and PGE,. They found that
glucosamine hydrochloride, chondroitin sulphate
or the combination of both, at clinically relevant
doses, reduced mRNA expression of inducible NO
synthase (iNOS) at 24 and 48 hours post culture.
The combination of both reduced iNOS expression
to control levels at 24 hours and 48 hours.

Glucosamine hydrochloride alone significantly
reduced iNOS expression at 6 and 24 hours, but
not at 48 hours, whereas in contrast, chondroitin
sulphate reduced iNOS expression significantly
at 48 hours. Synthesis of NO was reduced by both
chondproitin sulphate alone and the combination
of chondroitin sulphate and glucosamine
hydrochloride at 24 hours. Furthermore Chan
and colleagues'®” showed the downregulation of
inflammatory mediators PGE,, NO, iNOS, MMP-
3 and aggrecanase-2 in IL-B1-stimulated bovine
cartilage explants in the presence of glucosamine
hydrochloride and chondroitin sulphate.'®” The
upregulation of COX-2 with the addition of IL-1f
was abrogated with the addition of chondroitin
sulphate and glucosamine hydrochloride. They
also found that upregulation of tissue inhibitor of
metalloproteinase-3 transcripts was seen with the
addition of both glucosamine hydrochloride and
chondproitin sulphate.

Huser and Davies'® demonstrated that a lipophilic
derivative of glucosamine, Gluj, is able to prevent
impact-induced chondrocyte death, possibly by
reducing mitochondrial depolarisation following

a single impact load in vitro. Jomphe and
colleagues'®? studied the effects of the addition

of chondroitin sulphate to rabbit chondrocytes
stimulated with sodium nitroprusside, a compound
known to induce apoptosis, and found that the
addition of chondroitin sulphate protected the
chondrocytes from apoptosis to the same level

as the group that was not exposed to sodium
nitroprusside. Caraglia and colleagues'® also
showed that osteoarthritic mice models who

were treated with chondroitin sulphate prior to
being sacrificed, showed a significant reduction

in chondrocyte apoptosis. Interestingly, this

effect was increased when they were treated with
both chondroitin sulphate and mud therapy with
sulphur mineral water.

Biological response modifiers

It has also been suggested that both glucosamine
and chondroitin may act as biological response
modifiers (BRMs) for chondrocytes under
simulated conditions of stress. A BRM is an agent
which promotes the defence of the host against
multiple stresses. Lippiello'” studied the effects
of the addition of glucosamine and chondroitin
to bovine cartilage explants which were subject
to various stressors, including mechanical stress,
heat, enzyme-induced matrix depletion and
cytokine stress. The study concluded that both
glucosamine hydrochloride and chondroitin
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sulphate modulate the protective metabolic
response in favour of repair and regeneration at
doses in keeping with the bioavailability of these
agents. Interestingly, they also concluded that
cartilage explants from older animals were more
likely to undergo metabolic change with stress,
but also have a greater response to the addition
of glucosamine hydrochloride and chondroitin
sulphate. Nerucci and colleagues'" also found
that human chondrocyte cultures exposed to a
simulated pressurisation cycle with the addition
of IL-1P showed a significant decrease in
proteoglycan concentration compared with controls
(without IL-1P) at day 10 of culture. This decrease
was significantly reduced with the presence of
chondroitin sulphate at 10 ug/ml and 100 ug/ml.

Sulphate deficiency

A further plausible hypothesis is based on the

role of the sulphated amino sugars found in
glucosamine hydrochloride and chondroitin
sulphate. Cartilage contains tissue-specific
glycosaminoglycans that require a source of
inorganic sulphate for its synthesis. Although the
recommended dietary allowance has previously
been derived in young healthy individuals, this
does not take into account the increased turnover
of glycosaminoglycans during the osteoarthritic
process. Furthermore, many patients with OA take
paracetamol as a simple analgesic to manage their
symptoms. Paracetamol is largely metabolised

by sulphation and indeed 40% of paracetamol is
excreted in urine conjugated with sulphate, which
may contribute to sulphate deficiency. It has been
previously shown that sulphate depletion inhibits
glycosaminoglycans synthesis in vitro in rat and
human articular cartilage. Indeed, human cartilage
is thought to be particularly sensitive to sulphate
deficiency.!9!1%

Hoffer and colleagues'** have also investigated the
role of sulphate as the proposed mechanism of
action of glucosamine sulphate. They first studied
whether oral glucosamine sulphate increases serum
sulphate concentrations. They then investigated
whether this increase was also found within synovial
fluid. Finally, the group studied whether the use of
paracetamol affected the serum sulphate response
to glucosamine sulphate. Seven healthy adults

had venous blood measured for sulphate levels
before, and then 3 hours following, ingestion of

1 g glucosamine sulphate (1.65 mmol sulphate).
The study was then repeated in a similar fashion
with the addition of 1g paracetamol along with
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the glucosamine sulphate. In a separate group,
15 patients with known OA, who were to undergo
diagnostic needle aspiration in the outpatient
setting, consented to the measurement of

both synovial and serum sulphate. This was to
investigate the relationship between serum and
synovial sulphate levels which were found to be
virtually identical.

Of the seven healthy patients, the mean baseline
serum sulphate level was 331 umol/l which
increased to 375 umol/l 3 hours following ingestion
of glucosamine sulphate. In the glucosamine
sulphate and paracetamol group, the baseline
level decreased from 325 pumol/l to 290 umol/l

at 3 hours. The study therefore concluded that
glucosamine sulphate increases serum inorganic
sulphate concentration in normal individuals and
that this increase is reversed by coingestion of
paracetamol.'?

Cordoba and Nimni'® investigated the relationship
between dietary levels of protein and urinary
excretion of sulphate. This study assessed

whether consumption of chondroitin sulphate

and glucosamine sulphate increased urinary
excretion of sulphate. Healthy human volunteers
were instructed to record their dietary intake.
Patients were separated into five groups depending
on their routine dietary protein intake. In the

two lowest groups for dietary protein intake,
consuming 15mM or less of sulphur over 24 hours,
supplementation with chondroitin sulphate did not
lead to the expected increase in urinary secretion,
suggesting retention of sulphate, presumably due
to dietary insufficiency. In the groups consuming
25mM or more of sulphur, supplementation

of either glucosamine sulphate or chondroitin
sulphate led to an increase in urinary excretion

of sulphate over the measured daily dietary
consumption. The effect of glucosamine sulphate
for patients with low dietary sulphur was not
described in the paper. It is plausible, therefore,
that chondroitin sulphate and glucosamine
sulphate supplementation may be most effective

in patient populations with low dietary sulphur,
such as vegetarians or those who consume little red
meat.

Summary

While much of the evidence presented above

is derived from in vitro experiments which
may not reflect the osteoarthritic human knee,
there are a number of plausible mechanisms by
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which glucosamine, chondroitin or the sulphate
component of the treatments may act:

Sulphate effect: there was evidence to support
the intriguing hypothesis that it may be the

Bioavailability: there was significant evidence
that oral supplements of both chondroitin and
glucosamine led to an increase in both serum
and synovial fluid concentrations.

Anabolic effect: in vitro studies supported some
anabolic function for glucosamine.

Catabolic effect: there was a stronger evidence
base for inhibition of catabolism.

sulphate rather than the glucosamine which
has the effect.

The exact mechanism(s) of either drug is as yet
unknown. Furthermore, many but not all of the

in vitro studies utilised concentrations in excess of
those found from the bioavailability studies, and
therefore may not be clinically relevant.
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Chapter 6

Discussion and recommendations

Summary of findings

In this review we set out to address a series of
questions with regard to the clinical effectiveness
and cost-effectiveness of glucosamine and
chondproitin.

*  Does glucosamine prevent or slow progression of OA
of the knee?

— There was evidence that the Rotta
powdered oral preparation of glucosamine
sulphate reduced joint space loss and
may even improve joint space width after
3 years of therapy when compared with
placebo. The clinical significance of joint
space narrowing and changes in width over
time were less certain. Absolute joint space
width is a poor predictor of outcomes
in terms of either QoL or need for knee
arthroplasty. There is, however, some
evidence that changes in joint space width
do relate to clinical outcomes such as the
need for future knee arthroplasty.

— There was evidence that glucosamine had
a beneficial impact on long-term outcome
of knee arthroplasty (6.3% in the treated
group versus 14.5%); an effect seen despite
small numbers and the opportunity for
substantial treatment group switching
during follow-up which would, if anything,
lessen the observed difference between the
two study groups.

— A small statistically significant
improvement was observed in QoL
measured using WOMAC in the treated
group versus the placebo group.

*  Does chondroitin prevent or slow progression of OA
of the knee?

- We found evidence to support the
conclusion that chondroitin had a small
effect on structural changes, but this time
there was no corroborating evidence of a
translation of this finding into long-term
clinically important outcomes. The impact
on QoL appeared to be influenced by the
tool used and was inconsistent between
studies.
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As there was currently no way to determine
what, if any, significance joint space width
has on QoL, health utility or long-term
outcomes, it was not possible to draw any
conclusions about the clinical effectiveness
of chondroitin.

*  Does the combination of both offer any greater effect?

While a few studies did use combination
therapy, the comparison was placebo
not single therapy. It was not possible,
therefore, to address whether there was
a relatively greater gain with such a
combination.

*  Ifthey are useful, what dosages should be used?

With only two trials for the one preparation
for which we had concluded that there was
evidence of effectiveness, and with both
trials using identical dosing regimens, it
was not possible to address the question

of what was the optimal dose. It is worth
noting that both trials used the Rotta
glucosamine product and were sponsored
by the pharmaceutical company.

*  What ave the costs, in terms of both cost of the
products and any side effects?

The reported adverse event profile for
glucosamine sulphate was unremarkable.
The only potential issue identified

from data beyond clinical trials was an
interaction with warfarin. The one death
associated with acute liver failure, however,
highlighted the need for long-term
monitoring of the use of glucosamine

and that, to date, experience from formal
study of the treatment draws on a relatively
small patient pool. There is no licensed
preparation of glucosamine sulphate
available in the UK. Over-the-counter
preparations vary substantially in cost

and content. For modelling, the cost of

the licensed glucosamine hydrochloride
product was taken as a marker for the likely
price to the NHS of a sulphate licensed
product should one become available (BNF
price of £18.40).
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Avre there any savings to the NHS from their use, for
example by reduced consumption of prescribed non-
steroidal anti-inflammatory drugs, or from avoidance
of knee arthroplasty?

— There was little evidence from the trials
that glucosamine sulphate reduced the
need for oral analgesia, but as noted
above, the long-term follow-up data did
support a reduction in the need for knee
arthroplasty.

Is there evidence of cost-effectiveness from well

constructed economic evaluations?

- We did not identify any economic
evaluations focusing on the long-term
cost-effectiveness of glucosamine sulphate.
Our own analysis estimated the cost per
QALY to be £21,335. Gains in cost to
the health service were accompanied by
modest health-related gains. However,
sensitivity analysis suggested that the cost-
effectiveness of glucosamine sulphate was
largely dependent on the magnitude of
QoL gains from therapy. The estimates
of cost-effectiveness were imprecise
and suggest some degree of decision
uncertainty.

—  From our review we conclude that the
evidence is inconclusive, but suggestive
enough of benefit to justify further
research for glucosamine sulphate. Our
conclusions are in keeping with those
of the recent NCCCC guidelines' that
included an assessment of glucosamine and
chondroitin. While they did not focus on
long-term outcomes and used a different
methodology for determining utility
scores in the economics analysis, they did
report that a small effect was observed for
glucosamine sulphate on QoL measures
and joint space. Like us, they concluded
from their economic analysis that evidence
of cost-effectiveness was not conclusively
established.

While a specific mechanism of action
has not been established, evidence for

a number of potential actions on the
joint has been observed for glucosamine,
chondproitin and sulphate (in vitro, in
animals and in healthy volunteers).

I, as suggested by the commissioning brief, the
evidence suggests that there is no gain in short-term
symptom relief, but only in long-term preservation of
cartilage (which does imply longer-term reductions
m symptoms, advanced OA and perhaps the need for
knee arthroplasty), what should the comparator in
trials be?

— Because OA is now recognised to be a
condition that is not necessarily relentlessly
progressive and, in fact, the symptoms
experienced by individuals can range
widely, a comparator group is essential for
the interpretation of trial data. NCCCC
identified, in their review of treatments for
OA of the knee, that none of the existing
therapies have been shown to alter the
clinical course of the condition. The
comparator, therefore, has to be against
placebo.

If the gain is in long-term outcomes, are there
short-term indicators of benefit which could be used,
rather than waiting 20 years for advanced OA to
become manifest? Joint space narrowing on plain
Sfilm has been used as one outcome. Could more
complex forms of imaging, such as MRI, positron
emission tomography, computerised tomography,
other radionuclide techniques or ultrasound, provide
more detailed assessment of the quality and thickness
of remaining cartilage, and hence give earlier
confirmation of benefit?

- The two most significant challenges around
imaging the knee using X-ray have been
the difficulty in relating changes in the
image to long-term outcomes and the
need to use quantitative measures to assess
change.

—  There have been growing numbers of
reports in the literature about the use of

Similarly authors of the systematic reviews included
in our clinical effectiveness review reported
evidence of some clinical effect associated, in
particular, with preparations of glucosamine
sulphate, and to some extent, chondroitin.

other imaging techniques in assessing
joint space changes in OA. While there is
evidence of a change in joint space being
associated with long-term outcomes such
as knee arthroplasty, regardless of the
technique used to image the joint, the
difficulties remain about the reliability
of such measurements. MRI and other
techniques afford the additional benefit
of providing more information about

o Are the alleged benefits of glucosamine on knee
cartilage biologically plausible?
— Bioavailability of the glucosamine in the
synovial fluid has been demonstrated.
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structural changes with in the joint itself.
An evidence-driven consensus conference
in 2006 lead by OMERACT and OARSI
attempted to summarise opinion about
the most potentially useful features
derivable from MRI. They concluded that
articular cartilage loss, osteophytes, bone
marrow abnormalities, synovitis, meniscal
abnormalities and synovial effusions held
the greatest promise. Despite enthusiasm
for these new measures, the need for
long-term cohorts and follow-up data was
recognised as a priority to determine the
clinical significance.

*  Which variables or assumptions (e.g. costs, QoL,
mortality, extrapolation of effectiveness over time)
are most important in generating uncertainty in the
cost-effectiveness estimates, and which would provide
the greatest retwrn in terms of reducing uncertainty
at reasonable cost? These variables and assumptions
will be identified using value of information analysis,
and will form the main basis in recommendations for
Sfurther research.

—  Value of information analysis indicated
that further research to reduce uncertainty
would be beneficial. Greatest uncertainty
around costs is generated by the
uncertainty around the probability and cost
of knee arthroplasty. The most important
driver in QALY variability is uncertainty
around the QoL gain associated with
treatment. Overall, variability in cost-
effectiveness is most heavily determined by
uncertainty regarding the magnitude and
duration of QoL gains following treatment.

For chondproitin, biologically plausible mechanisms
have been reported, but the clinical effectiveness
evidence was less convincing with greater
heterogeneity in conclusions. Trials of chondroitin,
however, have tended to be of poorer quality,

so uncertainties about the clinical effects of
chondroitin remain.

Challenges for clinical
effectiveness

Despite numerous reviews of these two treatments,
most conclusions have previously been driven by
short-term findings, particularly for measures of
symptoms and function. The failure to undertake
subgroup analysis by duration of follow-up made
it impossible to determine the effectiveness for
long-term outcomes. Studies including structural
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outcomes tended to be longer term; therefore, the
conclusions of previous reviews on this outcome
are of relevance. Poolsup and colleagues™ focused
on long-term outcomes and identified two of the
three trials we included. Their conclusions were
similar to ours, supporting evidence of clinical
effectiveness for both symptoms and structural
outcomes. Towheed and colleagues® included two
of the three trials we included in their assessment
of structural outcomes, plus an additional shorter-
duration study that we excluded. They were
cautious in their interpretation of the significance
of the surrogate end point of joint space change
and at that time did not have access to the longer
follow-up information about knee arthroplasty.

Surrogate end points in trials are widely used

for many conditions and often lead to concerns
regarding their translation into long-term effects.
As a surrogate end point, joint space narrowing

has been approved as an acceptable trial outcome
measure for OA by OMERACT and regulatory
bodies*! but its insensitivity in diagnosis, measuring
disease activity and assessing progression has been
noted.

To address the challenges of surrogate end points
in technology assessment, the HTA are currently
establishing a working group to explore the
challenges of surrogate markers in clinical trials
with a view to preparing guidance on their use
in health technology assessment. Critical to our
interpretation of the potential effectiveness of
glucosamine sulphate has been the evidence of a
translation from the surrogate end point of joint
space narrowing to the clinical end point of knee
arthroplasty.

Where evidence of effectiveness was observed

(for glucosamine sulphate) the conclusions are
based on only three trials. While two of the three
trials were well designed, they followed similar
treatment protocols and therefore did not allow any
assessment of the relative merits of different doses,
products or regimens.

Other challenges included interpretation of QoL
measures. A number of different tools were used to
assess pain, function and disability. Authors rarely
stated a priori expectations of what might represent
a clinically important change. There was little
information about the long-term natural history of
such measures or how such measures relate to other
outcomes, including knee arthroplasty or other
service utilisation.

8l
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Finally, none of the studies were undertaken in the
UK and, given the importance of access to services
and complexity of decision-making around the
timing of surgical intervention, generalisability to
the UK health-care setting is difficult.

Challenges for modelling

Three main challenges for modelling are worth
noting. First, the lack of robust epidemiological
and service utilisation data for the UK meant

that there was substantial uncertainty about the
generalisability of trial data and the cost of ‘current
care’. Second, there was no direct measure of a
generic preference-based QoL measure (such as
HUI3, SF-6D, EQ-5D) and as a result mapping
formulae had to be used to map WOMAC to a
utility measure. Finally, the economic model relied
on the results of two studies for effect of treatment
on WOMAC and knee arthroplasty. The number
of participants was relatively small, and only one
treatment protocol and glucosamine preparation
was used. There remain, therefore, a number of
decision uncertainties that could not be addressed
in the economic modelling.

Research needs

— Based on sensitivity analysis and value
of information analysis, three research
priorities were identified:

*  Quality of life — further clarification of the
potential QoL gains from treatment with
glucosamine sulphate versus placebo over
long-term treatment would reduce uncertainty
in the cost-effectiveness estimates. There was
consistent evidence of some effect on various
composite scores, but no study utilised a
generic preference-based QoL measure (such
as HUI3, SF-6D, EQ-5D) that can readily
be used to estimate utility. Any future trial
should also inform our understanding of the
relationship between QoL and costs collecting
resource use and cost data to allow estimation
of the resource impact of any changes in QoL.

* Structural outcomes — further long-term trial
data are required to clarify the impact on the
ultimate need for knee arthroplasty, including
the ability to delay the need for surgery. As
joint replacements have a finite lifespan,
optimising the timing of surgery is a critical

aspect of decision-making for surgeons, and
treatments that delay the need for arthroplasty
may also reduce the need for subsequent
revision surgery. As yet, surrogate marks
continue to be proposed, but in the absence of
long-term follow-up to surgery, the implications
of change in surrogate end points remain
uncertain.

* Knee arthroplasty — a nationally representative
cohort study is required to understand what
proportion of patients with OA (diagnosed in
primary care and referred to secondary care)
require knee arthroplasty.

Trials of interventions should focus on glucosamine
sulphate and the Rotta product is the only product
to date that has demonstrated effectiveness. While
uncertainty about other preparations remains,
there was insufficient evidence of effectiveness and
it was not possible to develop an economic case for
further study at this time. Any trial should:

1. include collection of information about co-
prescribing, the use of other interventions and
adverse events

2. recruit obese and overweight participants and
people across stages of OA severity

3. use the opportunity to gather a number of
measures of joint structure and damage

4. be of at least 3 years’ follow-up with a
mechanism to follow the cohort long term (e.g.
through record linkage to hospital data).

In preparing the background and undertaking
the clinical effectiveness review and economics
modelling, it was apparent that there was a lack of
information about the epidemiology, management
and natural history of OA of the knee in the UK.
Greater understanding of the incidence and
prevalence in the community, as presenting to
primary care and as referred to specialist services,
would benefit any future technology assessment

in this clinical area. Alongside this, information
about current care should be obtained. Some

of this information could be obtained using
routine primary care databases, but would require
supplementation to estimate the impact in the
community and in secondary care.

A number of studies noted that expectations,
coping and tolerance of symptoms varied between
individuals and had substantial impacts on

their utilisation of services. Further research to
understand the impact of such patient factors
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would help in the planning of services and target
need (versus demand).

The biological mechanism of glucosamine
sulphate and chondroitin remains uncertain. In
particular, the proposal that the active substance
may be sulphate should be explored further. Other
sulphate-rich supplements might provide a useful
comparator, e.g. glutathione and L-methionine.
Paracetamol, metabolised by sulphation may
potentially lead to sulphate deficiency, and
therefore a better understanding of this potential
mechanism has important clinical implications.
Most work has focused on the effect of compounds
on the chondrocyte and cartilage. Further work

is needed to explore the impact on subchondral
bone, which is increasingly seen as the primary
disease initiator.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Conclusion

There was evidence that glucosamine sulphate
shows some clinical effectiveness in the treatment
of OA of the knee. Cost-effectiveness was not
conclusively demonstrated, but substantial
uncertainty was observed for some key
determinants in the model. There was evidence
from biological studies to support the potential
clinical impact of glucosamine sulphate. For
other preparations, the evidence base was less
consistent (chondroitin) or absent (glucosamine
hydrochloride).

Further research to reduce uncertainty and confirm
the impact on surgical outcomes in a UK clinical
setting would be beneficial.
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Appendix |

Search strategies

Main search
EMBASE 1996 to 2007 week 43

Search terms No. of hits

1 exp Chondroitin/ 467

2  chondroitin.tw. 3604

3 lor?2 3820

4 exp Glucosamine/ 1792

5  glucosamine.tw. 2799

6 4dorb 3468

7 3orb 6899

8  exp Osteoarthritis, Knee/ 4582

9  (osteoarthritis adj3 knee$).tw. 2463

10 8or9 5021

11 7and 10 250

12 limit 11 to English language 213

Ovid MEDLINE 1996 to

October week 3 2007

Search terms No. of hits
1 exp Chondroitin/ 2620
2  chondroitin.tw. 3863
3 lor?2 4765
4 exp Glucosamine/ 2655
5  glucosamine.tw. 2920
6 4dorb 4373
7 3orb 8800
8 exp Osteoarthritis, Knee/ 4159
9  (osteoarthritis adj3 knee$).tw. 2406
10 8or9 4818
11 7and 10 150
12 limit 11 to English language 125
AMED (Allied and Complementary

Medicine) 1985 to October 2007

Search terms No. of hits

1  (glucosamine or chondroitin). 53
mp. [mp=abstract, heading
words, title]

Repeat search strategies in MEDLINE and
EMBASE for high specificity for systematic reviews
or RCTs on chondroitin or glucosamine for
osteoarthritis.

Ovid MEDLINE 1996 to
October week 4 2007
1 (glucosamine or chondroitin).mp.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

osteoarthritis.mp.

1 and 2

randomized controlled trial.pt.
random$.tw.

meta-analysis.pt.

(meta-analysis or systematic review).tw.
4orborb6or7

3and 8

Total number of hits = 101.

© 00 T O Tk 0N

EMBASE 1996 to 2007 week 43
(glucosamine or chondroitin).mp.
osteoarthritis.mp.

1 and 2

random$.tw.

(meta-analysis or systematic review).tw.
4orb

3and 6

Total number of hits = 108.

O O OO N =

Cochrane Library issue 3 2007

1 (osteoarthritis and knee):ti,ab,kw

2 (chondroitin):ti,ab,kw or (glucosamine):ti,ab,kw
3 land?2

Total number of hits = 77.

Additional searches
SCI meeting abstracts only (14/11/2007)

TS=((glucosamine or chondroitin) and
(osteoarthritis or knee))

DocType=Meeting Abstract OR Meeting
Summary OR Meeting-Abstract; Language=All
languages; Database=SCI-EXPANDED;
Timespan=1970-2007

Websites

ACNFP - Advisory Committee on Novel Foods
and Processes: www.acnfp.gov.uk/assess/fullapplics/
glucosamine

Food Standards Agency: www.food.gov.uk/news/
newsarchive/2007/sep/glucosamine

US Food and Drug Administration — Center for
Food Safety and Applied Nutrition (CFSAN): www.
cfsan.fda.gov/~dms/ghcosteo.html

European Food Safety Authority (EFSA): www.
efsa.europa.eu/EFSA/efsa_locale-1178620753812_
home.htm

No documents found.
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Appendix |

Searches for adverse effects of
glucosamine and chondroitin
Ovid MEDLINE 1950 to

March week 4 2008

Search terms

1

2

Sy Ot W Q0

7
8

exp Chondroitin/ae [Adverse
Effects]

exp Glucosamine/ae [Adverse
Effects]

exp Chondroitin/

exp Glucosamine/

3or4

(risk or safety or adverse

or harm or interaction$or
pharmacovigilance).m_titl.

5 and 6

lor2or7

EMBASE 1980 to 2008 week I3

Search terms

1

2
3
4

exp Chondroitin/

exp Glucosamine/

1or2

(risk or safety or adverse
or harm or interaction$or
pharmacovigilance).m_titl.

No. of hits
129

144

7783
11,072
18,390

332,967

429
672

No. of hits
651
2649
3089
275,151

5 3and4 87

6  exp Chondroitin/ae [Adverse 21
Drug Reaction]

7  exp Glucosamine/ae [Adverse 118
Drug Reaction]

8 6or7 123

9 bor8 199

AMED (Allied and Complementary
Medicine) 1985 to March 2008

(chondroitin or glucosamine) and (adverse or
safety or harm* or pharmacovigilance or risk* or
interaction® or side-effect*) = 26 retrieved.

IS1 Web of Science and ISI

Proceedings 1980 to March 2008

((chondroitin or glucosamine) and (adverse or
safety or harm* or pharmacovigilance or risk* or
interaction®)) = 125 retrieved

Additional websites searched

e UKMI (www.ukmi.nhs.uk/)

e FDA (www.fda.gov/)

*  MHRA (www.mhra.gov.uk/index.htm).
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Review

AHRQ 20072
Ameye 2006'%

Biggee 2004'%
Bjordal 2007'%

Clayton 2007'%°
Distler 20062
Felson 20002
Leeb 2000%*
Lozada 2007%
Matheson 20032

McAlindon 20002
McAlindon 200 12%
McAlindon 200527
McAlindon 2007%%
Reginster 2007
Towheed 20072'°
Vlad 20072
Zerkak 20042'?

Appendix 2

Table of excluded reviews

Reason for exclusion

No outcomes regarding joint structure assessed; high quality review, but mainly a review of
systematic reviews

Review of functional nutritional ingredients targeting osteoarthritis; glucosamine and chondroitin
sulphate excluded

Not a systematic review

Only short-term data reported; main data were reported for up to 4 weeks; the longest follow-up
reported for 12 weeks

Not a systematic review
Not a systematic review
Not a systematic review
No outcomes regarding joint structure assessed
Not a systematic review

Not a systematic review (some information on search strategy, but no other methodology
described)

No outcomes regarding joint structure assessed

Not a systematic review (summary of McAlindon 2000%%)
Not a systematic review

Not a systematic review (comment on Reichenbach 2007¢')
Not a systematic review

Not a systematic review

No outcomes regarding joint structure assessed

Not a systematic review

AHRQ, Agency for Healthcare Research and Quality.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.
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Results of meta-analyses — subgroup
and sensitivity analyses
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Appendix 5

Results of RCTs fulfilling inclusion criteria

Intention-to-treat values are reported where possible; all results are from end of trial unless stated
otherwise.
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Appendix 7

Health economics methods —
informing the model

For developing the model of cost-effectiveness
of glucosamine, information from the clinical
review was used as the basis for evidence of the
clinical effectiveness and QoL gains. A separate
structured search was carried out to identify the
evidence relating to the costs and health outcome
measures that are used for economic evaluations of
health-care interventions for knee OA.

A systematic review of literature was conducted
to search for evidence on cost-effectiveness and
cost of illness studies relating to OA and use of
glucosamine and chondroitin. The MEDLINE
and EMBASE medical literature databases were
searched from 1950 to week 1 of February 2008
to identify relevant studies. We only considered
studies in English.

The following search terms were used to find
relevant cost-effectiveness studies: ‘glucosamine’

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

and/or ‘chondroitin’, combined with ‘economics’,
‘costs or economics’, ‘quality of life’, ‘quality
adjusted life years’, ‘satisfaction’. This search
retrieved 217 articles from MEDLINE(R), and

we also ran those key words in EMBASE for the
period 1980 to week 6 of 2008 and retrieved 180
papers. From the articles retrieved, the health
economics research fellow read each abstract

to identify whether the study was relevant for
inclusion. A study was relevant if a comparison

of costs and consequences (effectiveness, QoL

or QALY) between placebo (or usual care) and
glucosamine sulphate, glucosamine hydrochloride
or chondroitin (or some combination of the three)
was undertaken and reported in the paper. No
relevant studies matched these criteria; thus, it was
not possible to undertake a critical appraisal of
published studies.
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