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Abstract: Background: The use of symptomatic slow-acting drugs for osteoarthritis (OA) (e.g.,
glucosamine, chondroitin) is largely debated in the scientific literature. Indeed, multiple formula-
tions of these agents are available, both as pharmaceutical-grade products and as nutritional sup-
plements, but while all preparations may claim to deliver a therapeutic effect, not all are supported
by clinical evidence. Moreover, few data are available regarding the cost-effectiveness of all these
formulations. Usually, access to individual patient data is required to perform economic evaluations
of treatments, but it can be challenging to obtain. We previously developed a model to simulate in-
dividual health utility scores from aggregated data obtained from published OA trials.

Objective: In the present study, using our new simulation model, we investigated the cost-
effectiveness of different glucosamines used in Germany.

Methods: We used our validated model to simulate the utility scores of 10 published trials that
used different glucosamine preparations. Using the simulated utility scores, the quality-adjusted life
years (QALYSs) were calculated using the area-under-the-curve method. We used the 2018 public
costs of glucosamine products available in Germany to calculate the Incremental
Cost/Effectiveness Ratio (ICER). We performed analyses for pharmaceutical-grade Crystalline
Glucosamine Sulfate (pCGS) and other formulations of glucosamine (OFG). A cost-effectiveness
cut-off 0of 30,000 €/QALY was considered.

Results: Of 10 studies in which utility was simulated, four used pCGS, and six used OFG. The
ICER analyses showed that pCGS was cost-effective compared to a placebo, with an ICER of 4489
€/QALY at month 3, 4112 €/QALY at month 6, and 9983 €/QALY at year 3. The use of OFG was
not cost-effective at any of the time points considered.

Conclusion: Using our previously published model to simulate the individual health utility scores
of patients, we showed that, in the German context, the use of pCGS could be considered cost-
effective, while the use of OFG could not. These results highlight the importance of the formula-
tion of glucosamine.
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1. INTRODUCTION

Ageing impairs most physical capacities, and the causes
of accelerated degeneration with age are mainly sedentary
and unhealthy lifestyles [1]. These variables are also risk
factors for osteoarthritis (OA). OA is the most frequent form
of arthritis and a leading cause of pain and disability that can
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negatively impact the health-related quality of life (HRQoL)
of patients [2, 3]. The pathogenesis of OA is complex, with
mechanical, genetic, metabolic, and inflammatory pathways
involved. There is some evidence that there are different OA
phenotypes that reflect different mechanisms of the disease
[4]. Risk factors can be divided into person-level factors,
such as sociodemographic characteristics (e.g., age, sex, obe-
sity, race/ethnicity), genetic predispositions, and diet, and
joint-level factors, including injury, malalignment, and ab-
normal loading of the joints [5]. However, it should be
acknowledged that very few pharmacological treatments
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have been shown to modulate their effects according to the
specificity of OA phenotypes.

As a result of the disability caused by OA, there is a po-
tential cost to the global economy. Indeed, healthcare re-
sources and costs associated with managing OA can be sub-
stantial. There have been many studies illustrating the extent
of economic burden due to knee OA. In a systematic review
of 39 studies that investigated the socioeconomic cost of
OA, the authors found that the annual incremental healthcare
costs of generalized OA ranged from €705 to €19,715, and
the non-healthcare-related costs ranged from €432 to
€11,956 [6]. The authors concluded that the social cost of
OA could be between 0.25% and 0.50% of a country’s GDP.
Another systematic literature search on the economic conse-
quences of hip and knee OA included 32 articles and showed
that the annual total costs per patient ranged from 0.7 to 12
k€, the direct costs per patient ranged from 0.5 to 10.9 k€
and the indirect costs per patient ranged from 0.2 to 12.3 k€
[7]. The authors noted that the weighted average annual costs
per patient living with knee and hip OA were 11.1, 9.5, and
4.4 k€ for total, direct and indirect costs, respectively.

Numerous pharmacologic and nonpharmacologic treat-
ment options are available to manage individuals with knee
OA. A number of recent guidelines have been developed to
help the treatment and management of knee OA [8-10]. In
the clinical practice guidelines for knee OA treatment re-
leased by the European Society for Clinical and Economic
Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal
Diseases (ESCEQO), the recommended approach, in addition
to nonpharmacologic treatment, is to initiate background
therapy with chronic symptomatic slow-acting drugs for OA
(SYSADOAs). However, there are many different agents in
the class of SYSADOAs, including glucosamine, chon-
droitin, diacerein, and avocado soybean unsaponifiables,
which are supported by heterogeneous clinical data. Moreo-
ver, multiple formulations of these agents are available, both
as pharmaceutical-grade products and nutritional supple-
ments. However, while all preparations may claim to have a
therapeutic effect, not all are supported by clinical evidence
[11]. Thus, when focusing on glucosamine products, the
ESCEO working group affords a strong recommendation to
the use of pharmaceutical-grade crystalline glucosamine sul-
fate (pCGS) as long-term background therapy for the man-
agement of knee OA and discourages the use of other formu-
lations of glucosamine (OFG) [10]. It is anticipated that the
future will bring disease-modifying treatments, but it is like-
ly that these will be expensive and ineffective in some pa-
tients. It is, therefore vital that the costs and the impact on
the HRQoL of the treatment are investigated so that the cost-
effectiveness of treatments can be examined and compared
[12]. It is indeed important that in a world with limited re-
sources and health care budgets, scarce resources are allocat-
ed efficiently.

Economics evaluation is one of the tools that could help
allocate resources more efficiently [13]. The most widely
used type of health economic analysis is cost-utility analysis
since it allows comparisons of different diseases. In these
analyses, the outcome of interest is the quality-adjusted life-
year (QALY), a generic measure of disease burden, includ-
ing both the quality and the quantity of life lived. It is indeed
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a product of life expectancy and HRQoL expressed in utility
(i.e., a measure of the value that an individual gives to a par-
ticular health state). Unfortunately, very few clinical trials
have directly assessed the utility of QALY's in OA. However,
we previously developed a model to simulate individual
health utility scores from aggregated data obtained in pub-
lished trials [14]. In the present study, we investigated, using
our new simulation model, the cost-effectiveness of the use
of different glucosamines in a German context.

2. METHODS

2.1. Clinical Trials Included

We used our published model to simulate the utility
scores of published trials [14]. The basic principle of our
model was to estimate utility and QALYs with data from clin-
ical trials of glucosamine. We took into account all clinical
trials used in the latest independent meta-analysis of glu-
cosamine published in 2014 [15]. However, since our new
model was based on the transformation of the WOMAC
score into a utility score using a validated formula, we only
included clinical trials that used the WOMAC score as an
outcome measure (see below). Consequently, as explained
below, a total of 10 studies were included (Table 1) [16-25].
This study was carried out in accordance with the Helsinki
Declaration Principles.

2.2. Model Description

Our model was based on 2 main characteristics. First, we
used a validated linear regression model to estimate utility
scores based on the age of the patient, the number of years
since he/she was diagnosed with OA and the three different
WOMAC subscale scores [26]. In fact, Grootendorst devel-
oped and estimated a prediction model using linear regres-
sion to map the WOMAC along with basic demographic and
OA disease severity data into utility scores. The utility score
= 0.5274776 + 0.0079767 x Pain +.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 x 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
root mean square error of the model was 0.1628 (95% ClI
0.1457 to 0.1779), the mean absolute error was 0.2065
(0.1846 to 0.2273), and the mean error was —0.0006 (-
0.0422 to 0.0397). Second, means and SD were extracted
from published articles after correction for the scales (to be
on the scale for WOMAC indexes as the one used in the
equation of Grootendorst), and we replaced missing data in
the summary statistics of published studies with data from
the study used to develop and validate the procedure [14].
We then simulated a total of 40,000 patients in each study
(20,000 glucosamine and 20,000 placebo) using the SIM-
NORMAL procedure of SAS that performs conditional and
unconditional simulations for a set of correlated normal or
Gaussian random variables.
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Table 1. General and demographic characteristics of the included trials.
First author Year of Publica- | Study Duration | Type of Glu- Population In- Women (N) Mean Age N:s:‘nns ?)ﬁrii]:::-
tion (weeks) cosamine cluded (N) (years) (vears)

Chopra et al. 2011 16 OGF 70 54 54 5

Cibere et al. 2004 24 OGF 137 77 64 3
Clegg et al. 2006 24 OGF 630 399 58 10
Frestedt et al. 2008 12 OGF 35 21 59 NA
Giordano et al. 2009 12 pCGS 60 42 58 6.3
Herrero-Beaumont et al. 2007 24 pCGS 210 185 64 7.3
Houpt et al. 199 8 OGF 101 73 64 83
McAlindon et al. 2004 12 OGF 205 132 >44 NA
Pavelka et al. 2002 156 pCGS 202 157 62 10.6
Reginster et al. 2001 156 pCGS 212 162 66 7.8

Table legend: OA, osteoarthritis; NA, not available; pCGS, pharmaceutical-grade crystalline glucosamine sulfate; OGF, other formulations of glucosamine.

Table 2. Incremental cost-effectiveness ratio results for studies using pCGS.
At 3 months At 6 months At 36 months
Mean (SD) QALY change pCGS 0.0164 (0.018) 0.0413 (0.038) 0.2701 (0,257)

Mean (SD) QALY change placebo

-0.0091 (0.025)

-0.0128 (0.042) 0.1306 (0,237)

Cost pCGS

119.9

239.8 1438.6

ICER 4701

4431 10312

Table legend: SD, standard deviation; QALY, quality-adjusted life years; pCGS, pharmaceutical-grade crystalline glucosamine sulfate; ICER, incremental cost/effectiveness ratio

(ICER).

2.3. Outcome Measures

We assessed the utility score at baseline and at the end of
the trial for 10 glucosamine trials that used the WOMAC
index. Among them, 4 used pCGS and 6 used OFG [16-25].
The utility estimates were used to calculate the QALYs using
the area under the curve method, which is the weighted aver-
age of time spent in the study, and utility value. If more than
one study was available for a particular time (e.g., 3 months),
we weighted each study according to the number of subjects
included in the trial. Regarding the costs, we used the 2018
public costs of glucosamine products available in Germany.

2.4. Cost-Effectiveness Analysis

The incremental cost/effectiveness ratio (ICER) was then
calculated. It was done by assessing the difference in cost
between glucosamine and a placebo (measured in Euros)
divided by the difference in their effect (measured in
QALY). We separated the analyses for pCGS and OFG. A
cost-effectiveness cut-off of 30,000 €/QALY was consid-
ered.

3. RESULTS

Of 10 studies in which utility was simulated, 4 used
pCGS. For these 4 studies, when looking at the QALY

change after 3 months, we observed an increase of 0.0164
points in the pCGS and a decrease of 0.0091 points in the
placebo group. The cost of pCGS for 3 months is €119.9.
The related ICER is then 4701 €/QALY, suggesting the cost-
effectiveness of pCGS. Similar results were obtained at 6
and 36 months, with ICERs of 4431 and 10312 €/QALY,
respectively (Table 2).

For the 6 studies that used OFG, the maximum duration
of the trial was 6 months, with data available at 2 and 3
months. After 3 months of treatment, the QALY change was
0.0036 in the glucosamine arm and 0.0023 in the placebo
arm. With a mean cost of €75.42 for 3 months, the ICER
showed that these OFGs were not cost-effective at 3 months.
Similar results were also obtained after 2 months (Table 3).
Moreover, at 6 months of treatment, from a health economics
perspective, the placebo was even better than these formula-
tions.

4. DISCUSSION

In our study, using a new model to simulate the individu-
al health utility scores of patients from clinical trials, we
have shown that pCGS but not OFG was cost-effective in the
management of knee OA in a German context. In a world
with increasing pressure on healthcare budgets, it is increas-
ingly important to find the most cost-effective option for
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Table 3. Incremental cost-effectiveness ratio results for studies using other formulations of glucosamine.
At 2 months At 3 months At 6 months
Mean (SD) QALY change other glucosamines 0.0025 (0.017) 0.0036 (0.024) 0.0044 (0.053)
Mean (SD) QALY change placebo 0.0010 (0.015) 0.0023 (0.026) 0.0074 (0.051)
Mean cost other glucosamines 50.28 75.42 150.84
ICER 33520 58015 Placebo better

Table legend: SD, standard deviation; QALY, quality-adjusted life years; ICER, incremental cost/effectiveness ratio (ICER).

managing OA. It has, of course, to be taken into account
when developing a clinical guideline or an algorithm for the
management of OA. In the model proposed by ESCEO, edu-
cation, weight loss (if overweight), and physical exercises
are considered the backbone of OA management. Indeed,
they have been shown to be effective in the management of
OA symptoms, but some data also suggest that they are cost-
effective [27]. For example, using a validated computer mi-
crosimulation, a team recently showed that a physical activi-
ty programme had an ICER of $16,100/QALY in inactive
knee OA patients followed over 3 years [28]. In another mi-
crosimulation study, a diet and exercise programme in addi-
tion to treatment in overweight and obese patients with knee
OA showed ICERs of $34,100/QALY and $30,000/QALY
from the health care sector perspective and the societal per-
spective, respectively [29]. NSAIDS, recommended by
ESCEO and other scientific societies, has also been shown to
be cost effective, even with OA subjects with comorbidities
[30-33]. Numerous medicoeconomic evaluations are also
available showing the cost-effectiveness of hyaluronic acid
injection in the management of OA [34-36]. Even total knee
arthroplasty and total hip arthroplasty showed evidence of
cost-effectiveness when compared to non-operative and non-
surgical procedures, according to a systematic review, in-
cluding 23 trials [37].

It is acknowledged that compliance and persistence with
therapy have some impact on economic evaluation [38, 39].
Since a substantial driver of compliance is safety, it is of
primary importance to propose to the patient treatment with
a low risk of adverse effects, at least in the early manage-
ment of the disease. In a recent systematic review and meta-
analysis on the safety of SYSADOAs, including 25 trials, it
was shown that glucosamine sulfate was not associated with
increased odds for any type of adverse event compared with
placebo [40]. Of course, the preference of the patient must
also be taken into account [41]. In a prospective, internet-
based, double-blind survey of 2073 adults with knee OA, it
was shown that the treatments most commonly offered to
patients were not those perceived as being the most effective
[42]. Moreover, patients were willing to pay a premium for
treatments that they perceived as being more effective and
resulted in longer-lasting pain relief. They also preferred a
treatment that can be administered with fewer visits to a phy-
sician. All these factors must be taken into account when
prescribing OA treatment, as they could impact patient com-
pliance.

In our study, we clearly showed differences in cost-
effectiveness among the different glucosamine products. In

fact, numerous clinical trials have assessed the clinical im-
pact of these products in the management of OA symptoms.
Indeed, among glucosamine preparations, only the pCGS
formulation has been proven to be efficacious in improving
pain and functional impairment, while for all other glucosa-
mine preparations, the evidence repeatedly demonstrates a
minimal effect [11]. For example, it has been shown in a
meta-analysis that trials using pCGS had a superior outcome
on pain in OA compared to other preparations of glucosa-
mine [15]. The major mechanism of action of pCGS could
relate to the inhibition of the cytokine intracellular signalling
cascade, namely, the activation of the nuclear factor-kappa B
pathway [43]. Moreover, in human osteoarthritic chondro-
cytes, glucosamine sulfate has been shown to inhibit IL-1-
induced activation [44]. Finally, it is interesting to note that
in vivo pCGS consistently reaches the plasma level of ap-
proximately 10 pM required to inhibit interleukin-1-induced
expression of genes involved in the pathophysiology of joint
inflammation and tissue destruction [45]. Consequently, the
ESCEO guidelines specifically recommend only pCGS to
maximize clinical outcomes, while claims of equivalence
from other formulations may be considered inappropriate.

We acknowledge some limitations in our study. The first
is related to the evaluation of the cost. In the context of re-
imbursement decisions, guidelines recommend adopting a
societal perspective, which is the broadest viewpoint for an
economic evaluation. Unfortunately, only the cost of the
treatment could be taken into account in our study. The se-
cond is the utility estimation from the WOMAC that might
not reflect the real accuracy, albeit the equation model was
previously validated. The third is that we have been able to
assess the utility and then the QALYs of studies that have
used the WOMAC score as it was needed for the calculation
of the utility score. This means that we did not include many
clinical trials that could have changed the results of our
study. The last is that we did not have access to the raw data
to perform the ICER evaluation; we only had access to data
published in the scientific literature. However, we used a
simulation model previously developed for a similar pur-
pose.

CONCLUSION

Using a validated model to simulate the utility scores of
10 published trials, we have shown that, in a German con-
text, that the use of pCGS is cost-effective, while the use of
other formulations is not, highlighting the importance of the
formulation of glucosamine products.
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