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No disease-modifying treatments are currently available for osteoarthritis (OA). While many
therapeutic approaches are now being investigated it is ethical to resort to alternative
solutions as that we already possess. There are many reasons for thinking that, at
sufficiently high doses, glucosamine (GIcN) sulphate possesses a clinically relevant
effect on OA pain. Wide inter-individual variations in the symptomatic effects of GlcN
are explained by the extreme variability of its bioavailability. In studies evaluating its
structure-modifying effect, GIcN was more effective than placebo in reducing the rate
of joint space narrowing in patients with knee OA. More recent data suggest that GIcN may
be effective in the primary prevention of OA in sportsmen. There is no controversy
concerning the safety of GIcN which does not differ to that of placebo. Several studies
have recently revealed an unexpected effect of GIcN on cardiovascular mortality. After
adjusting for confounding factors, the regular consumption of GIcN correlated with a 27%
reduction in mortality and a 58% reduction in deaths from cardiovascular causes. These
data confirm animal studies demonstrating a protective effect of GIcN against cancer and
cardiovascular diseases due to modulation of the O-GlcNAcylation pathway. Disorders in
O-GlIcNAgcylation are involved in diabetes, obesity and cancers, which all feature chronic
low-grade inflammation (CLGI). By regulating CLGI, GIcN may be beneficial to the
symptoms of OA, its outcome and to that of the concomitant chronic pathologies,
making GIcN as a valuable candidate for the treatment of OA in patients with
metabolic syndrome, diabetes or cardiovascular diseases.

Keywords: glucosamine, OA, O-GlcNAcylation, treatment, low-grade inflammation, chondroprotective, cardio-
vascular mortality, metabolic syndrom

INTRODUCTION

Osteoarthritis (OA) is a major cause of pain and disability in subjects older than 50 years with a
significant impact on physical performance and quality of life. Its prevalence is increasing worldwide
with the aging of the population and the increase in risk factors such as obesity, resulting in a
significant public health problem and socioeconomic burden. However, OA is not the exclusive
preserve of elderly and also affects younger people, especially those having risk factors such as
overweight, metabolic syndrome or joint injury (Kloppenburg and Berenbaum, 2020). The
pathophysiology of OA is complex and involves, at various levels, interactions between
mechanical, genetic, metabolic and inflammatory mechanisms. Anatomically OA is characterized
by articular cartilage breakdown, subchondral bone remodelling and synovial low-grade
inflammation. To date no disease-modifying therapeutics are currently available for OA due to
an insufficient understanding of the pathogenesis, and a delay in the therapeutic management, due to
the lack of a sufficiently sensitive biomarker allowing to make the diagnosis during the early

Frontiers in Pharmacology | www.frontiersin.org 1

March 2022 | Volume 13 | Article 820971


http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2022.820971&domain=pdf&date_stamp=2022-03-17
https://www.frontiersin.org/articles/10.3389/fphar.2022.820971/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.820971/full
http://creativecommons.org/licenses/by/4.0/
mailto:thierry.conrozier@hnfc.fr
https://doi.org/10.3389/fphar.2022.820971
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2022.820971

Conrozier and Lohse

asymptomatic phase of the disease. At an advanced stage the
treatment of OA is mainly based on symptomatic measures or
joint replacement surgery. On the other hand, if the diagnosis is
made early, developing treatments to slow the progression of joint
degradation is a reasonable goal. Thanks to recent achievements
in understanding the causes of the cartilage degradation many
therapeutic approaches are now being investigated (Hochberg
et al, 2019; Ghouri and Conaghan, 2019; Stevens et al., 2019;
Thorup et al., 2020; Yazici et al., 2020; Fernandez-Martin et al.,
2021). However, we cannot hope for a structure-modifying
treatment to be marketed for several years. In clinical daily
practice all the care-givers must legitimately ask them the
following question: Is it ethical not to bring forward patients
anything at all (except symptomatic treatments, most of which
having frequent and sometimes serious side effects) until a real
chondroprotective agent has been launched on the market?

This mini review is not a systematic review and does not aim to
provide all the data published on this topic, but, as the title
indicates, is intended to ask a question. Is it possible that
glucosamine actually has a beneficial effect on osteoarthritis?

The committed stance of the authors is to emphasize that,
despite controversies, a number of data suggest that the long-term
prescription of glucosamine could be beneficial for OA patients,
both symptomatically and in terms of cardiovascular status.

Glucosamine (2-amino-2-deoxy-p-d-glucopyranose) is an
endogenous amino-monosaccharide synthesized from glucose
and utilized for biosynthesis of glycoproteins and
glycosaminoglycans  of joint cartilage which, when
administered orally as the sulphate or hydrochloride, is
considered to be a medicinal product of the class of
symptomatic slow acting drugs for OA (SYSADOA). It has
been used as an OA disease-modifying medicine for over
50 years (Vetter, 1965). Glucosamine is recommended for the
treatment of knee by most European scholarly societies (Jordan
et al., 2003; Bernetti et al., 2019; Bruyere et al., 2019; Sellam et al.,
2020), but not by US ones (Bannuru et al., 2019; Kolasinski et al.,
2020). However, with the exception of ESCEO, which
recommend glucosamine as first-line treatment along with
other SYSADOAs (Jordan et al, 2003), it is commonly
considered as an adjunctive treatment, of modest symptomatic
efficacy, mainly used for its excellent safety and because of its
sparing effect on analgesic medications, notably NSAIDs,
potentially much more dangerous (Dougados, 2006). However
recent data, in particular studies demonstrating decreased
cardiovascular mortality in patients receiving long-term
treatment with glucosamine (Li et al., 2020) and the discovery
of its mechanism of action on chronic inflammation (Herrero-
Beaumont and Largo, 2020), have changed the perspective on this
molecule, the indications of which could be considerably
expanded.

SYMPTOMATIC EFFECTS IN OA

Despite contradictory results in studies, there are numerous
reasons for thinking that, at sufficiently high doses, some
medicines containing glucosamine sulphate possess a
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significant and clinically relevant effect in OA (Gregori
et al., 2018). Several randomised controlled studies have
shown a symptomatic effect superior to placebo (Noack
et al.,, 1994) and not inferior to that of an NSAID (Miiller-
Fassbender et al., 1994). The most recent meta-analyses
confirm the symptomatic efficacy of pharmaceutical grade
glucosamine sulphate, with results showing a standardised
mean difference ranging from —0.29 [95% CI —0.49 to —0.09]
(Sellam et al., 2020) and —0.35 [-0.54 to —0.16] (Knapik et al.,
2018; Beaudart et al., 2020; Ton et al., 2020), which evidences a
moderate effect not significantly different from results
obtained with other classes of oral symptomatic OA drugs,
notably the NSAIDs. OARSI classifies the efficacy of
glucosamine as “uncertain,” due to a very variable effect
size ranging from 0.17 [0.05-0.28] (low) to 0.47 [0.23-0.72]
(moderate) depending on study quality and especially
depending on the type of glucosamine studied
(hydrochloride versus sulphate, pharmaceutical grade or
not) (Bannuru et al., 2019). The key point, which seems to
confirm the objective nature of the improvement, is that the
analgesic effect occurs after several weeks treatment
(Conrozier et al., 2019) and that it persists for several
weeks after discontinuation of treatment, which does not
resemble a placebo response but is rather the definition of
an SYSADOA. One can nevertheless question the clinically
relevant nature of the clinical improvement, which is often
found to be lower than the MCII (Minimum Clinically
Important Improvement). However, beyond the data from
the studies, the fact that the commercial market for
glucosamine is growing despite the wide publicity given to
negative clinical trials, is consistent with the possibility that
some patients obtain significant clinical benefits (McCarty
et al, 2019), as in the PREDOA study where a clinically
relevant improvement was noted in 63% of 2,030 patients
treated for 6 months (Conrozier et al., 2019). One explanation
of the wide interindividual variation in the symptomatic
effects of glucosamine is the extreme variability of its
bioavailability. (Asthana et al, 2020) Following oral
administration, mean bioavailability is low, in the order of
25%, but with considerable variation between subjects
according to a ratio of 1:100 (Li et al., 2020). The reasons
for these variations remain unknown but an animal study has
shown a 1.7-fold increase in plasma concentrations when
glucosamine is taken on an empty stomach and in the
evening, suggesting an influence of circadian rhythm (Seto
et al, 2020). It is also important to know that the concomitant
administration of glucosamine and chondroitin reduces the
absorption of the former substance by 58% (Jackson et al,
2010). This effect of competition in cells of the intestinal is not
without consequence because while glucosamine and
chondroitin are both effective on the symptoms of OA, this
is not the case when the two are combined, as highlighted by
the meta-analysis of Zhu et al. (2018). Following absorption,
synovial ~fluid concentrations of glucosamine are
approximately double those in the serum. A possible
hypothesis is that sufficient doses of oral glucosamine may
have a positive effect on the synthesis of hyaluronic acid by the
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human synovial cells, as suggested by in vitro studies (Igarashi
et al., 2011).

STRUCTURAL EFFECTS IN OA

The structural effect of oral glucosamine in knee OA was assessed
in double-blind, randomized, controlled trials, lasting at least
1 year and reporting as outcome measures both the symptom
severity and the radiological joint space width progression over
time (Reginster et al., 2001; Pavelka et al., 2002; Poolsup et al.,
2005). Glucosamine sulphate was found to be more effective than
placebo in reducing the rate of joint space narrowing at the
tibiofemoral compartment in patients with knee OA, slowing its
progression by 54% (RR = 0.46; 95%CI 0.28-0.73; p = 0.001) with
NNT (number of subjects needed to treat to reach the objective)
of 9 (95% CI 6 - 20) (Pavelka et al., 2002). Although the figures
appear very encouraging (in comparison the NNT of alendronate
for prevention of vertebral fracture is 16 for secondary prevention
and 50 for primary prevention) (Holder and Kerley, 2008), they
may logically be considered as non-clinically relevant when
limiting results to the rate of joint space narrowing compared
with placebo, which is only 1/10th of a millimetre per year
(-0.31mm [95% CI -048 to -0.13]) for placebo and
—-0.06 mm [—-0.22 to 0.09)] for glucosamine sulphate over a 3-
year period) (Reginster et al., 2001). Nevertheless these values are
not lower than those obtained by Sprifermin (recombinant FGF-
18) (Hochberg et al., 2019) which is nonetheless often presented
as the next generation “chrondroprotector”. It is particularly
interesting to note that in patients with a high cartilage
turnover, demonstrated by a very high level of urinary CTX-II
before treatment, Christgau et al. noted a significant decrease in
CTX-II levels after 12 months of glucosamine treatment and that
the change in this level was predictive of radiologically-visible
joint narrowing at 3 years (R = 0.43; p < 0.05) (Christgau et al,,
2004). These data tend to support an effect, admittedly modest,
but statistically significant, of glucosamine in secondary
prevention of exacerbation of OA of the knee.

More recent data even suggest that glucosamine may be
effective in the primary prevention of OA. This was the
finding of a Japanese team who studied the effect of
glucosamine on markers of the synthesis (CP 1II) and
breakdown (u-CTX-II) of type II collagen in young athletes
(rugby and soccer players) and in non-athletes paired for age
(Nagaoka et al, 2019). Before treatment, levels of biomarkers
were significantly higher in the athletes. After 3 months of
treatment with glucosamine 1.5 or 3g/day, the levels of
biomarkers in the athletes had returned to the levels of the
control subjects, and 3 months after discontinuation of
treatment these had again increased. In a second study
(Tsuruta et al., 2018) they randomised the athletes to receive
either a dietary supplement containing 2 g of glucosamine or a
placebo. After 3 months of treatment the u-CTX-II levels had
significantly decreased in the glucosamine group but not in the
placebo group. These 2 studies suggest that the administration of
high doses of glucosamine (2-3 g per day) has a positive effect on
cartilage metabolism in vivo, thus confirming the effect observed
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in vitro, where glucosamine inhibits matrix metalloproteinase
production and chondrocyte apoptosis (Henrotin et al., 2012)
and stimulates haeme oxygenase-1 (HO-1), a key enzyme
regulating oxidative stress (Rousset et al., 2013).

SAFETY

In contrast to its efficacy, there is no controversy concerning the
safety in use of glucosamine; all meta-analyses and systematic
reviews conclude that its safety is excellent, not different from
placebo (Zhu et al.,, 2018). Conventionally, glucosamine is not
recommend in patients with shellfish allergy due to its origin (the
chitin of crustaceans) but reports of allergic phenomena, skin or
respiratory, are not found to any significant extent in the
literature. As glucosamine is a molecule similar to glucose its
use in diabetics has been discussed, but studies showed no effect
on blood glucose levels and hyperinsulinism at the doses used,
whether in healthy subjects or diabetics (Simon et al.,, 2011).

EFFECT ON MORTALITY

Several studies (Simon et al., 2011; King and Xiang, 2020; Li et al.,
2020) have recently revealed an unexpected effect of glucosamine.
Cardiovascular mortality and mortality all causes, was studied
from the clinical data of 16,686 subjects, participants in the
American national Survey on health and nutrition from 1999
to 2010. Of these participants, 4% had been taking glucosamine or
chondroitin for 1 year or more. During the study period, 20% of
participants died. After adjusting for age, sex, race, education
level, smoking and physical activity, the intake of glucosamine/
chondroitin correlated to a 27% reduction in mortality all causes
(HR = 0.73; [0.57 to 0.93]) and a 58% reduction in deaths from
cardiovascular causes (HR = 0.42; [0.23 to 0.75]). A Chinese study
in a cohort of 500,000 patients followed up for 9 years (Li et al.,
2020) found similar results, although slightly less convincing. A
notable finding was that the protective effect of glucosamine was
particularly marked in smokers (p = 0.0008). These results in
humans only confirm the very numerous animal studies which
demonstrate a protective effect of glucosamine against cancer
(lung and colorectal) and cardiovascular diseases (Largo et al.,
2009). However, the doses used in animal studies are generally
much higher than those authorised in humans.

It is thought that the beneficial effect of glucosamine is due to
modulation of the O-GlcNAcylation pathway (Herrero-
Beaumont and Largo, 2020) which is a reversible post-
translational modification, analogous to phosphorylation,
controlling the activity, location or stability of proteins,
depending on glucose availability, by adding N-Acetyl-
glucosamine to the serine or threonine residues of cytosolic or
nuclear proteins. Tardio et al. showed that in human OA cartilage
there is an accumulation of O-GlcNAcylated proteins associated
to an alteration in the expression of the enzymes that regulate this
glycosylation and an overexpression of hypertrophic
differentiation markers in chondrocytes (Tardio et al., 2014).
Changes in O-GlcNAcylation are involved in human disease such
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as diabetes, obesity and some cancers, pathologies which all
feature chronic low-grade inflammation causing numerous
complications. Hyperglycaemia combined with metabolic
syndrome is known to enhance inflammatory processes via
oxidative stress and the abnormally high levels of the
O-GIcNAc protein which increase the transcriptional activity
of nuclear factor kappa B (NFKB), the cause of diabetic
complications (Baudoin and Issad, 2015). However now we
know that there is a close relationship which links OA,
metabolic syndrome, diabetes, obesity and the resulting
cardiovascular diseases. It is therefore tempting to think that
by regulating the chronic low-grade inflammation which is
common to all these pathologies, glucosamine may be
beneficial to the symptoms of OA, its outcome and also to
that of the concomitant chronic pathologies. As it also acts on
oxidative stress by stimulating the production of HO-1 (Rousset
et al., 2013), and that its safety is well known, glucosamine is
today a valuable candidate for the treatment of OA in patients
with metabolic syndrome, diabetes or a history of cardiovascular
disease all of which contra-indicate the use of NSAIDs and intra-
articular corticosteroids.
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CONCLUSION

Well-known and used as a SYSADOA for many vyears,
glucosamine has been given a new lease of life with the
demonstration of its beneficial effect in some chronic
degenerative pathologies such as diabetes, obesity and
atherosclerosis. While we know that its activity regulating
O-GlcNAcylation is probably the reason for its effect on
chronic inflammation, there are nevertheless numerous points
requiring clarification such as optimal posology, the choice of salt
(sulphate or hydrochloride), treatment duration, bioavailability
and structural efficacy in primary or secondary prevention, before
glucosamine can be considered as an anti-osteoarthritic drug of
the future.
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