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Abstract

Symptomatic slow-acting drugs for osteoarthritis (SySADOAs) are a class of drugs characterized by
a slow-acting and prolonged symptomatic effect on osteoarthritis (OA), reducing pain and improving
the functional status. They include chondroitin (sulfated or not), diacerein, glucosamine (sulfated or
not), avocado-soybean unsaponifiables, and intra-articular hyaluronic acids. These medicines have
been widely copied, and today, many different preparations marketed as “dietary supplements” or
“nutraceuticals” are available for each of them on the OA and joint health market. These over-the-
counter products vary significantly in their extraction methods and purification techniques, resulting
in notable differences in content, composition, purity, bioavailability, biological effects, and safety.
Besides, there is a wide disparity regarding the regulatory and quality standards for dietary
supplements, as well as the compliance with these standards from one country to another, even
within the European Union. There is no control of the quantities/doses of the various components in
end-product supplements. This contrasts with the strict standards and quality controls that
accompany and govern the manufacturing and composition of pharmaceutical preparation. The aim
of this literature review was therefore to compare SySADOAs and dietary
supplements/nutraceuticals for AO, particularly in terms of composition, efficacy, safety and
tolerance. Our conclusion based on available evidence is that practitioners should be careful in using
dietary supplements and should prefer prescribing or recommending SySADOAs of pharmaceutical
grade in the management of OA.

Keywords: symptomatic slow-acting drugs for osteoarthritis; dietary supplements; osteoarthritis;
chondroitin; glucosamine; diacerein; avocado-soybean unsaponifiable; intra-articular hyaluronic
acid

1. Symptomatic Slow-Acting Drugs for Osteoarthritis

Symptomatic slow-acting drugs for osteoarthritis (SySADOAs) are a class of drugs characterized
by a symptomatic effect on osteoarthritis (OA) with delayed onset (1 to 3 months) but prolonged
action, and with efficacy persisting for several months after discontinuing treatment. This class of
drugs includes chondroitin (sulfated [CS] or not), diacerein, glucosamine (sulfated [GS] or not),
avocado-soybean unsaponifiables (ASUs), and intra-articular hyaluronic acids (IAHA).

These drugs primarily aim to reduce pain and improve functional status. Their efficacy has
mainly been studied in knee and hip OA, as well as in hand OA for some of them.

The SySADOA class of drugs was first described in the 1990s [1,2] and then internationalized by
Michel Lequesne [3].

There are many preparations available containing one or more of these products as active
compounds. In most countries, they are considered as dietary supplements and sold over the counter.
However, in some countries, including France, some of these preparations — historically the oldest
— are classified as drugs due to their pharmaceutical grade, preparation and production methods,
and are or have been covered by national health systems/health insurances.
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These medicines are generally well tolerated, apart from diacerein, which causes frequent
diarrhea and, in some cases, hepatitis. For this reason, European health authorities have prohibited
its use in patients over 65 years old.

Treatment recommendations for the management of OA (knee, hand, and hip) currently vary
widely regarding SySADOAs. The European Alliance of Associations for Rheumatology
recommends them as symptomatic treatments with no structural effect in knee and hip OA [4,5], but
only advises the use of chondroitin (specifically CS) in its recent guidelines for the management of
hand OA [6] based on a high-quality randomized controlled trial [7]. The American College of
Rheumatology does not recommend using them, except for IAHA, which can be used under certain
conditions [8]. The OsteoArthritis Research Society International (OARSI) also does not recommend
them, except for IAHA [9]. The European Society for Clinical and Economic Aspects of Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases (ESCEO) has issued positive recommendations for CS
and GS of pharmaceutical grades, as well as for IAHAs as second- or third-line treatments [10].
Finally, the French Society of Rheumatology's guidelines for the management of knee OA positively
recommend their use as symptomatic treatments, including IAHA [11]. So do also other national
societies of rheumatology therapeutic recommendations for the management of OA, in many
countries.

These drugs have been widely copied, and today, many different preparations marketed as
“dietary supplements” or “nutraceuticals” are available for each of them on the OA and joint health
market.

Consequently, there is a wide variety of products containing chondroitin and glucosamine
(sulfated or not), the two most commonly reproduced compounds, which are often combined with
each other or other ingredients.

These chondroitin and glucosamine preparations vary significantly regarding their extraction
methods and purification techniques, resulting in notable differences in content, composition, purity,
bioavailability, biological effects, and safety [12]. Chondroitin is a major glycosaminoglycan in the
structure of the cartilage matrix (notably playing a role in its hydration). Figure 1 summarizes the
potential pathophysiological targets of CS on the chondrocyte in OA.

Glucosamine and chondroitin are linked to proteoglycans in the cartilage matrix. In available
dietary supplements, they may be sulfated or not, and the doses vary greatly (ranging from 50 to 500
mg per dosage unit for glucosamine and from 50 to 400 mg for chondroitin).
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Figure 1. Pathophysiological targets of chondroitin sulfate on the chondrocyte in osteoarthritis [13]

To illustrate the variety of preparations that mimic brand-name medicines, Figure 2 shows the

ASU-containing products listed by Christiansen et al. in their literature review on ASUs [14]

© 2025 by the author(s). Distributed under a Creative Commons CC BY license


https://doi.org/10.20944/preprints202510.1999.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2025 d0i:10.20944/preprints202510.1999.v1

4 of 16

Company'Manufacourer Brand Mame Diasage Form Orcher Ingredients Excipients on the Label

Muramax Laboratones, Inc. Avaca ASU AwroradadSaybean CipiMEM
Unsapanifiables, non-
shelfish glucosamine,

NME 1000
Metisulforpdmech
Green ten exrace
Helseudsalg Faaborg Denmark AwoSol fevocada 100 mglSoy 200 Witamin € 30 mg Glucose syrup, ax gelaan,
mg Unsaponifiables say protein solate, extract
rich in tecophercl, slicon
dianide. magnesium saks
fram farty acids
Dor. Theas Ctffical, USA Avcsay Aorade-Sopbean Vitamin C &0 mg Cellubaze, dicalcium
Unsaponifiables phosphate. sodium
croscarmellose, slicon
dioxide, JUm Acicia.
vegemble steanc acid, film
Coating, Magnesium stearats
Witamin E 30 U
Marganese 2 mg
Cor. Theas Cffical, USA AvcsayComplete Aworado-Soybean ¥itamin C &0 mg
Unsapanifables 300 mg
Glucosamine 1,500 mg Witamin E 30 U
Porcine chandroicin 80 mg  Manganese 2 mg
Swanson Healch Producrs. Awchica 1030 mg Unsaponfables A% fesicosceral, Soy proten sobre, mixed
Fargo, WD, LSA& Persea gratissima campesterol, tocophercls, silica
sogmasterel
Glyone max Micracrysaalline cellulase
{plart fiber), gelaon,
Magnesium stearace
Pharmin, LISA, LLC, Arthrocen 300 mg Awvarade 100 mgiSoy 200 Persea gratissima Siica. magnesium stearate
Formulacian Technalogy, mg Unsaponifiables {E470h manufecnsred from
LiSA vepemble oil). and gelaan
fines
Glycine max
Muramax Laboratones. Inc. Cosamin A3U fvoradodSaybean Ghecosamine Sulface
Unsapenifiables
Chandaiting Sulfare
Maximum Internananal, US4 Maximize ASLMI0-Avocada Say Irarc 1.1 mg (from Microcrysaalling
Unsapenifiables Sierraiil) cellulose, maleodexerin,
crascarmellose sodum,
silicon dioxide, scearnc
aod, hydroxypropylm
ethyloelhdose,
hydrosypropylcellulos,
magnesium stearate,
palyethipiens ghyced
SierraSil: 800 mg Iran cowmcicy
recammendazuon an the
CONCAnEr
Ewpanscience Lab, Prscledine 300 AvaradodSaybean Mot described Barrylated hydrosyraluene
Cowrbevore. Franoe; Unsaponifiable (BHT) 003 mgicapsude

Pharmascience, Moncreal,
Canada; Prarma Iriv., Chile
5A, Zantiago; Sclvay Ins.;
Riol. Chensaterapicosels;
Micrasues ¥ Berrabo
Seegfried, Rhein
Collaidal anhydrous silica

Figure 2. Composition of different avocado-soybean unsaponifiables [14].

Initially reimbursed in France, SySADOAs have undergone a succession of suppression of
reimbursements: from 65% to 35%, then to 15%, and finally a total delisting on March 1, 2015, for
glucosamines —the last SYSADOAs to be cancelled from reimbursement after ASU, diacerein, and
CS. These medicines are now sold at free with widely varying prices in pharmacies.

2. Dietary Supplements and Nutraceuticals for Joint Health and Osteoarthritis

Dietary supplements take the form of capsules, tablets, liquids, or powders. They are designed
to “correct nutritional deficiencies”, maintain adequate nutrient intake, and support specific
physiological functions according to international regulatory definitions. They are not medicines and,
as such, they cannot claim to have pharmacological, immunological, or metabolic effects. Therefore,
they are not intended to treat or prevent diseases in humans or modify physiological functions. The
regulations governing them vary from country to country, including differences within the European
Union.
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Nutraceuticals (formed from the words “nutrition” and “pharmaceutical”) are substances
supposed to have therapeutic and nutritional effects. There is a growing demand for them. However,
due to the varying legislation in different countries, nutraceuticals face safety issues and challenges
in justifying health claims. They can be defined as food or parts of food products that provide medical
benefits, including the prevention and/or treatment of diseases.

Additionally, the term “nutraceutical” is commonly used in marketing, but it has no consensual
regulatory definition. Currently, these products are not subject to specific regulations regarding their
composition, manufacturing, packaging, etc. In the United States, the term is not even defined by
legislation.

Following the launch of SySADOAs, a large number of dietary supplements for joint health have
been commercialized. These supplements vary greatly in presentation, composition, and dosage.
Currently, France ranks third in Europe for dietary supplement consumption [15].

A comprehensive search of joint supplements available in France in early 2024 yielded a list of
no fewer than 1,462 products (including all products, with different dosages, presentations, and unit
counts per box). Figure 3 shows the six main products currently used in France by patients with OA.
Most contain chondroitin and/or glucosamine, sulfated or unsulfated.

CHONDRO

Figure 3. The six main dietary supplements used for osteoarthritis in France (Source: IQVIA SOG UN, August
2025,).

These supplements are currently dispensed freely by pharmacists without any prescription in
most cases, at the patient's request. They are not reimbursed, and their prices vary considerably from
one pharmacy to another. Additionally, they are widely distributed and available for direct order
online, as well as sold in some supermarkets. This is also the case in many other countries worldwide.

Searching for the words “chondroitin”, “glucosamine”, “avocado-soybean unsapo-nifiables”,
and “diacerein” in France yields the following results for medicines: CS: Chondrosulf® 400, 800, or
1200 mg and Structum® 500; diacerein: ART 50 mg, Zondar 50, and Diacérhéine Biogaran 50; GS:
Osaflexan 1178 mg and Dolenio 1178 (discontinued in 2022); glucosamine hydrochloride: Flexea® 625,
Structoflex® 625, and Voltaflex® 625; ASU: Piasclédine® 300 mg.

Unlike medicines, the European Food Safety Authority has ruled that dietary supplements
containing CS—i.e., non-medication products—are not entitled to make joint health claims, since data
on the efficacy of CS in OA have been systematically obtained from randomized, controlled clinical
trials involving the pharmaceutical grade CS, as detailed below.

Similarly, regarding GS-containing dietary supplements, claims of effects on “mobility” or “joint
surface health”, as well as claims of “slowing down the process of cartilage destruction and
consequently reducing the risk of OA”, have been prohibited since 2012.

3. Clinical Evidence of the Efficacy and Safety of SySADOAs
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https://doi.org/10.20944/preprints202510.1999.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2025 d0i:10.20944/preprints202510.1999.v1

6 of 16

A large number of randomized, placebo-controlled clinical trials have been conducted and
published. These trials mainly involved CS [16-23], GS [24-30], ASUs [31-36], and to a lesser extent,
diacerein [37,38]. A key point is that nearly all of these trials were conducted using medicines in
patients with radiologically advanced, symptomatic OA. As for chondroitin and glucosamine, an
academic initiated trial was conducted using non-pharmaceutical-grade CS and glucosamine
hydrochloride. The results were negative overall, but a significant improvement in pain and
functional discomfort versus placebo in the most symptomatic patients at baseline was reported [39],
which seems consistent with the effects of these treatments.

As for chondroitin, a recent review by Honvo et al. [29] found only two trials involving a dietary
supplement and products of various origins without further specification, as shown in Table 1.

The extensive 2015 Cochrane review of chondroitin [23] lists 43 controlled trials versus placebo
or non-steroidal anti-inflammatory drugs using chondroitin (unspecified whether sulfated or not),
either alone or in combination with glucosamine. It does not specify whether the preparation
administered to patients was a pharmaceutical grade or a supplement and concludes that chondroitin
has a statistically significant and clinically meaningful effect on the symptoms of knee or hip OA
(pain and functional discomfort measured by the Lequesne index [40]). The Cochrane group also
points to a possible structural effect in terms of slowing radiographic joint space narrowing. In the
conclusion of this review, chondroitin is described as a “dietary supplement”.

Several randomized, placebo-controlled trials have been conducted on large patient populations
(up to 400 patients) over treatment periods of 2 or 3 years to evaluate the potential structural effects
of these drugs. All trials used pharmaceutical-grade preparations, notably for CS and GS. In general,
these studies concluded that CS [21,22], GS [25], ASU [34,35] and diacerein [37] may have a structural
effect on knee OA in the case of CS and GS, or on hip OA in the case of ASU and diacerein, as
measured by a reduction in joint space narrowing on standard radiographs (coxo/gonometry
developed by Lequesne [41]) compared to the placebo groups.

Finally, two randomized controlled trials on finger OA have been published to date. The first
was an academic study [20], comparing CS with placebo and concluded that it was effective in
reducing pain and functional discomfort (Functional Index for Hand Osteoarthritis [42]). The other
study compared diacerein to placebo, with no statistically significant difference on symptoms [43].

Table 1. Characteristics of the studies included in the meta-analysis by Honvo et al. [29].

Age of Outcome(s) Concomitant
. L . Nature of the . Treatment .
Location participants in CS daily . data anti-OA
Study compound duration L.
of OA treated groups (brand) dose (weeks) extracted for medication
(mean £ SD) W analyses allowed
Active a:
63.011.0 L x Spontaneous
Bourgeois Active b: Pharmaceutical- 1200 mg .
Kn 1 k AS; LI AID
et al. [28] e 63.0+9.0 grade (IBSA) 3 % 3 weeks paig;a\l’sci’re > NSAIDs
Placebo: 400 mg
64.0+8.0
Active: Pain during
Bucsi and 60.6+9.6 Pharmaceutical- 1 x ..
Poor [29] Knee Placebo: grade (IBSA) 800 mg 26 weeks  activity, VAS; None
LI, total score
59.4+9.0
Active:
Clegg et al. 58.2+10.0 NA (various 3 x .
[30] Knee Placebor: suppliers) 400 mg 24 weeks ~ WOMAC pain None
58.2+9.8
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. iAge of ' Nature of the ' Treatment Outcome(s) Conc?mltant
Location participants in CS daily . data anti-OA
Study compound duration L.
of OA treated groups (brand) dose (weeks) extracted for medication
(mean £ SD) W analyses allowed
Active: Dietary 2%
Fransen et 59.5+8.0 supplement (TSI . Opioids,
al. [31] Knee Placebo: Health Sciences, 0‘:122 g:fl’ 104 weeks  WOMAC pain NSAIDs
60.6+ 8.1 Australia) Y
Active:
Gabay et 63.9+8.5 Pharmaceutical- 1 x VAS global
H 2 k i N
al. [32] and Placebo: grade (IBSA) 800 mg 6 weeks pain one
63.0+7.2
Active:
Kahan et 62.9+£0.5 Pharmaceutical- 1%
Kn 104 ki MA i AID
al. [33] e Placebo: grade (IBSA) 800 mg 04 weeks - WOMAC pain NS S
61.8+0.5
Active: Pharmaceutical-
Mazi Hi 45+1.14 X 2 Pain VAS; LI,
azieres et P or 64.5 grade (Pierre ) 13 weeks ain VAS NSAIDs
al. [34] knee Placebo: Fabre) 1000 mg total score
63.3+£1.07
Active:
. Pharmaceutical- Pain during
== . X ..
Mazieres et Knee 67.3£7.8 grade (Pierre 2 13 weeks activity, VAS; NSAIDs
al. [33] Placebo: Fabre) 500 mg LI, total score
66.9+8.0 ’
Active:
. Pharmaceutical- Pain on
0=£8.
Mazieres et Knee 66.0£8.8 grade (Pierre 2~ 24 weeks activity, VAS; NSAIDs
al. [36] Placebo: Fabre) 500 mg LL total scor
66.0+7.7 © > 1ot seore
Active:
Michel et 62.5+9.1 Pharmaceutical- 1 %
Kn 104 k MA! i NSAID
al. [55] e Placebo: grade (IBSA) 800 mg 04 weeks  WOMAC pain S s
63.1+10.7
Active: 2%
. L . . )
Moller et Knee 58.6+x11.4 Pharmaf:e}ltlrc?l 400 mg, 13 weeks Pain VAS; LI, None
al. [37] Placebo: grade (Bioibérica) once dail total score
61.0+10.4 Y
Active: . .
Monfort et 63.7+7.6 Pharmaceutical- 1% Knee interline
Knee e, . 17 weeks pressure test, None
al. [38] Placebo: grade (Bioibérica) 800 mg ain on NRS
65.6+6.2 P
Active:
Pharmaceutical- Pain on
Railh 682 . 2 x .
arthac et Knee 63.6+8 grade (Pierre 48 weeks motion, VAS; NSAIDs
al. [39] Placebo: Fabre) 500 mg LI, total score
66.5+8.1 ’
Reginster Knee Active: Pharmaceutical- 1 x 26 weeks Pain VAS; LI, None
etal. [13] 65.5+8.0 grade (IBSA) 800 mg total score
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. iAge of ' Nature of the ' Treatment Outcome(s) Conc?mltant
Location participants in CS daily . data anti-OA
Study compound duration L.
of OA treated groups (brand) dose (weeks) extracted for medication
(mean £ SD) W analyses allowed
Placebo:
64.9+8.0
Active:
Uebelhart 60.0+13.0 Pharmaceutical- 1 x Spontaneous
Kn 2 k : N
et al. [40] ce Placebo: grade (IBSA) 400 mg 52 weeks pain, VAS one
57.0+£11.0
Active: Spontaneous
Uebelhart 63.2+9.1 Pharmaceutical- 1 x
Kn 2 ks? i AS; LI
et al. [41] e Placebo: grade (IBSA) 800 mg 6 weeks®  pain, VAS; L, None
total score
63.7+8.1
Active:
Wildi et al. 59.7+9.4 Pharmaceutical- 2 %
Kn 2 k MA i AID
[42] e Placebo: grade (Bioibérica) 400 mg 6 weeks  WOMAC pain NS S
64.9+9.5
Active a:
65.4+£104 1 x Global pain
Zegels et Active b: Pharmaceutical- 1200 mg ] ’
al (43 Knee 653+8.8 grade (IBSA) 3 x 13 weeks VASS’CI;i;mtal None
Placebo: 400 mg
64.9+10.6

4. Pharmaceutical-Grade SySADOAs versus Supplements/Nutraceuticals: The
Example of CS

Are Chondroitin Supplements and Medicines Biologically Equivalent?

Stellavato et al. compared the qualities and biological properties of dietary supplements versus
pharmaceutical preparations of CS in two studies, one on European products [44], the second on
products available in the United States [45]. In the European study, ten supplements were compared
with two CS pharmaceutical-grade products. The American study compared three supplements and
two pharmaceutical-grade products.

Neither the European CS supplements, nor those marketed in the USA, have demonstrated the
properties and biological effects of CS pharmaceutical-grade preparations on the various
pathophysiological targets in OA in these two studies carried out in vitro on cell cultures.

CS dietary supplements had lower purity and higher residue levels than medicines; all
supplements had some non-soluble fraction. They all contained keratan sulfate, which made up more
than 50% of the total level of glycosaminoglycans declared on the label. Nine of the ten supplements
in the European study and all three American supplements contained far less chondroitin than
indicated on the label.

Cells treated with samples that were diluted to present the same concentration of chondroitin in
the medium exhibited cytotoxicity for seven out of ten of the dietary supplements, while the CS drugs
preserved their viability. Pharmaceutical-grade CS products reduced the NF kappa B pathway
(nuclear factor kappa-light-chain-enhancer pathway of activated B cells), which is associated with the
pathophysiology of OA, by increasing in vitro and vivo (animal models) the expression of
inflammatory mediators such as interleukin-1 beta, tumor necrosis factor alpha, interleukin-6,
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interleukin-8, cyclooxygenase-2, chemokines and colony-stimulating factors, and were shown to
regulate cartilage oligometric matrix protein (COMP) and hyaluronidases.

Analyses of the American supplements produced similar conclusions [45]. The bioavailability
and plasma concentration of pharmaceutical-grade preparations, particularly GS, correspond to
levels of potential clinical efficacy.

Restaino et al. [46], assuming that the manufacturing of chondroitin or glucosamine
supplements for anti-OA purposes is not subject to the same quality control rules as pharmacological-
grade preparations, analyzed 25 supplements versus two pharmaceutical-grade products from eight
European countries, using high-resolution chromatography, amperometric detection, triple detection
chromatography, capillary electrophoresis, single- and two-dimensional nuclear magnetic resonance
spectroscopy, and cell models of human chondrocytes and synoviocytes to study their biological
effect. Of the 25 samples, 19 contained up to 60.3% less chondroitin and/or glucosamine than
indicated on the packaging. All the supplements showed high levels of keratan sulfate contamination,
up to 47%. Additionally, CS of various animal origins and molecular weights were identified in over
32% of the samples. Only one sample had an in vitro biological effect almost comparable to that of
the drugs.

These three studies suggest that dietary supplements are far from having the physicochemical
qualities and biological properties of pharmaceutical-grade preparations, which are a prerequisite for
a positive effect on patients' joint health.

This is endorsed by the ESCEO working group led by Bruyere et al. [47], which emphasized that,
based on available evidence, the ESCEO favors the use of CS or GS products judiciously selected for
their pharmaceutical qualities, in order to optimize clinical benefit and patient compliance. This
recommendation to use only evidence-based formulations also applies to other SyYSADOAs (ASU,
diacerein).

ASUs at a dose of 300 mg were clinically compared with pharmaceutical-grade CSin 361 patients
with femorotibial gonarthrosis over 6 months, with good clinical efficacy in both treatment groups,
in terms of pain and functional discomfort (-4 points on the Lequesne index), and good tolerability
(gastrointestinal effects in both groups, judged to be unrelated to the treatments) [48]. This is one of
the few comparisons between Sy-SADOAs, apart from studies of CS or GS versus the combination of
the two.

However, to our knowledge, no clinical trial has compared a SySADOA with its dietary
supplement counterpart.

As far as ASUs are concerned, to the best of our knowledge, all controlled clinical trials
conducted in knee and/or hip OA have used the controlled drug preparation reimbursed in France
and other countries, and not ASU-NMX 1000TM (Nutramax Laboratories Inc., Edgewood, MD, USA).
It was noted that in the latter preparation, a dietary supplement, one of the main molecules of the
original ASUs, citrostadienol, was absent, and that the tocopherol content (which is very high in
pharmaceutical-grade ASUs) was very low.

Similarly, trials involving CS, GS drugs, and diacerein in OA have always been conducted with
pharmaceutical-grade preparations.

5. Combination of CS and/or GS + Other Products: The Realm of Supplements

Many combinations with CS can be found in literature, starting with the common combination
of CS + glucosamine sulfated or not.

There are also a wide variety of “soups” combining a large number of components: CS + GS +
collagen + vitamin D + harpagophytum, curcumin, ginger, etc.

In addition, there are combinations of a more limited number of products such as CS + omega 3
or 6, CS + S adenosyl-methionine, and CS + collagen. Given that the vast majority of these products
have never been evaluated in randomized controlled clinical trials, there is clearly no evidence of any
added value of these different compounds compared to pharmaceutical preparations of CS or GS
alone.
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Searches on PubMed to identify available literature yield variable results, depending on the
keywords selected

“Dietary supplements vs. drugs-and-osteoarthritis”: 10 articles. These include six randomized
placebo-controlled trials involving Phytalgic, vitamin E, natural mineral algae-derived supplements
(Aquamin F), Phellodendron and citrus fruits, methylsulfonyl-methane (MSM) and boswellic acid,
garlic supplements, and shea nut oil extracts, a review of four clinical trials with green-lipped
mussels, a trial carried out in Russia, a study in rats and, finally, a paper on the characterization of
supplement consumers in the United States.

“Dietary supplements-and-osteoarthritis”: 671 articles. Recent papers relevant to our article
include 1/a literature review on curcumin by Bannuru [49], 2/a systematic review and meta-analysis
of the efficacy of ginger in gonarthrosis by Araya-Quintallina [50], 3/another meta-analysis of
placebo-controlled randomized trials testing the efficacy of ginger in OA by Bartels et al. [51], 4/and
finally, a meta-analysis of the impact of dietary supplements on OA symptoms by Mathieu et al. [52].

“SySADOA-and-nutraceutical-and-osteoarthritis”: 9 articles. A very comprehensive review of
alternative treatments and supplements was recently published by our ESCEO working group [53].
Alongside autologous cartilage graft techniques, cell therapies (mesenchymal cells), and platelet
extracts (platelet-rich plasma), a large number of products have been identified and listed for use in
OA as supplements and/or nutraceuticals: vitamin D, oral or intra-articular collagens,
methylsulfonylmethane (MSN), S-adenosylmethionine (SAMe), curcumin and boswella,
harpagophytum, ginger, marine pine extracts, polyphenols, green tea, and “cat's claw” (non-
exhaustive list).

In summary, there is very limited clinical evidence to suggest the symptomatic efficacy of oral
collagens, MSM, SAMe, curcumin, and ginger. Meta-analyses for the latter two products are positive
but raise the problem of the variety of dosages available on the market and tested in trials. Adverse
effects are rare, but ginger may be associated with an increased risk of (moderate) gastrointestinal
effects.

This review concludes on alternative treatments, including dietary supplements, that: “for all
the treatments analyzed, problems with trial designs limit the degree to which it is possible to draw
conclusions about their clinical efficacy in OA. Clearly, none of them would pass the hurdle of
regulatory approval if they were to be evaluated in the same way as current pharmaceutical
treatments. However, there is not enough evidence to declare them completely ineffective. They
therefore represent an area for which new, well-designed, large-scale, blinded randomized trials are
needed” [53].

6. Medicines Versus Supplements: What About Quality Standards and Safety?

As previously mentioned, the definitions of supplements and nutraceuticals, regulatory and
quality standards, and compliance with these standards vary widely between countries within the
European Union.

In most cases, there is no control of the quantities/doses of the components contained in end-
product supplements. This contrasts with the strict standards and quality controls that accompany
and govern the manufacturing and composition of a pharmaceutical preparation, notably the
verification of the absence of impurities.

An investigation by the French Directorate General for Competition, Consumer Affairs and
Fraud Control carried out in 2017 on dietary supplements promoted for OA analyzed 43 samples. Of
the 43, over 50% were non-compliant: the quantities of CS and/or GS were different from those
declared on the composition label. Quantities were generally below the advertised specifications,
except in four cases where they exceeded the authorized limits for supplements [54].

Standards are therefore not respected in terms of product description and the quantities of the
various components contained in the product. The absence of effective quality controls during the
production process results in the presence of impurities in the finished product. Thus, of the 10
European supplements studied by Stellavato [44], 80% contained unsulfated chondroitins and
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impurities, including insoluble components, potentially plant residues, in significant quantities.
Keratan sulfate was also present in 100% of cases, with levels as high as 47.9% in some products. The
authors also found undeclared proteins and “indeterminate” substances that they were unable to
identify in advanced chromatographic analysis.

Tolerance and Safety

These worrying observations cast a harsh light on the tolerance and safety problems associated
with dietary supplements. While tolerance and possible adverse effects are known, listed (on the
official and reglementary product sheet), and monitored for pharmaceutical preparations, there is
virtually no “dietary supplement vigilance” or “nutraceutical vigilance” system in place. Potential
adverse effects are not mentioned to patients by physicians, and above all by the pharmacists who
sell these products, nor, consequently, are they monitored and centralized by authorities capable of
creating an alert, should the need arise. What about treatment discontinuation due to intolerance?
What about notifications of effects such as, for example, certain coagulation disorders that can occur
with glucosamines in patients on anti-vitamin K or coumarin drugs?

Many products sold as supplements contain a large number of components — up to 10 or even
15 — which, in the event of an adverse effect, raises the question of which molecule is responsible and
how to identify it. In addition, as previously mentioned, there is a considerable level of impurities
and protein residues in unacceptable quantities, representing an additional potential source of
danger.

All this is all the more worrying for food supplements, as they are very commonly considered
by the public to be safe because they are perceived as “natural”, and what is “natural” is obviously
seen as risk-free. This contrasts with drugs, which are known to be dangerous and the source of many
adverse effects. Thus, there is a paradox between the use of products with proven efficacy in OA,
whose tolerability is known and, in principle, monitored, but which, as drugs, are suspect in the eyes
of the public — and sometimes even caregivers, including a number of pharmacists — and supplements
with random production and quality conditions that are perceived as “natural” and completely
harmless.

In reality, dietary supplements for OA are responsible for numerous adverse effects. Between
2009 and 2018, 74 reports of adverse reactions were recorded in France: hematological,
gastroenterological, hepatic, and dermatological disorders; drug interactions, notably with vitamin
K antagonists (for glucosamines). These reports underline the importance of consulting a healthcare
professional, ongoing monitoring, and appropriate risk management for patients [55,56].

The issue of the safety of over-the-counter dietary supplements available in pharmacies and
online is a general subject, not specific to supplements for OA or joint health.

An article published in the French newspaper Le Monde on March 5, 2025 sounds the alarm about
the dangers of Garcinia cambogia, a plant used in numerous “appetite suppressant” preparations to
lose weight [57]. The article points out that, although banned from pharmaceutical products since
2012, Garcinia cambogia — or Malabar tamarind — continues to be used in dietary supplements for
weight loss — some 340 are marketed, mainly on the Internet. Between 2009 and March 2024, 38 cases
of adverse reactions were reported in France: often serious hepatic, psychiatric, digestive
(pancreatitis), cardiac, and muscular disorders. Some of these reactions have even been fatal. At
present, European regulations do not prevent the use of health claims put forward by manufacturers
of Garcinia cambogia-based dietary supplements: “weight control”, “reduced fat storage” and
“reduced hunger”, “control of glycemia and cholesterol levels”. The Le Monde article concludes with
a quote from Philippe Besset, President of the French Federation of Pharmaceutical Unions, which
represents 7,250 of France's 20,000 pharmacies: “I cannot accept that a dangerous product is sold in
pharmacies: I will immediately relay the information to dispensing pharmacists with a
recommendation to withdraw it from sale.” “When there's an alert from the French medicines agency,
we receive a warning message in red on all French pharmacy workstations, saying ‘Withdraw the
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product’. This happens quite frequently, when a batch is defective... but this story concerns a dietary
supplement, and many pharmacists don't have the information”.

This clearly establishes the dilemma of dietary supplements versus drugs, from the point of view
of risk management and tolerance. And the pharmacist, as the main supplier of supplements in the
pharmacy, has a very important role to play in providing information, as well as monitoring any
adverse effects.

Likewise, physicians, and rheumatologists in particular when it comes to OA, have a role to play
in this regard. Pharmaceutical-grade SySADOAs have demonstrated their effectiveness, albeit
modest, in OA of the lower limbs, and in finger OA for CS. They are cited and supported in European
and French guidelines for the management of OA. Thus, it is up to practitioners to prescribe them as
treatments associated with other OA management modalities and to warn patients, with pedagogy,
against any “substitution” of this prescription, on the one hand, and against the use of dietary
supplements with often questionable qualities, on the other. Under these conditions, pharmaceutical-
grade SySADOAs and, perhaps, provided additional evidence, certain supplements (collagen,
curcumin, ginger, at validated dosages) could become part of the therapeutic landscape for the
management of OA. In October 2024, for example, the Italian Society of Rheumatologists launched a
1-year project to clarify the efficacy, tolerability, and use of dietary supplements for OA [58].

The problem of production conditions, the standards to be applied to dietary supplements, and
the conditions under which they could be promoted for “prevention” or in certain pathological
situations, was also the subject of a series of position papers issued in early 2025 by leaders in the
field, including the US FDA on the HBW insight webpage: “Food Supplements In 2025: The
Regulatory Challenges And Opportunities On The Horizon” [59].

7. Conclusions

In conclusion, a wide-ranging public health debate is underway to bring order to the field of
dietary supplements, and regulate their production, safety, distribution, and conditions of use.

In OA, SySADOAs (now poorly copied by dietary supplements) have proved their worth, and
their use is recommended for symptomatic patients. As is often the case, it is better to opt for original
products rather than imitations, and therefore to have these drugs prescribed by healthcare
professionals — first and foremost pharmacists and physicians, especially rheumatologists — with
information given to the patients regarding their effects, kinetics of action, and duration of use, as
well as any monitoring required.
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Abbreviations

The following abbreviations are used in this manuscript:

ASU Avocado-soybean unsaponifiable
CS Chondroitin sulfate
European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis
ESCEO .
and Musculoskeletal Diseases
GS Glucosamine sulfate
IAHA Intra-articular hyaluronic acid
MSN Methylsulfonylmethane
OA Osteoarthritis
SAMe S-adenosylmethionine

SySADOA  Symptomatic slow-acting drugs for osteoarthritis
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