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S-adenosylmethionine has been used to treat neuropsychiatric diseases, including those ac-
companied with depression. These entities often are comorbid with rheumatic and thyroid
pathology, and in the COVID-19 pandemic and post-pandemic periods, there was a growing
number of such cases. That’s why the article evaluates the experience and perspectives of S-ad-
enosylmethionine therapy in osteoarthritis and a few rheumatic and comorbid thyroid diseas-
es (fibromyalgia, systemic sclerosis, gout and autoimmune thyroiditis). PubMed/MEDLINE,
EMBASE, elibrary.ru and Scielo databases were searched for targeted topic between 1966 and
2023. 15 articles were depicted to fulfill the inclusion criteria, 13 in Latin and 2 in Cyrillic
scripts, including 1,499 patients (1,383 in osteoarthritis and 116 in other rheumatic diseas-
es). The dosage varied from 200 mg to 1,200 mg/day. The follow-up ranged from 3 weeks to
24 months. Almost all studies (13/15) showed at least one benefit after S-adenosylmethionine
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therapy supplementation, including 2 papers documented positive effect in vitro achieved
upon the cells taken from patients. Most side effects were mild, one study showed borderline
moderate/severe adverse effects. Only pre-clinical/experimental studies of S-adenosylmethio-
nine therapy effects on thyroid regulation were revealed. S-adenosylmethionine is a promising
and safe element of complex therapy for some rheumatic diseases.

Keywords: S-adenosylmethionine, SAMe, methylation, rheumatic diseases, rheumatoid
arthritis, systemic sclerosis, osteoarthritis, fibromyalgia, thyroid gland.

Introduction

S-adenosylmethionine (SAMe) was discovered in 1952, and it is an amino acid metabo-
lite and enzyme co-substrate involved in multiple biochemical pathways, including the neuro-
transmitters and hormones production [1]. Deficiencies of vitamin B12 and folic acid, which
are important co-factors for SAMe synthesis, may account for decreased SAMe levels. In ad-
dition, reduction of SAMe levels in cerebrospinal fluid has been also observed in patients with
rare inherited defects in folate and methionine metabolism [2], and in more common diseases
such as depressive disorders, Alzheimer’s disease, and Parkinson’s disease [3].

SAMe has been used in psychiatric and medical disorders in Europe. The supplement
has been reported to exert clinically significant anti-inflammatory and analgesic effects
[4]. In Russia there is some experience of its successful application in liver diseases and
in experimental hepatic encephalopathy [5, 6]. While the mechanism remains unclear,
SAMe does not appear to alter the eicosanoid system like non-steroidal anti-inflammatory
drugs (NSAID) but may enhance proteoglycan biosynthesis and secretion [7]. Recently it
has been shown that it may regulate the process of autophagy, thus influencing autoim-
munity and inflammation. An additional mechanism may be regulation of gene methyla-
tion/activity [8, 9]. Systemic blood concentration of SAMe is regarded as an indicator of
enhanced global transmethylation [10]. In several randomized controlled studies, includ-
ing many patients, SAMe was as effective as NSAIDs in relieving pain in osteoarthritis
(OA) [11-19].

Therefore, it is reasonable to systematically review the articles that evaluate SAMe
therapy in various rheumatic diseases and co-morbid autoimmune pathology.

Methods

A systematic search of articles published in PubMed/MEDLINE, EMBASE, elibrary.
ru and Scielo from 1966 to March 2023 using the following MeSH entry terms: “SAMe”
OR “S-adenosylmethionine” and “rheumatic” OR “rheumatologic” OR “systemic lupus
erythematosus” OR “lupus” OR “fibromyalgia” OR “rheumatoid arthritis” OR “spondy-
loarthritis” OR “Sjogren’s syndrome” OR “myositis” OR “systemic sclerosis” OR “vasculi-
tis” OR “Takayasu disease” OR “Wegener’s disease” OR “granulomatosis with polyangiitis”
OR “Kawasaki’s disease” OR “polyarteritis nodosa” OR “Livedoid vasculitis” OR Churg-
Strauss” OR “eosinophilic granulomatosis with polyangiitis” OR “osteoarthritis” OR “gout”
OR “thyroid”. The search had no language restrictions. The reference lists of the selected
articles were analyzed to identify additional publications.

Three authors (JFC, AL and LPC) initially performed the literature search and in-
dependently selected the study abstracts. Then, in the second stage, the same reviewers
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independently read the full-text articles selected by abstracts. Again, the authors followed
PRISMA guidelines [20]. Finally, a standardized form was designed to extract the infor-
mation from relevant articles, including authors, year of publication, number of patients
studied, demographic data, disease duration, study follow-up, SAMe posology, outcomes,
and side effects. The same work for Cyrillic script sources was performed by Russian part
of the team (PAS, AAB, NYG and LPC).

Results

Table 1 summarizes the search results on SAMe treatment in OA. There are 8 articles
in this field, including 1,383 patients. The countries that produced those articles were Ger-
many (n=3), Italy (n=3), Argentina (n=1), Korea (n=1), and the United States (n=1).
Most studies performed a double-blind clinical trial as a study design (n=8), and only one
was an open trial. Age varied from 40 to 64.37 years old, and female gender ranged from
22.2 to 84 %. Disease duration went from 4.5 to 11.7 years. The SAMe dosage varied from
600 mg to 1,200 mg/day. The study time follow-up ranged from 3 weeks to 24 months.

All articles demonstrated improvements in diverse OA parameters. Pain intensity,
patient’s and physician’s global assessments of response to therapy, and WOMAC index
scores compared to placebo improved. When SAMe was compared to NSAID, no differ-
ence was observed, attesting to the fact that the supplement is as good as the pharmaceuti-
cal therapy of NSAID. No significant side effect was detected; however, mild gastrointesti-
nal symptoms were the most common.

Table 2 shows the search results for the other rheumatic diseases [21-25]: three trials
in fibromyalgia, 1 in systemic sclerosis, and 1 in gout with 110 patients. Concerning study
design, most of them were double-blinded trials (n = 3), followed by case series (n=1) and
case report (n=1). Italy was ahead by the number of studies (n=2), followed by Denmark
(n=1), Germany (n=1), and Malaysia (n=1). In those studies, females predominated
(from 20 to 82 %); age varied from 5.6 to 49 years old, and disease duration from 3.6 to
11 years. The study follow-up ranged from 3 weeks to 1 year. The SAMe dosage varied
from 200 to 800 mg/day.

Regarding outcome, 4 out of 5 studies showed the benefits of SAMe in rheumatic
diseases. The patients observed improved pain, functional parameters, fatigue, mood,
and sleep. On the contrary, only one fibromyalgia study did not follow changes after sup-
plementation. However, a trend was observed regarding pain, stiffness, and fatigue [21].
The other two studies verified improved systemic sclerosis parameters [25], and the pa-
tients with Lesch-Nyhan and gout get better neurological conditions [24]. Furthermore,
in 4/5 of the studies, no side effects were observed, while in one study, moderate to severe
reactions were seen, such as an anaphylactic reaction [21] (Table 2).

Two Russian language articles revealed both were biomedical and dedicated to pre-
clinical SAMe use in rheumatoid arthritis (RA) [26, 27]. Using synovial cells from 6 pa-
tients with active RA, Russian authors have demonstrated that SAMe in vitro significantly
increased the methylation of DNA in these target cells, also the production of pro-in-
flammatory cytokines in vitro by these cells could be noticeably decreased by SAMe in all
cases. SAMe also decreased in vitro osteoprotegrin biosynthesis and migration/invasive-
ness of RA synovial cells.
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No clinical papers on SAMe use in autoimmune thyroid disease was found. Although
few pre-clinical and experimental biomedical findings allowing to relate SAMe and patho-
genesis of these diseases exist. Thus, SAMe increased affinity of thyrotropin receptor to its
ligand in vitro [28]. Anti-thyroid inhibitor thiouracil increases the SAMe level [29].

Discussion

This is the first study to systematically review the therapeutic effects of SAMe in many
rheumatic and related autoimmune diseases.

In a biochemical basis, SAMe is involved in three main metabolic routes: 1) methyla-
tion, it is the main font of methyl groups in the human body; 2) trans-sulfuration, while
SAMe forms S-adenosylhomocysteine and then homocysteine which can be converted to
cystathionine then to cysteine and the sulfate that is available to other metabolic routes;
3) aminopropylation, while SAMe participates in the synthesis of polyamines which can
eventually recycle as methionine [30, 31].

The specific mechanism of action of SAMe in reducing pain in OA patients needs to
be discover. There is hypothesis that SAMe may be a COX-2 inhibitor. Furthermore, in
vitro studies in chondrocytes have demonstrated increased levels of proteoglycan produc-
tion and proliferation rates [32, 33]. In addition, SAMe may reduce inflammatory media-
tors, including tumor necrosis factor (TNF)-alpha and fibronectin [34]. In turn, SAMe-
dependent polyamines also may render some anti-inflammatory effects [35].

Regarding SAMe in OA, the benefits of this supplementation in this degenerative
disorder are evident. Almost all articles demonstrated efficacy similar to NSAIDs with
minor side effects. Concerning SAMe mechanism of action in OA, studies in animals
and in vitro suggested that SAMe reduces inflammation and induces proteoglycan syn-
thesis [34].

Randomized, double-blind clinical trials have been conducted evaluating SAMe, and
most of them compared SAMe to NSAIDs [11-16, 36, 37]. The studies revealed similar
effects on pain reduction and function improvement when SAMe was comapred with
NSAIDs. Although, SAMe groups had much less adverse events.

Interestingly, two meta-analyses concluded that the pain and functional improve-
ments caused by SAMe were similar to those of NSAIDs [36, 37].

This review has some strengths that are: 1) the inclusion of studies with patients ful-
filling the international criteria for rheumatic diseases; 2) the inclusion of all kinds of
study designs using SAMe in rheumatic diseases, except reviews, animal studies, and in
vitro studies. Applying the inclusion criteria, it is assumed that all published articles of
SAMe in rheumatic patients were collected. Not only Latin script written, but also Cyrillic
script written sources were covered.

Some limitations were seen in this study. No comparison between classical pharma-
cological therapies commonly used in rheumatic diseases was available for conditions
other than OA.In addition, with the exception of OA studies, the number of participants
was low, and the follow-up was short for the investigated diseases. Therefore, new studies
should include larger patient samples with a more long-term observation, enabling a bet-
ter understanding of SAMe therapy in rheumatic conditions.

Careful consideration of pursuing treatment with SAMe, as opposed to a regis-
tered NSAID or antidepressant, is required by the clinician and the patient. Clinicians
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recommending SAMe must inform their patients that this compound has not been
tested as rigorously as its counterparts approved by Federal Drug Administration (FDA)
or analogous national services of other countries. As such, its relative efficacy cannot
be guaranteed. However, the risks of SAMe are still generally speaking lower when
compared with the NSAIDs (with their gastrointestinal bleeding, renal failure, etc.) and
antidepressants, particularly in SAMe in which sexual dysfunction or weight gain, are not
seen. No cases of death by SAMe overdose have been reported. In a mouse study, a lethal
oral dose of SAMe was equivalent to over 400,000 mg in a 70 kg man (National Library
of Medicine, 1999 RTECS (Registry of Toxic Effects of Chemical Substances), Bethesda,
MD, Record Nos. 7176, 7177). At the same time, various comorbidities and specifics
of individual anamnesis should always be taken into account when SAMe treatment is
considered. Thus, it is known that fibromyalgia, rheumatic and related autoimmunity
conditions may be provoked in many individuals by COVID-19 [38]. SAMe, although
therapeutically effective in these disorders, at the same time was shown to be positively
related to COVID-19 lung involvement severity, because transmethylation is essential for
SARS-CoV-2 replication [10, 39]. It means that SAMe therapy is possible for such patients
only after elimination of acute viral infection, in appropriate patterns of post-COVID
syndrome, but in virus-negative state.

Although the cost of SAMe is not covered by insurance companies, compared with the
high co-payments on many prescriptions, it may be a reasonable expense. Patients should
be discouraged from self-medicating their diseases and encouraged to seek professional
evaluation before starting any treatment.

Conclusion

A few articles evaluated the effects of SAMe in rheumatological diseases, and only
four conditions (OA, fibromyalgia, scleroderma, and Lesch-Nyhan) were addressed in
the literature. Nevertheless, almost all analyzed studies demonstrated that SAMe use is
efficacious in treating rheumatic diseases, with rare and mild side effects. Therefore, it can
be concluded that SAMe emerges as an exciting option to be explored in rheumatological
conditions.

Highlight key points:

1. S-adenosylmethionine (SAMe) has been used to treat some rheumatic disorders.

2. This article systematically reviews the use of SAMe in osteoarthritis (OA),
fibromyalgia, systemic sclerosis, and gout.

3. Almost all studies demonstrated at least one benefit after SAMe supplementation:
pain intensity, fatigue, and functional parameters.

4. Most side effects were mild or absent.
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JledyeHne peBMaTNYECKNUX U CBA3AHHBIX C HUMM Ay TOMMMYHHBIX 3200/1eBaHMIT
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Onsa uutuposanus: de Carvalho J.E, Churilov L.P, Lerner A., Sobolevskaia P.A., Basina A.A.,
Gavrilova N. Yu. S-adenosylmethionine therapy in rheumatic and related autimmune diseases // Bect-

Huk Caskr-IleTepbyprckoro yHuBepcurera. Mepunyna. 2023. T. 18. Boi. 4. C. 348-360.
https://doi.org/10.21638/spbul1.2023.401

S-apmenosunMeTionnH (SAMe) MCIIONIBb30BaICS /IS T€YEHNST HEPBHBIX U IICUXMATPUYECKUX
3a00/IeBaHNIT, BKIIOYasl COLIPOBOXK/aeMble flellpeccieli. DTU HapyLIeHNs HepedKo codeTa-
I0TCSI C PeBMATOIOTMYECKO U TUPEOV/HOI ITaTO/IOT e, IpIYeM JaHHbIe KOMOPOU/HBIE 110-
paxkenus B nepuop u nocie nangemnun COVID-19 HabmofaoTcs Bee vallle, B CBA3M C 4eM
6bUIa Ipou3BefieHa OlleHKa IPUMEHEHMsI S-aleHO3M/IMETHOHVHA JUIs JIeYeHVs] PeBMaToIIO-
IMYeCKMX 3a00/IeBaHMIl U CONMYTCTBYIOLMX THPEOIaTHil. BbUI IpoBeeH cucTeMaTndecKuit
0630p UCHONB30BaHUA S-aJ€HO3MIMETHOHMHA U1 PEBMATUYECKUX 3a00/IeBaHNUIL, TaKMX
KaK 0CTe0apTpuT, GpuOpoMmanrus, CUCTeMHas CKIePOfiepMIs U MOfarpa; U3y4eH OIMCaH-
HBIII B CIENMAIM3MPOBAHHBIX MCTOYHMKAX OIBIT IpPUMEHEHMS S-aJeHO3VIMETUOHMHA
[IpM JIeYeHMN ayTOMMMYHHBIX 3a00/IeBaHNUII LIMTOBMUIHON JKele3bl, 4aCTO COYeTAIOLIXCS
¢ peBMarnyeckumn. B Haykomerpuuecknx 6asax jgaHHeix PubMed/MEDLINE, EMBASE,
elibrary.ru u Scielo 6b11 IpoON3BeeH MONMCK CTaTell O IPUMEHEHNN S-aeHO3MIMETHOHIHA
IIpY peBMATUYECKUX 3a00/MIeBaHMAX M COMYTCTBYIOLIEH IIATONOIMY IIUTOBUFHON SKerle-
3pl B niepuof; ¢ 1966 o mapt 2023 1. 15 cTareil COOTBETCTBOBAIM KPUTEPUAM BKIIOYEHNS,
13 13 HUX HaIMCAaHbl HA JTATUHULE, 2 — Ha KUPUJUIULE, CYMMAapHO OHU COIEp)Ka/iu CBefe-
HuA 0 1499 naumenTax. JJosuposKa S-aleHO3MIMeTHOHMHA BapbypoBana ot 200 go 1200 mr
B cyTKu. Ileprop HabmofeHNss COCTAB/IAN OT 3 Hefenb o 24 Mecsues. [lourn Bce mccre-
mosauys (13/15) mokasanu 1Mo KpaitHert Mepe OFHO IPEeNMYILIeCTBO HOCe mpueMa F06aBOK
S-aleHO3M/IMETIOHNHA: CHIDKEHME MHTEHCUBHOCTM OOJIM, YTOMIAEMOCTM M yIydlleHue
(YHKIMOHATbHBIX [TAPAMeTPOB, BKIIOYast IBe pabOThI, B KOTOPBIX OBLI 3aJOKYMEHTUPOBAH
IIOTTOXXUTEbHBI 3 deKT in vitro ¢ KJieTKaMu, B3SATHIMU y HAIL[MEHTOB C PEBMaTOMUIHBIM ap-
TpuUTOM. XOTsI OONBIUIMHCTBO TOOOYHBIX 3 (PEeKTOB ObUIM yMEPEHHBIMM, OJHO MCCIeoBa-
Hue 3aQUKCUPOBAJIO IIOTPAaHNYHbIE C TSDKeIbIMU 060uHbIe 3¢ exTnl. KmHudecknit onbit
IIPUMEHEHNs S-aleHO3W/IMETHOHMHA IIPY Ay TOMMMYHHBIX 3a00/IeBaHMAX LIMTOBUIHON >Ke-
JIe3pl He OIMCAaH B JIMTepaType, XOTs CYILIECTBYIOT IpeK/INHIYeCKye/9KCIIepyMeHTalbHble

* VccmemoBaHie BBIOTHEHO IIpy (UHAHCOBOI MOAAep>KKe Poccniickoro Hayunoro ¢oupga (PH®D)

Ne 22-15-00113, orosop ot 13 mas 2022 1.

Becmnux CIT6I'Y. Meduyuna. 2023. T. 18. Boin. 4 359



360

MCCTIEfOBAHNS BIIMAHNS S-aJeHO3UIMETHOHMHA Ha PETY/IALNIO QYHKLNMIT IIUTOBUFHON SKe-
nesbl. HacroAmuit cucteMaTideckuii 0630p MOKasbIBaeT, YTO S-a[eHO3VIMETUOHIH MOXKET
CITyXXNTh MHOTOOOemaomuM 1 6e30IIaCHbIM 37IeMEHTOM KOMIUIEKCHOTO JIeYeHNs [Py He-
KOTOPBIX peBMaTn4ecKux 3aboneBanmsax. OgHako TpedyeTcs 60sbliee KOMMYECTBO JAHHBIX,
HO/TyYeHHbIX B 60JIee OOIIMPHBIX, XOPOLIO CIUIAHMPOBAHHBIX I KOHTPOIMPYEMbIX MCCIIEN0-
BaHMAX.

Kntouesvie cnosa: S-anenosmnmetnonns, SAMe, MeTUIpOBaHue, peBMaTHIecKie 3a60/eBa-
HIS1, PEBMATOMIHBIN apTPUT, CUCTEMHBIIT CKIIepO3, 0CTE0apTPUT, PruOpPOMMAII NS, IUTOBAA-
Has >Kejresa.

Crarbs IOCTYNN/IA B PeAKIIIO 2 oKTs16pst 2023 15
pexoMeHpioBaHa K medary 10 gexabpst 2023 .
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