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PoJ1b 3HAOTOKCUHEMUU B IIOBPEKACHUU CyCTAaBOB IIpU
pPeBMaTONHOM apTpuUTe
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AHHOTAIIUA

BBeneHnwue. Peemarougusiii aprput (PA) — XpoOHHYECKOE ayTOMMMYHHOE 3a00JIeBaHUE, COIIPOBOKIAIOIIEECS IIPO-
IPECCUPYIOIIUM CTPYKTYPHBIM IOBPEXK/IEHUEM cycTaBoB. HecmoTps Ha apdekTuBHOCTH rTtokokopTukocTepouioB (I'KC)
B KOHTPOJIE BOCIIAJIEHUSI, UX BIIUSHIE HA IOJITOCPOYHbIE PEHTTEHOJIOTHYECKIE UCXObl HEOAHO3HAUHO.

IT e 1 b . O1leHUTD accoruaruio ATuTebHoN Tepanuu I'KC ¢ BRIpaKeHHOCThIO CTPYKTYPHOT'O IIOBPEK/IEHHS CYCTaBOB 1
[IPOaHAIU3UPOBATH POJIb SH/IOTOKCHUHEMUH 1 aHTHOTEeHEe3a KaK BO3MOKHbBIX MEUATOPOB 3THX U3MEHEHUH.
MaTtepuaab W MeTO/HB5bl. IIPpOBe/IeH CPAaBHUTEJIbHBIN aHANIN3 MaIueHTOB ¢ PA (81 yes.), mosydaBiiux
JuintesnbHy0 Tepanuio I'KC, 1 17 yeJI0BHO 3/I0pOBBIX I00POBOJIbIIEB (KOHTPOJIbHAS Tpymina). OIeHUBaINu PEHTIEHOJIOTH-
YyecKure moKasaresu (3po3uH, cyxenue cycrtaBHbix mieseit (CCII), uuaekc mo mikame Sharp — van der Heijde). 3mepsiiu
KOHIleHTpanuio junononaucaxapuzja (JIIIC), numnomnonucaxapua-ceasbiBaoiiero 6enka (JICE), 6akTepuIiuaHOr0,/ IOBbI-
maIero mpouuaemocts 6enka (BPI), pacteopumoro CD14 (sCD14), 30HysHMHA, (haKTOpa poCTa SHIOTETHSA COCYIOB
(VEGF) u npyrux mapkepoB. Takske IpOBe/IeH MeITUAllHOHHBII aHAJIN3.

Pes3ynbTarThl . Y HAUEHTOB, JHUTebHO NpuHUMaBmuX ['KC, BbIsABIEHBI 00Jiee BbIpa’KEHHBIE CTPYKTYPHBIE
ITOBPEXKAEHUS [0 CPABHEHHIO C TPYIIIION KOHTPOJISA: CyMMAapHBIHN 6asu1 3po3uil — 9,5 mpotus 2,0 (p = 0,003), CCII — 35,0
mpoTuB 25,0 (p = 0,005), uHAekc o Sharp — van der Heijde — 42,0 mpoTuB 27,0 (p = 0,003) cOOTBETCTBEHHO. OTMEUEHO
60s1ee ueM TpexkpatHoe noseienue JIIIC (151,92 mpoTuB 49,25 Hr/MiI; p < 0,001) u yBennuenue VEGF (122,0 mpotus
118,0 nr/MJ; p = 0,010) COOTBETCTBEHHO 0€3 Pa3JInyuil 0 30HYJINHY. MeTMallMOHHbIH aHAIN3 TIOKa3aJl 3BHAUHMMBIH KOC-
BeHHBIH 3ddexT I'KC, okassiBaembrii Ha CCIL u peanmusyemslit yepe3 kackag I'KC — JIIIC — VEGF — CCII (p = 0,049)
IIpu OTCyTCTBUU IpsaMoro addexTa (p = 0,112). O6muit addext I'KC Taxke 611 3HAUNM (9,651; p = 0,023).
3akinwueHue. [mrensHas repanus 'KC acconuupoBaHa ¢ yCHIEHUEM CTPYKTYPHOTO IIOBPEK/IEHUS CyCTaBOB U
peayiusyeTr CBO€e BIUSHUE MIPEUMYIIECTBEHHO UYepe3 HH/IO0TOKCHH-aHTHOTEHHBIE MEXaHU3MbI, YTO TPeOYeT OCTOPOKHOTO
puUMeHeHUs U 6oJiee TIATeTbHOTO MOHUTOPUHTA GMOMapKEPOB BOCIIAJIEHUS U aHTHOTEHE3a.

Kmuoueesble cnroea: peBMaTOU/HBIN apTPUT, TJIIOKOKOPTHKOCTEPOU/IBI, JIUITOTIOIHUCAXapH/Ibl, 9HIOTOKCUHEMUSI, AHTHOT€HE3.
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The role of endotoxemia in joint damage in rheumatoid arthritis
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ABSTRACT

Introduction. Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by progressive struc-
tural joint damage. Despite the efficacy of glucocorticoids (GCs) in controlling inflammation, their impact on long-term
radiographic outcomes remains controversial.
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A im . To assess the association between long-term glucocorticosteroid (GC) therapy and the severity of structural joint
damage, and to analyze the role of endotoxemia and angiogenesis as potential mediators of these changes.
Materials and methods. Acomparativeanalysis was performed in 81 RA patients receiving long-term
GC therapy and 17 apparently healthy volunteers (control group). Radiographic parameters were assessed (erosions,
joint space narrowing (JSN), and the Sharp-van der Heijde score). Serum levels of lipopolysaccharide (LPS), lipopolysac-
charide-binding protein (LBP), bactericidal/permeability-increasing protein (BPI), soluble CD14 (sCD14), zonulin, vas-
cular endothelial growth factor (VEGF), and other markers were measured. Also, mediation analysis was performed.

R e sults. Patientsreceiving GCs for a long time demonstrated more pronounced structural damage compared to the
control group: the total erosion score was 9,5 vs. 2,0 (p = 0,003), JSN — 35,0 vs. 25,0 (p = 0,005), and the Sharp-van der
Heijde score — 42,0 vs. 27,0 (p = 0,003), respectively. A more than three-fold increase in LPS levels was observed (151,92 vs.
49,25 ng/ml; p < 0,001), as well as an increase in VEGF levels (122,0 vs. 118,0 pg/mL; p = 0,010), with no differences in
zonulin levels. Mediation analysis revealed a significant indirect effect of GCs on JSN via the cascade GCs — LPS —
VEGF — JSN (p = 0,049), while no direct effect was observed (p = 0,112). The total effect of GCs was also significant
(9,651; p = 0,023).

Conclusion. Long-term GC therapy is associated with increased structural joint damage and appear to exert its
effects predominantly through endotoxin-angiogenic mechanisms. These findings support the need for cautious use of GCs
and closer monitoring of biomarkers of inflammation and angiogenesis.

Keywords: rheumatoid arthritis, glucocorticoids, lipopolysaccharides, endotoxemia, angiogenesis.
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BBEJAEHUE

Peematougubiii  aptputr (PA) mnpeacraBiser
co0OU XpOHUYECKOE CHCTEMHOE AayTOUMMYHHOE
3a00J1eBaHNe, XapaKTepusyollleecss IPOrpecCUpyro-
II[UM BOCITJIEHHEM CHHOBHUAJIBHOU O0OJIOUKHU U pas-
BUTHEM He0OPATHMOTO CTPYKTYPHOTO IIOBPEKIEHUS
CYCTaBOB, BKJIIOUAsI 3PO3UN KOCTHOU TKAHU U CyXKe-
Hue cycraBHbIX mmeseit (CCI) [1]. HeemoTpst Ha 3HA-
YUTEeJIbHBIE IOCTIKEHUSI COBPEMEHHOH PEBMATOJIO-
TUY, [T03BOJIUBIINE YJIYYIIUTH KOHTPOJIb BOCIAJIU-
TeJIbHON aKTUBHOCTH, ITP00JIeMa MPOTPECCUPOBAHMUS
PEHTreHOJIOTUYECKUX U3MEHEHUN COXPAHsIET BBICO-
KYI0 KJIMHUYECKYI0 3BHAUUMOCTH [2].

I'mokokoptukoctepouibl  (IFKC) TpaguiinoHHO
3aHUMAIOT BAJKHOE MecTo B Tepanuu PA Giaromaps
BBIPA’KEHHOMY ITPOTHBOBOCHATIUTEIPHOMY U CHM-
nroM-moudunupyniemy addekry. Ix npumene-
HUe II03BOJIAET OBICTPO CHIDKATh aKTUBHOCTH 3200-
JIeBaHUA U YJIydIIaTh (PYyHKIIMOHATIBHOE COCTOSTHUE
MalUeHTOB, OCOOEHHO HA PAHHUX 3TalaX TepPaIruu
Wi pu oboctpenusx [3]. OgHaKo TaHHbBIE O BIUS-
Hum gautenpHoro mpuemMa I'KC Ha cTpyKTypHOe
MIOBpPEXK/IEHUE CYCTaBOB ABJIAIOTCA HEOJHO3HAU-
HBIMH ¥ IPOTHUBOPEUYUBBIMU [4, 5].

C ofHOH CTOPOHBI, PAJT UCCIIEIOBAHUH YKa3bIBAET
Ha IIOTEHINAJIbHBIN IPOTEKTUBHBIN 2P (PeKT HU3KUX
7103 I'KC B OTHOILIIEHUU PEHTTEeHOJIOTUYECKOTO IIPOo-
rpecCUpOBaHUsA IIPHU UX HCIOJIb30BAaHUU B COCTAaBE

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic
autoimmune disease characterized by progressive
synovial inflammation and the development of irre-
versible structural joint damage, including bone ero-
sions and joint space narrowing (JSN) [1]. Despite
significant advances in modern rheumatology that
have improved the control of inflammatory activity,
the problem of radiographic progression remains
clinically relevant [2].

Glucocorticoids (GCs) have traditionally occu-
pied an important place in the therapy of RA due to
their pronounced anti-inflammatory and symptom-
modifying effects. Their use allows for rapid reduc-
tion of disease activity and improvement of patients’
functional status, particularly in the early stages of
therapy or during exacerbations [3]. However, data
on the impact of long-term GCs use on structural
joint damage remain ambiguous and contradictory
[4, 5].

On the one hand, several studies indicate a poten-
tial protective effect of low-dose GCs against radio-
graphic progression when GCs use as a part of com-
bination therapy [6]; on the other hand, accumulat-
ing evidence suggests a possible association between
long-term steroid therapy and adverse radiographic
outcomes, including enhanced destructive changes
in the joints [7].
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KOMOWHHUPOBAHHOU Tepanuu [6]; ¢ Apyrod — Haka-
IUIUBAIOTCS JIaHHbBIE, CBUETEJIHCTBYIONINE O BO3-
MOKHOU AaCCOIMAIUM JJIUTEJbHOU CTEPOUHOU
Tepanuu C¢ HebJIAaronpUATHBIMU PeHTIeHOJIOTUYe-
CKUMH UCXOJIJaMH, BKJIIOUasl YCUJIEHUE JeCTPYKTHUB-
HBIX U3MEHEHUH B cycTaBax [7].

XpoHuueckass CHCTEMHAs DH/IOTOKCHHEMUS,
yacTo obo3HaUaeMasi Kak «MerabosudecKkasi DH/IO-
TOKCHHEMUS», XapaKTePU3yeTCs OCTOSTHHBIM HU3-
KOZI030BBIM IOCTYILJIEHNEM 0aKTepUaIbHOTO JIUIIO-
nosucaxapuza (JITIC) B KpOBOTOK U SIBJISIETCS YHU-
BepcaIbHBIM (AaKTOPOM IaTOTreHe3a IIUPOKOTO
criekTpa 3abosieBaHUE yesioBeka [8].

B 51011 cBsI3U 0COOBIM MHTEpPEC MPEICTABISAET He
TOJIbKO KanHuYeckasa a¢dexrusHocts 'KC, HO u ux
BJIUSHUE Ha MaTOOMOJOTHYECKHE MeXaHU3MBI,
JlelKalye B OCHOBE CTPYKTYPHOTO IOBPEXKIEHUS
cyctaBoB [9]. B wacTHOCTH, 00Cyk/I1aeTcsi BO3MOK-
HOEe BJIUSTHHUE CTEPOUHON TeEpalluy Ha CyOKJIMHIYE-
CKOEe CEePIeYHO-COCY/IUCTOE CHCTEMHOE BOCIase-
HHe [10], MeTaboOTNUYECKyI0 SHIOTOKCUHEMHUIO [11],
aHTHOTeHEe3 [12] U peMoJieIMPOBaHKUE KOCTHO-XPsi-
IEBOM TKAaHU [13], KOTOpble MOTYT UTPATh KJIIOYe-
BYIO POJIb B IIPOTPECCUPOBAHNY 3a00I€eBaHUS.

YuuThIBasg COXpaHSIOUIYIOCS HEOIIPeIeIeHHOCTh
B OTHOIIIEHUH JTOJITOCPOYHBIX CTPYKTYPHBIX UCXOIOB
tepanuu ['KC pu PA [14, 2], akTyasIbHBIM SIBJISIETCS
KOMIIEKCHBIN aHAJIU3 UX CBA3H C PEHTTeHOJIOTYe-
CKUMH I[IOKA3aTeJIsAMU IOBPEXKIAEHUSA CYCTaBOB U
MIOTEHITUAJIBHBIMU OMOJIOTHUECKUMU MeNaTOPaMHU,
BOBJIEUEHHBIMHU B IIPOLIECCHI IECTPYKIIHN.

IIEJIb NCCJIEJOBAHUA

Ornenka acconuanuu ajiaurenbHod tepanuu ['KC
C BBIPAXKEHHOCTBIO CTPYKTYPHOTO IIOBPEKIEHUS
CYCTaBOB y MaIleHTOB ¢ PA, a Takke aHajINU3 BO3-
MOXXHBIX H&TO(I)I/ISI/IOJIOI‘I/I‘IGCKI/IX MEXaHU3MOB,
BKJIIOYAs SHAOTOKCHHEMHIO U aHTHOTEHEe3, OIocpe-
ZYIOIUX TaHHbIE U3MeHeHUs.

MATEPUAJIbI 1 METO/IbI

JluzaiiH uCcCIeOBAHUS U XapaAKTEPUCTHKA
rpynn. Hacrosiiee uccienoBanue 6bU10 06cepBa-
IIMOHHBIM KPOCC-CEKIIMOHHBIM. B wuccienoBanme
ObpUT BKIIOUEH 81 ManMeHT ¢ BepU(PUINPOBAHHBIM
nuarao3oM PA (ocHOBHas Tpymma) U 17 YCIOBHO
3710pPOBBIX JTOOPOBOJIBIIEB, He NMpuHUMaBIUX ['KC
(rpymma koHTpOJIsT). MenmaHna Bo3pacTa ManueHTOB
¢ PA cocrasumia 56,0 (49,0; 61,0) roza, 4ro OBLIO
CTAaTHCTUYECKH 3HAYHUMO BBIIIIE MO CPAaBHEHUIO C
KOHTPOJIPHOU Tpynmou — 44,0 (39,0; 54,0) roxa
(p = 0,025). B 0obeux rpymnmnax mpeobsajiaiu KeH-
muHbL 77,8 % B rpynie PA u 88,2 % — B KOHTPOJIb-
HoH rpymte (p = 0,511).

Chronic systemic endotoxemia, often referred to
as metabolic endotoxemia, is characterized by a sus-
tained low-level influx of bacterial lipopolysaccha-
ride (LPS) into the bloodstream and represents a
universal pathogenetic factor in a wide range of
human diseases [8].

In this context, not only the clinical efficacy of
GCs but also their impact on the pathobiological
mechanisms underlying structural joint damage is
of particular interest [9]. For example, the poten-
tial effects of steroid therapy on subclinical cardio-
vascular systemic inflammation [10], metabolic
endotoxemia [11], angiogenesis [12], and bone-
cartilage remodeling [13] have been discussed, all
of which may play a key role in disease progres-
sion.

Given the ongoing uncertainty regarding the
long-term structural outcomes of glucocorticoste-
roid therapy (GC) therapy in RA [14, 2], a compre-
hensive analysis of its association with radiographic
parameters of joint damage and potential biological
mediators involved in the destructive processes is
relevant.

AIM OF THE RESEARCH

To evaluate the association between long-term
GC therapy and the severity of structural joint dam-
age in RA patients, as well as to analyze the possible
pathophysiological mechanisms, including endotox-
emia and angiogenesis, mediating these changes.

MATERIALS AND METHODS

Study design and group characteristics.
This was an observational cross-sectional study in
the participation of 81 patients with a verified diag-
nosis of RA (main group) and 17 apparently healthy
volunteers not receiving GCs (control group). The
median age of RA patients was 56,0 (49,0; 61,0)
years, which was significantly higher compared with
the control group - 44,0 (39,0; 54,0) years
(p = 0,025). Women predominated in both groups:
77,8% in the RA group and 88,2% in the control
group (p = 0,511).

The inclusion criterion was a verified diagnosis of
RA established according to the 2010 ACR/EULAR
(American College of Rheumatology / European Alli-
ance of Associations for Rheumatology) criteria.
Patients were recruited between June 2023 and
June 2024.

Exclusion criteria were: underage individuals,
pregnancy, high disease activity (Disease Activity
Score in 28 joints with C-reactive protein (CRP)
(DAS28-CRP) >5,1 or high-sensitivity CRP (hsCRP)
>10 mg/1), severe comorbidity (stage 3b—5 chronic
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Kpurepuem BKJIIOUEHUS SIBJISIIICA BEPUDUITAPO-
BaHHBIA JUarHo3 PA, yCTaHOBJIEHHBIA B COOTBET-
crBun ¢ kpurepusasmMu ACR/EULAR (American
College of Rheumatology / European Alliance of
Associations for Rheumatology) 2010 1. Cpoxku
PeKpYTHPOBAHUA HAIUEHTOB: C UIOHS 2023 10 HIOHb
2024 T.

KputepusaMu HCKIIOUEHUsI sIBJISJINCH: HECOBEP-
IIeHHOJIeTHe, 6ePEMEHHOCTh, BHICOKAs aKTUBHOCTH
3abosieBanus (uHAekc Disease Activity Score 28 1o
ypoBHI0O C-peaktuBHOTO O6eka (CPB) (DAS28-CPE)
>5,1 win BbicoKouyBcTBUTENBbHBIH CPB (BuCPB)
>10 Mr/JI), HaJIU4YWe TsKEJION COIyTCTBYIOIIEH
MaToJIOTHH (XpoHWUYecKass 0O0JIE3Hb IOYEK CTa UK
3b—5, IIUPPO3 eUeH , cep/iedHast HeIOCTATOYHOCTh
CO CHIDKEHHOH (pakiueli BRIOpoca, HEKOHTPOJIUPY-
eMbIH caxapHbIU [ua0eT) U aKTUBHbIE NH(MEKITNOH-
HbI€ WU 3JI0KaUeCTBEHHbIE IPOIECCHI.

JlaGopaTopHble METOAbI HCCIAETOBAHUA.
JI7is1 OIlEHKM CHCTEMHOHN SHIAOTOKCHHEMHM, BOCIIA-
JINTEJIBHOTO OTBETA U AHTHOTeHe3a IPOBO/UIIOCH
ompezieyieHrie OMOMapKepOB SHIOTOKCHUHEMUH H
KUIIIEYHOU TPOHUIIAEMOCTH  (JIUIIOMIOIHCAXapH
(JITIC), snumomnoJsincaxapu/i-CBs3bIBAIOIINN OeIoK
(JICB), 6aKTepUITUHbIN/TIOBBIIIAIOIAHN TPOHHUIIAE-
mocThb 6esiok (BPI), pactBopumseiii CD14 (sCD14) u
30HYJINH), a TaKKe BOCHAJEHWs U AaHTHOTeHe3a
(BuCPb u daxrop pocra B3HAOTETUA COCYAOB
(VEGF)). Bce BhIllIeyka3aHHbBIE ITOKA3aTEU OTIPE/Ie-
JISLJIACH B TJIa3Me KPOBU METOZOM BBICOKOUYBCTBH-
TEJIbHOTO UMMYHO(DEPMEHTHOTO aHATN3a C UCIIOJIb-
3oBanueM peaktrBoB Cloud-Clone Corp. (Kutaii).

Penrrenorpacus KUcCTel 1 cToI. BrimoHs-
Jach B CTaHAAPTHBIX MPSIMBIX NPOEKnuAx. s
KOJINYECTBEHHOHN OIIEHKH CTPYKTYPHBIX IOBPEK/IE-
HUH HCIOJI30BAJIaCh MOAUMUITMPOBAHHAS IIKaja
Sharp — van der Heijde. AHasu3 BK/IIOYAT CIIETyIO-
IIH€e MOKa3aTel: CyMMapHBIN 6aJlT 5PO3HUH CyCTaB-
HbIX noBepxHOcTed (DCII): oneHuBamu 32 cycraBa
KHUCTeH U 12 CYCTaBOB CTOII 10 6-0aJIBHOU CHCTEME
(0-5) 1 kaXxA0ro cycraBa (MakCUMaIbHOE 3HAUE-
Hue — 280 6aytoB); cymmaphsbiii 6ayt CCII: oneHu-
BaJid 30 CYCTAaBOB KHCTE€H M 12 CyCTaBOB CTOIN IIO
5-6aytpHON cructeMe (0—4) (MakcHMaJIbHOE 3Haue-
Hue — 168 6asutoB). O6mMi 6as mo mkane Sharp —
van der Heijde paccumteiBanicsi kak cymma ICII
u CCIII.

Kpurepuu I'KC. B pamkax InpeJicTaBJeHHOIO
uccsnenosanua kpurepun I'KC omnpezensanucey Ha
OCHOBE BPEMEHHBIX IOKa3aTesed U KyMyJIsATUBHOU
03upoBKU. OCHOBHBIE MapaMeTPbl BKJIIOUEHUS
nanueHToB B rpynmy ['KC-marpysku: moporoBbIM
€KeHEBHBIM MPUEMOM CUYHTAJIACh /1034 10 MT B
MIPEIHU30JI0HOBOM 3KBHUBasieHTe. dapmakosoruye-

kidney disease, liver cirrhosis, heart failure with
reduced ejection fraction, uncontrolled diabetes
mellitus), and active infectious or malignant pro-
cesses.

Laboratory methods. To assess systemic
endotoxemia, inflammatory response, and angiogen-
esis, biomarkers of endotoxemia and intestinal per-
meability (lipopolysaccharide (LPS), lipopolysaccha-
ride-binding protein (LBP), bactericidal/permeabil-
ity-increasing protein (BPI), soluble CD14 (sCD14),
and zonulin), as well as inflammatory and angiogenic
markers (high-sensitivity C-reactive protein (hsCRP)
and vascular endothelial growth factor (VEGF)) were
measured. All parameters were determined in
plasma using high-sensitivity enzyme-linked immu-
nosorbent assay (ELISA) with reagents from Cloud-
Clone Corp. (China).

Radiography of the hands and feet. Radio-
graphic imaging was performed in standard antero-
posterior planes. Quantitative assessment of struc-
tural damage was carried out using the modified
Sharp-van der Heijde method. The analysis included
the following parameters: total score of erosion of
hand and foot joints: 32 hand joints and 12 foot
joints were evaluated using the 6-point scale (0—5)
for each joint (maximum score is 280); the maxi-
mum total joint space narrowing (JSN) score:
30 hand joints and 12 foot joints were evaluated on
the 5-point scale (0—4) (maximum score is 168).
The total Sharp-van der Heijde score was calculated
as the sum of the erosion of joint surfaces (EJS) and
JSN scores.

GC therapy criteria. In the present study, GC
therapy criteria were defined based on the duration
of use and cumulative dosage. The main inclusion
parameters for the GC group were as follows: the
threshold daily dose was set at 10 mg of prednisolone
equivalent. Pharmacological history required daily
intake for 2 years or more (if treatment duration
exceeded 5 years) or 1 year or more (if treatment
duration was up to 5 years). The minimum cumula-
tive dose was at least 1000 mg of prednisolone equiv-
alent. A special criterion was applied for shorter GC
therapy courses: when GCs were taken for
3—6 months, therapy was considered long-term only
if the cumulative dose reached 2000 mg.

Features of accounting and exclusion:

1. Standard pulse methylprednisolone therapy
(250-1000 mg/day) was not included in the cumula-
tive dose calculation; however, intravenous dexa-
methasone therapy was taken into account.

2. Patients were excluded from the study if they
had received pulse methylprednisolone therapy
within the last 9o days.
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CKUI aHaMHe3: e;KeTHEBHBIH IIpUeM B TeUeHUe 2 JIeT
u 6osiee (IIpU JJIUTEIHHOCTH TIpHeMa OoJiee 5 JIET)
wiu 1 roaa u 6osee (IIpU AJTUTENTHHOCTH IIPHUEMA JI0
5 ser). MuHUMasbHAsg KyMyJIATHBHAas J03a: He
MeHee 1000 MT B IIPEIHU30JI0HOBOM YKBHUBAJIEHTE.
CroernuayibHBI KPUTEPUH JJIT KOPOTKUX CPOKOB
I'KC-tepanuu: npu npueme ['KC B Teuenne 3—6 mec
Tepanus CYUTAIACH JJTUTEIHHOU TOJBKO IIPH IOCTHU-
JKEeHUU KYMYJISTUBHOU 03B B 2000 MT.

Oco0OeHHOCTH yUYeTa ¥ UCKTIOUEeHUS:

1. B pacuer KyMyJISTUBHOH J103bI HE BKIIOYAIACH
CTaHAAPTHAS IYJIbC-TEPANUSA METUJIPETHUZ0JI0-
HOM (250—1000 MT/CyT), OAHAKO YIUTHIBATIACH BHY-
TPpUBEHHAs TE€PAITUs JEKCAMETa30HOM.

2. TTarueHThl UCKIIOYAIUCh U3 UCCIIEIOBAHUA,
€CJTH TTOJTYYaJTH ITYJTbC-TEPATIHIO METUIIIIPETHU30JI0-
HOM B T€UEHHE IMOCTIETHUX 9O JTHEH.

3. [TareHT He CYUTAJICSA HAXOSAIIMMCS HA JIJIH-
TeJIbHON Tepamluu, ecTH KyMyJIsATUBHAs /103a ObLia
MeHee 1000 MT WX 0O0INast JUIMTETbHOCTh IIpUeMa
COCTaBMJIa MEHee 24 MecC.

Cratucrnueckuii aHaan3. CraTucrudeckas
00paboTKka JaHHBIX BBINOJHSIACH B IIPOTpaMMAax
IBM SPSS Statistics 26.0 u R version 4.5.2. OneHnka
HOPMAJIbHOCTU PacCIIpeZieJIeHNs] TIPOBOJIMIACH TIPHU
nomowmu Ttecra IMManupo — Ywuiaka, TUCTOrpaMM.
KosnuecTBeHHbIE JJaHHBIE IPEICTABIEHBI B BHUJIE
MmeauanHoro sHauenusa (Me), 25-ro (Q1) u 75-ro
(Q3) mporeHTWIEH, MEXKBAapTUJIHBHOTO pas3Maxa
(IQR), muHumManbHbIXx (Min) M MaKCHMAaJIbHBIX
(Max) 3HaueHHH. MeauanoOHHbIN aHAIN3 C UCII0JIb-
30BaHUEM CTPYKTYPHOTO MOJIEJITUPOBAHUSA (IIaKeT
lavaan B R) mpumeHsijics Z/I OIEHKU HENPSIMBbIX
a¢dexro JIIIC, oxaspiBaeMbIX Ha CTPYKTYpPHOE
IOBPEK/IEHUE CyCTABOB II0 pe3yJsibTaTaM OIIpeesie-
Hus BYCPB u VEGF. [I;11 mpoBepKH yCTOHYHUBOCTH
MeIUaTOPHBIX 3P PeKToB mpuMeHsIoch bootstrap-
oneHrBaHue (1000 peruKanui). JIoCTUTHYTHIH
YPOBEHb 3HAUMMOCTHU ObLJT YCTAHOBJIEH Ha OTMETKE
p < 0,05.

Atuka. VceiegoBanue MpOBOAUIIOCH B COOTBET-
cTBUM ¢ XeJTbCUHKCKOU Aekiapanueit VII nepecmo-
Tpa (2013 r.) u [IpaBrwIaMu KIMHUYECKON TPAKTUKHU
B Poccuiickori ®eneparum, yrBep:kieHHbIME [Ipu-
kazoM MunzzpaBa P® oT 19.06.2003 N2 266.
JlokanpHBIN aTHYECKUU KoMuTeT KphiMckoro ¢ese-
pasibHOrO yHUBepcutera uMm. B.J. BepHazckoro
(r. Cumdeporosnn) o106puI MpOBeieHNE UCCIIENO0-
BaHus (IpoTokos NO 1, oT 23 sTHBaps 2024 T.).

PE3YJ/IBTATDI

CpaBHUTEJbHBIII aHAJIU3 PEHTreHOJIOTH-
YeCKHX MOoKa3aTejiell CTPYKTYPHOTO IOBPE:K-
JeHus nepudepuuecKux CyCTaBOB B 3aBHCH-

3. Patients were not considered to be on long-
term therapy if the cumulative dose was less than
1000 mg or the total duration of intake was less than
24 months.

Statistical analysis. Statistical data processing
was performed using IBM SPSS Statistics 26.0 and
Rversion 4.5.2. The distribution of data was assessed
using the Shapiro-Wilk test and histogram analysis.
Quantitative data were presented as median (Me),
25" (Q1) and 75™ (Q3) percentiles, interquartile
range (IQR), and minimum (Min) and maximum
(Max) values. Mediation analysis using structural
equation modeling (R package lavaan) was applied
to evaluate the indirect effects of LPS on structural
joint damage based on hsCRP and VEGF levels. To
test the robustness of the mediation effects, boot-
strap estimation with 1000 replications was per-
formed. The significance level was set at p < 0,05.

Ethics. The study was conducted in accordance
with the Declaration of Helsinki VII revision (2013)
and the Clinical Practice Guidelines of the Russian
Federation, approved by Order No. 266 of the Minis-
try of Health of the Russian Federation dated June
19, 2003. The study protocol was approved by the
Local Ethics Committee of V.I. Vernadsky Crimean
Federal University (Simferopol) (Protocol No. 1,
dated January 23, 2024).

RESULTS

Comparative analysis of radiographic
parameters of structural damage of periph-
eral joints depending on GCs intake revealed
significant differences in the severity of structural
joint damage in RA patients (Table 1). In patients
receiving GCs for a long time, the median of EJS
score was 9,5 [2,0; 16,25], which was significantly
higher than in the control group — 2,0 [0,0; 8,75]
(p = 0,003). This difference was primarily driven by
hand joint destruction: the median of total EJS score
in the GC group reached 8,0 vs. 2,0 in the control
group (p = 0,002), whereas for foot joint erosions,
only a statistical trend toward an increase was
observed (1,0 vs. 0,0; p = 0,074). JSN scores were
also significantly higher in GCs-treated patients: the
total JSN score was 35,0 [20,5; 40,0] vs. 25,0 [10,5;
31,0] (p = 0,005). Statistically significant differences
in the grade of JSN were observed both for hand
joints (18,0 vs. 12,0; p = 0,044) and foot joints
(14,0 vs. 10,0; p = 0,021). The integrated radio-
graphic damage score according to Sharp-van der
Heijde scale was 42,0 [27,5; 57,75] in the GC group,
substantially exceeding that in the control group —
27,0 [16,0; 40,0] (p = 0,003). Visual analysis of fre-
quency distributions and plots of density of values
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Ta6smmua 1. CpaBHUTe/IbHAs XapaKTePHUCTHKA NALlMEHTOB UCC/IelyeMbIX I'PYIII [0 TOKa3aTeJ M 3pO3UHU CYCTaBHBIX
MIOBEPXHOCTEH U Cy>KEHHsI CyCTaBHBIX I[eJIel
Table 1. Comparative characteristics of the study groups according to erosion of joint surfaces and joint space narrowing

IlokasaTeJib I'pynna 95% AU .
Parameter Group 95% CI RlE Q1 Q3 IR
JCII (xucrn) Be3 Tepanuu 'KC 1,66-6,65 2,00 000 675 7 0 33
E]JS (hands) Without GC therapy 0.002
Tepanus I'KC 6,04-12,77 8,00 2,00 14,00 12 0 54 ’
GC therapy
JCII (cTomer) Be3 Tepanuu 'KC 0,40-2,48 0,00 0,00 200 2 0 13
EJS (feet) Without GC therapy 0.074
Tepanus I'KC 0,92-11,08 1,00 0,00 4,00 4 0 79 ’
GC therapy
CymmapHbI# 6as 3CII be3 Tepanuu 'KC 2,27-8,79 2,00 000 875 9 0 41
Total EJS score Without GC therapy
Tepanus I'KC 7,20-23,61 950 2,00 16,25 14 0 127
GC therapy
CCII (kuctn) Bes Tepanuu 'KC 8,64-15,80 12,00 4,00 19,50 16 0 33
JSN (hands) Without GC therapy 0.003
Tepanus I'KC 14,33-23,05 18,00 9,25 24,50 15 0 65 ’
GC therapy
CCII (cTombr) Bes Tepanuu 'KC 6,74-11,38 10,00 2,00 14,550 13 0 20
JSN (feet) Without GC therapy 0.021
Tepanus I'KC 10,62-21,10 14,00 6,75 21,25 15 0 104 ’
GC therapy
CymmapHbI# 6as1 CCLL Bes Tepanuu 'KC 16,40-26,17 25,00 10,50 31,00 21 0 43
Total JSN score Without GC therapy 0.005
Tepanus I'KC 26,67-42,43 35,00 20,550 40,00 20 0 142 ’
GC therapy
CymMapHblii 6as o Sharp - bes Tepanuu 'KC 20,41-33,22 27,00 16,00 40,00 24 0 59
van der Heijde Without GC therapy 0.003
Total Sharp-van der Heijde  Tepanus I'KC 35,09-64,81 42,00 27,50 57,75 30 0 266
score GC therapy

[l pumeduyaHnue. [U- goBepuTesbHbIH HHTEPBAJ;

Me - mezanana; Q1, Q3 - 25-i u 75-H NPOLEHTUIN COOTBeTCTBeHHO; IQR -

MeXKBapTUbHbIN pasMax; ['KC - rimokokoptukoctepouibl; ICII - apo3uu cycrtaBHbIX moBepxHocTel; CCL - cy>keHUe CyCTaBHBIX Liese.

Abbreviations

. CI - confidence interval; Me - median; Q1, Q3 - the 25" and 75" percentiles, respectively; IQR - interquartile

range; GC - glucocorticosteroid; EJS - erosion of joint surfaces; JSN - joint space narrowing.

moctu oT npuema I'KC BpisiBU 3HAUMMBbIEe pas-
JIMYUSI B CTENEHU BBIPAKEHHOCTH CTPYKTYPHBIX
MIOBPEXKIEHUH CyCcTaBOB y marueHToB ¢ PA (tabur. 1).
YcraHOBJIEHO, YTO Y TAIIUEHTOB, AJIUTETLHOE BPEMSI
npuanMmaBmux ['KC, menmana 9CII cocraBmia 9,5
[2,0; 16,25], 9TO JOCTOBEPHO BBIIIE AaHAJIOTUUYHOTO
roKasaTtesisi B TpyIIle KOHTpoJs — 2,0 [0,0; 8,75]
(p = 0,003). OCHOBHOU BKJIaJ] B JJAHHOE Pa3INdUe
BHECJIA JIECTPYKITHS CyCTABOB KUCTEN: MeJMaHa CyM-
mapHoro 6ayuta ACII B rpynme 'KC gmocturia 8,0
IpoTHB 2,0 6asia B rpymie KOHTposis (p = 0,002), B
TO BpeMsI KaK I10 3PO3UAM CTOI HabJII0/1aTach JIUIIb
cTaTHCTUYecKas TEeHAEHIUS K yBeaudeHuwo (1,0
MPOTUB 0,0; p = 0,074). [Tokazatenu CCIL] Tak:ke
3HAYMMO TPEBAJITUPOBAIN Yy JIUI], NMPUHUMAIOIINX
T'KC: cymmapnbiii 6amn CCIIL cocraBun 35,0 [20,5;
40,0] potuB 25,0 [10,5; 31,0] (p = 0,005). Cratu-
CTUYECKN 3HAuuMble pazanyus 1o crenenu CCII]

confirmed that patients not receiving GCs had a sig-
nificantly greater number of cases of low EJS and
JSN scores.

Comparative analysis of endotoxemia and
angiogenesis parameters according to GC
therapy regimen revealed a specific effect of long-
term GCs use on the biological profile of RA patients
(Table 2). GCs use was found to be associated with a
more than threefold and statistically significant
increase in bacterial LPS levels: the median of this
parameter in the GC group was 151,92 [79,97; 191,91]
ng/ml vs. 49,25 [26,40; 112,41] ng/ml in patients not
receiving steroid therapy (p < 0,001). VEGF concen-
trations were also significantly higher in the GCs
group, amounting to 122,00 pg/ml [118,0; 126,25]
vs. 118,0 pg/ml [115,0; 123,0] in the control group
(p = 0,010), indicating an enhancement of the angio-
genic component of inflammation under hormonal
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3a(pUKCUpPOBaHBl KaK JUJIs CycTaBOB Kucred (18,0
MPOTHUB 12,0; p = 0,044), TaK U JUIs cToII (14,0 Tpo-
TUB 10,0; p = 0,021). VHTerpajbHbIl MMOKAa3aTesb
PEHTTEHOJIOTUYECKOTO IOBPEXKAEHUsA II0 IIKaje
Sharp — van der Heijde B rpynme I'KC cocraBui 42,0
[27,5; 57,75], 4TO CyllleCTBEHHO MPEBHIIIATIO 3HAUE-
HUsA B TpylIe KOHTpoass — 27,0 [16,0; 40,0]
(p = 0,003). BusyaspbHbIN aHAIN3 pacIpeeIeHus
YacTOT ¥ rpayKy IJIOTHOCTHA 3HAUEHUH IMOATBEP-
JIWJIN, UTO JIJ1d NTalueHToB, He npuHuMaiomux ['KC,
XapaKTePHO 3HAYHNMO 0OJIbIIIEe KOJTUUECTBO HAOJIIO-
JeHUH ¢ HU3KUMHU 3HaueHuaMu wuHaekcoB SCII
u CCIII.

CpaBHUTEJbHBINI aHAJIU3 IOKa3aTeJjen
9HIOTOKCUHEMHH W aHTHOIeHe3a B 3aBHCHU-
MocTu oT pe:xxkuma tepanuu I'KC BeiaBu crien-
uduyeckoe BausHUe ginuteapHoro npuema 'KC Ha
6uonorudeckuii mpoduiib nanueHTos ¢ PA (tabi. 2).
YcranosneHo, uro npuMmeHenne I'KC acconuupo-
BaHO ¢ OoJiee UeM TPEXKPATHHIM U CTATHUCTUYECKH
3HAYMMbBIM IOBBIIIEHHEM YPOBHsI OaKTEPUAILHOTO
JIIIC: menmana B rpynne I'KC cocraBuia 151,92

therapy. Regarding other markers of endo-
toxin-binding systems, no statistically significant
differences were observed: LBP levels (10,78 vs.
10,35 ng/ml; p = 0,658), BPI (209,75 vs.
172,50 pg/ml; p = 0,094), and sCD14 (37,90 pg/ml
in both groups; p = 0,562) remained comparable. Of
particular note is the absence of significant differ-
ences in zonulin levels (21,10 vs. 26,80 ng/ml;
p = 0,241), which allows us to exclude classical dis-
ruption of tight junctions as the primary mechanism
of GC-induced endotoxemia in this cohort, pointing
to the predominance of functional or metabolic path-
ways of bacterial translocation.

Mediation analysis of the indirect effect of
endotoxemia on the association between GC
therapy and structural joint damage. Within
the framework of this study, a multi-step sequential
mediation model was constructed and pathophysio-
logically substantiated to describe the effect of long-
term GC therapy on JSN progression through sys-
temic endotoxemia and angiogenesis (Fig. 1, Table 3).
Systemic GCs intake was found to have a significant

Ta6.upa 2. CpaBHUTEJIbHBIH aHAJIU3 MapKepoB 3HA0ToKcMHeMuu U VEGF B rpynnax vccie oBaHuUs
Table 2. Comparative analysis of endotoxemia markers and VEGF between the study groups

Iloka3saTesb I'pynna 95% AU .

Parameter Group 95% CI e Q1 Q3 IQR i RS p

JITIC, Hr /™M Be3 tepanuu 'KC 51,52-101,04 49,25 26,40 112,41 86,01 7,80 317,20

LPS, ng/ml Without GC therapy <0.001
Tepanus 'KC 125,12-166,96 151,92 79,97 19191 11194 1540 316,10 ’
GC therapy

JICB, Hr /™M Bes Tepanuu 'KC 9,52-11,62 10,35 8,40 11,83 3,43 5,70 23,00

LBP, ng/ml Without GC therapy 0.658
Tepanus 'KC 9,99-11,47 10,78 9,20 12,43 3,23 6,15 16,20 ’
GC therapy

BPI, Mmkr/ma Be3 tepanuu 'KC 148,27-222,65 172,50 90,40 221,80 131,40 62,80 494,40

BPI, pg/ml Without GC therapy 0.094
Tepanus F'KC 184,03-242,35 209,75 138,48 246,23 107,75 72,00 47500 '
GC therapy

sCD14, nr/mn Bes Tepanuu 'KC 36,08-71,58 37,90 20,00 90,00 70,00 0,0 184,60

sCD14, pg/ml Without GC therapy 0562
Tepanus F'KC 44,79-76,01 3790 20,00 97,65 77,70 0,0 184,60
GC therapy

3onynuH, Hr/Ma  Bes Tepanuu 'KC 22,16-31,29 26,80 16,00 32,20 16,20 9,90 66,00

Zonulin, ng/ml  Without GC therapy 0241
Tepanus F'KC 19,95-26,56 21,10 14,10 2890 14,80 5,43 49,00 ’
GC therapy

VEGF, nr/mn Be3 tepanuu 'KC 117,23-121,12 118,00 115,00 123,00 8 110 131

VEGE pg/mL Without GC therapy 0.010
Tepanus 'KC 120,64-123,45 122,00 118,00 126,25 8,25 110 129 ’
GC therapy

[IpumevyaHue.

[ - noBepuTenbHbld UHTepBasl; Me - MenuaHa; Q1, Q3 - 25-if u 75-i NpoueHTUIN cooTBeTCTBeHHO; IQR -

MeXXKBapTUJIbHbIN pa3Max; JIIIC-yunononncaxapuy; JICh -munonosivcaxapu/i-cBsA3bIBaOMi 6es10K; BPI - 6akTepuIiuAHBIN /TOBBILIAIO TN
npoHULaeMocTb 6es10K; SCD14 - pactBopuMblii CD14; VEGF - dakTop pocTa sHA0TEUS COCYL0B.

Abbreviations.

range;

soluble CD14; VEGF - vascular endothelial growth factor.

CI - confidence interval; Me - median; Q1, Q3 - the 25%"and 75" percentiles, respectively; IQR - interquartile
LPS - lipopolysaccharide; LBP - lipopolysaccharide-binding protein; BPI - bactericidal/permeability-increasing protein; sCD14 -
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[79,97; 191,91] Hr/M1 IpPOTHUB 49,25 [26,40; 112,41]
HI/MJI y MAIMEHTOB, HE IOJIyYaBIIMX CTEPOHUIHYIO
tTepanuio (p < 0,001). Konnenrpanus VEGF Takxe
Obuta J0cTOBEepHO BbINIE B rpymme Tepanun ['KC,
cocTaBUB 122,00 1r/miI [118,0; 126,25] B cpaBHEHU U
¢ 118,0 mr/mn [115,0; 123,0] B TpyIlie KOHTPOJIA
(p = 0,010), YTO yKa3bIBAET HA YCUJIEHUE AaHTHOTEH-
HOTO KOMITOHEHTA BOCHAJIEHUS 10T IEHCTBUEM TOP-
MOHJIBHOU Tepanuu. B OTHOIIEHWM OCTAJIbHBIX
MapKepOB 5H/IOTOKCUH-CBS3BIBAIOIUX CHCTEM CTa-
TUCTUYECKU 3HAUUMBIX Pa3Iuuuil 3a(pUKCHPOBAHO
He O6bw10: ypoBHU JICH (10,78 mpoTue 10,35 HI/MJT;
p = 0,658), BPI (209,75 npoTuB 172,50 MKT/MJI,
p = 0,094) u sCD14 (37,90 nr/ma B 06eux rpyIiax;
p = 0,562) ocTaBasICh conoctaBuMbIMU. Ocobo cie-
JIyeT OTMETHUTH OTCYTCTBHE 3HAUYUMBIX PA3JIMIUU 110
VPOBHIO 30HyJHMHA (21,10 mpotuB 26,80 Hr/mu;
P = 0,241), YTO TO3BOJISIET UCKIIOUUTh KJIaccuue-
CKUH MeXaHW3M IOBPEXKIEHUs IUIOTHBIX MEXKKJIe-
TOUHBIX KOHTAKTOB Kak Beayilyio npuuuny ['KC-
UHAYIUPOBAaHHOU SHJIOTOKCHMHEMUM B JAHHOHU
BBIOOPKE, YKa3bIBasl HA IIPEBAIIMPOBaHUE QYHKI[HO-
HaJIbHBIX MJIM META0OJMYECKUX MyTeH TpaHCIOKa-
iU OaKTepUATbHBIX KOMIIOHEHTOB.
MeauanuoOHHBIN aHAJIU3 MeIHaTOPHOro
BJIUAHUA DJHAOTOKCHHEMHHM Ha KOCBEHHYIO
accomuanuio me:xay 'KC-tepanueii u CTpyk-
TYPHBIM HOBPE:KIEHUEM CyCTaBOB. B pamkax
IIPOBEIEHHOTO HCC/IeI0BaHUs OblIa CO3/IaHa U TIaTO-
(usuosmornyeckn 060CHOBaHA MHOTOCTYIIEHUATAas
ocJieloBaTe/IbHAs MeAUaI[MOHHAS MOJIeJIb, OITUCHI-
Balolas BiusHHe JuuresnbHoN Tepanmuu ['KC Ha
nporpeccupoBanue CCII] yepe3 MexaHU3MBI CUCTEM-
HOU DHJIOTOKCMHEMHHW U aHruoreHesa (puc. 1,
TabJ1. 3). YCTaHOBJIEHO, UTO cucTeMHbIH mpuem ['KC
WMEET 3HAUYMMYIO TTOJIOKUTEIFHYI0 acCOIUAIINI0 C
ypoBHeMm 6akrtepuansuoro JIIIC (B_std = 0,463;
P < 0,001), YTO CBU/IETEJILCTBYET O BKJIAJIE CTEPOU/I-
HOU Tepanuu B HapylleHue OapbepHON (PYHKIIUU U
(opmupoBaHUEe JIEKADCTBEHHON 3H/IOTOKCUHEMUH.
B nannoi matoreHetuueckoi remu JIIIC BeicTyIaer
MOIIHBIM  CTUMYJIATOpOM  3kcnpeccun  VEGF
(B_std = 0,492; p < 0,001), MOATBEpKAAs POJb
9HI0TOKCUHOB B aKTHBAIIUU aHTHOTEHHOT'O OTBETA B
cuHOBHaJIbHOU TKaHU. [ToBpiienue yposHa VEGF, B
CBOIO OUYepe/lb, OKA3bIBAET 3HAUUMOE IOJIOKUTEb-
HOE€ BJINSTHUE Ha PEHTTeHOTpaUUeCcKUi oKa3aTelb
CCIII (P_std = 0,295; b = 1,232; p = 0,014),
IOCKOJIBKY HWH/IyIIUPOBAaHHAs HEOBACKYJISIPU3AIUS
crroco6cTByeT (OPMHPOBAHUIO WHBA3UBHOTO IIaH-
HyCa ¥ IIPOJIyKITUH IIPOTEOINTUUECKUX (DEPMEHTOB,
BEIYIINX K [IOCTENIEHHOU JIerpaJlalliy U yTpaTe THa-
JIMHOBOTO XpsIia. [I[puHIUITHAIBHO BaXKHBIM SIBJIS-
ercs TOT (akT, uro npAMou nyTts BiausHud I'KC Ha

positive association with bacterial LPS levels
(B_std = 0,463; p < 0,001), indicating that steroid
therapy contributes to barrier dysfunction and the
development of drug-induced endotoxemia. In this
pathogenetic cascade, LPS acts as a potent stimula-
tor of VEGF expression (_std = 0,492; p < 0,001),
confirming the role of endotoxins in activating the
angiogenic response in synovial tissue. Elevated
VEGF levels, in turn, exert a significant positive
effect on the radiographic JSN score (_std = 0,295;
b =1,232; p = 0,014), as induced neovascularization
promotes the formation of invasive pannus and the
production of proteolytic enzymes, leading to pro-
gressive degradation and loss of hyaline cartilage. Of
fundamental importance is the fact that the direct
pathway of influence of GCs on JSN was statistically
non-significant (p = 0,112), as well as the direct path-
way from LPS to JSN (p = 0,520), whereas the indi-
rect mediator effect of the entire cascade GCs —
LPS — VEGF — JSN reached statistical significance
(LPS_VEGF_JSN = 2,933; p = 0,049). The total
effect of GCs on JSN, summing all pathways of
influence, was statistically significant (total_effect =
= 9,651; p = 0,023). Thus, the negative impact of
long-term GC therapy on the structural status of the
joints is mediated predominantly through indirect
pathways, pointing to the “medicinal paradox of
GCs”: effective relief of clinical symptoms may be
accompanied by hidden progression of cartilage
destruction driven by activation of endotoxin-medi-
ated angiogenic mechanisms.

DISCUSSION

The results of this study provide a new perspec-
tive on the role of GCs in RA progression, reaffirming
the concept of the “medicinal paradox of GCs”. The
findings obtained indicate that long-term steroid
therapy, while effectively reversing clinical symp-
toms, may simultaneously act as a trigger of hidden
pathophysiological cascades leading to irreversible
joint destruction.

The key finding of our study was a more than
threefold increase in bacterial LPS levels in patients
on long-term GC therapy (151,92 vs. 49,25 ng/ml in
controls; p < 0,001). This substantial difference
points to a the systemic effect of therapy on bacterial
translocation processes. Notably, zonulin levels did
not differ between groups, ruling out classical tight
junction disruption as the primary mechanism of
metabolic endotoxemia. This suggests that GC-asso-
ciated endotoxemia is metabolic in nature, possibly
driven by microbiota composition changes [15] or
functional alterations in epithelial transport sys-
tems [16]. Our findings differ from the previously
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I'KC
GCs

/
/

JIIC | CClI
Lps [ 0,44 mummpp| VEGF e 0,37 ol =0

0,08

Puc. 1. MeauainoHHasi MO/IEJIb, ONMCBHIBAIOIIAS BIUSHUE JIJTUTELHON TEpATu ITI0KOKopTHKOcTepouiamu (I'KC)
Ha IporpeccrpoBaHue cykeHus cycraBHoil menu (CCI), peannsyemMoe depe3 MeXaHU3MbI
CHCTEMHOMU SHIOTOKCHHeMUU U aHruorenesa (JIIIC — siumonosrcaxapu;t)
Fig. 1. Mediation model describing the effect of long-term glucocorticoid therapy on joint space narrowing (JSN)
progression which is realized through systemic endotoxemia and angiogenesis
(LPS - lipopolysaccharide; GCs — glucocorticoids))

Ta6snna 3. [laHHble MeJUALIMOHHOUN MO er
Table 3. Mediation model data

HecranpaprusoBan-  CTaHaapTHas

IlyTs / apPexT HbIH K03¢pPunyenT (b) omuéka z B_std HUHTepnpeTanusa
Pathway / effect Unstandardized Standard p - Interpretation
coefficient (b) error

JITIC ~ TKC 75,204 17,292 4,349 0,000 0,463 TKC3HayMuTeJbHO IOBLIIIAET

LPS ~ GCs 3HAO0TOKCUHEMHUIO
GCs significantly increase
endotoxemia

VEGF ~ JITIC 0,032 0,008 3,985 0,000 0,492 IJHAOTOKCHHEMHS CTUMYJIU-

VEGF ~ LPS pyet npoaykuuwo VEGF
Endotoxemia stimulates VEGF
production

CCII ~ VEGF 1,232 0,502 2,455 0,014 0,295 VEGF cnoco6erByet CCII

JSN ~ VEGF VEGF promotes JSN

CCIIL ~ JITIC 0,024 0,038 0,644 0,520 0,091 Ipsmoi adpdext JIIC, okasel-

JSN ~ LPS Baembli Ha CCIll, He3HAYUM

The direct effect of LPS on JSN
is not significant
CCII ~ TKC 6,719 4,227 1,589 0,112 0,154 [TIIpsamoii a¢pdext I'KC, okasbi-
JSN ~ GCs Baemblit Ha CClll, He3HAaYUM
The direct effect of GCs on JSN
is not significant

KocBennsbiit apdext 'KC — 2,933 1,493 1,965 0,049 0,067 T'KConocpenoBaHHO BAUSIET
JITIC — VEGF — CCII1 Ha CCII yepes JIIIC u VEGF
Indirect effect of GCs — GCs indirectly affect J]SN

LPS — VEGF — JSN through LPS and VEGF
O6muit apdext 'KC, 9,651 4,239 2,277 0,023 0,221 CoBokynHoe BausHue 'KC
oka3sbiBaeMbli Ha CCIL] Ha CCII],

Total effect of GCs on JSN Overall effect of GCs on JSN

Il pumeqanue. JIC- munonoaucaxapug; 'KC - rmokokoptukocreponsl; VEGF - dakTop pocra angortenus cocygos; CCLI -
Cy>KeHHe CyCTaBHBIX LjesIel.
Abbreviations. LPS-lipopolysaccharide; GCs - glucocorticoids; VEGF - vascular endothelial growth factor; JSN - joint space narrowing.
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CCII oxkazajica CTaTUCTHYECKd He3HAYUMbIM
(p = 0,112), kak u npamou myts ot JITIC xk CCII]
(p = 0,520), Tora Kak KOCBEHHBIH MeIUATOPHBIN
addext Bcero kackama 'KC — JIIIC — VEGF —
CCII moctur cratuctuuyeckorn s3HaunMoctu (JITIC
VEGF__ CCII] = 2,933; p = 0,049). O6muii adpdexrT,
okaspiBaeMmblii I'KC na CCIII, cymmupyomuii Bce
IyTH BJIUSHUS, OKA3aJICSA CTATHCTHYECKH JIOCTOBEP-
uvbiM (total_effect = 9,651; p = 0,023). Takum o6pa-
30M, HETaTHUBHOE BJIUSAHHE JUJINTEJBHON Tepamuu
T'KC Ha CcTPYKTypHOE COCTOSIHHE CYCTaBOB peajin3y-
eTcsl MPEeNMYIIECTBEHHO OIIOCPEIOBAHHO, UTO CBH-
JIeTeJIbCTBYET O «JIEKAapCTBEHHOM Iapaziokce I'KC»:
53¢ deKTUBHOE KyITUPOBaHNE KJIMHUYECKUX CUMIITO-
MOB MOKET COIIPOBOXKIATHCS «CKPBITHIM» IIPOTPEC-
CHPpOBaHUEM JIECTPYKIINU XPAIIA 32 CUET aKTUBAI[UU
SHJIOTOKCUH-aHTUOT€HHBIX MEXaHU3MOB.

OBCYXKJIEHUNE

PesynbraThl  IIPOBEIEHHOTO  HWCCJIENOBAHUSA
II03BOJIAIOT II0-HOBOMY B3IVIAHYTh Ha posib I'KC B
nporpeccupoBaHnuu PA, BHOBB NOJATBEPXK/lasd KOH-
LENIUIo «JekapcTBeHHoro napajgokca ['KC». Ilomy-
YeHHbIE J[TAHHBIE CBUETEILCTBYIOT O TOM, UTO JIJIU-
TeJIbHAsA  CcTepoujHasA Tepanus, 3(PPeKTUBHO
Kymupysi KJIUHHUYECKYI) CHUMIITOMAaTUKY, MOKET
OZTHOBPEMEHHO BBICTYNATh WHAYKTOPOM CKPBITHIX
MaTo(pU3NOJIOTHYECKUX KACKA/IOB, BEJIYIINX K HEOO-
paTUMOMYy Pa3pyIIEHUIO CyCTaBOB.

KiroueBoll HaxXOAKOM HAIIEro KCC/IEOBAHUA
crasio 6osiee YeM TPeXKpaTHOE IOBBIIIIEHUE YPOBHS
baktepuaspHoro JIIIC y manuWeHTOB, JIUTEIHLHO
nonygarormux 'KC (151,92 mpoTuB 49,25 Hr/MJI B
TpyIIlie KOHTPOJIsA; p < 0,001). CTOJIb 3HAUUTEIbHAS
pa3HUIlA YKa3bIBAET HA CUCTEMHOE BJIMSTHUE TEPATIHT
Ha IIPOIIECCHI TPAHCIIOKAIINY OaKTePUAIHPHBIX KOMITO-
HeHTOB. IIprMeuaTesnbHO, YTO YPOBHH 30HYJIMHA
MEXy TPYIIIaMU He Pa3INYaIvCh, YTO HCKIJIIOUAET
KJIACCHYECKUH MEXaHW3M «Pa3MbIKAHUS» IIJIOTHBIX
KOHTAKTOB KHUIIIeYHUKA KaK BeyIIyI0 IPUUNHY MeTa-
00JTUYECKOI SHIOTOKCUHEMHH. DTO MO3BOJISIET MIPET-
1oJ1okuTh, uTo I'KC-accoruupoBaHHast 3HOTOKCH-
HEMUSI HOCUT MeTaboINYeCKUll XapaKTep, BEPOSTHO,
3a cuer MOAUDUKAIUU COCTaBAa MHKPOOHWOTHI [15]
Wik (PYHKITUOHAJIBHBIX U3MEHEHUH TPAHCIIOPTHBIX
cucreM snuTenus [16]. OnucaHHasg HaMH CHUTyaIys
OTJIMYaeTCsi OT HAOJIIIaeMOTrO B JINTEPATYpe IMO3H-
tuBHOTrO BiusiHus ['KC, BeIparkaroIierocs B o/iaBjie-
HHUU TMPOBOCIIUTENHHBIX 3(PDEKTOB CENTHUECKOU
SHIOTOKCHHEMHH [17].

¥ nanmentos, npuxHumaronux I'KC, dukcupo-
BaJICSI 3HAUUMO 60J1ee BHICOKUH YPOBEHD CHCTEMHOTO
Bocniastenus (BuCPb: 3,35 mpotus 2,25 mMr/J1 B rpyIIne
KOHTDOJIST; p = 0,003) U aHTHOT€HHOH aKTUBHOCTH

reported beneficial effects of GCs in suppressing
pro-inflammatory responses in septic endoto-
xemia [17].

Patients receiving GCs had significantly higher
levels of systemic inflammation (hsCRP: 3,35 vs.
2,25 mg/l in controls; p = 0,003) and angiogenic
activity (VEGF: 122,0 vs. 118,0 pg/ml in controls;
p = 0,010). This confirms that GCs create a “silent”
inflammatory background that is not detected by
conventional clinical tools but may serve as the
potential driver of radiographic progression in RA.

The central position in the interpretation of our
results is the mediation model of the influence of
GCs on JSN constructed. The direct effect of GCs on
JSN was not statistically significant (p = 0,112),
whereas the total effect of therapy was significant
(total_effect = 9,651; p = 0,023). This proves that the
negative effect of steroids on cartilage tissue is medi-
ated indirectly through the cascade involving two
intermediate steps: LPS — VEGF. GCs emerged as
the significant predictor of severity of endotoxemia
(B_std = 0,463) in our analysis, which is in line with
published data [18]. LPS, in turn, acts as a potent
stimulator of VEGF expression (B_std = 0,492),
most likely through the induction of chronic systemic
inflammation [19]. Elevated VEGF-dependent angio-
genesis promotes the formation of invasive pannus
and the production of proteolytic enzymes, leading
to hyaline cartilage loss and joint space narrow-
ing [20].

The severity of structural damage in the GC-
treated group was significantly higher: the total
Sharp-van der Heijde JSN score was 42,0 vs. 27,0
(p = 0,003), and the median of EJS score was
4,7 times higher than in GCs-naive patients, which is
consistent with findings reported in [21]. The identi-
fied indirect pathway of destruction via the endo-
toxin-angiogenesis axis explains why patients on
long-term GC therapy have less favorable radio-
graphic outcomes.

CONCLUSION

Systemic GC therapy in RA is associated with the
development of drug-induced metabolic endotox-
emia, which, through activation of VEGF-dependent
angiogenesis, promotes progression of JSN and ero-
sion. This necessitates minimization of GCs doses
and closer monitoring of biological markers of
inflammation and angiogenesis, as subjective clinical
improvement during GC therapy may mask active
joint tissue destruction.
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(VEGF: 122,0 npotus 118,0 nr/mj B Ipymme KOHT-
posst; p = 0,010). Ato moaTBep:kaer, uro ['KC cos-
JIAl0T «TUXHUH» BOCHAIUTENBHBIN (POH, KOTOPBIN He
JETEKTUPYETCS]  CTAHAAPTHBIMH  KJIMHUYECKIMU
WHCTPYMEHTaMHU, HO SBJISETCS MOTEHIIHATBHBIM (haK-
TOPOM PEHTTEHOJIOTUYECKOH IpOTpeccuu mpu PA.

IleHTpasibHOE MECTO B MHTEPIIPETAIIUU pe3ysIbTa-
TOB 3aHUMAET ITOCTPOEHHAs MeIMAIIUOHHAS MOJIEb
piussausA 'KC na CCIII. YcraHOBJIEHO, YTO TIPAMOM
addekrt, okaspiBaembiii 'KC Ha mokazartens CCIII,
CTAaTUCTUYECKH He3HAUUM (P = 0,112), 0THAKO OOIIHH
addexr Tepanuu spisercs pocToBepHbIM (total
effect = 9,651; p = 0,023). ATO IOKA3BIBAET, UTO HETA-
TUBHOE BJIMSTHUE CTEPOU/IOB Ha XPAIIEBYIO TKAHb pea-
JINBYeTCs OMOCPEIOBAHHO Yepe3 KacKaJl, BKIIIOUAI0-
mui ABa npomexkyTouHbix 3BeHa: JIIIC — VEGF.
I'KC BpICTynaloT 3HAUHMMBIM IPEIUKTOPOM TUTPA
suzotokcuemud (_std = 0,463) B Halllem aHa/IU3E,
YTO COTJIACyeTCsl C JaHHBIMU JtuTepatypsbl [18]. JITIC,
B CBOIO OU€PE/Ib, SBJISETCSA MOIIHBIM CTHMYJISITOPOM
skcrpeccuu VEGF (B_std = 0,492), BeposiTHO uepe3
WHIYKIWIO XPOHUYECKOTO CHCTEMHOTO BOCIIaJIe-
HuA [19]. [ToBeimenHbIN ypoBeHb VEGF-3aBucumoro
aHTHOTeHe3a CIocoOCTByeT (GOPMHPOBAHUIO HHBA-
3UBHOTO MAHHYCA U MPOAYKIIUU MTPOTEOTUTUIECKIX
(epMeHTOB, UTO BEJIET K yTpaTe THATMHOBOTO XPsIIa
U Cy;KEeHHIO Iesiei [20].
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