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PE3IOME

AxTyanbHicTb. PeBmatoigHnini aptput (PA) € He nuwe XpOoHiYHMM 3ananbHUM
3aXBOPIOBAHHSAM CyrnobiB, a W CUCTEMHOK NaTomorietn, WO CynpOBOAXKYETHCS
YMCTIEHHVIMM M03aCcyrNoB6OBUMN YCKMNAAHEHHSAMM. IX YacToTa, TSKKICTb | NPOrHOCTUYHE
3HaYeHHs1 3yMOBIIIOIOTb 3POCTalYUiA iHTepec A0 BMBYEHHS MeXaHi3miB (hOpMyBaHHS
Ta KNiHIYHUX HacnigkiB TakMxX ypaKeHb, 30Kpema B acneKTi CMCTEMHOro 3anarieHHsi
SIK CNiNbHOT MATOreHETUYHOI OCHOBU.

MeTa po6oTu — ysaranbHUTWU CyyacHi ysiIBMEHHS Mpo no3acyrnoboBi ycknagHeHHs
pPEBMAaTOiAHOrO apTPUTY SIK HACMIAOK XPOHIYHOTO CUCTEMHOIO 3ananeHHs.

Marepianu Ta meToam. Y Mexax cucTemMatuyHoro ornsigy Oyno npoaHanizoBaHo
88 ny6nikauin 3 HaykoBux 6a3 PubMed, Cochrane Library, Elsevier Clinical Key Ta iH.,
AIKi BUCBITMIOIOTb CyyacHi AaHi Wwoao nosacyrnobosux nposieie PA, natodisionoriyHnx
MEXaHi3miB, WO nexaTb B X OCHOBi, Ta akTyanbHi nigxoau [oO nikyBaHHA. Byno
3aCTOCOBaHO KPUTUYHUI KOHTEHT-aHani3 [mkepen i3 OTPUMaHHAM MPUHLMNIB AoKa-
30BOI MEOULIMHN.

Pe3synbratn Ta ix o6roBopeHHs. XpoHiyHe 3ananeHHs npu PA Bu3Havae LUMPOKWI
CMEKTP CUCTEMHUX YypaKeHb. BCTaHOBNEHO CyTTEBe NiABULLEHHS puU3MKy nimMcom,
iHTepcTuuianbHOro 3axeoptoBaHHA nereHb (I3J1), ocTeonopo3sy, cepLeBO-CyAMHHUX
yCKNnafHeHb Ta KOTHITMBHOMO AediunTy. 30Kpema, pusnK cepLeBO-CYANHHOI CMepTi
3poctae Ha 50-60%, a npubnmsHo 60-80% ocib i3 PA mMaloTb 03HaKM nereHeBoro
YPaXeHHs1 pi3HOro cTyneHsi, cepeq sikux I3J1, 3 kniHiYHOT TOYKKM 30py, Nocigae nposigHe
Mmicue. Y 2-3 pasu niaBULLYETLCSH YacToTa OCTEONOPOTMYHMX nepenomis. Buse-
FIEHO YiTKMI 3B’A30K MK aKTVBHICTIO 3ananeHHs, pisHeM umtokiHiB (TNF-a, IL-6, IL-18)
Ta rMMBOKMMKN ypakeHHAMU TKaHWH-MilleHew. bionoriyvHa Tepania AeMoHCTpye
noTeHujian OAHOYACHOro KOHTPOMIO CyrnoboBMX MNPOSBIB | 3HWKEHHSI CUCTEMHOIO
pu3unky. Ocobnneo BaroMum € BMMB 3anarneHHs Ha LeHTpanbHy HEPBOBY CUCTEMY —
CNOCTEPIraeTbCs 3HMKEHHS KOTHITUBHUX (OYHKLIA HaBiTb Y MONMOAUX NauieHTiB i3 PA.
BucHoBku. [Mo3acyrno6oBi ycknagHEHHs € HEeBiA'€EMHOK CKMagoBOK  KMiHIYHOIO
ceHoTuny PA i BM3HaualOTb TAXKICTb nepebiry XBopobu. Ix cBoevacHe BUSBNEHHS
Ta afpecHWn BMMMB HA MaTOr€HETUYHI MEXaHi3My [03BOMSATb CYTTEBO MOMIMLUNTK
NPOrHO3 i SIKICTb XUTTSA NaLUieHTIB.

mapkmx @.B. [MosacyrnoboBi ycknagHeHHs peBMaTOigHOTrO apTpuUTy $IK HacnigoK XPOHIYHOro 3anarneHHs:
NaToreHeTUYHi MexaHi3Mu, KNiHiYHe 3HaYeHHS Ta MPOrHOCTUYHI pU3nNKU. Kapa3iHCbKul iMyHOMO2iYHUU XypHarl.
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ABSTRACT

Background. Rheumatoid arthritis (RA) is not only a chronic inflammatory joint
disease but also a systemic disorder accompanied by numerous extra-articular
complications. The frequency, severity, and prognostic significance of these mani-
festations have generated growing interest in studying their underlying mechanisms
and clinical consequences, particularly in the context of systemic inflammation as
a common pathogenic foundation.

Purpose — to summarize current knowledge on extra-articular complications of
rheumatoid arthritis as consequences of chronic systemic inflammation.

Materials and Methods. As part of a systematic review, 88 publications from scientific
databases including PubMed, Cochrane Library, and Elsevier Clinical Key were
analyzed. The review focused on contemporary data regarding extra-articular
manifestations of RA, their underlying pathophysiological mechanisms, and current
therapeutic approaches. A critical content analysis of the sources was conducted
in accordance with the principles of evidence-based medicine.

Results. Chronic inflammation in RA contributes to a wide range of systemic manifes-
tations. A significantly increased risk of lymphomas, interstitial lung disease (ILD),
osteoporosis, cardiovascular complications, and cognitive impairment has been estab-
lished. Specifically, the risk of cardiovascular mortality increases by 50-60%, and
approximately 60-80% of RA patients exhibit signs of pulmonary involvement of
varying severity, with ILD being the most clinically significant. The incidence of osteo-
porotic fractures increases by 2-3 times. A clear association has been identified
between inflammatory activity, cytokine levels (TNF-a, IL-6, IL-1B), and profound
damage to target tissues. Biological therapies demonstrate the potential to control
both articular symptoms and systemic risk. Of particular concern is the impact of
inflammation on the central nervous system, as even young RA patients may expe-
rience cognitive decline.

Conclusions. Extra-articular complications are an integral part of the clinical pheno-
type of RA and significantly influence disease severity. Timely identification of

these manifestations and targeted

intervention in the underlying pathogenic

mechanisms can substantially improve patient prognosis and quality of life.
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BCTYN

PesmatoigHuin aptput (PA) — Le cuctemMHe, XpoHiyHe,
ayToiMyHHe 3ananbHe 3axBOpPHBaHHS, SIKE XapaKkTepu-
3yeTbCsl Mporpecytounm nepebirom i Mae 3gaTHicTb
ypaxaTtu He nuvwe cyrnoboBuii anapar, ane W YUCIEHHI
nosacyrrno6oBi opraHn 1 cuctemu. Ha BigmiHy Big no-
YaTKoBWX ysiBNeHb Npo PA sik Npo nokanizoBaHy apTpona-
Til0, CydacHa HayKoBa KOHLEnNLis BU3HAYae Lie 3axBOpHo-
BaHHA sk GaraTtodakTopHy iMyHOONocepeakoBaHy
naTornorito, sika peaniayeTbCcs Yepe3 ckrnagHy B3aemogito
FEHETUYHUX, enireHEeTUYHMX, IMYHHUX Ta 30BHILLHIX YMH-
HukiB [1, 2]. KniHiyHmin cnektp PA 3Ha4HO LumMpLini
3a cyrnoboBi MposiBU Ta OXOMSE YUCIEHHI CUCTEMHI
YCKMaAHEHHs, $Ki CYTTEBO BMMUBAOTb Ha MPOrHo3,
TpMBaniCTb Ta AKICTb XUTTHA NaUiEHTIB.

KnacuyHoto o3Hakoto PA € cumeTpuyHe ypakeHHs
ApibHMX cyrnobiB k1CTen i cTom, Lo CyNnPOBOAKYETLCS 6O-
neM, NpUNyxrmicTio, NOKanbHO rinepeMied Ta TUMNOBOK
paHKOBOIO CKYTICTIO, TpMBanicTb Akoi nepesuilye 30 XB.
3 4acoM XpOHiYHWMI 3ananbHUN NpoLec NpU3BOANTL
no rinepnnasii cuHoBianbHOI 060NoHKN, OpPMyBaHHSA
naHHyca, epoasii xpsiLa n cyoxoHapanbHOI KiCTKM, WO 3y-
MoBMoe aedopmallii cyrnobiB, yTBOPEHHSI PEBMATOILHNX
BY3IMKIB i IpOrpecuBHe 06MexeHHs pyHKLioHanbLHOI 34aT-
HOCTI KiHUiBOK [3]. Y Mi3Hix cTagiax Moxnuse hopMyBaHHA
hiGpO3HO-AECTPYKTUBHNX 3MIH i aHKINo3iB, O 3HA4YHO
06MeEXyYTb PyXNMBICTb Ta NPUM3BOAATL A0 iHBaniaM3auii.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic, chronic, auto-
immune inflammatory disease characterized by a progre-
ssive course and the ability to affect not only the joints
but also numerous extra-articular organs and systems.
Contrary to the earlier view of RA as a localized arthro-
pathy, the current scientific concept defines it as a multi-
factorial immune-mediated disorder resulting from
a complex interplay of genetic, epigenetic, immune, and
environmental factors [1, 2]. The clinical spectrum of RA
extends well beyond joint manifestations and includes
various systemic complications that significantly impact
prognosis, life expectancy, and patients’ quality of life.

A classic hallmark of RA is symmetrical involve-
ment of the small joints of the hands and feet, accompa-
nied by pain, swelling, local hyperemia, and character-
istic morning stiffness lasting longer than 30 minutes.
Over time, the chronic inflammatory process leads to
synovial membrane hyperplasia, pannus formation,
cartilage and subchondral bone erosion, resulting in
joint deformities, the formation of rheumatoid nodules,
and progressive functional limitations of the limbs [3].
In later stages, fibrotic-destructive changes and anky-
losis may develop, significantly restricting mobility and
leading to disability.

However, the pathophysiology of RA extends far
beyond the musculoskeletal system. This systemic
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[MpoTte natodisionoria PA 3Ha4HO BUXOOUTb 3a MeEXi
onopHo-pyxoBoro anapaty. Lle cuctemHe 3axBopto-
BaHHS 4acTO CYMNpPOBOOXKYETbCS PO3BUTKOM YMCIEHHUX
no3acyrnoboBux ycknagHeHb, siki 3yMOBMEHi K NpsiMnmM
YPaXeHHSAM TKaHWH i OpraHiB, TaK i BTOPUHHUMU edpek-
TaMuM CUCTEMHOro 3ananeHHd. [1o HannowmpeHiwmnx
yCKNagHeHb HanexaTb BTOPUMHHWUIA aminoigos, 3ymosne-
HUA TpMBanoK akTueauielo ¢asn rocTpoi BignoBigi;
KapaioBacKynsipHi MOPYLUEHHs, cepen SIKMX LAOMIHYHTb
NMPUCKOPEHUIN  aTeporeHes, cepueBa HeOoCTaTHICTb,
nepukapauT, ilwemidyHa xBopoba cepus; iHTepcTulianbHi
YPaXeHHs nereHb; BacKyniTW; a TakoX Hewnponarii,
HedponarTii Ta ypaxeHHs wkipu [1]. Kpim TOro, Baxnu-
BMM € BUCOKWUMA PU3UK PO3BUTKY nimdponponidepaTns-
HUX 3axBOPIOBaHb, 30KPEMA HEXOMXKKIHCBKUX MiMdOoM,
acouiioBaHMX i3 TpuBanvMM 3ananeHHsaM Ta akTuBa-
uieto iMyHHOI cnucTemu.

Ocob6nuBoi yBarn noTpebytoTb ncuxocouianbHi ac-
nektn PA: BUCOKa MOLUMPEHICTb TPUBOXHMX i AenpecuBs-
HUX po3nagiB, XpOHiYHA BTOMAa Ta MNOTiPLUEHHS] KOrHi-
TUBHUX YHKUiN. Lli nposiBM 3HA4YHOO MipOO 3yMOBIEHi
He nuwe 6GionoriyHMM BMSIMBOM 3ananeHHsl Ha LEeHT-
panbHy HEpBOBY CUCTEMY, a N NMCUXOEMOLINHUM HaBaH-
TaXKEHHsIM, MOB’SI3aHUM i3 XPOHiYHMM Gonem Ta dyHK-
UioHanbHUMKN obmexeHHsIMKU. Bce ue dopmye Garato-
BEKTOPHUI TArap XBOpOOW, SIKUA BUXOOWUTb 3@ paMKu
CYTO KNiHIYHMX OLIHOK.

EnigemionorivHo PA pgemoHCTpye BigHOCHO cTa-
GinbHY nowwupeHicTb y rmobanbHoMy MacwTabi —
Ha piBHi 0,5-1,0% y nonynsauii €sponn [4]. XBopob6a
Ma€ $ICKpaBO BUPaXEHWUN reHAepHUA pucbanaHc —
XIHKM XBOpIitOTb NpUOGNM3HO BAOBIYI YacTile, WO MnoB’s-
3aHO 3 KOMMMEKCOM EHOOKPUHHUX, FEHETUYHMX Ta iIMYHO-
NOTMYHUX YUHHUKIB. XO4a HaW4acTille 3axBOPHBaHHSA
maHicdectye nicns 50 pokiB, Moro OeGrT MOXNNBUIA
y Oyab-sikomy BiUi, BKMOYak4M nignitkoBui i monoaui
popocnui nepioau [4].

IMyHOMaToreHeTU4Hi MexaHiamu po3BuTKy PA ctaHoB-
NATb CKNaaHy B3aEMOZII0 MiX KNiTMHAMW BPOOXKEHOrO
Ta agantuBHOro iMyHiTeTy. KnioyoBumu € B-nimcountuy,
T-xennepu (ocobnmeo CD4+ Th1 ta Th17), makpodaru,
ibpobnactonoaibHi cMHOBiOUMTM Ta  OCTeoknacT.
Y BignoBigb Ha Tpurepu, WO aKTUBYIOTb iIMYHHY Bigno-
BiOb, Ui KNITUHW POPMYIOTb CTillKe 3ananbHe MiKpooTo-
YEeHHs B CWHOBII, fKke nigTPUMYETLCA 3a pPaxyHOK
UUTOKIHIB — iHTepnewikiHy-1 (IL-1), iHTepnelikiHy-6 (IL-6)
Ta pakTopa Hekposy nyxnuvHU anbda (tumor necrosis
factor-alpha — TNF-a), XeMmokiHiB, akTuBHMUX popmmu
kucHio  (A®K — cynepokcug-aHioH (O,7), nepekuc
BogHio (H,O,), rippokcuneHuin pagukan (*OH) Towo)
Ta MaTpUKCHUX MeTanonpoteiHas (matrix metallopro-
teinases — MMPs) [2, 5].

MocTiHa B3aemopgisas MK KMITUHHUMW Ta MONeEKy-
NAPHUMU KOMMOHEHTaMWU MPU3BOAUTL He nulle A0 ae-
CTPyKLUii cyrno6ie, ane 1 cnpusie opMyBaHHIO M03a-
cyrnoboBux ypaxeHb, siKi € HacnigkoM CUCTEMHOro
3anarnbHoro kackagy. Ocobnuay ponb y UbOMY BigirpatoTb
npo3ananbHi UUTOKIHW, SKi, NOTPannsoyM B CUCTEMHUI
KPOBOTIK, BMMMBalOTb Ha BigganeHi opraHu-MilleHi,
CMPUYMHSAYN DYHKLIOHanNbHI Ta MOPAOMOriYHi 3MiHW.
Tak, IL-6 Ta TNF-o MawTb UeHTpanbHe 3Ha4YeHHs
B MaToreHesi BTOPWHHOIO aminoigosy, CTUMYmoYK
renatounTy OO NPOAYKUIlT CUMPOBATKOBOrO aminoigHOro
Ginka A, Lo BigKkNagaeTbes y TKAHUHAX.

BogHovac HagMmipHa akTUBHICTb OCTeOKNnacTiB, iHAY-
KOBaHa niraHOOM peuenTopa akTueaTopa SAepHOro

disease is often associated with the development
of numerous extra-articular complications, caused both
by direct tissue and organ involvement and by secon-
dary effects of systemic inflammation. The most common
complications include secondary amyloidosis due to
prolonged acute-phase response activation; cardio-
vascular disorders such as accelerated atherogenesis,
heart failure, pericarditis, and ischemic heart disease;
interstitial lung disease; vasculitis; as well as neuro-
pathies, nephropathies, and skin involvement [1].
In addition, there is a markedly increased risk of lympho-
proliferative disorders, particularly non-Hodgkin lympho-
mas, associated with chronic inflammation and immune
system activation.

Psychosocial aspects of RA also warrant particular
attention: a high prevalence of anxiety and depressive
disorders, chronic fatigue, and cognitive impairment.
These manifestations are largely due not only to the
biological impact of infammation on the central nervous
system but also to the emotional burden of chronic pain
and functional limitations. All of these factors contri-
bute to a multifaceted disease burden that goes beyond
purely clinical assessments.

From an epidemiological standpoint, RA maintains
a relatively stable global prevalence-about 0.5-1.0%
in the European population [4]. The disease displays
a pronounced gender imbalance — women are affected
approximately twice as often, a disparity attributed to
a combination of endocrine, genetic, and immunolo-
gical factors. Although RA most frequently manifests
after the age of 50, its onset can occur at any age,
including adolescence and early adulthood [4].

The immunopathogenetic mechanisms of RA in-
volve a complex interaction between innate and adap-
tive immune cells. Key players include B lymphocytes,
T-helper cells (especially CD4+ Th1 and Th17), macro-
phages, fibroblast-like synoviocytes, and osteoclasts.
In response to immune-activating triggers, these cells
create a sustained inflammatory microenvironment
in the synovium, maintained by cytokines-interleukin-1
(IL-1), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-a), chemokines, reactive oxygen species
(ROS-superoxide anion (O,"), hydrogen peroxide (H,O,),
hydroxyl radical (*OH), etc.), and matrix metalloprotei-
nases (MMPs) [2, 5].

The ongoing interaction between cellular and mole-
cular components leads not only to joint destruction but
also promotes the development of extra-articular mani-
festations, which arise as a result of the systemic
inflammatory cascade. Pro-inflammatory cytokines play
a crucial role in this process: entering systemic circu-
lation, they affect distant target organs, causing func-
tional and morphological changes. IL-6 and TNF-a, for
example, are central to the pathogenesis of secondary
amyloidosis by stimulating hepatocytes to produce serum
amyloid A protein, which accumulates in tissues.

Excessive osteoclast activity, induced by the recep-
tor activator of nuclear factor kappa-B ligand (RANKL),
contributes to the development of osteoporosis, while
endothelial activation and vascular inflammation underlie
the formation of rheumatoid vasculitis and accelerated
atherosclerosis. Lung and heart involvement also have
inflammatory origins and result from the same cytokines
that drive joint destruction.

Given all of the above, it becomes evident that
the extra-articular complications of RA are not isolated

Ornsp nitepatypu

Literature review



KapasiHcbkui imyHonoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 72-97

Karazin Journal of Immunology. 2025;8(1(15)):72-97

ISSN 3083-5615 (Online)

daktopa KB (receptor activator of nuclear factor
kappa-B ligand — RANKL), cnpusie po3BuTKy octeono-
po3y, a akTuBaLisi eHOoTenito Ta CyaMHHOro 3ananeHHs
NeXWTb B OCHOBI PO3BUTKY peBMaTOIgHOrO BacKyniTy
Ta MNPUCKOPEHOrO aTepockneposy. YpaxeHHs1 nereHb
i cepusl TakOX MatoTb 3anarnbHe MNOXOMXEHHst 1 dop-
MYIOTbCSl BHacnigok Aii TMX camMux LMTOKIHIB, WO Bigi-
rpatoTb NPOBIgHY Porb y CyrnoGoBii OeCTpyKLii.

3 ornsgy Ha BuLleonucaHe, CTae OYEBUAHWUM, LUO
nosacyrno6oBi ycknagHeHHsi npu PA He € i3onboBaHUMuK
nposieamMmn, a JOrYHUM MNPOJOBXKEHHSIM CUCTEMHOIO
3ananbHOro MNpoLecy, KEPOBAHOIO OOHAKOBUMMW iMYHO-
naToreHeTUYHNUMM MexaHiamamu. BoHu cyTTeBo BMMM-
BalOTb Ha NPOrHo3, CTyMiHb iHBanigu3adii, pusvk nepeg-
YacHoi CMepTi Ta SAKICTb XUTTS nauieHTiB. Po3yMmiHHs
UMX MPOLECIB € KPUTUYHUM Anst nobynoBu edeKkTuBHOT
cTparterii nikyBaHHs, NPoinakTUkM ycknagHeHb Ta OLiHKK
NPOrHOCTUYHUX PU3MKIB y NaLieHTiB i3 PA.

MeTta po6oTu — y3aranbHUTUM Cy4YacHi YSBNEHHS
npo no3acyrrno6oBi ycknagHeHHst peBMaToi4HOIO apTpuUTy
SIK HACNiJOK XPOHIYHOTO CUCTEMHOIO 3ananeHHs.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

3 MeTol NpoBEeAeHHS KOMMIIEKCHOro ornsay nitepa-
Typu, NPUCBAYEHOT No3acyrnoboBnmM ycknagHeHHsaMm PA,
naToreHeTUYHNM MexaHiamam iX PO3BUTKY, KMiHIYHOMY
3HAYEHHI0 Ta MPOrHOCTUYHUM pusmkam, Byno 3aicCHeHo
cucTeMaTuyHMIM Niabip HaykoBux ny6nikauin. lMoluykoBy
cTpaTerilo peanisaoBaHO 3 BUKOPWUCTaHHAM nnatdgopm
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/) Ta Google Scholar
(https://scholar.google.com/). ¥ mexax unx gxepen 6yno
BigibpaHo nybnikauii, B AKMX BUCBITNIOBaNMUCb akTyarnbHi
BiJOMOCTi npo nosacyrno6osi nposiBn PA, iX 3B’A30k
i3 XPOHIYHMM CUCTEMHMM 3ananeHHsM, a TakoX naTtore-
HETUYHI NaHKK, L0 3yMOBIIOKOTb iX (POPMYBaHHS, 3 ypaxy-
BaHHSAM Cy4YacHUX JOCATHEHb iMYHOMOTrii Ta peBMaTonorii.

MowykoBuI Npouec cknagascs 3 TPbOX eTanis.

Ha nepwomy etani 3gincHoBaBca MOLWYK niTepa-
TYPHUX [Kepen 3a Knwo4oBuMu cnosamu: rheumatoid
arthritis, extra-articular manifestations, systemic inflam-
mation, pathogenesis, immunopathology, autoimmune
complications, cardiovascular risk, interstitial lung
disease, amyloidosis, lymphoma, RA comorbidities,
prognosis. Ana ykpaiHOMOBHUX [Xepen BUKOPUCTOBY-
Banv BigNoBiaHI: «pesmamoioHul apmpumy, «rno3acyersno-
608i nposisu», «namoz2eHe3», «CUCMEMHe 3ananeHHs»,
«niMgbomar, «amiroidos», «iHmepcmuyianbHe ypaxeHHs
ne2eHb», «cepueso-CyOUHHUU PU3UK».

Ha ppyromy etani 34iMCHIOBanocb BMBYEHHSA aHO-
Tauin Ta pestome cTaTer 3 METO0 nonepeaHLoro Biadopy.
Buknioyanuce nybnikauii, ki He Bignosiganu Temartuui
[OChNiMKeHHs, Manu obMeXeHu onuc Metoais, abo He
Bignosiganv 6a3oBMM NpUHLMNaAM SOKA30BOI MEOULIMHM.

Ha TpeTboMy eTani NnpoBOAMBCA KPUTUYHWI aHani3
NMOBHUX TEKCTIB BigibpaHux nybnikauin. OuiHoBanach ix
BiQMOBIAHICTb KPUTEPISIM BKIMIOYEHHS, @ TaKOX peneBaHT-
HiCTb pe3yneratiB aAnsg Temu ornagy. [o diHanbHOro
CNWCKY BKMOYanues Ti gxepena, ski AeMOHCTpyBanu

phenomena but rather a logical extension of the syste-
mic inflammatory process, governed by the same
immunopathogenetic mechanisms. These complications
significantly affect prognosis, disability level, risk of
premature death, and overall quality of life. Understanding
these processes is critical for developing effective treat-
ment strategies, preventing complications, and asse-
ssing prognostic risks in patients with RA.

Objective — to summarize current concepts of
extra-articular complications of rheumatoid arthritis as
a consequence of chronic systemic inflammation.

MATERIALS AND METHODS

To conduct a comprehensive literature review
dedicated to the extra-articular complications of rheuma-
toid arthritis (RA), the pathogenic mechanisms under-
lying their development, their clinical significance, and
associated prognostic risks, a systematic selection of
scientific publications was carried out. The search
strategy was implemented using the platforms PubMed
(https://pubmed.ncbi.nim.nih.gov/), Clinical Key Elsevier
(https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/), and Google Scholar
(https://scholar.google.com/). Within these databases,
publications were selected that provided up-to-date
information on extra-articular manifestations of RA, their
association with chronic systemic inflammation, and the
pathogenic mechanisms driving their development,
with consideration of current advances in immunology
and rheumatology.

The search process consisted of three stages.

At the first stage, literature was searched using the
following keywords: rheumatoid arthritis, extra-articular
manifestations, systemic inflammation, pathogenesis,
immunopathology, autoimmune complications, cardio-
vascular risk, interstitial Ilung disease, amyloidosis,
lymphoma, RA comorbidities, prognosis. For Ukrainian-
language sources, equivalent terms were used:
«pesmamoiOHuUll apmpumy», «rno3acyanobosi nposisuy,
«ramozeHe3», «CUCMEeMHe 3ananeHHs», «JiMmgomar,
«aminoioos», «iHmMepcmuujanbHe YpPaXeHHs1 fle2eHb,
«cepyeso-cyOUHHUU PU3UKY.

At the second stage, abstracts and summaries of
the articles were reviewed for preliminary selection.
Publications that did not match the research topic,
had limited methodological description, or did not
adhere to basic principles of evidence-based medicine
were excluded.

At the third stage, a critical analysis of the full texts
of the selected publications was conducted. Their com-
pliance with inclusion criteria was assessed, as well as
the relevance of their findings to the topic of the review.
The final list included sources demonstrating high
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BMCOKY METOAOMOriYHY SKiCTb, MiCTUMM 4OCTOBIPHI KMiHIYHI
abo ekcnepumeHTanbHi OaHi, a TakoXx Bignosiganu
LinsmM OoCniaKeHHs.

Kpumepismu eknrodeHHs nybnikayiti do eubipku,
siKa nidnszana KOHMeHm-aHarisy, 6ynu maci:

1) BUCBITNEHHA Cy4acHMX BiAOMOCTEN LIOAO no3a-
cyrnoboBux ycknagHeHo PA, 3 0coGNMBMM aKLEHTOM
Ha nNaTtoreHeTU4YHi MexaHi3mMu iXx opMyBaHHS B yMOBax
XPOHIYHOrO CUCTEMHOTO 3ananeHHs;

2) BignoBiAHICTb OOCHIAXEHb KNIOYOBMM MpUHUUNEM
[0Ka30BOi MEAMLINHM, BKITKOHAK4YM YiTKO OnMcaHy MeToao-
NOrito, HAasIBHICTb CTATUCTUYHOT OBI'PYHTOBAHOCTI pe3ynb-
TaTiB i nybnikauito B peLeH30BaHNX HayKOBUX XypHanax;

3) BigKpUTMI OOCTYN OO MOBHOrO TEKCTY CTaTTi, LIO
003BOMSIE  3AINCHUTM  MOBHOLHHUIA  aHani3a  3MicTy
Ta 3a6e3ne4nTy NPo30pPiCTb BUCHOBKIB.

3aranom pgns adanidy 6yno BigibpaHo 6nM3bko
88 HaykoBuX mxepen, BKYaluy KhiHiYHI gocnigkeH-
Hsl, MeTaaHarniau, cucTeMaTudHi ornsian, ekcriepumeH-
TanbHi poboTM Ta MiKHaAPOAHI KMiHiYHI pekoMeHAaaui,
onybnikoBaHi NepeBaxxHO BMPOAOBX OCTaHHiX 10 pokiB,
wo Bigobpaxae akTyanbHWW CTaH 3HaHb Yy ranysi
peBMaTornorii Ta iMyHonaTonorii.

PE3YABTATU TA iX OBrOBOPEHHS

PA € HanGinblw NOLWMPEHUM XPOHIYHUM ayToIMyH-
HMM 3ananbHUM 3axBOpHOBaHHAM cyrnobiB, sike xapak-
TEPU3YETLCA CUCTEMHUM YPAXKEHHSAM CMOMYYHOI TKAHUHU
3 MepeBaxHOW nokanizauielo naTosfioriyHoro npolecy
B CUHOBIanbHi 06onoHui. 3a AgaHUMK enigemMionoriyHnx
pocnigxeHb, PA Bpaxae npubnusHo 24,5 MnH oci6
y BCbOMY CBITi [6, 7], a LiOpiyHa 3aXBOPIOBaHICTb CTaHO-
BUTb Bia 25 go 50 HoBux Bunagkis Ha 100 Tuc. Hace-
neHHs [8]. Le 3axBoptoBaHHS Mae CyTTEBWUMA BNNvB
He NULle Ha SAKICTb XWUTTHA NaLUieHTIB, a N Ha 3aranbHun
piBEHb CMEPTHOCTI, 30KpeMa 4Yepes3 PO3BUTOK CUCTEMHUX
yCKMagHeHb, BKIHOYa4YM CepLEBO-CYAMHHI  3axBOpHo-
BaHHS, OCTEONOpO3 Ta 3MOSKICHi HOBOYTBOPEHHS.
Ocob6nuBy yBary B Cy4acHWX AOCHiIXEHHAX npuBepTae
3B’A30K MiXK XPOHiYHMM 3ananeHHsMm npu PA Ta puau-
KOM PO3BUTKY OHKOMOriYHOI NaTonoril.

Bnaue PA Ha cTpyKTYypy

OHKOAOr4HOI 30XBOPIOBAHOCTI

XpoHiYHe iMyHO3ananbHe cepefoBuLle, XapaKTepHe
ans nepebiry PA, po3rnagaetbes siK 3Havywmii daktop
KaHueporeHe3y. 30Kpema, BCTaHOBSEHO, WO NauieHTn
3 PA maoTb y cepegHbOMy MpubnusHo BAOBiYI BULLMIA
pU3nK po3BUTKY NiMconpornicdepaTuBHMX 3aXBOPHOBaHb,
30KpeMa HEeXOKKIHCBbKOT niMdOoMM, MOPIBHAHO i3 3a-
raneHoto nonynsuieto [9].

[laToreHeTUYHMN MexaHi3aM NiABULLEHONO OHKOreH-
Horo pusuky npu PA € GaratodakTopHMM i BKIOYae
MOCTINHY aHTUreHHY CTUMYNAUiID iIMyHHOI cucTemu,
akTusauito B-nimdoumnTie, yTBOPEHHSA ekTonivHOoiI fimdo-
iOHOT TKaHMHM B ypaXeHux cyrnobax Ta CUCTEMHWUIA
ancbanaHc UMTOKIHIB, 30Kpema HagMipHy npoayKLito
TNF-a, IL-6 Ta IL-1B [10]. Kpim TOro, 3HayHy pornb Bifi-
rpae reHeTM4YHa CXWUIbHICTb, 30KPEMA HasIBHICTb anenis
reHa rornoBHOro KoMnnekcy rictocyMicHocTi knacy || DRB1
(human leukocyte antigen — DR beta 1 — HLA-DRB1)
i3 Tak 3BaHUM «CMifIbHUM €EniTONOM», SIKi MOB’A3YTLCA
3 Binbw TSHXKKUM Nepebirom 3axBOpHOBaHHA Ta BULLMM
PY3UKOM PO3BUTKY 3MOSIKICHWX YCKNaaHEHb.

methodological quality, containing reliable clinical or expe-
rimental data, and aligned with the research objectives.

The inclusion criteria for publications selected for
content analysis were as follows:

1) presentation of current information on the extra-
articular complications of RA, with a particular emphasis
on the pathogenic mechanisms underlying their develop-
ment in the context of chronic systemic inflammation;

2) compliance with key principles of evidence-based
medicine, including clearly described methodology,
statistically substantiated results, and publication in peer-
reviewed scientific journals;

3) open access to the full text of the article, enabling
thorough content analysis and ensuring the transpa-
rency of conclusions.

In total, approximately 88 scientific sources were
selected for analysis, including clinical studies, meta-
analyses, systematic reviews, experimental research,
and international clinical guidelines, published
primarily over the past 10 years, reflecting the current
state of knowledge in the fields of rheumatology
and immunopathology.

RESULTS AND DISCUSSION

Rheumatoid arthritis (RA) is the most common
chronic autoimmune inflammatory joint disease, charac-
terized by systemic involvement of connective tissue
with a predominant localization of the pathological pro-
cess in the synovial membrane. According to epidemio-
logical studies, RA affects approximately 24.5 million peo-
ple worldwide [6, 7], with an annual incidence ranging
from 25 to 50 new cases per 100,000 population [8].
This disease significantly impacts not only patients’
quality of life but also overall mortality, particularly due
to the development of systemic complications, including
cardiovascular diseases, osteoporosis, and malignancies.
Recent research has placed increasing emphasis on the
association between chronic inflammation in RA and
the risk of developing cancer.

The impact of RA on the structure
of oncological morbidity

Chronic immuno-inflammatory conditions characte-
ristic of RA are considered a significant factor in carcino-
genesis. Specifically, it has been established that patients
with RA have, on average, approximately twice the
risk of developing lymphoproliferative disorders, parti-
cularly non-Hodgkin lymphoma, compared to the gene-
ral population [9].

The pathogenesis behind the increased oncogenic
risk in RA is multifactorial. It involves persistent antigenic
stimulation of the immune system, B-cell activation,
formation of ectopic lymphoid tissue in affected joints, and
systemic cytokine imbalance-most notably the overpro-
duction of TNF-a, IL-6, and IL-1f [10]. Genetic predispo-
sition also plays a critical role, especially the presence
of HLA class Il DRB1 alleles (human leukocyte antigen —
DR beta 1 — HLA-DRB1) carrying the so-called «shared
epitope», which are associated with more severe
disease progression and a higher risk of malignancies.

Another crucial aspect is the treatment of RA, which
includes immunosuppressive agents such as disease-
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[HWKMIA BaXNMBUWA acnekT cTocyeTbcs Tepanii PA,
O BKMKOYae iMyHOCYNpecuBHi 3acobu, 30kpema XBOpO-
6omoaudikytodi aHTMpeBMaTU4Hi npenapatu (disease-
modifying antirheumatic drugs — DMARDSs) Ta GionoriyHi
areHTn, siki CNpPsSIMOBaHi Ha KOHTPOMNb 3anarnbHOro npo-
Lecy Wnsaxom Moaynsuii iMyHHOT Bignosigi. Xova ui npe-
napatu CyTTEBO MOKpaLLyOTb MPOrHO3 3axBOPHBAHHS,
Jesiki 3 HMX, 0cobnMBO y BUMAAKax TpUBaroro 3acTocy-
BaHHa abo y nauieHTiB i3 BWCOKOKW akTuBHICTIO PA,
MOXYTb acoujioBatucs 3 nigBULLEHUM PU3MKOM pO3-
BuTKY nimcommn [11]. Cnig 3as3HauuTn, WO came nadi-
€HTWN 3 HEJOCTaTHbO KOHTPONbOBaHUM NepebiroM 3axBo-
plOBaHHsi, B sKMX 30epiraeTbCs BWCOKA aKTMBHICTb
3anarneHHs, MalTb HaNBULLWIA PiIBEHb PU3NKY BUHUKHEHHSI
nimdonponicepaTnBHUX ycknagHeHb [12].

Takum 4YMHOM, cyyYacHe ysBNEeHHS Npo 3B’A30K Mix PA
Ta po3BUTKOM niMdom 6a3yeTbcs Ha NOeaHaHHI TPbOX
KMOYOBMX YMHHUKIB: MOCTIMHOI iIMYHHOT akTuBalii, reHe-
TUYHOI CXMMbHOCTI Ta BMMAMBY TepaneBTUYHUX areHTiB.
Y 3B’A3KYy 3 UMM HaA3BMYaWHO BaXKMMBUM € PEryrnsipHumn
MOHITOPVHI aKTUBHOCTi XBOPOOM, peTenbHa OLiHKa pusun-
KiB Npu BUGOpI cTpaTerii NikyBaHHS, a TakoX NPOBEAEHHS
OHKOCKPUHIHIY cepea NauieHTiB i3 BACOKUM PU3UKOM.

Pesynbtaty enigemionoriyHnx Ta KOropTHWX gocnia-
KEHb CBig4yaTb Npo Te, WO nauieHTn 3 PA mawTb 3Mmi-
HEHWIN OHKOMNOrYHUIM NpOMiNb Yy NOPIBHAHHI i3 3aranb-
Holo nonynsauieto. 3okpema, Yy Uuiel karteropii XBopux
crnocTepiraeTbCsa NiABULLEHUA PU3UK PO3BUTKY MiMAOM,
paky nereHiB Ta paky LKipW, TOAI SK PU3UK BUHUKHEHHS
KONopeKTanbHOro paky Ta paky rpyaHoi 3anosu, HaBnaku,
Moxe 6yTu gewo 3HwkeHum [13, 14]. Taka HeogHO3HAY-
Ha acouiauis Mmix PA Ta Ppi3HAMW OHKOMOFYHUMM
HO30MOoriAMN BKa3ye Ha cknagHy WMOBIPHICHY npupoay
B3aemMopfii  iMyHo3ananbHUX npoueciB, MiKyBanbHUX
cTpaTeriii Ta iHauBiAyanbHUX 0COBNMBOCTEN NaLUieHTIB.

Y UbOMYy KOHTEKCTi MpoBegeHW Hamu aHanis
rPpyHTYBaBCS Ha BenuvkomacliTabHin 6asi enekTpoH-
HUX MeOMYHUX 3anuciB, WO Hagano 3MOory 34iNCHUTU
BcebiyHe cuctemaTuyHe OOCHimKeHHs poni sik naTogisio-
NoriyHMx mexariamiB camoro PA, Tak i Hacnigkie dap-
MakoTepanii 'y dOpMyBaHHi OHKOIOFYHUX PU3BUKIB.
BukopucTaHHS UbOr0O  BUCOKOOOCTOBIPHOMO [pxepena
haHux  3abe3neunno  penpeseHTaTUBHICTL  BUBIpKK
Ta gano 3MOry npoCTeXWMTU [OBrotpuBani TeHAeHUi,
Lo niacuntoe obrpyHTOBaHICTb OTPUMAHUX pe3ynbLTaTiB.

Y3aranbHW4YM pesynsTati aHanisy, MoxHa 3asHa-
4YATK, LIO HaLi BUCHOBKWU NiOTBEPOKYIOTb paHille BCTa-
HOBMEHY TEHAEHL0 A0 3pOCTaHHSA YacToTu nimdonpo-
nidepaTnBHMX 3axBOpoBaHb cepen nauieHTis 3 PA [12].
BogHouac, 3HauvyLmM i KNiHIYHO BaXXITMBMM € BUSIBNEHe
NiABULLEHHS PU3MKY PO3BUTKY paky NereHiB Ta 3nosikic-
HMX HOBOYTBOpPEHb LUKipu. Lli 3Haxigkn maioTb ocobnmsy
Bary, 3 ornsay Ha Ton pakT, WO came Ui TMnNu paky
OEMOHCTPYIOTb YYTNUBICTb [0 XPOHIYHOrO 3ananbHOoro
cepefoBMLLa, a TakoX MOXyTb OyTM onocepenkoBaHO
3yMOBIeHi hakTopamu HaBKOSMLLIHLOTO CEPELOBMILLA,
TaknMn K TIOTIOHONAanNIHHA Yun yneTpacdionetoBe onpomi-
HEHHS1, L0 YaCTo NOEAHYIOTLCA i3 KniHiYHMM nepebirom PA.

Ocob6nuBy yBary 3acrnyroBye CMNOCTEPEXEHHS LLOAO
3MiH pU3NKY PO3BUTKY paky rpyaHOi 3ano3n B AvHaMili
yacy. Byno BCTaHOBMEHO, LIO MPOTArOM MEPLUOro POKY
nicna BCTaHOBMNEHHSA AiarHo3y PA, NMOBIpHICTb BUSBMEH-
Hsl LUbOro TWUMYy 3MOSKICHOrO HOBOYTBOPEHHS 3pOCTaE —
pu3unk € Ha 8% BULLMM NOPIBHSHO i3 cepegHboNonynsLin-
HUM piBHeM. BogHouac, npu AoBrotpueanomy crocrepe-
XKEHHi, ke oxonntoBano nepiogq Ao 4000 pgHie, Big-

modifying antirheumatic drugs (DMARDs) and biological
agents that aim to control inflammation by modulating
immune responses. While these therapies significantly
improve disease outcomes, some-particularly when
used long-term or in patients with high RA activity-may
be associated with an increased risk of lymphoma [11].
It is noteworthy that the highest risk of lymphoprolife-
rative complications is observed in patients with poorly
controlled disease activity, where chronic inflamma-
tion persists [12].

Thus, the current understanding of the link between
RA and lymphoma development is based on the interplay
of three key factors: chronic immune activation, genetic
susceptibility, and the influence of therapeutic agents.
This highlights the critical importance of regular disease
activity monitoring, careful risk assessment in treat-
ment strategy selection, and cancer screening in high
risk patients.

Epidemiological and cohort studies demonstrate
that RA patients exhibit an altered cancer profile com-
pared to the general population. Specifically, this patient
group is at increased risk for lymphomas, lung cancer,
and skin cancers, while the risk of colorectal and breast
cancer may be somewhat reduced [13, 14]. Such vari
able associations between RA and different oncologic
diseases point to a complex and probabilistic interaction
between immunoinflammatory processes, therapeutic
interventions, and individual patient characteristics.

In this context, our analysis was based on a large-
scale electronic medical records database, allowing for
a comprehensive and systematic investigation into both
the pathophysiological mechanisms of RA itself and the
impact of pharmacotherapy on cancer risk development.
This highly reliable data source ensured sample
representativeness and enabled long-term trend
analysis, reinforcing the validity of the findings.

Summarizing the analysis, our findings support
previous observations of an increased incidence of
lymphoproliferative diseases in RA patients [12]. Addi-
tionally, we found clinically significant elevated risks
of lung cancer and cutaneous malignancies. These results
are particularly important given that such cancers are
known to be sensitive to chronic inflammatory environ-
ments and may also be influenced by environmental
factors such as smoking or UV exposure, which often
coexist with RA.

Of special interest is the observed change in breast
cancer risk over time. It was found that during the
first year following RA diagnosis, the likelihood of
detecting this malignancy increased-by about 8% com-
pared to the general population. However, over long-term
follow-up (up to 4,000 days), a general reduction in breast
cancer risk was observed, with a hazard ratio of 0.87 [15].

This paradoxical dynamic may be explained by
heightened initial oncological vigilance in newly diag-
nosed RA patients, who undergo more frequent
examinations due to increased medical attention and
active monitoring, facilitating the detection of pre-existing
but previously undiagnosed slow-growing tumors.
Over time, with inflammation control and behavioral
risk factor modification, the overall probability of certain
cancers declines [6].

In conclusion, our findings not only confirm previous
research trends but also emphasize the importance
of long-term monitoring of cancer risks in RA patients,
considering both disease stage and time since diag-
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3HA4YaEeTbCsl 3ararnbHe 3HWKEHHS PU3WKY paky rpyaHol
3ano3un — koediuieHT pusmky ctaHosus 0,87 [15].

Lls napagokcanbHa AvMHaMika MOXe MOsiCHIoBaTUCH
(EHOMEHOM NOYaTKOBOrO MiABULLIEHHS  OHKOMOrIYHOI
HaCTOPOXEHOCTi cepef MauieHTiB 3 HOBOBCTAHOBMEHUM
giarHosom PA, dki, y 3B’A3Ky 3 MigBULLEHOI MeaWYHO
yBarolo Ta akTUBHWM LUCMAHCEPHUM CMOCTEPEXEHHSIM,
yacTile npoxoasTb OOCTEXEHHS, WO Chpusie BUSIB-
NEHHI0 BXE ICHYIOYMX, OOHaK 4O TOro Yacy HediarHoCTo-
BaHWX MOBIMbHO MPOrpecyynx NyxnuH. Y nogansliomy,
3a paxyHOK KOHTPOMK akTUBHOCTI 3anarneHHs Ta mMoau-
dikauii noBediHKOBUX (PaKTOPIB  pU3UKY, 3aranbHa
MMOBIPHICTb PO3BUTKY OESKUX OHKOMOriYHWX MnaTomnorin
3HUXKYETbCSA [6].

TakMM 4YMHOM, OTpMMaHi gaHi He nuwe niaTeepa-
XKYIOTb pesynstath nonepeaHix AoCnifXeHb, a W nig-
KPECTIOTb BaXIUBICTb TPUBANOr0 MOHITOPUHIY OHKOMO-
riYHMX pu3MKiB y nauieHTiB 3 PA, 3 ypaxyBaHHSAM $K
cTafii 3axBOptoBaHHS, Tak i nepiogy nicns BCTaHOBMEH-
Hs1 giarHo3y. Takox ue Bkasye Ha noTpeby y nepcoHaniso-
BaHUX nNigxogax OO0 CKPUHIHTY Ta NpodinakTukm 3noskic-
HWX HOBOYTBOPEHD Y L€l KaTeropii XBopux.

CuCTEeMHe 3anaAeHHs K MilLleHb

y npodpiAaKkTULL cepLeBO-CYAUHHUX

3aXBOPIOBAHDb Y XBOPUX HA PA

3a JaHMMK KinNbKoX MeTaaHanisis, pu3mMk CMepTHOCTI
Big cepLeBo-cyanHHMX 3axBoptoBaHb (CC3) y nauieHTiB
3 PA nigeuwyetbcs Ha 50—-60% MNOpPIBHAHO 3 NOKa3HW-
Kamu 3aranbHoi nonynsauii [16, 17]. Lien 38’A30K 4aCTKOBO
MOSICHIOETLCST  BMSIMBOM CUCTEMHOIO 3arnareHHs, sike
NMPUCKOPIOE PO3BUTOK aTEPOCKIEpPO3y Ta CepLeBO-Cy-
OWHHMX YycKnagHeHb. BopgHouac, TpaguuiiHi  YMHHUKK
pu3nKy — apTepianbHa rinepTeHsis, Aucninigemisi, iHcy-
NiHOPE3NCTEHTHICTb, HaAnuLIKOBa Maca Tina Ta rino-
OVHaMis — 3anuwarnTbCs BaXKMBUMKU NpeaukTopamm
KapaioBacKkynspHoi naTonorii Ta CYKYMHO MOSICHIOTb
0o 50 % 3aranbHoro pusuky CC3 [18].

Takum umHOM, y nauieHTiB i3 PA cnoctepiraetbca
NOeAHAHHS 3ananbHUX Ta MeTabomniyHMX MexaHi3miB,
SKi  3HAYHO MiABWLLYIOTb CEPLEBO-CYAMHHY  3arpoasy.
Lle o6rpyHTOBYE HEOOXiOHICTL MynbTUAMCUMNNIHAPHOIO
nigxogy QA0 BEOEHHS TakuxX XBOPWUX i3 OOHOYACHUM
KOHTPONEM aKTMBHOCTI 3axBOpHOBaHHA Ta Moaudika-
Li€eto cepLeBO-CYOUHHOTO PU3UKY.

Y nauieHTiB 3 akTuBHOw ¢opmoto PA cnoctepira-
€TbCS JOCTOBIPHO HWXYMIA piBEHb XOMNECTepUHY ninonpo-
TeiHiB Bucokoi wineHocTi (JINBLL) Ta ninonpoTeiHiB
HM3bKOI WinbHocTi (JITIHLL) nopiBHAHO 3 nokasHukamu,
XapakTepHUmMn Ang  3aranbHOi  nonynsauii - 30opoBux
oci6 [19]. 3HMKEHHS UMX NOKa3HMKIB MinigHOro cnekTpa
y xBopux Ha PA He € o3Hakow kapaiometaboniyHoro
Gnaronony4ys, a HaBMnakW, CBiOYMTb NPO IHTEHCUBHICTb
CUCTEMHOrO 3anarneHHs, sike aMiHoe meTaboniam niniais,
30KpeMa 4epe3 nigBuLLEHYy aKTUBHICTb  LIMTOKIHIB,
Wo npu3BOAMTL A0 rinokataboniamy Ta 3MeHLUEHHS
pisnia  JIMBW Ta JIMHLW,. T[Mpun3HayeHHs cTaTUHIB
y [AaHoi KOropTW nauieHTiB Mae noAaBilHYy KOPWUCTb:
3 ogHoro 6oky, cnpusie Hopmanisadii ninigHoro npodinto,
3 iHWOro — YMHUTL MpoTM3anarnbHy fil 33 paxyHoK
3HWXKEHHST eKcnpecii npo3ananbHUX MegiaTopiB, TakuMx
saK TNF-a ta IL-6 [16, 20]. [JoBeaeHo, o Taka Tepanis
acoLitoeTbCs 3i 3MEHLUEHHSIM aKTUBHOCTI 3aXBOpPHOBaH-
Hs1, YNOBINbHEHHSIM MPOrpecyBaHHs aTePOCKIEPOTUYHNX
3MiH Ta NOKpaLLEHHSIM 3aranbHOro NPOrHo3y.

nosis. This underscores the need for personalized
approaches to cancer screening and prevention in
this patient population.

Systemic Inflammation as a Target
in the Prevention of Cardiovascular Diseases
in Patients with Rheumatoid Arthritis

According to several meta-analyses, the risk of cardio-
vascular disease (CVD)-related mortality in patients
with rheumatoid arthritis (RA) is increased by 50-60%
compared to the general population [16, 17]. This asso-
ciation is partly explained by the impact of systemic
inflammation, which accelerates the development of
atherosclerosis and cardiovascular complications.
At the same time, traditional risk factors-arterial hyper-
tension, dyslipidemia, insulin resistance, excess body
weight, and physical inactivity-remain important pre-
dictors of cardiovascular pathology and collectively
account for up to 50% of the overall CVD risk [18].

Thus, patients with RA experience a combination
of inflammatory and metabolic mechanisms that signi-
ficantly increase cardiovascular risk. This justifies the
need for a multidisciplinary approach to patient manage-
ment, involving both disease activity control and cardio-
vascular risk modification.

Patients with active RA have significantly lower
levels of high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) compared
to values typically seen in the general healthy popula-
tion [19]. In RA patients, reductions in these lipid profile
indicators are not a sign of cardiometabolic well-being
but rather reflect the intensity of systemic inflammation.
Inflammation alters lipid metabolism, particularly through
increased cytokine activity, leading to hypocatabolism
and decreased HDL-C and LDL-C levels. Statin therapy
in this patient cohort provides dual benefits: on one hand,
it helps normalize the lipid profile; on the other, it exerts
anti-inflammatory effects by reducing the expression
of proinflammatory mediators such as TNF-a and
IL-6 [16, 20]. Such therapy has been shown to be
associated with reduced disease activity, slowed pro-
gression of atherosclerotic changes, and improved
overall prognosis.

Special attention should be paid to modifiable risk
factors, with smoking being of particular importance.
Smoking not only increases the risk of developing RA
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Okpemy yBary cnig npuginutu mMogudikoBaHuM
YMHHUKaAM PU3WKY, Cepen SKUX ocobnmBe 3HaYeEHHsI
Ma€e KypiHHA. KypiHHA He nuvwe nigBuLlye puU3nK BUHKK-
HeHHs1 PA, ane 1 acouitoeTbCa 3 BULLMMW MOKasHUKaMu
aKTMBHOCTI 3ananeHHsl, WO 3yMOBMIOE OinbLl TSXKKWNA
nepebir xBopobw, ripLy BigNoBigb Ha NiKyBaHHSA Ta BULLLY
4acToTy CepLeBO-CYAMHHUX YCKNagHeHb. 30kpema, Hiko-
TMH Ta NPOAYKTU MOro MetaboniaMy akTUBYHOTb iMYHHi
KNiTUHW, NiABULLYIOTb NPOAYKUi0 LMUTOKIHIB, CMpUSOTb
YTBOPEHHIO ayTOaHTUTIN | nornubnioTe  eHpoTeni-
anbHy ANCMYHKL,O.

Y natodpizionorii PA kno4oBy ponb y NigBULLEHHI
puU3nKy ateporeHesy BifirpaloTb XPOHiYHI 3ananbHi npo-
uecu, ki He nuLLe ypaxyrTb cyrnobu, ane i CUCTEMHO
BMMMBAOTb Ha CTaH CyAMHHOI cTiHku. Cepea Takux 3a-
nanbHUX Mapkepis ocobnuey yeary npueeptae C-peak-
TMBHUIA Ginok (CPB), piBeHb SIKOro LOCTOBIPHO KOpEntoe
3 aKTUBHICTIO 3anarneHHsi Ta Mae 3HayHe MPOrHOCTUYHE
3HAYEHHs1 LWOAO PU3UKY PO3BUTKY CEpLIeBO-CYAMHHMX
ycknagHeHb [21]. MigBuweHHa CPB acouiloetbecsa 3 ak-
TMBaUieto eHgoTenianbHUX KNiTUH, 3pOCTaHHAM eKcnpecii
MOneKyn afresii Ta 3anyyeHHsIM MOHOUMTIB, LUO iHiujitoe
hopMyBaHHsi aTepOCKNEPOTUHHUX BnsALLIOK.

LinTotokcnyri T-nimcoumTy, a TakoX LUMPOKNIA CNEKTP
LUMPKYIIOYMX Npo3ananbHUX UUTOKIHIB — BKIOYaun
TNF-a, IL-1B Ta IL-6 — CNpUYMHSAIOTL XPOHIYHY akTuBaLito
€eHOoTenito, Wo Np13BoAnNTb 40 MNiABULLEHOI NPOHUKHOCTI
CYAMHHOI CTiHKM, eKkcnpecii CyaguHHUX afre3avBHUX Morne-
Kyn — mMonekyna aaresii cyanHHoro eHgotenito-1 (vascu-
lar cell adhesion molecule-1 — VCAM-1) Ta MiXKNiTUHHA
monekyna aaresii-1 (intercellular adhesion molecule-1 —
ICAM-1), arperauii nevikouuTis i TpombouuTiB, |,
3peLuToto, — OO eHAoTenianbHOro ywkomaxkeHHs [16, 22].
Bapto HaronocuTw, Wo HaBiTb Yy nauieHTiB i3 PA, aki
He MaloTb TPaAMLINHMX akTopiB cepLEeBO-CYAUHHOIO pu-
3uKy (rinepTeHsisi, LykpoBmi fiaber, rinepninigemis ToLLo),
yacTo hikCyeTbCsl eHaoTenianbHa AMCHYHKUIA SK OAMH
i3 paHHIX NposIBIB CUCTEMHOrO YypaxeHHsi. [lpoBeaeHi
KniHiYHi  gocnigkeHHs pgosenn, wo Onokaga TNF-o
3a gonomoroto BionoriyHoi Tepanii He nuwe 3MeHLye
KniHiyHi nposisn PA, ane n nokpawye @yHKUiOHaNb-
HAUA CTaH eHOOoTenilo, 3HWXKYHUYU BUPaXKEHICTb CYOMH-
HOro 3ananeHHs [23].

PA mae noTeHuian ypaxaTn npakTU4HO BCi CTPYKTYpKU
cepus. NMaTtoMopdonorivHi 3MiHKU OXONHOKTL SIK MIKpPO-
CyOUHHE pycro, Tak i MakpocyauHW, a Takox Miokapa,
nepukapa i knanaHHi CTPYKTypu. XpOHiYHE CUCTEMHe
3anarneHHs! crpusie po3BUTKY NepenyacHoro atepockrie-
po3y, apTepianbHOI XOPCTKOCTi, CTEHO3Y KOPOHAapPHMUX
apTepin, Kapgiomionarii, 3acTiHOI cepueBOi HegocTaT-
HOCTi, KrnanaHHux Bag (NepeBaXHO HeJoCTaTHOCTI)
Ta ibpuHo3Horo nepukapauty. Lli ypaxkeHHst icTOTHO
nigBuLLYIOTb PU3UK CepLEeBO-CyAMHHOI CMEPTHOCTI cepen
xBopux Ha PA [15].

Y ubOMYy KOHTEKCTi ocobnuee 3Ha4YeHHs HabyBalTb
paHHi OiarHOCTUYHI Migxoou Ta BUMKOPUCTaAHHSA MNpeauk-
TOpiB CEPLEBO-CYAMHHOIO pu3nky. [lJo Takux mapkepis
HanexaTb apTepianbHa rinepTeHsis, gucninigemis, iHcy-
NIHOPE3NCTEHTHICTb, a TaKoX oOLuiHKa ¢yHKUiOHaNbHOro
CTaHy eHOoTenilo Ta XOPCTKOCTI apTepianbHOi CTiHKW.
Ix BKMIOYEHHs OO IHAMBIAYANi30BAHOMO KIiHIYHOTO MOHI-
TOPVHTY [O03BOMISIE 3HAYHO MOKpaLLMTK CcTpaTudikaLio
pY3uKy, ONTMMIi3yBaTK MiKyBaHHS Ta nonepeauTu po3su-
TOK TSDKKMX yCKNaaHeHb [16, 24].

BcTaHoBNeHM 3B’A30K MK CUCTEMHUM 3ananeHHsM
npu PA Ta nigBuweHuMm pusnkom po3sutky CC3 HuHI

but is also associated with higher levels of inflammatory
activity, resulting in more severe disease, poorer treat-
ment response, and a higher frequency of cardiovas-
cular complications. Nicotine and its metabolites acti-
vate immune cells, increase cytokine production,
promote autoantibody formation, and exacerbate
endothelial dysfunction.

In the pathophysiology of RA, chronic inflammatory
processes play a central role in increasing athero-
genesis risk, affecting not only joints but also the vas-
cular wall systemically. Among inflammatory markers,
C-reactive protein (CRP) is especially notable; its level
correlates significantly with inflammatory activity and
has strong prognostic value for cardiovascular compli-
cations [21]. Elevated CRP is associated with endo-
thelial cell activation, increased expression of adhesion
molecules, and monocyte recruitment, initiating athero-
sclerotic plaque formation.

Cytotoxic T lymphocytes and a wide range of circu-
lating proinflammatory cytokines-including TNF-a., IL-1p,
and IL-6-contribute to chronic endothelial activation,
leading to increased vascular permeability, expression
of vascular adhesion molecules (VCAM-1 and ICAM-1),
leukocyte and platelet aggregation, and ultimately
endothelial damage [16, 22]. It is important to note that
even RA patients without traditional cardiovascular
risk factors (such as hypertension, diabetes, or hyper-
lipidemia) frequently present with endothelial dysfunc-
tion as an early sign of systemic vascular involvement.
Clinical studies have shown that TNF-o blockade with
biological therapy not only reduces RA symptoms
but also improves endothelial function and reduces
vascular inflammation [23].

RA has the potential to affect virtually all cardiac struc-
tures. Pathological changes can involve both micro-
vascular and macrovascular systems, as well as the
myocardium, pericardium, and heart valves. Chronic sys-
temic inflammation contributes to the development of
premature atherosclerosis, arterial stiffness, coronary
artery stenosis, cardiomyopathy, congestive heart failure,
valvular defects (mainly insufficiency), and fibrinous
pericarditis. These complications significantly increase
cardiovascular mortality risk in RA patients [15].

In this context, early diagnostic approaches and
cardiovascular risk predictors gain special importance.
These include arterial hypertension, dyslipidemia,
insulin resistance, as well as assessment of endothelial
function and arterial stiffness. Including these markers
in individualized clinical monitoring significantly impro-
ves risk stratification, optimizes treatment, and prevents
serious complications [16, 24].

The established link between systemic inflammation
in RA and increased CVD risk is currently the focus of
intense clinical and scientific investigation. Accumulating
evidence regarding the role of chronic systemic inflamma-
tion as a key pathogenic factor in atherogenesis has led
to a shift in management strategies for RA patients.
Increasing attention is being paid to therapeutic appro-
aches that not only effectively control autoimmune activity
but also reduce cardiovascular risk. In this context, the
concept of an integrated treatment approach is gaining
prominence, targeting common pathophysiological path-
ways shared by both chronic inflammation in RAand athero-
sclerosis-the underlying morphological substrate of CVD.

Modern biomedical science proposes a promising
direction-identifying and targeting molecular pathways
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€ nMNpegMETOM (HTEHCMBHOIO BWBYEHHSI B  KMiHIYHIN
i HaykoBi npakTuui. HakonuyeHHs Aokasis oo poni
XPOHIYHOrO CUCTEMHOIO 3anarieHHsi Ik OQHOro 3 KIHo4o-
BMX MNaTOrEHETUYHUX YMHHWUKIB aTeporeHesy npu3Berno
[0 NepeocMUCNEHHA CcTparTerii BeAeHHs nauieHTis i3 PA.
Bce 6inblue yBary npuainsieTbcsi NoOLyKy TepaneBTUYHNX
nigxonis, siki 6 He nuwe edeKTMBHO KOHTpomnoBanu
aKTUBHICTb ayTOIMyHHOrO MpoLecy, ane W Of4HOYacHO
3HWXKYBanu KapgioBacKynsipHUN puank. Y LbOMY KOHTEKC-
Ti 0cobnmBoi 3HauyLlocTi HabyBae KOHLUeNuis iHTerpo-
BaHOro nmigxogy A0 NiKyBaHHS, sikuid nepenbavae Bnnvs
Ha CcninbHi NaTogisionorivyHi NaHkn, NpuTamMaHHi K Xpo-
HiYHOMY 3ananeHHio npu PA, Tak i aTepocknepoasy, Lo,
y CBOIO Yepry, € ronoBHO MopdonoriyHoto ocHosoto CC3.

CyvacHa bioMmeanyHa Hayka BUCYBa€e NepCrekTUBHUN
HanpsIMOK — igeHTUdiKkauito Ta TapretHy mMoaynsuito
MOMEKYNSIPHUX MilleHen, siki 6epyTb y4acTb y 3aranbHuUX
3ananbHUX Kackagax, nputamaHHux obom naTonorisim.
BcTaHoBneHo, Wwo npo3sananbHi LUMTOKIHW, OKCUAATMBHUI
CTpec, AMCOYHKLUIS eHOoTenito, a Takox MeTaboniyHi
MOpyLUEHHS — Le KIYOoBi MexaHi3Mu, siki ogHo4YacHo
GepyTb y4acTb y nporpecyBaHHi sk PA, Tak i CCS3.
TakMM 4YMHOM, BMBYEHHSI HOBUX abo BXE iCHYyH4UX
apMaKkosnoriYyHMX areHTiB 3 MNEeNOTPONHOK Aieto, SKi
MOXYTb MOAYNIOBaTW Ui MexaHi3mMu, BiOKpUBaE HOBI
MOXIMBOCTI ANsi CTBOPEHHS  MYynNbTUAYHKLIOHANBHNX
nikapcbknx 3acobiB i3 NOTEHUiNHUM KapaionpoTekTop-
HUM edekToM Y nauieHTiB i3 PA. BaxnuBo nigkpecnutu,
Lo camMe 3 Orfsify Ha BUCOKUIA piBEHb 3axXBOPHBAHOCTI
Ta cmeptHocTi Big CC3 y xBopux Ha PA, Taka cTparteris
Ma€ HaA3BUYANHO BaXnuBe KIiHiYHEe 3Ha4YeHHs Ta no-
BMHHA po3rnsgatuca  SK  MpiopuTeTHa B CydacHin
PEBMAaTOSOriYHIN NpakTuL,.

Y UbOMYy KOHTEKCTi pe3ynsTaTv HU3KK  KRiHIYHUX
JocnigKeHb OCTaHHIX POKIB CTanu Ko4oBMM niaTBepa-
KEHHSIM [I0UiNbHOCTI MOLUYKY i BNPOBaAXXEHHSI MeauKa-
MEHTO3HUX 3acobiB, SKi MOXYTb OOHOYACHO YUHUTU
BNNMB Ha nartoreHe3 PA Ta 3anobiraTn ycknagHeHHsM
3 BoKy cepueBo-cyauHHoi cuctemn. byno posepneHo,
Lo NeBHi NpenapaTu, SKi TpaguLinHO BUKOPUCTOBYIOTLCA
B Tepanii PA, BUABNAIOTb TaKOX MO3UTUBHI BNIMBMK
Ha MOKa3HWKM KaphioBacKynsipHOro 340POB’s, 30Kpema
yepes aHTM3ananbHi, aHTUOKCUAAHTHI, eHO0TeNiN-NpoTeK-
TOpPHi Ta aHTMaTeporeHHi BnactueocTi. Lli nnenotponHi
echekTn HabyBalTb 0cO6NMBOI Barm B yMoBax Heobxia-
HocTi Moaudikauii kapaiometaboniyHoro npodinto nadi-
€HTIB 3 XPOHIYHOK ayTOIMYHHOIO NaTOSOri€to.

Kpim TOro, HaykoBi po3pobku y cdepi MonekynspHoi
hapmakonorii akTUBHO 30CEpPeXYTbCA Ha BUBYEHHI
HOBWX MOIEKyn, 34aTHUX MogynoBaTu Sk 3anarbHi, Tak
i meTaboniyHi Wnaxu, wo 6epyTb yyacTb y PO3BUTKY
CMCTEMHOTO 3anarieHHst Ta aTepockneposy. 3 ornsgy
Ha Le, 0cobnMBY 3aLlikaBneHiCTb BUKNNKAKOTL NpenapaTw,
O NOEAHYITL NpoTM3anarbHy akTUBHICTL i3 30aTHICTIO
[0 3HKEHHS OKCUAATUBHOIO CTPECY, NOKpaLLeHHS hyHK-
LioHanbHOro CTaHy eHOoTenito cyauH Ta iHribyBaHHSA
npouecis Tpombo3y. Y manbyTHbOMy came Taki 3acobu
MOXYTb NSArTM B OCHOBY MNepCOHarnisoBaHoi apmMako-
Tepanii nauieHTiB i3 PA, opieHTOBaHOI Ha OOCArHEHHs
CTIAKOTO KOHTPOMI0 sIK Haf ayTOIMyHHUM 3ananeHHsM,
Tak i Hag dhakTopamu cepueBO-CyAMHHOIO puU3nky [25].
Huska cydacHux dapmakonoriyHnx 3acobis, L0 BUKO-
puctoBytoTbCcst npu PA, npogemoHcTpyBana 34aTHICTb
NO3NTMBHO BMNMMBaTW Ha CEPLEBO-CYAWHHWUIA MPOrHO3
3aBAsKM CBOIM MnenoTponHum edoektam (tabn. 1).

involved in common inflammatory cascades of both
conditions. Proinflammatory cytokines, oxidative stress,
endothelial dysfunction, and metabolic disturbances
are key mechanisms contributing to the progression
of both RA and CVD. Therefore, research into new or
existing pharmacological agents with pleiotropic effects
that can modulate these mechanisms opens new
opportunities for the development of multifunctional
drugs with potential cardioprotective effects in RA pati-
ents. It is essential to emphasize that, given the high
morbidity and mortality rates from CVD in RA patients,
this strategy holds immense clinical importance and
should be considered a priority in modern rheumatology.

In this context, results from a number of recent
clinical studies provide key evidence supporting the
search for and implementation of pharmacological
agents that can simultaneously impact RA pathogenesis
and prevent cardiovascular complications. It has been
shown that certain drugs traditionally used in RA
therapy also exert beneficial effects on cardiovascular
health, particularly through anti-inflammatory, antioxi-
dant, endothelial-protective, and antiatherogenic pro-
perties. These pleiotropic effects are especially impor-
tant when there is a need to modify the cardiometabolic
profile in patients with chronic autoimmune conditions.

Furthermore, research in molecular pharmacology
is actively focused on exploring new molecules capable
of modulating both inflammatory and metabolic pathways
involved in systemic inflammation and atherosclerosis.
Accordingly, particular interest lies in drugs that combine
anti-inflammatory properties with the ability to reduce
oxidative stress, improve vascular endothelial function,
and inhibit thrombosis. In the future, such agents may
form the foundation of personalized pharmacotherapy
for RA patients, aiming to achieve sustainable control
of both autoimmune inflammation and cardiovascular
risk factors [25]. Several modern pharmacological
agents used in RA treatment have demonstrated the
ability to positively influence cardiovascular outcomes
due to their pleiotropic effects (see Table 1).

Ornsp nitepatypu

Literature review



KapasiHcbkui imyHonoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 72-97

Karazin Journal of Immunology. 2025;8(1(15)):72-97

ISSN 3083-5615 (Online)

Ta6nuus 1. HellonasHi KNiHiYHI AOCHiMKEHHS TepaneBTUYHMX niaxoais npu PA,
CMPSIMOBaHNX Ha 3HWXKEHHSI CepLIeBO-CYAUHHOIO pu3mnky [25]
Table 1. Recent Clinical Studies on Therapeutic Approaches in RA Aimed at Reducing Cardiovascular Risk [25]

Iikapcbkun 3aci6 / Drug

MoxnuBun mexaHiam gii/ Possible Mechanism of Action

CratuHu [26]

3HWXYIOTb piBEHb 3aranbHoro xonectepuHy, JNIMHLL, 3MeHLWyoTe NporpecyBaHHst aTepockneposy
Ta hopMyBaHHs BMSILLOK Y COHHUX apTepisix; MarTb TakoX NOMIPHWUI NpOTM3ananbHUn edhekT

Statins [26]

Lower total cholesterol and LDL levels; slow the progression of atherosclerosis and plaque
formation in carotid arteries; also exhibit a moderate anti-inflammatory effect.

MertoTpekcarT [27]

MpurHivye akTMBHICTL Aurigpodonartpeaykrasu, Wo 3HWXKye nponidpepadito iMyHHUX KIiTUH,
aKTMBHICTb 3aXBOPIOBaHHSA Ta, BiANOBIAHO, 3ananeHHs CYAUHHOI CTIHKN

Methotrexate [27]

Inhibits dihydrofolate reductase activity, reducing immune cell proliferation, disease activity,
and consequently inflammation of the vascular wall.

FgpokcunxnopoxiH [28]

BusaBnse aHTuarperaHTHi BMacTMBOCTI, CTabinidye CyANHHWUIN eHO0TENIN, 3HKYE PU3NK
TPOMOBOYTBOPEHHS Ta MIKPOCYAUHHUX YCKNaAHEHb

Hydroxychloroquine [28]

Exhibits antiplatelet properties, stabilizes the vascular endothelium, and reduces the risk of
thrombosis and microvascular complications.

Pecseparpon [29]

Mae noTyHy aHTMOKCUAAHTHY Ta NpoTusanarnbHy Ailo; 3HWXKYE piBeHb Npo3ananbHUX LUTOKIHIB
i MapkepiB okcuaaTMBHOro cTpecy npu PA

Resveratrol [29]

Possesses strong antioxidant and anti-inflammatory effects; reduces levels of pro-inflammatory
cytokines and oxidative stress markers in RA.

MeTtdpopmiH, deHdopmiH [30]

AkTuBytoTb WNsx AMP-3anexHoi npoTeiHkiHa3n (AMP-activated protein kinase — AMPK),
3MEHLLYIOTb CUCTEMHE 3ananeHHs, MOoKPaLLyTb MiNigHWIA Ta BYrneBogHUiA 0OMiH

Metformin, Phenformin [30]

Activate the AMP-activated protein kinase (AMPK) pathway, reduce systemic inflammation,
and improve lipid and carbohydrate metabolism.

Maspunimymab [31] iMyHHOT BignoBigi

Brokye o-naHutor peuenTtopa Ao rpaHyrouuTapHo-MakpogaranbHOro KonoHieCTUMYMHOBanbHOo
daktopy (GM-CSF), wo npu3BoanTh A0 3MEHLUEHHS aKTUBaLii NenkouuTiB i Mogynsuii

Mavrilimumab [31]

Blocks the a-chain of the granulocyte-macrophage colony-stimulating factor receptor (GM-CSF),
leading to decreased leukocyte activation and modulation of immune response.

Takum 4MHOM, iHTErpoBaHWi niaxig A0 NiKyBaHHA
nauieHTiB 3 PA i3 ypaxyBaHHsIM CUCTEMHOrO 3ananeHHs
AK MiweHi ana npodinaktnkn CC3 € Knio4oBMM YUHHU-
KOM Yy MOKpaLleHHi MPOrHO3y Ta 3HWKEHHI CMEepPTHOCTI
B Ui nonynsauii. lNoganblie BMBYEHHS MeXaHi3MiB
cninbHoro natoreHesy PA ta CC3, a Takox pO3BUTOK
npenapariB i3 TapreTHOK Ai€l0 Ha 3ananbHi Ta metabo-
NiYHI WISXK, 3anUWanTbesa NPIOPUTETHUMMU HanpsMKaMm
Cy4yacHoi peBmartonorii.

IHTEepCTULIAAbHE YPAXKEHHA A€T€Hb —

TAXKWA NO3acyrAo6oBui nposs PA

Cepepn nosacyrnoboBux ypaxeHb npu PA 3axsopto-
BaHHA nereHb 3aiMaloTb 0COONuBE Micue 4Yepes BUCOKY
YaCTOTYy BUHWMKHEHHS Ta 3HAYHWMI BNAWB Ha MPOrHO3
i TpuBanictb XuUTTA nadieHTiB. OgHWM i3 HanGinbL
TSOKKUX  pecnipaTtopHux ycknagHeHb npu PA € iHTep-
cTuuianbHe 3axsoptoBaHHA nereHb (I3J1), ske BuaBnS-
€TbCA K Y KIHIYHO MaHI(PEeCTHIA, TaK i B CyOKMiHiYHiIN
dopmi. Bigomo, wo npubnmsHo 60-80% oci6 i3 PA
MalTb O3HaKM FereHeBOro YpaXeHHs pPi3HOro CTy-
neHsa [25, 32, 33], cepen sakux I3J1 nocigae nposigHe
MiCLie 3 TOYKM 30pY KNiHIYHOT BAromMoCTi.

Hapasi kniHiYHO BCTaHOBNEHUMU (haKTopamMu pU3nNKy
po3sutky I3J]1 y nauieHTiB i3 PA BBaxalTbCs HU3Ka
aemorpadiyHux, NOBEeAiHKOBUX i 3axXBOPHOBAHHSA-CMELM-
iYHNX XapakTepucTrK, AOCTOBIPHO MOB’A3aHMX 3 NigBU-
LLEHOI WMOBIPHICTIO YpPaXeHHs1 rereHeBoi TKaHUHW.
[aHi yncneHHnx enigemionoriyHnx OocnigXeHb Ta npo-
CMEKTMBHUX KOropT cBig4vaTh, WO BiK NauieHTIB Bigirpae
npoBigHy ponb: ocobwu Bikom noHag 60 pokiB MawTb
CYyTTEBO BMLY 4acToTy BuaBneHHa |3J1 nopiBHAHO

Thus, an integrated approach to the treatment of
patients with rheumatoid arthritis (RA), which considers
systemic inflammation as a target for cardiovascular
disease (CVD) prevention, is a key factor in improving
prognosis and reducing mortality in this population.
Further investigation of the shared pathogenic mecha-
nisms between RA and CVD, as well as the development
of drugs that specifically target inflammatory and meta-
bolic pathways, remain top priorities in contempo-
rary rheumatology.

Interstitial Lung Disease -
A Severe Extra-Articular Manifestation
of Rheumatoid Arthritis

Among the extra-articular manifestations of rheuma-
toid arthritis (RA), lung diseases hold a special place
due to their high prevalence and significant impact
on prognosis and patient survival. One of the most
severe respiratory complications of RA is interstitial lung
disease (ILD), which can present both clinically and
subclinically. It is known that approximately 60-80%
of individuals with RA exhibit signs of lung involvement
to varying degrees [25, 32, 33], with ILD being the |
eading cause of clinical significance.

Currently, clinically established risk factors for ILD
development in RA patients include a number of demo-
graphic, behavioral, and disease-specific characteristics
that are reliably associated with an increased likelihood
of lung tissue involvement. Data from numerous epide-
miological studies and prospective cohorts indicate
that patient age plays a key role: individuals over 60 years
old have a significantly higher frequency of ILD detection
compared to younger patients, likely due to both the
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3 MOMOAWMMN nauieHTamu, LWo, MMOBIPHO, MOB’A3aHO
SIK 3 TPMBANICTIO ayTOIMYHHOrO NpoLuecy, Tak i 3 BiKOBUMM
3MiHaMM y TKaHUHax-MiweHAx. OkpiM BiKy, BaXnusum
gemorpadiyHUM  NPeaMKToOpoM €  YonoBsida  CTaTb,
sika acouieTbes 3 Ginblw Yactum nepebirom PA 3 ypa-
XKEHHsIM NereHiB, xoya 3aranbHa MOLUMPEHICTb CaMoro
PA 3HauyHO BuMWa cepen XiHok. Taka ocobnuBsicTb,
SIK NMPUMNYCKaeTbCS!, NOB’'si3aHa 3 BiAMIHHOCTSIMU Y rOpMO-
HanbHIN perynauii iMyHHOI BignoBigi Ta eHAoreHHomy
PiBHI CcTaTeBMX CTepoiaiB, WO BMAAMBAKOTb Ha eKCrpecito
3ananbHux megiatopis [33—-37].

He MeHWw 3Hauvywmm KniHiYHUM akTopoM pUsmKy
€ KYPiHHSI TIOTIOHY, SIké BW3HAHO HE nule TpUrepom
po3sutky PA, ane i okpemum pakToOpoMm, LLO CNpuUsie
po3BUTKY nereHeBoro ibposy. KypiHHs nigsuLye uutpy-
niHyBaHHSA BiNkiB y NereHeBiy TKaHWHI, L0, Y CBOI Yepry,
ctumynioe ytBopeHHa ACPA (anti-cyclic citrullinated
peptide antibodies) — ogHOro 3 OCHOBHUX IMYHOMOTiYHMX
mapkepis PA. [loBegeHo, WO aKkTUBHE KYpiHHSA 3HA4YHO
36inbLuye pu3nk BUHWKHEHHS I13]1 y nauieHTiB 3 PA, npu-
YOMY HaBiTb MiCns BiAMOBU Bif LUKIANWBOI 3BMYKK, Hera-
TUBHWIA BNNMB MOXe 36epiraTncs npoTsarom pokis [34—37].

Cepeq KniHiYHUX XapakTepuctuk camoro PA ogHum
i3 HamBaromilMx YMHHUKIB BBaXKaeTbCs TpPUBAniCTb 3a-
XBOPIOBaHHA. Yum pgoBwnin aHamHes PA, Tum Buwwa
MMOBIpHICTb  (DOpMYyBaHHS MO3acyrnoboBUX YpaXeHb,
30KpeMa XpoHiYHOro ¢ibpo3y nereHb, O, WMOBIPHO,
NoB’A3aHO 3 TPMBANMM CUCTEMHUM 3arnaneHHsaM i Kymy-
NATUBHUM  MEOUKAMEHTO3HUM HaBaHTaxeHHaM [38].
Takox BCTaAHOBMEHO YiTKy acoujiaLilo MK BUCOKUMU TUT-
pamu ACPA Ta possutkom I3J1, Lo 3ymMOBNEHO yyacTio
UMX ayToaHTUTIN Yy (POPMYBaHHi IMYHHUX KOMMMEKCIB
y nereHeBin napeHximi. Bucoki koHueHTpauii ACPA pos-
rMsOalTbCs K CEPONoriYHMn Mapkep He nuwe Ginblu
Tskkoro nepebiry PA, a I ypaxeHHs AnxanbHOi CMCTEMMU,
nogibHo 4o peBMaToigHOro BackyniTy. AHarnoriyHa 3anex-
HICTb cCrocTepiraeTbCs W WOOO0 PEBMATOIgHOro akTo-
pa (P®), akun, gk i ACPA, mae npsimy kopensiwito 3 pusu-
KOM pO3BUTKY iHTEepCTULianbHUX 3MiH y nereHsax [34—36].

3ananbHi NOKa3HMKM 3aranbHOrO XapakTepy, Taki sik
nigBuLLEeHa WBMAKICTb OCigaHHs epuTpouuTiB, Bigobpa-
XalTb aKTUBHICTb CUCTEMHOrO 3ananbHOro npolecy
Ta Takox € npeguktopom I3J1. Y uncneHHnx gocnigkex-
Hsix Oyno NpoaeMOHCTPOBaHO, LIO NauieHTu 3 nigsuile-
HUM piBHem LWOE wmaioTb BULLY 4acTOTy nereHeBuXx
ypaxeHb, WO, BiporigHO, NOB’A3aHO 3 aKTUBAUIEl iMyH-
HOI cMcTeMu B Mexax fnereHeBoi Mikpouupkynsuii [35-37].
Okpemoi yBaru 3acnyroBytoTb PeBMaToOidHi BY3MUKN —
TMNOBe nosacyrnoboBe NposiBNeHHs PA, sike 3a3Buyan
acoLjloeTbCSA 3 BUCOKUM TUTPOM ayTOaHTUTIN. IxHA Hass-
HICTb KOpentoe i3 CUCTEMHOK ayTOIMYHHOK aKTUBHICTIO,
BKIIOHAKYMN MOXIIMBE 3arlyYeHHs IereHeBOi TKaHWHU
[0 NaTonoriYHoro npotecy.

[onaTkoBMM  KMiHIYHMM NPEeauKTOPOM BBaXKaeTbCs
3aranbHUin piBeHb akTmBHocTi PA. 3rigHo 3 paHumum
KOTOPTHOIO CMOCTEPEXEHHS, nauieHTM 3 noMipHow abo
BMCOKOK aKTMBHICTIO CyrnoboBOro CUHAPOMY MatoTb
nigsuLLeHy MMOBIPHICTb BusBNeHHA 13J1, wo we pas nig-
Kpecnioe TICHUMN B3aEMO3B’S30K MK CUCTEMHMM 3ana-
NEHHAM i po3BUTKOM (DIBGPOTUYHMX ypaxkeHb nerexb [39].
Kpim TOro, BCTaHOBMEHO, LUO 3aCTOCYBaHHsI NpeaHi3o-
NOHY, 0coBnMBO Yy TpPMBaroMy pPeXxumi, MoXe acoLlitoBa-
TUCH 5K i3 Moaundikauieto puanky ibposy, Tak i 3 NnoTeH-
LiMHUM BHECKOM Yy peMoferntoBaHHS nereHeBoi TKaHUHU
[33, 35, 40]. Xo4a rnoKOKOPTUKOIAN 34aTHI TMMYacoBO
3HWXKYBaTU 3anarnbHy akTUBHICTb, BOHM He 3anobiratoTb

duration of the autoimmune process and age-related
changes in target tissues. Besides age, male sex is
an important demographic predictor associated with
a more frequent course of RA with lung involvement,
although the overall prevalence of RA is much higher
in women. This feature is believed to be related to dif-
ferences in hormonal regulation of the immune response
and endogenous levels of sex steroids, which influence
the expression of inflammatory mediators [33-37].

Another significant clinical risk factor is tobacco
smoking, recognized not only as a trigger for RA deve-
lopment but also as an independent factor promoting
lung fibrosis. Smoking increases protein citrullination
in lung tissue, which in turn stimulates the formation
of anti-cyclic citrullinated peptide antibodies (ACPA) —
one of the main immunological markers of RA. It has been
demonstrated that active smoking significantly increases
the risk of ILD in RA patients, and even after cessation,
the harmful effects can persist for years [34-37].

Among the clinical characteristics of RA itself,
disease duration is one of the most important factors.
The longer the RA history, the higher the probability
of developing extra-articular manifestations, particularly
chronic lung fibrosis, likely related to prolonged systemic
inflammation and cumulative medication exposure [38].
A clear association has also been established between
high ACPA titers and the development of ILD, which is
due to the involvement of these autoantibodies in
forming immune complexes in the lung parenchyma.
High ACPA levels are considered a serological marker not
only of more severe RA but also of respiratory system
involvement, similar to rheumatoid vasculitis. A similar
correlation is observed with rheumatoid factor (RF),
which, like ACPA, directly correlates with the risk of
developing interstitial lung changes [34-36].

General inflammatory markers, such as elevated
erythrocyte sedimentation rate (ESR), reflect the activity
of systemic inflammation and are also predictors of ILD.
Numerous studies have shown that patients with elevated
ESR have a higher frequency of lung involvement, likely
linked to immune system activation within the pulmonary
microcirculation [35-37]. Rheumatoid nodules-typical
extra-articular manifestations of RA usually associated
with high autoantibody titers-also deserve special
attention. Their presence correlates with systemic auto-
immune activity, including possible involvement of lung
tissue in the pathological process.

Another clinical predictor is the overall RA disease
activity. According to cohort data, patients with moderate
to high joint disease activity have an increased likelihood
of ILD detection, emphasizing the close link between
systemic inflammation and the development of fibrotic
lung lesions [39]. Moreover, the use of prednisolone,
especially long-term, may be associated both with
modifying the risk of fibrosis and potentially contributing
to pulmonary tissue remodeling [33, 35, 40]. Although
glucocorticoids can temporarily reduce inflammatory
activity, they do not prevent fibrosis progression in
RA-ILD patients and thus cannot be considered a preven-
tive measure in this context.

Overall, the clinical risk factors for ILD development
in RA are multifactorial and interdependent. Their com-
prehensive assessment should be an integral part of
managing RA patients, especially those in high-risk
groups, to enable early diagnosis and prevent severe
respiratory complications. Considering these factors
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nporpecyBaHHio ¢ibpo3y npu PA-I3J1 y Bcix nauieHTiB
i TOMy He MOXYTb Ppo3rnsgaTuca sk NpodinakTUYHWUA
3acib y UbOMY KOHTEKCTI.

Baranom, KniHivHi dakTopn pusmnky possuTky |31
npu PA € 6araToKOMNOHEHTHUMK Ta B3AEMO3aNEXHUMW.
Ix komnnekcHa ouiHka NOBUHHA GYTW HEBIA'EMHOIO
YacTMHOW BeaeHHsl nauieHTiB 3 PA, ocobnmeo B rpynax
BMCOKOIO pU3MKY, 3 METOK PaHHLOI AiarHOCTUKM Ta 3a-
nobGiraHHs TSHKKMM YCKIMAAHEHHAM [MXarnbHOI CUCTEMW.
YpaxyBaHHsi LUMX YMHHUKIB [03BOMsIE nepcoHanisysatyu
niaxin 0O CNOCTEPEXEHHsI Ta CBOEYACHO 3aCTOCOBYBaTU
mMeToau Bidyanisauii abo yHKUiOHanNbHOT OLiHKM NereHb.

HesBaxatounm Ha Te, wo PA mMoxe 3anydatu pisHi
CTPYKTYpPWU [AMXanbHOI CUCTEMM — BKMKOYauM OPiGHI
OpoHXM, NneBpy, CyOMHU Ta JereHeBy nNapeHximy -—
camMe OCTaHHSl acoUiloeTbCA 3 HaWbinbl BUpaXKeHUM
nigBULLEHHAM PU3MKY YCKnagHeHb Ta cmepTHocTi [41].
I3T 3ymoenioe po 20% ycix neTanbHMX BUNagkis
npu PA, Wwo cBiguMTb Npo ii naToreHeTnyYHy 3HavyLUicTb
Ta HeoOXigHiCcTb cBOeYacHoi giarHocTuku [32]. Mpw ubomy
JaHi cBigyaTbh, WO KMiHIYHO 3HauyLli CUMNTOMU, Taki SK
nporpecytoya 3aguviika npy is4HOMY HaBaHTaXEeHHi
Ta HENpOAYKTUBHWIA Kallenb, BUSIBMASIOTLCA nuLlie
y 10% xBopux 3 MopdonoriyHo nigTreepgkeHum 1311,
LLIO CTBOPIOE NiArPYHTSA ANna HeQoOoLUiHKM naTonorii [42].

3 naToreHeTUYHOI TOYKM 30pYy KIMKYOBY POfb Y Po3-
BuTKy I13J1 npn PA BigirpatoTe Megiatopun iMyHHOI Bigno-
Bifli, BKMOYaK4M npo3ananbHi LMTOKIHN, XEMOKIHN Ta chak-
Topu pocTy. Lli 6ionori4yHO akTUBHI PEYOBMHU aKTUBYIOTb
ibpobnacTononibHi CMHOBIOLUTU, CTUMYIOKYM NPOri-
depauito, cekpeLito MaTpPUKCHMX OinkiB Ta ekcnpecito
TKaHWHHMX iHriGiTopiB MeTanonpoTteiHa3. Pesynbratom
LUbOro € HaAMULLKOBE HaKOMUYEHHS MO3aKNiTMHHOrO mar-
pUKCYy Ta peMOAENtoBaHHS NapeHximu, Lo 3 YacoMm npu-
3B0OUTbL [0 HEe3BOpOTHOro ibposy [43, 44]. IMmyHo-
3anarnbHe MikpocepeaoBuLe, sike POPMYETLCS Y NEreHsiX,
32 CBOEK CTPYKTYpPOK Haragye XpOHiYHY aKTUBHY
CYHOBItO Npu PA, WO CBiAYUTb NPO €4MHY NaTOreHeTUYHy
nnaTopMy LIMX ypaxeHb.

3Baxalunm Ha TreTeporeHHIiCTb KNiHiYHMX NposiBiB
Ta BapiabenbHiCTb MOpPGOTUMIB  ypaxeHHs, Hapasi
He IiCHye CTaHOApTU30BaHWX MPOTOKONIB MiKyBaHHSA
PA-I3N. Migxogn po Tepanii 6asyTbcs Ha oOUiHLi
CTyneHs akTMBHOCTI PA, TemniB nporpecyBaHHs (ibpo3y
Ta NOTEHUINHOI peakuii Ha iMyHOCynpecuBHy Tepanito.
Y KOHTEKCTi LbOro ocobnuBo akTyanbHUM € noganblue
npoBefdeHHs1 GaraToLEHTPOBUX AOCHIMKEHb, METOH
AKX € Bepudikauis onTUManbHUX CTpaTerii CKPUHIHTY
Ta Tepanii [25, 45].

Otxe, 1311 y nauieHTiB 3 PA € cepro3HOolo KniHiYHO
npobnemoto, sika notpebye BMCOKOI AiarHOCTUYHOI Ha-
CTOPOXEHOCTi, PErynspHOro MOHITOPUHIY Ta MiXKAMCLMM-
niHapHoro nigxogy 40 BeAeHHs. 3 ypaxyBaHHAM ii 3Hau-
HOro BMNMUBY Ha SKICTb XXUTTS Ta BWXMBAHICTb NauieHTIB,
paHHE BUSIBNIEHHS Ta TapreTHa Tepanis 3anuwarTbcs
npiopMTeTamMu y CyyacHin peBMaTonoriyHi NpakTuLi.

CucTeMHe YpaXXeHHs KiCTKOBOI TKAHUHU npu PA:

BiA OCTEONOpO3y AO HOLMMAACTUYHOIO GOAIO

Octeonopos (Ol1) € ogHUM i3 HanbinbL NOLINMPEHNX
Ta KNiHIYHO 3Ha4vyLwmMx no3acyrnoboBmx ycknagHeHbs PA,
WO npuBepTae 3Ha4yHy YyBary siK [JOCNIOHWKIB, Tak
i MpakTMYHKX nikapis. 3rigHo 3 pesynbraTtamu enigemio-
noriyvHnx gocnigpkeHb, 4vactota po3sutky Ol cepeq
nauieHTiB i3 PA maibke BAOBiYi nepeBuLLye aHanorivHi
MOKas3HWKW Yy 3aranbHii nonynsauii, Wo niaTBepoKeHo

allows for a personalized approach to monitoring
and timely use of imaging or pulmonary function asse-
ssment methods.

Although RA can affect various structures of the
respiratory system-including small bronchi, pleura,
vessels, and lung parenchyma-the latter is associated
with the most pronounced increase in the risk of com-
plications and mortality [41]. ILD accounts for up to 20%
of all deaths in RA patients, highlighting its pathogene-
tic importance and the necessity of timely diagnosis [32].
Clinical symptoms of significance-such as progressive
exertional dyspnea and nonproductive cough-are found
in only about 10% of patients with morphologically
confirmed ILD, which contributes to underestimation
of the pathology [42].

From a pathogenetic perspective, key mediators
in ILD development in RA are immune response
mediators, including pro-inflammatory cytokines, chemo-
kines, and growth factors. These biologically active
substances activate fibroblast-like synoviocytes, stimu-
lating proliferation, secretion of matrix proteins, and
expression of tissue inhibitors of metalloproteinases.
The result is excessive accumulation of extracellular
matrix and parenchymal remodeling, ultimately leading
to irreversible fibrosis [43, 44]. The immunoinflammatory
microenvironment formed in the lungs structurally
resembles chronic active synovitis in RA, indicating
a common pathogenetic platform for these lesions.

Given the heterogeneity of clinical manifestations
and variability of morphotypes, there are currently
no standardized treatment protocols for RA-ILD.
Therapeutic approaches are based on assessment of RA
activity, fibrosis progression rate, and potential response
to immunosuppressive therapy. In this context, further
multicenter studies aimed at verifying optimal screening
and treatment strategies are particularly relevant [25, 45].

Thus, ILD in RA patients is a serious clinical problem
requiring high diagnostic vigilance, regular monitoring,
and an interdisciplinary management approach. Consi-
dering its significant impact on quality of life and survival,
early detection and targeted therapy remain priorities
in modern rheumatologic practice.

Systemic Bone Tissue Involvement in RA:

From Osteoporosis to Nociplastic Pain
Osteoporosis (OP) is one of the most common
and clinically significant extra-articular complications
of rheumatoid arthritis (RA), attracting considerable
attention from both researchers and clinicians. Epidemio-
logical studies show that the prevalence of OP among
RA patients is nearly twice that of the general population,
as confirmed by multiple sources [46-50]. Such a high
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Hu3kor mxkepen [46-50]. Taka Bucoka nowmpeHicts Ol
npu PA 3ymoBnE HeoOXigHICTb rMMOBOKOro po3yMiHHS
nNaTtoqi3ionoriyHNX MexaHi3MiB, WO fexaTtb B OCHOBI
UbOro ycKNagHeHHsl, Ans dopMyBaHHs edEKTUBHNX
npoinakTUYHMX Ta TepaneBTUYHNX CTPaTEriN.

OlN BM3HaYaeTbCA $IK CUCTEMHE 3axBOPHOBAHHS
ckeneta, Ans SIKOro XapakTepHe NPOrpPeCUBHE 3HKEHHS
MiHepanbHOi LWinNbHOCTI KicTkoBOi TkaHwHu (MLLKT)
Ta NOpPYLUEHHSI MIKpOAPXITEKTYPU KICTKM, LLO NPU3BOAUTL
0o i NigBULLEHOI KPUXKOCTI Ta pU3NKYy Neperomis HaBiTb
npu He3Ha4YHOMY MeXaHiYHOMY HaBaHTaxeHHi [51]. Y naui-
€HTiB i3 PA MexaHi3aMu ocTeoneHii Ta oCTeonopoTUHHUX
3MiH MaloTb KOMMMEKCHUI XapakTep i NOB’A3aHi He nuwie
3 BTOPUHHUMU (haKkTopamu, TakKUMK SIK MeAMKaMEHTO3Ha
Tepanis 4M BiKOBi 3MiHM, ane i Ge3nocepeaHbO 3 NaTo-
reHe3oM CaMoro ayToiMyHHoro npotecy. CuctemMHe xpo-
HiYHe 3ananeHHsl, HasiBHICTb LMPKYIOYMX ayTOaHTUTIN
i NigBULLIEHMI piBEHb Npo3anasnibHMX LUTOKIHIB, 30Kpema
IL-1, IL-6 Ta TNF-a, cnpuaoTb akTuBaLii octeoknacrore-
He3y Ta iHribytoTb 0CTe0bnacTUYHy akTUBHICTb, LLIO BPELLTI-
pewT Npu3BOAMTL [0 AOMiHYBaHHS MpoueciB pe3opbuii
Hag bopMyBaHHSAM KICTKOBOI TKaHWHU [46, 48, 52].

Kpim Toro, 3ananbHumn npouec y PA mae cuctemHumn
XapakTep, WO BNnuMBae Ha oOMiH kanbuito, docdopy
Ta BiTamiHy D, nopyLlytoum 3aransHuii Metaboniam KicT-
KOBOI TKaHuHW. [Mig BNNMBOM Npo3ananbHUX megiatopis
aktmByeTbca curHanbHum wnax RANK/RANKL/OPG.
CurHanbHa cuctema RANK/RANKL/OPG € ueHTpanb-
HAM pEerynaTtopoM OCTEOKNacToreHesy Ta piBHOBaru
MiX pe3opbuieto 1 (POpMyBaHHSAM KICTKOBOI TKaHWUHW.
OncbanaHc y upboMy LWINAXY Bidirpae BupillanbHy pornb
y naToreHesi OCTEONopo3y, 30Kpema BTOPMHHOrO, aco-
uinosaHoro 3 PA.

1. RANK (receptor activator of nuclear factor
kappa-B) — peuentop akTmBaTopa sfaepHoro daktopa
KB, po3TalloBaHuii Ha MOBEPXHiI OCTEOKNACTIB Ta iXHix
npekypcopis. Moro akTusauis € HeobxigHOW YMOBOK0
ons  gudepeHuiadii, akTuMBauii Ta  MNpPOMOHroBaHoil
XKUTTE34ATHOCTI OCTEOKNAaCTIB.

2. RANKL (receptor activator of nuclear factor
kappa-B ligand) — nirang o peuentopa RANK, skun
ekcnpecyeTbca ocTeobnactamu, octeoumTamu, ¢ibpo-
Gnactamy CUHoOBIanbHOI OOOMOHKM Ta aKTUBOBaHUMMU
T-nimdountamu. Y npucyTHOCTI nposananbHUX LMTO-
KiHiB, Takmx sk TNF-a, IL-1 Ta IL-6, ekcnpecis RANKL
cyTTeBo 3pocTtae. Moro 3s’'siayBaHHa 3 RANK akTusye
ocTeoknacTtoreHes i, BignoBigHO, nocunioe pesopbuito
KICTKOBOI TKaHVHMW.

3. OPG (osteoprotegerin) — ocTeonpoTerepuH, siKuim
BUCTYnae sik npupogHui iHriditop RANKL. Lle posuns-
HUA  rnikonpoTeiH, CcekpeToBaHU  ocTeobnacramu
Ta iHwuMu knitnHamn. OPG 3B’asyetbca 3 RANKL,
nepeLkogkatoum noro B3aemogii 3 RANK, tTum camum
ranbMyody audepeHLiaLio Ta akTUBaLlilo OCTEOKNacTiB.

Y HopMmanbHux aisionorivHux ymosax Mixx RANKL
Ta OPG nigTpymyeTbCs AMHaMiYHa piBHOBara, sika 3abes-
nevye crabinbHUIA CTaH KiCTKOBOrO peMOAENOBaHHSI.
OpHak npy XpoHiYHOMY 3anarneHHi, sk y Bunagky 3 PA,
cnieeigHoweHHss RANKL/OPG 3wmiwyetbcss B 6ik nepe-
Barm RANKL, uo 3ymoBnioe rinepakTtueaLlilo OCTeo-
KnacTiB, nporpecytvy pe3opbuitd KiCTKOBOI TKaHWUHU
Ta PO3BUTOK CUCTEMHOIO OCTEOMOPO3Y.

HagmipHa akTmBauis LUbOro CUrHanbHOro Kackagy
B ymoBax PA € TakoX KM4YOBMM MeXaHi3MOM NoKarb-
HOro ocCTeorni3y, eposiii KICTKOBMX CTPYKTYp Yy cyrrnobax
Ta BTpatn MLKT [53].

prevalence of OP in RA necessitates a deep understan-
ding of the pathophysiological mechanisms underlying
this complication to develop effective preventive and
therapeutic strategies.

OP is defined as a systemic skeletal disease charac-
terized by progressive loss of bone mineral density (BMD)
and disruption of bone microarchitecture, leading to
increased fragility and fracture risk even under minimal
mechanical stress [51]. In RA patients, mechanisms of
osteopenia and osteoporotic changes are complex and
relate not only to secondary factors such as medication
or aging but also directly to the pathogenesis of the
autoimmune process itself. Systemic chronic inflam-
mation, circulating autoantibodies, and elevated levels
of proinflammatory cytokines-especially IL-1, IL-6, and
TNF-a-promote osteoclastogenesis and inhibit osteo-
blast activity, resulting in a predominance of bone resorp-
tion over formation [46, 48, 52].

Furthermore, the inflammatory process in RA is
systemic and affects calcium, phosphorus, and vitamin D
metabolism, disrupting overall bone metabolism. Proin-
flammatory mediators activate the RANK/RANKL/OPG
signaling pathway. This pathway is the central regulator
of osteoclastogenesis and the balance between bone
resorption and formation. Dysregulation of this pathway
plays a crucial role in the pathogenesis of osteoporosis,
particularly secondary osteoporosis associated with RA.

1. RANK (receptor activator of nuclear factor
kappa-B) — a receptor located on osteoclasts and their
precursors. Its activation is essential for differentiation,
activation, and prolonged survival of osteoclasts.

2. RANKL (receptor activator of nuclear factor
kappa-B ligand) — a ligand for RANK expressed by
osteoblasts, osteocytes, synovial fibroblasts, and acti-
vated T-lymphocytes. In the presence of proinflam-
matory cytokines such as TNF-a, IL-1, and IL-6, RANKL
expression significantly increases. Binding of RANKL
to RANK activates osteoclastogenesis, thereby enhanc-
ing bone resorption.

3. OPG (osteoprotegerin) — a natural inhibitor of
RANKL. It is a soluble glycoprotein secreted by osteo-
blasts and other cells. OPG binds RANKL, preventing
its interaction with RANK, thus inhibiting osteoclast
differentiation and activation.

Under normal physiological conditions, a dynamic
balance between RANKL and OPG is maintained,
ensuring stable bone remodeling. However, in chronic
inflammation, such as RA, the RANKL/OPG ratio shifts
in favor of RANKL, leading to hyperactivation of osteo-
clasts, progressive bone resorption, and systemic
osteoporosis development.

Excessive activation of this signaling cascade in RA
is also a key mechanism of local osteolysis, bone
erosions in joints, and BMD loss [53].

Additional factors contributing to OP development
in RA patients include disease duration and activity,
female sex (especially postmenopausal), vitamin D
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[o dakTopiB, WO [0AAaTKOBO CNPUSIOTb PO3BUTKY
OfNn y xBopux Ha PA, HanexaTb TpuBanictb Ta
aKTMBHICTb 3axBOpHOBaHHS, XiHo4a cTaTb (0cobnmBo
B NocTMeHonay3anbHoMy nepioai), AediunT BiTamiHy D,
NoXunuin Bik, OOMeXeHHs1 i3nYHOi aKTUBHOCTI 4Yepes
6oNbOBUIA  CUHOPOM Ta (PyHKUIOHANbHI  OBMEXEeHHS,
a TaKoX TpuBare 3aCTOCYBaHHS [TIIOKOKOPTUKOCTEPOI-
nis Ta DMARDs [49, 54].

OcTeonopoTnyHi  nepenomu, ocobnueo Xxpebuesi
Ta MNPOKCMMAarnbHOro BiAAiny CTErHoBOi KICTKWM, MaloTb
BMCOKY KMiHI4YHY 3Ha4yLWicTb. 3rigHo 3 gaHMn HauioHanb-
Horo iHcTUTYTY 3gopos’s CLUA, Taki nepenomn cTtaHoB-
nATb 0O TPETMHM BUMAAKiB CMEpPTi, acouinoBaHMX
i3 PA, WO [OEeMOHCTpye ceprosHicTb npobnemu [55].
Kpim 6GesnocepeqHbOro pusuky netanbHOro Hacnigky,
nepenomMm 3Ha4YHO MOTiPLWYIOTb SAKICTb XUTTA NaUieHTIB,
cnpuymHsaodM Ginb, BTpaTy MOGINLHOCTI, OOMEXEHHS
y NOBCSAKAEHHIN AisnNbHOCTI, TpMBany 3anexHicTb Big CTo-
POHHBOI [JOMOMOrM, a TaKoX 3yMOBIIOTL PO3BUTOK
yCKMaHeHb, Takux sIKk NPONeXHi, Tpombo3n Ta pecnipa-
TOPHiI iHdekKuiT [46, 56, 57].

Ocob6nuvBy KniHiYHY yBary 3acnyroBylTb MNepernommu
Tin xpebuis, Ski YacTo 3anuLalTbLCSA HediarHOCTOBaHUMMU
yepe3 BIACYTHICTb BUPaXeHUX CUMMTOMIB Ha paHHIX
ctagisix. poTte BoOHM BedyTb A0 PO3BUTKY CTilkoro 6o-
NbOBOro CMHApPOMY, Aedopmalii xpebTa (kidos), 3mMeH-
LLIEHHS 3POCTY, NOPYLUEHHS PYHKLi AUXaHHSA Yepes 3MeH-
LWEeHHs1 06’eMy rpygHOI KMiTKM Ta 3HAYHOrO MOTipLUEHHS
dyHKUioOHanbHOro ctaTtycy nauieHTa [47, 58]. YpaxyBaHHs
LUMX acnekTiB € HeoOXigHUM npu POpMyBaHHI Nepco-
Hani3oBaHoi cTparTerii BegeHHs nauieHTis i3 PA Tta Oll.

TakMM 4MHOM, OCTEOMNOpPO3, K OA4HE 3 Haunowu-
PEHILWMX i HAaNBINbLL KNiHIYHO 3HAYyLLMX No3acyrnoboBux
ycknagHeHb PA, Bigirpae Kno4oBYy porfb Y 3HWKEHHI
dyHKUiOHanbHOro noTeHuUiany nauieHTiB i 3ymMOoBnioe
3HayHy 4acTKy ixHbOi iHBanigu3auii. BogHoyac, okpim
CUCTEMHMX MOpPYLUEHb MiHepanbHoro obMiHy Ta BTpaTu
KiCTKOBOI Macu, y nauieHTiB i3 PA MoxXyTb po3BuBaTucs
pigkicHi, ane Hag3BMYaMHO CKNagHi y KNiHIYHOMY BeeHHI
(OpMM  [ECTPYKTUBHOIO YPaXKEHHSI OMOPHO-PYXOBOrO
anapary, cepef skux ocobnuBy yBary npusepTae Henpo-
natMdyHa apTponartia, OinblW Bigoma sk apTponartis
Lapko. Llew BapiaHT ycknagHeHoro nepebiry PA noeaHye
iMmyHO3ananbHi, HempoaereHepaTyBHI Ta BacKynsipHi me-
XaHi3aMu, WO NpU3BOAATbL [0 TSKKOrO AECTPYKTUBHOIO
ypaeHHst cyrnobiB i3 BTpatamu iHHepBaLii, KOHTpO-
NbOBAHOIO HaBaHTaXeHHS Ta apXiTeKTypHOI UinicHOCTI
cyrno6oBoi nosepxHi. Came noegHaHHA ayTOiIMyHHOro
3ananeHHsl Ta HeWpOCEHCOPHOro AediunuTy CTBOPHOE
yMOBU Ansi POPMYBaHHSA KMiHIYHO HecneumdivHoro,
[iarHOCTMYHO cKnagHoro deHoTUny apTponarii, SKui
noTpebye OKPeEMOro MiXXAMCLUMIIHAPHOTO po3rnsaay.

PA, ycknagHeHun possuTkoMm apTtponarii Lapko
(HemMponaTUYHUA OCTEOAPTPUT), € KNiHIYHO pigKICHUM,
OofHaK HaA3BMYaWHO CKNagHUM ANS OiarHOCTUMKU N MiKy-
BaHHs BapiaHTOM nepebiry ayToiMyHHOro 3aXBOPIOBAHHS.
Xoya Bunagku noegHaHHsa PA i3 aptponartieto Lapko
CMOCTepiralTbCsl  MOPIBHAHO HeYacTo, iX 3HauvyLicTb
He Moxe OyTu HepoouiHeHa. lMaTonoriyHuin npouec, LWo
NeXnTb B OCHOBI Uiel hopMU ypaXKeHHs!, 3yMOBeHUn
nepeBaXHO HENWPOCEHCOPHOK BTPATOl, fIka MOpPYLUYE
60nboBY Ta nponpioLenTUBHY iHHEPBALito CyrmnobiB, cnpusi-
H0YN HEKOHTPOINbOBAHOMY MEXaHIYHOMY HaBaHTaXXEHHIO,
MikpoTpaBmaTu3adii Ta, gk HacnigoK, AeCTpyKUii OnopHO-
pyxoBoro anapary [59].

deficiency, advanced age, limited physical activity due
to pain and functional impairment, and prolonged use
of glucocorticoids and DMARDs [49, 54].

Osteoporotic fractures, particularly vertebral and
proximal femoral fractures, have high clinical significance.
According to the US National Institutes of Health, such
fractures account for up to one-third of deaths asso-
ciated with RA, underscoring the problem’s severity [55].
Beyond the direct risk of fatality, fractures greatly impair
patients’ quality of life by causing pain, loss of mobility,
limitations in daily activities, prolonged dependence on
caregivers, and complications such as pressure ulcers,
thromboses, and respiratory infections [46, 56, 57].

Particular clinical attention is warranted for vertebral
body fractures, which often remain undiagnosed due to
lack of prominent early symptoms. Nevertheless, they
lead to chronic pain syndrome, spinal deformities
(kyphosis), height reduction, impaired respiratory function
due to decreased thoracic volume, and significant
deterioration in functional status [47, 58]. Consideration
of these aspects is essential when developing perso-
nalized management strategies for RA patients with OP.

Thus, osteoporosis, as one of the most common and
clinically relevant extra-articular complications of RA,
plays a key role in reducing patients’ functional potential
and contributes significantly to their disability. At the same
time, beyond systemic mineral metabolism disturbances
and bone mass loss, RA patients may develop rare but
clinically challenging forms of destructive musculoskeletal
involvement. Of particular interest is neuropathic arthro-
pathy, better known as Charcot arthropathy. This compli-
cated RA variant combines immunoinflammatory,
neurodegenerative, and vascular mechanisms, resulting
in severe joint destruction with loss of innervation,
controlled loading, and architectural integrity of the joint
surface. The combination of autoimmune inflammation
and neurosensory deficit creates conditions for a clini-
cally nonspecific, diagnostically difficult arthropathy phe-
notype requiring distinct multidisciplinary consideration.

RA complicated by Charcot arthropathy (neuropathic
osteoarthritis) is clinically rare but highly challenging
to diagnose and treat. Although cases of RA combined
with Charcot arthropathy are relatively infrequent,
their significance cannot be underestimated. The under-
lying pathological process is primarily driven by neuro-
sensory loss that disrupts pain and proprioceptive
innervation of joints, leading to uncontrolled mechanical
stress, microtrauma, and consequently, musculoskeletal
destruction [59].

According to current data, RA can cause peripheral
sensory nerve damage through autoimmune inflam-
mation mediated by cytokine pathways. This involves
anti-endothelial cell antibodies (AECA), chemokine
CX3CL1 (fractalkine — FKN), IL-17 family interleukins,
as well as TNF-a, IL-1, and IL-6 [60]. These inflammatory
mediators can damage both peripheral nerve endings
and microcirculatory structures supplying joint tissues,
provoking chronic neurovascular inflammation, osteo-
lysis, and bone remodeling.

The most widely accepted pathophysiological
theories for Charcot arthropathy development are the
neurotrauma theory and the neurovascular hypothesis.
The former suggests that impaired pain sensitivity leads
to repeated microtraumas unnoticed by the patient,
accumulating and causing bone destruction. The latter
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3rigHo 3 cyyacHumMu gaHumu, PA Moxe cnpuumHATH
NOLUKOKEHHSI NepudepruyHUX CEHCOPHUX HEpBIB LUMS-
XOM ayTOIMYHHOrO 3anarieHHsi, sike peaniyeTbcs yYepes
LNTOKIH-ONOCepeaKoBaHi MexaHiamu. Y uboMy npoLeci
GepyTb yyacTb aHTWTINA [0 eHAoTenianbHUX KhiTWH
(anti-endothelial cell antibodies — AECA), xeMokiH
CX3CL1 (fractalkine — FKN), iHTepnenkiHn cimenctsa
IL-17, a Takox TNF-a, IL-1 T1a IL-6 [60]. Taki 3ananbHi
MefiaTopu MOXYTb ypaxaTu sk nepudepuyHi HepBOBI
3aKiH4YeHHsl, TaK i MIKPOLMPKYNATOPHI CTPYKTYpM, LLO
XMBNSTb cyrnobosi TkaHuHW. Lle, y cBolo 4Yepry, npoBo-
KY€ XPOHiYHE HEeMpOBacKynsipHe 3amnarieHHsl, OCTeori3
i peMoaentoBaHHA KICTKOBOI TKAHUHW.

HaiiGinbw BU3HaHUMKU naToqisionoriyHMMm Teopismm
po3BuUTKYy apTponarTii Llapko 3anuwatoTbcs Teopis Herpo-
TpaBMUM Ta HeMpoBacKynsipHa rinotesa. 3rigHo 3 NepLuoto,
nopyLUeHHs1 GOoMbOBOI YYTNMBOCTI CNpUsie MOBTOPHUM
MiKpOTpaBMaM, $Ki 3anuarTbCa HEMOMiYeHMMKU nai-
€HTOM i HAKOMMYYIOTBCS, CNPUYMHSIIOYM KICTKOBY AECTPYK-
uito. [pyra Teopis ¢OKyCyeTbCA Ha BeretaTuBHIA OucC-
YHKUIT, WO BUKNMKAEe BasoaunaTauilo, MnOCUNEeHHs
rNoKanbHOro KpPOBOTOKY, MiABULLEHHA TUCKY B KICTKOBIN
TKaHWHI Ta noganblue ii pe3opbysaHHs [59, 61]. Ha mone-
KyNnspHOMY piBHi KMOYOBY porb Yy hopMyBaHHi ocTeonisy
Bigirpae curHanbHa cuctema RANK/RANKL/OPG, sika
akTnsHo mogyntoetbcs TNF-q, IL-1 Ta IL-6.

Y MikHapogHin knacudikauii 6onto, 3anponoHoBaHii
MixHapogHoto acouiauieto 3 BuB4eHHs Gonto (IASP),
TEPMIH «HOLMNNACTUYHUIA Ginb» € BigHOCHO HOBUM i OyB
BBEAEHMIN 3 METO TOYHILLIOro OMUCY MEXaHi3MiB BUHWK-
HEHHs1 XpOHI4YHOro GonMto, Lo He HamneXxuTb Hi 0O Houu-
LenTUBHOIO, Hi OO HenponaTtn4yHoro. BiH BM3Ha4aeTbCs
sk 6inb, L0 BUHMKAE BHACNIOOK 3MiH Y (DYHKUiOHamNbHIN
aKTMBHOCTI LeHTpanbHoi HepBoBoi cuctemn (LIHC), 6e3
SIBHUX O3HaK YLIKOMKEHHS abo 3ananeHHs nepudepuy-
HUX TKaHWH 4M HepBiB. Lle noHaTTs HabyBae ocobnueoi
aKkTyanbHOCTi B PEBMaTOMOriYHi NpakTuLi, 30kpema npu
BeOeHHi nauieHTiB i3 PA, ae 6inb 4acto 36epiraetbcs
HaBiTb MiCNs OOCArHEHHs KhiHiYHOT pemicii abo Hop-
Manisauii NoKa3HWKIB CUCTEMHOrO 3anarneHHs [62].

Y koHTekcTi PA HoumnnactuyHuin Ginb xapakTtepu-
3yETbCSl K He3ananbHWA, CTINKMA abo MOBTOPHOBaHWI
60oNLOBUIA CUHOPOM, LLIO HE acoLitoeTbcst be3nocepenHbo
3 aKTMBHICTHO 3ananbHOro npouecy B cyrrnobax. BiH 3ymos-
NEeHMN naTonoriYHo HEWpPONNaCTUYHICTIO — (YHKLUiO-
HanbHO Nepeby0BOK CEHCOPHUX LUMSIXIB Y CTPYKTYypax
LIHC, 3okpema B Tanamyci, nepeaHii NOSCHIN 3BUBWHI,
iHCcyni Ta cnuHHOMY MO3Ky. [pyn UbOMY cnocTepiraeTbca
NiABULLEHHS LEeHTpanbHOi 30yanuBOCTi, 3HWKEHHS MO-
pory 60onbOoBOiI YyTNNBOCTI, NOCUNEHHS peakLii Ha HoLK-
LUenTUBHI CTUMYNM Ta MOPYLUEHHS] €HOOreHHUX MexaHis-
MiB KOHTponto 6onto. OgHUM i3 OCHOBHMX MPOSIBIB LIbOro
TMny Gono € anoauHis, rinepanresia Ta eHoMeHu
LeHTpanbHOI ceHcUTu3aLii, siki 3Ha4HO 3HMXKYIOTb SKICTb
XKUTTA NaUiEHTIB | YCKNaAHIOTb OUiHKY edeKTUBHOCTI
CTaHAapTHOI NpoTM3ananbHoi Tepanii.

BaxnuBo 3a3HaunTy, WO HOUMMNACTMYHMIA Binb npu
PA pigko nposiBnsieTbes isonboBaHo. Y GinbliocTi Bunag-
KIB BiH € 4aCTUHOW CckrnagHoro GonicHoro deHoTuny,
B SIKOMY OZHOYACHO MOEOHYKTHCA 3anarnbHi, Houumuen-
TUBHI Ta HeMponatuyHi KOMMOHEHTWU. Takmi KOHTUHYYM
Oonto, WO AMHAMIYHO 3MIHIOETbCS 3anexHo Big dasu
3axBOpIOBaHHSA Ta BIiANOBiAi Ha NiKyBaHHSA, € CEPNO3HUM
BUKITMKOM ONs KniHiuMcTa. HasBHICTb HOLMNNACTUYHOIO
Gont YacTo acouitoeTbes 3 deHoTMnamm cibpomianrii,
TPUBOXKHUMW Ta [ENpPecuBHUMU po3nagamu, nopy-

focuses on autonomic dysfunction causing vasodilation,
increased local blood flow, elevated bone pressure,
and subsequent resorption [59, 61]. At the molecular
level, the RANK/RANKL/OPG signaling system, actively
modulated by TNF-qa, IL-1, and IL-6, plays a key role in
osteolysis formation.

In the International Association for the Study of
Pain (IASP) classification, the term «nociplastic pain»
is relatively new and introduced to better describe
mechanisms of chronic pain that are neither nociceptive
nor neuropathic. It is defined as pain arising from altered
central nervous system (CNS) function without clear
evidence of peripheral tissue or nerve damage or inflam-
mation. This concept is especially relevant in rheuma-
tology, particularly in managing RA patients, where pain
often persists despite clinical remission or normalization
of systemic inflammation markers [62].

In RA, nociplastic pain is characterized as a non-
inflammatory, persistent or recurrent pain syndrome
not directly associated with joint inflammation activity.
It is caused by pathological neuroplasticity-functional
remodeling of sensory pathways within CNS structures
such as the thalamus, anterior cingulate cortex, insula,
and spinal cord. Features include increased central
excitability, lowered pain threshold, enhanced response
to nociceptive stimuli, and impaired endogenous pain
modulation. Common manifestations include allodynia,
hyperalgesia, and central sensitization phenomena,
significantly reducing patients’ quality of life and com-
plicating assessment of standard anti-inflammatory
therapy effectiveness.

Importantly, nociplastic pain in RA rarely occurs in
isolation. Usually, it is part of a complex painful pheno-
type combining inflammatory, nociceptive, and neuro-
pathic components. This dynamic pain continuum, varying
by disease phase and treatment response, poses
a serious challenge for clinicians. The presence of
nociplastic pain often correlates with fibromyalgia-like
phenotypes, anxiety and depressive disorders, sleep
disturbances, and chronic fatigue, further complicating
differential diagnosis and necessitating a multidiscipli-
nary treatment approach.

Several studies demonstrate that proinflammatory
cytokines such as TNF-q, IL-1, and IL-6, key mediators
of systemic inflammation in RA, may also contribute
to nociplastic pain pathogenesis, especially in early
disease stages. These cytokines activate glial cells in
the spinal cord and brain, stimulating synthesis of
proinflammatory neuropeptides, leading to hyper-
excitability of pain pathway neurons. Thus, the inflam-
matory process initiated in joints can cascade to patho-
logical CNS sensitization, creating conditions for
nociplastic pain [63, 64].

Identifying and assessing the nociplastic pain com-
ponent is crucial for a personalized treatment approach,
particularly in patients with chronic pain, low response
to anti-inflammatory therapy, or nonspecific clinical
manifestations. Therapeutic strategies in such cases
should go beyond traditional antirheumatic treatment
and include central sensitization modulators like tricyclic
antidepressants,  serotonin-norepinephrine  reuptake
inhibitors, and non-pharmacological interventions such
as cognitive-behavioral therapy, physical rehabilitation,
and neuromodulation techniques [62].
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WEHHSM CHY, XPOHIYHOK BTOMOW, LWO [A04ATKOBO
yCKMagHe AndepeHUiiHy aiarHocTuky Ta noTtpebye
MynsTUANCUMNAIHAPHOTO Nigxody A0 NiKyBaHHS.

Huska pocnigjxkeHb OEMOHCTpye, WO npo3ananbHi
umTokiHn, Taki ik TNF-o, IL-1 Ta IL-6, ki € kno4YoBnMMK
MediaTopamy CUCTEMHOro 3anarneHHst npu PA, MoXyTb
TakoX OpaTu yyacTb Yy MaToreHesi HOUMMNACTUYHOIO
Gonto, 0cobnMBO Ha paHHiX cTagisx xBopobu. Bigomo,
O Ui LUMTOKIHWN aKTUBYIOTb rMianbHi KMiTUHU B CIMHHOMY
MO3Ky Ta MO3KYy, CTUMYIIOHYM CUHTE3 npo3ananbHuUX
HerponenTuais, LWO, Y CBOK Yepry, Npu3BoanTb A0 rinep-
30yaAnMBOCTI HEMPOHIB GOMLOBOrO LUMSIXY. TakUM YMHOM,
3ananbHUi npouec, iHiuinoBaHuin y cyrnobax, Moxe
MaTW KackagHwi BNAMB Ha POpMYyBaHHA MNaTOMOrivyHOl
ceHcuTtuBHOCTI LIHC, cTBOplOlOYM yMOBWM ANS BUHUK-
HEHHs1 HoumnnacTu4Horo Gonto [63, 64].

BusiBneHHs Ta ouiHKa HOLMMMIACTUYHOIO KOMMOHEHTA
Gono € Haa3BMYaANHO BaXNMBUMW ANS NepcoHanisosa-
HOro miaxoagy A0 NikyBaHHS, 0COONMBO y NaLieHTIB 3 Xpo-
HiYHMM Gonem, HM3bkoH edeKTUBHICTIO NpoTM3ananbHol
Tepanii abo HecneuudiYHUMK KMiHIYHUMK NpPOsIBAMM.
TepaneBTWYHI CcTpaTterii B Takmx Bunagkax MOBUHHI
BUXOOUTW 3a MeXi TpaguUiNHOT aHTMpeBMaTUYHOI Tepanii
Ta BKMKYATM 3aCTOCYBaHHS MOZYNATOPIB LEeHTpanbHOT
CeHCUTM3aUil, Takmx SK TPULMKNIYHI aHTUOEenpecaHTw,
iHriGiTOPU 3BOPOTHOrO 3aXOMMIEHHSI CEPOTOHIHY Ta HOp-
agpeHaniHy, a TakoX HeMeOWKaMEHTO3Hi BTPyYaHHs —
KOTHITUBHO-NMOBEAIHKOBY Tepanito, disnyHy peabinitauito
Ta TexHikn Heripomoaynsuii [62].

Helipo3anaAeHHs Ta KOTHITUBHA AMCAOYHKLLs

y naujieHTis 3 PA

OcTaHHi OOoCArHeHHa B ranysi HenpoiMmyHornorii Ta
peBMaTonorii  akUeHTyloTb yBary Ha B3aEMO3B’A3KY
MK CUCTEMHMM XPOHIYHUM 3ananeHHaAM | 3MiHamu
HelponcuxonoriyHoro yHKUioHyBaHHs. 30kpema, Bce
Oinblle HayKOBMX [pPKEpen BKa3yloTb Ha 3pPOCTaHHS
YacTOTU  KOTHITUBHMX MNOpYLUEeHb ceped  MauieHTiB
i3 CUCTEMHMMU 3ananbHUMK 3axXBOPHOBAHHSIMU, cepes
akmx PA nocigae JinbHe micue. Bigomo, wo PA, kpim
KNnacu4yHuX ypaxeHb cyrnoboBoro anapaty, MOXe
OnocepeakoBaHO BMMUBATM Ha LEHTparnbHy HEpBOBY
cuctemy (LIHC), cnpuumHsaioum po3BUTOK HEMPOKOTHITUB-
HOro AeqiuunTy pi3HOro CTyneHs BUpaxeHocTi [1, 65, 66].
Llen 38’130k HabyBae 0COGMMBOrO KMiHIYHOrO 3HAYEHHS
B yMOBax [rnobanbHOro CTapiHHS HaceneHHs, Konwu
3pocTae 3axBoptoBaHicTb Ha PA cepen ocib noxunoro
BiKy — rpynu, anpiopi CXwnbHOi OO0 PO3BUTKY HeWpo-
JereHepaTBHKX NPOLECIB.

Tpusanuint nepebGir PA, Wo xapakTepusyetbcs Mo-
CTIIHUM CUCTEMHUM 3ananbHUM OHOM, CMPUYMHSAE
3MiHW B CTPYKTypax rorioBHOrO MO3KYy, 30Kpema B Fino-
Kamni — [AiNsHUi, KPUTUYHO BaxnuBIN Ansa perynauii
eni3ogMyHol nam’aTi, NPOCTOPOBOI OpieHTauii Ta adyek-
TUMBHOI noBeAiHkn. 3rigHO 3 pesynbraTamMm HewpoBidya-
ni3auinHKX i KOrHITUBHUX OOChiAXeHb, y nauieHTiB i3 PA
BUSBMASIOTBCA MOPYLUEHHS HU3KN KOTHITUBHUX CDYHKLIN,
cepen SKMX HaMyacTille peecTpyloTbCsl  3HWKEHHS
BMKOHaBUYMX (YHKLiA, NOPYLUEHHA KOHLEeHTpaLii ysaru,
3MEHLLEHHS LUBWAOKOCTI KOFHITUBHOI 0OpoOKM Ta 3HU-
KEHHS KOTHITUBHOI THYYKOCTI [67]. SHMXEHHS KOrHITUBHOI
npodykTuBHoCTI Npu PA 3ymMoOBneHe KOMMMIEKCOM YMHHM-
KiB, O BKMOYAE XPOHIYHY rinepnpogykuito nposananb-
HUX UMTOKIHIB, eHaoTenianbHy AMcdyHKLi, uepebposac-
KynsipHi nopyLleHHs, nobivHi edbektn chapmakoTepanii,
a TakoX CynyTHi ncMxoeMoliviHi po3naam [1, 65, 67-70].

Nevroinflammation and cognitive dysfunction
in patients with RA

Recent advances in neuroimmunology and rheuma-
tology emphasize the interconnection between systemic
chronic inflammation and changes in neuropsychological
functioning. In particular, an increasing number of scien-
tific sources indicate a rising prevalence of cognitive
impairments among patients with systemic inflam-
matory diseases, with rheumatoid arthritis (RA) occupying
a prominent position. It is known that RA, in addition
to the classical joint damage, can indirectly affect the
central nervous system (CNS), causing the development
of neurocognitive deficits of varying severity [1, 65, 66].
This connection gains special clinical significance in the
context of global population aging, where the incidence of
RA among elderly individuals-who are inherently prone to
developing neurodegenerative processes — is increasing.

The prolonged course of RA, characterized by
persistent systemic inflammation, causes changes in
brain structures, particularly in the hippocampus —
a region critically important for regulating episodic
memory, spatial orientation, and affective behavior.
According to neuroimaging and cognitive studies,
patients with RA exhibit impairments in several cognitive
functions, most commonly including reductions in
executive functions, attention deficits, decreased
cognitive processing speed, and reduced cognitive
flexibility [67]. The decline in cognitive performance in
RA is driven by a complex of factors including chronic
overproduction of pro-inflammatory cytokines, endo-
thelial dysfunction, cerebrovascular disorders, side effects
of pharmacotherapy, and concomitant psychoemotional
disorders [1, 65, 67—70]. Such a multifactorial patho-
genesis complicates verification of the source of cog-
nitive deficits but underscores the necessity of their
detection in clinical practice.
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Takuin MynbTUAKTOPHUI NaToreHe3 BU3HAYae cknag-
HiCTb Bepudpikauil gxepena KOrHiTMBHoOro pgediunty,
ofHaK MigKkpecnioe HeoOXigHICTb WNOro  BUSIBNEHHS
B KNiHIYHIA npakTuu,.

OcobnvBoi yBarn notpebye BUSIBNEHHS 1 KOpeKUist
CYMNyTHIX MCUXIYHMX po3nagiB, WO 3HAYHO MOLUMPEHI
cepen nauieHTiB i3 PA. 3rigHo 3 nonynsauinHuMmn eni-
aemionoriyHummn gocnigxeHHsamu noHag 50% oci6 iz PA
MalTb KMiHIYHO 3Hayylli NposiBM Aenpecii, a manxe
70% — cumnToMM TPUBOXHUX po3naais [71]. KoxeH Lwoc-
TMA NauieHT BigNoBigae [AiarHOCTUYHUM  KpUTepisam
BENWKOro AENPECUMBHOIO enisoay, Lo 3HAYHO YCKMagHoe
BEOEHHS OCHOBHOMO 3axBOpOBaHHs. [lcuxoemoliiHa
naTornorisi Nocuntoe cy6’eKTUBHE CNpURHATTS Gonto, no-
ripLUye SKICTb XXUTTS, 3HWXKYE NPUXUNBHICTb 40 NiKyBaHHA
Ta ©6e3nocepedHbO BMMMBAE Ha pes3ynsraty Tepanii.
Kpim Toro, oenpecumBHi Ta TPUBOXHI po3nagu € Hesanex-
HUMMK NpegukTopamMmn NigBULLEHHS 3aranbHOI CMEPTHOCTI
cepeq nauieHTiB i3 XPOHIYHUMKM 3ananbHUMKU 3aXBOPHO-
BaHHAMW [72]. Takmm 4YMHOM, NCUXOMATONOriYHa KOMOp-
6igHicTb Npu PA mae He nuvwe cumnToMaTu4yHe, a |
NPOrHOCTUYHE 3HAYEHHS, Lo OBI'pyHTOBYE HEOOXiAHICTb
i aKTMBHOrO BUSIBMEHHA Ta BKIIIOMEHHS 00 Mikauc-
LMNNiHapHOro nraHy nikyBaHHS.

Y KOHTEKCTi Cy4acHMX naTtoqisdionoriyHmx ysiBneHb
BCTAHOBMEHO, LU0 IHTEHCMBHICTb CUCTEMHOIO 3anareHHs
npu PA npsmMo Kopentoe 3 TAXKKICTIO HEMPOKOTHITUBHUX
3MiH. Bucoki piBHi C-peakTuBHOro 6inka, LWBUAOKOCTI
oCifaHHA epuTPOLMTIB, a TaKoX KOHLEHTpauin nposa-
nanbHUX megiatopis y cupoBaTLi Kposi — 3okpema TNF-a.,
IL-6 Ta IL-1p — YMHATE HEMPOTOKCMYHUI BNAMB, AOMNa41
rematoeHuedaniyHuin 6ap’ep abo aKTUBYHHM MiKPOTNitO
B [JinsiHKax MO3KY, 3any4eHux Yy KOTHITUBHI npouecu
[73, 74]. HenmposananeHHs, Wwo opMyeTbCA BHACNIAOK
TaKoOro BMNWBY, CYNPOBOMKYETLCS [AereHepaTuBHUMM
3MiHaMW, 3HWKEHHAM CUHaNTUYHOI NIIACTUYHOCTI, @ TaKOX
NOTEHLiNHOO BTPATO HeMpOoHanbHMX 3B’s3KiB, 0COGNMBO
y (bpOHTanbHWX Ta TeMMnopanbHUX Bigainax kopu.

HasaBHi KniHiYHi cnocTepexeHHs 3acBigyyloTb, LLO
KOTHITUBHI MopyweHHa npu PA MaloTb TeHAeHuito Ao
OinbLL BUpaXeHOro NposiBy y NiTHIX nauieHTiB, 0ocobnmeo
npu TpuBanomy nepebiry 3axBoptoBaHHa [75, 76].
[MaToreHeTUYHUM MIArPYHTSIM LUBOro sBMLWA € noea-
HaHHS XPOHIYHOrO 3ananeHHs 3 BiKOBMMMW CYOUHHUMMU
3MiHaMW — 30Kpema MPUCKOPEHUM PO3BUTKOM aTepo-
CKIepoa3y, Lo NpM3BOAUTb A0 iLEMIYHUX ypaXKeHb MO3KO-
BUX CTPYKTYp. Y Taknx ymoBax NnopyLUeHHs LepebpanbHoi
nepdy3ii BHacnigok eHaoTenianbHOI ANCyHKLUiT cnpusie
NPULWBUALLEHHIO HEpPOAereHepaTMBHUX 3MiH. BogHouvac,
€ OaHi, Wo HaBiTb MonoAi nauieHtTn 3 PA MoxXyTb matu
O3HaKW KOrHITUBHOro AediuuTy Ha paHHIX cTagisx 3axBo-
pIOBaHHS, WO CBiOYUTbL NPO He3anexHwn, MynbTudak
TOPHUN XapakTep unx 3MmiH [77].

OnHum i3 BaxnMBMX | BOAHOYAC CynepeuqnuBux
YMHHWKIB PU3MKY HENPOKOTHITUBHMX NOPYLUEHDb € TPUBane
3aCTOCyBaHHS [MOKOKOPTUKOCTEPOIAIB — NpenaparTis, sKi
3anuLIaoTbCs HEBIA'EMHOIO CKNaaoBoto 6asncHoi Tepanii
PA. JoBegeHo, O BUCOKI KyMYNATUBHI 403K CTepoidis
MOXYTb HEFATMBHO BMMMBATK Ha NaMm’sATb, KOHLEHTPaLito
yBaru, NCMxXoemMoLiiHUA OOH i HaBITb CIPUYNHATY ABULLA
KOPTUKOCTEpPOiAHOI  mcmxo3onodibHol  cMMnToMaTUK.
MpoTe, HU3KaA KMiHIYHUX OOCNiAXEeHb He BMsiBUNa cTa-
TUCTUYHO AOCTOBIPHOrO 3B’A3KY MK TpuBanicTio Tepanii
MIOKOKOPTUKOCTEPOidaMM  abo  HasBHICTIO  cepLeBoO-
CYLOMHHMX 3aXBOPHOBaHb Ta KOTHITUBHUMMW MOPYLUEHHSIMM,

Special attention should be given to identifying and
managing concomitant psychiatric disorders, which are
highly prevalent among patients with RA. Population
epidemiological studies report that more than 50% of
individuals with RA exhibit clinically significant symp-
toms of depression, and nearly 70% show symptoms
of anxiety disorders [71]. One in six patients meets the
diagnostic criteria for a major depressive episode,
significantly complicating the management of the primary
disease. Psychoemotional pathology exacerbates
subjective pain perception, worsens quality of life, redu-
ces treatment adherence, and directly impacts thera-
peutic outcomes. Moreover, depressive and anxiety
disorders are independent predictors of increased overall
mortality among patients with chronic inflammatory
diseases [72]. Thus, psychopathological comorbidity
in RA has not only symptomatic but also prognostic
importance, justifying its active identification and inclu-
sion in an interdisciplinary treatment plan.

In the context of current pathophysiological concepts,
it has been established that the intensity of systemic
inflammation in RA directly correlates with the severity
of neurocognitive changes. Elevated levels of C-reactive
protein, erythrocyte sedimentation rate, as well as con-
centrations of pro-inflammatory mediators in the blood
serum-particularly TNF-a, IL-6, and IL-1B-exert neuro-
toxic effects by crossing the blood-brain barrier or
activating microglia in brain regions involved in cognitive
processes [73, 74]. Neuroinflammation resulting from
this influence is accompanied by degenerative changes,
reduced synaptic plasticity, and potential loss of neuro-
nal connections, especially in the frontal and temporal
cortical areas.

Clinical observations indicate that cognitive impair-
ments in RA tend to be more pronounced in elderly pa-
tients, especially with prolonged disease duration [75, 76].
The pathogenetic basis of this phenomenon is the
combination of chronic inflammation with age-related
vascular changes-particularly accelerated atheroscle-
rosis leading to ischemic brain lesions. Under these
conditions, cerebral perfusion impairment due to endo-
thelial dysfunction contributes to accelerated neuro-
degenerative changes. At the same time, data show that
even young RA patients may exhibit signs of cognitive
deficits at early disease stages, indicating an indepen-
dent, multifactorial nature of these changes [77].

One of the important yet controversial risk factors
for neurocognitive impairments is prolonged use of gluco-
corticosteroids-drugs that remain an integral component
of RA basic therapy. It has been shown that high cumula-
tive doses of steroids can negatively affect memory,
attention, psychoemotional status, and even cause corti-
costeroid-induced psychosis-like symptoms. However,
several clinical studies have not found statistically
significant associations between the duration of gluco-
corticosteroid therapy or presence of cardiovascular
disease and cognitive impairments, highlighting the
complexity and potential heterogeneity of pathogenetic
mechanisms [1, 73, 78].

Current clinical research is particularly interested
in assessing the impact of biological therapy, especially
TNF-a inhibitors, on cognitive functions in RA. The evi-
dence base indicates that patients receiving biologic
drugs demonstrate less cognitive decline compared to
those treated only with conventional disease-modifying
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Lo NigKpecntoe CKNaaHiCTb i NOTEHUiNHY reTeporeHHiCTb
naTtoreHeTUYHNX MexaHiamie [1, 73, 78].

Ocob6nuBuiA IHTEPEC Yy CyYacHWUX KMiHiYHMX [ocnig-
KEHHSIX BUKMMKAE OLUiHKa BNnvBY GionoriyHoi Tepanii,
3okpema iHribitopie TNF-a, Ha KOrHITMBHI cpyHKLUiT npu PA.
[okasoBa 6Gasa cBiguMTb NPo Te, WO NauieHTH, ski
OTpuMYtOTb BionoriyHi npenapaTu, 4EMOHCTPYOTL MEHLLY
CXUINBbHICTb [0 KOTHITUBHOIO 3HWXKEHHS!, HiXX ocobu,
SKi NPOXoAsTb MNiKyBaHHS NWLIE KNAacU4HUMKU XBOPOGO-
MoanikyoUMMN aHTMpEeBMaTUYHUMK NpenapaTtamu [79].
Lle moxHa nosicHUTn 6Ginbll edeKkTUBHUM KOHTPONeM
CUCTEMHOTO 3ananeHHs Ta 3HMKEHHSAM PIBHS LIMPKYITHOO-
4YMX nNpo3ananbHUX LUMTOKIHIB, Ski 6epyTb yyacTb y narto-
reHesi HerposananeHHsi. OTxe, 6GionorivHa Tepanis
MOXe BigirpaBatu He nuwe cyrnobosaxucHy, ane W
NOTEHLINHY HENWPONPOTEKTOPHY ponb, WO noTpebye
noganbLUnX AOCHiAXKEHb.

Y3aranbHIo4M BUKNaaeHe, crig 3a3Ha4vmTu, Wo KOrHi-
TUBHI nopylweHHs npu PA MaloTb CUCTEMHUIA XapakTep
i He MOXYTb PO3rNAAaTUCA BUKIKOYHO SIK CYNyTHIilA NposiB
TaxKoro nepebiry xsopobu. Ix HaseHicTb Bigobpaxae
CKnagHy B3aeMOil0 MiX iMYHHUMW, CYyAUHHUMMU, HENpO-
€HOOKPVMHHMMU Ta NMCUXOEMOLIRHUMKN MexaHiamamu, Lo
onocepeakoByoTb natodisionoriyHuin snnue PA Ha LIHC.
Y 3B’A3Ky 3 UMM [OUINMbHUM € BKMHYEHHS perynsipHoro
KOTHITUBHOIO CKPUHIHFY B PYTUHHY KRNiHIYHY MNpaKTUKy
BeJeHHs1 nauieHTiB i3 PA, Wwo [03BonNUTb 3AiNCHIOBATU
paHHIO0 AiarHOCTMKY, NPOBOAMUTM LinecnpsiMoBaHe BTpY-
YaHHA Ta 3abe3neunTn iHAMBIQyanizoBaHWA MYynNbTU-
aucuunniHapHUi Nigxig Ao nikyBaHHS.

AyTOIMYHHi Ypa>KeHHS nediHku npu PA

TpaguuinHo ypaXeHHs1 MNediHKM He po3rnsgaeTbca
SK  TUNoBMW nosacyrnoboeuii nposis PA, opgHak 3a
OaHUMU HU3KM KNiHIYHUX JOCNiaXKeHb, NaTonoriyHi 3MiHu
NoKasHWKiB (YHKLUiT NeviHkn crnocTepiralnTbCs y 3HaAYHOT
YaCTMHM XBOPWX, 3 YacTOTOK KOMMBaHb Yy Mexax
Big 5% pno 77% [80, 81]. Takui wmpokuin Aiana3oH
4acTOTM MOSICHIETBLCA SIK FETEPOreHHICTIO  AOCHiaXY-
BaHUX MONynsAuin, Tak i BIOMIHHOCTAMW B KpuUTepisix
[iarHoCTMKN, MeTodax MOHITOPUHIY BioxiMiYHMX Mokas-
HUKIB Ta PIBHEM KIliHIYHOI HACTOPOXEHOCTI 4OCMIgHUKIB.
HesBaxatoum Ha BIiQHOCHO BWMCOKY MOLUMPEHICTb LMX
3MiH, KMiHiYHa 3HaYyLLiCTb renaTMYHNX nopyLleHb npu PA
3annWaeTbC HEAOCTAaTHLO BU3HAYEHO, 3BaXaw4u Ha
BiICYTHICTb OLHO3HAYHOrO NATOreHETUYHOIO TPaKTyBaHHS
LUMX 3MiH Y KOHTEKCTi peBmaTtoigHoro npouecy [80].

Y nauieHTiB 3 ayTOIMyHHUMU PEBMAaTUYHUMU 3aXBO-
ptoBaHHsMM, 30Kkpema npwu PA, giarHocTuka ypaxeHb
NediHKM € CKNagHWM KNiHIYHUM 3aBOaHHSM, OCKiMNbKK
Taki NOpYyLUEHHs MOXYTb OyTu 3ymoBneHi sik 6e3noce-
penHiM BNVBOM pPEBMATUYHOIO 3aXBOPKOBAHHS, Tak
i CynyTHLOIO NEPBUHHOLO renatonaTosnorieto abo > ToKkcuy-
HUMK edekTamm apmakoTepanii, 3okpema DMARDs.
BigTak, BCTaHOBNEHHs eTionorii 3MiH 3 60Ky MeYiHKOBUX
npo6 BuMmarae iHTerpaTMBHOro nigxogy 3 obOOB’SI3KOBUM
ypaxyBaHHAM KMiHIYHOrO KOHTEKCTY, AaHWX aHaMHesy,
MEAMKAMEHTO3HOIO HaBaHTaXeHHs1 Ta pe3ynbTaTiB [o-
[aTKOBMX METOAIB [OCNIMKEHHS, 30Kpema Cepororiy-
HUX MapKepiB ayTOiMyHHOro renatuTy, BipyCHUX rena-
TUTIB Ta YNbTPa3BYKOBUX KPUTEPIIB CTPYKTYPHOI NaTonorii
neviHku [82].

Tunosi GioXiMiYHi NOpPYLIEHHS MNEYiHKOBOI YHKUiT
npu PA 3pebinblioro matoTb 6e3cMMNTOMHUIA Nepebir Ta
BUSIBNSAOTLCA BWMMNAgKoBO Mif 4ac pyTUMHHOro nabopa-

antirheumatic drugs (DMARDs) [79]. This may be
explained by more effective control of systemic inflam-
mation and reduction of circulating pro-inflammatory
cytokines involved in neuroinflammation pathogenesis.
Thus, biological therapy may have not only joint-protective
but also potential neuroprotective effects, warranting
further investigation.

In summary, cognitive impairments in RA have a sys-
temic nature and cannot be regarded solely as a comorbid
manifestation of severe disease course. Their presence
reflects a complex interplay between immune, vascular,
neuroendocrine, and psychoemotional mechanisms
mediating the pathophysiological impact of RA on
the CNS. In this regard, it is advisable to include regular
cognitive screening in routine clinical practice for mana-
ging patients with RA, enabling early diagnosis, targeted
intervention, and ensuring an individualized multidis-
ciplinary treatment approach.

6. Autoimmune Liver Involvement
in Rheumatoid Arthritis

Traditionally, liver involvement is not considered
a typical extra-articular manifestation of rheumatoid
arthritis (RA); however, according to several clinical
studies, pathological changes in liver function tests are
observed in a significant proportion of patients, with
prevalence rates ranging from 5% to 77% [80, 81].
This wide range is explained both by the heterogeneity
of the studied populations and by differences in diag-
nostic criteria, biochemical monitoring methods, and the
clinical vigilance of researchers. Despite the relatively
high prevalence of these changes, the clinical signifi-
cance of hepatic abnormalities in RA remains insuffi-
ciently defined due to the lack of a clear pathogenetic
interpretation of these changes in the context of the
rheumatoid process [80].

In patients with autoimmune rheumatic diseases,
including RA, diagnosing liver involvement is a complex
clinical challenge, as such abnormalities can be caused
either by the direct impact of the rheumatic disease,
concomitant primary liver pathology, or toxic effects of
pharmacotherapy, particularly disease-modifying anti-
rheumatic drugs (DMARDs). Therefore, establishing
the etiology of changes in liver function tests requires
an integrative approach, taking into account the clinical
context, medical history, drug exposure, and results of
additional diagnostic methods, including serological
markers of autoimmune hepatitis, viral hepatitis, and
ultrasound criteria of liver structural pathology [82].

Typical biochemical abnormalities in liver function
in RA usually have an asymptomatic course and are
detected incidentally during routine laboratory monitoring.
These include elevated aminotransferase levels, as well
as increased activity of alkaline phosphatase (ALP) and
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TOPHOTO MOHITOPUHIY. [0 HUX Hanexatb NiaBULLEHHS
piBHA amiHoTpaHcdepas, a TakoX NiABULLEHHSA aKTUB-
HocTi nyxHoi cpocdatasn (JIP) i rammarnytamintTpaHc-
depasn [82]. MiaBuwieHHs piBHa JI® e Hanbinbw
TMMNOBMM Ta BogHOYAC YacTUM BiOXiMIYHUM MOPYLUEHHSIM,
acouiroBaHnm 3 PA. 3a pisHUMM gaHMK TaknMin NOKa3HMK
BusaBnseTbcs y 30-50% nauieHTiB, WO 3yMOBIOE He0b-
XiOHICTb BKMIOYEHHST MOro 0O CTaH4APTHOrO MpOTOKOMy
nabopaToOpHOro MOHITOPUHIY OCI6 i3 LM 3axBoproBaH-
HsiM. OcobnuBy yBary 3acnyroBye BCTAaHOBMEHWI B3aEMO-
3B'130K MiXX piBHEM JI® Ta aKTUBHICTIO CMUCTEMHOrO
3ananbHOro Mnpouecy — MiABULLEHHS LbOro hepMeHTY
kopentoe 3 piBHem CPB Ta WBMAKICTIO OCigaHHSA
€pUTPOLMTIB, WO CBIgYUTL NPO MOro MNOTEHLiNHE 3Ha-
YEHHS1 SIK HEMPSIMOTO Mapkepa aKTUBHOCTI peBMaToif-
HOoro 3ananeHHs [83]. 3a geskMMKn LOCNIAXEHHSAMN,
Mamxe TpeTMHa nauieHTiB 3 PA pgemMoHCTpye crTinke
nigsuweHHs J1P, Wwo y noeaHaHHi 3 iHWUMKW KNiHIYHUMN
Ta nabopaTOpHMMMK O3HaKamu, MOXe CBigYMTU Npo
HasiBHiCTb renartonartii abo pu3uk ii po3suTky [80, 83].

3a pesynbraTaMu HWU3KU  KMiHIKO-enigemionoriyHmx
pocnigxeHb, 0o 40% nauieHTiB 3 ayTOIMyHHUM renartu-
Tom (AIlN) matoTe xo4a 6 ogHe cynyTHe iMyHoonocepes-
KOBaHe 3aXBOPIOBAHHS, LLIO CTBOPIOE 3HAYHI AiarHOCTUYHI
TPyOHOLLI MpU BCTAHOBMEHHI MPOBIAHOrO EeTionoriYyHoro
UMHHMKA YpaXeHHs1 nediHku [84]. Y Takmx Bunagkax
0CO6MMBO BaXNUBMM € MyNsTUAMCLMNNIHAPHWIA Nigxig
i3 3any4yeHHsIM racTpoeHTeporiora, peBMartoniora Ta
€HOKpWHOrora Ansi BCTaHOBIIEHHSI TOYMHOTO AjarHo3y Ta
Npu3Ha4YeHHsa agekBaTHOI Tepanii.

Cepen HavyacTille CynyTHiX MO3aneyiHKoBMX ayTo-
iMyHHUX cTaHiB npu Al Big3HavalTbCA ayTOiIMyHHWUIA
TMPEOIANT, LyKpOBUiA AiabeT 1-ro TNy, BUPA3KOBUIA KOMIT,
ueniakis Ta PA, WO 3yMOBMOe HeOOXiQHICTL peTenbHoro
CKPUHIHFY LUMX NaTonorii y BIignoOBIOHUX  KMiHIYHUX
cuTyauisix. BctaHoBNEHO, WO ayToiMyHHi 3aXBOpOBaHHS
yacTilwe 3ycTpivaloTbCa Yy NauieHTiB >KiHOYOI cTaTi
3 AIl 1-ro Tuny, ocobnmBo 3a HasiIBHOCTi MO3UTWMBHOIO
TecTty Ha aHtureHu rictocymicHocti HLA-DR4 [85].
Ller anenb, 3rigHO 3 cy4acHUMW AaHUMK, acoLuinoBaHWU
i3 niaBULLEHUM pU3NKOM po3BUTKY K AllL Tak i cuctem-
HUX ayTOiMYHHMX XBOpOO, Bkntovaroum PA, Lo cBigunTb
NpO MOXIMBY CMINbHICTb NAaTOreHETUYHUX MEXaHi3MiB.

Ocob6nuBy yBary cnig 3BepHYTM Ha NigBULLEHY
MOLLUMPEHICTb PEBMAaTUYHMX 3axBOPHOBaHb cepen ocib
cTapworo Biky 3 giarHo3om All. [aHi G6aratoLeHTpoBUx
KOTOPTHMX CMOCTEPEXEHb AEMOHCTPYIOTb, IO B noaew
noxunoro Biky 3 AIll yacrTiwe AiarHOCTylTbCS CYMyTHI
CUCTEMHi 3axXBOPIOBaHHSI CMOMYYHOI TKAHWHU MOPIBHSIHO
3 monogLwumu nauieHtamu [86]. Lie moxe GyTn nos’a3aHo
SIK i3 KyMYMATUBHUM BMAMBOM iMYHHUX MOPYLUEHb 3 BiKOM,
TaK i 3 GinNbll BUCOKOI NMOBIPHICTIO PO3BUTKY MeauKa-
MEHTO3HO-iHAYKOBaHNX iMyHOONOCEPEAKOBAHMUX CUHAOPO-
MiB Ha Tni XpOHiYHOI chbapmakoTepanii. [eorpadivyHo
y3aranbHeHi AaHi 3 Pi3HUX KOHTUHEHTIB cBig4aTb Mpo
Te, WO YacToTa HasBHOCTI iHLWMX ayTOIMYHHUX 3axBO-
ptoBaHb Yy nauieHTiB 3 Al konuMBaeTbCca Yy Mexax
20-49% [87], wo niaTBEpAXYe HEOOXigHICTb cuctema-
TUYHOrO [OCHIMKEHHS MaLieHTIB Ha NpeaMer MynbTu-
CUCTEMHOTO YPaXKEHHS.

Y pocnigxeHHi [88] cepen nauieHTiB 3 Al cynyTHi
ayToiMyHHi cTaHu Oynu BusiBneHi y 39,4%. AHanorivHi
OaHi oTpumaHo y poboTi [87], B sikili cynyTHI ayTOiMyHHi
natonorii BusisneHo y 40% xsopux Ha All".

gamma-glutamyltransferase (GGT) [82]. Elevated ALP
is the most typical and frequent biochemical abnormality
associated with RA. According to various data, this fin-
ding occurs in 30-50% of patients, necessitating its
inclusion in the standard laboratory monitoring protocol
for individuals with this disease. Particular attention
is given to the established correlation between ALP levels
and systemic inflammatory activity — the increase of this
enzyme correlates with C-reactive protein (CRP) levels
and erythrocyte sedimentation rate (ESR), indicating its
potential role as an indirect marker of rheumatoid
inflammation activity [83]. Some studies report that
nearly one-third of RA patients demonstrate persistent
ALP elevation, which, combined with other clinical and
laboratory signs, may indicate the presence of hepato-
pathy or risk of its development [80, 83].

According to several clinical-epidemiological studies,
up to 40% of patients with autoimmune hepatitis (AIH)
have at least one concomitant immune-mediated
disease, creating significant diagnostic challenges in
determining the primary etiological factor of liver involve-
ment [84]. In such cases, a multidisciplinary approach
involving a gastroenterologist, rheumatologist, and
endocrinologist is especially important for establishing
an accurate diagnosis and initiating appropriate therapy.

Among the most common extrahepatic autoimmune
conditions associated with AIH are autoimmune thyroi-
ditis, type 1 diabetes mellitus, ulcerative colitis, celiac
disease, and RA, underscoring the need for careful
screening for these pathologies in relevant clinical
situations. It has been shown that autoimmune diseases
are more frequently found in female patients with type 1
AlH, particularly in the presence of a positive HLA-DR4
histocompatibility antigen test [85]. This allele, according
to current data, is associated with an increased risk of
developing both AIH and systemic autoimmune disea-
ses, including RA, suggesting a possible shared patho-
genetic mechanism.

Special attention should be paid to the increased
prevalence of rheumatic diseases among elderly patients
diagnosed with AlH. Data from multicenter cohort studies
demonstrate that older individuals with AIH more fre-
quently have concomitant systemic connective tissue
diseases compared to younger patients [86]. This may
be related both to the cumulative effect of immune
disturbances with age and to a higher likelihood of
developing drug-induced immune-mediated syndromes
in the context of chronic pharmacotherapy. Geographi-
cally generalized data from various continents indicate
that the frequency of other autoimmune diseases in
patients with AIH ranges between 20% and 49% [87],
confirming the necessity of systematic investigation of
patients for multisystem involvement.

In the study by [88], concomitant autoimmune
conditions were found in 39.4% of AlH patients. Similar
results were reported in the work by [87], where con-
comitant autoimmune pathologies were detected in
40% of AlH cases.
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BUCHOBKHU

XpOHiYHe cucTeMHe 3ananeHHs Npu peBmaToifHOMY
aptputi (PA) € Kno4oBMM NATOreHETUYHUM MEXaHi3MOM
PO3BUTKY No3acyrnoboBux ypaxeHb. [po3ananbHi uuTo-
kKinn (TNF-a, IL-6, IL-1B) GepyTb yyacTb y hopMyBaHHi
iHTepcTULianbHUX 3aXBOPIOBAHb NereHb, CepLeBo-CyanH-
HOI nartonorii (atepocknepos, cepueBa HeOOCTaTHICTb),
OCTEeonoposy, HewposananeHHs, KOTHITUBHUX po3nagis
Ta ayToiMYHHWX renatonarTin. Pu3nk po3suTKy LMX ycknaa-
HEeHb 3pocTae NPONOopUIVHO PiBHIO 3ananbHOI aKTUBHOCTI,
TpuBanocTi xBopobu Ta HeagekBaTHOMY KOHTporio PA.

MosacyrnoboBi ycknagHeHHs iCTOTHO NOTipLWYOTh
nepebir Ta nporHo3 PA, niaBuLLyo4n piBeHb CMEPTHOCTI
Ta iHBanigm3adii. IHTepcTulianbHi 3axXBOPIOBaHHS nereHb
€ npuuuHoo Ao 20% neTanbHWX BUNAaAKiB, cepLeBo-
CyAuHHa cmepTHiCTb 3poctae Ha 50-60%, a puank
OCTEOMNOPOTUYHUX MEPENOMIB MEepPeBULLYE NONYyNALUinHi
nokasHukn B 2-3 pa3n. Kpim TOro, ncuxoemouinHi
M KOTHITMBHI MOPYLUEHHS NOrmmbnioloTb yHKLiOHaNbHI
0BMEeXeHHS! Ta 3HWXKYIOTb NPUXUIBHICTb O NiKyBaHHS.

EdektvBHe BegeHHsi nauieHTiB 3 PA  notpebye
nepcoHarnisoBaHoro  MynsTuAnCUMNNIHapHOro  nigxoay
3 PaHHIM BUSABMEHHSIM CUCTEMHUX ypaeHb. [1o cTaH-
[apTHOTO MOHITOPUHIY MaloTb OyTUW BKIMIOYEHI BUSIBNEHHS
cybkniHiyHMX  cbopm  no3acyrnoboBux  yCKnagHeHb
3a ponomoroto Giomapkepie (CPB, IL-6, ACPA, P®),
BidyanisauiviHux Ta dyHKUioHaneHNx metoais. bionoriyHa
Tepanis (iHribitopu TNF-a, IL-6) He nuwe npurHivye
apTpuT, @ N 3HWXKYE PUSKKM KapdioBaCKYNAPHUX, fereHe-
BMX Ta HEBPOMOriYHUX YypaxeHb. [loegHaHHs iMyHo-
CYNpecuBHOI, Kapaio-, OCTeOo- Ta HENPOnpPOTEKTUBHOI
Tepanii B Mexax KoHuenuii «paHHbOro TepaneBTUYHOro
BikHa» [03Bons€ 3anobirT HEe3BOPOTHWM CUCTEMHUM
YCKMagHEHHAM Ta NoKpaLLUMT 4OBrOCTPOKOBUI MPOrHO3.
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CONCLUSIONS

Chronic systemic inflammation in rheumatoid
arthritis (RA) is a key pathogenic mechanism underlying
the development of extra-articular manifestations.
Proinflammatory cytokines (TNF-a, IL-6, IL-1B) are
involved in the pathogenesis of interstitial lung diseases,
cardiovascular pathology (atherosclerosis, heart failure),
osteoporosis, neuroinflammation, cognitive disorders,
and autoimmune hepatopathies. The risk of developing
these complications increases proportionally with the
level of inflammatory activity, disease duration, and
inadequate control of RA.

Extra-articular complications significantly worsen the
course and prognosis of RA, increasing mortality and
disability rates. Interstitial lung diseases account for
up to 20% of fatal cases, cardiovascular mortality in-
creases by 50-60%, and the risk of osteoporotic
fractures is 2-3 times higher than in the general popu-
lation. Additionally, psychoemotional and cognitive
impairments exacerbate functional limitations and reduce
treatment adherence.

Effective management of patients with RA requires
a personalized multidisciplinary approach with early
detection of systemic involvement. Standard monitoring
should include the identification of subclinical forms
of extra-articular complications using biomarkers (CRP,
IL-6, ACPA, RF), as well as imaging and functional
methods. Biological therapy (TNF-a and IL-6 inhibitors)
not only suppresses arthritis but also reduces the risks
of cardiovascular, pulmonary, and neurological damage.
The combination of immunosuppressive, cardio-, os-
teo-, and neuroprotective therapies within the framework
of the «early therapeutic window» concept allows
prevention of irreversible systemic complications and
improves long-term prognosis.
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MepcnekTUBU NOAAABLLUMX AOCAIAXEHb

Mopanblwi pocnigXeHHs MawTb OyTu 3ocepemxeHi Ha rmub-
LIOMY PO3YyMiHHi MONEKYNAPHUX MEXaHi3MiB, LLO NexaTb B OCHOBI
nosacyrrnoboBux ycKnagHeHb, 30KpeMa B3aemopii MK CUCTeM-
HUM 3ananeHHsM, enireHeTUYHUMK 3MiHaMW Ta iMyHHOI Anc-
dyHKUielo. Baxnueum Hanpsmom € pospobka 6Giomapkepis
pPaHHLOI [iarHOCTUKM  ypakeHb BHYTPILIHIX OpraHiB, Takux
AK iHTepcTulianbHe 3axBOPKOBAHHSA JlEereHb YU KOTHITUBHWUI
nediuunT, Wo A03BONUTL BNPOBAaAMTU CKPUHIHIOBI CTpaTerii we
[0 NosiBM KMiHIYHOI cuMnTomMaTuku. Kpim Toro, mepcnekTMBHUM
€ BMBYEHHS NMNenoTponHoi Aii Cy4acHWX TapreTHUX npenaparis,
3okpema iHribiTopis IL-6 Ta JAK-iHribiTopis, WWoA0 npodinakTukm
CUCTEMHMX yCKNnagHeHb. HeobxigHo Takox npuainuTy yeary o-
CRiAXXEeHHSIM MCUXOHEBPONOriYHoro crnektpa PA, 3okpema Houu-
nnactnyHomy 6onio i AgenpecuBHUM posnagam, 3 METOK po3-
pobku MynsTUAMCUMNNIHAPHMX NiAXoAiB 4O NiKyBaHHSA. HapeLwTi,
iHTerpauis nepcoHanizoBaHoi MeaWLMHW, LUTYYHOTO iHTENeKkTy
Ta BEMUKUX AaHWX y PeBMAaTororiyHy NpakTuKy BiAKPMBaE HOBI
rOPU3OHTW A5 MPOrHO3yBaHHSA PU3MKIB Ta onTUMisaii Tepanii.

KoHdAikT iHTepeciB

ABTOp pyKonucy CBIQOMO 3acBigyye BIACYTHICTb haKTUYHOro
abo noTeHUiHOro KOHMIKTY iHTepeciB LWoAO pesynbraTiB
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
GiomeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiMy, Yni NPoayKTH,
nocnyr, iHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HajaHux Matepianie abo ski cnoHcopysanv
nposeaeHi JOCNiaXEHHS.

IHdbopmalis Npo chiHAOHCYBAHHSA

CratTa € pparMeHTOM NnaHOBOI HayKOBO-OOCHNIOHOI po6oTu
Kadeapw iHdeKUiHMX XBOpob Ta KniHiYHOI iMyHonorii Xapkis-
CbKOrO HaujioHanbHoro yHiBepcuTety imeHi B.H. Kapasina
MiHicTepcTBa OCBITM i Hayku YkpaiHu «BuB4eHHS poni iMyHHUX,
aBTOIMYHHMX Ta MeTtaboniyHMx posnagiB y nartoreHesi Ta
Hacnigkax iHdeKUiiHoro npouecy, WO BUKMUKaHWN bakTepi-
AMK, Bipycamu, BipyCHO-bakTepianbHUMK acouiaulisMu  npu
rOCTpOMYy, 3aTshKHOMY Ta XPOHiYHOMY nepebiry xBopobu Ta
YAOCKOHANEHHS TaKTWKW FiKyBaHHSI», HOMep [AepXXaBHOI peecT-
pauii 0123U105022, TepmiH BMKOHaHHA: 2023—2028 pp., KepiB-
HUK — 3aBigyBadka Kadpeapu iHDeKUiHNX XBOpob Ta KNiHiYHOI
iMyHonorii, kaHaMaaT MeanyHKx Hayk, aoueHT O.B. Bonobyesa.
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Prospects for further research

Further research should focus on a deeper understanding
of the molecular mechanisms underlying extra-articular compli-
cations, particularly the interactions between systemic inflam-
mation, epigenetic changes, and immune dysfunction. An impor-
tant direction is the development of biomarkers for early
diagnosis of internal organ involvement, such as interstitial
lung disease or cognitive impairment, which would allow the
implementation of screening strategies before clinical symptoms
appear. Additionally, studying the pleiotropic effects of modern
targeted therapies, including IL-6 inhibitors and JAK inhibitors,
in preventing systemic complications is promising. Attention
should also be given to research on the psychoneurological
spectrum of RA, including nociplastic pain and depressive
disorders, with the aim of developing multidisciplinary treatment
approaches. Finally, the integration of personalized medicine,
artificial intelligence, and big data into rheumatology practice
opens new horizons for risk prediction and therapy optimization.
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