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Ipearnoceinkys: TIpupopHbIe PAKTOPDI, 3ABUCSILME OT reorpad®uyecKkon IIMPOTLI U AOATOTBI M BBICOTBI HAA YPOBHEM MOPS, MOTYT BAMATBH HA
SMMAEMUONOTHIO ¥ KAMHUYECKOE NPOSIBACHME PEBMATHYECKMX 3a60AeBAHMIA. BbICOKOTOPHbIE YCAOBUS XOPAKTEPHUIYIOTCS XPOHMYECKOM IMITIOKCHUE,
HM3KUM ATMOCPEPHEIM AQBACHMEM U KAMMATUYECKUMU OCOBEHHOCTSIMM, KOTOPBIE MOTYT BO3AE/CTBOBATE HA MMMYHHBIE PEAKLIMM U MPOSIBACHUS
3a6oneBaHmit. OAHAKO OTHOLIEHUSI MEXKAY YCAOBUSIMM BbICOKOropbst (BI') M peBMaTuyeckuMu 3aboaeBaHusamMu (P3) ocTaioTcst CAA60 M3YI€HHBIMMA.
IJeas: [IpoBecTH 0630p CYLIECTBYIOLIEH AUTEPATYPLI M AQHHBIX, ONTYOAMKOBAHHBLIX ABTOPAMM, O BAUSTHUM YCAOBUI BI' HO PACIIPOCTPAHEHHOCTD,
KAMHUYIECKME XAPAKTEPUCTURM M MCXOABI P3. MeToab!: IIOMCK AMTEPATYPHI IIPOBEAEH Ito 6asaM AaHHbIX PubMed/MEDLINE u elibrary.ru po
deBpans 2026 ropa ¢ ucrnoab3oBaHMeM 3arnpocos “high altitude” OR “altitude” B coueTaunu ¢ “rheumatic diseases,” “arthritis,” OR “rheumatology”
6e3 A3bIKOBbIX OIPAHMYEHMN. PesyAbTaTe: HainpeHb! 11 MccaepAOBAHMMA, BbITOAHEHHbIX B Kutae, Kbipreiscrane, Uuaun, drionun, Henmaae, Ilepy,
CayaoBckon Apasum 1 CIIIA nmpu CYMMAPHOM YMCAEHHOCTH CYGBEKTOB 278232. B ABYX ITOIYASILIMOHHBIX MCCAGAOBAHMUAIX PACIIPOCTPAHEHHOCTh
PEBMATOMAHOTO APTPUTA B BLICOKOIOPHBIX IOINYASILIMIA OKA3AAACH BbIIlE, YeM B PABHMHHEIX. B mpoBepeHHOM B KiuTae MCCAEAOBAHMM KOTOPTHI,
IpOoXXMUBAIOLe Bhie 4300 M, PACIIPOCTPAHEHHOCTh PpeBMAaToupHoro apTpurd (PA) coctaBasaa 4,86 % rmpoTtus 0,28 % Ha paBHUHE. OTHOCUTEABHBIN
puck 3aboaeBanyus PA B KbIprelscTaHe YBeAudeH B 2,95 pasda B BBICOKOTOPHO#M KoropTe (Bhiire 2000 M). B MCCAeAOBAHMSX IO PEBMATHUYECKOM
AMXOPAAKE IOAYYEeHbl HEOAHOPOAHEBIE Pe3YALTATHI, B TOM YMCA€ OTHOCUTEABHO CBSI3M BbICOKOIOPhSI CO CPOKAMM ITPOdECCHOHANBHOM ITPUTOAHOCTH
Y TOPHSIKOB HA GOABIIIMX BBICOTAX M PASAMYMIA IO 3060A€BAEMOCTM KAPAMTOM HA PASHBIX BBICOTAX, IIPM 9TOM Y A€TEM OTMEYEHA TEeHACHLIMS K
AOCGPOKAYECTBEHHOMY TEHEHMIO, HO B COYETAHMM C ITOBBIILICHHBLIM PMCKOM OCAOXKHEHMI HA KAAIIAHAX CEPALIA. B BLICOKOrOPHBIX PErMOHAX TAKXKEe
BBISIBA€HBbI 0CO6eHHOCTH GAKTOPOB pMCKA nypnyphb! ILIeéHAs/HA-TeHOXA M MOBLILIEHHAST BCTPEYAEeMOCTb HAPYIIEHUA ONOPHO-ABUIATEABHOI'O
annapard. OAHAKO OTAeABHbIE AYTOMMMYHHbIE 3a60A€BAHMS, HANPMMEP BUTUAUIO), BCTPEUAIOTCS B rOPAX Pexe, YeM HA PABHMHAX, A HA GOABILIMX
BBICOTAX 6bIAG 3AAOKYMEHTHMPOBAHA ACEKE MX peMuccusi (HANpMMep, MPpM AYTOMMMYHHOM TPOMGOLMTONEHMYEeCKon mypnype). O6CcyRAeHbI
BO3MOKHBIE MEXAHM3MEI CBsI3M BI' ¢ ayTOMMMYHHBIMKU paccTpoicTBAaMK. [IpMBeASHE! OCHOBAHMSI CIMTATD, YTO YCAOBMS BI', 0CO6EHHO XpOHMYECKASs
TUITOKCUSI, MOTYT BBISbIBATBH YPE3MEPHOE CUCTEMHOE ASCTBME IIPOBOCIIAAUMTEALHBIX MEAMATOPOB M M3MEHEHMS 6AAAHCA MEXKAY CYOITONYASILIMSIMM
AMMPOMAHBIX KAETOK, YCYTYOASIIONIME AYTOMMMYHHBIE pearimy. Tak:ke HaO AYTOMMMYHMUTET B FTOPHbIX PAMOHAX MOT'YT BAMSITE HEKOTOPbIe Apyrue
reOXMMMYECKMe M KAuMMaTudeckue paxTopsl. SakAroveHye: YeaoBust BI' MOryT BAMSITD HA SIIMAEMMOAOTMIO M KAMHMYECKOe IposiBAeHue P3
IIOCPEACTBOM 3KOAOTMYECKMUX ¥ MMMYHOAOTMYECKMX MEXAHM3MOB. XOTS MMEIOIIMECS AQHHbIC OrPAHMYESHEI 1 HEOAHOPOAHBI, OHM AQIOT OCHOBUHMSI
CYUTATD, YTO GAKTOPL! BI' MOryT BAMSTL HA PACIPOCTPAHEHHOCTb U deHoTUnk! P3. B cTaThe NMOAYEPKMBASTCSI HEOGXOAMMOCTD ACGABHEMILMX
MCCAEAOBAHMI IIATOreHEe3d U PA3PAGOTKM LeAEBbIX CTPATETrMi NPOPHUAAKTHKYM AYTOMMMYHHBIX 3060A€BAHMA AASI BLICOKOTOPHBIX TOITYASILIMIA.
Knroueswie cnosa: aymoummynumem, 8blcOKOOPHbIE YCI08USL, 2UNOKCUSL, PEGMAMOUOHBLI aAPMPUN, PeSMAMUYECcKdsl TUXOPaoKd
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Background: Environmental factors related to geographic latitude, longitude and altitude may influence the epidemiology and clinical expression
of theumatic diseases. High-altitude environments are characterized by chronic hypoxia, lowered atmospheric pressure, and distinct climatic
conditions that may modify immune responses and disease patterns. However, the relationships between high altitude (HA) and rheumatic
diseases (RD) remain poorly explored.
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Aim: To review the available literature and authors’ published data related to the impact of high altitude on the prevalence, clinical characteristics,
and outcomes of rheumatic diseases. Methods: A literature review was conducted using PubMed/MEDLINE and elibraryru databases up to February
2026. The search strategy included the terms “high altitude” OR “altitude” combined with “rheumatic diseases,” “arthritis,” or “rheumatology,”
without language restrictions. Three independent reviewers screened the studies and exiracted data on study design, population characteristics,
altitude exposure, and clinical outcomes. Resulfs: Eleven studies conducted in China, Kyrgyzstan, India, Japan, Nepal, Peru, Saudi Arabia, and the
United States and including 278232 subjects were found. Rheumatoid arthritis prevalence was reported to be higher in high-altitude populations
compared to lowland areas in two population-based studies. In a Chinese study of a cohort resided above 4300 m, rheumatoid arthritis prevalence
was 4.86% vs. 0.28% in lowland. The relative risk of rheumatoid arthritis was increased 2.951 times in the high altitude (above 2000 m) cohort in
Kyrgyzstan. Studies on rheumatic fever showed heterogeneous findings, including associations with occupational outcomes in high-altitude miners
and differences in carditis incidences at different altitudes, but tendencies to indolent course and heart valve complications were noticed in high-
altitude pediatric cohorts. High-altitude populations also demonstrated distinct patterns of Henoch-Schénlein purpura risk factors and increased
musculoskeletal complaints in some regions. However, some autoimmune diseases (e.g. vitiligo) are observed among mountaineers rarer than in
the inhabitants of lowlands, and even their remission at high altitude was documented (e.g. in autoimmune thrombocytic pupura). The mechanisms
associating high altitude conditions and autoimmune disorders are discussed to suggest that high-altitude conditions, particularly chronic
hypoxia, may induce excessive systemic action of proinflammatory mediators and change the balance between lymphoid sub-populations thus
exacerbating autoimmune responses. Some other factors, such as geochemical and climatic of may also influence autoimmunity in mountainous
areas. Conclusion: High altitude may influence the epidemiology and clinical expression of theumatic diseases through environmental and
immunological mechanisms. Although current evidence is limited and heterogeneous, the available data suggest that high altitude-related factors
may contribute to variations in disease prevalence and phenotype. The article highlights the need for further research into the pathogenesis and

development of targeted preventive sirategies for high-altitude populations.

Keywords: Autoimmunity; high altitude,; hypoxia; rheumatoid arthritis, rheumatic fever.

BBepeHue

PeBmarnueckue 3aboneBanus (P3) BcTpeuaroTcst yacTo u
pacrnpocTpaHeHbl r100ajbHO, 3aTparuBas MUJUIMOHBI JIIO-
Jieil Bo BceM MHpe. 3a001eBaeMOCTh OCTE0APTPUTOM ITOCTIE
40 net, Hampumep, gocturaet 25% B 17100aJTEHOM MacCIIITa-
Oe, a peBmaronnubiii aptput (PA) 3arparuBaer nouru 18
MUJUTHOHOB YEJIOBEK BO BCEM MHpE IPH II100aIbHOH 3a00-
neBaemocTu okono 0,46%, camoll BBICOKOM cpenu aMmepu-
KaHCKUX uHJeiues [9, 16, 27, 36]. B To xe Bpems1, HanpH-
Mep, B cenenuu Llapanr B Henane Ha BbicoTe cBepx 3500 M
HaJ yPOBHEM MODs pacipocTpaneHHOCTh PA Bo MHOTO pa3
Bhite (4,3% y myxunH u 7,1% y xenmun) [10]. PactipocTpa-
HeHHOCTH P3 3aBucHT 0T 1iestoro psiia pakTopoB, BKIIOUAs
HaCJIEICTBEHHOCTh, BO3JICHCTBHUE yibTpaduoieTa U ypo-
BEHb BUTaMHUHAa D B opraHusMe, HEKOTOpbIE WH(MEKIINH,
reorpauuecKyo HIMPOTY U JIOJITOTY, BBICOTY HaJl YPOB-
HEM Mops, KypeHue, npodeccruonanbuble puck [10, 18, 31].

B sTOM nccnenoBaHMM MBI TPOAHAITM3NPOBAIIN CyIIIE-
CTBYIOIILYIO JINTEPATypy 1O P3 B yCIOBUSX BEICOKOTOPBS
(BI'), paccmotpenu Biausiaue Bl Ha KITMHUYECKHE ITPOSIB-
nenus P3 1 00CyIuian ero MeXaHu3MBL.

N
Introduction

Rheumatic diseases (RD) are relatively common and
have a global distribution, affecting millions of individuals
worldwide. Osteoarthritis, for example, has a prevalence
of almost 25% in the global population aged over 40 years,
while rheumatoid arthritis (RA) affects almost 18 million
people worldwide with global prevalence about 0.46%,
highest among American Indians [9, 16, 27, 36]. At the
same time, for example, in Tsarang village (Mustang
district of Nepal, above 3500 m of altitude) RA prevalence

is many times greater (4.3% in males and 7,1% in females)
[10]. RD prevalence is influenced by a variety of factors,
including genetics, ultraviolet exposure and vitamin D
supply, some infections, geographic latitude, smoking
habits, occupational hazards, and altitude [10, 18, 31].

In this study, we review the existing literature on RD at
high altitudes (HA), explore the role of HA in the clinical
presentation and progression of RD, and discuss the
pathogenesis of these associations.

MeToAB!I

[TpoBeneH riyOOKMH MOWCK JIMTEpAaTyphl IO OMOIH-
orpaduueckum 6azam mgaHHbIXx PubMed/MEDLINE u
elibrary.ru mo ¢espans 2026 roma, oxBaTHIBAIOIIUI B
obureit cnoxHocTh 76 net. CTpaTerus MoucKa BKIIIOYa-
Ja CIEYOUINE METUIIMHCKUE TEPMHUHBI IO HOMEHKJIATY-
pe MeSH: "high altitude" OR "altitude" AND "rheumatic
diseases" OR "arthritis" OR "rheumatology" 6e3 orpanu-
4yeHHi 10 s13bIKy. CIHCKU CCHIJIOK B BRIOPaHHBIX MyOIH-
KaIUsAX ObLIA MTPOCMOTPEHBI JIJIs1 BBISIBJICHUS JTOTOTHH-
TEJBHBIX UCCIICIOBAHU.

Tpu nezaBucumeix peuensenra (QKOK, JIITY u BTO)
MPOBEJIH MIEPBOHAYANIBHBINA MOUCK U 0TOOpP pedepatos
crateil. J/lanee ObIIIM TPOBEPEHBI TOTHBIE TEKCTHI BEIOpAH-
HBIX HccieoBanuil. UTOObI M3BJIEYb U3 CTaTEl HYKHBIC
JIaHHBIE, BKJTI0Yast HHPOpMaIHIO 00 aBTOpax, Toj myoin-
KaIlMH, CTPaHy MPOUCXOKICHUS, IeMorpaduueckue naH-
HBIC 0 CyOBEKTaX UCCICIOBAHUS, MPOIOKUTEIBHOCTD
00JIe3HH, BBICOTY HaJl YPOBHEM MOPS M PE3yJbTaThl HC-
cienoBaHus (€CJIM MMEIOTCS) UCTIOJIb30BaHa CTaHIapTH-
3upoBanHas popma [29].
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Methods

A comprehensive literature review was carried out using
the PubMed/MEDLINE and elibrary.ru bibliographic
databases up to February 2026, totally covering 76 years. The
search strategy included the following specific MeSH terms:
"high altitude" OR "altitude" AND "rheumatic diseases" OR
"arthritis" OR "rheumatology". No language restrictions
were applied. The reference lists of selected publications
were reviewed to identify additional relevant studies.

Three independent reviewers (JFC, LPC and BTO)
conducted the initial search and selection of study
abstracts. Next, the full texts of the selected studies were
assessed. A standardized form [29] was used to extract
relevant data from the studies, including information on
the authors, publication year, country of origin, patient
demographics, disease duration, altitude, and study
outcomes (if available).

(two studies), rheumatoid arthritis (RA, five studies), rheu-
matic fever (two studies), Henoch-Schonlein purpura (one
study), and rheumatic heart disease (one study).

Study designs included four case-control studies, three
population-based cross-sectional cases, three cross-sec-
tional questionnaire surveys, and one prospective cohort
study. The participants’ ages ranged from five to ninety
years. The proportion of female subjects varied between
0% and 97%, with one study exclusively involving male
participants. The heights of HA areas where these studies
were conducted ranged from 1800 to 5538 meters above
sea level.

Pe3yAbTATHI M O6CYXRASHME

B 5T0T 00630p OBLITN BKIIFOUEHBI OJIMHHAIATH UCCIIE0-
BaHWM (omucanbl B 12 crarwsx [3, 6, 8, 10, 13, 23, 34, 37,
38, 39, 43, 45], npoBEACHHBIX B Pa3JIUYHBIX TOPHBIX paii-
OHaX TPeX KOHTHMHEHTOB, (Tabnuna 1).

DTH PErnoHbI BKJIIOYAIU 1Ba B THOETCKOM aBTOHOM-
HOM paitone Kurast, Tpu B KbIprei3crane u 1o oqHoMy B
Wnpun, Anonun, Henane, Ilepy, CaynoBckoil ApaBuu u
CIIIA. Bcero 0b110 oxBaueHo 278232 cyobekra. M3yuen-
Hble P3 BKIIrogasin paccTpoiicTBa OOPHO-ABUTATEIILHOTO
armapara (J1Ba MCCJeI0BaHusl), PeBMaTOUIHBIH apTPUT
(PA, misiTh nccnenoBanuii), peBMaTH3M (IBa UCCIIEA0BaA-
Hus), nypnypy LLéninsiina-I'enoxa (ogHO Uccie0BaHNE)
Y PEBMATHYCCKUU MTOPOK cepira (OJHO UCCICIOBAHUE).

Uerslpe nccienoBaHus ObLIN IPOBEACHBI IO CXEME CITy-
4al-KOHTPOJIb, TPH ObLIM CPABHUTEILHBIMH O YJISIITUOH-
HBIMH, B TPEX CPAaBHUBAIINCH PE3YJIBTATHI OIIPOCOB, U OJTHO
OBIJIO TPOCTIEKTUBHBIM KOTOPTHBIM. Bo3pact cyObekToB
BapbUPOBAJICS OT MATH JIO ACBSHOCTA JIET, JI0JIS )KEHIIUH
coctasisuia ot 0 (B ogHOM HccienoBanuu) 10 97%. OxqHo
HCCIIe/IOBaHNE TTPOBOIMIIOCH UCKITIOYUTEIBHO C y4acTH-
eM My>xuuH. BeicoTa Tex BP, rne mpoBonuiuce 3Tu uc-
cnenoBanusi, BapbupoBasia ot 1800 g0 5538 meTpoB Hajg
YPOBHEM MOPHI.

N\

Results and discussion

Eleven studies (described in 12 articles [3, 6, &, 10,
13, 23, 34, 37, 38, 39, 43, 45]) conducted in different
mountainous areas of three continents were included in
this review (Table 1).

The areas included two in the Tibetan Autonomous Dis-
trict of China, three in Kyrgyzstan, and one in each India,
Japan, Nepal, Peru, Saudi Arabia, and the United States.
A total 278232 subjects were involved. The rheumatic con-
ditions investigated included musculoskeletal disorders

Hccnenosanus mokasaju, 4To 3a00JeBaeMOCTh 110 PA
OblJIa BBIIIE CPEAU THOSTCKUX TPyl HACEJICHHUS, KUBY-
IUX B ycJIOBUsIX BI, mpu cpaBHeHHH ¢ TEMH, KTO ITPOXKHU-
BaeT B paBHUHHBIX pailoHax: 4,86% npotus 0,28% [45].
B Keipreisctane cpaBHUTENBHBIN PETPOCHEKTUBHBIN
SHNUAEMUOIOTHYECKUH aHAJIN3 MEJUIIMHCKUX 3aliCcel B
BBICOKOTOpHBIX (BbIIIe 2000 M) 1 B paBHUHHBIX pailoHax
1okKasall, 4TO y JKMBYIIMX Ha BbicoTe Bbllle 2000 MmeTpoB
OTHOCUTENBHBIN puck pa3Butus PA coctasun 2,951 npu
CpPaBHEHHUH C )KUTEISIMU PaBHUHHBIX TeppuTOpHii. OTHO-
CUTEJIbHOE CHUKEeHHUE pucka coctaBuio 1,951, a pa3uu-
na no puckam (risk difference, RD) — 0,191. V xxuBymux
Ha BI" onipezernensl 0oliee BRICOKHE TPOBOCTIATUTEIbHBIE
Y IIPOAyTOMMMYHHBIE WHJIEKCHI, a TaKXe Ooyiee HU3KHI
ypOBeHB perysiTopHbx T-tumdonunTos (Treg) B kposwu,
4yeM B y XKUBYIIUX Ha paBHUHAX [3, 34].

B onHOM M3 nBYX HcCleOBaHUM MO PEBMATU3MY €r0
XPOHUYECKHI BapUaHT ObLII 3HAYNMO CBSI3aH CO CHH)KEHHU-
€M YHCJIa COXPaHSBIINX TPYAOCIMOCOOHOCTH CpEaH IIax-
TepoB B ycnoBusix BI' (orHocuTenbHbIM puck 10,95; 95%-1
JAUN 2,9-33,9) [39]. Bo BTOpOM HcclieIOBaHUU BBISIBJICHA
CHIJ)KEHHasl 3a00J1eBaeMOCTh KapAUTOM B yciaoBusix BI'
MPU CPAaBHEHMIO C PABHUHHBIMU pailoHaMu: 67% NpoTuB
73%, COOTBETCTBEHHO, XOTS 3a00JIEBAEMOCTE TSIKEJIOM
(dhopmoit kapnuTa OblJIa B 00€MX IpyInax OJXMHAKOBOM:
28% u 25% [8]. B uccaegoanuu nypnypsl LEnnsitna-
I'enoxa Bo3pacT, anneprus B aHaMHE3€ U MeIULMHCKas
TIPEBICTOPU S OBLIIN ONpeieNieHbl KaK He3aBUCUMBIE (hak-
TOPBI PUCKA JIUISI TOTO 3a00JI€BaHMS HA OOJIBIINX BBICO-
Tax [43].

PaccMoTpenHbIe pe3yabTaTsl CBUAECTEIBCTBYIOT O 3HA-
YUMOM BIUSHUU ycioBuil Bl Ha 3a001eBaeMOCTb U KITH-
HH4Yeckyto kaptuHy P3. CiieqyeT 0co60 OTMETHUTH POCT
3aboneBaemocTy 1o PA B ycnosusix BI' mpu cpaBHeHHHN
C PaBHUHHBIMH YCJIOBHSIMH. 3200J€Ba€MOCTb MOXKET J10-
crurartb 4,86% Ha BI' npotus 0,28% Ha malioli BeICOTE,
MIpY OTHOCHTEIBLHOM PHUCKE, TIOBBIIICHHOM IIOYTH B TPH
pasza. DTo MOXKET O3Ha4aTh, YTO B ATOreHE3 U 000CTpe-
Hust PA MoryTt BHOCHTBH BKJIaJ)l akTopsl cpensl BT, Takue
Kak runokcus [45].

DOI: 10.24855/biosfera.v18i2.1054

195



30PABOOXPAHEHME

HOMIIRE SONERIRO [v€ ‘€l sToT 18
1udide . OI9LYOHILOII eroeiad -OUNQITUIIE 19 AdsjuRZBAY
xque 000c< UIIHTUOLENEd il MM MO QUHOIROBH 000TTI HELOEIIAIA 9oHRada1IoNn ‘AQSsjuUBZEAY
d OOHHOUIBIALIOI] | ‘BAQI[RIAPEY]
1ndude S %€98 [e2] €20¢
. () -
70t 0001 4 0€ | yqmrmorewsasg %._ MM%MMM%HM ‘1 so0mrrads) 08 BUHOIE | 9rodLHON-UBRATD) s B TR
soduo
: 1ndxde . d: [o1] zzoz
610C 90 096¢ MIMHIHOLEWNED Yot L LL IrelIoH UI9HRdALION “IB 30 BUILLY
° 76 ooHIad) HI9HHOUTIBIATION | 5
14 %6t OMHOTOIIQBH [6€]
1207-600T 00St—009¢€ INEMLBNED eH [doIXe[] (0t eHRHI'OW) 69S Heroerd.1dIay] ooH1do10M 7202 ‘DIs1osery|
¢ 9oHIad) QOHAUINOIOOd[] | puB AOMIUUIA
BXOHQ | ol
. 8loc aN -BHUBLHI[T] ‘BHUHERJ () qarodLHOM-UBhAIL) ahmi
0T =ST0C 01 edAudAq| ol 1g LogH], 120T T 30 oM\
- %08
SILIYIE . . (uermy]) 90HRada1I0L [s¥] 0Z0T
00S¥ pIojewNaYY .mmeum%%omm 3stl To0H], QOHHOMIBIALO[] | “[e 30 Sueyy
: pamAdun %198 e s0duio [8€] 810 2 1
010 "90-10 vese Q.MMWMHMM% {6¢€ :9oHIad) 601 ol UI9HRAdALIO] | eso[OuTH-e3oA
Ad ﬁxuwo )
suHoMmAdeH ‘19 ©eH (8¢€) 7T 78/ ‘eHHHERJ
Ol(Ife ST o 0081 QIIHRAIMIIN U oHuHged 9¢€IT1 Heroed.1diay] SO . [€1] L102
KIrOI'OH BHII() | PU® 00ZE€ ‘002 ~OHIAI) ©H (Qf PHRHIOW) g QOHHOMIIBIALIO[] | ‘[B 39 AO[nyWLIg
7€ :9aHrad)
$661 %L6 pue[mo] sugedy ) :
10T 1861 O 000¢€ INEULBNE ] 6 ”ooomﬁa dH 11 'SA -ysq L7 | sexosorken) qarodiHON-NERAL) | [8] 9661 BeqqVy
did 0 00LO€T
TL61-S961 | 8ESS ~TO9E | yrammrmoremang ‘b8l :arrod LHOY] arny | arodiHoN-pendir) wm s
- ‘HOERLRHY] 00007 :UehALD) 1839 4ot
_ — enrdoo aHearr0g %90 €S I VIII OHHATOIGRL [cv] 0561
8v0¢ < KEMOORUIBNES ‘HOERIBH|] 01 D 9 I 32 Wnpap
BUHIYOIL'QBH (w) EOHIBUY BUHAOIIA (%,) IFHHIITHIY, 401MI994d enedL BHHRIOIIIIM SHHREOLAIY)
miod) BLOJIGY HMITHHILh 3190000 {(1aror) roedeog OINUE 9 BINIX)) u

T rovg

39do€00 9 XITHHILh A ‘UMHEBIOTIIrdIM minLIndoredex anmoQ

1 xypHan «buochepa» 2026, 1. 18, N2 2

M HOYYHBIM M MPUKNA[HO

~

MexpucumnnuHapHbl

196



X.®. [IE KAPBAJIbIO, J1.MM. HYPHJTOB U COABT.

N\

[¥€ €l scoz “Te

Jlqe[reae suor3oal [eo130[-orwapida
SHHIE $p10921 oy Jjo zo.:m ndod 000111 ue)SZASILY mro:oo.m-mmo.b 1 Adsjupzedy
Feoe o0es projetneqy «2@ Qut ! mm 09 _ Wmm ~uone[ndo Aosjuezey
[eSIpSt [T €101 Sy L peseq-uonendod |, AQI[RIAPEY
. spLyLIe siuaned vy sa %€'98 i [ez] €20t
2202 0001 S4 0€ plojewnayy | s10uop Auyesr ‘€79 R 08 ueder [01IU02-3sB)) [815 OpUOY]
s %L a1reuuonsonb 107 i
0
610C aunf 09s¢€ o e s LL JedoN [eUO[}098-S5019 .
projetnedy s e paseq-uonendog [£ 39 UL
120¢ 01 600C 0057—-009¢ I P %6y 69S ue)szABIAY e e (4414 MMM%SM
onEWINAYY ysiy je sourpy | (0p) v€ ‘uBdN 110709 2A1300ds01 - >.8EE_>
pb) eandund UB[MO “SA BUL [e¥]
8102 120 i la[HOT5S PUEMO] O] (euryD) [0nT00-0587) Ley
01 S10C WO _ puerysIy oy 1oqLL 120T "B 32 I9M
OOUSH
- %0$
e SOLIYIE ‘ct'g o (euryD) [EUON03S-S5010 [s¥] 0z0T
10JeWNo j 19q1 oseq-uonendo “Ie 30 Sue
% Lk T 0CZS UBN qLL poseq-uone[ndod [ Uz
010T S19PIOSIP %1°9S arreuuonsonb  |[8¢€] 8107 “18 10
oun( o} ‘uef ve8e [E91S 5%582 5601 fiod _mq.ozuom.-mmos eso[ourH-e3oA
-O[NOSNIA b tour
%19
SIOPIOSIP ‘opmne PUB[MO] 78/ “SA i .
e W (39) 22 RS | ndod | 1 by
: -0[noSnA ‘SA MO[ 18 (91 Puery3Ig 9¢ 111 ’ ’
UBIPOW) 7€ ‘UBIA
S661 'Inf JoAQy %L6 pue[MO] ) (8]
pue /861 AON 000¢ ONEWINAY ‘L6 ‘UBSN 1T 'sa -ySiy g | TV PIES | [ORH09RRED 9661 ‘Seqqy
. snLye 0 S]o1u0d 00LOE1 _ [L€] LL6T
CTL6T 03 G961 8ESS —T69¢ projewmaTy ‘bo-g] :aSuey 'SA 0000Z BIpuy [0DUOS-3587) “Ie 30 ySuIg
. _ 9SBISIP 1By %9°08 SIS [z¥] 0S61
8¥0€ < dNRWNAYYY (g6 P3ury L1ot panun [PUOHEAISSA0 “Ie 19 WNpap
() J0J PajuUN0dIIE uonIpuod % "So[EWdy Jaquinu
- s g A
dn-mogjoq SpmInIY e R (sa1ednk) S Anuno) ugIsap ApmyS ApmS

ade s393[qng

12191

POMIIAJI SIAIPNJS Y} JO SINSLIIILIBYD [BIIUIX)

197

10.24855/biosfera.v18i2.1054

DOI



30PABOOXPAHEHME

The studies demonstrated that the prevalence of RA was
higher among Tibetan populations living at HA compared
to those in lowland areas: 4.86% vs. 0.28% [45]. In
Kyrgyzstan, a comparative retrospective epidemiological
analysis of medical records in HA areas (above 2000 m) and
lowland areas showed that individuals living at altitudes
above 2000 meters had a relative risk of rheumatoid
arthritis development of 2.951 compared to those living
in low-altitude areas. The relative risk reduction was 1.951,
and the risk difference (RD) was 0.191. At HA, patients
have higher pro-inflammatory and pro-autoimmune
indices and lower T-regulator lymphocyte blood countsr
than in lowlands. [3, 34].

In one of two studies on rheumatic fever, its chronic
variant was significantly associated with non-survival
among miners working at HA (HR 10.95; 95% CI: 2.92—
33.92) [39]. The second study reported a lower incidence
of carditis at HA compared to lowland regions: 66.7%
vs. 72.7%, respectively, although the frequency of severe
carditis was similar in the two groups: 27.8% vs. 25%
[8]. A study on Henoch-Schoénlein purpura identified
age, allergic anamnesis, and past medical history as
independent risk factors for the condition at high altitudes
[43].

The findings reviewed highlight a significant impact
of HA environment on the prevalence and clinical
presentation of RD. The increased prevalence of RA at HA
compared to lowland populations is particularly notable.
The finding that its prevalence is 4.86% at HA versus
0.28% at low altitudes, the relative risk being almost three
times higher for highlanders, suggests that environmental
factors associated with altitude, such as hypoxia, could
contribute to the pathogenesis or exacerbation of RA [45].

HUTEJIBHBIE UCCIIEIOBAaHN S BHICOKOTOPHBIX M PABHUHHBIX
ycioBUH B SIMOHMH BBISIBHJIM 3HAYUTEIBHBIC MTPOAYTO-
WMMYHHBIE U3MEHEHHUS B CYONOIMYIISAIUIX TUM(OUTHBIX
KJIETOK y manueHToB ¢ PA, xuBymux B ycinoBusx BI, a
TaK>Ke aHAJOTMYHBIE, HO MEHEE 3aMETHbIE U3MEHEHHUS Y
370POBBIX JIUI B TAKUX YCIOBUSIX [23].

OmHO U3 BO3MOXXHBIX O0BSICHEHUN TaKOW CBSI3W — BJIU-
SIHUE TUIIOKCUU HA UMMYHHYIO CUCTEMY. XPOHHYECKOE
BO3/EHCTBUE HU3KOTO YPOBHS KUCIOPOAA B ycJIoBUSX BI'
MOXET BBI3BIBATH Y€pPE3 TPAHCKPHUIIIIMOHHBIE (DAKTOPBI
HIF (Hypoxia-inducible factor: naaynupyemsIii rumok-
cueit paxTop) cocTostHUE N30BITOYHOI'0 CUCTEMHOTO JICH-
CTBUSI BOCHAJIIMTEIBHBIX MEAUATOPOB, UTO MOXKET yCYTy-
ONTH ay TOMMMYHHBIE PEAKIINN Y YyBCTBUTEIBHBIX K HUM
mroneit [30]. DTo cormacyercst ¢ paHee NIPOBEACHHBIMU
HCCIIEIOBAHUSIMHU, YKa3bIBAIOIMMU Ha TO, YTO TUIIOKCHS
MOXXET CTUMYJIUPOBATh IPOBOCIIAIUTEIILHBIC ITUTOKUHBI,
KOTOpBIE UTPAIOT KJIIOYEBYIO POJIb B IaTOT€HE3E PEBMa-
TouaHOro aprpurta [17].

MyTauus B yuacTke reHoma, cogepskaiiem red EPASI,
yHacJjeI0BaHHas )KUTEIIMHU Trubera oT ICHUCOBCKOIO ue-
JIOBEKa, KaK I0JIararoT, CIIOCOOCTBYET ajanTaluy K T'i-
nokcuu [22]. IIpogyKT reHa — UHAYLUPYEMBbIN FHIIOKCH-
et paktop 20 (HIF2a) n3BecTeH Kak BasKHBIH YUYaCTHUK
narorere3a PA u TepaneBTHUeCKUN 0OBEKT, MOCKOJIBKY
OKa3bIBACT KaTaOOJIMYECKOE BO3CHCTBHE HAa XPSILEBYIO
TKaHb [35]. Bo3MoxxHO, HEKOTOpEBIE cBsi3u Mex 1y BI' u PA
3aBUCAT OT u3MeHeHus sxcnpeccun HIF2o npu runokcum.

N2

AHaJIOTUYHBIC JaHHBIC OBUTU MPEACTABICHBI JIJIS JKU-
teneit BI' Keipreizctana [3, 13, 34], oTHOcAIUXCS K CO-
BepuIeHHO aApyromy stHocy. B Tlepy cpeau pazinmyuHbIx
9THUYECKUX T'PYIIN pacnpocTpaHeHHOCTh PA u cBs3aH-
HBEIX ¢ HUM 3a0oneBanuii Ha BI' Takske Oblia BEIIIE, YEM
B cpenHeM 1o ctpade [38]. CienoBaTenbHO, STHUYECKAS
crienupuKa THOSTCKOTO HACEIICHHU I, BEPOSITHO, HE SBJIS-
€TCsl eIMHCTBEHHON MPUYUHOM BBICOKOM pacnpocTpaHeH-
HocTu PA, X0Tsl nonkHa yuyuThiBaThesl U oHa [44]. Bos-
MO>KHO, YTO ONpPECIEHHYIO POJIb UTPAIOT dTHUUECKUE
pa3iuuus 1o UMMYHHOU peakTuBHOCTH. Hampumep, uc-
cienoBanue B Hemase, mpoBeieHHOE B CEJIEHUM dTHUYE-
CKHUX THOETIICB, TAK)KE BBISIBUIIO OYCHB BRICOKYIO YACTOTY
PA [10]. Tem He menee, B ucciaenoBanuu FOaus u ap. [44]
[OKa3aHO, YTO YPOBHU ayTOAHTHUTEN K LUTPYIIUHUAPO-
BaHHBIM NeNTHIaM (paHHHE MapKepbl PA), a TakKe ChIBO-
poTouHoro amuiouna A (0ej0k ocTpoit pasbl, CBI3aHHBIH
¢ PA) cpenu TuGeTIieB HUKE, YEM CPEIIH MPUHAIJICHKA-
HUX K 3THOCAM XaHb U Xydd B TOM ke paiione [{unxait
B Kurtae. D10 Takke HC COOTBETCTBYECT OOBSICHCHHUSM,
OCHOBAHHBIM Ha dTHUYECKOM MpuHaiiexxHocTu. Cpa-

Similar data were reported for the HA population of
Kyrgyzstan [3, 13, 34], which belongs to a different ethnic
group. In Peru, the prevalence of RA and related diseases
among different ethnic groups in HA areas was also higher
in comparison to the average [38]. Hence, the ethnic spec-
ificity of the Tibetan population is probably not the single
cause of the high RA prevalence, although it is taken into
account in [44]. Nevertheless, it is likely that the ethnic
differences in immune reactivity play some role. For ex-
ample, a study in Nepal conducted in a village populated
by ethnic Tibetans also found a very high incidence of RA
[10]. With that, a special study conducted by Yuan et al.
[44] has revealed that the level of autoantibodies against
citrullinated peptides (early markers of RA) as well as of
serum amyloid A (acute phase protein associated with RA)
in Tibetans was lower than in Han and Hui people living
at the same HA district of Qinghai, China. This may also
witness against the ethnicity-related explanations. Com-
parative studies of HA and lowland Japanese populations
revealed significant pro-autoimmune changes in lymphoid
cell subpopulations among RA patients living at HA area
and similar but less prominent changes among healthy
controls in HA areas [23].

One possible explanation for this association is the im-
pact of hypoxia on the immune system. Chronic expo-
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sure to low oxygen levels at HA may induce, through HIF
transcription factors, a state of excessive systemic action
of inflammatory mediators, which could exacerbate au-
toimmune responses in susceptible individuals [30]. This
aligns with previous research indicating that hypoxia can
stimulate pro-inflammatory cytokines, which play a key
role in the pathogenesis of rheumatoid arthritis [17].

The mutant endothelial per-rARNT-sim domain protein
1 (EPASI) gene inherited from Denisovans is thought to
adapt to hypoxic environments [22]. Its product is the hy-
poxia-inducible factor 2o (HIF2a). Interestingly, HIF2a is
an important player and therapeutic target in RA patho-
genesis because of rendering a catabolic effect on cartilage
[35]. Perhaps, some relationships of HA and RA depend on
alterations in HIF2a expression under hypoxic conditions.

JIAKTUHEMHH HM3-32 KOMIIEHCHPYIOLIETO JAEHCTBUS THPO-
nubnHa/mponaktoaubepuna [15]. I[IpomakTnH n3BecTeH
KaK SHJIOKPUHHBIH ¥ MapakpUHHBIH CTUMYJISITOP ayTO-
umMmyHurera [12].

Mexanusmsl cBs3u ycnosui BI' ¢ ayrTouMMyHHBIMU
3a00JICBaHUSIMH MHOTOOOPa3HbI 1 MOT'YT BKJIFOUaTh UM-
MYHOHEMPOIHIOKPUHHBIE B3auMmonaeicTBus. beicTpoe
aBHarepeMeIleHre 3/I0POBbIX JOOPOBOJIBLIEB C PABHUHBI
(200 m) B Ha BI" (3600 M) npuBOAUT y HUX K 3HAUUTEIb-
HBIM UMMYHOJIOTHYECKUM U3MEHEHUSIM. B riepudepuye-
CKOH KpOBHM ObLIM OTMEUEHBI CHMXEHHUE dncia 6a3zodpu-
JIOB, IJIA3MAI[UTOUIHBIX AEHAPUTHBIX KJIETOK, T-KIETOK
CD4+ 1 ocoOeHHO 203WHO(PUIOB. DTH U3MCHCHUS OBLITH
0oJiee OYEBH/IHBI B CIIy4asiX TSKEIION TOpHOU O0se3HU
[20] u MoryT OoTpaxkaTh CTPECCOBOE BIMSIHUE THIIOKCUU
Kak TUIMYHOro crpeccopa. IIpu 3TOM H3BECTHO, YTO
JUTATEJIBHBIA M XPOHUYECKUH CTPEcC MOXKET Ipu 1udde-
pennupoBke CD4+ T-kJIeTOK BBI3BATh CABHUT K (hEHOTH-
ny Th17, uTo ciocoOCTBYET HEKOTOPBIM &y TONMMYHHBIM
3aboneBanusiM [21].

B ycnoBusix BI' runokcust crumynupyet aupdepen-
uupoBKy T-kietok B ctopony Thl7 mocpenctBom cur-
HaJIBHOTO KackKaja 4epe3 aKTUBMH, NUpyBaTKHHa3y M2
U PeryjJupyeMyro BHEKJIETOUHBIMU CUTHAJIAMU KHHA3y
(ERK), uTo ycyryOmnseT Takue ayTOMMMYHOITaTHH, KaK
SKCIIEpUMEHTAIBHBIN HIE(DATOMUETUT U 1icopuas. [Ipu
9TOM, HE3aBUCUMO OT (hOPMBI 3a00JICBAHM S, TOBBIIIIAECTCS
AKTHBHOCTH CEHCUTH3AINH JIUMPOIIUTOB-KUIIJIEPOB, YTO
NPUBOJUT K YCUJIEHUIO TPOYKIIMHU MPOBOCHAIUTEIBHBIX
LIUTOKMHOB, B TOM YHCJIe MHTEpJIeHKNHa 6 U (aKTopa-
anb(da HeKpo3a omyxoueit [14].

Xponuueckuil crpecc B ycnoBusx Bl moxeTr Takke
Croco0CTBOBATh OTHOCHUTEILHOMY CHI)KEHHIO (DYHKIIHH
IUTOBHAHOM >kene3sbl [33]. DToT addexT Obl1 3amedeH
N.T. KantoxusIM y ropueB B Kelpreizctane u nHTEpIpe-
THUPOBAaH KaK aJalTUBHOE M3MEHEHHE, YMEHBIIAIoIIee
OKHCIIUTEIIbHBI METa00JIM3M TP TUITOKCUH B YCIOBHSIX
BI' [4]. Tem He MeHee, OTKPBITBIM OCTA€TCsl BOIIPOC, MO-
JKeT JIM B JJAaHHOM CJIy4ae UIrpaTh CBOIO POJIb dHAEMUYE-
CKUH ne@uuuT ioja, OTMEUEHHBIA B HEKOTOPBIX TOPHBIX
paiionax Keipreizcrana. Benp gaxe cyOKIMHUYCCKUNA TH-
MIOTUPEO3 COMPOBOXKAAETCS CKIOHHOCTBIO K TMIIEPIPO-

The mechanistic links of HA to autoimmune diseases
are multiple and involve immunoneuroendocrine interac-
tions. Rapid air travel of healthy volunteers from lowlands
(200 m) to HA (3600 m) produce significant immunolog-
ic changes in them. Reduced peripheral blood basophil,
plasmacytoid dendritic cell, CD4+ T cell and, especially,
eosinophil counts were noticed. These changes were more
evident in severe mountain sickness cases [20] and may re-
flect the stress-provoking influence of hypoxia as a typical
stressor. With that, it is known that prolonged and chronic
stress may cause the Th17 bias in CD4+ T cell differenti-
ation, which facilitates some autoimmune diseases [21].

Hypoxia at HA stimulates Th,, cell differentiation via
the Activin A-PKM?2 axis and the ERK pathway, which
exacerbates such autoimmunopathies as experimental en-
cephalomyelitis and psoriasis. Killer lymphocyte activity
and sensitization are increased, regardless of the disease
form, which elevates the production of the pro-inflamma-
tory cytokines (IL-6, TNF-o) [14].

Chronic stress produced by HA may also contribute to a
relative decrease in thyroid function [33]. This effect was
noticed by L.T. Kalyuzhnyi in highlanders of Kyrgyzstan
and interpreted as an adaptive change, which decreases
oxidative metabolism under HA hypoxia [4]. However, it
is an open question whether the endemic iodine deficiency
registered in some HA areas of Kyrgyzstan could play a
role in this case. Nevertheless, even subclinical hypothy-
roidism is accompanied by a tendency to hyperprolactin-
emia due to the compensatory action of thyroliberin/pro-
lactoliberin [15]. Prolactin is known as an endocrine and
paracrine stimulant of autoimmunity [12].

B ycnoBusix BI' runokcust nocpeicTBOM HECKOJIBKUX Me-
XaHU3MOB, BKJIIOUasl CBSI3aHHBIE CO CTPECCOM, aKTUBUPYET
IUMKONU3. BeIo J0oKa3aHo, 4TO TIMKOIUTHYECKAs aKTHUBa-
U CUTHaJIM3anuu ot OenkoBoro kommiekca mTOR mo-
JKET yBEIUUYUTh cooTHomenue Th17/Treg, Takum oOpa3om
CIOCOOCTBYSI HECKOJIBKHM ay TOMMMYHHBIM 3a00JICBaHH-
siM, BKitouasi PA. ['unokcust B cCHHOBUAJIBHOM cpefie, CBsI-
3aHHAasI C JJOKaJbHBIM 00pa30BaHUEM MOJIOYHON KHUCIIOTHI,
SIBJISIETCS] OJJHOM M3 ABMXKYIIUX cull PA, 1 eMy MOTYyT crio-
cobOcTBOBaTH ycitoBus BI, BKITFOUast "3MEHEHHUS B B MUKPO-
O0uoTe, BRI3BAHHBIC THUIIOKCHUCH KUIICUHUKa, [25, 40, 41].

NMmmyHoornueckue uccienoBanus reuenus PA y xu-
TeJlel BBICOKOTOPHBIX pernoHoB KeIprei3cTana nokasa-
JIM, YTO YPOBEHb aHTUTEJ IPOTUB LIUTPYIIMHUPOBAHHBIX
OCJIKOB B CBIBOPOTKE Y HUX ITPH CPABHCHUU C KUTCISIMU
PaBHUHHBIX palOHOB B cpefHeM Ha 23% BbIIIE, UTO MO-
JKET yKa3bIBaTh Ha OoJice arpeccuBHbBIN Kypc PA B ycio-
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Busix BI. KommuectBo Thl7-k1€TOK y HUX TOBBIIICHO HA
19%, a xonuuecTBO KkjeTok Treg cHmkeHo Ha 11%, uto
yKa3bIlBaeT Ha AMcOajJaHC MEXKIY BOCHAJIUTEIbHBIMHU
U PEryisTOPHBIMU MEXaHU3MaMHU UMMYHHOIO OTBETA.
KonuenTpanuu npoBoCnaauTeabHbIX TUTOKUHOB IL-6
n TNF-0 B cBIBOpOTKE OBLIM 3HAYUTENBHO BBIIIE Y Ta-
LIMEHTOB JXUBYIUX B BEICOKOTOPbE, B PE3YyJITATE YETO U
YPOBEHBb PEBMATOUTHBIX (DAaKTOPOB OBLI Y HUX B CPETHEM
Ha 15% BeIm1IC [3].

N

HA hypoxia through several mechanisms, includ-
ing stress-related ones, activates glycolysis. It has been
demonstrated that glycolytic activation of mTOR signal-
ing may increase the Th17/Treg ratio, thus promoting sev-
eral autoimmune diseases, including rheumatoid arthritis.
Synovium hypoxia associated with local lactic acid pro-
duction is one of the driving forces of this disease, and
HA, as well as changes in microbiota caused by intestinal
hypoxia, may facilitate it [25, 40, 41].

Immunological studies of RA course in the residents
of HA regions of Kyrgyzstan showed that serum anti-ci-
trullinated protein antibody levels in these patients, com-
pared to patients from lowlands, were on average 23%
higher, which may indicate a more aggressive course of
RA at HA. Th,, cell counts in these subjects were elevat-
ed by 19%, while Treg cell counts were reduced by 11%,
suggesting an imbalance between the inflammatory and
regulatory mechanisms of the immune response. Serum
concentrations of the proinflammatory cytokines IL-6 and
TNF-a were significantly higher in patients living at HA.
As a result, rheumatoid factor level was on average 15%
higher in HA residing patients [3].

CKasi peBMaTH4ecKas INXOpaJaKa CBsI3aHa C YKOPOUCHHBIM
CPOKOM Tpo(heCCHOHATBEHON MPUTOTHOCTH Y IIaXTEPOB,
paboTatomux B ycnoBusx BI, u aTo BeI3BIBaeT obecro-
KOGHHOCTH B CBSI3H C TEM, YTO TaKHE YCIOBHS MOTYT yCy-
ryOJIsITh XpOHU3AIUIO U TSDKEeCTh peBMaru3Ma [39]. On-
HAaKO BBIBOJ] O TOM, YTO OOIIast 4acTOTa KapJAuTa HIXKE B
ycnoBusix BI' mpu cpaBHeHNYN ¢ paBHUHHBIMY paiOHaMU,
MPEeanoaraeT CI0KHbBIE B3AaUMOAECHCTBUS MEX]1y BBICO-
Toit 1 P3. Bo3amoxkHO, uTO HekoTopble dakTopsl BI, Ta-
KHe KaK CHH)KEHHE YPOBHS KUCJIIOPOa ¥ IOBBIIIICHUE BO3-
JICHCTBHS yIBTPa(HUOIETOBOIO U3y YSHUSI, CBI3aHHBIC C
yJIydmIeHneM obecriedeHrst BATaMHHOM D, MOTYT BIUATH
Ha MHUKPOOHOTY M TEM CaMbIM Ha HMMYHOIIATOJIOTHYe-
ckue 3abonesanus [11, 40]. IntepecHo, 4To cpenu reau-
aTPUYECKUX IMAIMEHTOB C PEBMAaTHYECKON JIMXOPaIKOii,
JKUBYIIMX B BBICOKOTOphe KbIprei3crana, Obura 3aperu-
cTpupoBaHa Ha GoHE Oojee MITKOTO Pa3BUTHS OOJIC3HU
U MEHEE aKTUBHOI'O F'yMOPaJIbHOIO OTBETA IPOTUB CTPEI-
TOKOKKOB IOBBIIIEHHAs 4aCTOTAa PEBMAaTHUECKUX TOPOKOB
CEpJIEYHBIX KJIAITAHOB, 0COOCHHO CIIpaBa. ABTOPHI CBSI3bI-
BAIOT ATO C TEHACHIUEHN K pa3BUTHIO JIESTOYHON T'HIEPTEH-
31U, XapaKTEPHOU JIs XKUTENEH BEICOKOropss [6].

N

Pa3symeercs, 3HauuUMBIMU JUISL cBA3U ycioBuil BI' ¢
peBMaTH4YecKUMH 3a00JI€BaHUSIMU MOTYT OBITh M ApY-
rue GpakTophl MOMUMO THIIOKCHHU. B TOM ke uccienona-
Huu [3, 34] ObLIO yCTaHOBIICHO, YTO (PU3UYECKUH TPYa U
BO3/IeficTBUE X0Ji0/1a nmoBblmanu puck PA B 1,8 pasa, a
BJI&JKHOCTH BO3ayxa Bbime 70% Obliia cBsi3aHa C yBEJH-
YEHHEM YacTOTHI ero oboctpenuii Ha 27%. He cinemgyer
HEJI0OIIEHUBATh U TO, YTO KU3Hb B ycioBusix BI' Bcerna
CBsI3aHA C IMOBBIIICHHBIMH HAaI'Py3KaMH Ha IBUTaTEIIbHBIA
arrapar |, cJIeZIoBaTeNIbHO, C MTOBBIIICHHBIM PUCKOM MH-
KPOTpPaBM, KOTOPBIE B CBOIO OYEPEIh MOTYT CIIOCOOCTBO-
BaTh pa3BUTHIO XpoHndecknx P3 [28]. Taxke Gomxbiioe
peTpocnekTuBHOE HccienoBanue B Kurae (c yyactuem
512715 gyenosek, Bktouas 2889 mamueHTOB ¢ PA) HeaBHO
BBISIBUJIO TTOJIOXKHUTEIIBHBIC KOPPEISIIUA MEX]1y PHCKOM
PA ¢ HECKONIBKUMH MPUPOJHBIMHU YCIOBUSIMU TaM, Te
POIMIIMCH TAIIMEHTHI, BKJII0Uasi (DakT POKJICHHUSI B TETIIIOE
BpeMsI Tofia, HU3KOIMPOTHHIE YCIOBUS M CHIIbHY IO HHCO-
JISILUIO B paHHEH Ku3HU [26].

HekoTopble Ba>kHbIE BBIBOJIBI CIEAYIOT TAKKE U3 M3-
ydeHus pesmarusma [8, 39]. OTMeueHo, 4TO XpOHUYE-

Of course, exposure of mountaineers to some other fac-
tors besides hypoxia may be also significant for HA asso-
ciation with rheumatic diseases. Moreover, it was found in
the same study [3, 34] that physical labor and exposure to
cold increased the risk of rheumatoid arthritis 1.8 times,
while air humidity above 70% was associated with a 27%
increase in the frequency of its exacerbations. In this re-
gard, one should not underestimate the fact that life in HA
areas is always associated with increased challenges to the
locomotion apparatus and, hence, a higher risk of micro-
traumas, which in its turn can contribute to the develop-
ment of chronic RD [28]. A large Chinese retrospective
study (512715 participants with 2889 RA patients among
them) recently revealed positive correlations of RA risk
with several natural environmental conditions at patient’s
birthplace, including being born in a warm season and
exposed in the early life to low-latitude conditions and
extreme sunlight [26].

Studies on rheumatic fever [8, 39] also provide some
important insights. The observation that chronic rheumat-
ic fever was associated with poorer survival rates among
miners working at HA raises concerns about the potential
for HA to exacerbate the chronicity and severity of rheu-
matism [39]. However, the finding that the overall inci-
dence of carditis was lower at HA compared to lowland
areas suggests a complex interaction between altitude and
rheumatic pathology. It is possible that certain factors of
HA, such as reduced oxygen levels and higher ultraviolet
exposure associated with better vitamin D supply, may
alter microbiota thus influencing immunopathological dis-
eases [11, 40]. Interestingly, among pediatric patients with
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rheumatic fever who live in the HA regions of Kyrgyzstan,
there were recorded, against the background of a more
indolent course of the disease and less active anti-strepto-
coccal humoral immunity, a higher frequency of carditis
and a greater incidence of rheumatic heart valve defects,
especially on the right. The authors associate this with a
tendency towards pulmonary hypertension characteristic
for HA inhabitants [6].

C HAaMHOT0 0OoJiee BeIpakeHHBIMHU 50 JeT Ha3al, 4eM ce-
TOMHS, PA3IUUHSIMU B Ka4eCTBE MEIHIITMHCKON MOMOIIA
B OoJsiee WIM MeHee ypOaHU3UPOBAHHBIX T'PyINIIax Hace-
nenus, [37].

N2

Taxxe B ycnoBusix BI' 3aciyxuBaeT BHUMaHUs Iyp-
nypa Hlénnsitna-I'enoxa, 0cOOGHHO B CBSI3M C TE€M, YTO
B KaueCTBE HE3aBUCUMBIX (DAKTOPOB ee PUCKa B ITUX pe-
THOHaX OIpPECIIEHBI BO3PACT U MEIUITMHCKUE (hDaKTOPHI,
B YaCTHOCTH aJuieprusi, B aHamHese [43]. DTo mo3BoJisi-
€T CUMTATh, YTO IKOJOTHYECKUE TPUTTEPHI, BO3MOXKHO
CBsI3aHHBIE C BBICOTOM, MOT'Y T B3aUMOJICHCTBOBATH C yXKe
CYIIECTBYIOIIUMH YSI3BUMOCTSIMU, YCKOPSSl HA4ajo ay-
TOMMMYHHBIX 3a001eBaHui. TOYHBIE MEXaHU3MBI TYT
OCTAIOTCsI HESICHBIMU, HO MOT'Y T BKJIIOYATh B ceOsI CBsI3aH-
HBIE C BBICOTON M3MEHEHHMSI COCYIUCTHIX (YyHKIWUHA HUIIH
HMMYHHBIX peaknuii [19].

[ToBbIIeHHAsT pacpOCTPaHEHHOCTh Ay TOMMMYHHBIX
npoueccoB B ycinoBusix BI' He orpannuuBaeTcs peBma-
THYECKMMH 3a00sieBaHusIMU. Hanpumep, cpaBHuBas pac-
HPOCTPAaHEHHOCTh TUPOUAUTA XaCUMOTO CPEIU rOpPLEB
Autast (THIIMHTUTOB) M IIPEJICTABUTEIICH TOTO JKe 3THOCA
B HU3KOTOPHBIX paiioHax (Anrai-krxu), T.I1. MaknakoBa
0oOHapy>Xuia, YTO M 4aCTOTa ay TOMMMYHHOT'O THPEOHTH-
Ta M 4aCTOTa HOCUTEIbCTBA ayTOAHTUTE K aHTUT€HAM
LIIUTOBUHOM >KEJIe3bl BbIIIE Y TOPLEB [5].

Onnako Bo3zaelcTus ycnoBuil BI' Ha paznuunble ac-
MEeKTHl HYMMYHHOW cHcTeMbl BapuadeabHbl. Hanmpumep, us
HEKOTOPBIX IKCIIEPUMEHTAJIBHBIX JaHHBIX, Oy YSHHBIX
Ha )XHUBOTHBIX, CIEAYET CHUYKEHUE AJJIePruYecKoil CeH-
cubunuzanuu, ypoBHs IgE n konnyectBa 1umMponuTOB
B KPOBH C OJHOBPEMEHHBIM YBEIUYEHUEM aKTHBHOCTH
(aronmrosa nocne 45 nHei npedbiBanus B ycnoBusix BI'
(ropubiii nepeBann Auzo0 B Tamkukucrane, 3375 m) [1].
Taxnm o6pazom, BI' criocoOGcTByeT He TI00BIM BUIaM UM-
MYHOIIATOJIOTMYECKUX U 2y TOMMMYHHBIX 3a00JIeBaHUH 1
JIa)Ke MOXKET OBITH CBSI3aHO HETATHBHO C HEKOTOPBIMH U3
HuX. Hanpumep, uccnenoBanue, nposeaeHHoe B Tagxu-
KHCTaHe, I0Ka3aJlo, YTO YaCTOTAa BUTUIIUTO CPEAU MECT-
HBIX JI€T€H OTPULIATEIBHO KOPPEIUPYET C BBICOTON UX
MecTa xuTenbeTBa [2]. [Ipy uMMyHHOU TpoMOonuTOIIEe-
HUYECKOH MypIype, y NpoKuBaOmMKUX Ha paBHUHE (760
M) U TIPOJICYEHHBIX B TE€YEHHE OJHOWU-IIECTH HEACNb Ha
BBICOKOTOPHOM KBIPTBI3CTaHCKOM KypopTe (3200 M), ypo-
BEHb TPOMOOLIMTOB TOBBICUJICS, @ CBIBOPOTOYHBIE ITPO-
BocriasuTeabnble TUTOKUHEI (IL-2, IL-6 m TNFa) cHu-
3uiuch [7]. Crapble SIUJIEeMHOJIOTHUYECKUE JIaHHBIC U3
Wuanu (1965-72) yka3pIBaroT Ha TO, 4TO 3a00JIEBAEMOCTh
PA Oblnia 3HaYMTENBHO HUIKE B BBICOKOTOPHBIX OKpPYyTax,
4YeM Ha YPOBHE MODSI, YTO, OJTHAKO, MOXKET OBITh CBSI3aHO

Henoch-Schénlein purpura at HA also deserves atten-
tion, particularly because age, allergic history, and past
medical anamnesis were identified as independent risk
factors of the disease in these regions [43]. This suggests
that environmental triggers possibly related to altitude
may interact with pre-existing vulnerabilities to precip-
itate the onset of autoimmune disease. The exact mech-
anisms remain unclear, but may involve altitude-related
changes in vascular function or immune responses [19].

The increased prevalence of autoimmune processes at
HA is not limited to RD. For example, by comparing the
incidence of Hashimoto’s thyroiditis in high-mountain Al-
tai people (Tilingites) and the members of the same eth-
nic group living in low-altitude areas (Altai-Kizhi), T.P.
Maklakova found that both, the incidence of autoimmune
thyroiditis and the frequency of carriers of autoantibodies
to thyroid antigens, are higher among the HA sub-ethnic
group [5].

However, the influences of HA on different facets of im-
mune system are variable. For example, some experimen-
tal animal data suggest a decrease in allergic sensitization,
IgE levels and blood lymphocyte count with concomitant
increase in phagocytosis activity after 45 days of exposure
to HA environment (Anzob mountain pass in Tajikistan,
3375 m) [1]. Thus, HA does not promote all kinds of im-
munopathological and autoimmune diseases and even may
be negatively associated with some of them. For example,
a study performed in Tajikistan has demonstrated that the
incidence of vitiligo among local children correlated neg-
atively with the altitude of their residence [2]. In immune
thrombocytopenic purpura patients residing at lowlands
(760 m) and treated for one to six weeks at Kyrgyz HA spa
(3200 m), platelet count improved and serum pro-inflam-
matory cytokines (IL-2, IL-6 and TNFa) decreased [7].
An old epidemiological data from India (1965-72) men-
tioned that RA incidence was significantly lower at HA
districts than at the sea level, which however could be re-
lated to differences in quality of medical aid and follow-up
in more and less urbanized populations, much more pro-
nounced 50 years ago than nowadays [37].

B nenoMm, paccMoTpeHHBIE BBIIIE pe3yJIbTaThl TOAYEp-
KUBAIOT HEOOXOIMMOCTb B JAJbHEHIITNX UCCIICAOBATHHUSIX
MEXaHU3MOB CBA3M ycioBuil BI' ¢ moBelienHoON pacmpo-
CTPAHEHHOCTBIO U U3MEHEHUSIMU KJIMHUYECKOW KapTHUHBI
P3. llennsle cBenenus o naroreHese P3 B ycnosusix BI'
MOT'YT J1aTh IPOCIEKTUBHBIE UCCIIEIOBAHUS U IKCIIEPU-
MEHTaJIbHBIE MOJICJIH CPOKYCUPOBAHHBIE HA Iy TSIX CTUMY-
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JISIITAY BOCTIAJICHUSI TIPU TUIIOKCHH. [ UTITOKcHs (Hammpumep,
B CHHOBHAJTBHOU CpeJIe TIPU apTPHUTE) MOKET OCPEICTBOM
HIFo crtocoGcTBOBaTh aHTHOTEHE3Y, BOCIIAJICHUIO, aro-
MITO3Y, IPO3HUH XPsIia, TNIMKOITUTHICCKOMY CIBUTY dHEP-
TeTHYECKOr0 MeTabon3Ma, IPUBIICYCHUIO GUOPOOIIacTOB
Y aKTUBAI[UA IMMYHHBIX KJICTOK, CBI3aHHOH C MIPOITYKIIH-
el TPOBOCTIIATIUTEIIFHOE IIUTOKWHOB M OKUCITUTEIBHBIMU
MTOBPEXKICHUSIMH TKAaHH, TEM CaMBIM CIIOCOOCTBYSI ITaTo-
renesy P3 [32, 46]. [laToreneTnueckoe 3HaAYEHUE MOTYT
WMETh U APYTHE MPUPOTHEIX (pakTopsl BI.

['MmobanpHyI0 aKTyadbHOCTB MOAHSTHIX 31€Ch BOIIPO-
COB TMTOTYCPKHUBACT Pa3HOOOpa3ue reorpauIecKux MeCT
MIPOBENICHUS HccienoBaHuii — ot Tubera u 'mmanaes 1o
Taunb-Ilans, [Tamupa u Anrast u ot Aug g0 rop Acup
u HaraHo, a TakXe 3THHYECKOE U KYJIBTYPHOE Pa3HOO-
Opa3ue HACEIICHUS dTUX PETHOHOB. |11 HHTEpIIpeTaAIlNT
PacCMOTPEHHBIX 3/ICCh JaHHBIX BaXKHBI PA3JIUYHS B ILIA-
HUPOBAHHUU HCCIICOBAHUH, TeMOorpaduu MAIIUCHTOB U B
BBICOTE MECTa UX MPOKUBAHUS HAJI YPOBHEM MOPSI.

B 3akitoueHue, X0Ts UMEIOIIUECs JaHHBIE MO3BOJISIOT
MIPEIITOJIOKUTE HAJTMYKE CBI3U MEX Ay ycioBusimu BI™ u
MIOBBIIIICHHOW PaCIPOCTPAHCHHOCTHIO HEKOTOPBIX ayTO-
WMMYHHBIX 3a00JICBAaHUH, TOYHBIC MEXaHU3MBI ATOU CBSI-
3U elIe MPEICTOUT BEISICHUTH. byayIue UcCiaea0BaHUS
JIOJIKHBI OBITH HAIICJICHBI HAa MTPOSICHCHUE dTHX B3aUMOC-
BSI3CH WM M3yUYCHHE MTOTCHIIUABHBIX MTPO(HIAKTUYSCKUX
Y TCPAINeBTUUCCKUX CTpaTeruii mpotus P3 B momysiu-
SIX, HACYUTHIBAIOIIUX JACCATKH MHUJIJTHOHOB ITOCTOSTHHBIX
JKUTEJICH ¥ MUJITHOHBI Ty PUCTOB.

In conclusion, while the current evidence suggests a link
between HA and increased prevalence of certain autoim-
mune diseases, the exact mechanisms of this association
remain to be elucidated. Future research should aim to
clarify these relationships and explore potential preven-
tive and therapeutic strategies against RD in HA popula-
tions numbering tens of millions of people and millions
of tourists worldwide.

Overall, these findings underscore the need for further
studies of the mechanisms associating HA with the in-
creased prevalence and altered clinical presentation of
RD. Longitudinal studies and experimental models fo-
cusing on hypoxia-induced inflammatory pathways could
provide valuable insights into the pathogenesis of RD at
HA. Anyway, hypoxia (for example, synovial one in ar-
thritis) can, through HIFa, promote angiogenesis, inflam-
mation, apoptosis, cartilage erosion, glycolytic shift of
energy metabolism, fibroblast attraction, and immune
cells activation associated with pro-inflammatory cyto-
kines production and oxidative damage, thus promoting
the pathogenesis of RD [32, 46]. Several other natural en-
vironmental factors related to HA may also be of some
mechanistic significance.

Additionally, the diverse geographic locations of the
studies included in this review, from Tibet and Hyma-
layas to Tien Shan, Pamir and Altai and from Andes to
Asir and Nagano mountains, and ethnically and culturally
diverse populations there, highlight the global relevance
of the issues addressed in the present review. Variation
in study design, patient demographics, and altitude levels
emphasizes the importance of considering local environ-
mental and social factors when interpreting these findings.
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