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MuKpoaneMeHTHbIN cTaTyc U 340pOBbE XKUTENei
CeBepHbIX PerMoHoB: Hay4Hbl 0630p

AJ1. Topbaues

(MenepanbHblii UCCNeLOBATENLCKMIA LLEHTP KOMMNEKCHOro U3ydeHus ApkTuku uM. akag,. H.M. JlaBepoBa, ApxaHrenbck, Poccus

AHHOTALMUA

JlutepatypHble AaHHble ONpefensioT 3a4a4v OMOreoXMMUM 1 BBOLSAT €€ KIIOUEBbLIE MOHATUA «KWBOE BELLECTBO» U «DMOreH-
Has MUrpaLma XMMUYECKUX 3NeMeHToB». CornacHo uccnefoBaHWaM, BUOXMMUYECKWE NapaMeTpbl XUBbIX OPraHU3MoB 3aBu-
CAT OT FEOXMMMYECKOr0 OKPYXEHUS U COAEPKaHMs B HEM 3CCEHLMaNbHbIX 3NEMEHTOB. YuéHble npefnonaraiot, uto ¢usmono-
rMyeckasl CUCTEMa MUKPO3IEMEHTOB Y JKMBbLIX OPraHU3MOB CIYXMUT CTPYKTYPHO-(YHKLMOHANBbHOW 0CHOBOW MeTabonnueckux
MpoLieccoB.

Buoreoxummnyeckme NpoBMHUMM NpeacTaBnsioT coboii TeppUTOPUM C HapYLLEHHBIM COAEPXaHWUEM XMMUYECKUX 3JIEMEHTOB.
MWKpO31EMEHTO3bl — reoxMMUYEcKUe 3a00/1eBaHNUS YENOBEKA U HMBOTHBIX U MEXaHU3MbI UX opMUpoBaHus. [laHHble fe-
MOHCTPMPYIOT, YTO AedULMT NN U3DLITOK BUO31IEMEHTOB B OPraHM3Me YeI0BEKa BbI3bIBAET NCUXOCOMATUYECKME HapyLUEHMS:
bonesHM umMBUIM3aLMK, CHUMKEHME DePTUNBHOCTY, YBENUYeHWe uncna becnnogHblx 6paKoB, pasinyHble GOPMbl AeBUAHTHOMO
noBefeHus.

PervoHanbHble 6uoreoxummyeckue ucciefoBaHUs HeobOXOAMMBI ANS U3YYeHWs pacnpefeneHus XUMWYECKUX 37IEMEHTOB
B OKpYXKaloLLe cpefie, PacTeHUSAX, KUBOTHBIX, OpraHu3Me YenoBeka. [pupoLHO-KMMaTUieckue ycnosus 1 bruoreoxmmmue-
CKas XapaKTepucTWKa paiioHoB CeBepa Manonsy4eHbl, 0CODEHHO B OTHOLLIEHUM 3IEMEHTHOIO CTaTyca XMUTenel apKTUYECKMX
pernoHoB. Hu3Koe cofepaHne acceHUManbHbIX aneMeHToB B buochepe CeBepa co3naéT Bronoruieckue Harpysku ois xu-
Tenei U NpefonpeaenseT pUcK pasBUTUS MUKPO3eMeHTo30B. MccnegoBanus onpeaensioT obLume YepTbl 3/IEMEHTHOMO CTa-
Tyca xwrenei Asmatckoro u EBponeiickoro CeBepa: pacnpocTpaHeHue eduunta KobanbTa, cenieHa, Kanbums, ofa. Y mu-
rpaHToB CeBepa MOHWKEHO COAEpXkaHue Xenesa, ceneHa, GTopa, YTO NPUBOAMT K aKKIMMATU3aLMOHHOMY AeduUMUTY 3TUX
3/1EMEHTOB.

JlutepaTypHble faHHbIE YKa3bIBalOT Ha 3arps3HeHne buocdepbl CeBepa. 3arpsisHeHne APKTUKM 3aTparvBaeT NOYBEHHO-pac-
TUTENbHBIE KOMMJIEKCI, MUTLEBYHO BOLY, @ TaKKe NPUBOAMT K KyMYNSILMM B JKMBbIX OPraHu3Max TOKCUYHBIX 31eMEHTOB: pTy-
W, CBMHLA, KafMUS, MbILLbAKA.

OcobeHHocTn nuTaHus B ycnosusx CeBepa CBA3aHbI C MOHWMEHHOW 0MEN TPAAULMOHHBIX MPOAYKTOB NUTaHUS B paLMoHe
wutenent. MNpupoaHbIA fedrUMT 3CCeHUManbHbIX 3N1EMEHTOB, YCUNEHHBIA NOTeper BUONOrMYECKU LIEHHOTO NUTaHWUSA, MPUBO-
LVT K yBENMYeHUI0 fleduumTa Xenesa, LMHKA, KobanbTa, Meau, MapraHua, Mofa, CeNeHa U CHUKAeT afanTalMoHHbIA NOTeH-
LMan opraHusMa YenoBeka B ycnosusix Cesepa.

AHanu3 3Konoro-mMeUUMHCKMX NpobneM iofa No3BoIAET ONPeaenuTb ero GU3MoN0rMYecKyo posib, OLEHUTL YPOBEHb 0be-
CMeYeHHOCTY 11of0M HaceneHus Poccuu, BbisBUTL NpobieMy ogHoro geduumnra v Npeaoxutb NyTH eé KOppeKLMK.

B 3akitoueHun oTMeyeHo, YTo nojaepanue 300poBbs xuTenen CeBepa Tpebyet 61OreoXMMUUECKOr0 MOHUTOPUHIA apKTU-
YECKWX PErYIOHOB, BbISIBNIEHWS TEPPUTOPUI C MOBLILLEHHOW NPepacronoXeHHOCTbH0 K BUOre0XMMUYECKUM 3HAEMUAM U Npo-
dumnaKTUKM 3aboneBaHUin reoXMMUYeCKo NpUPoabI.

KnioueBble cnoBa: 61Oreoxumus; XMMUYECKUE 3JIEMEHTHI; CeBep; duoreoxmmuyeckue NPOBUHUMK; HaceneHue;
MUKPO3J1eMEHTO3bl; KOPpeKLuumAa ,El,quVILI,VITa.
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Trace Element Status and Health of Northern
Populations: a Scientific Review

Anatoly L. Gorbachev

Federal Research Center for Comprehensive Study of the Arctic named after Academician N.P. Laverov, Arkhangelsk, Russia

ABSTRACT

Available publications define the objectives of biogeochemistry and introduce its key concepts: living matter and biogenic
migration of chemical elements. According to studies, the biochemical parameters of living organisms depend on the
geochemical environment and the content of essential elements within it. Researchers suggest that the physiological system
of trace elements in living organisms serves as a structural and functional basis for metabolic processes.

Biogeochemical provinces are areas with imbalanced concentrations of chemical elements. Trace element imbalance is
geochemical diseases in humans and animals, with defined mechanisms of formation. Evidence shows that both deficiencies
and excess of hioelements in the human body contribute to psychosomatic disorders, such as lifestyle diseases, reduced
fertility, an increase in infertile marriages, and various forms of deviant behavior.

Regional biogeochemical research is needed to study the distribution of chemical elements in the environment, plants, animals,
and the human body. The natural and climatic conditions and the biogeochemical profile of northern regions are still poorly
studied, particularly with regard to the elemental status of residents in the Arctic areas. Low levels of essential elements in
the biosphere of the North create a biological burden for the population and contribute to an increased risk of trace element
imbalance. Studies have identified common features of elemental status among residents of both the Asian and European
North, including widespread deficiencies of cobalt, selenium, calcium, and iodine. Among migrants to the North, lower levels
of iron, selenium, and fluoride lead to an acclimatization-related deficiency of these elements.

The published data also indicates that the biosphere of the North is polluted. Arctic contamination affects soil and vegetation,
drinking water, and leads to bioaccumulation of toxic elements such as mercury, lead, cadmium, and arsenic in living organisms.
Nutritional patterns in the North are characterized by a reduced share of traditional food products in the local diet. The natural
deficiency of essential elements, enhanced by the loss of biologically valuable nutrition, contributes to further deficiency of iron,
zinc, cobalt, copper, manganese, iodine, and selenium, reducing the human body's adaptive potential in northern conditions.
An analysis of ecological and medical issues related to iodine allows clarifying its physiological role, assessing iodine sufficiency
among the Russian population, identifying iodine deficiency as a public health concern, and proposing corrective measures.

In conclusion, maintaining the health of northern populations requires biogeochemical monitoring of Arctic regions, identification
of territories predisposed to biogeochemical endemics, and prevention of diseases of geochemical origin.

Keywords: biogeochemistry; chemical elements; North; biogeochemical provinces; population; trace element imbalance;
deficiency correction.
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0630P

BBEJJEHUE

CoBpeMeHHbIN 3Tan pasBuTUs obLlecTBa MOKa3blBaeT,
UTO JKM3HEHHble MOKa3aTenu YenoBeKka — 3[0POBbE, Ka-
YECTBO W MPOAOIIKUTENBHOCTb XM3HU — CTaHOBATCA BCE
bonee 3aBMCMMBIMW OT COCTOSHUSI OKPYalOLLeW cpefpl.
XUMHYECKME 3NEMEHTbI CIYXKaT CBA3YIOLLMM 3BEHOM MeXay
KOCHOM (HeopraHu4ecKoii) npuponon 1 druochepont (KMBbLIM
BeLecTBOM). TakuM 06pasoM, bruoxumuueckue u dusmono-
rMyecKMe napaMeTpbl XMBbIX OPraHW3MOB OMpeAeNAlTCA
FEOXUMUYECKUM OKPYKEHMEM.

Buoreoxumnss — paspen reoxumuu, usydyaiowmii B3a-
MMOCBA3b OKPYXaloLLeit cpefbl W XMBbIX OPraHW3MOB Mo-
CpPeACTBOM MUrpaLuW aToMOB UM TpaHCOPMaLMU 3HEPTUW.
CornacHo B.W. BepHapckoMy, KioyeBble NoHATUA bBuoreo-
XMMUM: «KUBOE BELLIECTBO» — COBOKYMHOCTb MUBbIX Op-
raHM3MOB U «BMOreHHass MUrpaLmMs XMMWYECKMX 3NEMEH-
TOB» — MepeMelLeHne aToMOB B buocepe B pesynbrare
YU3HeJeATeNbHOCTU opraHu3MoB [1].

Y BbICLUMX OPraHM3MOB CUCTEMa MUKpP03/IeMeHTOB (Bno-
3M1eMEHTOB) MpeACTaBnseT cobon apeBHiow Quanonoruye-
CKYI0 CUCTEMY, 00beUHSAIOLLYI0 HEMPOUMMYHOrOpMOHaNb-
Hble perynsTopHble KoMmnnekcobl [2]. Buonormyeckas ponb
MaKpo- W MUKPO3/IEMEHTOB pa3HoobpasHa: OHW y4acTBYIOT
B MOCTPOEHWM BUONOTMUECKUX MOIEKYIT M TKaHel, npoLieccax
AbIXaHWS, HEePBHON NPOBOAUMOCTU, MbILLIEYHOM COKPALLLEHWH,
06e3BpexMBaHUM KCEHOBMOTMKOB M CBOBOAHBIX pafuKanoB.
31 aneMeHTbI Takke obecneunBalT MeTabonmueckue npo-
LLecChl, Perynmpys akTUBHOCTb GepMEHTOB, FOPMOHOB, BUTa-
MWHOB, LMTOKMHOB.

B npeacraBneHHoin paboTe paccMoTpeHbl Buoreoxumm-
ueckne ocobeHHocTn Ceepa Poccuu, npoaHanusmpoBaH
3/IEMEHTHBIN CTaTyC KWTENei B YCNOBUAX IKCTPEMASIbHBIX
(aKTopoB cpefbl, onMcaHbl ceBepocneumdruyeckme MUKpO-
3/1EMEHTO3bl 1 NMPEI0XKEHbI MYTU UX KOPPEKLMN.

CucTeMaTuyeckuii 0630p nuTepaTypbl NpoBefeH no ScR-
MeTogonorun (scoping review). [lng onucaHusa cTpateruu
MOMCKa MPUMEHUNN PEKOMEHLALMN LN CUCTEMATUYECKUX
0630opoB 1 MeTaaHanu3oB (Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses, PRISMA). Mouck
ocyLiectensaam B 6asax faHHbix elibrary, PubMed u Scopus
M0 KITIOYEBbLIM CIOBaM: «buoreoxumusi» («biogeochemistry»),
«XMMUYeckue anemeHTbl» («chemical elements»), buoreoxu-
Muyeckue npoBuHUMK («biogeochemical provinces»), mute-
nm («residents»), MUKpo3neMeHTo3bl («microelementoses»),
Cesep («North»).

B 0630p BKJIOUMAM 3KCNEPUMEHTaNbHBIE U YHAAMEH-
TaNbHblE MUCCNef0BaHMsA, NPOBEAEHHbIE in Vive WAK in vitro;
HappaTWBHbIE U cucTeMaTUyeckue 0630pbl, @ TakKe noapob-
Hble aHHOTaLMK CTaTel ¢ pesynbTaTamMu Uccef0BaHui. B 06-
30p He BOLL/M Ny6IMKaLmm, He UHLEKCUpYeMbIe B Npodnib-
HbiX pedepaTmBHbIX 6a3zax AaHHbIX. OTCYTCTBME OMMUCAHHBIX
pe3ynbTaToB B CBOOOLHOM AOCTYMeE CIYKWIO0 KPUTEPUEM UC-
K/lo4eHus NybMKaLmm Ha aTane aHanu3a, NOCKOJbKY 3T0 3a-
TPYLHANO KOPPEKTHYI0 MHTEPNPETALMI0 AaHHBIX, YTO MOXHO
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JKoNorna HenoBeka

CcuuTaTh OrpaHMyeHneM 0b3opa. Bo Bcex oTobpaHHbIX uccne-
A0BaHUAX nposenn bubnuorpadmyeckuii NoMcK rnybuHomn
80 net (nocnepHuit 3anpoc — Man 2025 r.). U3 okono 2000
cTaTed, NOC/ie CKPUHMHIA MO KPUTEPUAM BKITIOYEHUS U UC-
KIl0YeHUs, 1A aHanmsa otobpanu 75 nybnmKauuii.

bUOrEOXUMUYECKWE NMPOBUHLIUK

A.N. BuHorpapos ewwé B 1930-x ropax, usydas anemeHT-
Hblil COCTaB OpraHM3MoB, COPMYNMPOBaN KOHLLENLUMo 61o-
reoxuMmueckux nposuHLmI [3]. ConoctaBnss reteporeHHOCTb
XMMUYECKOT0 COCTaBa 3eMHOW KOPbI M 3KCTPEMalbHble reoxu-
MWYECKUE TEPPUTOPUM C Pa3BUTMEM KPaeBOW NaToNIOrUK ye-
NOBEKA W KUBOTHBIX, OH BBEN NOHATME «BUOreoxmMmueckme
npoBuHUMKM». CornacHo onpegeneHunio, broreoxummyeckue
NPOBUHLMK, NpefcTaBnsalT coboin obnactm 3emnu, oTnmy-
Hble OT COCE[JHMX TEPPUTOPUIA MO COAEPIKAHMI0 XMMUYECKUX
3/IEMEHTOB W, KaK CIefCTBUE, Bbi3blBalOLLME OTBETHYH pe-
aKuuio MecTHon Giopbl M dayHbl. B HacTosiee Bpems u3-
y4eHo bonee 150 pasnnyHbIX BUOreoXMMUUECKUX MPOBUHLINIA
€ HebnaronpuaTHLIMM MUTPaLMOHHBIMK NoToKaMn 20 xumu-
YeCKMX 371IeMeHTOB, BKItovas Sr, Se, Sb, Hg, I, Co, Cu, Bu U.
Hanbonee pacnpocTpaHEHHBIMM SBNSKOTCA NPOBUHLMM C He-
[OCTaTKOM 10Aa, CeNleHa, a TaKKe ¢ u3bbiTkoM ¢Topa [4].
B ycnoBusix aKcTpeManbHoOM reoxuMUyeckom cpefbl (pekoro
aeduumta unm n3bbiTKa 3NeMeHTOB) B NPeAesnax NPOBUHLMIA
BO3HMKAIOT BMOreoxMMmyeckue sHgeMmm — 3aboneBaHus
PacTeHU W KUBOTHBIX. 3HLEMUM MPUPOSHOI0 NPOMCXOXAE-
HWA 3aTparuBaloT TOJTbKO YENOBEKa WM MHTPOLYLMPOBAHHbIE
BULbI XMBOTHbIX U pacTeHun [5].

Co BTOpOM NonoBuHbl XX BEKa 31EMEHTHBIN cocTaB buo-
chepbl aKTUBHO 3BOJIOLIMOHUPYET W3-33 aHTPOMOreHHOro
BO3[€MCTBUS HA NPUPOLHYI0 CPELY U MUrPaLMM XMMUYECKUX
BellecTB. B pesynbrate TexHoreHesa TpaHchopmupyroTCs
BuoreoxuMnyeckue UMKIIbI M BO3HWKAKOT MCKYCCTBEHHbIE
reoXMMUYECKWE MPOBMHLUMM C aHOMalbHbIM COAEpPaHMEM
XMMUYECKMX 3/IEMEHTOB B OKpYXatoLLieli cpejie U B OpraHus-
Me, 0BUTalOLLMX Ha 3TOW TEPPUTOPUM PaCTEHWUM, HUBOTHbIX
U YyenoBeka.

MWUKPO3/IEMEHTO3bI

BbicoKass AMHaMMKa COLMaNbHO-3KONOrMYECKUX Mpo-
LLeCCOB, TEXHOTEHHbI NepeHOC HeopraHMYecKUX BeLLecTB,
ycKopeHue buocdepHoro obMeHa XMMUYECKUX 3N1EMEHTOB,
COUManbHO 00YCMOBEHHAA MUrpaLMs NPOAYKTOB NUTaHMSA
U3MEHSIIOT 3/1EMEHTHbIN NMPOdUIb YESIOBEYECKMUX NOMYNSALIMIA,
HECMOCOBHbIX aAanTMPOBATLCS K CTPEMUTESIbHBIM M3MEHEHU-
AIM COLMYMa U Fe0XUMUYECKOMN Cpefbl.

MWKpO3/1EMEHTHbIN FOMEOCTa3s MBbIX OpraHn3MoB obe-
CcreynBaeT YCTOWYMBOCTb MHAMBMAYYMa K BO3LEWCTBUIO
BHeLUHel cpeabl. OLHaKO Ype3MepHble 3KONIOrMYeCKUe Ha-
rPY3KM, COMPOBOXKAALLMECA WU3MEHEHWEM XMMMYECKOro
cocTaBa cpeabl 00MUTaHKA, NPUBOAAT K aucbanaHcy buoane-
MEHTOB (aeduunTy MM U30bITKY). IHAOTEHHbIN aucbanaHc
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3/1EMEHTOB BbI3bIBAET LECTPYKTUBHbIE U3MEHEHUS KIETOY-
HO-TKaHeBbIX KOMMOHEHTOB, HapyLUIaeT MeTao-fMraHaHbIe
KOMMNEKCh, BEAET K AMCOYHKUMM PErynsTOPHbIX CUCTEM
W Pa3BUTUIO MMKPO3JIEMEHTO30B — 3ab0/1eBaHMI reoXMHU-
YEeCKOM NpUPOLbI YESIOBEKA M MBOTHbIX [6].

B npupoaHbIX ycnoBusx BefyLuas posib B BO3HUKHOBEHUM
3HAEMUYECKUX 3ab0NeBaHWI 00bIMHO NMPUHALIEXUT OLHOMY
XMMUYECKOMY 3/IEMEHTY, NPUCYTCTBYIOLLIEMY B Cpefie B KpaiiHe
HW3KOW UMM U3BbITOYHOW KoHLeHTpaumu [4]. OgHaKo MUKpo-
3/71EMEHTO3bl, KaK MpaBWiIo, BO3HUKAOT U3-3a MOJIN3NIEMEHT-
HbIX HapYLLEHWI, FAe 0WH 3IEMEHT BbICTYMAeT 0CHOBHBIM Na-
TOreHHbIM (haKTOpOM, pyrue 3Ke LOMONHAT UM YCUIUBAIOT
ero pericteue. B Takux cnyyasx addeKT MUKpo3neMeHTo3a
MOXET OTpa¥aTb OJHOBPEMEHHbIE HAPYLUEHUSI HECKONIbKUX
0OMEHHBIX MPOLECCOoB, B KaXAOM U3 KOTOPbIX TPUITEPHYHD
POJib BbINOSIHAET OMPEAENIEHHbIN 3NeMEHT. XOpOLUO U3BECTHbI
3KONOrnyecku 0bycnosieHHble 3aboneBaHus:

+ KenesogedpuumutHan aHemus (Fe, Co, Mg, Cu u gp.);

* WoponeduuntHble 3abonesanus (I, Se, Zn u op.);

*  UMMyHoeUUUTHbIE cocTosHuA (Se, Zn, |, Fe v ap.);

* cepae4Ho-cocyamucTble 3abonesanus (Se, Fe, K, Mg);

+ 3aboneBaHusa onopHo-gBuraTenbHoro annapara (Ca,

Mg, Sr, Ba, Si) u apyrue cTpyKTypHO-(YHKLMOHaNb-
Hble HapyLUeHWs, CBA3aHHbIe ¢ AucbanaHcoM broane-
MEHTOB.

[nauTenbHbin feduUumT UAM HeJoCTaToNHOe NOCTYNIeHNe
B OpraHW3M MaKpo- W MUKPO3IEMEHTOB NMPUBOAMT K XPOHHU-
YECKOMY KOMIEKCHOMY MMMo3jieMeHTo3y. Y YenoBeKa 1 u-
BOTHbIX 3TO COCTOSHWE MPUBOAMT K HapYLLEHWUH 0OMEHHbIX
MpoLECCOB, NPEMMYLLIECTBEHHO 3@ CYET CHUMKEHWUS BUOCUH-
T€3a U QYHKUMOHAMbHOW aKTUBHOCTM HYKJIEMHOBBIX KUCIIOT,
UTO Bbl3bIBAET HapyLLEHMe CMHTe3a 6eNIKoB, BKIIO4as ropMo-
Hbl, epMeHTbl, UMMYHOTI06YNNHBI [4].

B cBA13M ¢ pUCKOM KOMMNEKCHBIX MUKPO3/IEMEHTO30B CJle-
AYeT OTMETUTb 0COBYH0 PoSib MUKPO3/IEMEHTOB B NaToreHese
BMPYCHBIX M MUHEKLMOHHBIX 3ab0N1eBaHWIA, BKIKOYas UX BIK-
SHMe Ha pa3suTUe BUPYCHbIX NaHaemun [9, 7]. Cnepyet oT-
METUTb, YTO He BCE 3HAEMUYECKME 3ab0NIeBaHMS AOCTATOUHO
WU3y4eHbl: MPUYMHBI HEKOTOPbIX 3/IEMEHTO30B HE BbISIBNIEHI,
a MexaHW3Mbl WX Pa3BUTUA He 0 KOHLA uccnesoBaHbl. Knu-
HWYeCKue NposiBeHNs onpefenéHHbIX 3HAEMUIA He Bcerga
KOPPENIMPYIOT CO CTEMEHbI0 HapYLIEHNS KOHLEHTPALMKU XU-
MWYECKUX 3/IEMEHTOB BO BHelUHen cpege (bonesHb Kawmw-
Ha-beka, aHaemMnyecKas nogarpa v ap.). ABHble HapyLIEHMS
(YHKUMOHANBHOTO COCTOAHUS M CUMMTOMBI 3ab0N1eBaHNA Ya-
cTo HabnopatoT ToNbKo y 5—-20% o0bcneayeMmbix (Kak B ciyyae
3HaeMum 306a) [5].

Jeduunt unu n3bbITOK B opraHu3Me 6Mo3neMeHTOB
NIEMT B OCHOBe pa3nnuHblX GopM natonormun. [ucbanauc
B103neMeHTOB M HapyLleHWe MUHepanbHoro 0bMeHa nposo-
LMpYIOT pasnuyHble GopMbl NCUXOCOMATUYECKUX HApYLUEHWIA.
Wccneposatenu chopmMynuposanu u obocHoBanu runoTesy,
YTO HapyLUEHWe 3NIEMEHTHOro NpoQUNIA CAYMUT 3KONOro-
NaTeNor1yecKoi 0CHOBOM BonesHen LMBUAM3aLMK (cepaed-
HO-cocyaucTble 3aboneBaHmMs, OHKONMOMMYECKWE NaTonorum,
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caxapHbll [uabet, HeiipopereHepaTuBHble 3aboneBaHus
nap.) [7].

Cpepu kuTeneii 3KoNOrM4ecKkU HebnaronpuATHbIX peru-
OHOB C JedUUMTOM }U3HEHHO BaXkHbIX 3NieMeHToB (Zn, Se,
Fe) oTMeuvatoT HapyweHusa deptunbHocTy [8, 91, yBenmueHne
yactoTbl becnnofHbix bpakos. [ucbanaHc yKasaHHbIX ane-
MEHTOB ycyrybnset nemorpadmyeckuii Kpusuc [10], a Takke
cnocobcTByeT fenonynauum Maneix Hapogos Cesepa [11, 12].

NHavBuayanbHble 0CO6EHHOCTW 3/IEMEHTHOro cTaTyca
XUTenei HeKOTOPbIX BUOreoXMMUHECKUX TEPPUTOPUIA MOTyT
onpegensTb NcMxoQuU3KMomorMyeckue YepTbl Yenoseka. [lo-
Ka3aHa noTeHuManbHas pofib 6UoMorMYecku 3Ha4MMbIX ane-
MEHTOB B Pa3BUTUW Pa3nuyHbIX OpM [EBUAHTHOIO NOBEAEHMS
(arpeccuBHOCTb, fiENpeccuBHbIE COCTOSHUS, CKITOHHOCTb K ai-
KOronM3My 1 ynoTpedneHmio HapKoTUYecKuX BeLlects) [13].

BWMO3JIEMEHTOJ10rUA U EE
HAYYHO-MPAKTUYECKOE 3HAYEHUE

OnucaHHble Bbilwe npobneMbl Niexat B chepe 0THOCU-
TeNbHO HOBOTO Hay4YHOro HanpaBeHUs — «bno3NeMeHToN0-
TMN» — MEXANCLUMNIMHAPHO HayKK, U3yYatoLLelt eiUHCTBO
HEOPraHWMYeCKoro M OpraHUYecKoro Mupa Ha base xumuye-
CKOro cocTaBa buocdepbl, BKOYas opraHnaM Yenoseka [14].
0aHMM 13 HanpaBneHuii broaneMeHToNOMMK SBNAETCA Meau-
LIMHCKas 3/IEMEHTOJIONMSA, 3aia4ya KOTopom UCCnefoBaTh ajle-
MEHTHBIN NPOdWIIb YeNOBEKa NPY HapYLLIEHUAX MUHEPaJTbHO-
ro 0bMeHa, paspabartbiBaTb MeTO/bI €ro KOPPEKLMM, @ TaKKe
Hay4HO-TNpaKTUYECKUe MEePONPUATUS Mo NpodMNaKTUKe 3ne-
MeHT030B [15]. Mo MHeHuto uccnepoBatenei, ycTpaHeHue
Aeduumta 61031EMEHTOB U KOPPEKLIMS METANO-NUraHLHbIX
KOMMNIEKCOB N0 PU3MONOTNYECKON 3HAUMMOCTM COMOCTaBU-
Mbl C peAaKTUpOBaHueM reHoma [9].

YuntbiBas MeAMKO-COLMANbHYI0 3HAUMMOCTb Heopra-
HWYECKOro KOMMOHeHTa buocdepbl, KIIOYEBY0 pob Urpa-
I0T 3HaHWA pervoHasnbHOM buoreoxumum: pacnpefeneHuu
XMMUYECKUX 3IEMEHTOB B OKPYXaloOLen cpefie, a TaKKe
B OpraHu3max. B 3Toil cBA3M BO MHOMMX pa3BuTbIX CTPaHax
UCCNeaytoT NPUPOAHbIE U aHTPOMOreHHble aKTopbl, onpe-
Oensilollne COAepXaHue W pacnpefeneHue XMMUYECKUX
3/IEMEHTOB B MOYBaX, MX AOCTYMHOCTb PacTeHUsM, Crnocob-
HOCTb nepexoauTb B ruapocdepy u atMocdepy. B nocnen-
HWe [ecATUNETUS NPOBOLST pPerMoHanbHble 06cneoBaHus
HaceneHus, HanpaBNeHHbIE HAa KOHTPOSb 0becneveHHOCTH
NonynsUMiA 3CCEHUMANbHBIMU 3/IEMEHTAMU W YPOBHA 3a-
TPA3HEHNUS TOKCUYHBIMU 3N1eMeHTaMu. Ha ocHoBaHuM nony-
YEHHbIX aHHbIX OLLEHWBAIOT 3IEMEHTHBIN CTaTyC NONYNSALMNA,
a rocyAapcTea M MeXKayHapoAHble opraHu3aumm (BceMmupHas
opraHusauus 3apasooxpaHenus (BO3), Hetckuit doHp Op-
raHusauum 06beanHéRHbIX Haumi (OHUCE®D), Opranmsaums
06beanHEHHbIX Haumii mo BonpocaM 06pa3oBaHus, Hayku
n KynbTypbl (OHECKO) v op.) dopMupyloT noautuky B 06-
NacTv NUTaHUs, NPOAOBOJILCTBEHHON W 3KONOrUYECKOI be3-
onacHocTu [16, 17]. XopoLuo n3BecTHbl MacluTabHble NPOEKTHI
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Mo M3ydeHWo 06ecneYeHHOCTM HAaCeNEHS ene3oM, HoLLoM,
CEJIEHOM, a TaKXKe TEXHOTEHHOT0 3arpA3HEHWs TAXENbIMU
MeTalaMu, U MPeXae BCEro PTYTbi0, CBUHLIOM, KaJMUEM,
MbILLBSIKOM.

B pamkax denepanbHoit nporpaMMbl «HaumoHanbHas cu-
CTeMa XMMUYECKoN 1 bronormyeckon 6esonacHoctn Poccuii-
ckont Mepepaumm (2009-2014 rogpl)» npoBeseHO MacLTab-
HOe MCCNea0BaHMe 3/IEMEHTHOrO CTaTyca HaceneHus Poccum.
MonyyeHbl faHHbIE 0 COAEPKAHMM XMMUYECKUX 3NIEMEHTOB
y uTenei dheaepanbHbiX OKPYroB, Ha 0CHOBE KOTOPbIX U3La-
HO 5-TOMHOE PYKOBOACTBO «3JIEMEHTHBIN CTATyC HaceneHms
Poccum» [18]. Pe3ynbTaThl noKkasanu, 4to Haubonee pacnpo-
CTpaHEHHble AedUUMTHI B CPeLHEM MO PeroHaM Kacanucb
Kobanbra (60—-90%), ceneHa u uMHKa (mo 45%), Toraa Kak us-
BbITOUHbIE KOHLIEHTPALMM 0TMeYeHbl A cBuHLa (21%), pTy-
™ 1 KagMua (6%).

BUOrEOXUMUYECKUE UCCIE[JOBAHUA
CEBEPHbIX TEPPUTOPUIA

B pesynbTaTe 3aneMeHTHOro CKpuHWHra Hacenenus Poc-
CMM HaMMeHee W3y4eHHBbIMW OKa3aNiUCh CEeBEPHbIE PEMUOHI.
370 BbI3BaHO (PUHAHCOBLIMM, KAJAPOBBLIMU U METOANYECKUMH
TPYOHOCTAMM NpU UCCNE0BaHUM ManoHACeNEHHbIX CeBep-
HbIx TeppuTopuii. OgHako Ceep Poccun npencraenset cobon
OrPOMHYI0 6MOre0XMMUYECKYI0 MPOBUHLIMIO CO CHUKEHHBIMM
aflanTMBHBIMWA BO3MOXHOCTSIMU YeNOBEKa, T8 HapyLIeHUs
MWHepanbHoro o6MeHa MposBASIOTCA Ha MONYNALMOHHOM
YPOBHE W TpebYIOT MeAMKO-3KONOrM4ecKoro KoHtpons [19-
22].

WccnenoBaHua yKasbiBalT Ha HEKOTOPbIE 3aKOHOMEpPHO-
CTU 3NIeMeHTHOro cTaTyca xutenen Asuatckoro u Eponeit-
ckoro CeBepa. B 4acTHOCTH, y uUTenei apKTUHECKUX Tep-
pUTOpUIA 0BHAPYKWIM NOHMKEHHOE COAepaHue KobanbTa,
ceneHa, Kanbums, nopa. 06wwme yepTbl 3MEMEHTHOrO Npo-
uns ceBepsH KOpPENUPYIOT C re0XUMMUYECKUMU [aHHBIMM
W CBMOETENbCTBYIOT 0 eMHBIX MeXaHU3Max b1MoXuMUYeCcKoil
ajanTaumu yenoseka [23].

leoxuMMYecKas cpefia CeBEPHbIX PETMOHOB XapaKTepu-
3yeTca KpaiiHe HU3KUM CofiepIKaHneM B1OreHHbIX aneMeH-
TOB M3-3a MUHepanbHO-00e4HEHHBIX MOA30MCTBIX MOYB
U cnaboMuHepanu3oBaHHOW NUTbeBOK BoAbl. [lo4BEHHbIE
u ruaponoruyeckve ycrnosus Ceepa cospaaiot buonoruye-
CKYI0 Harpysky Ans HacefieHUs M MOBbILAKT PUCK pa3Bu-
TUS MaHWUECTHBIX U CKPbITbIX (OPM MUKPO3NIEMEHTO30B.
Kpome Toro, cnaboMuHepan13oBaHHas BoAa crnocobcTeyet
PasBUTMI0 BTOPUYHLIX aBMTaMUHO30B, MOCKOJbKY MUHE-
panbHble BELLECTBA WUrpaloT KIKYeBYl0 poSib B YCBOEHUM
BMTaMUHOB.

CTATYC KAJIbLIUA U MATHUA

OnHOM M3 3KONOro-MeauUMHCKMX NpobneM kutenei
CeBepa BbiCTynaeT AedUUMT cONed KanbLMs M MarHus,
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4TO CBSI3aHO C MPEMMYLLECTBEHHBIM YnoTpebneHneM cna-
BoMMHEepanM30BaHHbIX MOBEPXHOCTHBIX BOL C MOHMMKEHHO
HKECTKOCTbHO [24, 25]. MNpy 3TOM XMMMYECKMIA COCTaB NOBEpPX-
HOCTHBIX BOJ, BMSIET Ha COAePXaHNe MUHePasTbHbIX BELLECTB
M B NMOA3EMHbIX UCTOYHWKAX, KOTOPLIE TaKIKE MCMONb3YHT
B NUTbEBLIX Liensax [26].

WccnenoBaHusa ycTaHoBUAM pasninuus B 3aboneBaemo-
CTU OpraHoB KpoBOOBpaLLEeHMs B 3aBUCUMOCTH OT XKECTKOCTH
MUTLEBOI BOAbI: HN3KAA KOHLEHTpauna uoHos Ca’* u Mg?
KOppenupyeT ¢ noBblleHeM 3aboneBaeMoCT U CMepTHO-
ctv [10]. Jeduumnt 3TMX 3neMeHTOB CnocobCTBYET pasBUTHIO
3aboneBaHuii CepLe4YHO-COCYANCTON CUCTEMBI, B TOM YnCe
rMnepToHnyeckon bonesnn. B pernoHax ¢ Msrkoit Bogow
ypoBeHb 3aboneBaemMocTu runepToHuen Ha 25-30% Bbiwe,
yeM B Jpyrux pernoHax. OCHOBHylo pofb B pa3BUTMM apTe-
PWabHOM TUNepTeH3uu UrpaeT MarHui, feduuuT KoToporo
paccMaTpuBalOT KaK KIo4eBoW (aKTop natoreHesa [27, 28].
Mpu 3TOM [OCTaTOUHBIN YPOBEHD KajlbLys, MarHWs U OCHOB-
HbIX MMKPO3JIEMEHTOB 00ecneynBaeT 3alLUTHbIA 3PdeKT
JKECTKOW BOApbI, CHUXKAsA ypoBEHb CMePTHOCTM [29].

Y wwureneii CeBepa 0TMEYEHO CHUMEHHOE COfepaHue
KanbLus, 00YCNOBNEHHOE HE TOJbKO UCMOJb30BAHUEM MSr-
KO NMWTLEBOI BOALI, HO WU ApYriMK ceBepocneLmbuyecku-
MU (aKTopamu: runouHconsiumeid (oeduumt sutamuHa D),
aKK/IMMaTU3aLMOHHBIM MOHWUXKEHUEM COLEPXHaHUA KanbLms,
XPOHWYECKMM BO3[ENCTBUEM HU3KMX TeMmnepartyp (yyactve
B TepMmoperynaumu). CornacHo KnaccuyeckuM npepcrasne-
HWS, XONOA-MHAYLMPOBAHHOE MOHWMKEHWE KanbLMsi B KPOBY
CBAI3aHO C POJIbI0 UOHOB KanbLms B NOAJEPIKaHUM TeMnepa-
TypHoro romeoctasa. [lokasaHo, YTo XoNn0A0Bas afanTauus
MPUBOAMT K [LOCTOBEPHOMY CHUXEHWIO KOHLLEHTPaLW UOHOB
Kanbuma B kposu [30].

CnaboMuHepanusoBaHHas (ynbTpanpecHas) Boja
He TONbKO MPOBOLMPYET CepAeyHO-cocyaucTble 3aboneBa-
HWS, HO U cnocobCTBYeT pa3BUTMIO BTOPUYHBIX MUMOBUTAMMU-
HO30B. Bo3MOXKHBIN DeduUuMT BUTaMMHOB CBSAI3aH C (u3mo-
NOrM4ecKon (KOHKYPEHTHOM) pOsbi0 MUHEpanbHbIX BELLECTB
(conu Mepm, Xenesa) B yCBOEHWM OpraHM3MoM BOJOpacTBO-
pUMbIX BUTamMuHoB B, B;, [31].

Y murpanToB CeBepa C yBeNiMYeHUEM MPOAOMKMUTESNb-
HOCTV MPOXMBAHMSA B 3KCTPEMASIbHBIX YCIIOBUAX OTMEYaloT
CHWKEHWE COJEPIKaHUS He TONBKO KanbLus, HO W JpYrux
3CCEeHUManbHbIX 3NIEMEHTOB: Kenesa, ceneHa, ¢gTopa. 370
CBUAETENLCTBYET 0 (DYHKUMOHANBHOM MCTOLLEHUM PE3epBOB
YKa3aHHbIX 3/IEMEHTOB 1 POPMMPOBAHUN X aKKIIMMaTU3aLM-
OHHoro aedwmuwmra [32].

Bbicokas pacnpocTpaHEHHOCTb JKene3oedULMTHBIX Co-
cTosHWiA y xwuteneir CeBepa 006ycnoBneHa MOBbILIEHHBIM
PacxofoM enesa 13-3a yCuneHus ajanTueHbIX aHabonuye-
CKMX M KaTabonnMyeckux npoLeccoB noj, BO3AEHCTBUEM 3KC-
TpeManbHbIX (haKToOpOB Cpefbl, Mpex e Bcero xonoga [6, 32].
MNoHATHE aKKNIMMaTM3aLUMOHHOTO feduLmMTa MUKPO3JIEMEHTOB
B 3KCTPEMaJIbHBIX YCNOBUSAX OTHOCAT TOJIBKO K manonornye-
CKWM YPOBHAM NMOCTYN/EHNs 3NeMeHTOoB. B cnyyae ux usbbi-
TOYHOCTM BO BHELLHEWN Cpejie HEKOTOpbIe aBTOPbI NpeiaraoT
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TEPMUH «aKKIMMaTU3aLUMOHHas Bnokaga npoLeccoB Hako-
MSIEHNS MUKPO3/IEMEHTOB B OpraHname» [33].

3AMPA3HEHUE APKTUYECKMX
TEPPUTOPUN

MpobneMa npupofHbIX (3HLEMUYECKMX) 3N1EMEHTO30B
ycyrybnsetcs aHTPOnoreHHsIM GakTopoM M HaKoMJIEHNEM
B buochepe Taxenbix Metannos Cu, Zn, Pb u Cd. Heko-
TOpbIE UCCNE0BATENM NONArakT, YTo 3arps3HeHne MeTa-
NlaMU HOCMUT JIOKanbHbIA XapakTep, W buoreoxummyeckue
nccnenoBaHus HonbLUMX YCNOBHO (OHOBLIX TEPPUTOPWIA
He Bcerga NoATBEPXAAOT rnobanbHbIA XxapaKTep 3arpss-
HeHus. HanpoTus, BbISBNSIOT HELOCTATOK 3CCEHLMANbHbIX
aneMenToB (Cu, Zn, Co, Mo) [5]. OfHaKo 3arpssHeHue ap-
KTUYECKUX TEPPUTOPMIA HOCUT rnobanbHbli xapakTep. Kpo-
Me JI0Ka/bHOro TEXHOreHHOr0 BO3AECTBUSA, IKONOTMYECKOe
Hebnarononyume apktuyeckoro bacceiHa Poccum onpege-
NS0T BETPOBOM W TMAPOOTUYECKUN PeXuUMBl. Bo3ayLuHble
Macchbl, MPOXOAsA Haj NMPOMbILLIEHHBIMU LieHTpammu EBpo-
nbl, A3un n AMEpUKH, 3aXBaTbIBAKT XMMUYECKME BbIOPOCH
W NepeHOCAT CTOMKWUE OpraHUYecKue NOATaHTLl B ApKTu-
Ky. 3UMOI BETpPbI NPUHOCAT BpeLHble BELLECTBA K apKTUYe-
CKUM nobepexbaM npeuMyLLecTBeHHo 13 EBponbl U Asum,
netoM — u3 AMepuKu. Mo cpaBHEHWIO C APYrUMU BbICOKO-
LUIMPOTHBIMW TEPPUTOPUAMMU, UMEHHO apKTUYECKMEe peruo-
Hbl Poccuu geMoHcTpupyloT Havbonee BbICOKMI YPOBEHb
3arpsAsHeHUs CTOMKUMU OpraHWUYeCcKUMK 3arpsAsHUTENSMU
U TAXENbIMUA MeTannamu [34, 35].

KoMnneKc npoMbILLNeHHbIX MPeLnpuATMii hopMUpyeT Bo-
Kpyr cebs TexHoreHHble HUOreoXMMUYECKUE NPOBUHLMM C NO-
BbILUEHHBIM COflepXaHueM B Brocdepe CBUHLA, MBILLIBAKA,
dTopa, pTyTH, KagMuUs, MapraHLa, HUKens U Apyrux aneMeH-
T0B. B ycnosusx CeBepa MMKpO3NneMeHTHbIE 3arps3HeHMs
PacnpoCTPaHSKTCA He TOJbKO BOJIU3N MPOMBILLIEHHBIX 30H,
HO U Ha 3HauMTeNbHbIE PAcCTOSHMS U3-3a NepeHoca 3arpss-
HUTeNen Bo3ayLwHbIMK noTokamu [33]. Mo MHeHuto uccne-
A0BaTenen, Npyu reorpadUyecKUX pasnnumsax B 3arps3HeHUn
ApKTUYECKUX TEpPUTOPUIA CriefyeT Y4uTbIBaTb [BUKEHWE
BO3YLUHBbIX MacC M OKEAHWYECKWUX TEYEHMI, NEePEHOCALLMX
3arpA3sHAIOLLME BELLeCTBA Ha OrPOMHbIE PacCTOSHMS, a TaK-
e NPOTSKEHHOCTb M reorpaduio MUTPaLMOHHBIX NyTen MTUL,
Pbibbl M MOPCKWX MIEKOMUTAIOLLMX.

3arpa3HeHne ApKTUKM 3aTparvMBaeT MOYBEHHO-pacTU-
TesbHble KOMMAEKChl U NuUTbeBylo Boay [36, 37], a Takxke
NPUBOAMT K HAKOMJIEHMIO B MUBbIX OpraHW3Max TOKCUYHbIX
3M1EMEHTOB (CBMHEL, KaAMUIA, MbILbSK), NPEUMYLLECTBEHHO
3a CYET NepeHoca NOKTAHTOB U3 cpefHuX WwupoT [35, 37].

AxTponoreHHoe 3arpsisHeHWe ApKTUKM YCUNIMBAIOT MpU-
poAHO-KMMaTuyeckue dakTopsl. iccnegoBanns nokaseiea-
10T, uTo coaepkanue Fe, Zn, V, Cu, Ni, Mo, Co B apKTM4eCKux
NbJaX CYLLECTBEHHO BbILIE, YEM B MOBEPXHOCTHbIX BOAAX.
B 37011 cBA3M TasHWe NeAHUKOB CIYKUT JONOIHUTENbHBIM UC-
TOYHUKOM TSKENBIX METANNOB, NOCTYNakLWmX B ruapochepy
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ApKTWKK. Y4éHble noKa3anm KyMynsLmi TOKCUYHBIX 3N1eMeH-
T0B B B1ochepe ceBepHbIX PErMOHOB — B pacTeHUAX (arenb),
mace (ofleHMHa, MOpPCKME MeKomWTaloLWwme), NTuue, pbibe
1 MopenpoaykTax [38].

HebnaronpustHas 3konoruyeckas obctaHoBka B Ap-
KTUKe MOBLILIAET PUCK pa3BuTUA 3aboneBaHW y yenoBe-
Ka [39, 40, 29]. KoMnneKcbl TAXENbIX MeTasIoB, nocTynas
yepes MULLEBLIE LieNW, MPOBOLMPYIOT pasBUTME XPOHWYe-
CKOI CepfleYHON He0CTaTOYHOCTH, HelipofereHepaTUBHbIX
naTtosioruit, BocmanuTenbHbiX 3aboneBaHWMN KWLIEYHMKA,
XPOHMYecKUx bonesHel NoYeK, MMMYHOANNEPrUYeCcKUxX
paccTpoiicTB. OHU TaKKe pa3BUBAIOT PENPOAYKTUBHYHO TOK-
CMYHOCTb M NpOSABNSAIT CBOWCTBA AWUCPEryNATOPOB 3HAO0-
KPWUHHOM cucTeMbl [41].

3ArPA3HEHWUE PTYTbIO

CpaBHeHWe ypoBHEW 3KCMO3WLMM TOKCUYHBIMM BeLle-
CTBaMU HaCeNeHUs LMPKYMMOASAPHON ApKTUKM C AaHHbIMY
BWMOMOHMTOpUHIa B OpYrUX peruoHax nokasano, YTo apKTu-
YecKue MonynAuMM UCTILITHIBAIOT Bosee TAKEMbIE HArpy3Ku
HEKOTOpbIMK MOJNNKOTaHTaMU. Hanpumep, KoOHUEHTpauuu
PTYTU B KPOBM MTenen ApPKTUKU 3HAuUMTENbHO MpeBbILLa-
I0T aHanornyHele nokasarenu y Hacenenus CLUA n KaHagpl,
He NPOKMBAIOLLLEro B apKTUYECKMX permoHax [35].

PTyTb — onacHbIii 3arpsA3HUTENb, OKa3blBaloOWWI Nps-
MOe HeraTMBHOE BO3[JEHCTBME HA apKTUYECKME IKOCUCTEMBI
W 3[,0pOBbE Ye0BeKa. 3T0T MeTan BXOAUT B UMC/IO Hanbo-
Nee TOKCMYHBIX BELLLECTB W [LENCTBYET KaK KyMYNATUBHBIN 1.
Mo paHHbIM BO3, pTyTh OTHOCAT K AECATU OCHOBHBLIM XMMMYe-
CKMM BELLLECTBaM, CO3/aI0LLIMM CEepbE3HYI0 Yrpo3y AniA obLue-
CTBEHHOT0 3ApaBooXpaHeHus [42].

MeTaaHanM3 AaHHbIX 0 COAEPXaHUM PTYTU B MHOMKA-
TOpHbIX opraHu3Max CeBepa MpOAEMOHCTPUPOBAN YETKYIO
TEHAEHUMIO K POCTY KOHLIEHTpaLmm 3Toro MeTanna ¢ 3anaga
Ha BOCTOK. [loOMMMO TEXHOTEHHBIX MCTOYHWUKOB 3arpsA3HEHNS,
CYLLLECTBEHHYK0 pOJib B COAEpPXaHuM pTyTu B brocdepe Ap-
KTUKW UrpaioT JIeCHble NOXKapbl, KOTOPbIE «BbIOPAChIBAKOT»
B aTMocdepy NoYBEHHYIO pTyThb [43].

Murpauwms pTyTi No TPOPUUECKUM LIENSIM HA3EMHBIX 3KO-
CMCTEM MMEET eCTeCTBEHHbIE OrpaHUyeHns, 06YCNOBIEHHbIE
€€ CBA3bIBAHWEM MOYBEHHBIMW COEAUHEHUSIMU TYMYCOBbIX
KMCNoT [44]. HanbonblueMy puUcKy 3arpA3HeHMs noaBepie-
Hbl BOJHbIE 3KOCUCTEMBI, O YEM CBULETENLCTBYET YBEUYE-
HWe KOHLEHTpaLuu pTyTH B apKTUYeckux 03épax. PacTyuiee
3arpsisHeHNe Cpefibl CO3[AET YCNOBUSA AN KyMyNaUMA pTy-
TM B BOAHBIX MULLEBBIX LiENsX, BCIEACTBUE YEro MopCKue
1 NPeCcHOBOAHbIE Pbibbl, @ TaKXKe NPOAYKTLI UX nepepaboTku
CTAHOBATCA OCHOBHBIMM WUCTOYHMKAMW MOCTYNAEHUS PTYTU
B OpraHu3M YesnoBeka [45]. B pernoHax CeBepa, Kpome pbibbi,
3HauMTENbHOE KOMMYECTBO PTYTW COAEPHMT MACO MOPCKUX
MneKonuTalwmx. B TKaHAX pblb 1 KMBOTHBIX MPOMCXOAMT
HaKonneHue pTyTn B popme MeTunpTyT (MeHg) — BbicoKo-
TOKCMYHOTO OPraHMYecKoro COeMHEHUS, CUbHOLENCTBYIO-
LLIEro HelMpOTOKCUHA.
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Copepxanue pTyTM B pbibe M pbibonpoayKTax MoxeT
MHOrOKPaTHO MpeBbILLATh NpefenbHO A0MYCTUMbIE KOHLIEH-
Tpaumm (0,5-1,0 Mr/kr). Kputepun 3arpssHeHus NpoAyKToB
Pa3NMUYHbI: EBPOMENCKOe 3KOHOMMYECKOe co0bLLecTBO ycTa-
HaBnMBaeT npepenbHoe 3HaveHue B 0,3 Mr ptytu Ha 11 poibbl
(cbipoit Bec). BO3 1 YnpaBneHue no caHUTapHOMY Haasopy
33 Ka4ecTBOM MULLEBBIX NPOAYKTOB M MefuKaMeHToB (Food
and Drug Administration, FDA) peKOMeHAYIT MaKCUMasbHo
ponyctuMble KoHueHTpaumu 0,5 u 1,0 Mr pTyTv Ha 1 1 poibbl
1 pbIBONPOLYKTOB COOTBETCTBEHHO.

MomMumo pbibbl, McCneaoBaHNA QUKCUPYIOT MOBbILIEH-
HOe CofiepXaHue pTyTU U CBMHLIA B MSAICE CEBEPHBIX OJIEHEN,
a TaKKe CyLLLeCTBEHHOE MOBbILLEHWE PTYTH U CeNleHa B neye-
HW nonsipHbIX MeaBeaei KaHapabl, Ansicku u IpeHnaHaum (M3-
DbITOK CeneHa TaKkKe OKa3bIBAeT TOKCMYECKUN 3ddeKT) [46].
Y bepeMeHHbIX KEeHLUWH, NpOXMUBalLWMX B [peHnaHauu,
0bHapyXuUnu Koppensumio Mexay notpebneHueM mope-
MPOAYKTOB W KOHLEHTpaLmeit pTyTh B kposu. [1pu atom no-
Ka3aHo, YT0 pTYTb HapywaeT PenpoAyKTUBHYI0 QYHKLMIO
W NpeAcTaBnseT OnacHoCTb AN GepTUIbHOCTM M UcXofa
bepemeHHocTH [47].

HecMoTps Ha To, YTO TPaAULMOHHBIN paumoH abopureHoB
CeBepa CYKUT BaXKHEMLLMM UCTOYHUKOM MaKpO- U MUKpO-
HYTPUEHTOB, OH TaKXe COAEPMMT MOBbILEHHBIA YPOBEHb
XNOPOPraHN4eCKUX COEAVHEHWH, PaMOHYKIMAOB, a TaK-
e TAXKEnbIX MeTannoB. B poccuiickoit Apktuke, Cubupm
1 Ha [lanbHem BocToke 3admKcMpoBaHo 3arpsisHeHMe MULLy
PTYTbIO, CBUHLIOM, MbILLBbSIKOM W KagMueM [34]. Y 96% kopeH-
HOro HaceneHus XaHTbl-MaHCUICKOro aBTOHOMHOIO OKpyra
(KOHTMHEHTaMbHBIN PErMOH) 3aperucTpUpPOBaTM MOBbLILLEHHOE
COZIepXaHWe pTYTW, KOTOPOE B 4 pasa MpeBbIlLano HopMy
M KOPPEenupoBasno C BLICOKOW KOHLEHTpaLuen 3Toro 3se-
MEHTa B NMPecHoBoAHOM pbibe [48]. MokasaHo npeBbileHWe
AOMYCTUMOro COflepKaHus pTyTu B ropbyLue, Bbi/IOBAEHHO
B PeKax KOHTUHEHTaNbHOM YYKOTKU — UCTOYHMKAX NUTBEBOA
BOAbI 11 MECTHbIX XuTenei [49].

WccnepoBaHus aneMeHTHOro craryca xuTeneit MaragaH-
CKOM 0611acT M YyKOTKM BbISIBUIM PTYTb U CBUHELL B BONIOCAX
KOPEHHbIX JUTeNel NPUMOPCKMX NOCENKOB, BKIIOYas AeTen,
OCHOBY paLOHa KOTOPbIX COCTaBNSAET pbiba M MOpenpoayK-
bl [50]. ConepikaHue pTyTW He npeBbiwano uonornyecku
A0MycTMMOro 3Ha4eHns — 5,0 MKT, Ho 6b110 BhbiLLe POHOBLIX
nokasateneit no Poccum (0,5-1,0 MKr/T).

METABOJINYECKUE OTHOLLUEHUA
B CUCTEME «PTYTb—CEJIEH»

anI aHaJin3e TOKCUYHbIX 3JIEMEHTOB B OpraHu3sMe 4e-
JIOBEKa cniefyeT y4uTbiBaTb CJ/I0XKHbIe KOHKYPEHTHO aHTa-
FOHUCTUYECKME B3aUMOJENCTBUA Mexay aneMeHTaMu. I
B3aMMOCBA3K MOTyT NpUBOAUTL K BbITECHEHUIO 3CCEHLMU-
dJIbHbIX 3J1EMEHTOB TOKCWYHbIMU, 4TO CI'IOCOﬁCTByeT pas-
BUTUIO BTOPUYHBIX TMNO3J1EMEHTO30B. (®usnonormyeckumm
dHTaroHUCTaMn pPTyTU BLICTYNAKOT CejieH U cepa. Cenen,
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KaK aHTMOKCMAAHT U UMMYHOMOZLY/IUPYIOLLMIA areHT, CAYKUT
(YHKUMOHAMBHEIM aHTMAOTOM pTYTU. B cBOlO OYepedb, W3-
ObITOYHbIE KOHLEHTPAUMKM PTYTW BLITECHSIKOT CefieH U3 buo-
noruyeckux cpeg, [51, 52].

PTyTb BbI3bIBaET fe@uUUT ceneHa W HenocpeacTBeH-
HO WHrMOMpYeT ero pofib B PerynauMu BHYTPUKNETOUHOI
OKWUCITENIbHO-BOCCTAHOBUTENBHOM cpefdbl. CeneH cHu-
XaeT TOKCMYHOCTb PTYyTW, bnarofaps HeCKONbKUM Me-
XaHM3MaM: YMEeHbLUAeT BCACbiBaHWE PTYTU B KENyLOY-
HO-KWLIEYHOM TpaKTe, CNOCOBCTBYET AeMeTUANPOBaHUIO
OpPraHMYecKuX COeaMHEHWN pTyTU ¢ 0bpasoBaHueM Heop-
raHu4eckon hopMbl M BOCCTAHABMBAET aKTUBHOCTb CeJle-
HonpoTenHoB [52].

M3BecTHO 0 CUNbHOM MONOKWUTENLHOM KOppensuuu
MEXAY COAEPXKaHWEM PTYTU W CENieHa B TKaHAX pbIbOsALHbIX
YMBOTHbIX, 0COOEHHO XMLLHBIX MOPCKWUX MIEKOMUTAIOLLMX.
MeTabonmnueckue OTHOLLEHWSA PTYTU U CESIEHA OTPAXAKOT B3a-
MMOJLENCTBUE CUCTEMBI «TOKCUKAHT—HYTPUEHT», YTO HEODXO-
OMMO Y4uTbIBaTb MpU OLEHKE MX DanaHca B OKpyKaloLlei
cpene. MnekonuTatowme U NTULbI C BbICOKMM TPOGUYECKUM
YPOBHEM MOTYT YacTMYHO KOMMEHCUPOBaTb TOKCUYECKOe
LeficTBME METUNPTYTU MYTEM XenaTMpOBaHWA HeopraHuye-
CKOI pTyTH ceneHoM. ccnepoBaTenm usyumnu pacnpegene-
HWe PTYTU U CefleHa B MbILILLAX, MEYEHW M MOYKaX Y MHO-
JKECTBa BMAOB MOPCKMX XMBOTHbIX. Pe3ynbraThl nokasanu,
4T0 y 60SbLIMHCTBA 0CO6EN MONSAPHBIE KOHLIEHTPALMK CefleHa
npeBbILany NoKasatenm prytm [53].

JlanbHenwwan TexHOreHHas akKyMmynsums pTytu B Mupo-
BOM OKEaHe MOXET MPeBbICUTb KOMMEHCATOPHbIE BO3MOX-
HOCTM 311eMEHTOB-aHTarOHUCTOB, C03AaBas NOTEHLMANbHYIO
yrpo3y Ans apKTUYECKMX 3KOCMCTEM U 3[,0POBbA HACENIEHUA.
Eweé B 1970-x ropax uccnepfosatenu 0BHapyXunu nosbl-
LUEHHOE COLlepaHWe pTyTW B Boslocax abopureHoB YyKoT-
KW — YyK4en M 3CKMMOCoB [54]. Mpun 3TOM M3bLITOK pTyTH
yXe TOrga CoOTBETCTBOBAN paioHaM C reoXMMUMYeCKUMU
aHoManusMu. OfHaKO BbICOKME KOHLEHTpaLuUW pTyTv Bbin
cbanaHcMpoBaHbl MOBbILIEHHBIM COAEPXKaHWEM ceneHa. Bbi-
COKME KOHLIEHTpaLuu 060Mx 371eMEHTOB 06 BACHUMBI 0CODEH-
HOCTAMMW pauMoHa abopureHoB, KoTopble NOTPebASKT MACO
MOPCKMX MBOTHbIX (KMTOB, MOpXeii, TioneHeit), boratoe
KaK CeNeHOM, TaK U MeTUPTYThIO.

PTyTb 1 €€ coeanHeHNs 0Ka3blBaOT He TOMbKO 0BLLETOK-
CMYeCKoe [eNCTBUE, HO U MPOSBMIAKT FOHA[0TOKCUYECKNE,
3MBPUOTOKCUYECKUE, TEPATOrEHHBIE U MyTareHHbIe CBOWCTBA.
CyLecTByeT NpesnosoKeHe 0 KaHLEePOreHHOCTU U Heopra-
HU4ecKon pTyTv [44]. LLnpoKoe pacnpocTpaHenue geduumta
CcefieHa y COBpeMeHHOM nonynaumm xuteneit CeBepa Ha GoHe
HaKOMJIEHUS PTYTU B OpPraH3Me MOXKET NMPUBOAMTb K XPOHU-
UECKOMY MepKyp1anmaMy.

CvMNTOMBI PTYTHOW MHTOKCMKALMK 3aTparuBaloT npenMy-
LLIECTBEHHO HepBHYto cucTeMy. Mo aaHHbIM BO3, exenHeBHoe
nocTtynneHue MeTunpTyT B go3e 3,0—7,0 MKI/Kr noBbilaeT
PUCK HeBponoruyeckux 3aboneBalui Ha 5% [42]. Momumo
HEBPONOTUYECKUX PacCcTPOMCTB, U3BLITOK PTYTW MPOBOLY-
pyeT pa3BuTMe caxapHoro nuabeta W runeptoHuu. Takxe
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0bCy)KAaloT posb PTYTM B GOPMUPOBAHUM AYTUCTUHECKOIO
noBeseHus [59].

CEBEPOCMELIMOUYECKUE DAKTOPDI
W 3[10POBbE XUTENEN CEBEPA

ApKTuYeckue TeppuTOopUM — 3TO Cpefa, FAe YenoBeK
UCMbITLIBAET CU/IbHOE BO3AENCTBUE KOMIJEKCa NpUpOHO-
KimMaTnyeckux daktopoB. K HUM OTHOCAT 3KCTpeManbHble
TeMMepaTypHbIA 1 BETPOBOM PEXWUMbI, MOBLILLEHHbIE 3HEP-
ro3atpatbl, KOHTPACTHbI pUTM (OTONEPUOANYHOCTH, PE3KMe
nepenaabl aTMochepHOro AaBNEHUSA, TUMOKCUIO, aHOMauu
reoMarHuTHbIX NoJiel, NyCTbIHHOCTb M 0AHO0bpasue NaHA-
wadta u ap. [56, 40].

KoMnnekc npupopHo-knuMatudeckux daktopos Cese-
pa GopmupyeT rnobanbHbIl MeauKo-buonornyeckun de-
HOMEH — «CUHAPOM MONAPHOr0 HaMPAXEHUS» UK «3KO-
norn4ecku 0bycnoBneHHbI ceBepHbIl cTpece» [57]. 3To
COCTOSIHME MPUBOAMT K HapyLIeHW0 0OMeHHbIX MpOoLeccoB
W pa3BUTMIO KpaeBbix GopM natonoruu. B 1o xe Bpems Ce-
BEp C/YXKMT YHUKaNbHOW NpMpoAHOiA nabopatopuen ang uc-
CNef0BaHUs aflanTMBHbIX peakuumin Yenoseka. [nntensHoe
NPOKMBaHWE KOPEHHOTO HACeseHWs B 3KCTPeManbHbIX YC-
NIOBUAX M MUTpaLms Nioaei U3 bonee 6naronpuUsATHbIX Ku-
MaTUYeCKMX 30H, CONPOBOXAAIOLLIMECS alaNTUBHBIMU U Y-
3a[anTUBHbIMU PeaKLMAMM, CO3LAKT ecTeCTBEHHYyD 6a3y
ANs UcCnefoBaHuin B 0611aCTH 3KoN0OrMYecKoi dusnonorum,
BKJ/II0Yast U3y4YeHWe pe3epBHbIX BO3MOXHOCTEN YesI0BeKa
B ycnoBusax Apktuku. Ocobblit MHTepec NpeacTaBnAoT M30-
NMpOBaHHble abopureHHble coobLIecTBa, NpOXMUBalOLLWe
B OTZLaNEHHbIX paiioHax CeBepa U COXPaHMBLLME 3THUYECKME
Tpaguumu, 0bbivau 1 bbIT. Takue M307MpoBaHHbIe coobLue-
cTBa abopureHoB cnyxar YHUKabHOM MOAeNblo Ans u3yde-
HWA BO3MOXHOCTEl BbIXKMBaAHMSA YeJIOBEKA B IKCTpEMallb-
HbIX YCNOBMAX (KMMaT, reoXvMMuWs, MUTaHWe, 340pOBbe,
NPOJOMKUTENBHOCTD U3HH).

DeiictBue cneunduyeckmx ¢axtopoB CeBepa, TaKmx
KaK (oTONepuoAmM3M, aHOManuMm MarHUTHbIX Noseii u Kone-
6aHus aTMocdepHoro AaBneHNs, NPaKTUYECKN HEBO3MOXHO
610KMpOBaTL COLMaNbHBIMU UK 3aLUMTHBIMU MepaMu. 0a-
HaKo COBPEMEHHbIE AOCTUMXEHUSA LMBUAM3aLmMu — cbanak-
CMpOBaHHOE MUTaHWe, COOTBETCTBYHOLLEe MeTabonyeckuMm
noTpebHOCTAM, U QYHKUMOHANbHAsA OfEXAa — NO3BONAIT
YaCTUYHO KOMMEHCUPOBATb 3KCTpPEManbHOe BO3[ENCTBUE
CeBepa. TeM He MeHee, HEKOTOpble GaKTOPbl HEBO3MOXHO
ocnabutb, HEMTpanM30BaTh UM KOMMeHcUpoBaTb. MomMumo
CE30HHOI CBETOMNEPUOANYHOCTM, FEOMAarHUTHBIX aHOManui
W nepenagoB aTMoCdepHOro AaBfeHWUs, K MOCTOAHHbIM
3KonornyeckuM daxtopam CeBepa 0THOCAT reoxMMuyecKue
0c06EHHOCTU apKTUYECKMX PErMOHOB — MOA30JIUCTLIE MO-
UBbl U CNaboMWHepanM30BaHHYK NUTLEBYIO BOAY. YKa3aH-
Hble QaKTopbl NpeonpeaensoT NOTEHUMaNbHbIN feduumut
3CCEHUManbHBIX MUKPO3neMeHTOB. KpoMe Toro, y MUrpaH-
TOB OefiHas MWHepanbHbIMM BELLEeCTBaMU OKpYHaloLlas
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cpefa ycyrybnsieT akKIMMaTM3aUMOHHBIA AeduunT xenesa,
¢dTOpa, ceneHa, Kanbuus, KOTOPLIA M Be3 TOro xapaKTepeH
AN HecbanaHCMpOBaHHOrO pauMoHa KaK MUIPaHToB, TaK
U KOPEHHOT o HaceneHus. lpy 3ToM 0CHOBHYH poib B Hapy-
LweHMM 06MeHHO-aanTUBHBIX NPoLeccoB 1 GopMMpOBaHUS
CEBEePHOIA MaToNIOrMM UrpaeT MMeHHO nNuTaHue [58-61].

OCOBEHHOCTU NMUTAHUA XUTENEN
CEBEPA

CoxpaHeHue 340p0OBbS B YC/IOBUSX CYPOBOr0 K/MMaTa
BO3MOXHO JIULIb NpU MOJIHOLLEHHOM MUTaHWUMW, KOTOPOE Ha-
NpsAMYI0 BNUSIET KaK Ha COCTOSHME OpraHnu3Ma B LIeSIOM, Tak
U Ha aKTUBHOCTb €ro OTAE/bHBIX QYHKLMOHANBHBIX CUCTEM.
lUTaHWe, KaKk MOCTOAHHO AEWCTBYIOLIMIA COLMANbHO-3KO-
noruyeckuin $hakTop, JOMKHO ObiTb He TOJIBKO MOJTHOLEH-
HbIM, CBanaHCMpOBaHHLIM UM COOTBETCTBOBATL (YU3UYECKON
aKTMBHOCTM M MOJTY, HO W Y4YMTbIBaTb KiMMaToreorpaduye-
CKMe YCIIOBMSA MPOKMBAHWSA, HaLMOHambHbIe 0COBEHHOCTH
1 NULLEBbIE NPUBLIYKK [62].

A6opureHHoe HaceneHue ApKTUKM afanTMPOBaHO K Nnpu-
POAHO-KIIMMAaTMYECKOI Cpefie, BKITKOYas 1 buoreoxuMmyecKoe
OKpyeHue. WccnesoBateny cUTaloT, YTO 3BOJIOLMOHHO Bbl-
paboTaHHble MexaHW3Mbl 06MeHa BeLLecTB 3aKpensieHbl re-
HeTuyecku [63]. OgHaKo M3MeHeHWst NPUPOLHO-COLMANbHOM
cpeqbl (KMMara, 3Kosoruu, 06pasa KNU3HW U NUTaHUS) MoryT
Ha 3NUreHeTUYECKOM YPOBHE HapYLUNTb HAc/eACTBEHHbIE Me-
XaHW3Mbl 06MeHa.

PaspyweHne TpaguuMOHHOTO YKNaja M3HW abopu-
FEHHOr0 HacesneHnsi ApKTUKM M3MEHUNO U UX paumoH [58].
CTpyKTypa nUTaHMs COBPEMEHHOIO KOpPEHHOT0 uTens Cese-
pa npuobpena BbIpaXKeHHbI YreBoAHO-IMMUAHBIN XapaKTep
C NOHMKEHHBIM COLLePIKaHUEM BUTaMUHOB, MUHEPabHBIX Be-
LLIECTB, MULLEBbIX BOJIOKOH 1 APYTUX BaXKHEMLUMX HYTPUEHTOB.
HekoTopble aBTOpbI CBA3LIBAKT 3T0 C MOBbILIEHUEM (aKTO-
POB pUCKA CEpAEYHO-COCYAUCTLIX 3aboneBaHuii U anuMeH-
TapHO-3aBMUCKUMOA natonorum [62].

TpagMuMoHHOe NUTaHWe XuUTenen ApKTUYECKOW 30HBI,
YLLOBNETBOPAIOLLEE HYTPUEHTHBIM MOTPEBHOCTAM U MOKpbI-
BalOLLee 3Hepro3atparbl, BKIIOYAET perynsipHoe (He pexe
3 pa3 B Hepgeno) notpebrieHne MeCTHOW pbibbl U ONEHUHBI
[64, 65]. OgHaKO TaKOM peXMM NUTaHWA AN KOPEHHOrO Ha-
ceneHus He aBnseTcA 06LLeA0CTYMHBIM.

B cBA3M C U3MeHEeHWEM NpUPOLHO-KIIMMATUYECKMX YC-
NOBUIA apKTUYECKUX TepPpUTOpUIA (COBMI CE30HOB, aHOMa-
NUM NefoBOi 06CTaHOBKM) YMeHbLIMNACh A00bIYA MOPCKUX
MnekonuTatowmx [34]. 3a nocnepHue pecatunetus Ha Ce-
Bepe, B YaCTHOCTW B ApXaHrenbCKoW 065acTu, cHU3Mnach
UMCNEHHOCTb NpefnpuATHiA pbibosioBcTBa M pbiboBOS-
cTBa. 06bEMBI BbINOBA Pbibbl TAKKE CYLLECTBEHHO CHU3M-
nuch (MOYTK BTPOE) NO CPABHEHUIO C MUKOBLIM MEPUOLOM
1980-x rr. [66].

MpuBeaEHHbIE AaHHbIE, XOTA M HE WUCYepnbiBalLLMe,
CBULETENbCTBYIOT O COKpaLLeHUM [ONAW TpafULMOHHBIX
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NPOAYKTOB B paLMOHe JKuTeneii ceBepHbIX peroHoB. [lepe-
XOA Ha 3amafHbl TUN NUTaHWUSA, BCIELCTBME U3MEHEHNS Co-
OTHOLLEHUS| MaKPOHYTPUEHTOB (DEJIKOB, KWPOB, YrNeBOAOB),
MPUBEN K CHIXEHUIO MOTpebneHns BUTaMUHOB W MUHEpab-
HbIX BeLLeCTB. 3T0 CHWMaeT afanTaLMOHHbIA MoTeHuMan
opraHu3Ma u b1onorvyecKylo yCTomumMBOCTb YesIOBEKa B YC-
nosusx Cesepa [29, 58]. Mpu 3TOM y abopureHoB 0TMeva-
I0T rMNOBMTAMMHO3bI W MOSIBNIEHNE paHee HexapaKTepHbIX
Ans HUX bonesHen, B YaCTHOCTW paxuTa [34].

3/IEMEHTHbIN CTATYC KOPEHHbIX
W NPULLNBIX YXUTENEWA CEBEPA

MprpoaHbIA fednunT BUOreHHbIX 3/1EMEHTOB, YCUIEHHbIN
noTepen BUONOrNYECKM LIGHHOrO NUTaHKA, Ha GoHe MeTabo-
JINYECKMX HapYLUEHWH, MPUBOAMT K BO3pacTaHWIO Y KOpeH-
HbIX xuTenen CeBepa AeduuMTa 3CCEHUMANBHBIX MUKPO-
371EMEHTOB. Y COBPEMEHHOMN MONYASLMNA KOPEHHBIX HAPOAOB,
B yacTHocTM y abopureHoB CeBepo-BocTtoka Poccum (3Bebl,
KOPSIKM, YyKYM), UCCNeLoBaTeNM OTMEYaKT MOHWKEHHOE
COAepXaHue 3CCeHUManbHbIX 3NneMeHToB (KobanbTa, Mar-
HMS, XpoMa, hoaa, cenexa) [67]. B HekoTopbIx abopUreHHbIX
rpynnax 3auKCUpOBaM MOBLILIEHHOE COAEPIaHUE PTyTH
M CBMHLA, YTO MOXET BbITb CBA3aHO ¢ NpeobnafaHneM B pa-
LiMOHe pbibbl M MopenpoayKToB [68].

Buoreoxummyeckue ycnoBusi ceBepHbIX TEPPUTOPUI, OT-
HOCUTENbHO BnaronpusATHbIE AN KOPEHHBIX KUTENEN, MOryT
BbI3bIBaTb AUCKOMQOPT Y NpUe3Kero HaceneHus. Agantue-
Hble NepecTPOMKY opraHM3Ma MUrpaHToB B ycroBusx Cesepa
NPOTEKAIOT C BbIPAXEHHBIM HaNpsiKEHUEM QYHKLMOHANBHbIX
CUCTEM W TEHLEHUMed K JAeKOMMeHcauuu, 4to NpUBOAMT
K QOPMMPOBaHMIO aKKNIMMATM3aLMOHHOTO AeduumTa 3NeMeH-
TOB U ycyrybnsieT NpUpoAHY0 HEAOCTAaTOMHOCTb BUOTeHHbIX
3/IEMEHTOB.

WccnenoBaHus NoKasbiBaloOT, YTO Y MUrPaHTOB C YBENM-
UEeHMEM BPEMEHW MPOXMBAHUSA Ha apKTUYECKWUX TeppuTo-
puAX pa3BuBaeTCA QYHKLMOHANbHOE MCTOLLEHWE pe3epBa
HEKOTOPbIX 3CCEHLMANbHBIX 3NIEMEHTOB: KanbLus, CENeHa,
Xene3a, dTopa. B 3o cBA3M TPyAOBas MUrpauums Hacene-
HWA M HE3aBepLLUEHHAs afanTaumsa NpUesMX K cpeae 0bu-
TaHus [69], B TOM unCe U K FEOXMMUYECKOMY OKPYEHMIO,
CMNoCOBCTBYIT PasBUTUIO MHOTO(AKTOPHLIX 3aboneBaHui
[70], BK/OYas KOMMIEKCHBIE 31eMEHTO3bI.

Mpy NnaHMpoBaHUM BUOreoXMMMUECKUX WUCCIe0BaHMUI
B apKTUYECKUX PETMOHAX YXe anpuopu MOXHO NporHo3u-
poBaTb HEOCTAaTOK B brochepe KobanbTa, CeneHa, ienesa,
/0aa, KanbLys, MarHus W NOBbILUEHHOE COAEpXKaHWe pTyTH,
CBMHLQ, KagmMus. KpaiHue OTKIIOHEHUS B KOHLIEHTPALMM 3TUX
3/1EMEHTOB BbI3bIBAIOT HapyLUEHWs] MUHepanbHOro obMeHa
Y pacTeHWi, XMBOTHBIX U YenoBeka. BoaMoxHble aHAEMUK
MPUPOSHOr0 MM TEXHOrEHHOTO reHe3a MoryT BbiTb CBA3aHbI
Kak ¢ aucbanaHcoM oTAenbHbIX 3/IEMEHTOB, TaK M C Hera-
TUBHBIM BO3/EHCTBMEM Ha BMOTY UX HempeACcKasyeMbIX KOM-
OMHaLMIA.
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oJ1, Er0 BUOJIOrMYECKAS POJTb.
MOOHbIN CTATYC HACEJIEHUS POCCUU

Mpu uccnefoBaHWM BUOrEOXMMUM APKTUUECKUX TEPPUTO-
puit cnedyeT yaenuTb ocoboe BHUMaHme iioay. Mop sena-
eTCA HE3aMEHUMBIM CTPYKTYPHBIM 3/IEMEHTOM TUPEOUAHBIX
FOPMOHOB, CMHTE3MPYEMBIX LUMTOBUAHOI Xene3oi [71]. 310
OCHOBOMOJIAralLLMN 37IEMEHT XU3HU: PErynaTopHoe Aen-
CTBME MOAMPOBAHHBLIX FOPMOHOB OXBATbIBAET MPaKTUYECKM
BCE BMAbl U3HEHHBIX QYHKUMIA YenoBeKa — OT KOHTPOS
OCHOBHOr0 06MeHa 10 pa3BuUTMsA MO3ra U HOPMUPOBaHMS UH-
TennekTa. HepocraTok iofia NpUBOAUT K YHKUMOHANBHOMY
HaMNPAXEHMIO LUMTOBUOHOM Xenesbl U Bbi3bIBAET KOMMEKC
NaTonoruiyeckUX U3MeHeHUI, U3BECTHBIX KaK NOA0AepUUNT-
Hble 3a00N1eBaHUA: IHAEMUYECKUIA 300, TUNOTMPEO3, Hapy-
LeHne QU3MYECKOT0 U YMCTBEHHOTO Pa3BUTUSA, CHUKEHUE
MMMYHUTETA, PENPOLYKTUBHbIE AMCQYHKLMM, NpexpeBpe-
MeHHoe cTapeHue U Ap. Cpean 3HAOKPWHHBIX HapyLLeHWN
iogoaeuunTHble 3ab0N1eBaHNSA 3aHMMalT BTOPOE MecTo no-
cre caxapHoro avabeta, npy atom ao 80% cnyyaeB cBs3aHb
C XPOHUYECKUM HE[0CTaTKOM 10/a B paLMOHe.

HopManbHbli 06MeH ioga TpebyeT ero noctynneHus
B CYTOYHOM [103€ NPUMEPHO 3 MKI/KT, YTO COCTaBASET HE Me-
Hee 150-250 MKr ans B3pocnoro yenoeeka. OnHako B Poc-
cum aKTUYecKoe cyToyHoe noTpebneHue Wopa cocTaBnset
40-80 Mkr, yTo B 2—3 pa3a MeHbLLE peKOMEeHL0BaHHOW HOp-
Mbl. [TpaKTU4ecKu Ha BCel TeppuTOpUM CTpaHbl HabmoaaloT
WOOHbIA AedUUMT pasnUyHOW CTEMeHW TAXKECTW, BKIHOYas
CIly4au BPOXAEHHOW HeJ0CTaTOUHOCTH. B HeKoTopbIX pervo-
Hax Cesepa, Cubupu n anbHero Boctoka (Pecnybnuka Caxa
(AxyTns), ToiBa, XaKacus, HeKOTOPble PaioHbl ApXaHreNnbCKoi
0bnacTn) obHapyxeHbl ouaru TAKENOro MoAHoro Aeduum-
1a[72, 73]

MupoBoii onbIT NoKa3biBaeT, YTO Haubonee addek-
TMBHbIM, [ELEBLIM M 6e30MacHbIM METOAOM JIMKBUAALMM
¥ NpoduUNaKkTUKM MogofeduumMTa CITyHHUT UCMONb30BaHUE
0aMpoBaHHON NuweBon conu. bnarogaps nporpaMmam
MOAMPOBaHMUA COMM MHOTME CTpaHbl 3HAYMTENbHO Co-
KpaTUAM pacnpocTpaHEHHOCTb ioaHoro aeduuuta [73].
YcnewHyl MaccoByl MoAHyK NpodunakTUKy NpOBOAAT
B bonblunHCTBE cTpaH Mupa, B ToM uucne B CLUA, Kana-
e, eBpONencKux cTpaHax. 3a nepuog 1990-2022 rr. B 126
13 130 cTpaH Mupa, rae cywecTBoBan feduuuT ioaa, npu-
HANW 3aKOHOAATeNbCTBO MO MOAMpOBaHUi0 conn. Becemup-
Hoe c006LIeCTBO NpU3HaNo 3Ty CTpaTerui «riobanbHoii
uctopuen ycnexa [72].

HecMoTps Ha ycneLUHbIi MexayHapoLHbIM onbIT B Poccum
OTCYTCTBYIOT CUCTEMHble MeponpusTua no bopbbe c iopo-
AeduumnTHeIMK 3aboneBaHusMu. 0bs3aTensHoe UCNOMb30Ba-
HWe NOAMpOBaHHOW conn Beenm Tonbko B 2020 r., v TONbKO
ANa yyawmxcs obweobpasoBatesbHbIX yupexaeHuii (Can-
MuH 2.4.5.2409-08). OTcytcTBMe 3aKoHomaTenbHOW Oasbl
0 BceobLLeM 1oaMpoBaHNKM conmn 00bACHAET COXpaHEHMeE No-
NYNAUMOHHOTO HofoaeduUmMTa U POCT NaToNOrMi LMTOBUA-
HOM enesbl cpefu Hacenenus Poccum.
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TakuMm 06pa3oM, OCHOBHble MpUYMHBI feduumMTa Moaa
Y XUTeNlel apKTUYeCKUX peroHoB Poccum BKIKOYAIOT npu-
POAHO-couManbHble aKTopbl: aeduumT Moaa B brocdepe,
COKpaLLeHWe NoTpebnieHns TPaAMLMOHHBIX NPOLYKTOB MU-
TaHus (pblbbl U MOPENpPOLYKTOB, MACAa MOPCKUX MIEKONU-
TalowWmx). YKasaHHble (aKTopbl, YCUNEHHbIE OTCYTCTBUEM
LO0/MKHON MOJHOM NPodunakTuku, GOpMUPYIOT 3KONOro-co-
LManbHYI0 OCHOBY [1 Pa3BUTUS TAXENbIX GOPM HOLHOMO
aeduumta.

Mpn aHanuse 1OAHBLIX MPOBUHUMA CrlefyeT Y4YuTbIBATh,
uyTO He BCe pernoHbl Poccun ucnbiTbiBatoT gedmumt. Hekoto-
pble PeruoHbl, HaNPoTWB, OTAMYAKTCA MOBLILLEHHBIM COAEP-
¥aHueM Wofa B brocdepe M3-3a ero BbICOKOM KOHLIEHTpaLMM
B MPUPOAHbIX BoAax. AkKyMynsaums ofa B BoAe, NPOMCXO-
[VT B paloHax, rae HedTe- M ra3oHOCHbIe NacTbl 3aneraT
6nM3Ko K BOLOHOCHBIM CNosiM. [Mof3eMHble BOAbl TaKKUX 30H,
ucnonb3yemble A BOLOCHAbMKEHMS W OpOLLIEHUS CeNbCKO-
XO3AINCTBEHHBIX KYNbTYp, COAEPIKAT BbICOKME KOHLEHTpaLmuu
103, N03BONSOLLME NPOBOAUTH €0 NPOMBILLIIEHHYHO A06bIYY.

CornacHo [aHHbIM 6Buoreoxummyeckon nabopartopum
AH CCCP [74], rpaH1ua ecTeCTBEHHOW PacrpoCTPaHEHHOCTH
opopeduumtHoro 306a B Poccum npoxogmt no peke Bbl-
yerga (Pecnybnuka Komu, ApxaHrenbckas o6n.). Tepputo-
puM K ceBepy OT p. Beiuerapl cuntaloT iof006ecneqeHHbIMU.
Hanpumep, nopseMHble Boabl CeBepOABMHCKOWM BMaguHbI
Ha EBponelickoM CeBepe copepaT #of4 B KOHLEHTpaLum
5-30,5 mr/n [75], 4To no3Bonmno paspabotatb Ha 3TOi Tep-
PUTOPUU TEXHOMOTUIO MOJTYHEHUS! KPUCTANIIMUECKOTO MOAa.

3AKJIOYEHUE

MpyUpoAHO-KIMMaTUYECKME (aKTOpbI, BKIIOYas BMSHUE
cpefbl 06UTaHUS ¢ AePUUMTOM MUHEpPanbHbIX BELLECTB, He-
raTMBHO BO3AEWCTBYIOT Ha HaceneHue apKTUYeCKUX peruo-
HOB. 3T0 MPMBOAMT K pasBuTMIO CreLMbUYECKUX 3NeMeH-
TO30B, CHUMAIOLUMX afanTMBHbIE BO3MOMHOCTU CEBEPHbIX
nonynsaumin. [ina pewwenns npobneMbl HeobxoauMo BHeAPUTbL
MeJMKO-3KO0NOMMYECKUIA KOHTPOSb 33 3[L0POBbEM XUTENEl
apKTUYECKUX PErYOHOB M NPOdMNaKTUKY 3aboneBaHui reo-
XMMUYECKOW NpUPOAbI.

AKTMBHOE 0CBOEHME CEBEpHbIX TEPPUTOPUIA, pa3paboTka
apKTuyeckoro wwenbda, passegka u fobblua nonesHbIx uc-
KOmaeMmblX, a TaKKe 3almTa rocyfapCcTBEHHbIX rpaHuL, ycu-
JMBAET MPUTOK JIOAEN M3 Apyrux pernoHoB Poccum (BoeH-
HOC/y)KalLye, BaxToBble paboyue, JONrOCPOYHBIE MUATPAHTBI).
B cBA3U C BbICOKOW COLMANBbHO-MUrPALIMOHHO aKTUBHOCTbIO
HeobX0AMMO MPOBOAMTL OMOreoXMMUYECKME McCNefoBa-
HWA, BKJIOYAsA TeO0XMMUYECKOEe PalOHMpOBaHWE apKTude-
CKWUX pervoHoB (aHanu3 BOAbI, NMOYBbI, MPOAYKTOB MUTaHMS,
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3IEMEHTHOrO CTaTyca Hacenexus). 370 NO3BOUT BbISIBUTL
PEruoHbI C MOBbILIEHHOI NPeAPACTONONKEHHOCTbH K broreo-
XMMWUYECKUM 3HAEMUSM U pa3paboTaTb MeToabl KOppeKLum
1 NPOGUNAKTMKM CEBEPHBIX 3/IEMEHTO30B.

AOMO/JHUTE/IbHAA UHOOPMALIUA

Bknap aetopoB. AJ1. [opbayeB — c6op ¥ aHanM3 nUTepaTypsl, Hanuca-
HUWe TeKcTa. ABTOp NOATBEPXKAAET COOTBETCTBE CBOETO aBTOPCTBA MEMAY-
HapoaHbiM KputepusM ICMJE (Bce aBTOpbI BHECW CYLLECTBEHHBIA BKNag,
B pa3paboTKy KOHLENLMK, NpoBeeHUs UCCe0BaHMs W MoAroToBKy CTa-
b, MPOYN M 0[06PUAM BUHaNbHYI0 BepCUIo Nepef, NybnuKamen).
JTnyeckas akcneptusa. He npymeHnmo.

Cornacue Ha ny6nukaumi. He npuMeHmmo.

WUcTounuk dmHaHcupoBaHuA. ABTOp 3asBNSET 06 OTCYTCTBUM BHELLHErO
(VHaHCVPOBaHWA NpY NPOBEEHUN UCCNe0BaHNS.

PackpbiTe nHTepecoB. AsTop 3asBniseT 06 OTCYTCTBUW OTHOLLIEHWIA, fe-
ATENLHOCTY W MHTEPECOB 3a MOC/eHWE TPU rOfa, CBA3aHHBIX C TPETHMM
MuaMm1 (KOMMEPHECKUMM W HEKOMMEPHYECKVMM), MHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COlEPKAHMEM CTaTbU.

3asBnenue 06 opuruHanbHocTW. [Ipy CO3AaHWM HacTosLeR paboTbl
aBTOp He WCMosb30Ban paHee OnybNIMKOBaHHbIE CBEAEHWS (TEKCT, Winio-
CTpaLmu, faHHbIe).

HocTyn K AaHHbIM. PefjaKLMOHHaA NOUTUKA B OTHOLLEHWW COBMECTHOMO
MCMO/b30BaHUA fAaHHbIX K HACcToALLEel paboTe He NpyMeHWMa, HoBble AaH-
Hble He Cobupanu 1 He Co3aBanu.

TeHepaTUBHbIA MCKYCCTBEHHbIA MHTEMNEKT. [1py CO34aHMM HACTOALLEN
CTaTb¥ TEXHOMOMW FEHEePaTVUBHOMO MCKYCCTBEHHOMO MHTESNEKTa He MCMofb-
30Banu.

PaccMoTtpenune u peueHsupoBanme. Hactoswas paboTa nogaHa B xyp-
Han B WHMLMATMBHOM NOPSZKE M PaccMOTpeHa Mo 0bbl4HOM MpoLenype.
B peLieH3vpoBaHny y4acTBOBaM [Ba BHELLHMX PELIEH3eHTa, YIeH pefaK-
LIVIOHHOW KONMErvn W Hay4HbIA pefiakTop U3AaHNS.
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MonoBbie 0cobeHHOCTU BapMabeslbHOCTU CepAeYHOro
PUTMa Y NIbDKHUKOB-FOHLLUKOB

A.J1. Mapkos

(MepnepanbHblii MccnenoBaTeNbCKuii LeHTp "KoMK HayuHbI LIeHTp Yparbckoro oTaeneHus PoccuiicKoi akageMum Hayk', T. CoikTbiBKap, Poccus

AHHOTALMUA

06ocHoBaHue. BapuabenbHoCTbL CEpAEYHOro pUTMa Y CrOPTCMEHOB UMEET MOSIOBLIE 0COBEHHOCTH.

Llenb — u3yyeHue nonosbix 0cobeHHocTel BapuabenbHocTh cepaedHoro putMa (BCP) y fbIXHUKOB-TOHLLMKOB.

MeTopabl. B 061Len0aroTOBMTENBHBIN TPEHMPOBOYHBINA NEpUoA 06cnenoBaHo 289 MyxumH u 113 xeHwmH 18—32 net u3 cbop-
HbIX KOMaHA Pecnybnukn KoMy no NbiKHBIM FOHKaM, MMEHLLMX CIOPTUBHBIN paspsL He HKe NepBoro. 3anucb 3NeKTpoKap-
avorpammel (IKI) B TedeHne 5 MUH B NonoKeHUM Néxa W aHanu3 BCP npoBeaeHbl ¢ MOMOLLLI annapaTHO-NPorpaMMHOro
Komnnekca «3JkocaH-2007» («MeauuMHCKME KOMNbIOTEpHbIE cUCTEMbI», Poccus). CTaTUCTUYECKY 3HAYMMOCTb pasnuunin
MEXAY rpynnaMu OLEHUBAM C NOMOLLbI0 KpuTepust MaHHa—YuTHH.

Pesynbtatbl. Y cnoptcMeHoB 060€ero nosa BbIBMIEHbI 3HAUUMBIe PasfinuKsa no psay nokasareneid BCP. Y MyxunH oTMeueHbl
bosee BbicOKMe 3HaYeHus Moabl (Mo) (p <0,001), cpeaHero 3HaueHus AnUTENLHOCTU KapanonHTepBanos (p <0,001), Makcu-
ManbHoe (Max) (p <0,001) u MuHumaneHoe (Min) (p <0,001) 3Ha4YeHWs KapaMOWHTEpPBaNoB, OTHOCUTENbHON (%) MOLLHOCTH
BbicoKoyacToTHoro cnektpa (HF) (p=0,023) no cpaBHeHMIO C EHLIMHAMU. Y JKEHLUMH Bbile 3HAYEHWS YacToTbl CepAeUHbIX
cokpatuenuit (MCC) (p=0,001), oTHowweHne Max/Min 3HaueHuin KapauouHTepsanos (MxRMn) (p=0,02), cumnato-BaranbHbIn
unaekc (LF/HF) (p=,038) n unpekc uentpanusaumm (IC) (p=0,022).

3aknioueHue. Y NbIKHWKOB-TOHLLMKOB YCTaHOBNIEHbI MOJIOBbIE 0COBEHHOCTM BereTaTMBHOW perynsuuM putMa cepaua.
Y MyuMH MO CpaBHEHMIO C XeHLWMHaMK HabnogaeTcs 6onee 3KOHOMHBIN MeXaHW3M BereTaTMBHOW perynisiuum putMa cepaua
1 bonbluee CMeLLeHWe BereTaTMBHOMO BanaHca B CTOPOHY NapackMNaTUyecKoro 3BeHa HepPBHOW CUCTEMBI.

KnioueBbie cnoBa: JIbIXKHUKMY; BapVIaGEJ'IbHOCTb CepAe4yHoro putMma; noj; cepaeyHo-cocyamncrtaa cuctema.
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Sex-Related Differences in Heart Rate Variability
in Cross-Country Skiers

Alexander L. Markov

Komi Science Centre of the Ural Branch of the Russian Academy of Sciences, Syktyvkar, Russia

ABSTRACT

BACKGROUND: Heart rate variability in athletes exhibits sex-related differences.

AIM: The work aimed to study sex-related characteristics of heart rate variability in cross-country skiers.

METHODS: During the general preparatory training period, 289 male and 113 female athletes aged 18-32 years from the
Republic of Komi national cross-country skiing teams with sports qualification of at least first category were assessed. A
5-minute electrocardiogram (ECG) recording was obtained in the supine position, and heart rate variability was analyzed
using the Ecosan-2007 hardware-software system (Medical Computer Systems, Russia). Statistical significance of intergroup
differences was evaluated using the Mann-Whitney U test.

RESULTS: Significant differences in several heart rate variability parameters were found in athletes of both sexes. Compared
with women, men exhibited higher values of mode (Mo) (p <0.001), mean RR interval (p <0.001), maximum (Max) (p <0.001) and
minimum (Min) (p <0.001) RR intervals, and the relative (%) power of the high-frequency spectrum (p=0.023). Women showed
higher heart rate (p <0.001), the Max/Min RR ratio (MxRMn) (p=0.02), low-frequency to high-frequency ratio (p=0.038), and
index of centralization (p=0.022).

CONCLUSION: Cross-country skiers demonstrate sex-specific features of autonomic heart rate regulation. Compared with
female athletes, male exhibit a more economical mechanism of autonomic regulation of heart rhythm and a more pronounced
shift in autonomic balance toward the parasympathetic nervous system.

Keywords: cross-country skiing; heart rate variability; sex; cardiovascular system.
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OPUIMHATTIBHOE VICCIEOOBAHME

Ob0CHOBAHUE

CepAaeyHo-cocyamncTas cUCTEMa y4acTBYeT B mpoLieccax
ajlantauuu OpraHu3Ma K YCNOBMAM U3HEeLeATeNlbHOCTU
W ABNSETCS OLHAM U3 BaXKHEWLUMX MHAMKATOpOB (yHKLMO-
HaNbHOro COCTOSIHMA OpraHu3Ma. M3BecTHo, 4To [aHHas
CMCTEMA aKTUBHO MOJBEPraeTcs CYLECTBEHHOMY BIIMSHMIO
BEreTaTMBHOM HEPBHOW cUCTEMbI. AHanu3 BapuabenbHocTU
cepaeyHoro putMa (BCP) — nonynsipHbiii HEMHBA3MBHBIN
METOL OLEHKW COCTOSIHMS MEXaHWU3MOB perynsuuu ¢usuo-
JIOTMYECKUX GYHKUMIA B OpraHU3Me YesIOBEKA M KMBOTHbIX,
B YaCTHOCTU 00LLLEN aKTUBHOCTU PErYNATOPHBIX MEXaHU3MOB,
HeliporyMoparnbHoM perynsaumum cepAaLa, COOTHOLLEHUS MEX Y
CMMMATMYECKUM W NapacuMMaTMYecKUM OTAEeNlaMM BereTa-
TUBHOI HEPBHOW CUCTEMBI. TeKylLas aKTUBHOCTb CUMMaTUYe-
CKOro M NapacMMNaTMYecKoro OTAENIOB ABNAETCA pe3ynbra-
TOM PeaKLMUM MHOTOKOHTYPHOW M MHOTOYPOBHEBOM CUCTEMBI
perynsumm KpoBoobpalleHus, U3MeHSIOLLEN BO BPEMEHU
CBOM MapaMeTpbl Afs JOCTUMEHUS OMTUMANbHOTO MpUCMo-
COBUTENBHOrO 0TBETA, KOTOPLIA OTPaMaeT afanTaUUOHHYH
peakuuio LienocTHoro opraHuama [1]. BCP 3asucut ot psaga
dakTopos: Bo3pacTa [2], yactotbl Abixauusa [3] u ap. MHo-
rve aBTOpbl TaKKe BbisBUM pasnuuns BCP B 3aBucuMocTy
oT nona [4, 5]. TeM He MeHee, BONPOC BAMSHUS MOJIOBOI
MPUHAANEKHOCTU OCTAETCS BCE ELLE OTKPLITbIM W OUCKYC-
CMOHHBIM. TaKKe aKTyaNlbHbIM SBSETCA U3Y4YeHUE MOSI0BbIX
ocobeHHocTer BCP y pasnuuHbIx rpynn Haceneuus, B TOM
uucne CnopTCMEHOB.

Llenb

Lenb mccnepoBaHua — U3y4nTb 0cobeHHOCTM Bapua-
benbHoCcTH cepAeyHoro puTMa y Nbli>KHUKOB-FOHLLNKOB o0bo-
ero nona.

METO/bI

Jln3aiiH uccneposaHus

MpoBeaeHo nonepeyHoe BbIGOPOYHOE HEKOHTPONIMPYEMOe
OZHOLEHTPOBOE MCCIIeL0BaHME.

KpMTepMM cooTBeTCTBUA

Kputepun BKNtOueHus: Bo3pacT 18-32 net; Hanuume
CNOPTUBHOIO Pa3psia He HUXeE NepBOro; 0TCYTCTBUE OCTPbIX
M XPOHWYECKMX 3ab0NieBaHUIt Ha MOMEHT U 33 [1Be Hefenu
0o obcneposanus; cTpecc-uHaeKc meHee 150 yen. eg.

MeToab! perucTpauum ucxoaos

Peructpaumsa 3KI n ananu3 BCP npoBeaeHbl ¢ NoMoLLbIo
annapaTHo-nporpaMMHOro Komnekca «3kocaH-2007» («Me-
LVLMHCKME KOMIbIOTEPHBIE CUCTEMBIY, T. 3eNeHorpa).

OnucaHnue MeANLUMHCKOro BMeLlaTesibCTBa

B Hauane uccneoBaHus CNOopTCMEHbI NpoXxoaunu nepuop,
afantaunn K OKpy><atoLLMM yCNoBUAM NOMeELLIeHNA B TeYeHne
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5-10 MMH, 3aTeM B TeyeHMe 5 MUH B MOMOXKEHUM NIEXA UM
peructpupoBamv 3Kl B 0LHOM M3 CTaHAAPTHBIX OTBELEHMIA.
Ananus BCP npoBoaunm B cOOTBETCTBUM C PEKOMEHLALM-
amu rpynnbl Poccuidckvx akcneptos [6]. Onpeaensnum yactoty
cepaeuHblx cokpatueHui (HCC) u pan BpeMeHHbIX U reoMe-
Tpuyeckux nokasareneit BCP: cpeaHee 3HaueHue AnTenbHO-
CTW KapAMOMHTEpBaNoB, MakcUManbHoe (Max) 1 MUHUManb-
Hoe (Min) 3HaueHMst KapaMoUHTEpPBanoB, pasHocTb Max—Min
(MxDMn), oTHowueHne Max/Min (MxRMn), Mogy (Mo), amnnu-
Tyay Mogbl Npu WwnpuHe Knacca 50 Mc (AMo50), kBagpaTHbIiA
KOpEeHb CYMMbI pa3HOCTe NoCeA0BaTeNIbHOr0 psALa Kapamo-
unTepsanos (RMSSD), uncno nap KapAMOMHTEPBAOB C pas-
HocTbto 6onee 50 Mc, B % K obLyemy uncny KapavouHTepBa-
noB B Maccuae (pNN50), cTaHAapTHOE OTKIIOHEHME MOJHOro
MaccuBa KapamountepeanoB (SDNN), ctpecc-unaekc (SI).
CnekTpanbHblii aHanu3 BCP Bkioyan Takve napametpbl,
KaK cyMMapHas MoLLHocTb criektpa (TP), abconioTHas (Mc?)
1 oTHocuTenbHas (%) MOLLHOCTb CMEKTPa BbICOKOYACTOTHOMO
(0,150-0,4 Tu) (HF), HuzkouactoTHoro (0,040-0,15 Iu) (LF),
o4eHb Hu3KouacToTHoro (0,003-0,04 lu) (VLF) KoMnoHeHTOB
BCP, cumnato-BaranbHblii uHaeke (LF/HF), xapakTepusyto-
LUMIA OTHOLLEHME HWU3KOYACTOTHOM K BbICOKOYACTOTHOM Co-
CTaBNAOLLEN CNEKTpa, U MHAEKC LeHTpanu3auum (IC).
Jtnyeckan akcnepTu3sa. [poToKon uccnenoBaHUs 0A0-
OpeH NoKanbHbIM KOMUTETOM Mo 6Ko3TMKe npu UHCTUTYTE
¢u3mnonorum Kommu HayyHoro LeHTpa YpanbCKoro oTAeneHus
PAH (6e3 HoMepa, ot 09.02.2012). Bce cnoptcMeHb! [,obpo-
BOJIbHO nofnucanu $opMy MHGHOPMUPOBAHHOMO COrNAcKs
Ha yyacTue B UCCNe0BaHNM [0 BKIIOYEHUS B UCCNIE0BaHME.

CraTUCTUUYECKUN aHanu3

Cratuctnyeckas obpaboTka MonyyeHHbIX AaHHbIX Mpo-
BefieHa C NoMoLLbio nporpamMMbl Statistica 8.0 (Stat Soft, Inc,
CLLA). PasMep BbIGOpKM NMpeaBapuTENbHO He PacCcYMTLIBaIN.
MpoBepKy BbIOOPKM Ha HOPManbHOCTb pacrpefeneHus npo-
BOAMNM C nomoLubio Kputepus Lanmpo-Yunka. Bcnepactaue
acMMMETPUYHOro pacnpefeneHns psapa napametpos BCP pe-
3ynbTathl aHam3a BCP npenctaeneHbl B Buae MeamaHbl (Me)
n 25-ro n 75-ro nepueHtUnen. CTaTMCTMYECKYD 3HAYMMOCTb
Pa3fiMuMin Mexay rpynnaMm oLEHUBANM C MOMOLLIbIO KpUTepUs
MaHHa-YuTHW. Paznuuus cumtanu 3HaumMbiMm npu p <0,05.

PE3Y/IbTATbI

YyacTHUKM uccnepoBaHms

B 006wwenoaroToBUTENbHLIN TPEHUPOBOYHBIA Mepu-
o4 (Man-utonb 2012-2022 rr.) obcnepnoBaHo 289 MyxumH
u 113 xeHwmH u3 cbopHbIX KoMaHg Pecnybnukn Komu
MO JIbKHBIM FOHKaM.

OcHoBHble pe3ynbTatbl UCCnieaoBaHUA

B 1abn. 1 npeactaBneHbl AaHHble napaMeTtpoB BCP
Yy NbIXHWKOB 060ero nona. BbisBNEHbI CylLeCTBEHHbIE pa3-
NMYMa MeXAy rpynnamMu no psgy noxasatenen. Y MyMuuH
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Tabnuua 1. MapameTpsl BapuabenbHoCTV cepfieyHoro putMa y cnoprcMeHoB oboero nona, Me (25%-75%)

Table 1. Heart rate variability parameters in athletes of both sexes, Me (25%-75%)

Mapametpbl Mﬁ(;g; ! mzzlﬁu;bl YA p
Boapacr, net 20,00 (19,00-25,00) 21,00 (19,00-26,00) 1122 0,262
YacToTa cepaeyHbIX COKpALLIEHNIA, B MUHYTY 56,00 (50,00-60,25) 59,00 (53,00-68,00) 4,370 0,001
CpepnHee 3HaueHWe ANWTENBHOCTW UHTEPBAJIOB, MC 1073,00 (991,50-1189,50) 1010,00 (882,00-1132,00) 4,425 0,001
MakcuManbHoe 3HaueHWe KapaMOMHTEPBANOB, MC 1306,50 (1190,75-1397,50) 1246,00 (1123,00-1313,00) -3,363 0,001
MWHMManbHoe 3HauYeHWe KapaAMOWMHTEPBAsOoB, MC 865,50 (797,50-951,50) 798,00 (736,75-856,00) -4,843 <0,001
PasHocTb Max—Min (MxDMn), mc 411,50 (356,75-475,50) 409,00 (363,00-476,00) -0,110 0,913
OtHowweHvie Max/Min (MxRMn) 1,48 (1,37-1,55) 1,51 (1,46-1,58) 2,319 0,020
RMSSD', Mc 71,50 (54,75-84,00) 62,00 (51,00-104,00) -1,054 0,292
pNN50?, % 48,00 (31,68-58,20) 38,30 (32,40-62,28) -1,058 0,290
SDNNS, mc 66,53 (59,66-84,37) 66,63 (55,13-89,11) -0,126 0,899
Moga (Mo), mc 1076,00 (976,75-1224,25) 1025,00 (874,00-1176,00) -3,731 0,001
Amnnntyaa Moasl (AMob0), % 29,40 (25,98-34,28) 31,70 (23,00-39,50) 0,813 0,416
Crpecc-uHpexc (SI), ycn.ea. 32,00 (24,00-46,75) 36,00 (23,00-56,00) 0,860 0,390
CymMapHast MoLLHOCTb criexTpa (TP), Mc? 3789,77 (2926,34-5462,30) 3379,13 (2372,85-7217 44) -0,582 0,961
HF%, mc? 1515,47 (982,50-2297,41) 1402,66 (823,64—2414,92) -1,121 0,262
LFS, mc? 1109,96 (759,23-1798,59) 1167,37 (532,57-1902,17) 0,405 0,686
VLFS, mc? 458,42 (316,95-701,07) 485,33 (242,62-930,94) 0,455 0,649
HF’, % 48,15 (36,73-57,45) 41,70 (30,60-56,93) -2,280 0,023
LF8, % 35,40 (26,15-44,60) 37,80 (29,95-49,10) 1,606 0,108
VLF, % 15,05 (9,95-20,98) 14,60 (10,48-21,80) 1,045 0,296
LF/HF™®, ycn. e, 0,72 (0,47-1,26) 0,95 (0,55-1,66) 2,078 0,038
IC", ycn.en. 1,08 (0,74-1,72) 1,40 (0,75-2,27) 2,293 0,022

ﬂpUMe‘-IGHUE: ! KBa,D,paTHbIlZ KOpeHb CyMMbl paSHOCTEI;I nocnefoBateNlbHoOro paaa KapanouHTeEPBasos; Zyucno nap KapaAnouHTEPBANOoB C Pa3HOCTbIO bonee
50Mmc, BY% K 06LIJ,8My 4mcny KapanonHTepBasnos B MacCuBe,; 3CTE]H,[],apTHO(E OTKJIOHEHWE NOSIHOro MaccnBa KapaAnoMHTEPBAIIOB; “abconioTHas MOLLHOCTb B Ana-
Ma30He BbICOKKMX YacToT; 5 abconioTHast MOLLHOCTb B ANana3oHe HU3KMX 4acToT, 8 abconioTHas MOLLHOCTb B iMana3oHe 04eHb HU3KUX HacTaT, 7 gTHOCUTENbHAA
MOLLIHOCTb B iana3oHe BbICOKMX HacTaT, 8 oTHOCHTENbHaS MOLLHOCTb B iana3oHe HU3KMX YacToT, 7 oTHOCUTENbHaS MOLLHOCTb B ana3oHe 04eHb HU3KKNX

yactor; '’ cumnaTo-BarasibHbIN MHOEKC; " MHOEKC LieHTpanm3aumim.

M0 CPaBHEHUIO C MEHLLMHAMM CTATUCTUHECKM 3HAUYUMO HUMKE
YCC, cpeaHee 3HayeHWe LJIUTENBHOCTM KapAMOMHTEPBANOB,
MxRMn, a 3HaueHus KapavonHTepBanos Max u Min, a Takxe
Moza Boilwe. CnekTpanbHbid aHanu3 BCP nokasan 3HaunMble
pa3nuymMs No OTHOCUTENIbHOM MolHocTh criektpa HF u k-
pekcam LF/HF n IC.

OBCYXAEHUE

HecMoTpsa Ha Bonbluoe KONMYECTBO UCCeL0BaHWiA, Mo-
CBALLEHHBIX M3Yy4eHMWI0 NosoBbIX ocobeHHocTe BCP, no Ha-
CTOSAILLIEro BpEMEHM HET YETKOI 06LLenpru3HaHHON No3uLMK,
oTpaatoLLien haKT HanMums UM 0TCYTCTBMS NOSIOBbLIX pa3fnu-
unid. B bonbluei YacTn paboT, NOCBALLEHHBIX U3YHEHUIO AaH-
HoW nNpobnemaTtukK, BbisBEHbI NnonoBble ocobeHHocTn BCP
KaK MpW MCNoJb30BaHWM XONITEPOBCKOT0 MOHWTOPUPOBaHMS

DOl https://doi.org/10.17816/humecoé79700

IKT [7-9], TaK n Knaccuyeckux S-MuHYTHBIX 3anucei 3K
[10-11]. Tak, Fiirholz M, et al. [7] nokasanu, 4to npu xon-
TepoBcKOM MoHuTOopupoBaHuu 3K y MyX4MH nokasatenu
LFms? 1 LFnu BbiLLg, Y4eM y JKEHLLMH, HO NPV 3TOM napameTpbi
SDNN, RMSSD, TP, HFms? He pasnuuanuch Mexay rpynna-
M. MNpu 0bcnepoBaHumn 1287 xuteneit bpasunum BoisIBNEHO,
yto BpeMeHHble nokasatenn BCP (SDNN, SDANN u pNN50)
UMenu 6onee BbICOKME 3HAYEHUS Y MYMKUMH MO CPaBHEHMIO
C MEHLUMHaMU MPaAKTUYECKU BO BCEX BO3pacTHbIX rpynnax
[8]. Sammito S, Bockelmann | [9] ycTaHOBUNM, YTO Y MyMK-
umH Bblwe SDNN, RMSSD, pNN50, SDANN, LFn.u, LF/HF
n Hwxe HFn.u, yeM y xeHwuH. Mpyn aHanu3e 5-MUHYTHbIX
3anmcent IKI Hnatkova K, et al. [10] BbisBUAK, 4TO B Mofio-
KeHUM NExa y weHwmH cpepHaa YCC bbina npumepHo Ha
5 ynapoB B MuHyTy bbicTpee u HF Ha 7% Bbiwue, YeM y My -
unH. Cxomue faHHble nokasaHbl Zhang J [11]: cpenHee
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3HaueHue AnuTenbHocTu uHTepBanoB RR, LF norm, LF/HF
Y MY}KYMH 3HAYMMO BbILLIE, YeM Y KeHLuH, Toraa Kak YCC,
abcomtotHoe 3HaueHne HF u HF norm 6binn Huke. He Bbi-
SIBNIEHO 3HaYMMBbIX pasnnyuni no TP, abconioTHbIM 3HaYeHMAM
LF u VLF. Kiss 0, et al. [12] B xoe X0nTepOBCKOro MOHUTOPU-
poBanus 3KI He BbISIBUNM KOpPENALWMKI C NMON0BbIMUA Pa3nnyms-
MU H1 No ogHoMy napameTpy BCP. Cxoxue gaHHbIe NOKa3aHbl
Y NbiKHUKOB [13]. Takum 06pa3oM, UCXofs U3 AaHHBIX JiuTe-
paTypbl, ClIEAYET, YTO Y MY}KUMH BbiLLIE BPEMEHHbIE NapaMeTpbl
BCP 1 MowwHocTb LF, LF/HF n Huxe mMowHocTb HF.

Y obcegoBaHHbIX JIBKHUKOB OTMEYEHO CMELLIEHUE Be-
retatueHoro 6anaHca B CTOpPOHY NapacMMNaTMYECKOro 3BeHa
BEreTaTUBHOI HEPBHOW CMCTEMBI. MI3BECTHO, YTO TPEHUPOBKY
Ha BbIHOC/IIMBOCTb MOBLILLAOT aKTMBHOCTb BNyMpatLLero
Hepsa Yy cnoptcMeHoB [14]. YCC KaK KOHeYHbIN NPOAYKT MHO-
rocaKTopHOro BAMAHMA Ha PUTM cepaLia bbin 3HAUMMO HUKe
Y MYUMH, YeM Y MEHLIMH. AHanornyHble pasnnuma Gbiam
YCTaHOBMEHbI KaK Y 00bIYHbIX AML, TaK U Yy CMOPTCMEHOB.
B xone obcnepnoBanua 92 457 yenoBek noKasaHo, 4to y 95%
MyxumH YCC B nokoe BapbupoBana ot 50 go 80 ya/muH,
Y eHLWuH — o1 53 po 82 ya/muH [15]. Bo Bcex Bo3pacTHbIX
rpynnax YCC 6b1110 3HAYMMO BbILLIE Y XEHLLWH.

BbisBneHHbIe HaMK pa3nnumnsa no pagy napametpos BCP,
CBA3aHHble C MOJIOBOM MNpPUHAANEKHOCTbIO, COrnacyTca
C AaHHbIMKM NinTepatypbl. OgHaKo y 06cnes0BaHHBIX MYXYMH
JIbIKHUKOB-TOHLLMKOB 3HAYMMO BbILLE OTHOCUTE/bHAs MOLL-
HocTb HF-BOMHBI, Npyu 3TOM abcoNiOTHbIE 3HAYeHWs CyLue-
CTBEHHO He pasnuyanucb. M3BECTHO, UTO Y MYXYMH UMeeT-
€A cBA3b ABUraTensHon aktueHocTh ¢ BCP: ¢ yBennyenveM
YPOBHS aKTMBHOCTW noBbiwatoTca nokasartenu SONN, HF, LF
1 cHmkaetcs YCC, npum 3TOM Y XKEHLUMH TaKoi 3aBUCMMOCTH
He BbisiBneHO [16]. KpoMe Toro, y NbIXHML M BUMATNOHUCTOK
B Nepuoj, NpeAce30HHbIX TPEHMPOBOK 0TMeYeH bonee cuib-
Hblii YpOBEHb CTpecca, YeM Yy MyxumuH [17]. Takum obpasom,
Y JIbIXKHUKOB N0 CPABHEHMIO C JbXKHULAMM B 06LLENoAroTo-
BUTENbHBIA TPEHUPOBOYHBIA NepuoA Habmogaetcsa bonbluee
CMelLLieH e BereTaTMBHOro 6anaHca B CTOPOHY NapacuMnaTu-
YECKOro 3BeHa HEPBHOM CUCTEMBI.

B MupoBoi iMTepaType [,OCTAaTOYHO YacTo MOXKHO BUAETb,
uto obcrneayeMas rpynna vy COCTOMT U3 NpeACTaBUTENEN
pa3HOro Mona, 0fiHaKo, KaK NOKasblBaeT [aHHOe U Jpyrue
uccnefoBaHus, 3T0 owKboYHas NpaKkTMKa U Heobxoaumo
AnddepeHUMpoBaTh rpynmbl No nony.

OrpaHuyeHus uccnepoBaHus. OrpaHuueHueM paboTel
MOXHO CYMTaTb OTCYTCTBME Y4éTa (asbl MEHCTPYyanbHOro
UMKNa Y XEHLUMH, a TaKKe OTCYTCTBME NpefBapuTeNbHOro
pacyéTa pa3mepa BbIDOPKM, YTO He No3BoNsSeT 6e30roBoOpoY-
HO 3KCTPanosMpoBaTh Pe3ynbTaThl UCCNEA0BAHMSA Ha reHe-
pasibHYK0 COBOKYMHOCTb COOTBETCTBYIOLLIMX NaLMEHTOB.

3AKJTOYEHUE

Y NbIKHUKOB-TOHLUMKOB 060€ro nona BbIABNEH pAd
0cobeHHOCTel B BereTaTMBHOM perynsauMM putMa cepa-
ua. Y MyxuuH oTMeuyeHbl 6osnee BbICOKME 3HaueHUs Mofpl
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(p <0,001), cpenHero 3Ha4eHWs ANUTENBHOCTW KapAYOMHTEp-
Banos (p <0,001), Max (p <0,001) u Min (p <0,001) 3HaueHus
KapAMOMHTEPBAOB, OTHOCUTENTLHOM MOLLHOCTM cnekTpa HF
(p=0,023) no cpaBHEHWIO C KEHLUMHAMMW. Y MEHLUMH BblLe
3Hauenus HYCC (p <0,001), MxRMn (p=0,02), LF/HF (p=0,038)
1 IC (p=0,022) nnaekcoB. TakMM 00pa3oM, y MyK4MH N0 CpaB-
HEHUIO C JKEeHLMHaMKM HabnoaaeTtca 6onee 3KOHOMHbLIN Me-
XaHW3M BEreTaTUBHON perynauumM putMa cepaua v bonbluee
CMeLLieH1e BereTaTMBHOro banaHca B CTOPOHY napacuMnaTtn-
YECKOro 3BeHa HePBHOW CUCTEMDI.

Mpu aHanu3e BapmabenbHOCTM cepaeyHoro puTMa Heob-
X0[MMO 06513aTeNbHO YUNTbIBATL (aKTOp «MON» ANS UHTEp-
npeTauum NoNy4eHHbIX Pe3yNbTaToB.

MonydyeHHble AaHHbIE NO3BONSIOT pPacLIMpUTL NpeacTaB-
neHus 06 ocobeHHOCTAX BapuabenbHOCTU CepAeyHOro puTMa
Yy CMOPTCMEHOB.

AOMO/JHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. AJl. MapkoB — npoBefieHWe MccnefoBaHus, pabota
C JaHHbIMM, HanucaHue YepHOBMKA, NEPECMOTP M pedaKT1poBaHue py-
Konucu. ABTop 0a0bpun pykonuch (Bepcuio Ans nybamKauum), a Takxe
COrNacuncs HeCTW OTBETCTBEHHOCTb 3@ BCE aCreKTbl PaboThl, rapaHTUpys
Ha[nexalliee pacCMOTPEHME 1 peLLieHe BONPOCOB, CBA3AHHBIX C TOYHOCTbIO
1 [,0BPOCOBECTHOCTLIO N0BON ee YacTu.

JITHyeckan 3kcnepTusa. [lpoBefeHne UCCNeoBaHWs 0A06PEHO NoKamb-
HbIM KOMWTETOM M0 B103TVKe Npu MHcTUTYTe dmanonorum KoM HayyHoro
LieHTpa Ypanbckoro otaenenns PAH (npotokon 6e3 Homepa ot 09.02.2012).
Bce yyacTHWKM UccneaoBaHma [0bpoBobHO Nognucany hopmy nHbopMK-
POBAHHOMO COr1acKs A0 BKITKOYEHWS B UCCIIE10BaHME.

WUctounuk dunaHcupoBaHus. ViccnenoBaHe NpoBeaEHO B paMKax Tembl
HUP N® ®ULL Komm HLL YpO PAH FUUU-2022-0063 (pervcTpaumoHHbii Ho-
mep 1021051201877-3).

PackpbiTe uHTepecoB. ABTOp 3asB/sieT 06 OTCYTCTBUM OTHOLLEHWIA, fe-
ATENBLHOCTY W MHTEPECOB 3a MOC/EHWE TPU FOfia, CBA3AHHBIX C TPETHIMM
JLaMK (KOMMEPYECKUMM 1 HEKOMMEPUECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHocTb. [lpy co34aHWMM HacTosLen paboTsl aBTop He UCMOoMb-
30Ban paHee onybIMKOBaHHLIE CBELEHUS (TEKCT, UAMKOCTPALMY, AaHHbIE).
Hoctyn K paHHbIM. Bce AaHHble, NonyYeHHble B HACTOALLEM UCCrefoBa-
HWW, [OCTYMHbI B CTaTbe 1 B MPUOKEHN K HEM.

leHepaTMBHbIW UCKYCCTBEHHbIW MHTEEKT. [TpW CO3AaHUM HacToALLEN
CTaTbW TEXHONMOTMM TEHEPATMBHOTO WCKYCCTBEHHOMO MHTENNEKTa He uc-
nosb30Banu.

PaccMotpenue u peueHsupoBanue. Hactosias paboTa nogaHa B xyp-
Han B MHWLMATUBHOM MOPAAKE W PaccMOTpeHa no 06bI4HOM MpoLemype.
B peLieH3vpoBaHUM y4acTBOBaM [Ba BHELLUHMX PELIEH3EHTa, YieH pefiak-
LIOHHOM KOMNErv 1 HayYHbIA pefaKTop M3haHus.
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Age-Related Characteristics of Functional
Development of the Circulatory System in
Schoolchildren From Indigenous Minorities

of the Russian Northeast: a Cross-Sectional Study

Alesya N. Loskutova

"Arctic" Research Center, Far Eastern Branch of the Russian Academy of Sciences, Magadan, Russia

ABSTRACT

BACKGROUND: Changes in cardiovascular functioning are among the key criteria for assessing the adaptive potential of the
human body and general health status.

AIM: To examine age-related changes in functional parameters of the cardiovascular system (CVS) in schoolchildren belonging
to the indigenous minorities of the Russian Northeast.

METHODS: Between 2021 and 2023, key cardiovascular parameters were analyzed in 174 girls and 196 boys belonging
to the Indigenous Minorities of the North (Even, Koryak, and Itelmen), who accounted for 62.5% of the total sample (592
individuals). Participants were seated at rest, and blood pressure and heart rate were measured three times using the Nissei
DS-1862 automatic blood pressure monitor (Japan). The following parameters were calculated using conventional methods:
stroke volume, cardiac output, total peripheral vascular resistance, Kerdo autonomic index, cardiac index, type of circulatory
self-regulation, and functional change index.

RESULTS: The most intensive functional development of the circulatory system in boys was observed between the ages of 13
and 16 years, whereas girls characterized by earlier changes beginning at 1011 years, continuing into adolescence. Throughout
the age-related changes of all examined parameters, no stable trend toward a decrease in heart rate was identified. A high
prevalence of tachycardia and increased sympathetic activity of the autonomic nervous system was observed in adolescents.
Boys aged 14—15 years had higher stroke volume compared with the girls, and those aged 16—17 years showed higher systolic
and pulse pressure. The girls demonstrated higher mean diastolic blood pressure at the age of 14-15 years and greater total
peripheral resistance at the age of 14 years. Regardless of sex, the cardiac type of circulatory self-regulation predominated.
A hyperkinetic circulation type prevailed across age groups, except in 17-year-old boys, who demonstrated a eukinetic
circulation type.

CONCLUSION: Age-related changes in the functional development of the circulatory system in schoolchildren belonging to the
indigenous populations occur against a background of satisfactory adaptation, though with evidence of regulatory strain during
transient exposure to environmental factors.

Keywords: schoolchildren; indigenous minorities of the North; functional cardiovascular parameters; Russian Northeast.
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Bo3pacTHble ocob6eHHOCTM YHKLMOHANIbHOrO Pa3BUTUSA
CUCTEeMbl KpoBOOOpaLLEeHMA Y WKOIbHUKOB —
npeacTaBuTeNiIed KOPEeHHbIX MaNo4MCNeHHbIX

HapopoB CeBepo-BocToka Poccumu: ogHoMOMeHTHoe
uccnepoBaHue

A.H. JlockytoBa

HayuHo-uccnepoBaTenbckui LeHTp «ApKTuKa» [lanbHeBocTouHOro oTaeneHus Poccuiickoii akapeMum Hayk, MarapaH, Poccus

AHHOTALMUA

06ocHoBaHue. V3MeHeHMs B paboTe cepAeYHO-COCYAMUCTON CUCTEMBI CIYXKAT OJHAM U3 OCHOBHbLIX KPUTEPUEB OLIEHKM ajan-
TMBHBIX BO3MOKHOCTEN OpPraHu3Ma M COCTOSHUS 3[,0POBbS YeSIOBEKA.

Llenb uccnepoBanmsa. M3yuntb Bo3pacTHble W3MeHEHUS QYHKLMOHaNbHBIX MOKa3aTenen CephaeyHo-COCYAMCTON CUCTEMBI
(CCC) y WKONBHUKOB U3 YMCa KOpEHHBIX ManouncneHHbIx HapoaoB CeBepa-BocToka Poccum.

Metoabl. B 2021-2023 rr. npoaHanM3vpoBannM OCHOBHble MOKa3aTeNM CepAeqHO-cocyamucToi cuctembl 174 peBoyek
1 196 Manb4MKoB W3 YMCNa KOPEHHBIX ManoumcieHHbIX HapooB CeBepa (3BeHbl, KOpsKK, UTenbMeHbl) — 62,5% Bcex obcne-
A0BaHHbIX (592 yenoBeka). B cocTosHUM MOKOS B MONOXEHUM CUASA TPOEKPATHO PErucTpupoBau apTepuanbHoe AaBfieHne
W 4acToTy CepAeYHbIX COKpaLLeHuii aBToMaTnyeckuM ToHoMeTpoM «Nissei DS—1862» (AnoHus). Mo obLienpuHATLIM MeToAM-
KaM paccuuTbiBanu criefytolime noKasaTenu: MUHYTHBIA U yaapHbIi 06BEM KpoBu, 0bLLee nepudepuyeckoe conpoTMBEHHE
COCYA0B, BereTaTuBHbIN MHAEKC Kepao, cepaeyHblii MHAEKC, TUN caMoperynsauumn KpoBoobpalleHns, MHAEKC GyHKUMOHaNb-
HbIX U3MEHEHWIA.

Pesynbtatbl. Hanbonee BbicoKMe TEMMbI DYHKLUMOHANBHOMO Pa3BUTUS CUCTEMBI KPOBOOOPALLIEHHS Y MaNbYMKOB HabnoaatoT
B Bo3pacTe 13-16 neT, Torna Kak Ansa AEeBOYEK XapaKTepHbl 6onee paHHWe uameHeHus — B 10-11 neT ¢ npofoMmKeHNEM
[0 I0HOLLIECKOr0 Bo3pacTa. B Bo3pacTHoi AuHaMUKe Ha (OHE M3MEHEHWI BCEX pacCMaTpUBaEMbIX NMOKa3aTeneit oTCyTCTBYeT
YCTOW4MBaAs TEHAEHLMSA K CHUMKEHMIO YacTOThl CEPAEYHbIX COKpaLLEeHW. B noipocTKoBOM Bo3pacTe BbISBIEHA BbICOKas A0JIA
UL, C TaxMKapamen U CMMNaTUYecKoN aKTUBHOCTBIO BereTaTMBHOW HEPBHOW cucTeMbl. Manbumku B Bospacte 14—15 net one-
PEXAIOT [EBOYEK N0 YAapHOMY 06BEMY KpoBH, B 16—17 NeT — Mo CUCTONMYECKOMY apTepUanbHOMY U MyNbCOBOMY AaBNEHUIO.
Y neBoYeK Bbile CpefHeBO3pacTHbIE 3HaueHus auactonndeckoro Afl B 14—15 net u oblwero nepudepnyeckoro conpotus-
nenus cocynos B 14 net. BHe 3aBucKHMOCTM OT nona obcnenyeMbix npeobnagan cepAeyHblii TMN caMoperynaumm KpoBoo-
bpalleHus. B Bo3pacTHbIX rpynnax npeBanvpoBas rMNepKUHETUHECKWUIA TUM KPOBOODOPaLLEHMs, 3@ UCKIIKOYeHUEM 17-NeTHUX
MaJIb4YMKOB C IYKUHETMYECKUM TUMOM KpoBoobpaLLeHus.

3aknioueHue. Bo3pacTHble M3MeHEHUS! (BDYHKUMOHANBHOMO PasBUTUS CUCTEMbI KPOBOODPALLEHMS Y LUKOMBHUKOB U3 YMCna
abopureHHoOro HaceneHus NPoOXoAsT Ha (oHe YA0BNETBOPUTENBHONM afanTauuW, OAHAKO NpU HANPAXKEHHOCTU MEXaHU3MOB
Perynsuuv npu KpaTKOBPEMEHHOM BO3/EHCTBUM (HaKTOPOB BHELLHEN cpefbl.

KnioueBble cnoBa: LUKOIbHUKY; KOPEHHbIE ManoynucieHHble Hapoasl CeBepa; GYHKLMOHaNbHbIE NOKa3aTenu cepeyHo-
cocyauctoii cuctemel, CeBepo-BocTok Poccum.
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BACKGROUND

At present, the population of the Magadan region primar-
ily consists of first- to third-generation descendants of Slavic
settlers (individuals of European descent). Among adolescent
males in Magadan—including indigenous individuals (ab origi-
ne—Latin for “from the beginning”), migrants, and long-settled
individuals of European descent—researchers have observed
a convergence of several physiological parameters. These
processes are regarded by some authors as a specific stage
of convergent adaptation. However, each population forms its
own distinct ecological profile [1, 2]. The issue of adaptation
among indigenous small-numbered peoples of the North is of
both theoretical and practical interest. The study of effects of
environmental factors and urbanization on the pediatric pop-
ulation remains relevant in age-related and ethnic physiology
research [3]. This is due to the fact that growth and devel-
opment in children have distinct biological natures and un-
derlying mechanisms: growth processes lead to proportional
changes, whereas the development of functional systems
results in qualitative changes in physiological regulation [4].

Under the influence of environmental factors, transfor-
mations occur in the children’s development that shape opti-
mal morphofunctional characteristics of the body. Regulatory
changes in the cardiovascular system (CVS) are among the
primary criteria for assessing the body's adaptive capacity.
The influence of the latitudinal factor on the development of
arterial hypertension and increased strain on regulatory sys-
tems in adolescents of European descent has been demon-
strated [5-7]. There is also a hypothesis that natural and
climatic conditions influence the formation of morphofunc-
tional traits in adolescents from indigenous small-numbered
peoples of the North living in different regions (Krasnoyarsk
region, Republic of Sakha [Yakutia]) [8]. In the Magadan re-
gion, a significant proportion of indigenous adolescent boys
exhibit signs of sympathicotonia, which is accompanied by
reduced adaptive capacity [9]. Psychophysiological parame-
ters among indigenous peoples demonstrate lower nervous
system responsiveness and greater instability of the nervous
system compared with mid-latitude norms [10]. The function-
al capacity of children’s regulatory systems during growth
and development depends on natural and climatic conditions,
socioeconomic status, and other regional factors.

Aim
To explore the age-related changes in functional pa-
rameters of the cardiovascular system among school-aged

children from indigenous small-numbered peoples of the
Northeastern Russia.

METHODS
Study Design

A single-center cross-sectional study was conduct-
ed, including analysis of cardiovascular parameters in
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school-aged children—indigenous peoples of Northeastern
Russia (long-settled of European descendants, indigenous
populations).

Study Setting

Between 2021 and 2023, cardiovascular parameters were
recorded in 592 school-aged children during the spring period
(March—April). The study was conducted at the medical office
of a municipal general education school in the urban-type set-
tlement of Evensk (Magadan region, Severo-Evensky district).

Eligibility Criteria

Inclusion Criteria:

« school-aged children aged 7 to 18 years;

« indigenous peoples of Northeastern Russia;

+ informed consent from the child's legal guardians and
assent from the child;

» absence of diagnosed neurological, psychiatric, or
chronic somatic diseases;

+ three repeated measurements of the studied
parameters.

Non-Inclusion Criteria:

« chronic diseases (especially affecting the central
nervous, endocrine, or cardiovascular systems);

« use of drugs affecting cognitive or motor functions
(antidepressants, sedatives, stimulants, etc).

Exclusion Criteria:

+ missing data for the participant in the required number

of measurements.

The study was approved by the Local Ethics Committee
of the Scientific Research Center Arktika, Far Eastern Branch
of the Russian Academy of Sciences (Conclusion No. 002/021
dated November 26, 2021).

Participant Groups

According to the aim of the study, sex- and age-specif-
ic groups were formed based on ethnicity (Evens, Koryaks,
ltelmens), using the social profile of school classes. After
excluding 28 children (insufficient heart rate data—4.7%
of the total sample), a final sample of 370 participants was
formed (196 boys and 174 girls, representing 62.5% of the
total). Participant were distributed by age and sex accord-
ing to anthropological principles (boys/girls): 8 years (from
7 years 6 months to 8 years 5 months 29 days)—23/14;
9 years—22/11; 10 years—14/14; 11 years—12/12;
12 years—15/21; 13 years—19/29; 14 years—21/24;
15 years—23/14; 16 years—20/16; 17-18 years—27/19.

Study Outcomes

Primary Outcome

The primary outcomes of the study were age-re-
lated changes in CVS parameters among school-aged
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children—indigenous peoples of Northeastern Russia. The
following basic hemodynamic parameters were analyzed:
systolic blood pressure (SBP, mm Hg), diastolic blood pres-
sure (DBP, mm Hg), and heart rate (HR, bpm). Functional
components of hemodynamics were also calculated.

Secondary Outcomes

A comparative analysis was performed for the type of
circulatory autoregulation (TCA) and the index of functional
alterations (IFA) across different age groups [11-13].

Measurement Methods of Target Outcomes

To assess the cardiovascular system in school-aged
children, SBP, DBP, and HR were recorded three times in
the seated position. Measurements were performed using
Nissei DS-1862 Automatic Blood Pressure Monitor (Nihon
Seimitsu Sokki Co., Ltd, Japan). The parameters were calcu-
lated using the following formulas:

« stroke volume (SV, mL):

for children =15 years: SV =[(101 + 0.5 x PP) -
0.6 x DBP] - 0.6 x A;
for children <15 years: SV = [(40 + 0.5 x PP) -
(0.6 x DBP)] + 3.2 x A,
where PP = SBP - DBP; PP is pulse pressure, mm Hg; A is
age, years;
+ Kerdo vegetative index (KVI):
KVI = (1 - DBP/HR) x 100;
+ total peripheral vascular resistance
dynxsxcm™®):
TPVR = (DBP + 0.42 x PP) x 79,980/CO0,
where CO = SV x HR; CO is cardiac output, L/min;
« cardiac index (CI, L/[minxm?)):
Cl = CO/S,
where S is body surface area calculated using the Du Bois
formula;

« type of circulatory autoregulation (TCA):

TCA = (DBP/HR) = 100.

(TPVR,

Sensitivity Analysis
Sensitivity analysis was not performed in this study.

Statistical Procedures

Sample size was not calculated a priori. Data were an-
alyzed using Statistica 6.0 software (StatSoft Inc., USA).
The Shapiro-Wilk test was used to assess the normality
of distribution. For variables with a normal distribution,
parametric methods were applied: Student’s t-test for
comparison of independent samples and one-way analysis
F-test (ANOVA), for variables with non-normal distribution,
the Mann—-Whitney (U) test and Kruskal-Wallis (H) test
were used, respectively. The y?-test with Yates continuity
correction was used to compare proportions. Results are
presented as M+m, where M is the sample mean, and m
is the standard error; or as Me (Q1; Q3), where Me is the
median, and Q1 and Q3 are the 25" and 75" percentiles,
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respectively. Differences were considered statistically sig-
nificant at p <0.05.

RESULTS

Participants

The study included 370 children from indigenous
small-numbered peoples of the North (Even, Koryak, Itel-
men), comprising 196 boys and 174 girls (62.5% of the total
sample).

Primary Results

Among children aged 7 to 18 years, there was a consis-
tent increase in SBP, SV, and CO (F=4.1-29.6; p < 0.001), DBP
(F=2.5-2.8; p < 0.01), and PP (F=2.2-4.4; p < 0.05), along-
side a decrease in TPVR and the KVI (F=2.9-6.4; p < 0.01)
(Table 1). However, the rates of age-related changes were
uneven and heterochronic. The absolute increase in SBP was
more significant in boys (16.8 mm Hg) compared to girls
(11.7 mm Hg), whereas changes in DBP were comparable
(8.3 and 7.5 mm Hg, respectively). A statistically significant
increase in DBP was observed only in 14-year-old girls
and 16-year-old boys compared with younger age groups.
Moreover, DBP in girls aged 14 to 15 years was significantly
higher than in boys of the same age. Opposite differences in
SBP were noted at ages 16 and 17, which was also reflected
in PP patterns in the compared groups. HR showed variabil-
ity with a statistically non-significant decrease: 8.33 bpm in
boys (F=1.3; p=0.251) and 3.75 bpm in girls (F=1.7; p=0.091).
No sex differences were detected, despite an increase in HR
among 15-year-old girls compared to the younger age group.

Cardiac parameters such as SV and CO increased by
24.4 mL and 1.3 L/min in boys and by 23.0 mL and 1.8 L/min
in girls, respectively. Boys demonstrated higher mean SV and
CO at ages 14 and 15 compared to younger groups, whereas
girls exhibited asynchronous changes: SV increased at ages
11, 13, and 15 years, and CO increased at ages 11, 15, and 16
years. Sex differences were identified only for SV at ages 14
and 15, with higher values observed in boys. One of the key
parameters of the circulatory system is total peripheral vas-
cular resistance, reflecting the resistance of resistive vessels
to blood flow and the precapillary patency. TPVR decreased
with age: by 174 dynxsxcm™ in boys and by 300 dynxsxcm™
in girls. Age-related changes in TPVR were observed in girls
at ages 11 and 15 compared to younger groups, and in boys
at age 16 years. It should be noted that age-related changes
in TPVR were uneven, and sex differences were recorded
only at age 14, with significantly higher values in girls.

Secondary Results

In the age groups studied, mean values indicate a hy-
perkinetic type of blood circulation (Cl >3.5 L/[minxm?)),
with the exception of 17-year-old males, who exhibited a
eukinetic type of blood circulation (Cl ranging from 2.7 to
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3.5 L/[minxm?)). At all ages, the predominant type of circula-
tory autoregulation was cardiac (TCA <90 conventional units),
however, intragroup variability was observed (Fig. 1).

Adverse Events
No adverse events were reported.

DISCUSSION

Summary of Primary Results

According to the study findings, the most significant
changes in the CVS occur in boys during adolescence, where-
as in girls, these changes begin earlier (10-11 years) and
continue through late adolescence. The pace of pubertal
transformations and the processes of morphofunctional mat-
uration of organs and systems differ between boys and girls,
exhibiting distinct patterns in the regulation of age-related
changes. The cardiovascular system is particularly vulnerable
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during periods of rapid growth, as the development of the
arterial component of the vascular network lags behind the
increase in heart size, and the heart growth does not keep
pace with the overall increase in body size [4].

Interpretation

Comparison of hemodynamic parameters in boys with
growth rates in height and body mass [14] revealed synchro-
nous changes in mean SBP, SV, and CO between ages 13 and
16, coinciding with the pubertal growth spurt at 1415 years.
In girls, significant increases in mean SV and CO, along with
decreases in TPVR, occurred in two distinct phases: the first
at ages 10-11 corresponding to a period of rapid general so-
matic growth, and the second at 14-15 years. At ages 13-14,
SBP increased by 7.1 mm Hg in boys and by 6.9 mm Hg in
girls, influencing subsequent changes in PP. According to
data, sex differences were observed for SV at ages 14-15,
and for SBP and PP at ages 16-17, with higher mean values
among boys.

25"

Number of people

8 9 10 11 12

13 14 15 16 17

age, years

H vascular type of the blood circulating system
@ cardiac type of self-regulation

cardiovascular type

a

25+

20

Number of people

age, years

B vascular type of the blood circulating system
@ cardiac type of self-regulation

B cardiovascular type

b

Fig. 1. Prevalence of different types of circulatory self-regulation across age groups: a, in boys; b, in girls. Age groups are denoted by numbers 8-17.
CSR, circulatory self-regulation type (solid fill, cardiac type; hatching, cardiorespiratory type; cross-hatching, vascular type).
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Several studies [15, 16] have reported lower BP values
and a lower prevalence of abnormal BP among individu-
als from indigenous small-numbered peoples of the North
(Khanty) compared with the reference values provided in
Russian clinical guidelines and regional standards developed
for migrant populations of the Khanty-Mansi Autonomous
Area-Yugra. Nifontova [17] found that in middle and late
school-aged children, BP levels among indigenous peoples
were comparable to those of descendants of migrant settlers

According to regional studies [18], school-aged children of
European descent from the city of Magadan exhibit the most
intensive functional development of the CVS at ages 11-16 in
boys and 11-13 in girls. Across all age groups, boys exhibit
higher values of SV and cardiac output. At ages 14-17, boys
also exceeded girls in SBP and left ventricular contractility. In
girls, the mean values of HR, DBP, and TPVR are higher [18].
BP values in indigenous girls were generally consistent with
regional norms, except for elevated DBP in 13-year-old
European-descendant girls (68.8 + 0.7 mm Hg). Mean SBP
values were lower only in 16—17-year-old indigenous boys
compared to European-descendant peers—125.0 + 1.33 and
126.7 + 1.30 mm Hg, respectively [18]. The observed con-
vergence of BP values among different ethnic groups is as-
sociated with increased rates of longitudinal body growth in
schoolchildren from the indigenous population, as confirmed
by a previous study [14]. Adolescence is frequently associated
with the onset of arterial hypertension and an increased pro-
portion of individuals with high-normal BP (between the 90th
and 95th percentiles) [19]. Regional data among 11-17-year-
olds of European descent showed that 11.3% of boys and
10.3% of girls had BP near the upper normal range, and hy-
pertension was present in 11.5% and 9.5% respectively [18].
The distribution of BP values [19] in comparable age groups
of boys and girls from the indigenous population showed that
values approaching the upper limit of normal were observed
in 13.0% and 8.1%, respectively, whereas values exceeding
the 95th percentile of the distribution were recorded in 8.7%
and 8.1%, respectively.

One observed feature of CVS function in the examined
boys and girls was the absence of a consistent age-relat-
ed decrease in HR, as well as elevated values during ad-
olescence (>80 bpm). Resting tachycardia was recorded in
34.8% of boys and 33.1% of girls from the indigenous popu-
lation, which was significantly higher than in 11-17-year-old
children of European descent—18.0% and 20.2%, respective-
ly [18]. High frequency of HR deviations from the norm in chil-
dren and adolescents from the indigenous small-numbered
peoples of Northern Russia has also been reported in other
studies [8, 16]. An insufficient decline in HR during puberty
may be associated with the fact that, along with age-related
enhancement of cholinergic influences on the CVS, the de-
velopment of the sympathoadrenal system is accompanied
by sustained sympathetic activity [4]. Our data confirm pos-
itive values of the Kerdo vegetative index in schoolchildren
of indigenous population. During the studied ontogenetic
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period, a decrease in the average values was observed—
from 32 conventional units to 14 and 18 conventional units
in boys and girls, respectively—indicating enhanced para-
sympathetic influences on the key physiological functions of
the child's body. However, during the growth spurt phase,
14-year-old boys exhibited a more pronounced manifestation
of the sympathetic branch of the autonomic nervous system
(ANS) compared to girls, whereas by age 17, sex differences
reversed in direction.

It is known that changes in SV during growth and de-
velopment occur proportionally to the anatomical and phys-
iological features of age-related cardiac evolution, includ-
ing increases in cardiac mass and volume, development of
contractile myocardium, and enlargement of cardiac cham-
bers [4]. According to our data, maximum SV was reached
at age 15, with boys demonstrating significantly higher SV
values after the growth spurt [14]. In subsequent age groups,
SV values decreased slightly, with no sex differences ob-
served. According to previous studies [18], SV increases with
age among European-descent and exhibits distinct sex differ-
ences, reaching peak values at age 17 in boys (92.6+2.3 mL)
and in girls (65.2+1.7 mL). Mean SV values in 17-year-old
indigenous boys were lower than regional age norms for Eu-
ropean descent, whereas girls exhibited the opposite trend.
Elevated CO, driven by both increased SV and HR, indicates
an inefficient and energy-demanding level of cardiovascular
system function [20].

Our findings show that a hyperkinetic circulatory type
occurs in 70.9% of boys and 69.9% of girls. Age-related
patterns reveal an increasing trend of eukinetic circulation
type prevalence only among indigenous boys, whereas in
girls the peak occurs at 13-14 years (11 individuals), with
a subsequent decline in older age groups (1-7 individuals).
A study by Govorukhina and Konkova [16] demonstrated that
the hyperkinetic circulation type was more frequent among
8- to 17-year-old Khanty children compared with descen-
dants of migrant settlers. It has been demonstrated that he-
modynamic and autonomic support of CVS functioning varies
among individuals with different types of circulation (hypo-,
eu-, and hyperkinetic). In the hyperkinetic type, hemodynamic
support of baseline functioning is achieved through increased
SV and CO with elevated HR and SBP, heightened sympathet-
ic tone of the ANS, and central regulatory circuit activity. In
the hypokinetic hemodynamic type, circulatory regulation is
dominated by the vascular component and parasympathetic
ANS activity. In the eukinetic type of central hemodynam-
ics, parameters of CVS function and heart rate variability fall
within an intermediate range [21].

With age-related somatic and cardiocirculatory chang-
es, boys and girls from the indigenous population demon-
strated satisfactory adaptation (IFA <2.6) [12]. However,
the study identified specific features of adaptation based
on the TCA, which reflect the level of regulatory strain in
the CVS. The balanced autoregulation of circulation is indi-
cated by a cardiovascular TCA (90-110 conventional units).
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A shift in circulatory regulation toward vascular dominance
(TCA >110 conventional units) indicates greater regulatory
efficiency and an increase in functional CVS reserves to sup-
port long-term adaptation. However, a shift toward cardiac
dominance (TCA <90 conventional units) indicates impaired
function and reduced adaptive capacity in response to short-
term external stressors [11].

Among 13- to 16-year-old European-descendant boys—
native residents of the Magadan region—a trend toward ele-
vated HR and predominance of the cardiac type of circulatory
autoregulation (63.7%) was observed, compared with their
peers from Moscow (44.4%) [22]. In our study, a comparable
age group also demonstrated a predominance of the cardiac
type of autoregulation in 76.5% of boys and 67.5% of girls,
whereas the cardiovascular type of TCA was observed in
19.8% and 28.9%, respectively.

In the age-related pattern, only boys demonstrated a
trend toward an increasing proportion of schoolchildren with
cardiovascular TCA, which is consistent with findings from
studies of European-descendant boys [23]. Among 8- to
16-year-old girls, the prevalence of cardiac and cardiovas-
cular TCA followed an inverted U-shaped pattern (Fig. 1, b).
While the peak frequency of the cardiac type of TCA in 12- to
13-year-old girls is likely associated with intensive somatic
changes and immature mechanisms of circulatory regulation,
by age 17 this functional pattern may indicate maladaptive
responses. The observed distribution of cardiac and cardio-
vascular TCA types in girls may be explained by the fact that
early pubertal somatic maturation is accompanied by a more
prolonged phase of functional development of the circula-
tory system. Therefore, their adaptive capacity may require
greater mobilization of functional reserves compared to boys.

Study Limitations

The cross-sectional design of the present study does not
allow for tracking individual trajectories of cardiovascular
system changes during growth and development in children.
In addition, the following limitations should be taken into ac-
count:

« a relatively small sample size (370 schoolchildren),

particularly within certain age subgroups;

+ calculation-based methods for determining
parameters, which are less accurate compared with
data obtained from hardware—software systems for
noninvasive central hemodynamic assessment.

CONCLUSION

The results obtained reflect general patterns in the devel-
opment of the cardiovascular system in children throughout
ontogeny. The most rapid functional development of the cir-
culatory system in school-aged children occurs between the
ages of 13 and 16 years in boys, whereas in girls, changes
begin earlier—at 10-11 years—and continue into late ado-
lescence.
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Among the identified features of circulatory system de-
velopment in boys and girls were the absence of a consistent
decline in HR and a high proportion of adolescents with tachy-
cardia. In a state of relative rest, the regulation of the cardiac
chronotropic function in schoolchildren is characterized by
physiological hyperactivity of the sympathoadrenal system,
which declines with age. Another feature of circulatory system
function is an earlier increase in volumetric hemodynamic pa-
rameters (stroke volume and cardiac output) in girls compared
with boys. Before adolescence, there are no sex differences
in circulatory system function. However, at 14-15 years of
age, boys demonstrate higher mean SV values, and at 16-17
years, they show higher SBP and PP. In girls, higher values of
DBP at 14-15 years and total peripheral vascular resistance
at 14 years were observed compared with boys.

Regardless of sex, the cardiac type of circulatory auto-
regulation predominated. The hyperkinetic circulation type
predominated, with the sole exception of 17-year-old males,
who exhibited the eukinetic circulation type. Age-related
increases in optimal variants of circulatory autoregulation
(eukinetic circulation type and cardiovascular type of TCA)
were observed only in indigenous boys. This may be re-
garded as a favorable trend in the adaptive capacity of the
cardiovascular system. Among 8- to 16-year-old girls, the
prevalence of these circulatory types followed an inverted
U-shaped pattern, with peaks in Cl at 13-14 years and in
TCA at 14 years, followed by a decline by late adolescence.
With the persistence of constitutional characteristics typical
of the Arctic population in girls, there is a tendency toward
reduced functional reserves of the cardiovascular system in
supporting adaptation.

ADDITIONAL INFORMATION

Author contributions: ANN. Loskutova: conceptualization, investigation,
formal analysis, writing—original draft. The author

confirms that his authorship meets the ICMJE criteria (the author made
a substantial contribution to the conceptualization, investigation, and
manuscript preparation, and reviewed and approved the final version prior
to publication).

Ethics approval: The study was approved by the Local Ethics Committee
of the Scientific Research Center Arktika, Far Eastern Branch of the Russian
Academy of Sciences (Conclusion No. 002/021 dated November 26, 2021).
Consent for publication: All participants provided written informed
consent prior to enrollment in the study.

Funding sources: This work was funded from the budget of the Scientific
Research Center Arktika, Far Eastern Branch of the Russian Academy of
Sciences, as part of the project titled Study of Intersystem and Intrasystem
Mechanisms of Responses in the Formation of Functional Adaptive
Reserves of the Human Body of the Northern Type at Various Stages of
Ontogenesis in Individuals Living in Uncomfortable and Extreme Conditions,
with the Determination of Integrated Informative Health Indices (Registration
No. AAAA-A21-121010690002-2).

Disclosure of interests: The author has no relationships, activities, or
interests for the last three years related to for-profit or not-for-profit third
parties whose interests may be affected by the content of the article.
Statement of originality: No previously published material (text, images,
or data) was used in this work.

Data availability statement: The editorial policy regarding data sharing
does not apply to this work, as no new data was collected or created.




OPUIMHATTIBHOE VICCIEOOBAHME

Generative Al: No generative artificial intelligence technologies were used
to prepare this article.

Provenance and peer review: This paper was submitted unsolicited
and reviewed following the standard procedure. The peer review process
involved two external reviewers, a member of the editorial board, and the
in-house scientific editor.

AONOHUTE/IbHAA UHOOPMALIUA

Bknaa aBTopoB. A.H. JlTockyToBa — KOHLENLMA 1 AN3aH UCCNe0BaHMS,
aHanu3 AaHHbIX U MHTeppeTaLms pe3sysbTaToB UCCneoBaHus, HanucaHue
TeKcTa. ABTOP MOATBEPKAAET COOTBETCTBME CBOEr0 aBTOPCTBA MeXAyHa-
pogHbiM Kputepuam ICMJE (Bce aBTOpbl BHECNW CYLLECTBEHHBIN BKNaA
B pa3paboTKy KOHLLeNUMK, NPOBEJEHUS UCCIe0BaHUA W NOArOTOBKY CTa-
TbW, NPOYM M 0A06PMAM dWHAMBHYIO BEPCUIO Nepes NybauKauven).
JdTnyeckas aIkcnepTH3a. ViccnegoBanue 0406PEHO JOKabHBIM 3TW-
yeckum KommtetoM HULL «Apktuka» [1BO PAH (3akniouerme Ne 002/021
ot 26.11.2021).

Cornacue Ha ny6nmkaumio. Bce y4acTHWKM uccnefoBaHWs A06POBONLHO
noanvcany GopMy MHHOPMMPOBAHHOTO COrlacks 40 BKITIOYEHUS B UCCne-
[0BaHve.

WUctouHuku duHaHcupoBaHua. PaboTa BbinonHeHa 3a CYéT broa-
xetHoro dwuHaHcuposanus HUL, «Apktuka» [1BO PAH B pamkax Temsl
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CpaBHMTe/IbHAA XapaKTepUCTUKa NoKa3aTesied NpocTou
CEHCOMOTOPHOM peaKLUUu Y XKUTeneu ceBepHbIX
U I0)KHBIX TeppUTOPUMA eBponeucKou yactu Poccum
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AHHOTALMA

06ocHoBaHue. CylLecTBYHOLLAsA CUCTEMA YHUBEPCAbHOTO HOPMUPOBaHMA NOKa3aTeNeid NpoCToi 3pUTeNbHO-MOTOPHOW peaK-
umm (M3MP) He yunTbIBaET PU3MKO-TEOrPAMUECKMX 0CODEHHOCTEN MEeCTa NPOXKMBaHMA YeNloBeKa U ero noi. N3yyeHue Bn-
AHNA BU3MKO-reorpauyeckmx GaKkTopoB Ha NPOSBNEHWS NPOCTOA CEHCOMOTOPHOM peakuuu No3BOIUT 00bEKTUBM3MPOBATL
OLLeHKY YHKLMOHANBHOIO COCTOSHUSA LEHTPanbHON HepBHoi cucteMbl (LLHC) KoHKpeTHoOro YenoBeka.

Llenb uccnepoBanus. Oxapaktepn3oBatb cneumduKy NposBNIEHNSA NoKa3aTesei NPOCTON CEHCOMOTOPHOW peaKuuu y xute-
Neit ceBEPHbIX W HOXHbBIX TEPPUTOPUI eBPOMNeincKoit Yactn Poccuu.

Metoapbl. B uccnenoBaHuM NpuHANM yyacTMe 64 KIMHUYECKU 3[0POBbIX MYMUMHbI M JKEHLUMHBI €BPOMEOUAHON packl
B Bo3pacte 19-23 neT, KopeHHble xuTenn ApxaHrenbcKoii u Bonrorpaackoit obnacteit. C nomowbio npubopa YN®OT-1/30
«[Mcuxodmsmnonor» aHanM3MpoBanu y UCTbITYeMbIX Ba3oBble W WHTErpasbHble nokasatenu M3MP: MuHUManbHoe BpeMsi pe-
aKLmMK, MaKcMManbHoe BpeMs peakLuu, CpefHee BpeMs peaKkuuu, MeauaHy, Y1Co YNpexaallmx peakumi, yposeHb bes-
OLWKMBOYHOCTM, YPOBEHb CTabUNBLHOCTH, YpoBEHb ObICTPOAEHCTBMS, YpoBeHb akTuBaumu LIHC, a Takke WHTerpanbHyto xapak-
TEPUCTUKY «KBaJpaToB KiaccubuKkaummny.

Pe3ynbrartbl. Boicokuii ypoBeHb akTvBaumm LHC, cucteMHo xapaKTepusyowmii CKOpOCTb U YCTOWYMBOCTb CEHCOMOTOPHOO
pearupoBaHusi, 06ecneunBaeT My}UMH — KUTENIEN HXHBIX TEPPUTOPUIA — BbIPaXKEHHBIM NOTEHLMANOM BYHKLUMOHANBHBIX
BO3MOXHOCTEN, HECMOTPSA Ha HE3HAUMTESNIbHYI0 HEYPaBHOBELLEHHOCTb HEPBHOM CUCTEMbI C MPEBaNMpOBaHWUEM MPOLECCOB
B036YXAeHMA. Y MyXUMH CeBEpHbIX TEPPUTOPUIA HAbMIOAAIT NPOTUBOMONOKHbLIE HEMPOAMHAMUYECKUE CBOICTBA HEPBHOIA
CUCTEMbI: CHUMEHHBIN ypoBeHb aktuBauun LIHC, npeobnagaHie npoLeccoB TOPMOXEHNS, HU3KYIO CKOPOCTb peaKumi, a Tak-
K€ NOBBbILIEHHYI0 CTabUNBHOCTb U BbICOKW YPOBEHbL 6€30LLMBOYHOCTM CEHCOMOTOPHOIO pearMpoBaHMms.

AHanus nokasatenei BbiBU Pa3nnumsa MEXAY MYyXUMHAMU W KEHLIMHAMU B 3aBUCUMOCTU OT MECTA XUTENbCTBA: Y HKuTe-
Nlen ceBepHbIX TeppuTopuid 3HaueHna N3MP y obomx nonoB npakTMyecky coBnapaoT. Cpeam KUTENEN HXKHBIX TepPUTOPUI
Y MEHLUMH, N0 CPaBHEHUIO C MyXuMHaMu, cpeaHee BpeMs peakumm (p=0,02) n meauaHa (p=0,05) cTaTUCTUYECKM 3HAUMMO
BblLLe. B LenoM y JKeHLUMH OTCYTCTBYIOT CTAaTUCTMUECKM 3HAUMMble pa3nuums nokasatenen [13MP mexay npefcrasutensiMm
CeBEpPHbIX 1 HOXKHbIX PErMOHOB.

3akniouenue. Pesynbrathl MccnejoBaHUsA MOATBEPKAAIOT, UTO BM3MKo-reorpaguyeckve GakTopbl BAUAIOT HAa GYHKLUMOHA b~
Hoe cocTosHne LIHC. OxapakTepu3oBaHa cneunduKa nposiBeHUs NoKasaTesei NPoCToi CEHCOMOTOPHOM peaKLnn Y MyXUUH
U XEHLUMH — XUTeNeN CeBEPHbIX U H0XKHBIX TePPUTOPUIA eBPONEICKON YacTh Poccun. YUET MecTa poXaeHus, MecTa uTenb-
CTBa W NON1a YeNIOBEKA NO3BOJIAET NEpPCOHaNM3MPOBaTh HOPMUPOBaHUE pe3ynbTaToB oLeHku M3MP.

KnioueBble cnoBa: QyHKUMOHANbHOE COCTOSHWE LIEHTPaNIbHOW HEPBHOW CUCTEMbI; MPOCTas 3pUTENbHO-MOTOPHas
peakuus; non; Gusnko-reorpaduyeckme paktopbl.
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ABSTRACT

BACKGROUND: The existing universal standardization system for simple visual-motor reaction parameters does not account
for the physical and geographical characteristics of a person’s place of residence or their sex. Investigating the influence of
physical and geographical factors on manifestations of simple sensorimotor reaction may help objectify the assessment of the
functional state of the central nervous system (CNS) in individuals.

AIM: The work aimed to characterize the specific manifestations of simple sensorimotor reaction parameters in residents of
the northern and southern regions of the European part of Russia.

METHODS: The study included 64 clinically healthy men and women of European descent aged 19-23 years, indigenous
residents of the Arkhangelsk Region and the Volgograd Region. Using the UPFT-1/30 Psychophysiologist device, the following
basic and integral parameters of simple visual-motor reaction were analyzed: minimum reaction time, maximum reaction
time, mean reaction time, median, number of anticipatory reactions, accuracy level, stability level, response speed level, CNS
activation level, and the integral characteristic “classification squares.”

RESULTS: A high level of CNS activation, which systematically reflects the speed and stability of sensorimotor responses,
ensures a pronounced functional potential in men from southern regions, despite a slight imbalance in the nervous system
due to predominant excitation processes. In contrast, men from northern regions exhibited opposite neurodynamic properties:
reduced CNS activation, predominance of inhibitory processes, slower reaction speed, increased response stability and higher
sensorimotor accuracy.

The analysis of the parameters revealed differences between men and women depending on place of residence: among
residents of the northern regions, simple visual-motor reaction values were nearly identical in both sexes. Among southern
residents, women had statistically significantly longer mean reaction times (p = 0.02) and medians (p = 0.05) compared with
men. Overall, no statistically significant differences in simple visual-motor reaction parameters were observed between
women from northern and southern regions.

CONCLUSION: The findings confirm that physical and geographical factors influence the functional state of the CNS. The study
characterizes the specific features of simple sensorimotor reaction parameters in men and women from the northern and
southern regions of the European part of Russia. Considering the birthplace, place of residence, and sex enables personalized
standardization of simple visual-motor reaction assessment results.

Keywords: functional state of the central nervous system; simple visual-motor reaction; sex; physical and geographical
factors.
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Ob0CHOBAHUE

CoBpeMeHHOe nmpepcTaBneHue 0 ponam GusKKo-reorpa-
puuecknx ¢axTopoB B GOpMUPOBaHUM YHKLMOHANBHOMO
cTaTyca opraHvM3Ma 0CHOBaHO Ha MHOTOUUCIIEHHbIX UCCNEefio-
BaHWAX, B NEPBYI0 0Yepefib OTEYECTBEHHbIX YYEHBIX, COCpe-
LOTOUMBLUMX CBOE BHUMaHME Ha U3Y4eHUW 3[0pOBbSA Hacene-
Hus EBponeiickoro Cesepa, 3anagHoi u BoctouHoii Crbupw,
CeepHoro KaBka3a [1-4]. LLInpoTHbIi hakTop, Kak 0CHOBHOM
GU3MKo-reorpadmuecKuin KpUTEPUIA COCTORHUSA OKpYKatoLLe
cpedbl NpeacTaBnseT coboit KOMNEKCHoe SBAEHME, BIUAIO-
Liee Ha 340poBbe, paboTocnocobHOCTb U 06pa3 KM3HM K-
Tenei otaenbHuix Tepputopuin [5]. Kak npaBuno, B Takux
UCCNeLOBaHNAX aHanM3WpYKT COCTOSHUA [Ae3afantauu
y NpeAcTaBUTENEN MPULLIIOTO HAcENEHUs B 3KCTpeMasbHbIX
YCNOBUAX U3HELEATENLHOCTU. [Tepees B BbICOKUE LUMPOTHI
crocobeH cnpoBoUMpOBaTh Y NtoAei pasnnyHble ¢usnono-
TMYeCKUe peakumu, Bbi3BaHHbIE PE3KUMM KIIMMATUYECKUMM
“3MeHeHnaMW. Hanpumep, NOHWXKEHWe TeMnepaTypbl, M3Me-
HEHWe YPOBHSA CONHEYHOW pagvaumn U apyrue usnyeckue
SIBNEHUS MOTYT HEraTMBHO BAMATb Ha paboTocnocobHocTb
W 300p0Bbe YeNoBeKa. B KauecTBe MHAMKATOpPOB fe3ajan-
TaLWM yallie BCEro UCMOMb3YHT MOKa3aTenu 340p0oBbs, Gu-
3MYeCKON 1 YMCTBEHHOI paboTocnocobHOCTH, a Takxe npo-
ABNIEHUA NOBEJEHYECKUX AeBUaLmii [6].

B otmenbHbix paboTax aHanu3upyloT COCTOSIHME LieH-
TpanbHOM W BereTaTUBHOW HEPBHOM CUCTEMBI Y XKUTENel pas-
JMYHBIX PETUOHOB B YCIIOBUSX ECTECTBEHHON U3HEAEATeNTb-
HOCTM UM MoLenMpyeMbiX QYHKLUMOHANbHBIX HArpysoK [7].
[na oueHkn dyHKumoHanbHoro noteHumana LUHC no ee oc-
HOBHbIM XapaKTepuUCTUKaM — B030YAUMOCTH, PeaKTUBHOCTMH,
MOLABUXHOCTH, YCTOWYMBOCTU pearupoBaHus, Yalle BCEro
MCNOfb3YHOT MOKa3aTenu NpoCToi CEHCOMOTOPHON peaKLuuu.
N3BecTHo, yTo M3MP 3aBUCUT OT MHAMBMAYANBHBIX CBOMCTB
aHanM3aTopHbIX CUCTEM YeNIOBEKa (3pUTENTBHOM M KUHECTETU-
YecKom), 0c0beHHOCTel HepBHBIX NPOLLECCOB, ABUraTeNbHO-
KOOpAMHALMOHHOIo NOTEHUMaNna U Ncuxoduanoormyeckoro
COCTOSHWA opraHu3Ma. B ocHoBe oLEeHKM YHKLMOHANBHOro
coctosiHmsa UHC nexut aHanus ypoBHSA U CTabUNbHOCTU CeH-
COMOTOPHbIX pPeaKLMid YenoBeKa B OTBET Ha CBETOBble pa3-
ppaxwmrenu [8, 91.

KnioyeBas npobnema npu ouerke M3MP — otcyTtcTBMe
KpWUTepueB HOPMbI A1s Ba30BbIX M MHTErpasbHbIX NOKa3aTe-
el CEHCOMOTOPHOIO PearvpoBaHNs Y XuTeNel pasHbix Gu-
3MKo-reorpadmyeckux 3oH. CylecTBytoLLas cucTeMa yHUBEP-
CasnbHOro HopMupoBaHusa nokasarenei NI3MP He yunTbiBaeT
¢m3nKo-reorpadmyeckmnx 0cobeHHOCTEN MECTa KUTENBbCTBA,
Mon W BO3pacT YenoBeKa. [laHHble 0 HOPMATUBHBIX 3HAYEHUAX
nokasateneii N3MP ¢ yueToMm nona u BospacTa orpaHuye-
Hbl pesynbTaTaMu 0TAeMbHbIX UCCe0BaHMIA, BbINOSHEHHbIX
C yyacTmeM npeAcTaBuTeNen pasiniHbIX COLManbHbIX M Npo-
(eccmoHanbHbIX rpynn HaceneHus Poccum u YkpanHbl [10-
12]. Ha npakTtuke nHtepnpetaums pesynbratos [13MP, He3a-
BMCMMO OT LUMPOTHI NPOXUBaHMS, N0 U BO3pacTa, 0CHOBaHa
Ha OTHOCMTENbHOM CPaBHEHWUW BbIPaXEHHOCTU MOKa3aTeneil
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C «WAeanoM HOpMbl», PacCUUTAHHOW LEecATUNeTUs Hasapg
ONs CPeAHECTaTUCTMYECKOrO JKuTens cpeaHen nonockl Poc-
cum [13]. TloHMMaHWe BAMAHMA QU3NKO-reorpadmyeckux
(aKTOpOB Ha NposBNeHns nokasateneii I3MP nomoxeT 06b-
EKTUBU3UPOBATb OLIEHKY QyHKUMOHanbHoro coctosiHus LIHC
Y KOHKPETHOro YenoBeKa. B KayecTBe 06beKTa uUccnenosa-
HWA Bbin BbIOPaHbI MoNoaple, CoLManbHO braronomnyyHble,
3[10pOBbIE JIOAN — KOPEHHbIE UTENN CEBEPHBIX W HOXHbIX
peruoHoB eBponeiickoi Yactu Poccun. Cnepyet npegnono-
XWTb, YTO B 3TOM Clyyae pe3yfbTaThbl UccnefoBaHus byoyT
OTpaKaTb 3HAOrEHHbIA, FEHETUYECKN AeTePMUHUPOBAHHBIN
ypoBeHb (yHKUMOHanbHOro cocTosiHua LIHC, xapaKTepHbili
Ans esponeougHoro Hacenenus Cesepa u [0ra Poccum.

Llenb uccnepoBanus

OxapaKTepu3oBaTb crneunduKy NposBNEHUs NoKasaTe-
neii NPOCTOiA CEHCOMOTOPHOW PeaKLMM Y KUTENEN CEBEPHbIX
W KKHbIX TEPPUTOPUIA eBPONeNicKomn YacTh Poccun.

METO/bI

Jln3aiiH uccnepoBaHums

Bbino npoBefeHO OAHOMOMEHTHOE KOHTponMpyemoe
MHOrOLEHTPOBOE UCCNef0BaHMe C aHaNM30M 6a30BbIX U WH-
TerpanbHbIx nokasarenen N3MP ucnbiTyeMbix.

KpMTepMM cooTBeTCTBUA

Kpumepuu ex/io4HeHus:

* yyacTHukyM ot 18 mo 25 ne;

* KOPEHHble WUTENW CEBEPHbIX W HKHbIX PErMOHOB
eBponelickoii Yactn Poccuu;

+ OTCYTCTBME [MArHOCTUPOBAHHbLIX HEBPONOTUYECKMX,
MCUXMYECKMX M XPOHWUYECKWX COMaTu4ecKux 3abone-
BaHWA;

+ coumManbHo bnarononyyHble NiMua 6e3 BblpaeHHbIX
CTPeccoBbIX GaKTOPOB;

+ cobnogeHne cbanaHcMpoBaHHOTO MMTAHWA U 340pO-
BOro 00pasa MU3HH;

* 0TKa3 OT NpUEMa NCMXOAKTUBHBIX BELLECTB, HEMpOTpON-
HbIX NPEMapaToB 1 afIKoroJis Ha MOMEHT UCCIeA0BaHUS;

+ [06poBosibHOE MHOPMMPOBAHHOE COrfacve Ha yua-
CTUE B UCCNe0BaHUMN.

Kpumepuu uckoyenus:

+ HanMuuMe XpOHWYecKux 3abonesaHuin (ocobeHHo LHC,
3HJOKPUHHOM U CEpAEYHO-COCYANUCTON CUCTEM);

* MPUEM NEKapCTB, BIUAIOLLMX HA KOTHUTUBHbLIE U MO-
TOPHble QYHKUMM (aHTUOENpeccaHTbl, CeaaTUBHbIE,
CTUMYAATOPbI U 4p.).

Ycnosus nposeneHuA

Tectbl npoBeaeHbl Ha 6a3e CeBepHoro (ApKTuyeckoro)
(benepanbHoro yHuBepcuteta UM. M.B. JlomoHocoBa (ApxaH-
renbck, Poccus) v Bonrorpapckoro rocyaapcteeHHoOro Mesi-
LMHCKoro yHuBepcuteTa (Bonrorpag, Poccus).
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I'Ipop,onmmeanocrb uccnenoBaHua

WccnenoBaHue npoBe/ieHo C UCMOJb30BaHUEM pe3yribTa-
TOB MCUXO(PU3NONOTMHECKUX TECTOB, MONYYEHHBIX B NEpUO/,
¢ 03.03.2025 no 07.03.2025.

OnucaHue npoueayp U3MepeHuUs

Ona ouenkn TM3MP wucnonb3oBanu yCTpOWCTBO
ncuxodusmonornyeckoro Tectupoeanus  YNOT-1/30
«lcuxogusmnonor» («Megukom MT[I», r. TaraHpor,

Poccusi). lMpuMeHsnM cTaHAapTHbIE HACTPOMKM YCTPOW-
CTBa, MO YMONYaHWi0. YuuTbiBanu OCHOBHble HasoBble
W WHTerpanbHble nokasatenu [13MP: MuHMManbHoe Bpe-
MS peaKuuu, MaKCMManbHOe BpeMS peaKkuuu, Ccpep-
Hee BpeMs peakuuW, MefuaHy, YMCNO YNpexAaloLinx
peakuuin, ypoBeHb 6e30Wwmnb04YHOCTH, YpOBEHb CTabWIb-
HOCTW, YpOBEHb ObICTPOLENCTBUA, YPOBEHb aKTUBaLUU
UHC, a Takxe MHTErpanbHylo XapaKTepuCTUKY «KBaapaToB
KnaccuduKaumm.

OcHOBHOM UCX0J, UCCNea0BaHUA

B KauecTBe OCHOBHOrO MCxofa MCCNEAOBaHUA paccMa-
TpUBanM ucxogHble nokasatenu M3MP, peMoHcTpupyloLme
0Cc06eHHOCTM YHKUMOHMPOBaHKA LIHC y MyXUMH U KEHLLMH
13 CeBEPHBIX 1 KXKHBIX 06nacTen eBponencKoi Yactu Poccuu.

p,OI'IOJ'IHMTEﬂbeIe nucxoabl uccnenoBsaHua

[lononHUTeNbHBIM UCX0L,0M UCCIE0BaHUA CTal CPaBHU-
TeNbHbIW aHanu3 MHTerpanbHbIX nokasatenei NN3MP, xapak-
TepusyroLwmi ucxoaHyro aktmueaumio LLHC y xutenen cesep-
HbIX W I0XHbBIX PanOHOB EBPOMENCKOMN YacTH CTPaHbl.

Ananus B rpynnax

B maHHOM uccnepoBaHu chopMUPOBaHbI JBE OCHOBHbIE
rPynMbl B 3aBUCMMOCTM OT MECTa NPOXKMBAHUA UCTbITYEMBIX:

« 1-a rpynna — xwutenu ApxaHrenbckoin obnacty;

+ 2-a rpynna — xutenu Bonrorpaackoii obnactu.

MeToabl perucTpaLmm UCXoA0B

B xone uccnenoBaHmsa UCMoMb30BanM MeTOAUKY OLIEHKM
CEHCOMOTOPHbIX PeaKLMn Ha CBETOBblE CTUMYbI. McnbiTye-
MbIM NOC/e0BaTeNbHO NpeLbABNsIN 35 CBETOBbIX CUrHAIOB
3e1EHOr0 LBeTa, Ha KoTopble TpeboBanock MakcMMarbHO Obl-
CTPO pearupoBaTb HakaTMEM KHOMKM Ha nepegHeii NaHenm
npubopa.

JTUYecKas 3KcnepTU3a

WccnepoBaHne 0[00peHO  3TUYECKMM  KOMMUTETOM
BoeHHo-MeauumMHCKo akapemum uMmenn C.M. Kuposa
(CankT-Tetepbypr, Poccus), npotokon N 295 ot 22.10.2024 T

CTaTUCTUYECKUM aHaNU3

IMpuryunel pacyéma pazmepa oibopku: Pasmep Bbibop-
KV NpefiBapuUTesIbHO He PaccuMTbIBaM, MOCKOMbKY UCCNeao-
BaHME HOCUJIO MWIIOTHbIN XapaKTep, U ero OCHOBHOW LieJibio
bblna OLEHKa MPUHLUMNUANBHOM BO3MOMHOCTU BbISBNIEHUS
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3ddekToB, 6e3 anpuopHbIX NPeAnoNoXeHuii 0b nx cune
W HanpaB/eHHOCTW.

Memodsl cmamucmuyeckozo aHanusa dadHelx: Cra-
TUCTMYecKan obpaboTka ocylecTBiANach C NOMOLLbK Na-
KeTa nporpamm MS Excel 2007 (12.0.6611.1000; Microsoft
Corporation, CLLUA), Statistica 6.0 (StatSoft Inc., CLLA).
HopManbHocTb pacnpefefieHns 3Ha4YeHWi KONMYeCTBEH-
HbIX MPU3HAKOB OMPeAensnu ¢ nomoliblo Kputepus Kon-
MoropoBa-CmupHoBa. [lonyyeHHble pesynbTaThl CBUAE-
TeNbCTBOBA/IM O HEHOPMa/IbHOM pacnpefeneHnun 3HaueHui
uccnepyeMblx MoKasaTesiel, YTo NOC/YXMUI0 OCHOBAaHUEM
ONS UCTONb30BaHUs HenapaMeTpuyecKux MeTofoB CTaTH-
CTUKW [J1f NOCNeAyIoLero aHanm3a AaHHbIX. Pe3ynbtathl
npeAcTaBneHbl B Buae M+a, rae M — cpefiHee 3HaueHue,
0 — CTaH[apTHOE OTKIOHEHMe. [l cpaBHUTESNIbHON OLEH-
KW MonioBbIX pa3nuuuii no nokasarensm N3MP npumensnu
KpuTepuit MaHHa-YuThu (U), pasnmnums cuutani 3HaunMbimMu
npu p <0,05.

PE3Y/IbTATbI

06BbeKTbl uccnepoBaHus

B uccnenoBaHuM NpuHANM yuacTue 64 KNMHUYECKN 340-
POBbIX MY}YMHBI U MEHLLMHbI €BPONEOMAHON packl, B BO3-
pacte 19-22 neT, KopeHHble XUTenn ABYX pernoHoB EBpo-
nenckom vactu Poccunm: ApxaHrenbckon u Bonrorpaackoi
obnacten. [laHHble pervoHbl pa3nnyaleTca reorpaguyeckuM
MONOXEHWNEM U KITMMATUYECKUMM YCNOBUSMU. MecTo pox-
LEHUS YYaCTHUKOB MCCNel0BaHUS OrpaHWYMBanu reorpa-
¢unyeckon wimpotoi ot 60,9° c.w. no 64,5° c.w. ans cesep-
HbIX TEPPUTOPUI, 1 0T 47,3° c.wu. o 50,9° .. Ans 1XHbIX
Tepputopui. [lna uccnepoBaHus otobpanu CTyaeHTOB
rocynapcTBeHHbIX BY30B r. ApxaHrenbcka (16 MyXu4uH
1 16 xeHWwmH) u r. Bonrorpaga (16 MyX4uH n 16 XeHLMH).
Bce paboTbl BbIMONHANM B COOTBETCTBMM C MPUHLMMNAMM
Bceobuueit aexknapauuu o 6M03TMKe M mpaBax YenoBeka,
B YacTu cTaten 4 (bnaro v Bpeq), 5 (caMocToATENLHOCTb
W MHAMBMOYaNbHAA 0TBETCTBEHHOCTL), 6 (cornacue) u 9 (He-
MPUKOCHOBEHHOCTb YAaCTHOM KWU3HU M KOHOUAEHUMANb-
HocTb) [14]. YuacTve B uccnenoBaHum 6bino A06POBONBHLIM.
[lo BKNKOUEHUs B MCCNeA0BaHMe BCE YYACTHWUKM Bblpasniu
MH(OPMMPOBaHHOE cornacye.

OcHoBHble pe3ynbTatbl UCCnieaoBaHUA

Ha nepBoM 3tane uccnefoBaHus bbinn npoaHanMavpoBa-
Hbl UcXoaHble nokasatenu [13MP, xapakTepusytowme QyHK-
umoHanbHoe coctosHne LUHC y MyXUMH W JKeHLMH — u-
Teneii CeBEPHbIX U H0XKHBIX TEPPUTOPUIA €BPONEICKOI YacTyh
Poccum (1abn. 1). BoisiBNeHo, YTo MUTENM HOXHBIX TEPPUTO-
Pui1, MO OTHOLLIEHMIO K JKUTENSAM CEBEPHbIX TEPPUTOPUIA, B Lie-
JIOM XapaKTepu3yKTCA 0THOCUTENBHO HU3KUMMW 3HAYEHUSIMM
BPEMEHM PEaKUMM U OTHOCUTENIBHO BbICOKUMM 3HAYeHUAMM
uncna ynpexaaloLLmx peakumii Ha NpeAbABEHUE CBETOBOMO
CTUMyna.
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Ta6nuua 1. XapakTtepucTuka 6a3oBbIX MOKa3aTeNell OLIEHKW NPOCTON 3pUTENIbHO-MOTOPHOI PEaKLUMU Y MYXUMH U JKEHLUMH — JKUTENel CeBEpHbIX 1

H0XKHBIX TEPPUTOPUIA €BPONENCKOiA YacTh Poccum

Table 1. Basic parameters of simple visual-motor reaction in men and women from the northern and southern regions of the European part of Russia

Tepputopus NpoXMBaHMA

lNokasarenu, e, UsMm. Mon p
Ceep H0r
MuH1ManbHoe BpeMs peakLmuu, Mc M 194,6+6,92 167,2+3,52 0,0005
e 184,5£5,27 159,2+12,19 01
p 023 0,57 -
MaKcvManbHoe BpeMsi peakLmm, MC M L44,1+40,79 363,0+31,88 0,16
K 4173273 372,9+32,99 0,61
p 049 0,83 -
CpenHee BpeMsi peakLmm, MC M 256,4+36,4 197,2+16,9 0,31
e 252,8+10,76 248,8+14,78 0,95
p 0,93 0,029 -
Megmana, mc M 241,319,76 204,1£4,27 0,002
K 232,126,89 236,3£14,12 0,93
p 0,65 0,05 -
Yucno ynpexaatoLLyx peakLmi, L. M 0,4+0,18 1,2+0,37 0,03
X 0,2+0,15 1,740,48 0,08
p 0,65 079 -

LononHutenbHble pe3ynbTatbl UCCnenoBaHuA

Ha BTopoM 3Tane uccnefoBaHWS NpoOU3BENN CPaBHM-
TeNbHbI aHanu3 MHTerpanbHblx nokasartenen 3MP, oT-
paxatowwmx poHoBylo axktmueaumi LUHC y wutenen cesep-
HbIX U HXKHBIX TEPPUTOPUIA eBponencKon Yactn Poccuu.
Ha pucyHkax 1 u 2 npepcrtaBneHbl pacyeTHbIE MOKasa-
Tenm ypoBHsA akTuBaumm LLHC, ypoBHs BbicTpogencTsus,
ctabunbHocT U 6e30wmnbOYHOCTM, COOTBETCTBEHHO

YpoBeHb aktueauum L{HC

YpoBeHb BbICTPOENCTBIS

LNS MyMCKUX U JEHCKUX BbIOOPOYHBIX COBOKYMHOCTEN UC-
NbITYEMBIX.

WHTerpanbHas XapaKTepucTMKa «KBafLpaTOB Knaccu-
uKauuM» No BbIAENEHHBIM TPYNNaM XXUTeNen CeBEepHbIX
W H0XKHBIX TEPPUTOPUIA NpeAcTaBeHa B Tabnuue 2. B uenom,
YpoBeHb PyHKUMOHANbHBIX Bo3MoxHocTen LIHC y xuteneii
CeBEepHbIX TEPPUTOPMIA CHUKEHHBIW, @ Y NPeLCTaBUTENEN H0XK-
HbIX TEPPUTOPMI — NOBbILLIEHHBIN.

p=0,001

p=0,001

YpoBeHb CTabUnbHOCTY

Yposests GesouGoHOTH ﬁ
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Puc. 1. XapaKTepucTuKa UHTerpanbHbIX NoKasaTteneil OLeHKW NPOCTOM 3PUTESIbHO-MOTOPHOM PeaKLMM Y MYUMH — MUTeNei CeBEPHbIX U I0XKHbIX Tep-

pUTOPMIA EBPOMENCKOM YacTh Poccuu.

Fig. 1. Characteristics of integral indicators of simple visual-motor reaction in men from the northern and southern regions of the European part of

Russia.
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Puc. 2. XapaKTepVICTVIKa MHTErpanbHbIX noKasarenen OLIEHKHU I'IpOCTOI;I 3pVITeJ1bH0-MOT0pHOVI peakuun y XeHwuH — Kutenen CEBEPHbIX U HXHbIX

TeppUTOPUIA eBPONENCKONM YacTn Poccum.

Fig. 2. Characteristics of integral indicators of simple visual-motor reaction in women from the northern and southern regions of the European part

of Russia.

Tabnuua 2. ViHTerpanbHas xapakTepucT1Ka QyHKLMOHAbHBIX BO3MOXHOCTEN LIeHTpasbHOM HEPBHOM CUCTEMBI MYXUMH U KEHLLMH — XKUTENEeN CEBEPHbIX

1 I0XKHBIX TEPPUTOPUIA eBponelickoil YacTu Poccum

Table 2. Integral characteristics of central nervous system functional capacity in men and women from the northern and southern regions of the European

part of Russia

Tepputopus Mon N® kBagpata OyHKUMOHaNbHbIe Bo3MoxHocTH LIHC
Cesep M 9 YpoBeHb aktuBaLmm LIHC cHKeHHbIR. BbiCTpoaeicTBIe CHYMKEHHOE, NpK CTabUBHOCTY peaKLmMi
BbILLE CPeAHUX 3HaueHui. [peobnagaHe NpoLeccoB TOPMOXEHNS. CHIKEHHBIN YpOBEHb
(YHKLMOHaNbHbIX Bo3MoxHocTen LIHC.
X 1 YpoBeHb aktuBaLmm LIHC Hvpke cpeHMX 3Ha4eHWIA. BICTPOLEeNCTBME HUKE CPEAHMX 3HAYEHNI,
Npy cpesHer CTabunbHOCTV peakLmi. CHIKEHHBIN YpoBEHb BYHKLMOHaNbHBIX Bo3MoxHocTel LIHC.
t0r M 18 YpoBeHb aktuBaLmm LIHC Bbille cpegHMx 3HaueHWiA. beicTpoAeCTBME BhILLE CPEAHEro, MPU CPeaHen
cTabunbHocTV peakumi. MNpeobnagaHue npoLeccoB Bo3byaeHs. YpoBeHb ByHKLMOHAbHBIX
Bo3MoxHocTeln LIHC BbicoKumin.
X 14 CpenHwit ypoeeHb aktuBaumumn LIHC. BeicTpoaeicTare cpeHee npuy CpeaHei CTabubHOCTL peaKLmi.
CrabunbHoe COCTOAHVE PEryNATOPHbIX MeXaHW3MOB.

PestoMe 0cHOBHOrO pe3ynbtaTta uccnenosaHusa

B xode 0AHOMOMEHTHOrO MCCe0BaHWS YCTaHOBJEHO,
yto M3mMKo-reorpaduyeckme akTopbl (LLIMpOTa MeCTa Hu-
TeNbCTBA) M M0 YEN0BEKA OKA3bIBAKOT CTAaTUCTUYECKY 3HAYM-
Moe BAMSIHWE Ha BYHKLMOHANBbHOE COCTOSHWUE LIeHTPasbHOM
HepBHoi cucTeMbl (LIHC).

06c¢yxeHUe 0CHOBHOrO pe3ynibTata
UccneaoBaHus

MonyyeHHble pesynbTaThl NOKa3bIBalT, YTO CKOPOCTb pe-
arMpoBaHus Ha 3pUTESTbHBIN CTUMYN MO OCHOBHBLIM NOKa3saTe-
nam NN3MP 3HaunMo BbiLLE B rpynmne MyX4uMH — NpeacTaBu-
Tenen 10XHbIX Tepputopuii Poccun. BmecTe ¢ TeM, KauecTso
pearvpoBaHus, OLEHUBAEMOE MO MWHUMAJILHOMY YUCHTY
yNpexalwwmx peakuui, B bonbluei CTENEHU BbIpaXeHo

DOl https://doi.org/10.17816/humeco6/8155

Y XUTENEN CeBEPHBIX TEPPUTOPHIA. BaxkHo 0TMETUTB, UTO Npo-
ABNIEHUS aHaNN3UPYEMbIX NOKa3aTeNel Y MyXUUH W KEHLLMH
B 3aBMCUMOCTM OT MECTa XUTe/bCTBa [EMOHCTPUPYIOT pas-
nnums. Y uTenein CeBepHOr0 PErmoHa, Y MyXKUMH U KEHLLMH,
3Ha4eHns nokasareneii NI3MP npaktuyecku conagatot. Cpe-
OV XUTENen I0XHbIX TePPUTOPUN Y HKEHLLMH, OTHOCUTENBHO
MYXUMH, CTAaTUCTMYECKM 3HAYMMO BbILE CpefiHee BpeMs
peakumm (p=0,02) u meamaHa (p=0,05). B LeNOM Yy MKeHLIMH
OTCYTCTBYHOT CTAaTUCTUYECKM 3HAUMMbIE Pa3fuumMs MO aHanu-
3upyeMbIM nokasatensM [3MP Mexny npeactaButensmu
CEBEPHbIX 1 HKHBIX TEPPUTOPUIA.

Pe3ynbTaThl CpaBHWTENBHOTO aHanM3a WHTerpasbHbIX
nokasarenei N3MP no3BonsioT KOHKPETU3MPOBaTb HEMpO-
AVMHaMUYeCKue CBOMCTBA HEPBHOW CMCTEMBI, 0DLLMIA YPOBEHD
paboTtocnoco6HocTv u aktueHocTv LHC. Tak, ypoBeHb aKTu-
Baumm LIHC, cucTeMHO xapaKTepu3yHoLLmiA CKOpOCTb 1 YCTON-
UNBOCTb CEHCOMOTOPHOrO pearvpoBaHUs, HAfenseT MyX-
UWH, UTENEN HKHBIX TEPPUTOPUM, BBICOKMM MOTEHLMANOM

263
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QYHKUMOHAMbHBIX BO3MOXHOCTEN, Ha hOHe He3HauMTesbHOI
HeypaBHOBELLEHHOCTUM HEPBHOM CUCTEMbI C MpeBajMpoBa-
HWeM npoueccoB Bo3byxaeHus. [laHHble CBOMCTBA HepB-
HOM CUCTEMBI Y MYXUUH — KUTESIel HKHbIX TEpPPUTOPUN,
NOATBEPKAAKTCA BbIPAXKEHHbIM YPOBHEM DbICTPOAEHCTBHUS.
HanpoTuB, y MyuuH, XuTeneil ceBepHbIX TEPPUTOPUI, Ha-
bntofaloT NPOTMBONONOXKHbIE HEMPOAMHAMUYECKUE KAYeCTBa
HEPBHOM CUCTEMBI, OT/IMYAIOLLIMECS CHUKEHHBIM YPOBHEM aK-
TuBauum LUHC, HM3KuM ypoBHeM bbicTpofeincTsus, Ha doHe
MOBBILLIEHHOW CTAabUNBHOCTY 1 BbICOKOTO YPOBHA 6e30LMb0Y-
HOCTU CEHCOMOTOPHOTO pearpoBaHus.

Y JKEHLIMH OTCYTCTBYKT CTaTUCTUYECKW 3HAYMMble pas-
JIM4MS NPOSBNEHMS aHaNM3UPYEMbIX UHTErpabHbIX MOKa3a-
Tenen N3MP Mexay npefncTaBUTENAMM CEBEPHBIX U HOMKHbIX
TeppuTopuii. lNpu coBnageHny obLLMX TEHAEHUMI MeXTEppU-
TopuanbHoM auddepeHUMaLmMy UcciedyeMblX NoKasaTenei
Y MY}UMH U IKEHLLMH, B KEHCKMX BblbOpKax, OTHOCUTENbHO
MYCKMX, HabnioaeTcs BbIpaBHUBaHME YPOBHEW aKTMBALMM
1 BbICTPOAEHCTBUA 3a CYET UX NOBBILIEHUS Y NpeacTaBuTe-
nlel CeBEPHbIX TEPPUTOPUIA, U CHUMEHUS Y NpefCcTaBUTeNel
H0KHbIX TEPPUTOPMIA.

WHTerpanbHas xapaKTepuCTUKa «KBafpaToB Kiaccudm-
KaLum» JONOHUTENBHO YTOYHSAET BYHKUMOHANbHBIE 0CObEH-
Hoct LLHC y uccnepyeMbix rpynn. Tak, MyXUnHbl — XUTeNN
ApxaHrenbcKomn 06nacT — CKNOHHbI K NpeobiagaHuio npo-
LLecCOB TOPMOXEHUS, @ MyXUnHBI — XuTenn Bonrorpagckon
obnact — K npeobnagaHuo MPoLLECCoB BO30YXKAEHUS.

MpencraBneHHble faHHbIE MOLYEPKMBAOT 0COBEHHOCTM
NpOSIBNEHMS NOKa3aTeselt NpoCTol CEHCOMOTOPHOW peaKLui
Y MY}UMH U KEHLUMH — JKUTENIEN CEBEPHbIX U 0XHbIX Tep-
PUTOpPMIA eBPONENCKOM YacTh Poccum. YUET MecTa poxaeHus,
MPOXXMUBaHMA 1 Nofia YeNoBeKa No3BOASAET NePCOHaNU3Npo-
BaTb HOPMUPOBaHUE pe3ynbTatoB oLeHKy M3MP.

OrpaHW-IEHMFI uccnenosaHua

WccnenoBaHue BbISIBAIO 3HA4YUMble HEMPOLMHAMMYECKME
pasnMuMa MeXay rpynnamu, 0iHaKo cieflyeT yYnUTbIBaTh Psa
OrpaHUYeHui:

*  OTHOCMUTE/bHO HeDOJbLLas BbIDOPOYHAs COBOKYMHOCTb;

* MEepWOA UCCNef0BaHUS OrPaHUYEH paHHEN BECHOM;

* WCCNef0BaHWe O0XBaTbiBAeT TOJLKO EBPOMEWCKYH
yactb Poccuu, 4To orpaHuumMBaeT 3KCTpanonisaumio pe-
3yNbTaTOB Ha pyrve nonynsumm;

* OTCYTCTBME AAHHBLIX O COMOCTABMMOCTM BO3PaCTHOrO
cocTaBa rpynn.

TeM He MeHee, BbiSIBIEHHblE Pa3fiMuMA NOAYEPKMUBAIOT

Heo0X0AMMOCTbL KOMMJIEKCHOMO NOAX0AA K NepcoHanM3aummu
HOpPMMpPOBaHWA pe3ynbTaToB oLeHKM [3MP.

3AKJIOYEHUE

Pe3ynbTarhl BbINOSHEHHOMO UCCIIEA0BaHUA NOATBEPKAA-
0T BNMSIHME PU3NKO-Teorpamuecknx GaxkTopoB Ha QyHK-
umoHanbHoe coctosiime LHC. ®oHoBas BbipaeHHOCTb
0a30BbIX M MHTerpanbHbix nokasateneit [3MP cBsizaHa

T.32 N2 4, 2025
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C reorpaMyecKoi LUMPOTOI MeCTa KWTENbCTBA UM NOOM
yenoBeKa. B LienloM, XuUTenn ceBepHbIX TEPPUTOPUIA XapaK-
TEpPU3YITCA OTHOCUTESBHO MOHMKEHHBIM YPOBHEM aKTUBa-
um LUHC Ha doHe noBbILLEHHOW CTabunbHOCTM M 6e3oLwm-
BOYHOCTU CEHCOMOTOPHOrO pearnpoBaHus. KUTeNN HKHBIX
TEppUTOPUIA OT/IMYAIOTCA BbIPAXKEHHOCTBIO MPOLIECCOB BO3-
OYXKAEHNSA M OTHOCUTESTBHO MOBBILIEHHBIM BbICTPOLENCTBUEM.
B yKeHCKMX BbIDOpKaX, OTHOCUTENBHO MYMCKUX, BHE 3aBUCH-
MOCTM OT MecTa XWUTeNbCTBa, HabNoAaeTCA OTHOCUTENbHOE
yCpeaHeHWe YpOBHEH aKTUBaLMM W ObICTPOAEHCTBUA 3a CHET
WX MOBBILIEHUS Y NPeACTaBUTENEN CEBEPHbIX TEPPUTOPUH,
W CHUXEHUS Y NPeACTaBUTENEN H0XKHBIX TEPPUTOPUIA.
OCHOBHBIM pe3ynbTaToM BbIMOJHEHHOTO MCCNEAO0BaHMS
fBunocb opmupoBaHue runotessl 06 06ycnoBieHHOCTU
MPOSIB/IEHWIA NOKa3aTesei NPOCTO CEHCOMOTOPHOIN peaKLuy
LUMPOTHOCTBIO MECTa JKMTENbCTBA YENIOBEKA M ero MosioM.
B nanbHeiiuem aaHHas runote3a byaeT npoBepeHa npu npo-
BeAEHWUM [pYruX UCCef0BaHUiA Ha penpe3eHTaTUBHbIX Bbi-
bopkax ¢ 6oniee BbICOKOM [LOKa3aTesbHOM CMOCOBHOCTLH.

[0MNOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBropoB. Bce aBTOpbl MOATBEPX/AAIOT COOTBETCTBME CBOErO aB-
TOpCTBA MeX[yHapoaHbiM KputepusM ICMJE (Bce aBTopbl BHECHM cy-
LLIECTBEHHbIM BKMAL B pa3paboTKy KOHLenuuu, npoBefieHvne uccnepo-
BaHWA M MOAFOTOBKY CTaTbi, MPOYAM WM 0A0H6pUIM dUHaNbHYI0 BepCuio
neped nybaukaumen). Hambonblumin BKMad pacnpedenéH crepylowmm
obpasom: 10.A. Llatslp — 0630p nuTepaTyphl, HanucaHue ctatsk; U.B. Yne-
CMKoBa — cbop MaTepuana v nepBuyHas 0bpaboTka pesynbTaToB uccne-
noBaHms; H.0. Hazapos — ctatucTuyeckas 0bpaboTka pesynbtatoB Uc-
cnepoBaHms; M.A. KyHaBuH — cbop Matepuana u nepauyHas obpaboTka
pe3ynbTaToB uccnenosatus; C.O. Monos — cbop MaTepuana v nepeuyHas
obpaboTka pesynbTatoB uccnefosaHus; A.b. Mynuk — koHuenums v an-
3allH UCCneaoBaHus, aHann3 AaHHbIX, PeAaKTUPOBaHWE CTaTby.
JITuyeckasn akcnepTusa. ViccnenoBaHve 0406PEHO ITUHECKVIM KOMUTETOM
BoeHHo-MeauumHeKo akapeMun umenn C.M. Kuposa (CankT-Tletepbypr,
Poccms), npotokon N 295 ot 22.10.2024 r. Bce yyacTHUKM UccneaoBaHms
A06poBONbHO NofnmMcany GopMy MHOOPMMPOBAHHOMO COracks A0 BKITIO-
YeHWs B UCCNef0BaHVE.

WUcTtounuk dpuHaHcupoBaHusa. PaboTa BLINONHEHa B paMKax peanu3aumm
HVP no nporpaMme aKafeMW4ecKoro CTpaTernyeckoro nuaepcrea «flpu-
opuTeT-2030>.

KoHbnukT MHTepecoB. ABTOpbI JEKNapupyIoT OTCYTCTBYE ABHBIX W MOTEH-
LmanbHbIX KOHDIMKTOB MHTEPECOB, CBA3aHHLIX C NybAMKaLMelt HacTosLLeN
cTaTby.

PackpbiThe MHTepecoB. ABTOPLI 3aABAAOT 06 OTCYTCTBUM OTHOLLIEHWI, fie-
ATENBHOCTY W MHTEPECOB 3a MOC/ELHWE TPU rOfia, CBA3AHHBIX C TPETHMM
JMLaMK (KOMMEPYECKUMM 1 HEKOMMEPYECKVMM), UHTEPECH! KOTOPLIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

3asBnenne 06 opurmHanbHOCTM. [1pM CO34aHMM HacTosLLeN PaboThl
aBTOPbI HE MCMONb30BanM paHee onybMKoBaHHble CBEAEHWS (TEKCT, Wi-
TIOCTPaLMW, AaHHbIe).

HocTyn K AaHHBIM. PefjaKLMOHHas NOUTMKA B OTHOLLEHUM COBMECTHOMO
MCMONb30BaHUs AaHHbIX K HacTosLLe paboTe He MPUMeHWUMA, HoBble AaH-
Hble He CobMpanu 1 He Co3aBanu.

leHepaTUBHbIA MCKYCCTBEHHbIN MHTENNEKT. [Ipy CO30aHMM HACTOoALLEN
CTaTbit TEXHOMOTWM FEHEPATUBHOTO WCKYCCTBEHHOrO WHTENNEKTa He UC-
nonb30Banu.

PaccMoTtpenne u peueHsupoBanme. HacTosLas pabota nofaHa B xyp-
Han B MHWLMATMBHOM MOPAJKE WM PacCMOTPEHa No 06bIYHOM MpoLesype.
B peLieH3MpoBaHWM y4acTBOBaNM [Ba BHELLHUX PeLieH3eHTa, YieH pefaK-
LIVIOHHOW KOMMIErnu W HayuHbIA pefaKTop U3faHus.
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OAHOHYKNeOTUAHDbIE BapUaHTbl B reHaX CUCTEMb!
UHTep¢epoHOB Y KOPEHHbIX U HEKOPEHHbIX YXUTesleH
ApxaHrenbckou obnactu

E.A. Kpurep', 0.B. Camoposa', H.A. Bebakosa', A.B. Kyapssues', J1.B. VsaHosa',
P.B. Camoitnukos?, M.b. Motanosa?, B.K. Connuesa’, E.A. MepeMbsanuHa?, 0.A. Cutny?3

! CeBepHblIil roCyAaPCTBEHHbI MeAMLIMHCKVIA yHuBepcuTeT, ApxaHresnbek, Poccus;
2 HayuHo-McCe10BaTeNbCKUIA MHCTUTYT BaKLMH M ChIBOPOTOK UM. W.W. Meunmkosa, Mocksa, Poccus;
3 Mepabili MocKoBCKWiA rocyAapCTBEHHbIN MeAMLMHCKNIA yHuBepcuTeT M. WM. CeueHoBa, Mocksa, Poccus

AHHOTALMUA

06ocHoBaHMe. [lOMMMO KIMMaTUYECKUX M COLMANbHBIX (DaKTOpOB, UHAMBMAYANbHYI0 BOCMPUMMUMBOCTL XuTenen CeBepa K
MHEKLMOHHBIM 3aD01EBaHNAM ONpeLeNstoT BapUaHTbl HYKIEOTUAHbIX NOC/E0BaTENIbHOCTEl B FeHaX CUCTEMbI UHTEP(EPOHOB.
benkoBble NPOAYKTLI 3TUX rEeHOB Y4aCTBYIOT B peanv3aLymn MMMYHHOIO 0TBETA.

Leno uccneposanma. OueHWTb pacnpoCTPaHEHHOCTb OHOHYKNEOTMAHbIX BapUaHTOB B FeHax CUCTEMbl MHTep(hepoHOB
(IFNART, IFNARZ2, IFNGR1, IFNL4 (IL-28B)) y KOpeHHbIX M HEKOPEHHBIX 3uTenien ApXaHresibcKon 0bnacTu.

MeToab!. Mbl NnpoBenv 0AHOMOMEHTHOE UCCNeA0BAHUE Ha CITy4aliHOM BbIDOPKE B3pOCNOro HaceneHus ApxaHrenbcKa B Bo3pacTe
ot 43 po 74 net (N=232, pons MyxunH — 36,6%). NpoTokon uccnefoBaHWsA BKIOYaN ONPOC YHaCTHUKOB U MOJNEKYNSPHO-
reHeTUYECKMIN aHanM3 AR OnpefeNieHns ansenei ¥ reHoTUNOB CleAYLLMX OAHOHYKIIEOTULHBIX BapUaHTOB: rs2257167 reHa
IFNART, rs2229207 reHa IFNAR2, rs1327474 reHa IFNGR1, rs12979860 reHa IFNL4 (IL-28B), rs8099917 rena IFNL4 (IL-28B).
OueHwnnu cooTBeTCTBUE HabMI0AaeMOro pacnpegeneHuns reHoTUMNOB B FPyMnax KOPEHHbIX M HEKOPEHHbIX JKUTENEN 0XKMAaeMoMy
pacnpejenexuio no 3akoHy Xapau—BaiHbepra u cpaBHUAM pacnpefeneHns Mexay rpynnamu.

Pesynbratbl. ccnepyeMas rpynna Broyana 86 KopeHHblX M 146 HeKOpeHHbIX uTeneit ApxaHrenbckon obnactu.
Y HeKOpEeHHbIX XUTeNen pacnpeneneHne reHoTMNoB He COOTBETCTBOBAIO 3aKoHy Xapan—BaiHbepra ans BapuanTa rs2229207
reHalFNARZ nrs12979860 reHa IFNL4 (IL-28B) 3-3a noBbILLEHHOI0 YACNa reTepo3nroT. B 1o ke BpeMa onsi BapuaHTars 1327474
reHa IFNGR1 uicno reTeposurot bbiio HiKe oxupaemoro. Yacrota annens C rs2229207 rena IFNARZ, accouumpoBaHHoro ¢
PUCKOM TSKENOTO TeYeHUsl BUPYCHBIX MHAEKLMK, Y KuTeneid ApxaHrenbCKoi 0bnactv npeBbllwana 4acToTy BCTpeYaeMocTh
AaHHOro annens B nonynaumax Esponbl u Mupa. FoMo3uroTHeIM reHotun CC rs2229207 reHa IFNARZ BcTpeyancs 3HauMTeNIbHO
pexe Cpeu KOPEHHOT0 HaceneHus ApxaHrenbcKoi obnactu (2,6%) no cpaBHeHuto ¢ HekopeHHbIMU xuTenamu (11,2%). Cpeau
HEKOPEHHOro HaceneHus Habnoaanu 6onee BbICOKYH YacToTy retepo3urotHoro reHotuna CT rs1327474 reHa IFNGR].
3aknioyeHue. Mol BbisBUIM 0COOBEHHOCTM TEHETUYECKOW CTPYKTYpbl MONYAsUMM B3POC/IOr0 HaceneHus ApxaHrenbCKow
obnacTtu, 0bycnoBneHHble MUrpaumeid xuTenen Apyrux peroHoB Ha CeBep. 3TM 0COBEHHOCTM OTPAXKAKT MOBLILLEHHYIO
PacnpoCTPaHEHHOCTb TEeHETUYECKUX MapKepoB BOCTPUMMYMBOCTM K BUPYCHbIM MHOEKUMAM Y HEKOPEHHOr0 HaceneHus
Eeponeiickoro Cesepa.

KnioueBble cnoBa: 0HOHYKNIEOTULHbIE BapWaHTbI; reHbl; MHTEPdEepOHbI; KOpeHHoe HaceneHue; Poccus; Cesep.
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Single Nucleotide Variants in Interferon System
Genes in Indigenous and Non-Indigenous Residents
of the Arkhangelsk Region

Ekaterina A. Krieger', Olga V. Samodova', Natalya A. Bebyakova', Alexander V. Kudryavtsev',
Liudmila V. Ivanova', Roman V. Samoilikov?, Mariia B. Potapova?, Viktoriia K. Solntseva’,
Ekaterina A. Meremianina?, Oxana A. Svitich?®

! Northern State Medical University, Arkhangelsk, Russia;
2. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russia;
3 Sechenov First Moscow State Medical University, Moscow, Russia

ABSTRACT

BACKGROUND: In addition to climatic and social factors, individual susceptibility to infectious diseases among residents of
the North is influenced by nucleotide sequence variants in interferon system genes. The protein products of these genes are
involved in the immune response.

AIM: The study aimed to assess the prevalence of single nucleotide variants in interferon system genes (IFNAR1, IFNAR?Z,
IFNGR1, IFNL4 (IL-28B)) in indigenous and non-indigenous residents of Arkhangelsk region.

METHODS: A cross-sectional study was conducted on a random sample of adults aged 43-74 years residing in Arkhangelsk
(N=232; 36.6% male). The study protocol included participant interviews and molecular genetic analysis to determine alleles
and genotypes of the following single nucleotide variants: rs2257167 in IFNART, rs2229207 in IFNAR2, rs1327474 in IFNGR1,
rs12979860 and rs8099917 in IFNL4 (IL-28B). The observed genotype distributions in indigenous and non-indigenous groups
were evaluated for compliance with Hardy-Weinberg equilibrium and compared between the groups.

RESULTS: The study population included 86 indigenous and 146 non-indigenous residents of Arkhangelsk region. Among non-
indigenous residents, the genotype distributions of the variants rs2229207 (IFNAR2) and rs12979860 (IFNL4 (/L-28B)) deviated
from Hardy-Weinberg equilibrium due to an excess of heterozygotes. At the same time, for the rs1327474 (IFNGRT), the
number of heterozygotes was lower than expected. The frequency of the C allele of rs2229207 (IFNAR2), associated with severe
viral infections, was higher in the Arkhangelsk region population than in European and global populations. The homozygous CC
genotype of rs2229207 (IFNAR2) was significantly less common in indigenous residents of the Arkhangelsk region (2.6%) than
in non-indigenous residents (11.2%). A higher frequency of the heterozygous CT genotype of rs1327474 (IFNGRT) was observed
in the non-indigenous residents.

CONCLUSION: This study identified specific features of the genetic structure of the adult population of the Arkhangelsk region,
shaped by migration from other regions to the North. These findings reflect a higher prevalence of genetic susceptibility markers
for viral infections among the non-indigenous population of the European North.

Keywords: single nucleotide variants; genes; interferons; indigenous population; Russia; North.
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Ob0CHOBAHUE

MpoxuBaHue B HEBNAronNpUATHBIX KIIMMATUYECKUX YCII0-
Busx CeBepa CyLLECTBEHHO BNIMSIET HA (YHKLMOHUPOBaHUE
MMMYHHOM CUCTEMBbI W afanTaLMOHHbIe MeXaHW3Mbl opra-
Hu3Ma. [lpu 3TOM MPOMCXOAMT He TOJbKO KPaTKOBPEMEH-
Has (du3MonornyecKan) akKMMaTu3aums, MobunmusyroLas
BCe CUCTEMbl OpraHu3Ma Afs MojAepXaHWs roMeocTasa,
HO M AAuTenbHas afjantauus, COMPOBOXAAlOLIAACA U3Me-
HEHWUSIMM Ha FeHETMYECKOM YPOBHE. 3T U3MEHeHMUs 3aKpe-
MNAITCA B BUAE HACieACTBEHHbIX MPU3HAKOB MOMyNALMN
W 3THUYeckux rpynn [1].

NMMyHHBI npodunb kuteneit CeBepa xapaKTepusyeT-
€Al CHUXeHueM abcontoTHoro uncna T-numdoumtos, fedu-
LMTOM aKTUBHBIX (aroLMTOB U CHUMEHWUEM KOHLIEHTpaLuH
CEKpPeTOpHOro MMMyHornobynuHa A, 4to noBbllwaeT BOC-
NPUMMUMBOCTb K UH(EKLUMOHHBIM 3aboneBanuam [2]. o-
MWUMO KJIMMaTUYECKWX M coumanbHbIX HaKTopoB, UMMYHHbIN
CTaTyc CeBepsH 3aBUCKT OT BapuabenibHOCTU HYKIIEOTUAHOM
nocnefoBaTe/IbHOCTU reHoB, HenKoBble NPOAYKTbI KOTOPbIX
y4acTBylOT B peanusauum UMMyHHoro oteeta. WHausmay-
anbHble pasnuuus B BOCMPUMMYMBOCTM K BUPYCHBIM WH-
(eKuMaAM onpeLensoTca B TOM YUCIe OJHOHYKIEOTUHBI-
mu BapuaHTamm (Single nucleotide variants, SNVs) B reHax
cucteMbl UHTepdepoHoB. MHTepdepoHbl UrpaloT KIoyeByto
posib B MPOTUBOBMPYCHOW 3aluuTe, BLICTYNas CBA3YIOLLNUM
3BEHOM MeX[y BPOKIEHHBIM M afanTUBHbIM UMMYHHBIM
oTBeToM. MHTepdepoHbl CBA3LIBAKTCA €O Crneumbuyecku-
MV PeLenTopamMu Ha MOBEPXHOCTU KIIETOK, aKTUBMpYS CUT-
HambHbIE MYTU WU 3KCMIPECCUI0 UHTEPDEPOH-CTUMYNIMPYEMBIX
reHoB. benkoBble NPOLYKTHI 3TUX FEHOB BbIMOJHAIOT LUMPO-
KWW CNeKTp QYHKLMIA, BKIOYas WHIMOMpOBaHWe BUPYCHOI
TPAHCKPUNLMK 1 TPAHCAALMM, MOLYAALMIO BOCNANIUTENBHO-
ro 0TBETa U aKTUBALMIO CTECTBEHHbIX KMIIEpOB, MaKkpoda-
ros u T-numdoumtos [3].

SNVs B reHax cucTeMbl MHTep(EpPOHOB MOryT onpe-
LenaTb WHOMBULYaNbHbIE PasfiMuMa B BOCMPUMMYMBOCTH
K MHGbEKUMAM, 0COBEHHOCTAX MX KIIMHUYECKOro nposBle-
HuUA U 3bPeKTMBHOCTM Tepanuu. B paHHoi paboTe nsyyanu
SNVs B reHax cucTeMbl MHTEp(EPOHOB, KOLUPYIOLLMX pe-
uenTopbl MHTepdepoHoB: IFNART v IFNARZ (peuenTopbl MH-
TepdepoHoB a/B | Tuna), IFNGR1 (peuenTop uHTepdepoHa y
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[l Tuna) un IFNL4 (IL-28B, wntepdepon-A4 Il Tuna), yyact-
BYIOLUMX B MpOTMBOBMPYCHOM WMMyHHOM oTBeTe. OT6op
SNVs npoBogunu Ha OCHOBaHWW NUTEPATYPHBIX AaHHbIX
W pe3ynbTaToB COBCTBEHHBIX UCCAEA0BAHMIA, MONYYEHHbIX
npu 0bcnesoBaHUM B3pOCOr0 HaceneHus ApxaHrenbcKou
obnactu (tabn. 1) [4-28].

SNVs B reHax cucteMbl MHTEPGEPOHOB MOTYT OKa3blBaTb
KaK MpOTeKTUBHbIA 3ddeKT, obecneunBas aganTauMoHHble
NpeuMyLLLeCTBa U NOBbILIAs YCTOWYMBOCTb OpraHM3Ma K na-
TOreHaM 1 HebnaronpUATHBLIM KITMMAaTUYECKUM YCNOBUAM, TaK
W YBENMYMBATb PUCK BO3HUKHOBEHWS 3abonesanuid. L. Chen
1 COaBT. NMoKasanu, 4To HocutenscTBo annens C rs2257167
reHa IFNAR] oKa3blBaeT NPOTEKTMBHLIN 3QHEKT B OTHO-
WweHun Tybepkynesa [4]. WccnepnoBanue, npoBeaeHHoe pa-
Hee Ha nonynsumu ApxaHrefbCKa, NOKasano B3auMOCBA3b
reHotuna CC rs2257167 rena IFNART c MaHudecTHbIM
(cMMNTOMaTUYECKUM), HO He TSIKENbIM TEYEHWEM HOBOIA
KopoHaBupycHon uHpekumm — COVID-19 [5]. Opyrve pabo-
Tbl YKa3bIBaKT Ha cBA3b annens C rs2257167 rena IFNAR]T
C PUCKOM TSKENOro TeYeHus BUpYcHOro renatuta B u pas-
BUTWA OCTPOM MEYEHOYHOWM HepocTaToyHocTu [6, 7]. KpoMe
Toro, Hanuune annens C rs2257167 rena IFNART B 3,4 pasa
MOBbILLAET PUCK UHPULMPOBAHNA HOBOPOKAEHHBIX BUPYCOM
3MKa, 4TO CBA3AHO C 0COBEHHOCTAMM PEryNALMM nnaleHTap-
HOro UMMyHHOro oTBeTa [8].

SNVs reHa IFNARZ2 TaroKe accoummpoBaHbl C pagoM na-
TONOTMYECKMX COCTOAHMIA. Hanpumep, annenb C rs2229207
reHa IFNAR2 cBfisaH C pPUCKOM pa3BMTUS XPOHMYECKOro
BMpYCHOr0 renatuta B u3-3a dyHKUMOHaNbHOW HenonHo-
LEHHOCTU MHTep(hEPOHOBLIX PELENTOPOB, YTo ocnabnser
MPOTUBOBMPYCHBIA OTBET M CMOCOOCTBYET YKIIOHEHUID BUPY-
ca oT MMMyHHoro KoHTpons [9]. KpoMe 3toro, no AaHHbIM
nutepatypbl SNVs B reHe IFNARZ MoryT BnMSTbL Ha TSXKECTb
TEYEHUS| PECMMPaTOPHbIX BUPYCHLIX WHAEKLMIA, BKI0Yas
COVID-19 v rpunn, a TaKKe NOBbILIATL PUCK HEXeNaTesbHbIX
ABSIEHNI NPY BaKLMHALMK 1uBbIMM BakumHamu [10-13]. Uc-
CrefoBaHUs C y4acTUeM B3pOCIOro HacenieHust ApxaHrenb-
CKa MoKasamu, 4to y Hocutenen annens T rs2229207 reHa
IFNAR2 COVID-19 pexe npoTekana 6eccMMNTOMHO, 0HaKO
MaHudecTHoe TeyeHWe 3aboneBaHWs MPOTEKano B NETKoW/
yMepeHHoi dopMe 6e3 0cnoxHeHUin U uMeno bnaronpusT-
HbIi ucxog [5]. Hanpotvs, no pe3ynbTataM Lpyrux aBTOpOB,

Ta6nuua 1. PaCCManMBBEMbIe O0[HOHYKJ1Ie0TUAHbIE BapUaHTbl B reHax CUCTEMbI MHTEdeepOHOB

Table 1. Single nucleotide variants in interferon system genes considered in the study

[en* | Jlokanusaums reHa | NCBI, dbSNV | 06nacTb U3MeHeHus (reH/6enok) Cebinku
IFNAR1 21g22.11 rs2257167 MwucceHc-BapuaHT (Missense variant) [4—8]
IFNAR2 21g22.11 rs2229207 MwcceHc-BapuaHT (Missense variant) [9-15]
IFNGR1 6g23.3 rs1327474 BapwaHTa perynaTopHoit obnactu reHa (Regulatory region variant) [5, 16]
IFNL4 (IL-28B) 19913.2 rs12979860 VIHTPOHHBIM BapuaHT (Intron variant) [17-25]
IFNL4 (IL-28B) 19g13.2 rs8099917 MexreHHbIi BapuaHT (Intergenic variant) (20, 22, 26-28]

NMpumeuanue: * IFNART — peuenTtop nHTepdepoHa-o/B 1, IFNAR2 — peuienTop uHtepdepoHa-a/p 2, IFNGRT — peuentop uHTepdepoHa-y 1, IFNL4 (IL-

28B) — nHTepdEpOH-AA (MHTEpnekuH-28B).
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MONYYeHHbIM Ha NOMYNALMM BbeTHaMLEB, annenb C u rete-
po3uroTHbliA reHoTun TC rs2229207 rena IFNARZ accoummpo-
BaHbl C MOBbILIEHHBIM PUCKOM 3apaxeHus SARS-CoV-2 [15].
Mpw reHotune TT rs2229207 reqa IFNARZ vawe onpepens-
nm cneumduyeckue UMMyHornobynuHel knacca G K Bupycy
rpunna A B pesynbTaTe NepeHeCEHHON MHGBEKLMM, YTO MO-
JKET CBULETENbCTBOBATL O MOBbILUEHHOW BOCMPUMMYMBOCTM
K BaHHON UHGbeKumm [14].

WccnepoBanue, npoBef€HHOE paHee B ApxaHresibCcKe,
BbIABUIO bosblyl 4acToTy nHeBMoHuM npu COVID-19
y Hocutenen reHotuna TT rs1327474 rena IFNGRT [5]. Co-
rnacHo pesynbtatam Y. Chen u coaBT., Hanuuue annens
C rs1327474 reHa IFNGR1 cHuxaeT puck pa3sutus Tybep-
Kynésa [16].

Mo paHHbIM S.H.A. Agwa u coaBr., annenb C rs1297986
reHa IFNL4 (IL-28B) accoummpoBaH C TAXENLIM TEYEHUEM
COVID-19 [17]. HebnaronpusTHble ncxofbl 3abonesaHus Yatle
Habnloganuch y NauMeHTOB C reTepo3vroTHbIM FeHOTUMOM
CT [17]. OpHako nccneposanme J.M.R. Saponi-Cortes u co-
aBT. AEMOHCTPUPYET NPOTUBOMOJIOXKHbIE Pe3yNbTaTbl: annefb
T cBA3aH ¢ puckoM Tsxenoro Teuenms COVID-19 [18]. dpy-
e aBTOpbI 0OHapyxMnKM cBA3b reHotuna TT rs1297986 reHa
IFNL4 (IL-28B) ¢ TSENbIM TeYEHUEM UHDEKLWH, BbI3BaHHbIX
PHK-Bupycamm, a TaKxKe MOBbILLEHHBIM PUCKOM MHEBMOHWM
1 HebnaronpusTHLIM NporHosoM npu COVID-19 [19, 20]. Tak-
e ycTaHoBieHa cBa3b annens T rs1297986 rena IFNL4 (IL-
28B) ¢ BOCMPUMMYMBOCTLID K BUPYCHOMY rematuty C u pu-
CKOM pa3BUTWA renatokapuuHoMmel [21, 22]. WUccnepoBaHus
3 (EKTUBHOCT NPOTUBOBUPYCHOI Tepanuu (NermnaupoBaH-
HbIM MHTEP(EPOHOM anbda B KOMOMHALMKM C pubaBMPUHOM)
npu renatute C nokasanu, 4To BMpYC Dbl 3MMMWUHMPOBaH
y 80% nauuenTtoB ¢ reHotunoM CC rs1297986 reHa IFNL4
(IL-28B) v Tonbko y 25% nauueHToB C reHoTumoM TT,
B TO BpEMSl KaK Yy nauneHToB ¢ reHotunoM CT pe3ynbTart bbin
MPOMEXKYTOYHBIM [23-25].

CornacHo NnuTepaTypHbIM AaHHbIM, Hanuune annens G
rs8099917 rena IFNL4 (IL-28B) accouumpoBaHO C BbICOKO
YacTOTOM CEPOKOHBEPCMM B OTBET Ha BaKUMHALMIO MPOTUB
rpunna [26]. TeHotun GG rs8099917 rena IFNL4 (IL-28B) ac-
COLMMPOBaAH C TAXENLIM TeueHneM COVID-19 u Hebnaronpm-
ATHBIM NporHo3oM [20, 27]. Kpome Toro, annenb G nosbiwwaeT
PUCK Pa3BUTMS LMPPO3a MEYEHU U YCTOMYMBOCTM K NIEYEHMIO
aHanoramMu HyKneosugoB y MauMEHTOB C XPOHMYECKUM BU-
PpycHbIM renatutoM B [22-28].

Pa3nuumsa B yactote Bctpeuaemocti SNVs B reHax cu-
CTeMbl MHTEp(EepOHOB MOTYT BAMATL HAa BOCMPUUMUMBOCTb
nonynauMM K MHAEKLUMOHHLIM 3aboneBaHuaM. [eHeTuye-
CKM aHanu3 nonynauMm C y46TOM KIMHWYECKON 3Hauu-
MocTu SNVs B reHax Mo3BoNUT pacLUMpUTb NpeaCcTaBeHus
0 B3aMMOJENCTBUN FeHeTUYECKUX U cpefoBbIX (haKTopoB
npu apantaumn K ycnosusM CeBepa; onpefenvTb SO0
HaceNeHMs C MOBBLILIEHHBIM PUCKOM PasBUTUA U TSKENO-
ro TeyeHus MHbEKLMIA; NPOrHo3uMpoBaTh MacLiTabbl pac-
NpoCTpaHeHUs U MOTEHUMANbHOE 3MUIEMUOIOTUYECKOE
bpems.
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U,Eﬂb uccnenoBsaHua

OueHNTb pacnpoCTPaHEHHOCTb OHOHYKNIEOTUAHbLIX Ba-
PWaHTOB B reHax cucteMbl UHTepdepoHoB (IFNART, IFNARZ,
IFNGR1, IFNL4 (IL-28B)) y KOPeHHBIX U HEKOPEHHbIX UTeNen
ApxaHrenbcKon obnactu.

METObI

Iln3anH uccnepoBanms

HPOBED,GHO rnonepe4yHoe uccnenoBaHue, BKJKOYaBLLee
MOJ'leKYJ'IFIpHO-I'eHeTVI'-IeCKVIVI aHa/m3 C yyactnem CﬂyanIHOVI
BbI60pKVI B3p0OC/I0ro HaceneHua ApxaHreanKa.

YcnoBus npoBeaeHUs UCCNe0BaHUA

WccnepoBaHue BbinofHeHo Ha 6ase OIB0Y BO «Cesep-
Hblil FOCYAapPCTBEHHBIA MEAWLIMHCKUA YHUBEpCUTET» MuH3-
apaBa Poccum (ApxaHrenbck, MockBa) B COTpyAHWYeCTBe
¢ ObYH «HayyHo-uccnenoBaTtesibCKUi MHCTUTYT CUCTEMHOM
Bronorum u MeamumnHel» PocnotpebHaa3sopa (Mocksa, Poc-
cus). B nccnepoBaHne BRIKYMIM YYacTHUKOB MOMYNSLMOH-
HOro MccneaoBaHusa «Y3Hai cBoé cepaue» (2015-2017 rr.),
[aBLUMX COFMacke Ha y4acTue B MOCNeAyHoLWMX MccnesoBa-
Huax [29]. B 2022 roay npoBenn aHanu3 pacnpocTpaHEHHO-
ct SNVs B reHax cucteMbl UHTepdEpOHOB 232 y4acTHUKOB
B BO3pacTe 43—74 neT, COTNACMBLUMXCS TMPUHATb ydyacTue
B NpoekTe «MoneKynspHo-reHeTM4eCKMe MapKepbl peakLmuu
OpraHu3Ma Ha HOBYK KOPOHaBUPYCHYH MHGEKUMM U u3Me-
HeHUsi MMKPobuoTbl U MeTabonoMa YenoBeKa B pesynbrare
nangemun COVID-19». MporpamMma uccnefoBaHMs BKITOYana
onpoc v 3abop 06pa3LoB LenbHom Kposu. B 2023-2024 ropax
NPOBENM A0MNONHUTENbHOE 06Cef0BaHUE TUX e Y4aCTHU-
KOB Mo npoToKony «broMapKepbl UHAMBMAYaNEHON KU3HE-
cnocobHocTMy, NpepycMaTpuBaBluee cHOp AaHHbIX 0 MecTe
POXOEHNS YYACTHUKOB W MX MPEeKOB B TPEX MOKOEHMSX.
KopeHHbIMM xuTenamu ApxaHrenibckoit obnact cuutanm
Y4aCTHUKOB, Y KOTOPbIX HE MEHee [IBYX MOKONEHWUN NpeaKoB
CO CTOpOHbI 060MX poauTeneit poaunuch B ApXaHrenbCKoin
o6nactu. OcTanbHbIX YY4aCTHUKOB OTHEC/M K KaTeropuu He-
KOPEHHOr0 HaceneHus.

Bce yyacTHWKu uccnegosaHus fobpoBonbHO nognucanu
MHdOpMUPOBaHHOE cornacke Ha yyactue. lpoBegeHue uc-
cnefoBaHus bbino 0fobpeHo atnueckum Komutetom CIMY
(npoTokon Ne 07/09-2022 ot 28.09.2022, npotokon N° 03/04-
23 o1 26.04.2023, npotokon N2 06/09-23 ot 27.09.23).

JlabopatopHble MeToAbl

06pa3subl LenbHOW KpoBM 3abupanu HaToLlaK U3 NOK-
TeBOI BeHbl B BaKyyMHble MPOBUPKM C aHTUKOArynsHTOM
(3OTA). Mocne npobbl 3amMopamBanu 1 xpaHunm npu —80 °C
[0 3aBepLueHus 3tana cbopa obpasuos. HyknenHoBble Kuc-
NoTbl BLIAENANU C UCMoSb30BaHWeM Habopos PMB0-copb
(AmpliSens, Poccus) cornacHo MHCTPYKLMW NPOU3BOAUTENS.
MoneKynspHo-reHeTUYECKMIA aHaNKU3 BKITOYan onpejeneHue
anneneii u redotunoB SNVs rs2257167 (IFNART), rs2229207
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(IFNAR2), rs1327474 (IFNGRT), rs12979860 (IFNL4 (IL-28B)),
rs8099917 (IFNL4 (IL-28B)) MeTonoM nonuMepasHom Len-
HOW peaKuun B pexuMme peanbHoro BpeMeHM Ha [HK-
amnamdumkatope DTprime 5 (AHK—TexHonorum, Poccus) B co-
OTBETCTBME C MHCTPYKLMEN K HabopaM peareHToB.

CTaTUCTUYECKUIM aHanus3

KaTeropuanbHble faHHble NpeacTaBieHbl B BuUae ab-
CONITHBIX U OTHOCUTENbHBIX 3HaueHui (n, %). Hekotopble
nepeMeHHble, 0TPaaloLLMe pacnpocTpaHEHHOCTb pedepeHc-
HbIX W anbTepHaTUBHBIX anneniei usydaemblx SNVs B reHax
cucTeMbl MHTEPhEPOHOB CPeaM KOPEHHbIX M HEKOPEHHbIX
uTenen ApxaHrenibCkomn obnactu, npeacrasneHsl ¢ 95% po-
BepuTENbHBIM UHTEpBaNnoM ([IM), paccumTaHHbIMU Mo MeToay
Yuncona [30].

OueHKa cooTBeTCTBMA HabnofaeMoro pacnpepenequs
FEHOTUMOB B Fpynnax KOPEHHbIX U HEKOPEHHbIX XUTENeN
OXnaeMoMy npu cobniofeHny 3akoHa Xapau—BainHbepra
W cpaBHeHWe HabnlogaeMbix pacnipefeneHuin Mexay rpyn-
namu NpoBOAMAM C MCMONIb30BaHWEM KOMaHAbl genhwcci
Ana nporpamMmHoro obecneuenus Stata [31, 32]. Pesynb-
TaThl aHanu3a NpefcTaBieHbl B BUAE 3HAYEHWN KpuTepus
X-KBaApaT [/18 OLEHKU COOTBETCTBMA 3aKOHy Xapav—Baih-
bepra u oTHoLIEHUS NPaBAONOA0OMS ANA MEKrpynnoBoro
cpaBHeHus. [pu cpaBHeHUM pacnpefeneHui annenen u re-
HOTUMOB KOHTPOJIbHOM FPYNMOWA CTYKUAW KOPEHHbIE KUTENN,
Yy KOTOpbIX FEHOTUNMYECKOE pacrpefesieHn e COOTBETCTBOBA-
no 3aKoHy Xapan—BaiiHbepra. lpu cpaBHeHUM pacnpocTpa-
HEéHHocTn anneneit SNVs B reHax cucTeMbl MHTEpP(EpPOHOB
y *uTenel ApxaHrenbCKoi 0bnactu ¢ 0bLemMnpoBbIMM AaH-
HbIMW W JaHHBIMU MO CTpaHaM EBponbl ucnonb3oBanm 6asel
LaHHbIX TEHETUYeCKMX nocneposaTenbHocTelt GenBank
(National Center for Biotechnology Information, CLLA) [33].
Pasnuuma cumtanm ctatmcTuyecku sHaumMbiMu, ecin 95%
AOBEPUTENbHbIM MHTEPBaN AN PacnpocTPaHEHHOCTM pe-
(hepeHCHbIX M anbTepHaTUBHLIX anneneir SNVs He BKO-
yan cpaBHuBaeMoe 3HayeHue. CpaBHeHWe pacnpepeneHus
annenen, reHoTMNOB U FamyioTMNOB B Fpynnax KOPeHHbIX
1 HEKOPEHHBIX XuTenen ApxaHrenbCKon 0bnacTu NpoBoANIU
C UCMONb30BaHUEM KpuTepus X-kBagpar [upcoHa. PacuéTsl
BbIMOJHSANM C UCNOJSIb30BAHWEM NPOrPaMMHOro obecneyeHms
Stata 18.0 (Stata Corp., CLUA). Mpu p <0,05 pe3ynbTathl cun-
Tanu CTaTUCTUYECKU 3HAUUMBIMM.

AHanu3 4yBCTBUTENBHOCTM B WUCCNIEA0BAHUM He NpPOBO-
avnu. PasMep BbIBOpKYM NpeABapUTENTBHO HE PacCHUTBLIBAIIA.

PE3YNIbTATbI

WUccnepyeMas rpynna Bkitodana 147 eHwmH (63,4%)
1 85 MyumH (36,6%), NpoXKMBaIOLLMX Ha TeppUTOpUM ApxaH-
refibCKoM 0bnacTu He MeHee AeCATU NneT. [pynny KOpeHHbIX
uTenen coctaBuim 86 yenosek (37,1%), MpeaKy KOTOpbIX,
He MeHee JBYX NpeALIecTBYHLIMX MOKOMEHWUA, POAMIUCH
u xunu B ApxaHrenbckon obnactu. OctanbHele 146 YenoBek
(62,9%) BbInK OTHECEHBI K Fpynne HEKOPEHHbIX KUTENEN.
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OueHKa YacToTbl BCTPEYAEMOCTU anfieneil U reHoTUNoB
SNVs B reHax cucteMbl MHTEPHEPOHOB NOKa3ana, YTo y Ko-
PEHHOrO W HEKOPEHHOT0 HaceneHus ApxaHrenbckoi obna-
CTW pacripefiefieHne reHOTUMOB COOTBETCTBYET OXWAeMo-
My npu cobniopeHuu 3akoHa Xapaw—BaiHbepra (p >0,05)
ans BapuaHToB rs2257167 (IFNART) w rs8099917 (IFNL4
(IL-28B)) (tabn. 2). [na BapmaHToB rs2229207 (IFNAR2),
rs1327474 (IFNGRT) v rs12979860 (IFNL4 (IL-28B)) pacnpe-
AeNieH1e reHoTUMOB Y HEKOPEHHOTO HaceneHUs OTKIIOHANOCh
0T 0XMAAeMoro no 3aKoHy Xapau—BaiHbepra. B cnyvae
SNVs rs2229207 rena IFNARZ (p <0,001) n rs12979860 reHa
IFNL4 (IL-28B) (p=0,008) Habntofanu MeHbluee KOM4ecTBO
rOMO3WUroT Kak no pedepeHCHOMY, TaK M Mo anbTepHaTUB-
HOMY annenio, a Takie Oonbluee KONMYECTBO reTepo3uroT
Mo CPaBHEHMIO C OXWAAEMbIMU 3Ha4eHUsAIMU. [Ins BapuaHTa
rs1327474 reHa IFNGR] BbisBUNM NPOTMBOMOMNOMHYIO TEH-
AEHLMI0: KONMYECTBO reTepo3nroT 0Kasanoch HUXeE 0Xuaa-
eMoro 3Havenus (p=0,032).

YacroTbl BcTpeyaemoctn anneneit SNVs B reHax cucre-
Mbl MHTEP(EPOHOB Y }UTeNen ApxaHresbCKa He 0TMYauCh
OT AaHHbIX Nno EBpone 1 06LeMMPOBLIX AaHHBIX, 33 UCKIIO-
ueHueM annens C rs2229207 rena IFNARZ (1abn. 3). Y Ko-
peHHbIX xuTenen EBponeickoro CeBepa yactota 3Toro an-
nensa coctasuna 0,135 (95% [K: 0,090-0,197), uto BhiLue,
uem B EBpone (0,080) u Mupe (0,087). Y HeKopeHHbIX M-
Teneu yactota fdaHHoro annens coctasuna 0,203 (95% OW:
0,160-0,253), 4To 3HauYMTENLHO NpEBbLILLIAET CPeaHMe obLLe-
muposble (0,087) n esponeiickue (0,080) nokasatenu. AHanus
pacnpepenenust reHotunoB SNVs BoisiBun 6onee BbICOKYHO
pacnpoctpaHéHHocTb reHotuna CC rs2229207 reHa IFNAR2
cpeom HekopeHHoro Hacenewust (11,2%) no cpaBHeHuio
C KOpeHHbIMM XuTensamu (2,6%; p=0,018) (tabn. 4). B rpyn-
ne HEKOPEHHbIX XuTenen fonsa reteposurot rs1327474 reqa
IFNGR1 bbina Bbliwwe (57,5 npotus 40,7%; p=0,044).

TakKe Mbl MpoOaHanNM3MpOBanM 4acToTbl BCTpEYaeMo-
ct1 rannotunoB SNVs B reHax, NOKanu3oBaHHLIX B OAHOM
XpoMocoMe: rs2257167 (IFNART) w rs2229207 (IFNAR2),
rs12979860 (IFNL4) v rs8099917 (IFNL4 (IL-28B)); yunTbl-
Bas BO3MOXHOCTb WX CLEMSIEHHOr0 HacnefoBaHus. lanno-
t1n GGTT BapuaHToB rs2257167 v rs2229207 B reHax IFNAR
BCTpevancs Haubonee 4acTo Kak cpeam KopeHHbix (59,0%),
TaK W cpeay HekopeHHbIx xuTeneii (51,7%; p=0,303). Manno-
1N GGTC BbiseneH y 15,5% KopeHHbIX U 14,7% HEKOPEHHbIX
wutenen (p=0,889), a rannotun GCTT —y 14,1 1 16,1% co-
otBeTCcTBEHHO (p=0,696), 663 3HAUMMBbIX pas3nnuuii Mexay
rpynnamu. Fannotun GGCC BcTpeyancs y 8,4% HekopeHHbIX
Xuteneit u Tonbko 2,6% KopenHbix (p=0,074). [pyrue ra-
nnotunbl rs2257167 n rs2229207 B reHax IFNAR Habnioganu
3HAYUTENLHO peXe.

Fannotun CCTT rs12979860 u rs8099917 B reHax
IFNL4 (IL-28B) BbisiBunmn 6onee 4eM y MoSIOBUHbI KOPEHHbIX
(52,3%) v HeKopeHHbIX (52,7%) xuTenei (p=0,951). FannoTun
CTTG Habmopanca y 17,4% KopeHHbIX U y 23,3% HeKopeH-
HbIX uTenen (p=0,292), a rannotun CTTT y 17,4% KopeH-
HbIX 1 TOMbKO Y 9,6% HEKOPEeHHbIX JuTenei ApxaHrenbCKoi




ORIGINAL STUDY ARTICLE

Vol. 32 (&) 2025

Ekologiya cheloveka (Human Ecology)

Ta6nuua 2. YactoTa BCTpe4yaeMoCTn pe¢ep8HCHbIX M anbTepHATUBHbIX annenew ¥ reHoTUNoB O HOHYKJIe0TUAHbIX BAPUAHTOB B reHax CUCTEeMb VIHTepqm-

POHOB Y uTenel ApxaHrenbckoi obnactu

Table 2. Frequencies of reference and alternative alleles and genotypes of single nucleotide variants in interferon system genes among residents of the

Arkhangelsk region
YyacTHIKM N Annenb HabniopaeMble 3HaueHus OxupaeMble 3HaueHus! Tect Pasnuume
uccrieAoBaHus Ref, N | AN | RefHom, N | Het,N | AltHom, N | Refom, N | Het N | AltHom, N | XB"p |revoranos, p"
rs2257167 (IFNART)
G o GG GC cc GG GC cc
KopeHHble 86 147 25 A 19 3 63 21 2 0,304 0,619
HexopeHHble 146 251 41 110 31 5 108 35 3 0,146
rs2229207 (IFNAR2)
T C 1l TC cc 1l TC cc
KopeHHble 78 135 21 59 17 2 58 18 1 0,569 0,164
HekopeHHble 143 228 58 101 26 16 91 46 6 <0,001
rs1327474 (IFNGRT)
C T cc cT T cc cT 1l
KopeHHble 86 7 101 18 35 33 15 42 30 0,137 0,321
HeKopeHHble 146 124 168 20 84 42 26 71 48 0,032
rs12979860 (IFNL4 (IL-28B))
C T cc cT T cc cT 1l
KopeHHble 86 120 452 45 30 11 42 36 8 0,109 0,287
HeKopeHHble 146 204 88 78 48 20 7 62 13 0,008
rs8099917 (IFNL4 (IL-28B))
T G T 16 GG T 16 GG
KopeHHble 86 146 26 63 20 3 62 22 2 0,385 0,211
HeKopeHHble 146 231 61 93 4h 8 91 48 6 0,415

NMpumeyanue: * — TecT Xapau—BaiiHbepra, reHoTMNMYeCKoe pacnpeeneHne HeKOPEHHBIX XUTENel Npy YCIoBUW, YTO FeHOTUMIMYECKOE pacrpeaeneHue
FPynMbl KOPEHHBIX XXWTENel COOTBETCTBYET 3aKoHY Xapan—BaiiHbepra. Ref — pedepeHcHbilt annens, Alt — anbTepHaTVBHBIN annenb, RefHom — roMosu-

roTl No peepeHcHoMy annento, AltHom — roMo3uroThl No anbTepHatvBHOMY annesto, Het — reTeposurotel; Tect XB — TecT Ha paBHoBecue Xapan—BaitH-

bepra.

obnactn (p=0,081). [pyrne rannotunbl rs12979860
1 rs8099917 B reHax IFNL4 (IL-28B) BcTpeyanuch peakKo.

OBCYXEHUE

Mbl uccneposanu pacnpocTpaHéHHocTb SNVs B reHax
CUCTEMbI MHTEP(EPOHOB CPeaN KOPEHHOTO W HEKOPEHHOro
HacefieHns ApxaHrenbCKoi obnactu. Pe3ynbraTtbl BbiSIBUIM
0C00OEHHOCTW FeHETMYECKOI CTPYKTYPbI MONYNALMM, BEPOSAT-
HO, 0DYC/IOBNEHHbIE PA3/IMYUAMM B BOCTIPUMMUMBOCTM U TH-
YKECTN TeYeHUss MHPEKLMOHHBIX 3a001eBaHUI U MUTPALIMOH-
HbIMU MPOLeCccaMy.

B obeux rpynnax — KaK cpeay KOpeHHbIX, TaK U cpeau
HEKOPEHHbIX JuUTenen — pacnpegenenne reHotunoB SNVs
rs2257167 (IFNART) v rs8099917 (IFNL4 (IL-28B)) cooTBeT-
CTBOBAJI0 0XKMOAeMOMYy NpW cOONoAeHUM 3aKoHa Xapan—
Baiinbepra. 0aHaKo y HEKOPEHHbIX uTenein Habnwaanm ot-
KJIOHeHuA oT 3Toro 3aKkoHa no SNVs rs2229207 rena IFNAR?2,

DOl https://doi.org/10.17816/humeco6/8036

rs12979860 reHa IFNL4 (IL-28B), 0bycnoeneHHoe MeHbLUMM
B CPaBHEHWUM C OXMLAEMBIM KONIMYECTBOM reTeposuroT. TaK-
e 0bHapyxunu HecootBeTcTBMe Mo rs1327474 rena IFNGRI,
CBA3aHHOE C DONBLUMM YMCNIOM FeTepPO3MUroT, YTO OTpaKaeT
nocnefcTBus HeflaBHeN NoNynALMOHHON OUHAMMUKM.
HekopeHHble kutenu ApxaHrenbckoin obnactv npeg-
CTaBNAT c0BOM ITHUYECKM U reorpadnyecKu pasHOPOAHYHo
rpynny. HapyweHnue paBHoBecus Xapau—BaiiHbepra y Heko-
PEHHBIX JKUTESEN MOXET 00BACHATLCA MUTPALIMOHHBIMM Npo-
ueccamu [1]. Kpome Toro, nangemua COVID-19 morna no-
BAMATb HA FEHETUYECKYIO CTPYKTYPY nonynaumu. B yactHocTu,
Donee HU3KasA, YeM OXMAANOCh, YACTOTa reTePO3UrOTHOMO
reHotuna CT rs12979860 rena IFNL4 (IL-28B) mMoxeT bbiTb
cBsi3aHa c bonee TAKENLIM TeYeHNeM MHAEKLMM 1 NOBbILLIEH-
HbIM PUCKOM HebaronpusATHOro MCX0Aa Y HOCUTENEN 3TOro
reHOTMNa, YTO NOATBEPKAANT NUTEpaTypHble AaHHble [17].
PacnpoctpaHénHocTb annenei SNVs B reHax cucteMbl
UHTep(hEPOHOB Y KOPEHHBIX XuTesien ApxaHrenbCKoi 0bnactu
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Ta6nuua 3. PacnpoctpaHEHHOCTb anneneil OAHOHYKIEOTUAHbIX BapuaHTOB B reHax CUCTEMbl MHTEPGhEPOHOB Yy HaceneHus ApxaHrenbcKoii obnactu
B CPaBHEHWM eBPOMEICKUMMU 1 06LLLEMMPOBLIMM NOMYNALMAMM

Table 3. Prevalence of alleles of single nucleotide variants in interferon system genes in the population of the Arkhangelsk region compared with European
and global populations

ApxaHrerbckas 06nacTb O6LuemupoBble
SNVs HopeHHble HexopeHHble Cate Espor AaHHble
Mponopuus, 95% AM Mponopums
rs2257167 (IFNART)
Ref (G) 0,855 (0,794-0,899) 0,860 (0,815-0,895) 0,863 0,854
Alt (C) 0,145 (0,100-0,206) 0,140 (0,105-0,185) 0,137 0,146
rs2229207 (IFNAR2)
Ref (T) 0,865 (0,803-0,910) 0,797 (0,747-0,840) 0,920 0913
Alt (C) 0,135%(0,090-0,197) 0,203* (0,160-0,253) 0,080 0,087
rs1327474 (IFNGRT)
Ref (C) 0,413 (0,341-0,487) 0,425 (0,369-0,482) 0,454 0,425
Alt (T) 0,587 (0,513-0,658) 0,575 (0,518-0,631) 0,546 0,575
rs12979860 (IFNL4 (IL-28B))
Ref (C) 0,698 (0,625-0,761) 0,699 (0,644-0,748) 0,691 0,672
Alt (T) 0,302 (0,239-0,375) 0,301 (0,252-0,356) 0,309 0,328
rs8099917 (IFNL4 (IL-28B))
Ref (T) 0,849 (0,788-0,894) 0,791 (0,741-0,834) 0,803 0,809
Alt (G) 0,151 (0,105-0,212) 0,208 (0,166-0,259) 0,197 0,191

Mpumeyanue: Ref — pedepeHcHbI annesb, Alt — anbTepHaTUBHbIN annenb. “ — [A0BEPUTENbHLIA MHTEPBAN ANS PACPOCTPAHEHHOCTV annesnei He BKIO-
4aeT 3HaYeHMs, C KOTOPbIM UAET CPaBHEHWE, Pa3NnyKs CTaTUCTUYECKU 3HAUVMBIE.

Tabnuua 4. Pacnpenenexvie annenei U reHOTUNOB OHOHYKIIEOTUAHBIX BapUaHTOB B FreHax CUCTEMbI UHTEP(hEPOHOB Y XuTenel ApxaHrenbCKoii 06nacTu
Table 4. Distribution of alleles and genotypes of single nucleotide variants in interferon system genes among residents of the Arkhangelsk region

KopeHHble HekopeHHble
SNVs/annens/reHoTvn Pasnuuus anneneii/reHotvnos, p*
Mponopums, %
rs2257167 (IFNART)

G 85,5 86,0

0,883
C 14,5 14,0
GG Thk 75,3
GC 22,1 212 0,963
cc 35 35
GG Thk 75,3

0,875
GC/CC 25,6 24,7
cc 35 35

0,980
GC/GG 96,5 96,5

rs2229207 (IFNAR2)

T 86,5 79,7

0,074
C 13,5 203
T 75,6 70,6 0,073

DOl https://doi.org/10.17816/humeco6/8036



ORIGINAL STUDY ARTICLE Vol. 32 (4) 2025 Exologiya cheloveka (Human Ecology)

275
OKoH4aHWe Tabnuupl 4
End of the Table 4
KopeHHble HexopeHHble
SNVs/annens/reHotun Pasnuuusa anneneii/reHoTunos, p*
Mponopuws, %

TC 218 18,2
cC 2,6 12
m 75,6 70,6

0,426
Tc/cC 24,4 29,4
cC 2,6 12

0,018
TC/T 97,4 88,8

rs1327474 (IFNGRT)

o 413 42,5

0,802
T 58,7 57,5
cc 20,9 13,7
cT 40,7 57,5 0,044
T 38,4 28,8
cc 20,9 13,7

0,151
TC/TT 791 86,3
T 38,4 28,8

0,131
Tc/cC 61,6 7,2

rs12979860 (IFNL4 (IL-28B))

C 69,8 69,9

0,982
T 30,2 30,1
cc 52,3 53,4
cT 34,9 329 0,946
T 128 13,7
cc 52,3 53,4

0,892
TC/TT 47,7 46,6
T 128 13,7

0,844
Tc/cc 87,2 86,3

rs8099917 (IFNL4 (IL-28B))

T 84,9 79,1

0,128
G 151 20,9
T 733 63,7
TG 232 308 0,322
GG 35 59
T 733 63,7

0,134
TG/GG 26,7 36,3
GG 35 59

0,751
TG/TT 96,5 94,5

Mpumeyanue: * — TecT x-KBaapat MpcoHa (CpaBHeHMe NPOMOPLMIA B rpynnax KOPEHHbIX 1 HEKOPEHHBIX JUTenei).
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OPUIMHATTIBHOE VICCIEOOBAHME

COOTBETCTBOBa/Na AaHHbIM N0 €BPOMEeicKkuM u obLyeMmpo-
BbIM NonynaumaM, 3a uckiodenneM annens C rs2229207
reHa IFNARZ2. 3ToT annenib BCTPeYasCs y KOPEHHOro Hace-
nenns ApxaHrenbCcKa Yalle, YeM B cTpaHax EBponbl u Mupe
B uenoM. Cpein HeKOpEeHHbIX XWTenel ero pacnpocTpa-
HEHHOCTb OKa3anach €LLE BbILUe, NPeBbILIas eBpPONenCcKue
M MUpOBLIE MoOKa3aTenn bonee yem B 2 pasa. Annenb C
rs2229207 reHa IFNARZ2 accouuvpoBaH C PUCKOM TAXENOro
TEYEeHUA BUPYCHbIX MHdeKuuiA, BKoyas COVID-19 u Bu-
pycHbii renatut B [9, 15]. Ero noBbilweHHas YacToTa y u-
Tenen ApxaHrenbckon 0651acTW MO CpPaBHEHUIO C OPYTUMM
peroHamn Mupa MoXeT bbiTb CeACTBMEM ECTECTBEHHOIO
oTb0pa, CBA3AHHOr0 C YCTOWYMBOCTbIO K OMPefeneHHbIM
MH(EKLMAM, 4TO MOTJI0 NOBNUATL HA FTEHETUYECKUIA COCTaB
nonynsuuu. [pyruMm Bo3MOXHBIM QaKTOpoM Morna bbiTb
HepaBHOMEPHOCTb PACMPOCTPAHEHUS 3NUAEMUIA UHPEKLU-
OHHbIX 3aboneBaHuii: rycToHacenéHHble panoHbl EBponbl,
LleHTpanbHoi M 10XHoM Poccun nopgepranuck bonee uH-
TEHCUBHOMY BO3[€WCTBMIO, TOrAa KaK CeBEpHbIe TeppuTO-
puM, BK/0Yasn ApxaHresibCKylo 0bnacTb, MOrNW 0CTaBaThbCS
MeHee 3aTPOHYThIMM.

B Poccum npoBeieHo cpaBHUTENBHO Mario UCCeA0BaHUM
pacnpoctpaHéHHocT SNVs B reHax cucTeMbl MHTEP(EPOHOB.
HanpuMep, B paMKax npoekTa no 06beAuHEHMIO reHeTUYe-
CKOM MHGOPMaLMM MeXay KIMHUYecKUMM nabopatopusamu
W reHOMHbIMK LieHTpaMn Poccum (RUSeq) pocTynHbl AaH-
Hble TONbKO No AByM m3 natn SNVs: rs2257167 (IFNART),
rs2229207 (IFNAR2). Yactota annens C rs2229207 rena
IFNARZ2 cpenv KopeHHoro HaceneHust ApxaHrenbCKon obna-
ctn (0,135) bbina conocTaBMMa ¢ noKasaTensamu no Espo-
nemckoit yactn Poccuu (0,133). Cpein HEKOPEHHBIX XuTenei
3TOT annenb BcTpevancs B 1,5 pasa vawe (0,203). Momo-
3urotHeIn reHotun CC rs2229207 rena IFNARZ2 peructpu-
poBanM 3HauMTENbHO pexe CPedu KOpPeHHOro HaceneHus
ApxaHrenbckon obnactu (2,6%), 4eM Y HEKOPEHHbIX XuTe-
nein (11,2%). MeHbluas YacToTa AaHHOMO reHoTMNa cpeau
KOPEHHBIX XWUTENIeN MOXKET CBUAETENbCTBOBATb O BIIUAHUM
€CTecTBeHHOro 0Tbopa, CnocobCTBYIOLLEr0 BbIXXUBaHWIO HO-
CUTENEN MPOTEKTUBHBIX FTEHETUYECKMX MapKepoB B YC/IOBU-
AX BbICOKOW UH(EKLMOHHOW Harpy3ku. Manoemua COVID-19
TaKXKe MOrfa MoBAUSTb Ha FEHETUYECKYI0 CTPYKTYpY mony-
NALMKM, NOCKOJIbKY MWL C MOBbLILLEHHOW BOCTIPUMMUYMBOCTbI
K BMpYCHbIM MH(EKUMAM, BKIoYas Hocutened annens C,
BEPOATHO, CTaNKMBAUCh C MOBBILIEHHBIM PUCKOM TSKEbIX
dopM 3aboneBaHus u HebnaronpuATHbIX ucxopos. lpeano-
NOXWUTENbHO, Cpean KOpeHHoro HaceneHus EBponeiickoro
Cesepa reHotun CC BcTpevancs pexe, M3-3a CBA3aHHOIO
C HMM PUCKA, TOrAA KaK reTepo3nUroTHbIe HOCUTENM MOTM
obnaaatb Gonblueit ycToMuMBOCTBIO K MHGBEKUMAM. Kpome
TOr0, HEKOPEHHOE HaceneHWe NPOMUCXOAUNIO U3 NOMyNALMiA
C n3HavanbHo bonee BbicoKoi yactoTon annens C. Hanpu-
Mep, B a3MaTCKUX MONYNAUMAX AaHHbIA annenb BCTPevaroT
3HaumTenbHo yale (0,190-0,223). 31 faHHble cornacylotcs
¢ uccneposanneM K.B. AdoHnyeBon u coaBT., KoTopoe no-
Ka3ano, 4to y cnaesH pacnpegeneHue SNVs B reHax cucTeMbl
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UHTEP(HEPOHOB COOTBETCTBYET €BPOMENCKUM MOMYNALMUSM,
a Y KOpPeHHbIX Hapof0B ApKTUKWN — asuaTckuM [34]. Takum
obpa3oM, bonbluas yactota reHotuna CC rs2229207 reHa
IFNAR2 y npuwwnoro HaceneHust MoXKeT 00bACHATLCS OTHO-
CUTENbHO HEJJABHUM BO3[1EMNCTBUEM CEJIEKTUBHOIO [aB/IEHNS
ycnosui Cesepa.

Y HeKopeHHbIX uTenein ApxaHrenbckon obnact vaile
BCTpeYanca reteposurotHbin reHotun CT rs1327474 reHa
IFNGR1, yeM y KopeHHbIX. Pa3nuumsa B yacToTax annenei
MEXAY 3TUMM FpynnamMu MoryT 0TpaxaTb BAMSHUE MUTpaLy-
OHHBbIX NpoLeccoB. HekopeHHoe HaceneHue cOCTOMT M3 Mo-
TOMKOB PYNM C pa3HbIMU1 YacTOTaMy aJenen, U Mpu Ux cMe-
LIeHUM [ONA reTepo3uroT Morna yBenuuntbes. BoamoxHo,
3T0 AaBano afanTuBHOe NpeuMyLLecTBo B ycnosusx Cesepa,
CHUXas BOCMPUMMUMBOCTb K MHOEKUMAM W NoBblWas npu-
CcnocobieHHOCTb K OKpY3KaloLLiel cpefe.

Ul'paHW-IEHVISI uccnenosaHua

CvnbHOM CTOPOHOW UCCIE0BaHUA ABNIAIETCA BKIIIOYEHME
C/y4aliHOM NONyNAUMOHHOW BbIBOPKH, 4TO No3BoNsEeT 0606-
WKUTb pe3ynbTaThbl 0bcnefoBaHusA Ha xuTenen ApxaHrenb-
CKoi obnactu B Bo3pacTe 43-74 net. OpHaKo M3-3a reHe-
TUYECKMX PasfiNuuii MEXAY NONYNALMAMM, NPOXUBAIOLLMMM
B pasHblX pernoHax Poccum, nosyyeHHble faHHbIE HE MOryT
ObITb HaMPAMYK 3KCTPANONMPOBaHbl Ha HaceneHue Apyrux
Tepputopuii. KpoMe Toro, npoBeeHne 0AHOM0 OHOMOMEHT-
HOrO WCCef0BaHNA OrpaHNuMBAET BO3MOXKHOCTU aHain3a
OVHAMMYECKUX NPOLLECCOB, 0TPaXaloLWwuX afanTaumio K ycro-
BuaM CeBepa. B paMKkax faHHoro uccnefoBaHus OTCyTCTBO-
BaJla TEXHUYECKas BO3MOXHOCTb BepUGMKALIMK pe3y/bTaTos,
BKJIlO4asl MOBTOPHOE FEHOTUMUPOBAHWE C MCMONIb30BAHUEM
aNnbTepPHATUBHON TECT-CUCTEMBI UM CEKBEHUMPOBAHWUE YacTK
0bpa3sLoB Ans NOLTBEPHAEHUA HaxoAoK. OnucaHHble orpa-
HWYEeHUs criedyeT YuUTbIBaTb NPW MHTEpripeTaLmm NonyyeH-
HbIX JaHHbIX.

3AKJIIOYEHUE

Y KopeHHoro Hacenenus Esponelickoro Cesepa Poccuum,
NpoXuBatoLLero B ApxaHresbCKOM 061acT He MeHee TPEX
noKoneHui, pacnpeaeneHue reHotunos SNVs B reHax cucte-
Mbl MHTepdepoHOB bbino cTabunbHLIM. B TO e Bpems y He-
KOPEHHOr0 HaceneHus Habmiofanu NpuU3HaKku reHeTUYeCKoi
HEepaBHOBECHOCTH, @ UMEHHO OTKJIOHEHWE pacnpefeNieHus
reHoTMnoB rs2229207 reHa IFNARZ, rs1327474 rena IFNGRI,
rs12979860 reHa IFNL4 (IL-28B) ot paBHoBecust Xapav—
BaiiHbepra.

PacnpocTpaHénHocTb annens C rs2229207 rena IFNAR2,
acCOLMMPOBAHHOTO C PUCKOM TSKENOrO TEYEHWUS BUPYCHBIX
UHPEeKUMA, bbina Bblle Yy HEKOPEHHOr0 HacesieHus, Yem
Y KOpeHHbIX uTenen. Cpey HeKOPEHHOro HacemneHus Ha-
Gnofany NOBLILIEHHYIO YacTOTy reTepo3UroTHOro reHoTMNa
CT rs1327474 rena IFNGRI, uto, BEpoSATHO, OTpaXaeT npo-
LieCCbl CMeLLEHMsA MONYNALMIA C pasNMyaloLLMMUCS YacToTaMu
annenen.
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N0NOJIHUTE/IbHAA UHOOPMALIUA

Bknap, aBropoB. E.A. Kpurep — 06LLas KoHUENUWs CTaTby, HanvcaHue
npadra cTatby, CTaTUCTUYECKMIA aHanu3 AaHblx; 0.B. CamopoBa — yua-
CTWe B HanwucaHum pasgenos «0bocHoBaHWey, «0beyxaeHner, peaakTupo-
BaHue cTatby; H.A. bebsakoBa — obLLas KoHuenuus cTatby, cbop AaHHbIX,
pefakTMpoBaHue ctatbi; A.B. KyapsBueB — o06Lias KoHUeNnuMs cTaTbi,
pefaKTUpOBaHWe CTaTbu, OpraHu3aums cbopa AaHHbIX, 0bLLee pyKoBoA-
ctB0; J1.B. MBaHoBa — cbop 1 aHanM3 nuTepaTypHbIX MCTOYHWMKOB, yyacTue
B HanmcaHwy pasgenos «0bocHoBaHwe», «0bcyxaeHne»; P.B. Camoinmkos,
M.B. Totanosa, B.K. ConHueBa — BbINoAHEHWE MONEKYNAPHO-TEHETUHECKX
aHan13oB, OnucaHWe Matepuanos v MeTofos; E.A. MepeMbsiHuHa — pas-
paboTka cuctem aetekumm SNVs B reHax IFNART, IFNAR2 v IFNGRT, penak-
TvpoBaHve ctaTbkt; 0.A. CBATUY — KOHCY/bTUPOBaHWe aBTOPOB, pefaKTUpo-
BaHue CTaTby. Bce aBTOpbI NOLTBEPXKAAIOT COOTBETCTBME CBOET0 aBTOPCTBA
MeXayHapoaHbIM kputepusm ICMJE (Bce aBTOpbI BHECNW CYLLECTBEHHBIN
BKNAZ, B pa3paboTKy KOHLeNLuy, NpoBefeHWe UCCNeaoBaHua v NoaroToB-
Ky CTaTbW, MPOYNM 1 0400pnan GrHanbHyo BepCUio Nepes nybanKkaLmen).
3dTuyeckas 3kcnepTu3sa. /ccnenoBaHve 040bpeHO NOKasbHBIM 3THYe-
ckum KomutetoM CIMY (npatokon Ne 07/09-2022 ot 28.09.2022, npotokon
N® 03/04-23 ot 26.04.2023, npotokon N® 06/09-23 ot 27.09.23). Bee yyacT-
HUKV 1ccrefoBaHWs A0bpoBOSbHO MOAMMCany GopMy MHPOPMUPOBAHHOMO
cornacys 1o BKIIOYEHUS B UCCNejoBaHMe.

WUcTounuk duHaHcupoBanua. HaydyHoe wccnepoBaHve npoBefeHO
npu noaaepxke Poccuiickoro HaydHoro doHaa (rpaHt PHO N¢ 23-15-
20017 (https://rscf.ru/project/23-15-20017/)).

PackpbiTHe MHTepecoB. ABTOPbI 3asBNIAHT 00 OTCYTCTBUM OTHOLLIEHWH, Ae-
ATESIbHOCTM W MHTEPECOB 3a NOCNefHUE TPW rofa, CBA3aHHbIX C TPETbUMMU
muaMK (KOMMEPYECKUMM 1 HEKOMMEPYECKVMM), UHTEPECH! KOTOPbIX MOTYT
ObITb 3aTPOHYTHI COLEPKAHWEM CTaTbU.

3asBnenHue 06 opurMHaNbHOCTH. lpy CO3/aHMW HacTosLLe paboTbl
aBTOPbI HE MCMOMb30Bana paHee OnybnvKoBaHHbe cBefeHWs (TEKCT, Ui-
TIOCTPaLMK, AaHHbIE).

JocTyn K AaHHbIM. ABTOpbI COODLLAIT, YTO BCE AaHHbIE MPefCTaBfeHb!
B CTaTbe U/WIN MPUIIOKEHNSX K HEM.

FeHepaTUBHbIN UCKYCCTBEHHbIW MHTENNEKT. [Ty CO3[aHNM HacToALLEN
CTaTb¥ TEXHONOTWM FEeHEPaTUBHOTO MCKYCCTBEHHOrO WHTENNEKTa He UC-
nosb30Banu.

PaccMoTpeHue u peueHsupoBaHue. HacTosas pabota nofaHa B xyp-
Han B MHWLMATUBHOM MOPALKE WM PacCMOTPEeHa Mo 0bbIYHOM MpoLeype.
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Intraocular Pressure in the Adult Population
of Arkhangelsk and Its Associations

with Socio-Demographic Characteristics,
Lifestyle, and General Health Status

Maria A. Sinayskaya, Roman N. Zelentsov, Natalya A. Bebyakova, Natalia I. Pechinkina,
Anastasia A. Trofimova, Alexander V. Kudryavtsev

Northern State Medical University, Arkhangelsk, Russia

ABSTRACT

BACKGROUND: Glaucoma is considered one of the leading causes of disability. Intraocular pressure is a key risk factor for the
development of glaucoma, which underscores the importance of its assessment and control. The pneumotonometric method
for measuring intraocular pressure is being widely used in glaucoma screening diagnostics.

AIM: The work aimed to determine population-based reference values and age-related changes in intraocular pressure among
adults in the European North of Russia and to examine associations between intraocular pressure and socio-demographic
characteristics, lifestyle factors, and health indicators.

METHODS: A random sample of Arkhangelsk residents aged 4574 years (n=1223) was examined, including an ophthalmologic
assessment and pneumotonometry. Socio-demographic and lifestyle data were collected via face-to-face interviews, and
health characteristics were obtained through clinical examinations. Intraocular pressure reference values were defined using
the 5th and 95th percentiles. Associations between intraocular pressure and other studied variables were assessed using
multivariable linear regressions and presented as B coefficients with 95% confidence intervals (CI).

RESULTS: The mean intraocular pressure was 14.2 mmHg overall, 13.9 mmHg in men, and 14.4 mmHg in women. Population-
based reference ranges for true intraocular pressure were identified as follows: low-normal (9—12 mmHg), mid-normal
(12-16 mmHg), and high-normal (16—20 mmHg). Intraocular pressure levels showed a downward trend with increasing age
in both women (p=0.007) and men (p=0.011). Inverse associations were found between intraocular pressure and male sex
(B=—0.56; 95% Cl: —0.94 to -0.18), being a native resident of the Arkhangelsk region (B=—0.50; 95% Cl: -0.83 to —0.16), and
higher education (B=-0.40; 95% CI: —0.73 to —0.06). Among health-related variables, intraocular pressure was associated with
hypertension (B=0.56; 95% Cl: 0.17 to 0.94), diabetes mellitus (B=0.46; 95% Cl: 0.03 to 0.89), dyslipidemia (B=0.36; 95% Cl:
0.01 to 0.71), abdominal obesity (B=0.39; 95% CI: 0.31 to 0.98), thyroid dysfunction (B=0.42; 95% ClI: 0.07 to 0.77), vitamin D
deficiency (B=0.76; 95% Cl: 0.30 to 1.22), and low total serum protein (B=—0.76; 95% Cl: —1.43 to -0.09).

CONCLUSION: This study established normal intraocular pressure ranges for residents of the European North of Russia aged
45-T4 years. A decrease in intraocular pressure with age was observed, along with lower intraocular pressure levels in men,
native residents of the Arkhangelsk Region, and individuals with low serum protein. Elevated intraocular pressure levels were
associated with hypertension, diabetes mellitus, dyslipidemia, obesity, thyroid dysfunction, and vitamin D deficiency.

Keywords: intraocular pressure; pneumotonometry; hypertension; diabetes mellitus; dyslipidemia; obesity; thyroid
dysfunction; vitamin D deficiency.
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BHyTpurnasHoe paBneHue y B3pocsioro HacesieHus
r. ApxaHresibCKa U ero cBsi3u ¢ COLUANIbHO-
AeMorpapuyecKMMMU XapaKTepUCTUKaMMU,

06pa3oM XXM3HM U 06LLUM COCTOSIHUEM 3J,0POBbS

M.A. Cunanckas, P.H. 3eneHuos, H.A. bebskosa, H.U. [eunHKkuHa,
A.A. Tpodumosa, A.B. Kyapssues

CeBepHbIif rocyAapCcTBeHHbI MeAVLIMHCKMIA YHUBEpcUTeT, ApxaHrenbck, Poccus

AHHOTALMUA

06ocHoBaHMe. [11ayKoMa CUMTAETCS OJHOW U3 OCHOBHBIX MPUYMH MHBaNMAM3auun Hacenenus. KnouesbiM dakTopoM pucka
Pa3BUTMS NTAYKOMbI SBNSETCA BHyTpUrnasHoe aasnenue (BI), uto obycnaBnMBaeT BaXHOCTb €r0 OLEHKM U KoHTpons. Lun-
POKOE NPUMEHEHME B CKPUHUHIOBOW AMarHOCTUKE rNayKoMbl MpUMobpeTaeT NHEBMOTOHOMETPUYECKMI MeToA, 3MepeHust BI .
Llenb. Onpeaenntb NonynsuMoHHbIE HOPMbI M BO3pacTHble U3MeHeHus Bl y B3pocnoro Hacenenus EBponeiickoro CeBepa
Poccum, usyunts casm Bl ¢ coumanbHo-geMorpaduyeckumm npusHakamu, Gakropamm obpasa }u3HWU U XapaKTepucTMKamu
30,0pOBbS.

MeTopabl. 06cnefoBaHa cnyyaiHas BbIDOpKa XuTenel r. ApxaHrenibcka B Bo3pacte 45-74 net (n=1223), BKitoyas ocMoTp
0TanbLMONIOroM M MHEBMOTOHOMETpUIO. [laHHble 0 coLManbHO-LeMorpapuyeckux XapakTepuCTUKax M 0bpase U3HK no-
ny4eHbl METOAOM YCTHOMO WHTEPBbIO, O XapaKTEPUCTMKaxX 3[0pPOBbS — MOCPEACTBOM Me[MUMHCKOro obcnefoBaHus. Pe-
(epeHcHble 3HaueHus BI[l nonydveHbl Ha ocHoBaHMM 3HauyeHu 5-95-ro npoueHTunen. Cessu Bl ¢ paccmatpuBaeMbIMm
nepeMeHHbIMU OLiEHEHbI C MOMOLLIb0 MHOrOMEPHBIX IMHEHbIX Perpeccii u NpeacTaBneHsl B Buae Koapduumentos B ¢ 95%
A0BepUTENbHLIMYU MHTepBanamm (4).

Pesynbrartbl. CpegHee 3HaueHune B[l coctaBuno 14,2 MM pT. CT., y MyX4MH — 13,9 MM pT. CT., Y eHLWMH — 14,4 MM pT. cT.
OnpepeneHbl NONYNALMOHHBIE YPOBHU HU3KOM HOPMbI, CPeiHEN HOPMbI U BbICOKOI HOpMbI MCTMHHOTO BI'[l, KoTopble cocTaBm-
ot 9 0o 12mMMpr.cr., o1 12 go 16 MM pT. cT. 1 0T 16 o 20 MM pT. CT. cOOTBETCTBEHHO. 3HadeHus BI'[l umenn Hucxopsiwme
TpeHAbl C yBenmyeHneM Bo3pacta xeHwuH (p=0,007) u MyxumH (p=0,011). YcTaHoBNEHbI 0TpULaTENbHbIE CBA3M Mexay B
W NPUHALNEXHOCTBI0 K MyxcKkoMy nony (B —0,56; 95% [N —0,94; —0,18), npuHanneKHoCTbI0 K KOpeHHOMY HaceneHmio Ap-
XaHrenbcKoi obnactv (B -0,50; 95% [N -0,83; —0,16) n HannumeM Boicluero obpasoanus (B —0,40; 95% [N -0,73; -0,06).
N3 aHanu3mnpyeMbIX XxapaKTepucTUK 340poBba cBA3u ¢ Bl uMenn aptepuancHas runeptensus (B 0,56; 95% [N 0,17; 0,94),
caxapHbli guabet (B 0,46; 95% AW 0,03; 0,89), aucamnmaemmnsa (B 0,36; 95% AU 0,01; 0,71), abnoMuHanbHoe oxupeHue
(B 0,39; 95% [ 0,31; 0,98), HapywueHue dyHKUMM WwuTOoBUAHON Xene3bl (B 0,42; 95% [IU 0,07; 0,77), HepocTaTo4HOCTb BU-
TamuHa D (B 0,76; 95% [N 0,30; 1,22) u cHuxeHure ypoBHS obLero benka (B —0,76; 95% AU —1,43; -0,09).

3akniouenue. B uccnegosaHum onpegeneHbl HopManbHble avanasobl BIL ons xutenein EBponeiickoro Cesepa Poccum
4574 net. OTMeueHO CHWKeHMe YpoBHA Bl ¢ BO3pacToM, MOHMMEHHBIE €r0 3HAYEHWS Y MYXYMH, Y KOPEHHbIX XUTene
ApxaHrenbckoi 0bacTi, a TakKe npu HU3KOM YpoBHe 06bLuero benka B Kposu. [MoBbieHHbIe ypoBHYM Bl accoummpoBanmch
C HaIMuMeM apTepuanbHoM TMNepTeH3NM, caxapHoro auabeTa, AMCIMMUAEMUM, OXUPEHUS, C OUCHYHKLMEN LMTOBUAHON Xe-
ne3bl, HeLOCTaTOYHOCTbI BUTaMuHa D.

KnioueBbie cnoBa: BHYTpUrnasHoe [AaBJieHME; NMHEBMOTOHOMETPUA; apTepualibHaa runepTeH3uns; caxaprlﬁ anaber;
OUCIUNUOeMua; 0XXnupeHue; D,VICdJyHKLIMFI LUMTOBMHOI ene3bl; He0CTaTOYHOCTb BUTaMmMHa D.
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Arkhangelsk R ERERIREKERASHEA
O, EEBNHERIVRIXER

Maria A. Sinayskaya, Roman N. Zelentsov, Natalya A. Bebyakova, Natalia I. Pechinkina,
Anastasia A. Trofimova, Alexander V. Kudryavtsev

Northern State Medical University, Arkhangelsk, Russia

WHE

Wik, HICIRZ S ABEFRM FEE )RR 2 —. BRANE (ntraocular pressure, I0P) & GHR K J&
(o fa G TR 22, DRI S HIR . AR A AR ) LA B B . fE R OCHIRIR A b, |2 R AR Eh
R &2 (pneumotonometry) 347 TOPII & .

BB B AR 17 WM A6 50 X s AF J R I BEAR TOP S 258 S A R 4E 8 B A8 4k, AF 5T HR
JEE#Ees NT2ERHIE . AETET7 R R M@ REFR AR 2 TRl G & .

Fik. XfArkhangelski4s - 74% B R IBEHLFEE A (n=1223) HATH A, 45 IRFHE A3k
AT BIRE B AN B R R I B o 38 sk T ) T D R AR A 2 N 2 AV AR v 5 ANk, il R A A
W EAR ORI B . TOPS ARG S5 - 95 F M B e . 10P 5 AR | 2 Al )% Rl L %
JCLRMERNHBEATIRAl, S5 R LLRIT REB L HISNEF X E] (C1D MR ED.

R, DARANBERCFI0P 14, 2 g, HAF 5139 moHg, L N14.4 mmHg. BAHH T
BEARTOPAMCIE R (9-12 mmHg) . HEEIER (12-16 mmHg) FEIER (16 - 20 mmHg) =
AU . TOPPEERSIGK 2 FRE#a%, &t (p=0.007) , B (p=0.011) . I0P5H M|
(B=0.56; 95% CI -0.94, -0.18) . J; Arkhangelsk Region B EEE# (B=0.50; 95%
CI -0.83, -0.16) DLEEZEHE AT (B=0.40; 95% CI -0.73, -0.06) ZfMHx%. 1F
ot edebrd, DL RRRIZRSTI0PAAAERES: Sk (B=0.56; 95% CI 0.17, 0.94) .
BERIE (B=0.46; 95% CI 0.03, 0.89) . MAESH (B=0.36; 95% CI 0.01, 0.71) . fg#Y
REE (B=0.39; 95% CI 0.31, 0.98) . HUARERIZhAERH (B=0.42; 95% CI 0.07, 0.77) .
e RDERZ (B=0.76; 95% CI 0.30, 1.22) PLAIiEREAKT R (B=-0.76; 95% CI
-1.43, -0.09) .

iR, AHEFUWIHG TR WIRN AL ER45 - 745 AFFIIOPIE R Yu . WFFCR I, 1OP/KF B
RS KIT RS, 591, Arkhangelsk Region JEfE B DL M3 5 8 (/K SRR (IR 458
. sk FERP . MAG R IERE. FCRARDhBE = Al gi 2k ZDE = N S5 T0PTH & A
Ko

Regi: RNE; JEhRETHE; mifE; PER; Mfsss; IR HORIRDhRE &, 4
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OPUIMHATTIBHOE VICCIEOOBAHME

BACKGROUND

Glaucoma is the leading cause of irreversible blindness in
the world. In 2013, glaucoma was diagnosed in 64.3 million
people aged 40-80 years worldwide. The number of cases
increased to 76.0 million in 2020 and is estimated to reach
111.8 million in 2040 [1].

Intraocular pressure (IOP) is the most important and
the only modifiable risk factor for glaucoma [2, 3]. IOP
directly affects the long-term prognosis of maintaining
visual function, therefore its assessment and timely cor-
rection are the actual tasks of practical ophthalmology.
The ability to see is one of the constituents of the sensory
domain of the intrinsic capacity and plays an important
role in ensuring healthy aging', which, in turn, is one of
the priorities of national healthcare.

Screening of the population for signs of glaucoma is pri-
marily based on tonometry tests. Elevated IOP is an indica-
tion for further diagnosis. Recently, a simple, non-contact,
and available method called pneumotonometry has become
widespread in screening examinations.

Individual 10P normal ranges are extremely variable
and depend not only on patient's characteristics, but also
on race and even ethnicity. Currently, African and Asian pa-
tients are known to have higher average I0P than Caucasian
people [4]; and IOP in the Japanese population is lower than
in the Chinese and Indian population [5-7]. Although sev-
eral population-based studies have been performed [8, 9],
reference IOP values of the population of specific regions
are still unknown. The nature of age-related changes in IOP
may also depend on race. Thus, studies in the European
and American populations have shown an increase in 0P
with age [10, 11] compared with a decrease in the Asian
population [5, 12, 13].

In addition to age, sex, and race, epidemiological studies
have determined other factors associated with IOP such as
elevated blood pressure, glucose levels, obesity, smoking,
alcohol and coffee consumption, physical activity, central
corneal thickness, iris color, nuclear cataract, and myopia
[14-16]. There have been no studies of IOP in the popula-
tion of the European North of Russia, and the IOP association
with socio-demographic factors, lifestyle, and general health
statushas not been studied.

AM

The work aimed to determine population-based reference
values, describe age-related changes in IOP among adults in
the European North of Russia, and to examine associations
between 0P and socio-demographic characteristics, lifestyle
factors, and health characteristics.

! Decade of healthy ageing: baseline report. Summary. WHO, 2021. Available

from: https://apps.who.int/iris/handle/10665/338677
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METHODS

Study Design

A population-based, cross-sectional study of intrinsic
capacity biomarkers in residents of the European North of
Russia was performed at the consultative and diagnostic
outpatient clinic of the Northern State Medical University
(Arkhangelsk) from May 2023 through June 2024. The study
enrolled 1,223 Arkhangelsk residents aged 45—74 years who
had lived in the Arkhangelsk Region (AR) for at least 10 years.

Eligibility Criteria

For the purposes of this study, the analysis included el-

igible individuals.

Inclusion criteria:

+ Healthy screened volunteers (without glaucoma) of
both sexes aged 45-74 years;

+ Clinical refraction of +3.0 D and astigmatism of +1.5 D;

+ Corrected visual acuity of 0.5;

» Caucasians.

Exclusion criteria:

+ Ametropia and/or astigmatism greater than those
specified in the inclusion criteria;

+ Ocular condition (glaucoma, corneal, retinal, or
choroidal abnormality, or mature cataract);

« History of keratorefractive surgery;

« History of ophthalmic surgery (including intravitreal
administration of angiogenesis inhibitors), ocular
trauma, or uveitis;

+ A decompensated somatic pathology;

« Systemic diseases requiring hormone therapy.

Study Setting

Ophthalmic examination. Ophthalmic examination was
performed in all participants in the morning (09:00 to 12:00)
and included measurement of uncorrected visual acuity
(UCVA) ranging from 0 to 1.0 arbitrary units according to the
Golovin-Sivtsev charts (Golovin S.S., Sivtsev D.A., 1928), and
the parameters of best corrected visual acuity (BCVA) were
determined. Clinical refractive error was determined using
automated refractometry. The diagnosis was based on the
ophthalmic examination data (primary ophthalmic examina-
tion, Appendix to Form 025/u approved by Order No. 834n
of the Ministry of Health of the Russian Federation, Decem-
ber 15, 2014) in accordance with the International Classifi-
cation of Diseases 10th revision (ICD-10). The participants
also underwent pneumotonometry using a TX-10 automat-
ed pneumotonometer (Canon, Japan). True IOP (P;) was
recorded in examination cards.

Interview. Data on socio-demographic characteristics
(sex, age, indigenous status in the Arkhangelsk region, mar-
ital status, higher education, employment, and financial con-
straints) and lifestyle factors (smoking and hazardous alco-
hol use) were collected using a standardized oral interview.
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Participants who had at least two previous generations on
their father's and mother's sides born in the Arkhangelsk Re-
gion were considered native residents [17]. Employment was
defined as a full- or part-time job, marital status included
such options as a civil marriage or living with a partner, and
financial constraints meant financial difficulties buying food
or clothes. The smoking factor was considered present only
if a participant was a smoker at screening, and hazardous
drinking was defined as a score of 8 or more on the Alcohol
Use Disorders Identification Test (AUDIT) [18].

Measurements. Health characteristics analyzed for the
association with I0P were collected during a medical exam-
ination, including medical history (conditions and medica-
tions), a range of instrumental measurements, and blood
analysis.

The following instruments were used for measurements:
a Seca® 217 stadiometer (Seca Limited) for body height
(cm), TANITA BC-418MA body composition analyzer (TANITA
EUROPE GmbH) for body weight (kg), and Seca®201 measur-
ing tape (Seca Limited) for waist and hip circumference (cm).
Brachial artery systolic and diastolic blood pressure (SBP
and DBP, mmHg) and heart rate (HR, bpm) were measured
using an OMRON M2 Basic (OMRON Healthcare) automated
blood pressure monitor three times after 5-minute rest, with
2 minute intervals. The means of the second and third mea-
surements were included in the analysis.

Laboratory tests. Fasting blood samples were taken
from a cubital vein into vacuum systems with ethylenedi-
aminetetraacetic acid (EDTA) anticoagulant. On the day of
blood sampling, glycated hemoglobin (HbA, ) was measured
in whole-blood hemolysate using a Random Access A-15 au-
tomated biochemical analyzer (BioSystems, Spain) and Bio-
Systems reagent kits (Spain). To obtain the serum, vacutain-
ers with blood were centrifuged at 3000 rpm in a refrigerated
centrifuge no later than 2 hours after sampling. The obtained
serum samples were frozen at -20°C until analysed. Total
cholesterol (TH), triglycerides (TG), high-density lipoproteins
(HDL), serum iron and total protein were measured using
the Random Access A-15 automated biochemical analyzer
(BioSystems, Spain) using BioSystems reagent kits (Spain).
Low-density lipoproteins (LDL) were calculated using the
Friedewald equation: LDL=TH-(HDL-TG)/2.2. Triiodothyronine
(T3), free thyroxine (T4), and thyroid-stimulating hormone
(TSH) were determined by an enzyme linked immunosorbent
assay (ELISA) using a Stratec Biomedical Gemini automat-
ed enzyme immunoassay analyzer (Stratec, Germany) and
Vector-Best reagent kits (Russia). Ferritin was measured by
ELISA using a Multiskan FC semi-automated analyzer (Ther-
mo Scientific, USA) and Vector-Best reagent kits (Russia).
To quantify vitamin D, serum total 25-OH vitamin D was
determined using 250H Vitamin D Total ELISA reagent kit
(DRG, USA) designed to quantify 25-hydroxyvitamin D2 and
D3 (250H-D2 and 250H-D3) in human serum samples by ELI-
SA using the Stratec Biomedical Gemini automated analyzer
(Stratec, Germany).
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Criteria for health disorders. The criterion for abdom-
inal obesity was the ratio of waist circumference to height of
>0.5. Hypertension was defined as SAD >130 mmHg and/or
DBP =85 mmHg and/or reported antihypertensive medication.
Type 2 diabetes mellitus was defined as HbA, . >6.5% and/or re-
ported antidiabetic medication and/or the reported diagnosed
disease with the identified type. Dyslipidemia was determined
as TH =5.2 mmol/L, TG >1.7 mmol/L, and/or LDL >3.0 mmol/L
and/or HDL <1.0 mmol/L for men or <1.2 mmol/L for wom-
en [19] and/or reported lipid-lowering medication. Thyroid
dysfunction was defined as blood TSH outside the range of
0.3-4.0 mIU/mL and/or 1, outside the range of 4.0-8.6 pmol/L,
and/or , outside the range of 10.3-24.5 pmol/L. Low blood
iron concentration was defined as serum iron <9.0 mmol/L
and/or ferritin <20 ng/mL for men or <10 ng/mL for women.
Total protein level of <64 g/L was considered low. Vitamin D
deficiency was determined at <30 ng/mL. Oncological diseas-
es defined using medical history.

Subgroups

For the data analysis, the participants were divided by
sex and categorized by age into the following six groups:
participants aged 45-49 years (group 1), 50-54 (group 2),
55-59 (group 3), 60—64 (group 4), 65-69 (group 5), and
7074 (group 6).

Statistical Analysis

Categorical variables are represented as absolute values
(n) and percentages (%). The normal distribution of continu-
ous quantitative variables was assessed visually and using
asymmetry (skewness) and kurtosis (peakedness) tests.
Based on the results, the quantitative variables were de-
scribed as the median (Me) with the first and third quartiles
(Q1-Q3). The groups were compared by categorical variales
using the Pearson chi-square test (x?) and by quantitative
criteria using the Mann—Whitney test.

The reference (normal) IOP values for the analyzed age
group and subgroups were obtained based on the analysis of
the examination results of individual participants' eyes and
are presented in the range of the 5th—-95th percentiles (P5-
P95). To describe the reference I0P values and trends in IOP
change with age, the means (M) and standard deviations (SD)
are also presented. Differences in the IOP percentiles in male
and female eyes without age subgrouping and in the match-
ing age groups were assessed using quantile regressions.
The trends in IOP changes in men and women with age were
assessed using the Jonckheere-Terpstra test.

Multidimensional linear regression analysis was used to
consistently assess the associations of I0P with socio-de-
mographic characteristics and lifestyle factors (Stage 1) and
with the health characteristics (Stage 2). At each stage, the
obtained data were first adjusted by sex and age (Model 1)
and then additionally adjusted by other variables assessed
at the corresponding stage (Model 2) and variables with
determined associations with IOP at the previous stage.
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The regression analysis results are presented as regression
coefficients B with 95% confidence intervals (Cl) for binary
independent variables, reflecting adjusted differences in IOP
means in the corresponding groups. Additionally, standar-
dized B-coefficients are shown to compare the strength of
the associations between the analyzed parameters and 10P.
Applicability of linear models was determined using distribu-
tion analysis of residuals.

The differences between the groups and the associations
between the variables were considered statistically signif-
icant at p < 0.05. Statistical analysis was performed using
Stata 18.0 (StataCorp, USA, Texas, College Station).

Ethics Approval

The study was approved by the Local Ethics Committee
of the Northern State Medical University (Arkhangelsk) of
the Ministry of Health of the Russian Federation (Protocol
No. 03/04-23, April 26, 2023). All participants provided writ-
ten informed consent voluntarily.

RESULTS

A total of 1223 residents of Arkhangelsk aged 45-
74 years were examined; examination data of 1620 eyes
(66.2%) out of 2446 were included in the analysis. The anal-
ysis excluded 413 participants with at least one eye meeting
the exclusion criteria. Accordingly, the examination results of
826 eyes were excluded, as 596 of them had refractive error
outside the acceptable range; 118 had an ocular condition
(glaucoma, corneal, retinal, or choroidal abnormality, mature
cataract); 54 had a history of keratorefractive surgery; 32
had best corrected visual acuity below 0.5; 20 had systemic
diseases requiring glucocorticosteroid therapy; examination
and IOP data were missing for 6 eyes.

After applying the exclusion criteria, 1024 female
(512 women) and 596 male (298 men) eyes were included
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in the study. The analyzed female (Me 58, Q1-Q3: 51-65)
and male (Me 58, Q1-Q3: 51-65) eyes had no significant
age differences (p = 0.295). Age subgrouping was the fol-
lowing: 312 eyes in group 1 (45-49 years), 306 in group 2
(50-54), 280 in group 3 (55-59), 304 in group 4 (60-64), 224
in group 5 (65—69), 194 in group 6 (70-74).

Compared with women, more men were married (82.2%
vs. 51.8%), smoked (27.5% vs. 11.3%), had higher hazardous
drinking score (31.9% vs. 2.3%), or kept unhealthy diet (7.6%
vs. 4.1%) (Table 1). Women were more likely to report finan-
cial difficulties compared with men (7.8% vs. 4.0%).

The I0P distribution of male and female eyes in the study
population was similar to the Gaussian distribution (Fig. 1),
but was slightly left-skewed (the asymmetry coefficient was
0.15 [p=0.039] for women and 0.22 [p=0.027] for men) and
highly peaked (the coefficient of kurtosis was 2.45 [p <0.001]
for women and 2.54 [p < 0.001] for men).

In the analyzed group of participants aged 45-74
years, mean IOP was 14.2 mmHg, 13.9 mmHg for men,
14.4 mmHg for women (Table 2). IOP median for the analyzed
group and for men and women subgroups was 14.0 mmHg,
the total range of the 5th—95th percentiles for men and wo-
men was 9-20 mmHg. However, P75, P90, and P95 values
for female eyes (17.0, 19.0, and 20.0 mmHg) were higher
than those for male eyes (16.0, 18.0, and 19.0 mmHg, re-
spectively). In five-year age groups, I0P in female eyes
compared with male eyes had higher P10-P50 values in the
44—49 years group and higher P5-P25 and P75 values in the
70-74 years group. At the age of 60-64 years, male eyes
had higher P5 values, whereas female eyes had higher P25
values.

IOP values in women and men showed significant down-
ward trends with the increasing age groups (Fig. 2).

The analysis of associations of I0P with socio-demo-
graphic characteristics and lifestyle factors with age and
sex adjustment (Model 1) and with mutual adjustment of

Table 1. Socio-demographic and behavioral characteristics of study participants by sex

All participants (n=810) Women (n=512) Men (n=298)
Specifications p*
abs (%)
Native resident of AQ' 273 (33.7) 65 (32.2) 108 (36.2) 0.244
Higher education 320 (39.5) 99 (38.9) 121 (40.6) 0.626
Full or part-time employment 509 (62.8) 315(61.5) 194 (65.1) 0.310
Married 510 (63.0) 265 (51.8) 245 (82.2) <0.001
Financial constraints? 51 (6.3) 40 (7.8) 1(4.0) 0.019
Smoking 140 (17.3) 58 (11.3) 82 (27.5) <0.001
Hazardous drinking® 107 (13.2) 12 (2.3) 95 (31.9) <0.001
Unhealthy diet* 42 (5.4) 20 (4.1) 22 (1.6) 0.034
Physical inactivity ® 139 (17.2) 92 (18.0) 47 (15.6) 0.424

Notes: ! At least two previous generations on the father's and mother's sides were born in the Arkhangelsk region;  The presence of financial difficulties
when buying food or clothing. ® =8 points on the AUDIT test; “ Determined using the Dietary Quality Score questionnaire; ® Determined using the short version

of the International Questionnaire for Determining Physical Activity (IPAQ). *
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Fig. 1. Distribution of intraocular pressure values (mmHg) in male and female eyes, aged 4574 years, residents of Arkhangelsk.

all analyzed parameters (Model 2) demonstrated that 10P
decreased with age, was significantly lower in men com-
pared with women, in the native residents of AR compared
with non-native residents, and in participants with higher
education compared with those without it (Table 3). Other
socio-demographic characteristics and lifestyle factors had
no significant associations with I0P. In Model 2, male sex
(B=—0.085), age (B = —0.084), and indigenous status in AR
(B=-0.074) had the strongest negative associations with OP.

The analysis of associations of I0P with the general
health characteristics (Table 4) adjusted for sex and age
(Model 1) revealed that IOP was significantly higher in indi-
viduals with hypertension, diabetes mellitus, dyslipidemia,

abdominal obesity, thyroid dysfunction, and vitamin D defi-
ciency compared with those without these conditions. 10P
was significantly lower in participants with low total protein,
while oncological diseases and low blood iron had no asso-
ciation with I0P. With adjustment for all socio-demographic
characteristics and lifestyle factors with significant asso-
ciations with 10P presented in Table 3 and with all studied
health characteristics included in the regression analysis
(Model 2), the above associations between health charac-
teristics and IOP were slightly weaker, but remained sta-
tistically significant. Vitamin D deficiency (B = 0.079) and
hypertension (f=0.077) had the strongest associations with
IOP in Model 2.

Table 2. Reference ranges of intraocular pressure (mmHg) in male and female eyes. age 45-74 years. residents of Arkhangelsk

Gender Age, years N M SD P5 P10 P25 P50 P75 P90 P95
Both gender 40-74 1620 142 32 9.0 10.0 12.0 14.0 16.0 19.0 200
Womens 40-74 1024 144 32 9.0 10.0 12.0 14.0 17.0t 19.0t 200t
Mens 40-74 596 139 32 9.0 10.0 12.0 14.0 16.0t 18.0t 19.0t
Women 44-L49 186 14.8 3.1 9.0 11.0f 13.0f 15.0t 170 19.0 200

50-54 200 14.4 34 9.0 10.0 12.0 14.0 17.0 19.0 200
55-59 182 147 29 100 1.0 13.0 14.0 17.0 18.0 190
60-64 180 143 33 9.0t 10.0 12.0t 14.0 16.0 19.0 200
65-69 138 143 32 9.0 10.0 12.0 14.0 16.0 19.0 200
70-74 138 139 3.0 10.0t 11.0f 12.0f 13.0 17.0t 18.0 190
Men 44-L49 126 14.0 32 10.0 10,0 11.0f 14.0f 16.0 19.0 200
50-54 106 143 33 9.0 10.0 12.0 14.0 17.0 19.0 19.0
55-59 98 142 28 9.0 1.0 13.0 14.0 16.0 180 190
60-64 124 14.1 3.1 10,0 10.0 11.0f 14.0 16.0 18.0 200
65-69 86 133 33 8.0 9.0 11.0 13.0 15.0 18.0 200
70-74 56 129 3.0 8.0t 9.0t 105 13.0 15.0t 16.0 190

Notes: T Significant differences (p <0.050) in percentile values between men and women of the corresponding age.
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Fig. 2. Mean intraocular pressure in men and women across 5-year age
groups within the 45—74-year range, residents of Arkhangelsk (1552 eyes).

DISCUSSION

The Federal Clinical Guidelines on primary open-angle
glaucoma? state that true I0P of up to 21 mmHg is con-
sidered the upper limit of normal. The national guidelines
provide the following three ranges of normal for IOP deter-
mined using tonometry: low norm of 15—-18 mmHg, medium
norm of 19-22 mmHg, and high norm of 23-25 mmHg [3].
Our study showed that I0P normal ranges for Arkhangelsk
residents aged 45-74 years, defined by the 5"-95™ |OP
percentile range, was 9-20 mmHg, the low norm (5%-25%
percentile) was 9-12 mmHg, the medium norm (25*"-75%
percentile) was 12-16 mmHg, and the high norm (7595
percentile) was 16—20 mmHg. Therefore, our empirical upper
limit of normal for residents of the European North of Russia
aged 45-74 years corresponds to the current clinical guide-
lines, whereas the ranges of low, medium, and high norms
are lower than those suggested in the clinical guidelines.

As mentioned above, prior population-based studies
in the Volga region using the Maklakov tonometer have
demonstrated higher I0P compared with our results [20-
24]. In our study, mean IOP values are 2 mmHg lower than
those obtained by Egorov et al. in Central Russia, Belarus,
Ukraine, Moldova, Tajikistan, and Kazakhstan [25, 26]. This
may be explained by age differences between the study
samples. In addition, our study did not include patients with
early glaucoma, which affected the results obtained. Also,
the authors in other studies used tonometry method, which
overestimates aqueous pressure on the eye membranes
compared with true IOP in our study measured using pneu-
motonometry [27].

2 (Clinical guidelines on primary open-angle glaucoma (approved by the
Ministry of Health of the Russian Federation, 2024). Age group: adults.
Available at: https://legalacts.ru/doc/klinicheskie-rekomendatsii-
glaukoma-pervichnaja-otkrytougolnaja-odobreny-minzdravom-rossii/
Accessed on: February 26, 2025.
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Mean IOP in our study is lower than in studies conducted
in the South Chinese population, in Barbados, the USA and
the UK [9, 28-30], but higher compared with the results of
population-based studies performed in Bashkortostan, Iran,
South Korea, Central Australia, and Taiwan [11, 12, 31-34].
This confirms the association of I0P with race and ethnicity.
Moreover, we found that native residents of the Arkhangelsk
region, who had at least two previous generations on their
father's and mother's sides born in the region, had lower I0P
compared with non-native residents. This indicates a genetic
cause of decreased I0P, which may be explained by adapta-
tion to uncomfortable climatic and geographical conditions
of the North. Several authors believe that IOP is affected not
only by climatic conditions, such as the average annual tem-
perature, sunlight, humidity, wind speed, and trace elements
in soil and water, but also by anatomical features of the eye
in certain races and ethnicities [35-37].

Our study demonstrates a negative association of I0P
with age. Publications show various age-related trends in
IOP. Some large population-based studies among the Amer-
ican and African populations revealed a positive correlation
of I0P and age [9, 29, 38]. However, studies performed in
Asia show a reverse association [14, 28-30]. IOP decrease
with age may be associated with a lower body mass index
(BMI) and blood pressure in the old and advanced age [31]. It
is known that obesity and uncontrolled hypertension are risk
factors for cardiovascular death [39]. For this reason, there
are fewer people with increased BMI and BP in the elderly
and geriatric group, and the survivors in these groups may
have lower I0P [12, 13, 29].

Our study showed that I0P was lower in men than in
women, and this difference preserved when adjusted for age
and other factors. Considering the age of the participants, this
result can be explained by an increase in aqueous production
in menopausal women associated with hormonal status [29,
32, 40, 41]. Previous studies provided contradictory data on
the association between I0P and sex. IOP was higher in men
in some population studies [28, 42] and in women in others
[31, 43, 44]. This may be explained by the heterogeneous
age and ethnicity of the analyzed samples, which, as shown
above, is associated with I0P and may change the relation-
ship between IOP and sex.

With adjustments for age and sex, our study demonstrat-
ed positive associations of IOP with hypertension, type 2 di-
abetes mellitus, abdominal obesity, and dyslipidemia. The
revealed association of hypertension with relatively higher
IOP is consistent with the results of several other stud-
ies [45-48]. It is explained by an increase in the aqueous
production caused by accelerated ultrafiltration as BP ele-
vates [12]. Other studies have found a positive association
between obesity and I0P [9, 13, 29]. Abdominal obesity,
type 2 diabetes mellitus, hypertension, and dyslipidemia are
medical conditions sharing similar pathogenetic links based
on insulin resistance, which reduces glucose utilization in
tissues and thereby increases insulin secretion, resulting
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Table 3. Association of intraocular pressure with socio-demographic characteristics and lifestyle factors in residents of Arkhangelsk aged 45-74 years
(1552 eyes)

Model 12 Model 2°
Specifications B (95% C) B (95% CI) C()S;;:?C?:;?B »
Socio-demographic characteristics
Age, years -0.03 (-0.05; -0.01) -0.03 (-0.06; -0.01) -0.084 0.009
Gender, men -0.53 (-0.85; -0.22) -0.56 (-0.94; -0.18) -0.085 0.004
Native resident of AQ' —0.47 (-0.80; -0.15) -0.50 (-0.83; -0.16) -0.074 0.003
Higher education -0.39 (-0.71; -0.07) —-0.40 (-0.73; -0.06) -0.061 0.020
Full or part-time employment -0.00 (-0.39; 0.39) 0.07 (-0.34; 0.47) 0.010 0.750
Married 0.11(=0.23; 0.44) 0.04 (-0.31; 0.39) 0.006 0.817
Financial constraints? 0.54 (-0.09; 1.18) 0.39 (-0.28; 1.06) 0.030 0.252
Lifestyle factors
Smoaking 0.14 (-0.28; 0.56) -0.02 (=0.47; 0.44) -0.002 0.935
Hazardous drinking® 0.11 (-0.40; 0.61) 0.08 (-0.44; 0.61) 0.009 0.752
Unhealthy diet* 0.40 (-0.30; 1.10) 0.26 (-0.45; 0.97) 0.018 0.473
Physical inactivity® 0.33 (-0.08; 0.75) 0.42 (-0.01; 0.86) 0.050 0.056

Notes: Model 1 — correction for gender and age (for age — only for gender, for gender — only for age); Model 2 — correction for all variables presented in the
table. ' At least two previous generations on the father's and mother's sides were born in the Arkhangelsk region; 2 The presence of financial difficulties when
buying food or clothing; ® =8 points on the AUDIT test; * Determined using the Dietary Quality Score questionnaire; ° Determined using a short version of the
international questionnaire to determine physical Activity (IPAQ).

Table 4. Association of intraocular pressure with general health characteristics in residents of Arkhangelsk aged 45-74 years (1618 eyes)

Model 12 Model 28
Specifications B 95% C) B (95% C) cog;fé;?c?::tjﬁ »
Arterial hypertension ' 0.89 (0.52; 1.26) 0.56 (0.17; 0.94) 0.077 0.005
Diabetes mellitus 2 0.65 (0.22; 1.07) 0.46 (0.03; 0.89) 0.054 0.035
Dyslipidemia’® 0.44(0.10; 0.78) 0.36 (0.01; 0.71) 0.051 0.041
Abdominal obesity * 0.64 (0.31; 0.98) 0.39 (0.04; 0.75) 0.059 0.027
Thyroid dysfunction® 0.44 (0.08; 0.80) 0.42 (0.07;0.77) 0.057 0.019
Oncological diseases ® 0.26 (-0.35; 0.87) 0.25 (-0.35; 0.85) 0.020 0.412
Low blood iron levels’ -0.26 (-0.88; 0.35) -0.19 (-0.80; 0.42) -0.015 0.543
Low levels of total protein in the blood ® —1.01 (-1.68; =0.33) —-0.76 (-1.43; -0.09) -0.056 0.026
Vitamin D deficiency’ 0.84 (0.37; 1.30) 0.76 (0.30; 1.22) 0.079 0.001

Notes: Model 1 is a correction for gender and age; Model 2 is a correction for all variables that had significant associations with IOP according to Table 3, and all
variables presented in this table. 'CAP >130 mmHg, DBP =85 mmHg and/ or a report on taking antihypertensive drugs; ZHbA1c =6.5% and/or a report on taking
antidiabetic drugs and/or a report on the presence of a diagnosis indicating the type of diabetes; 30X 5.2 mmol/L, triglycerides >1.7 mmol/L and/or LDL >3.0
mmol/L and/or HDL <1.0 mmal/L for men or <1.2 mmol/L for women and/or a message about taking lipid-lowering medications; * Ratio of waist circumference
to height >0.5; °THG outside range 0.3-4.0 mIU/ml and/or T3 outside the range 4.0-8.6 pmol/L and/or T4 outside the range 10.3—24.5 pmol/L; ¢ According to
medical history; ” serum iron <9.0 mmol/L and/or ferritin <20 ng/ml for men or <10 ng/ml for women; 8 total protein <64 g/(; 9 vitamin D <30 ng/ml.

in hyperinsulinemia and activation of the sympathoadrenal  production [52, 53]. The RAAS increases retinal blood flow
and renin-angiotensin-aldosterone systems (RAAS) [49-51].  and pressure in retinal capillaries, thus elevating I0P [54].
There is a known local system of RAAS components, includ- Our study demonstrates the association of thyroid dys-

ing in various ocular structures, which help regulate aqueous  function with increased I0P. However, this has no unequivocal
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evidence in the available publications, some of which suggest
that IOP is associated with endocrine disorders [55-58], and
others deny it [59, 60]. This relationship may be typical only
for the study population with the higher prevalence of thyroid
disorders than in other regions of Russia [61]. The mecha-
nism of an IOP increase in individuals with thyroid dysfunc-
tion is not fully understood and should be further studied.
High TSH concentrations in patients with hypothyroidism
stimulate the production of glycosaminoglycans. They are a
part of the trabecular meshwork, extracellular matrix of the
optic disc, and lamina cribrosa. Excessive levels of mucopo-
lysaccharides (glycosaminoglycans) in the trabecular mesh-
work increase the resistance to the aqueous outflow and
increase 10P [62]. When thyroid dysfunction is caused by an
autoimmune disease, excessive production of autoantibodies
to glycosaminoglycans of the trabecular meshwork leads to
dysfunction of the latter and increases IOP [63].

We have identified a significant association of elevated
IOP with vitamin D deficiency, which is typical for residents
of northern regions. These results are comparable with those
obtained in other studies [64-66]. Vitamin D is known to be
actively involved not only in calcium and phosphate metab-
olism, but also has many other pleiotropic effects, includ-
ing the effect on differentiation and apoptosis of eye tissues
[67-69]. There are several studies confirming the presence
of vitamin D receptors in the eye tissues [70, 71]. Some data
show that vitamin D receptors are present in the cells of the
corneal endothelium and non-pigmented ciliary epithelium,
which contribute the most to the aqueous production [72].
Given this information, vitamin D deficiency may be assumed
to negatively affect the function of the eye structures directly
involved in the agueous production, which disrupts the eye
hydrodynamics and increases |OP [72-74].

A major strength of our study is examination of a ran-
dom sample of Arkhangelsk residents aged 45-74 years.
As Arkhangelsk is located in the European North of Russia
and the Arctic zone, the reference IOP values obtained in
this study may be applicable to residents of these regions.
Another strength of this study is the statistical power be-
cause of the relatively large sample size.

Study Limitations

The study's disadvantage is its cross-sectional design,
which limits the determination of the causality of the revealed
associations. The study is also constrained by the lack of data
on central corneal thickness, which could affect IOP. Data on
socio-demographic characteristics, lifestyle, and some health
characteristics were reported by the respondents and could
be subject to recall or reporting bias. The total number of ex-
amined participants (n = 1223) was 61.3% of the total number
of invited (n = 1996), which could be a selection bias if the
distribution of the studied parameters among the enrolled
participants differed from that among those who refused to
participate in the study. The sample was limited to urban res-
idents of one region aged 45-74 years, which may hinder the
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extrapolation to the general population of the European North
of Russia including a significant number of rural residents.

CONCLUSION

The study has determined the normal IOP range of
9-20 mmHg for residents of the European North of Russia
aged 45-74 years. The low norm is defined as the range
9-12 mmHg, the medium norm is 12-16 mmHg, the high
norm is 16—20 mmHg. The trends of an I0P decrease with
age in men and women have been revealed. Low IOP was
associated with male sex, being the native residents of the
Arkhangelsk region, low blood total protein, while the in-
creased I0P was associated with hypertension, diabetes
mellitus, dyslipidemia, obesity, thyroid dysfunction, and vi-
tamin D deficiency.
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ofobpunmn pykonuch (Bepcvio ans nybnvKaumm), a Takxe Cornacunmcb
HECTW OTBETCTBEHHOCTb 3a BCe acmeKTbl paboTl, rapaHTUpys Hafnexallee
PaccMOTPEHME U1 peLLeHWe BOMPOCOB, CBA3aHHbIX C TOYHOCTbIO M 406p0co-
BECTHOCTbIO Nt0boM eé yacTu.

dTuveckas 3kcneptusa. [lpoToKon wccnefoBaHus ofobpeH Jlo-
KanbHbIM 3TiyeckuM Komutetom ®TBOY BO CTMY MwHsgpasa Poccum
(r. ApxaHrenbck, npotokon Ne 03/04-23 ot 26.04.2023). Bce yyacTHUKM mc-
CcnefjoBaHus [1obpoBOSIbHO MoznMcany hopMy MHHOPMUPOBAHHOIO Corna-
CUS 10 BKJTIOYEHUS B UCCNe[JOBaHMe.

WUcTounuk c¢uHaHcupoBaHusa. VccnenoBaHue BbIMOMHEHO 3@ CYET
rpaHTa Poccuiickoro HayuHoro doHga N° 23-15-20017, https://rscf.ru/
project/23-15-20017/.

PackpbiTue uHTepecoB. ABTOpbI 3asIBNAIOT 00 OTCYTCTBUM OTHOLLIEHWH, fie-
ATESIbHOCTW W MHTEPECOB 3a MOCNefHUE TPW rofa, CBA3aHHbIX C TPETbUMMU
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MuaMm1 (KOMMEPHECKUMM W HEKOMMEPHYECKVMM), MHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COflEPIKAHMEM CTaTbU.

OpuruHanbHocTb. [1py CO3AaHUM HacToALLEN paboTbl aBTOPbI He UCMoTb-
30Ban paHee 0nybaMKOBaHHbIE CBEAEHNA (TEKCT, MINIOCTPaLWK, laHHbIe).
HocTyn K gaHHBIM. AHOHUMW3MPOBAHHbIE JaHHbIE, NPeACTaBNeHHbIE B Ha-
CTOSILLIEN CTaTbe, LOCTYMHbI MO apryMeHTPOBaHHOMY 3arnpocy K aBTOPCKOMY
KONNeKTBY.

leHepaTMBHbIW UCKYCCTBEHHbIW MHTENNEKT. [Tpy Co3AaHUM HacTosALLeN
CTaTby TEXHOMOM W FeHePaTVUBHOIO UCKYCCTBEHHOTO MHTESINEKTa He MCTofb-
30Banu.

PaccMoTpeHue u peuensupoBanme. Hactoswas paborta nofaHa B xyp-
Han B MHWLMATMBHOM MOPAAKE W PaccMOTPeHa no 0bbI4HOM MpoLemype.
B peLieH3vpoBaHMM y4acTBOBaAM [1Ba BHELLHWX PELIEH3EHTa, YreH pefaK-
LIMOHHOM KONMErn W HayYHbI pefakTop U3AaHus.
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