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PeTpocneKTUBHbIN aHanU3 3aBUCUMOCTH HacTOTbI
BbI30OBOB CKOPOM MeAULUHCKOW NOMOLLU 60bHbIMU
6poHXManbHO acTMOM OT KOHLLEHTpaLuM NpUseMHoOro
o30Ha Ha HxxHomM 6epery KpbiMa

E.B. Escradbesa’, B.A. Jlanuenko?, J1.LL. Qynuenxo', C.H. Bensiesa',
10.J1. Tybun', U.A. Esctacbesa’

! AKaleMUYECKMIA Hay4HO-MCCNEA0BATENBCKMA MHCTUTYT BU3MYECKUX METOAOB JIeYeHNs, MeAMLMHCKON KIMMATosIoruv 1 peabuintaumum
uM. .M. CeueHoBa, fnTa, Poccus;

Z UHcTuTyT Bronorvm 1xHbIX Mopeit uM. A.O. Kosanesckoro PAH, Cesactonons, Poceus;

3 KpbiMckuin henepanbHbiit yHusepeuteT uM. B.A. BepHapckoro, Cumdeponons, Poccus

AHHOTALMA

O6ocHoBaHMe. B 0TeueCTBEHHbIX UCCNELOBaHUAX HEAOOLEHEHHBIM (PAKTOPOM pUCKa OPOHXMAMNbHOWM acTMbl OCTAETCA Mpu-
3eMHbIA 030H, KOTOPbI NpuU3HaéTcs BcemupHoi opraHW3auumeli 34paBoOXpaHeEHUst BTOPbIM MO OMACHOCTU TOKCUKAHTOM
LNs AbixaTenbHol cucteMbl. Onpeaenerune ero 6e3onacHbIX ypoBHEN 0COBEHHO BaXKHO Ha TEpPUTOPUAX, FAe NPOXOAAT BOC-
CTaHOBMNEHWe NyNIbMOHONOrNYeCKMe BosbHbIe U UMEKTCA YCNoBUS A 06pa30BaHWs NOBLILUEHHBIX KOHLEHTpaLMii 030Ha.
Llenb. BbisBuTb Hannume 1 xapaKkTep 3aBUCMMOCTM YMCITa BbI30BOB CKOPOI MeAMLIMHCKOI MOMOLLM 60/bHbIMM BpoHXManbHOM
acTMOM 0T KOHLieHTpaumm npuseMHoro o3oHa (KIM0) Ha HxHoM bepery KpbiMa.

Marepuan u Metoapbl. Matepuanom uccnefoBaHUs ABUNOCh KONMYECTBO BbI30BOB CKOPOM MeAMLMHCKOW noMolum B fAnte
bonbHbIMK BpoHxmaneHoi actMoi B 2010-2014 rr. Mamepenus KI0 3a 370T e nepuof, npoBeAeHsbl Ha Kapaaarckoi craHumu
(OHOBOr0 3KOJI0TMYECKOr0 MOHMTOPMHIA ONTMYECKUM METOLOM C NOMOLLbI0 aBTOMaTMyecKoro rasoaHanusaropa APOA 370
(HORIBA). B3aMocBA3b Yncia BbI30BOB CKOPOM MeAULMHCKOM NoMoLLy 1 xapakTepuctuk KINO aHanmaupoBanm nocpeAcTBoM
KOPpensuMoHHOro aHanu3a no Cnupmey.

Pesynbratbl. KonuyectBo BbI30BOB CKOpoi MeauumHckon nomowm ¢ 2010 no 2014 r. Bospocno ¢ 471 po 661,
Npu 3TOM Ha MPOTSKEHUM 3TOTO MEPUOAA MMENOCh NMPEBbILEHWE JOMYCTUMbIX cpepHerofoBbix 3HadeHui KIMO. Koppe-
NAUMOHHBIA aHanu3 0OHapyXuWn B PAAE CNy4aeB BbIPAXEHHYI0 B PasHOW CTEMEHW 3HAYMMOCTb YPOBHSA MPU3EMHOMO 030-
Ha Ana coctosHusa 6onbHbIX BpoHxwanbHoW actMoit B nepuop 2010-2014 rr. OBHapyeHO 5 CTaTUCTUYECKM 3HAYUMBbIX
(p <0,05) n 9 Ha yposHe TeHpeHunn (p <0,10) KoppensiLmi YacToTbl BbI30BOB CKOPOW MEAMUMHCKOM MOMOLUM CO CPeLHUMM
aMnanTyfaMu KonebaHui, MakcuManbHbiMU U MuHUManbHbIMU KIMO B cytku. Hanbonee 3HaunMble Koppensiumm u Haubosb-
wee ux uucno otMmeyeHbl B 2012 r., KoTopbid, Hapagy ¢ 2011 r., xapaKTepu30BaAcs BbICOKMMM 3HAYEHMAMM aMNaUTYbl
Konebanuit KMNO Ha ¢oHe 3nM304,0B NPEeBLILLEHWIA MaKCMMalbHOM Pa30BOiA KOHLIEHTpaLMM 030Ha U bonee BbICOKUX CpeaHe-
CyTOYHbIX BenmunH. Koppensuuu nonoxurenbHble, Yalle Beero cnabble (0,35 <Rs <0,48). Koppensumm BbisBReHbI npenMy-
LLIeCTBEHHO He B TENNoe BpeMs roaa, koraa KMo oxupaemo Bhilwe, a B X0N0AHOE.

3aknioueHue. Hanmume ycTaHOBNEHHBIX KOPPENIALMOHHBIX CBA3E/ B COYETAHMM C HAAEKHBIMM 3apyDeKHbIMU [LaHHbIMU O He-
ratmeBHoOM 3 deKTe BAMAHUSA 030HA Ha PECTIMPATOPHOE 3[,0POBbE CBUAETENLCTBYET O BAXKHOCTU AaNbHENLLMX UCCTIeLOBaHMI
B pervoHe. TpebyeTcsa onpenenenne besonacHbix yposHei KIMO B coueTaHmm ¢ conyTCTBYHOLLMMU METEONOMOAHBIMU U TEXHO-
reHHbIMKM dakTopamu Ha HxxHoMm bepery KpbiMa, KOTopble MOTYT CyLLECTBEHHO MoAMDULMPOBaTL 3P HEKT BO3LeHCTBIA 030-
Ha Ha OpraHM3M YenoBeKa. 3T0 NO3BOSMT CO3AaTb CUCTEMY PAHHErO PearvpoBaHKSA Mo YNPaBNEHMIO PUCKOM OT HEraTUBHOTO
B/IMSIHUS NPU3EMHOMO 030HA Ha COCTOSHUE BOMbHBIX BPOHXMaNbHOI acTMON.

KnioueBbie cnoBa: npu3eMHblit 030H; 6poHXManbHas acTMa; HeOTNOXHble cocTosHUS; HxHbIN 6eper KpbiMa.
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Retrospective analysis of the relationship between
the frequency of medical emergency calls by patients
with bronchial asthma and the concentration

of ground-level ozone on the South Coast of Crimea
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ABSTRACT

BACKGROUND: Russian studies still underestimate one bronchial asthma risk factor, namely, the ground-level ozone
recognized by the World Health Organization as the second most dangerous toxicant for the respiratory system. It is of particular
importance to determine safe levels of ozone exposure, particularly in areas where patients are undergoing pulmonary
rehabilitation and conditions are conducive to the formation of elevated ozone concentrations.

AIM: To identify and describe the relationship between the frequency of medical emergency calls by patients with bronchial
asthma and the ground-level ozone concentration (GLOC) on the South Coast of Crimea.

MATERIAL AND METHODS: The study utilized data from the medical emergency calls in Yalta by patients with bronchial
asthma in 2010-2014. The GLOCs for the same period were measured at the Karadag Background Environmental Monitoring
Station by optical method using APOA 370 (HORIBA) automatic gas analyzer. The correlation between the number of medical
emergency calls and GLOC values was analyzed using Spearman'’s correlation coefficient.

RESULTS: The number of medical emergency calls increased from 2010 to 2014, rising from 471 to 661. During the same
period, GLOCs exceeding the permissible average annual values were observed. Correlation analysis revealed that ground-
level ozone was a significant factor affecting the condition of bronchial asthma patients over the 2010-2014 period, to varying
degree. Five statistically significant (p <0.05) and nine tendency-level (p <0.10) correlations were identified between the
frequencies of medical emergency calls and the daily average amplitudes of fluctuations and maximal and minimal GLOCs. The
greatest number of significant correlations was reported in 2012, which was also a year marked by high amplitudes of GLOC
fluctuations in the context of episodes of above-limit single ozone concentration and higher daily averages, similar to 2011.
The correlations were positive, with the majority exhibiting a weak association (0.35 <Rs <0.48). These correlations were not
observed during the warm seasons, when GLOC is typically higher, but during the cold season.

CONCLUSION: The established correlations, when considered alongside reliable international data on the negative effect of
ozone on respiratory health, serve to highlight the importance of further research in the region. It is imperative to ascertain the
safe GLOC levels, taking into account the concomitant meteorological and technogenic factors of the South Coast of Crimea,
which have the potential to significantly modify the effect of ozone on the human body. This will facilitate the development of
an early warning system to mitigate the adverse effects of ground-level ozone on asthmatic patients.

Keywords: ground-level ozone; bronchial asthma; medical emergencies; South Coast of Crimea.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

bonesnu opraHos Abixanusa (B0[1) 3aHMMaloT nmampyio-
LLYI0 MO3ULMI0 B CTPYKTYpe 0bLuen 3aboneBaeMocTy Hacene-
Hua Poccuickoi Oepepaumm, HaHOCA 3HAUMTENbHLIA YLLepo
3[10p0OBbi0 B CBA3M C BPEMEHHOW U CTOMKOIA YTpaTon TPYAo-
€nocobHoCTM U cMepTHOCTbIO. Mpyn 3TOM YyLepb 3HaumTeneH
He TOJIbKO M0 MpUYMHE LUMPOKO M BO3pacTaloLLeil pacnpo-
cTpaHéHHoctn BOJl, Ho n obycnoBneH He Bceraa afeKBat-
HbIM JleYEHUEM U [OCTAaTOYHO BbICOKOW BEPOSATHOCTBHO pas-
BUTUS OCNOXHEHUN. [lepBoCTeneHHOe BHUMaHWe B PeLleHUH
3701 npobneMbl yaenseTcs BOMpocaM JOCTYMHOCTU NepBuMY-
HOM U CNELManM3vpoBaHHON MeOULMHCKON NOMOLLM, paHHeH
AVMarHoCTUKe U aKTMBHOMY AvcnaHcepHOMY HabniofeHuio na-
LiMeHTOB C XpoHnyeckumu bOJ1, BaKUMHaLMKM NpoTHB pecnupa-
TOPHbIX MHGEKLMIA, CBOEBPEMEHHOMN rOCNMTaNM3aLmMK Npu Ta-
XENbIX 0bocTpeHusx M nocnepytowen peabunuraumm [1-3].
OpHaKo No-npexHeMy Mano BHUMaHUs yaenseTcs BHELUHUM
(aKTopaM puCKa, Kak MHULMMPYIOLLMM pasBuTHe 3aboneBa-
HWI, TaK W UrpatoLLMM pofib TpUrrepa B Ux 060CTpeHuM.

Poct BO[] B nocnegHue pecatuneTms CBA3bIBaKOT C Npo-
rpeccupyolimMM 3arpasHeHmeM atMocdepbl. [lng wupoko
pacnpoCTpaHeHHbIX 3aboneBaHUin AbIXaTesbHOW CUCTEMbI
CepbE3HLIM (PAKTOPOM PUCKA B MHULMALMM NATONIOMMYECKOT0
npoLiecca u 0bocTpeHuii TeueHns 3aboneBaHus ABNAOTCA a3-
pononioTaHTbl. M3BecTHa ux ponib Tpurrepa B 060cTpeHusx
BpoHxuanbHoii actMbl (BA) [4], xpoHudeckoro bponxuTa [5],
XPOHWUYECKON 0DCTPYKTUBHOW Done3Hu Nerkux [6], B LenoM
BpOoHXMaNbHOM rMNeppeakTUBHOCTW, KOTOpas Yy NaLWeHTOB,
cTpagatowmx bOJl, MoxeT Bo3HMKaTb nofg OeicTBMEM Nojl-
JIOTAHTOB, MHANPDEPEHTHBIX ANIA 3[,0POBOro YenoBeKa [4].
Cpeay nocnegHux ocobblit MHTEPEC BbI3bIBAET NPU3EMHBIi
(TponocdepHbIf) 030H, KOTOpbIi paccMaTpuBaeTcs Beemup-
HOM OpraHW3aLmei 3[paBooXpaHeHNs Kak Hanbosiee onacHbIN
nocne B3BELLEHHBIX YacTuL, aTMocdepHblii 3arpsisHuTenb [7].
B oTimume oT ocTanbHbIX OCHOBHBIX 3arps3HUTENel aTMoc-
depbl (MPOAYKTOB aHTPONOreHHOW LeATeNbHOCTH) 030H OT-
HOCMTCSA K BTOPUYHBIM 3arps3HUTENAM, TaK KaK B NOBbILIEHHBIX
KOHLieHTpaumsx obpasyetca B pesynbrate (OTOXMMUYECKMX
peakuuid C y4acTUeM MepBUYHbIX NMPEefLIECTBEHHUKOB 030Ha.
Ero KoHUeHTpaums B npu3eMHOM cnoe atMochepbl B nocnes-
HWe [ecsTUNeTMS MPOrPecCMBHO PacTET KaK BCNeACTBUE aH-
TPOMOreHHOro 3arpsi3HEHNs OKCMAAMM a30Ta, YrNiepoAa u nie-
TYYUMU OpraHUHeCKUMKU COEAMHEHUAMM, TaK U MO MpUYMHE
M3MeHeHW KnmMara [8], oKa3biBasi HeraTMBHOE BO3AeHCTBME
Ha 300poBbe HaceneHus. Ha ocHoBaHWM pe3ynbTaToB MUcche-
[0BaHuiA, NPoBEAEHHbIX B AecATKax ropoaos CLUA, onpenenéH
K03 dULMEHT «030HOBOM CMEPTHOCTUY» NPU KaXKAO0M YBEM-
YEHWM ero KOHLEeHTpaLmun Ha 20 MKr/M® [9].

Mo JaHHBIM MHOTOYMCNEHHBIX 3apybeHbIX UccneoBa-
HWI 3TO¥ NPOBAEMBI, YUCIT0 KOTOPBIX BO3POCIIO C HECKOJBKMX
ny6mmkauni o 60-90 B rop 3a nocneanve 30 net!, oH fB-

! https://pubmed.ncbi.nlm.nih.gov/ ?term=0zone%2C+respiratory+system&

filter=years.2023-2023&timeline=expanded
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NAETCA MOLLUHLIM TOKCMKAHTOM AblxaTenbHoi cuctemsl [10]
1 (GaKTOpOM p1CKa OCTPOro PeCrMpaTopHOro AUCTPECC-CUH-
apoma [11].

JKCnepUMeHTanbHble UccefoBaHus 3QQeKToB NpuseM-
HOro 030Ha [AlOT [LOCTaTOYHO OCHOBaHUW AN NOHUMaHUS
MEXaHW3MOB €ero BJIUSHWA Ha AbixaTeNbHyto cucteMy. OfHa-
KO 3nuaemMuonormyeckue uccnepoBanus B Poccum u ctpaHax
CHI npepcraBneHbl eAMHUYHBIMK NybanKaumamu [12-14].

Cpeon XpoHWYeCKMX HeWHQEKUMOHHbIX 3aboneBaHuii
AbIXaTeNIbHOW CMCTEMbI MO PacrmpoCcTPaHEHHOCTH, TAXKECTH
TEYEHWS, CIOKHOCTW [OMArHOCTMKM M Tepanuu, 3aTpataM
Ha /leyeHne Bepyulee MecTo 3aHMMaeT BA [4]. OTMeyvaetcs,
yTo Haubonee 4acTo BCTpeyaeTcs annepruyeckas opma
BA, KoTOpas BCneAcTBUE BIUAHUS NPU3EMHOTO 030HA Npu-
obpeTtaeT MacwTabbl anuaemmn [15]. BbicOKMEe KOHLEHTpaLmMu
MPM3EMHOr0 030Ha CNOCOBCTBYHOT YBENIMYEHUIO HacTOThI 060-
CTpeHui [16], ogHaKo B NMTepaType TaKKe NPUBOAATCS AaH-
Hble, NOATBEPKAAIOLLME 3aBUCUMOCTb TeueHust BA ot exe-
AHEeBHbIX KonebaHWi KOHLEHTpaLmm npuseMHoro o3oHa (KI0)
Jaxe B npefenax HopMatuBHbIX cTaHaapTos [17]. C yueToM
TOro Yro 3aboneBaeMoCTb U CMePTHOCTL 0T BA ocTatoTcs Bbl-
COKMMM W3-33 LLUMPOKOM BapuabenbHOCTU peakumMu Ha Nieve-
HWE U CNOMXHBIX KIIMHUYECKUX (DEHOTUMOB, B TEPANKUM acTMbl
BO3pacTaeT 3HaueHue NpeaynpeXKaaloLLen TaKTUKK U3beranns
(akTopoB pucKa. B cBsA3K ¢ 3TUM M3yyeHne ponin 030Ha B UHU-
LIMMPOBaHWM 1 TEUEHWM acTMbI, oripeaeneHue ero besonacHbix
KOHLEHTpaLuiA Ha TaKoW TeppuTopuu, Kak HDxHbIA beper
KpbiMa, rae B caHaTOpPHO-KYPOPTHBIX YUPEKAEHUSAX Tpaau-
LMOHHO OKa3blBalOT NMOMOLLb MybMOHONOMMYECKUM 60/1b-
HbIM, SIBMISIETCA MCKJIOYMTENBHO BaXKHbIM KaK Ans Tepanuu,
TaK U ans npopunakTMKy 3Toro 3aboneBaHus.

lepBbIM 3TaNOM HalwMX UCCNEeA0BaHMIA B 3TOM Hanpase-
HWUW ABUNICS PETPOCMEKTUBHBIN aHaNM3 3aBUCMMOCTU YacTOTbI
HEOTNIOXKHBIX cocTosHUiA Y 6onbHbIX BA ot KIMO Ha 0xHoM
bepery Kpbima.

Lenb uccnepoBaHus. BbisBuTb Hanuune 1 xapakTep 3a-
BMCMMOCTM YMCNIA BbI30BOB CKOPOM MEAMLIMHCKOM MOMOLLY
6onbHbiMK BA ot KIM0 Ha HxHom bepery KpbiMa.

MATEPUANT U METOObI

HacTosiwan pabota sBnseTca aHanMTU4ecKUM obcepBa-
LIMOHHBIM 3KOJIOTMYECKUM UCCrieoBaHueM. B Kayectee Ma-
TepuanoB Ha NepBOM PETPOCMEKTMBHOM 3Tane UCCrief0BaHuUA
UCMOMb30BanM AaHHble CTaHLMM CKOPOW U HEOTIIOXKHOMN Me-
AnumHckon noMowwm Antel, ¢ 01 aHBapa 2013 r. no aexabpb
2014 r. — Epunoro KpbIMcKoro pecnybnmkaHcKoro Teppu-
TOPUANBHOTO LiEHTPa 3KCTPEHHOW nomoluy MuHucTepcTBa
31paBooxpaHeHus ABToHOMHo# Pecnybnnku KpbiM, a Tak-
e faHHble peructpaumm KNO — c anpens 2010 r., To ecTb
¢ MoMeHTa Hayana peructpauun KMO Ha cTaHumu doHoBoro
3Kosornyeckoro MoHutopura (CO3M), no pekabpe 2014 r.
M3 Bcein COBOKYNHOCTW BbI30BOB CKOPOW MeAMLIMHCKOW Mo-
MOLLM 33 Kafable CYTKW 0TOMpanu BbI30BbI, MPUYMHON KO-
TOpbIX ABAANMUCH TAXENbIE NpucTynbl BA (no MKB-10 J45).
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Wx KonmuecTBO 3a MccnefyeMblit nepuop, coctaBuno 2818.
lpenMyLLecTBEHHO BbI30BbI OblM ANs 04N CpefHero
1 MOXWUNOro BO3pacTa, B eAMHWYHBIX Cyyasx — Aas fe-
Tel. Bbi3oBbl 06beauHaM B Tabnuue Excel B Buae cBeeHwil
0 JaTe 1 BpEMEeHW BbI30Ba, afipeca MecTa XUTeNIbCTBa, BO3-
pacTa 1 nosa nauuexTa.

ba3bl gaHHbIx KINO dopmupoBanuck B pesynbraTte pe-
rucTpaumm, Kotopas npoussogunace B [ocynapcTBEHHOM
npupoaHoM 3anosefHuKe «Kapaparckuii» Kapaparckas
Hay4Has cTaHuma uM. T./. BsaseMckoro — npupoaHbIn 3ano-
BegHuK PAH — dununan QepepanbHoro rocyaapcrBeHHOro
BromeTHOro yupexaeHus Hayku QepepanbHoro uccnefo-
BaTeNbCKOro LieHTpa «MHCTUTYT 6MONorMmn HKHBIX Mopeli
umenmn A.0. KoBanesckoro PAH (44°9400 c. w., 35°2368 B. 1.,
180 M Hap, ypoBHeM Mops). MaMepenus KIO nposoannu on-
TMYECKMM METOZO0M C NOMOLLbI0 ra3oaHanu3atopa APOA 370
(HORIBA), KoTopblii ocyLecTBnsieT oTbop npob B aBTOMaTH-
YECKOM peX1Me C UCnonb3oBaHWeM ToponnacToBbIX TpyBOK
Ha BbICOTe 2 M OT noBepxHocTh 3emnu. KanubpoBky rasoa-
HanM3aTopa BbINOJHANW 0AVH pa3 B ABE HEAENN C NOMOLLbIO
reHepatopa APMC-370; npnbop npoxoamn exerogHyo no-
BepKy Bo Bcepoccuiickom HUW metponorum um. [.U. MeH-
neneesa (CaHkT-TeTepbypr).

Ha ocHoBaHUM AaHHBIX NEepMaHEHTHOW permcTpaumm 03oHa
PaccyMTLIBA/IM CPeAHME KOHLIEHTpaLMM 33 YacoBO UHTEPBa
HabntofieHNi ¢ coxpaHeH1eM UHopMauwmm B peructpatope |/0
EXPANDER (HORIBA). Takum obpa3oM, ba3a AaHHbIX BKIIHOYa-
na 24 3Havenmns KIO 3a kaxaple cyTkn Mecsua. CpegHeva-
cosble 3HaueHus KO ucnonb3oBamv Ans pacyeToB CpesHUX
KIO 3a Mecsu, ce3oH v roa. Kpome Toro, oTMeYanu 030HoBble
3NM30fbl — MaKCUMarbHble (Max) U MUHUMarbHble (min)
3a cyTku Benmumtbl KMO. C yyéTtoM TOro, 4to cTUMynoM
ANS pearupoBaHmns AblXxaTesnbHOW CUCTEMBI MOXKET BbITb pes-
Koe uaMeHeHue K0, BbluMcnsnmM Takxe aMnauTygy Kone-
6aHuit KMO kak pasHuuy Mexay max 1 min seamuuton Ko
3a CyTKU. [Ins onucaHnsa CyTOUHbIX, MAaKCUMAbHBIX KOHLIEH-
Tpaumi u amnanutyabl Konebanui KIMO mucnonb3oBanu cpeg-
Hee apudMeTnyeckoe (M) n cTaHaapTHoe oTKIOHeHKe (SD).

Ypohu K0 cpaBHMBanu ¢ HopMmaTMBamu, MpUHATbI-
M B Poccum: ana cpepHerofosbix KMO — 30 Mkr/m3;
ANS MaKCUMamnbHOW Pa3oBOW KOHLeHTpauun 3a 1 4 —
160 MKr/M®, s cyTouHoi B TeueHne 8 4 — 100 mkr/m® [18].

[ins BbiSIBNEHWS B3aMMOCBSA3U MEXOY KONMYECTBOM Bbl-
30BOB CKOPOM MeJMLMHCKON NOMOLLYM MO NPUYUHE TAMHENBIX
npuctynoB bA y xwutenen AnTbl W BblleNepeYNCIEHHbI-
mu xapaktepuctukamu KINO ucnonbsoBanu KoadduumeHt
Koppensiumn CnMpMeHa, Tak KaKk pacnpefeneHue Bbi30BOB
He NOAYMHANOCH 3aKOHY HOPManbHOro pacnpegenenus. 13-
33 MaJloYUCNIEHHOCTW BbI30BOB aHanu3 MPOBOLMIM [JIA re-
HeparbHOI COBOKYMHOCTM B LienioM. Kak cTatucTuyecku 3Ha-
YuMble paccMaTtpusanu KoabduumeHTsl Koppensaumm (r,)
npu ypoBHe 3HaumMmocTu p <0,05. Takke NpuHUManu Bo BHU-
MaHue KOppensLMOHHbIE CBA3U NPK ypoBHe 3HauuMocTu 0,05
<p <0,10. [ins co3paHus obbeaUHEHHOI Basbl, copepKalLen
xapakTtepucTukm KIMO 1 umcno Bbi30BOB CKOPOM MeAMULIMHCKOM
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Puc. 1. KonnyecTBo BbI30BOB CKOPOI MeANLIMHCKOI MOMOLLM B FO4
332 2010-2014 rr.

Fig. 1. Number of emergency medical calls per year for the period
2010-2014.

MOMOLLYW B CYTKM, M CTaTUCTUYECKOrO aHanu3a AaHHbIX MC-
Mo/b30Bau NPOrPaMMHLIN nakeT Statistica-12.

PE3Y/IbTATbI

06Luee 4MCno BbI30BOB CKOPOW MEAMLMHCKOW MOMOLLM
bonbHbiMu BA B AnTe ¢ aHBapsa 2010 r. no nexabpb 2014 .
coctasuno 2818. MNpu atom Habntogany nx ysenudenue ¢ 471
B2010T. 5o 6618 2014T., C HeKoTOpbIM MofbEMoOM B 2012 T.
(puc. 1), 0AHaKO KaKuUX-NIM60 3aKOHOMEPHbIX CE30HHbIX Kone-
DaHuih KonuyecTBa BbI30BOB He 0OHapyeHo (puc. 2).

Yposeb KO Ha uyepHoMopckoM nobepexbe KpbiMa
33 UcCneayeMblil Nepuos, NPeTepneBa TUMMYHbIE CYTOYHbIE
U Ce30HHble KonebaHus, LoCTMras MaKcUMasbHbIX 3Ha4eHMUI
B NIETHWE MeCALbI U JHEBHbIE Yackl. [1py 3TOM B NieTHUE Me-
csaubl 2011-2012 rr. 6biM NpeBbILLIEHUS MAKCMMATbHOM pa-
30BOW KOHLLEHTPaLMK (3KCTPEMYMbl), KOTOPbIE MOT/IU [LIUTHCS
ot 1y po 4-64(18.07.2011 ., 30.07.2011 r., 02.08.2012 r.,
02.09.2012 r.). B 2010, 2013 u 2014 rr. npeBblleHMA A0-
NyCTUMOW MaKCUMaJIbHO Pa30BOW KOHLIEHTpaLMKM OTCYTCTBO-
EN

B 1o e Bpems cyTouHble ypoBHM K10 B Té€Nnoe BpemMs
2011-2012 rr. oKa3blBanuchb, KaK NPaBuno, BhlLLe CPeAHECY-
TOYHOW HOPMbI B TeYeHWe MecsiLa C npesbilleHneM 8 4 n 6o-
nee (1abn. 1). Mpu 3TOM B COOTBETCTBUM CO CPEAHEr0A0BbIM
HOpMaTUBOM 0TMEYasoch ero ABYXKPaTHOE NpeBbILLEHME, TaK
KaK cpeaHerogoBoe 3HadyeHue KI0 B paitoHe CO3M cocras-
NISIET OKONO 64 MKr/M,

TakuM 06pa3oM, NpuBeAEHHOE BbILLE ONUCaHWe Habnko-
[AEMbIX U3MEHEHUI EKEMECAYHbIX W CE30HHbLIX BbI30BOB
CKopon MepgmumHcKon nomowwn u KIO, Ha nepBbiv B3rnag,
He MO3BOJIAET FOBOPUTb O KaKUX-NMBO 0[HO3HAYHBIX pe-
3ynbratax. 0fHaKo KOPPensiUMOHHBIA aHanM3 eXecyTouHbIX
OaHHBIX M0 MecsALaM KaMoro rofa 3a Becb NEpUoA Ha-
bntogeHnsa BbisBMA 5 cTaTMCTMYECKM 3HaumMblx (p <0,05)
1 9 Ha ypoBHe TeHaeHumm (p <0,10) KoppenAuUMOHHbIX CBA-
3ei 3a nepuog 2011-2013 rr. BK/OYMTENBHO, NPUYEM Npe-
MMYLLIECTBEHHO B X0N0AHOe BpeMA roja. C amnnutynoil
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Puc. 2. [IMHaMUKa M3MEHEHMl CPe[HEMECAYHBIX KOHLIEHTPALMA MPU3EMHOro 030Ha (MKI/M®) 1 BbI30BOB CKOPOW MOMOLLM 60SbHBIMU
OpoHxmanbHom actMoii (n) 3a 2010-2014 rr.

Fig. 2. Dynamics of changes in ground-level ozone concentrations (ug/M%) and emergency medical calls per month by patients with
bronchial asthma (n) for the period 2010-2014.

Ta6nuua 1. CpeiHue 3a CE30H CYTOYHbIE, MaKCUMaTTbHbIE BESIMUMHbI U aMMnTY bl KonebaHui (M+SD) KoHLIeHTpaLWMK NPU3EMHOT0 030Ha,
MKr/M?

Table 1. Seasonal average daily, maximum values and fluctuation amplitudes (M+SD) of ground-level ozone concentrations (ug/m?)

loa Ce3oH CyTouHble BEJIUYUHBI MakcuManbHble BEIMYUHDI Amnautyapl
Year Season Daily values Maximum values Amplitudes

2010 BecHa | Spring 47,8+12,9 66,6£17,0 35,2+¢12,3
Jleto | Summer 77,2£19.6 97,7+24,4 43,7+16,5

OceHb | Autumn 59,6+15,2 76,1£18,7 35,5+15,2

2011 3uma | Winter 50,1£10,4 61,8+11,4 25,0£11,1
BecHa | Spring 79,1£14,6 97,6+16,6 38,8+16,7

Jleto | Summer 108,3+14,8 136,6+20,5 61,0+£22,2

OceHb |Autumn 80,1+23,7 102,9+28,0 45,7+19,1

2012 3uma | Winter 58,0£21,3 72,4£25,3 30,1171
BecHa | Spring 90,6+15,5 110,8+20,3 44,3+22,6

Jleto | Summer 92,9+12,3 120,3+19,6 54,8+20,9

OceHb | Autumn 55,5+19,3 74,8+27,0 37,3£18,5

2013 3uma | Winter 41,0£11,3 52,8+14,3 23,8+10,6
BecHa | Spring 70,3+£16,2 83,4+18,4 30,3+£12,1

Jleto | Summer 79,4+8,3 95,5+12,3 34,4+13,6

OceHb | Autumn 52,1+12,8 65,4+14,5 28,8+11,6

2014 3uma | Winter 46,5+117 56,1£11,6 21,3£10,3
Becna | Spring 65,9£11,3 80,0£11,3 31,7£12,2

Jleto | Summer 69,9+8,5 86,0+10,7 34,4119

OceHb | Autumn 49,4+15,3 63,3+19,3 28,3+13,3

DOl https://doiorg/10.17816/humecobé2 7426



ORIGINAL STUDY ARTICLES

Vol. 31 (4) 2024

Exologiya cheloveka (Human Ecology)

Tabnuua 2. KoadduumeHTbl Koppensumm Ynucna BbiI30BOB CKOPOI NOMOLUM BobHBIMM 6POHXMANLHON acTMON U CpeiHEMECAUHBIX 3HaYe-

HUW XapaKTepUCTUK KOHLeHTPaLMK NPU3eMHOro 030Ha, MKr/M3

Table 2. Correlation coefficients for the number of emergency medical calls by patients with bronchial asthma and average monthly values

of ground-level ozone concentration characteristics (ug/m?)

C cyTouHoW aMnanTypoi . .
Co cpepHecyTouHon KIO Konebanuit KMO ¢ CMaL(:::;"Kbﬁgm Cch:)rll::;;nll{:H%M
Fog Mecsaupi With an average With a daily amplitude With tl)g maximum dail With );Tminimum dail
Year Month | concentration of ground- | of fluctuations concentration y concentration y
level ozone per day olfngtrllilgg?ﬁ:;:lrztzlgrr:e of ground-level ozone of ground-level ozone
20 Mai 0,31* 0,06 0,18 0,14
May
Hosbpb 0,21 -0,20 0,20 0,32*
November
2012 Oespanb 0,37** 0,26 0,48*** 0,31
February
Mapr 0,14 0,36** 0,39** -0,04
March
[Jlekabpb 0,36* 0,09 0,33 0,39**
December
2013 AlHBapb 0,08 0,34* 0,27 -0,01
January
Anpenb 0,33* 0,24 0,30* -0,02
April
CeHTs6pb -0,01 0,34* 0,16 -0,07
September

ﬂpumeanue. anBe,ﬂ,eHbl OaHHble 01 MecALleB, KOraa BblABJIEHbl CTaTUCTUHECKN 3HAYUMbIE KOppenauuu; KMno — KOHLEeHTpauua npu-

* k% kk%x

3EMHOrro 030Ha; °, ™7,
CTBEHHO.

Note. Data are given for months when statistically significant correlations were found; *,

coefficients at significance levels p <0.1; 0.05 and 0.01, respectively.

U3MEHEHMIA, CPeHAMM, MAKCUMaNbHbIMU U MUHUMAIbHBIMU
KIMO 3a cyTku BbifBNeHO 3, 3, 4 M 3 Koppenauun CooTBeT-
CTBEHHO (1abn. 2). llpu 3TOM BCe CTAaTUCTMYECKU 3HAYMMBbIE
3aBUCMMOCTM 3aperucTpupoBaHbl B 2012 r. B 3ToM e roay
0TMeYanocb Hambonbluee YACNO KOPPENSLMOHHBIX CBA3EN,
a BEJIMYMHBI KO3QPUUMEHTOB KOppensLmMy bbinm Bhille, YeM
B Apyrue rofbl. BusyanbHbii aHanu3 LUHAMUKKU NapaMeTpoB
KO c anpens 2010 no nekabpb 2014 r. nokasan, 4to 6onb-
e KOppensiuMOHHbIX cBA3el oTMevanock B 2012 r., a Tak-
e B 2011 r., Korpa 6bina BbicoKas BapuabenbHocTb KO
Ha hoHe MaKCMManbHbIX 3KCTPEMYMOB U CPABHUTENBHO Bbl-
COKMX CPEAHECYTOYHBIX 3HAYEHMI, XOTA U UMEIUCh HEOXKMU-
LaHHble 3NU30[bl B BULE PE3KOTO YBEIMYEHUS YUCTIA BbI30-
BOB B KOHLe AeKabpsa 2012 r. Ha GoHe CNOKOWHOI 030HOBOM
cuTyaumu (cM. puc. 2).

0pHaKo cneayeT 0TMETUTb M HanWuMe 3HAYUMBIX KOppe-
NAUMOHHBIX CBA3el 0bpaTHOro xapakTepa, KoTopble TpebytoT
OTAENTBHOr0 PacCMOTPEHMS.

TakuM 06pasoM, pesynbTaTbl KOPPENALMOHHOTO aHanm3a
CBUAETENLCTBYIOT 06 OnpefenéHHON 3aBUCMMOCTU TAXENbIX
npuctynoB BA ot yposHs KI0. OHa 6bina npemmyLecTBeH-
Ho cnaboii (0,36 <Rs <0,48) n obHapyxmBanacb rnaBHbIM

B0l https://doi.org/10]

CTaTUCTUHECKM 3HaYMMble KO3QOULMEHTBI Koppenauuv npu ypoBHsx 3HauuMoctn p <0,1; 0,05 1 0,01 cooteet-

* k%

, ¥** statistically significant correlation

0bpa3oM B Te roabl, Koraa bbinm 6onee Bbicokue KIO u 6o-
nee CyLLeCTBEHHbIe UX Konebanus. Mpuyém 3ta cBA3b npo-
ABnsAna cebs bonbluel yacTblo He B TéMoe, Koraa K0 oxu-
[aeMo BblLLE, @ B XOJI0HOE BpeMs roja.

OBCYXEHUE

KoppensuuoHHbIi aHanu3 peTpocrneKTUBHBIX AaHHbIX
KMO » KonuyecTBa BbI30BOB CKOPOW MeAWLMHCKOW NMOMOLLIM
bonbHbiMM BA Ha HOxHoM bepery Kpbima B 2010-2014 rr.,
Ha MepBbI B3rNAL, HE BbISBUI BbIPAXEHHOIO BWAHUS
Ha 4nco 060CTpeHUI cocToAHNSA 6onbHbIX BA. OfHaKo 06Ha-
PYKEHHasi NONOKMTENbHAS CTAaTUCTUYECKM 3HAUMMas CBA3b,
a TaKKe anu3oaunyeckme npesbiwenns KMNO fatT ocHoBaHue
Ana panbHeiiwero, 6onee 0bCToATeNbHOO, U3YYEHUSA MPO-
6neMbl. IT0 0C06EHHO BaXKHO B CBA3M C NPaKTUYECKU NOJI-
HbIM OTCYTCTBMEM MOAOBHBIX MCCNEf0BaHMIA Ha TepPUTOpPUN
Poccuitckon @epepaumm, KoTopast 0T/IMHAETCS BLICOKMM pas-
HO0Bpa3ueM NMPUPOAHBLIX M aHTPOMOrEHHbIX XapaKTEPUCTUK.
Bonee Toro, cama npobnema, HecMoTps Ha obunme nybnuka-
WA B pasHbIX CTpaHax MUpa, He NPeACTaBNsAeTCs Ha cerofi-
HALUHWIA [eHb NPOCTOM U 0HO3HAYHOM.

7816/humecob27426
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B yacTHoCTK, BbISIBNEHME B HEKOTOPLIX Clydasx obpart-
HOM 3aBMCMMOCTU, Ka3anoch bbl, He cornacyeTcs ¢ MHoro-
YNCNEHHBIMU HAZEKHBIMM JAHHBIMM O HEraTUBHOM BJIUSIHUM
030Ha Ha TeueHue bA, TaK KaK B COOTBETCTBUM C 3TUMM pe-
3ynbTaTamu, YeM Bblwe amnautyaa uameHenuin KO, tem
MeHbLLE YMCIIOo BbI30BOB No noBoAy npuctynos BA. OgHako
TaKas 0JHO3HaYHas WMHTEpNpeTaLms He MOXKET DbiTb Kop-
PEKTHOI, NOCKONBLKY He npu Bcex ypoBHAX KINO Bo3MoxHO
0XWOaTb MOMEHTaIbHOr0 pearMpoBaH1s OpraHu3Ma, a oT-
puuaTenbHbIi xapakTep koppensummn ¢ KINO ckopee MoxeT
CBUAETE/bCTBOBATbL 0 3ana3apiBaHuu 3ddeKTa uam o Bu-
SHUW APYrUX 3KONOrNYecKux hakTopoB, MOSUPULIMPYIOLLMX
3 deKT 030Ha.

3ToMy ecTb MOLTBEPHAEHUE B HAy4HOM inTepaType. Tak,
UCCNefoBaHUE BAMAHWUA 030HA, OLEHWBAEMOE MO PasHbIM
BULAM MEeLULMHCKUX YCYr B TOT Xe AeHb, C 3a[epPHKOi
B 1 n 3 gHA, noKkasano pasHble pesynbrathl [19]. AHa-
nm3 ppyrux obwupHeix paHHbix o 109 927 naumeHTax
c 3aboneBaHuaAMM AbixaTesbHOM cucTeMbl U3 98 BonbHUL,
KaK KoppensuMoHHbIM aHanusoM CnvpMeHa, Tak u bonee
CNOXHBIMM MeTo[laMU MaTeMaTWYecKoro MOJEeSMpoBaHUs
MoKa3an KpaTKOCPOUHYH KOPPEeNsALMI0 MEX Y 3arpa3HuTe-
NAMU BO3JYXa M FrOCMUTANM3aLMAMU C MaKCUMaJbHBIM OT-
HocuTeNbHbIM puckoM (RR-Relative Risk) HeratueHoro aeii-
CTBUA 60NBLUMHCTBA 3arpA3HAIOLLMX BELLECTB, BKIOYas 030H,
Ha 5-1 JeHb. [pu TaKoM NATMAHEBHOM fare yBenuueHue
cpegHerogosoro 3HaveHus KIMO Ha 10% yBennumBano puck
rocnuTanusauMm nynbMoHonoruyeckux 6onbHbix Ha 0,22%
[20]. Opyrve Momenu TOMbKO C OQHWM 030HOM, be3 yuyéTa
COBOKYMHOTO AeNCTBUS MHbIX aTMOChEpPHBIX 3arpA3HUTENE!,
MO3BOJSIUIN YCTAHOBUTb YBESMYEHWE CMEPTHOCTU OT Pecni-
paTopHbIX 3abonesanuit Ha 1,04% Ha Kawpable 10 MKr/m3
YBESIMUEHMS KOHLEHTpaLWKW 030Ha Ha Tepputopum Kutas [21].
MpaKTnuecku Ha Takyto xe BenndmnHy (1,02—1,04%) B pasHbix
okpyrax wrata Bawwnrton (CLLUA) yBenuumBanack pecnvpa-
TOpHas 3aboneBaeMoCTb, XOTA COAEPHaHWe 030Ha B aTMOC-
(hepHoM Bo3ayxe ObINo HUKe pefepanbHbIX CTaHAapToB [22].

OuyeBMAHO, YTO CWMA OTBETHOM peaKkLMU AbIXaTesbHO! CU-
CTEMbI Ha 030H M BPeMS e€ pa3BMTUA 3aBUCAT OT ero A03bl.
0aHaKo, NOMUMO AaHHbIX O JIMHEHOM XapaKTepe yBennye-
HWS PUCKOB NPYW BO3pacTaHUW KOHLEHTPaLMKM 030Ha, UMEKTCA
pe3ynbTaThl 3NMAEMMONIOTUYECKVX HaboaeHuiA 0 napabonu-
YECKOM XapaKTepe 3aBUCUMOCTY peakLun opraHusma Ha KIo
[14] 1 3KcnepuMeHTanbHbIe UCCnef0BaHNs, CBUAETENbCTBYIO-
LKe 0 HenmHeliHoM U- u J-obpa3sHoM xapakTepe 3aBUCHMO-
ctv [23]. Takasa 3aBUCUMOCTb C TPAAMLIMOHHOW TOYKU 3peHNns
ABNSETCA HENOMMYHOM, TaK KaK 03Ha4aeT, YTo YBeNM4eHue
KOHLEHTpaLM1 030Ha B OMPEAENIEHHOM AWanasoHe LOSMKHO
MPMBOAMTL K CHUXKEHUIO PUCKOB ANA 340p0BbS. B T0 e Bpe-
MS,, eC/IM YYMTLIBAETCA BAMSHME MpeSLIecTBEHHUKOB 030HA
(Hanpumep, NOx), 3aBMCUMOCTb CTAHOBMTCA MOYTW JIMHEHHO
[21]. 370 cBMAETENLCTBYET O TOM, YTO, MOMMMO A03bl M [JN-
TENbHOCTU BO3AENCTBMSA, KOHEYHbI IQQEKT BNUAHUSA 030Ha
MOXXET CyLLLECTBEHHO 3aBUCETb OT NPUCYTCTBUA LPYriX 3arpss-
HuTENeEN B aTMochepe, a TaKKEe OT METEOMNOroAHbIX YCII0BUIA

T.31.Ne &4, 2024
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(BnaxHocTn, TeMnepaTypbl BO34yXa, YPOBHA ynbTpaduone-
TOBOTO U3/Ty4eHus) U Apyrux dyHAaMeHTamnbHbIX NPOLECcCoB.

Takum 0bpa3oM, TeopeTHYecKue OCHOBAHWSA, IKCMEepU-
MEeHTaNbHble NOATBEPKAEHUSA, @ TaKKE BbIABNIEHHbIE B Ha-
LIeM MCCNeA0BaHUM KOPPENALMM He OCTaBNSKT COMHEHWUM
B 000CHOBaHHOCTW HEraTMBHOM PONIM MPM3EMHOTO 030HA
B OTHOLLEHWM PECTIMPATOPHOro 34,0p0Bbsi BOOOLLE U TeYeHUS
BA B yacTHocTw.

Bcé ato ybexaaet B He0bXx0aMMOCTH ryBOKOro M3yyeHus
npobneMmbl ¢ MCMONb30BaHWEM Pa3fIMyHbIX NOAX0A0B, B TOM
uncne bonee MHGOPMATUBHBIX METOLOB MaTEMaTUYECKOro
aHanM3a M peKoMeHAoBaHHbIX BcemupHoli opraHusaumeit
34paBooxpaHeHunsa napaMeTpos (SOMO35, AOT40) [24].

3AKJTIOYEHUE

MepBbI 3Tan HauaTblX MCCNEAOBAHMA MO 3HAYMMOCTY
KMO pns pecnnpatopHOro 340poBbsi 0BHAPYKMUN e€ BInSAHKE,
BbIPaXEHHOE B Pa3HOM CTEMEHM, Ha cocTosiHUE BonbHbIX BA
Ha l0xHom bepery KpbiMa B 2010-2014 rr. OHo bbino bonee
cywiecTtBeHHbIM B 2012 r., KoTopbin, Hapagy ¢ 2011 r., xapak-
TEpU30BasICA BbICOKUMM 3HAYEHWAMW aMMIUTY bl KonebaHuii
KO Ha doHe 3nu3040B NpeBbILLEHUI MaKCUMabHOM pa3o-
BOM KOHLIEHTPaLMKM 030Ha U Bonee BbICOKMX CpeSHECYTOUHBIX
BE/IMYMH. B COBOKYMHOCTM C AaHHBIMU APYruX Hay4HbIX WUC-
CnefoBaHuin 3T0 AAET OCHOBaHWE ANS 3aKIYEHUS 0 TOM,
YTO MPW OMPEENEHHBIX YCNOBUAX MOXHO OXMAATb Cylue-
CTBEHHOr0 HEraTMBHOTO BAIMSIHUS 030HA HA COCTOsIHME 60/b-
Hbix BA. B cBSi3n ¢ 3TMM aKTyanuaupyloTcsa cBeeHuMs 3a no-
cnefiHve rofAbl U BeAYTCA WUCCNEAO0BaHUA MO onpeseneHuo
ypoBHen K10, npu KOTOpbIX OH, C Y4ETOM APYruX 3HAYMMBbIX
(aKTopoB, He ABNSAETCA TPUTTEPOM OCTIOKHEHMI Y BOMBHBIX
BA. Ha ux ocHoBe Bo3MoHa pa3paboTka CUCTEMbI paHHEro
pearnpoBaHusi, YTO MO3BOJIT MOBLICUTb YPOBEHL KOHTPOS
TeyeHus bA.

A0NOJIHATENIbHAS UHOOPMALIUA
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30p nmtepartypel; C.H. bensesa, B.A. Jlanyenko — cbop AaHHbIX;
E.B. EBctadbeBa, B.A. JlanueHko — o0bpaboTka v aHanm3 AaHHbIX;
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[aHHbIX 1 3akntodenne; E.B. Esctadbesa, J1.L. [dyauenko, U.A. Es-
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ABSTRACT

BACKGROUND: Unfavorable climatic conditions determine the interaction between people and soil in northern territories,
differing from those in southern regions of Russia. When assessing risks, standard exposure factors (EFs) must be adjusted to
reflect regional characteristics.

AIM: To study regional EFs used to assess health risk from exposure to chemical soil pollutants in urban areas of the Arctic
zone.

MATERIAL AND METHODS: A cross-sectional study was carried out by questioning 752 children aged 1-6 years,
1027 children aged 7-17 years, and 323 adults aged 18 years and older, all living in the cities of the Arctic zone of the Russian
Federation. Physiological and behavioral EFs related to soil exposure were studied. The median (Me), relative frequencies, and
95% confidence intervals were used to describe the data. To test the null hypotheses, the nonparametric Kruskal-Wallis test,
Wilcoxon two-sample test, and x-square test were used.

RESULTS: Children aged 1-6 years spent an average of 10 more days in the city compared to children aged 7-17 years and
adults (p <0.001). Children aged 1-6 years also spent 3.2 times more days playing on soil/sand (Me=48 days) and 1.3 times
more time playing daily (Me=50 min/day) than children aged 7-17 years (p <0.001). Adults spent 1.7 times more days on land
from May to October (Me=50 days) and worked with soil 2.2 times more time daily (130 min/day) than children aged 7-17 years
(p <0.001). Average daily doses for oral exposure to soil chemicals, calculated using regional EFs, are 2—10 times higher in
children from the Arkhangelsk agglomeration and 5 and 1.2 times lower in adults compared to doses calculated using WHO
and US EPA recommended EFs values.

CONCLUSION: Differences were revealed in quantitative and categorical values of most regional EFs associated with the soil
ingress in the body across different age groups. Using the characteristic regional exposure factors of specific population allows
for improving the accuracy and reliability of the assessed risk to public health.

Keywords: exposure factors; chemical contaminants; health risk assessment; soil.
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OueHkKa perMoHaNbHbIX (haKTOPOB IKCMO3ULMUM,
CBSA3aHHbIX C BO3jeMCTBUEM NOYBbI B ropoAax
ApKTUYeECKOro perMoHa

AH. llepsbun’, T.H. YHrypany?

! Ynpaenexve ®epepanbHoil criy6bl o Haa3opy B chepe 3alUMTLI Npas noTpebuteneil n 6naronoyuma Yesioseka no ApxaHrenbcKoit 06nacty,
ApxaHrenbck, Poccus;
2 CeBepHblit rOCYAAaPCTBEHHbIN MEAMLMHCKWI yHUBEPCHTET, ApxaHrenbek, Poccus

AHHOTALMA

06ocHoBaHue. HebnaronpusTHble KNIMMaTUYECKUE YCIOBUA ONpeaenstoT 0c0DeHHOCTU B3aUMOAEHCTBIUA YeOBEKa C NOYBOM
Ha CEBEPHbIX TEPPUTOPUSAX, KOTOPbIE OTAMYAIOTCA OT H0XHbIX pernoHoB Poccuu. Mpu oLeHKe pucka cTaHfapTHble (aKTopbl
3KCNO3WLMM HeobX0AMMO KOPPEKTUPOBATb C YYETOM PerMoHanbHbIX 0CobeHHOCTEN.

Llenb. N3yuntb permoHanbHble haKTopbl IKCMO3WLMK, UCMOMb3yeMble A1S pacyéTa pUCKa 34,0pOBbH NPY BO3AENCTBUM XUMM-
YECKWX BELLLECTB, 3arpA3HAIOLLMX NOYBY B ropoAax ApKTUYECKOI 30Hbl.

Marepuan M Metogbl. BoinonHeHo nonepeyHoe UCCNeoBaHWE MYTEM aHKETMPOBaHMA 752 aeTelt B BO3pacTHOW rpynne
ot 1 po 6 net, 1027 peteit — ot 7 po 17 net n 323 B3pocnbix 18 neT v cTaplue, NpoXKMBaOLLMX B ropojax ApKTUUECKOI 30HBI
Poccuitckoint ®epepaumn. MsyyeHbl ¢usmonornyeckue u noBefeHYeckme GakTopbl 3KCNO3MLMK, CBA3aHHbIE C BO3LENCTBUEM
MoyYBbl Ha OpPraHM3M yesoBeka. [lns onucaHus AaHHbIX MCMOMb30BaHbl MeaunaHa (Me), oTHocuTenbHble YacToTel, 95% Aose-
puTEnbHBIE MHTEpBanbl. [ns NpoBepKu HyNeBbIX rMNOTE3 NPUMEHANM HeMapaMeTpUdeckue Kputepum: Kputepuin Kpackena—
Yonnuca, aByxBbI6OPOYHBIA KpUTEPUIN BUNKOKCOHA, KpUTEpUIA XM-KBaapaT.

PesynbTrartbl. [poaomxuTenbHOCTL NpedbiBaHMsA B ropofax y AeTen B Bospacte 1-6 net (Me=325 aHeit) Ha 10 aHei 6onb-
we, YeM y petent 7-17 net v B3pocnbix (p <0,001). Y neteit B Bo3pacte 1-6 neT AAMTENLHOCTb UIPbl HA 3eMnie/NecKe ¢ Mast
no okTabpb (Me=48 nHeii) n Bpems urpbl (Me=50 Mun/peHb) B 3,2 1 1,3 pas3a COOTBETCTBEHHO BbILe, YeM y feTen 717 net
(p <0,001). Y B3pocnoro HaceneHus BpeMs NpebbiBaHNa Ha 3eMeSIbHOM Y4acTKe ¢ Mas No oKTAbpb (Me=50 aHew) u pLntenb-
HocTb pabotbl ¢ nouBoi (130 MuH/peHb) B 1,7 1 2,2 pa3a cOOTBETCTBEHHO BhiLLe, YeM y aeTeit 7-17 net (p <0,001). 3HaueHus
CpeAHEeCcyTO4HbIX 103 NPW NepopanbHOM BO3AEHCTBUM XMMUYECKUX BELLECTB, 3arpA3HSIOLLMX NOYBY M PaccUMTaHHbIX C UC-
MoNb30BaHUEM pPervoHanbHbIX GaKTopoB 3KCNo3uumMK, Y AeTeil ApxaHrenbckoi arnomepauumn B 2—10 pas Bbille, a y B3poc-
NblX — B 5 1 1,2 pa3a HWKe N0 CPaBHEHMIO C ,03aMM, PACCUUTaHHBIMU C MCMOMb30BaHWEM 3HAYEHUI (aKTOPOB 3KCMO3ULMK,
pekoMeHaoBaHHbIX BO3 n US EPA.

3aknioueHue. BbisBreHbl pa3nuumsa B KONMYECTBEHHBIX W KaTeropuasnbHbIX 3HAUEHWSX BOMbLUMHCTBA PerMoHanbHbIX (hakK-
TOPOB 3KCMO3ULMM, CBA3AHHBIX C MOCTYMIEHMEM MOYBLI B OPraHU3M HaCceNIeHNUs pasHbIX BO3pacTHbIX rpynn. Mcnonb3oBaHue
PeruoHabHbIX LaHHbIX 0 (haKTOpax IKCMO3WLMM, XapaKTePHBIX A1 OTAENLHONM NONYNALMUY, NO3BOSET YBENMYUTL TOYHOCTb
W HaZLEXHOCTb OLEHMBAEMOr0 PUCKA [1A 3[,0POBbs HAaceNeHus.

KnioueBbie cnoea: d)aKTOpr 3KCNo3numn; XuMnuyeckne BeLLeCTBa; OLEHKa PUCKa A4 340p0oBbA; NoyBa.

Kak uutupoBartb:
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3konorus yenoseka. 2024. 7. 31, N 4. C. 268-278. DOI: https://doi.org/10.17816/humeco630140
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BACKGROUND

Assessment of population health risks from environmental
chemical exposure is widely recognized as an interdisciplinary
field in modern science and practice. It prioritizes accuracy
of risk levels, scientific validity, and the effectiveness of
regulatory decisions based on such assessments [1]. A criti-
cal phase of risk assessment involves evaluating exposure
factors (EFs). This phase quantifies the exposure of human
body to pollutants through contact with various environmen-
tal media (air, water, soil, food) [2, 3]. Exposure and risk
calculations utilize factors reflecting physiological param-
eters, human activities, lifestyle, and behavioral patterns.
These incorporate region-specific characteristics of studied
population groups [3].

Extensive international research has established national
and international EF databases for health risk assessment.
A significant body of reference data on various EFs can be
found in U.S. Environmental Protection Agency (US EPA)
guidelines which are regularly updated with data from popu-
lation surveys [4-7]. European guidance covers EFs for 30
EU countries and the UK [8]. Australia's national EF guide-
lines have been developed for population health risk assess-
ment [9].

In Russia, studies assessing regional EFs through popu-
lation surveys have been conducted in Moscow, Lipetsk, Ry-
azan, Novodvinsk, and other cities. These studies sometimes
revealed regional EFs to be lower than reference values [10].

Inaccurate EF values increase uncertainty and may dis-
tort calculated health risks. Therefore, recommended EFs
constitute reference data requiring adjustments for regional
specificity.

Soil is a critical environmental medium influencing hu-
man health and living conditions. Soil pollutants may enter
and adversely affect the body via direct contact (hand-digging
soil, barefoot walking, soil ingestion, hand-to-mouth trans-
fer, sandbox play, etc.) and media indirectly contacting soil
(water, air) [11-15].

This research targets three major industrial cities in the
Arkhangelsk agglomeration (Arkhangelsk, Severodvinsk,
Novodvinsk), located within the Arctic zone.! The harsh
Arctic climate (cold; high winds; elevated humidity; short
daylight hours; persistent snow cover =6 months) dictates
fundamentally different soil-contact behaviors than those
observed in Russian southern regions [16]. Therefore, inves-
tigating soil-attributed EFs in the Arctic zone cities remains
relevant.

The work aimed to investigate regional EFs across dif-
ferent age groups, enabling accurate health risk assessment
for soil-borne chemical exposures in the Arctic zone cities.

! Decree of the President of the Russian Federation No. 296 dated May 02,
2014 On the Land Territories of the Arctic Zone of the Russian Federation
(as amended on March 05, 2020). Available at http://www.consultant.ru/
document/cons_doc_LAW_162553/942772dce30cfa3bbb71bcf19ca928e4
d698a928. Accessed on September 17, 2023.
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METHODS

Regional soil EFs were assessed through a population
survey across the Arkhangelsk agglomeration in a cross-
sectional study. The survey included 2102 participants:
752 children aged 1-6 years, 1027 children aged 7-17 years,
and 323 adults (=18 years). Children were surveyed at
preschools and schools, while adults were surveyed at
workplaces (companies and enterprises). Data on regional
EFs for children aged 1-6 years were obtained from
their parents. The response rate was 87%. A modified
questionnaire developed by the Federal State Budgetary
Institution Center for Strategic Planning and Management
of Biomedical Health Risks of the Ministry of Health of the
Russian Federation, which covered the following information:
body weight (kg), body surface area (m?), exposure duration
(outdoor time, min/day; soil/sand play, days/year; soil-
contact during play, min/day; land plot staying, days/
year; soil-handling duration during plot activities, min/
day; urban stay during the year, days/year). Additional data
obtained during the survey included months of starting and
finishing soil/sand play, child behaviors (hand/toy mouthing
during play, soil/sand ingestion, consumption of soil/sand-
contaminated vegetables and berries, and habits of post-
exposure handwashing, washing homegrown vegetables and
berries, glove use (rubber or cotton) during soil handling).
The study was approved by the Ethics Committee of the
Federal State Budgetary Educational Institution of Higher
Education Northern State Medical University (Arkhangelsk)
of the Ministry of Health of the Russian Federation (Protocol
of the Ethics Committee No. 1 dated November 02, 2016).

Comparative analysis of EFs across age groups was per-
formed for the population of the Arkhangelsk agglomera-
tion. Regional EF values were compared against standard EF
values recommended by WHO [17] and other countries (USA,
Australia, Canada, Japan) [4-7, 9, 18, 19]. Considering that
multiple EFs are used to calculate chemical dose load as-
sessment, we conducted comparative analysis of doses for
10 soil-contaminating chemicals (copper, chromium, zinc,
nickel, manganese, lead, mercury, cadmium, cobalt, and
arsenic) via oral exposure. Dose calculations utilized both
regional and standard EF values [17].

Quantitative variables were described using medians (Me)
with 95% confidence intervals (95% CI) for Me. As quanti-
tative data distribution significantly deviated from normal,
group comparisons employed the Kruskal-Wallis test, while
pairwise comparisons used the Wilcoxon rank-sum test.
Categorical data were presented as absolute numbers, rela-
tive frequencies, and 95% Cls. The chi-square test (y?) was
used to test null hypotheses between categorical variables.
A p-value of 0.05 served as the critical significance threshold.
Statistical analysis was performed using STATA 18.0 soft-
ware.

To compare exposure levels of soil-contaminating chemi-
cals, average daily lead doses were calculated using regional
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EF values and standards from WHO and US EPA, using the
following formula [17]:
I=CsxFIxETxCF;xIRaxED/(BWI=xATx365),

where | is soil intake (mg/(kgxday)); Cs is soil concentration
(mg/kg); FI is contaminated soil fraction (per unit value);
ET is exposure time (hr/day); CF, is conversion factor
(ET/24 day/hr); IRa is intake rate (mg/day); ED is exposure
duration (years); BW is body weight (kg); AT is exposure
averaging time (years).

RESULTS

Analysis of survey results revealed differences in
guantitative and categorical values of most EFs across age
groups (Tables 1, 2). At the median level, children's body
weight in 1-6 year and 7-17 year age groups was 3.8-
fold and 1.5-fold lower than that of adults, respectively
(p <0.001). Median values of body surface area for 7-17-year-
old children and adults were 1.9-fold and 2.4-fold greater
than for 1-6-year-old children, respectively (p <0.001).

Urban stay duration among 1-6-year-old children
(Me=325 days) exceeded that of 7-17-year-old children and
adults (Me=315 days for both groups) by 10 days; p <0.001.
Adults showed the longest outdoor exposure duration
(Me=300 days), which was 1.7-2.0 times higher than that
of children.

Soil and sand play duration from May through October
for 1-6-year-old children (Me=48 days) was 3.2-fold greater
than for 7-17-year-old children (Me=15 days). The mean daily
soil and sand play time for 1-6-year-old children exceeded
that of 7-17-year-old children by 10 min/day (Me=50 min/day
vs. Me=40 min/day, respectively).

Time spent at land plots (dacha), beaches, and other ur-
ban/suburban sites (with adults/children contacting soil) from
May to October was 20 days longer for adults (Me=50 days)
than children aged 7-17 (Me=30 days); p <0.001. Adults'
median soil-handling duration (130 min/day) was 2.2 times
higher than that of children aged 7-17.

Categorical EF analysis revealed 92.2% of surveyed chil-
dren and adults left Arkhangelsk agglomeration urban areas
annually. The highest proportions initiating sand/soil play at
sandpits in May were children aged 1-6 (45.6%) and 7-17
(51.6%). Over half of preschoolers ended sand/soil play in
sandpits in November (51.6%), whereas most school-aged
children ended play in September (41.4%).

Analysis of soil ingestion facilitators in the studied age
groups showed 15% of children aged 1-6 put hands/toys in
their mouths during play or consumed soil-contaminated
berries and vegetables. Less than 5% of preschoolers in-
gested sand (put sand into their mouths) during soil/sand
play. However, 99.8% of surveyed children aged 1-6 cleaned
their hands after walks outside (handwashing with water or
wet wipes).

Among children aged 7-17, 8.8% of respondents
put hands/toys in their mouths during soil/sand play.

Vol. 31 (4) 2024
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Approximately 6% of schoolchildren consumed soil-contam-
inated vegetables and berries. The majority of respondents
aged 7-17 (98.8%) cleaned hands after walks outside (hand-
washing with water or wet wipes); 75.0% used rubber/cotton
gloves (mittens) when contacting soil. A total of 91.5% of
children in this age group visited beaches or urban/suburban
areas with soil/sand contact from May to October.

Among adult respondents, 85.9% owned land plots (da-
chas) within urban/suburban areas, cultivating vegetables and
berries for consumption. Approximately 90% visited beaches
or other urban/suburban areas with soil/sand contact from
May to October. Among adults, 98.7% cleaned hands post-
soil contact (handwashing with water or wet wipes), 86.4%
washed homegrown berries and vegetables before consump-
tion, and 84.8% used rubber/cotton gloves (mittens) during
soil work (see Table 2).

Average daily lead dose assessment from oral soil intake
revealed that for children aged 1-6, doses calculated with
regional EFs were 2.0 times lower and 2.5 times higher than
doses calculated using WHO- and US EPA-recommended
standard EFs, respectively. Respective adult doses exceeded
those calculated using WHO- and US EPA-recommended
standard EFs by 5.0-fold and 28.5-fold. Average daily doses
of soil contaminants for children aged 1-6 calculated using
WHO-recommended EFs exceeded those calculated using US
EPA-recommended EFs by 4-fold, while adult doses were
6-fold higher (Fig. 1).

DISCUSSION

Comparative assessment of questionnaire results across
cities in the Arkhangelsk agglomeration revealed statistically
significant differences in most quantitative EFs across age
groups. Regional EFs were compared with standard values
recommended by the US EPA [4-7] and Australian guide-
lines [9]. Comparison of pediatric population EFs with those
established for Canada [18], Japan [19], Europe [8], and
WHO recommendations [17] proved challenging due to dif-
fering age groups. Median-level comparison of regional EFs
with standard values demonstrated that surveyed children's
body weight in the 1-6 year group in Arkhangelsk agglo-
meration cities (18 kg) exceeded values recommended by
US EPA (16 kg), WHO (15 kg), and Australian guidelines
(17 kg). Children aged 7-17 years in our study had a median
weight of 45 kg, which was 9 kg below US EPA and Austra-
lian national guidelines (both 54 kg) but 3 kg above WHO's
recommendation (42 kg). Adult respondents’ body weight
(68 kg) exceeded Japan's recommended value (58.4 kg) by
9.6 kg but remained below WHO (70 kg), Canadian (77.5 kg),
Australian (78 kg), US EPA (80 kg), and European (73.5 kg)
national guidelines.

Body surface area values for children in the studied cit-
ies were 0.7 m? (ages 1-6) and 1.4 m? (ages 7-17), showing
minor deviations from the values recommended by US EPA
(0.6 m? and 1.5 m?), WHO (0.5 m? and 1.3 m?), and Australian
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Table 1. Characteristics of quantitative exposure factors among the population of the cities of the Arkhangelsk agglomeration (according

to the survey)

1-6-year-old children | 7-17-year-old children Adults
(group 1) (group 2) (group 3)
Factors Units 95% CI for Me 95% Cl for Me 95% Cl for Me P
Me Me Me
lower | upper lower | upper lower | upper
Body weight kg 180 175 18.0 450 430 460 680 660 700 p° <0.001
Body surface area m? 0.7 0.7 0.8 1.4 1.4 1.4 1.8 1.7 1.8 p° <0.001
Exposure duration

Urban stay days/year 325 320 330 315 309 315 315 305 315 p° <0.001
Outdoor stay min/day 150 150 150 180 150 180 300 270 330 p° <0.001
Soil/sand play days/year 48 42 50 15 12 16 - - - p’<0.001
Soil/sand play duration ~ min/day 50 45 60 40 40 50 - - - p?=0.001
Land plot stay days/year - - - 30 30 30 50 40 50 p? <0.001
Soil-handling duration min/day - - - 60 60 70 130 120 130 p’ <0.001

Note. Me — median; p® — comparison of median values by the Kruskal-Wallis test; p? — comparison of median values by the

Wilcoxon test; «—» — no data because survey was not conducted.

guidelines (0.6 m? and 1.6 m?). Among adults, body surface
area in the studied cities was 1.8 m*> — matching WHO
(1.8 m?) and US EPA (1.8 m?) standards — with slight varia-
tions from Japanese (1.6 m?), Australian (2.0 m?), Canadian,
and European guidelines (1.9 m?).

Outdoor exposure duration for children aged 1-6 years
in the studied cities averaged 150 min/day, which was
1.4 times lower than US EPA standard values (207 min/day)
but 1.4 times higher than Australian ones (104 min/day).
Children aged 7-17 years spent 180 min/day outdoors,
which was 1.6 times higher than values recommended by
Australian guidelines (112 min/day) and 10 minutes below
US EPA recommendations (190 min/day). Adults' outdoor
duration (300 min/day) was 1.6 times below standard val-
ues recommended by WHO (480 min/day) but 2.0-8.6 times
higher than Canadian (35 min/day), Australian (180 min/day),

American (144 min/day), Japanese (72 min/day), and Euro-
pean (120 min/day) norms.

Indoor exposure for children aged 1-6é years totaled
840 min/day in the studied cities, which was 1.2 times lower
than Australian and US EPA standard values (~1000 min/day).
Children aged 7-17 years spent 900 min/day indoors, which
was 28 minutes above Australian and US EPA recommenda-
tions (872 min/day). Adults' indoor duration (720 min/day)
was 1.3-1.7 times below recommended values.

WHO-established soil ingestion rates are 200 mg/day for
children aged 1-6 years and 100 mg/day for children aged
7-17 years, respectively 4-fold and 2-fold higher than US
EPA recommendations for these age groups (50 mg/day).
The highest adult soil ingestion rates are recommended by
WHO (100 mg/day) and Australian guidelines (50 mg/day),
with Japan setting a rate of 47.7 mg/day, while the lowest

Table 2. Characteristics of categorical exposure factors among the population of the cities of the Arkhangelsk agglomeration (according

to the survey)

1-6-year-old children 7-17-year-old children Adults
(akTopbl (group 1) (group 2) (group 3) p
abs. | % 95% CI abs. % 95% ClI abs. % 95% Cl

Month of the soil play start X’=46,9

. p <0,001
April 258 347 314-382 T 185  14.9-227 - - -
May 339 456 421-492 198 516 L46.6-56.5 - - -
June 119 160 135-188 99 258 21.6-30.4 - - -
July 13 1.8 1.0-3.0 15 39 2.4-6.4 - - -
August 14 1.9 1.1-3.2 1 0.3  0.04-1.8 - - -

D0l https://doi.org/10
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End of the Table 2
1-6-year-old children 7-17-year-old children Adults
dakTopbl (group 1) (group 2) (group 3) p

abs. | % 95% CI abs. % 95% ClI abs. % 95% Cl
Month of the soil play end x=115,0
August 32 44 3.1-6.1 38 9.9  7.3-133 - - - p<0.01
September 133 181 155-21.1 159 414 36.6-46.4 - - -
October 194 264 234-297 101 263 22.1-30.9 - - -
November 375 511 475-547 86 224 18.5-26.8 - - -
Leaving the city x=31,3
Yes 642 883 858-905 968 955 940-96.6 293 907 87.0-93.4 p <0001
No 85 1.7  9.5-142 46 45 3.4-6.0 30 9.3 6.6-13.0

Factors contributing to soil intake

Put hands or toys in their mouth when playing with sand or soil x=10,2
Yes 116 155 131-183 35 88 64120 - - - o
No 633 845 81.7-86.9 363 912 88.0-93.6 - - -
Ingest (put) sand in their mouth while playing with sand or soil =114
Yes 33 44 3.1-6.1 3 0.8 0.2-2.3 - - - p <0001
No 716 956 93.9-969 395 993 97.7-99.8 - - -
Put soil-contaminated vegetables and berries into their mouths X=22,4
Yes 112 150 12.6-17.7 22 5.5 3.7-8.3 - - - p<0.001
No 636 850 823-87.4 376 945 91.7-96.3 - - -
Cleaning hands after walks X=41,8
Wash with water 733 997 98.9-99.9 973 948 93.3-96.0 317 981 95.9-99.2 p<0.001
Wipe hands with wet wipes 1 0.1 0.02-1.00 41 40 3.0-5.4 2 0.6 0.2-2.4
Do not clean hands 1 0.1 0.02-1.00 12 1.2 0.7-2.0 4 1.2 0.5-3.3
Wash vegetables and berries grown at their land plot (dacha) before eating x=13,3
Yes - - - 578 935 91.3-95.2 279 864  82.2-89.7 p <0001
No - - - 40 6.5 4.8-8.7 44 136 10.3-17.8
Use gloves (mittens) when contacting soil X=12,2
Yes - - - 461 750 71.4-782 274 848 80.5-88.4 p<0.001
No - - - 154 250 21.8-286 49 152 11.6-19.5
Have a land plot (dacha) where they grow vegetables and berries for consumption -
Yes - - - - - - 268 859 81.6-89.4
No - - - - - - 44 141 10.6-18.4
Visited the beach or other places where contacted soil/sand X=4,2
Yes - - - 571.0 915 89.0-935 2820 873 83.2-90.5 p=0.040
No - - - 530 85 65-11.0 410 127 9.5-16.8

Note.“-", data is missing because the survey a s not co?};iéj 10
oLorg
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is in Europe (1 mg/day). Canadian and American adult soil
ingestion rates are identical, i.e. 20 mg/day.

Identified variations in exposure factor values affect
chemical dose burdens from oral soil intake.

Differences in average daily lead doses calculated using
regional EFs and WHO recommendations result from varia-
tions in body weight and soil contact duration: 0.83 hr/day vs.
1 hr/day for children aged 1-6 years during sand/soil play,
and 2.2 hr/day vs. 1 hr/day for adults during soil-handling
activities. Differences between average daily lead doses cal-
culated using regional EFs/WHO recommendations and US
EPA values result from differing soil ingestion rates (mg/day)
and respondents' body weights.

This study has certain limitations. First, population sur-
veys took place during the cold season, potentially influenc-
ing outcomes. Second, adult respondents (=18 years) were
predominantly female (70%). Exposure factor data for chil-
dren aged 1-6 years were obtained through parent inter-
views (primarily mothers). Third, the majority of respondents
(70%) were Arkhangelsk residents, precluding extrapolation
across all Russian Arctic territories due to climatic variations.

CONCLUSION

Statistically significant differences were identified
in quantitative and categorical values of most regional
EFs related to soil ingestion across different age groups.
Differences between regional and recommended (standard)
EF values (body weight, body surface area, outdoor duration,
indoor duration) affect chemical exposure doses from oral
soil intake; this necessitates adjustment in health risk
assessments for the studied population. To reduce risk
assessment uncertainties, regional EFs must be investigated
whose differences may be attributed to climatic/geographic
conditions, outdoor time duration, and soil chemical
contaminant exposure duration.

Using region-specific EF data characteristic of local
populations enhances health risk assessment accuracy and
reliability. Consequently, studies to collect EF data across
Russian regions and establish a national EF database should
be arranged.
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Fig. 1. Comparison of average daily doses of lead for children and
adults through oral intake from soil, mg/(kgxday): EFs — exposure
factors.
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A0NOSIHATESIbHAS! UHOOPMALIUA

Bknag aBtopoB. AH. [lepabuH — CyleCTBEHHbIA BKNag
B KOHLEMLMIO M AM3alH MUCCeaoBaHus, cbop, aHanu3 W uHTep-
MpeTaLmio AaHHbIX, NOATOTOBMN TabauLbl, NEPBLIN BapWaHT CTaTby;
T.H. YHrypsaHy — BKaZ B KOHLEMNUMK M OM3alH WUCCef0BaHus,
CyLLieCTBEHHO MepepaboTana CTaTbio Ha NpeaMeT BaKHOCTW WMHTEN-
NEKTyanbHOro COAEPKaHMs, YTBEPAMNE OKOHYATENbHLIM BapuaHT
PYKOMWCK NS HanpaBneHWs B pedakumio. Bce aBTopbl NoaTBep-
[al0T COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHAPOAHBIM KpUTEPHAM
ICMJE (Bce aBTOpbI BHEC/M CYLLECTBEHHBIN BKIA/, B pa3paboTKy KOH-
Lienumm, NpoBeaeHve UCCiefoBaHMs M MOArOTOBKY CTaTby, NPOYM
1 0806pMAM GUHANBHYID BEPCUIO Nepeq NybaMKaumen).

WUctounuk duHaHcMpoBaHua. ABTOpbI 3aABNAIOT 00 OTCYTCTBUM
BHELLHEro GMHaHCMPOBaHMA NPy NPOBELEHNM UCCIeLOBaAHMS.
KoHduKT mHTepecoB. ABTOpbLI 4EKNapMPYIOT OTCYTCTBME ABHBIX
1 NOTEHUMANBbHBIX KOHQIIMKTOB MHTEPECOB, CBA3aHHbLIX C NMybnmKa-
LMeN HacToSLLIEN CTaTbu.

WHdopmMupoBaHHoe cornacMe Ha yyacTue B UCC/Ief0BaHUM.
Bce yyacTHWKM 40 BKIOYEHMSA B MCCNEA0BaHMe A0OPOBOSLHO Moj-
nmcanm GopMy MHPOPMMPOBAHHOIO COrNacKs, YTBEPKAEHHYIO B CO-
CTaBe MPOTOKOMA UCCNEA0BAHMSA STUYECKUM KOMUTETOM.
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Preferred fruit and vegetable consumption and colonic
microbiota in young residents of Arkhangelsk

Natalia N. Kukalevskaya', Tatyana A. Bazhukova', Michael A. Sabanaev', Andrej M. Grjibovski'~

" Northern State Medical University, Arkhangelsk, Russia;
2 Northern (Arctic) Federal University n.a. M.V. Lomonosov, Arkhangelsk, Russia;
3 M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia

ABSTRACT

BACKGROUND: The composition of colonic microbiota is influenced by environmental factors, including dietary habits. Several
studies on dietary habits and nutrition of Arctic residents have been published, but the information on the associations between
fruit and vegetable consumption and gut microbiota is scarce.

AIM: This study aimed to evaluate the impact of preferred fruit and vegetable consumption on colonic microbiota in young
residents of Arkhangelsk, using a sample of students and staff from a medical university.

MATERIAL AND METHODS: The study included 90 healthy volunteers (23 men and 67 women) from Northern State Medical
University in Arkhangelsk aged 18—45 years with a normal body mass index. Fruit and vegetable consumption was assessed
using a questionnaire. Stool samples were collected for molecular genetic analysis of colonic microbiota. Associations between
fruit and vegetable consumption and concentrations of 33 microbiota indicators were examined using multivariable median
regression, with adjustments made for age, gender, and place of origin.

RESULTS: Vegetables and fruits were consumed daily by 43.33% and 15.56% of respondents, respectively. The most frequently
consumed vegetables were tomatoes (77.78%) and cucumbers (80.0%), while only 25.00% consumed potatoes and carrots.
Among fruits, apples were consumed most frequently (74.44%), followed by bananas (57.78%) and citrus fruits (41.11%).
Significant associations were found between Methanobrevibacter smithii and tomatoes (p=0.008) and carrots (p=0.006), between
Prevotella spp. and cucumbers (p=0.032), Blautia spp. and carrots (p=0.002) and bananas (p=0.020). Additionally, association
was found for Acinetobacter spp. with tomatoes (p=0.036), potatoes (p=0.028) and citrus fruits (p=0.019), Bifidobacterium spp.
with potatoes (p=0.039) and citrus fruits (p=0.002). Direct association was found between Bacteroides spp. and cucumbers
(p=0.023).

CONCLUSION: Our findings on the associations between selected fruits and vegetables and microbial concentrations may
contribute to the development of personalized and balanced diet to enrich microbiota biodiversity and improve the quality of life
of the residents of the North.

Keywords: microbiota; colon; vegetables; fruits; Arctic.
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lMoTpebnenne npeanountaeMbix oBowe U ppyKToB
U MUKPOOMOTA TOJICTOM KMULLKU Y MOJIOABIX JKUTEJeH
ApxaHrenbcka

H.H. Kyxanesckas', T.A. baxykosa', M.A. CabaHaes’, A.M. [pxmbosckuin’ 3

! CeBepHbIil rocyAapCTBEHHbI MeAMLIMHCKWIA yHUBEpCUTET, ApxaHrenbek, Poccus;
2 CesepHblit (ApKTMUeCcKUi) defiepanbHblit yHuBepeuTeT uM. M.B. JloMoHocosa, ApxaHrenbck, Poccus;
3 Cesepo-BocTouHblit henepanbHbii yuusepeutet uM. M.K. AMMocoBa, flkyTck, Poceus

AHHOTALLUSA

06ocHoBaHue. CocTaB MUKPOOMOTLI NOABEPIKEH BO3LENCTBUAM OKPYXMalOLLEH Cpefbl, B TOM YUC/E MULLEBOrO NOBELEHMS.
WMeeTcs [oCTaTOMHOE KONIMYECTBO MCCNEAOBaHMIA MO M3YYEHWUI0 XapaKTepa W 0cobeHHocTel nuTanusa y xuteneir Cesepa,
0[JHaKO MHGOpPMaLMK O BAMSHUM OBOLLIEH M BPYKTOB Ha MMKPOOMOTY CEBEPSAH KpalHe Maro.

LUenb. M3yuntb BIusiHMe noTpebneHns npeanoynTaeMblx OBOLLER W DPYKTOB Ha MMKPOBMOTY TONCTOM KULLKKM Y MONOAbIX
uTenen ApxaHrenbcKa Ha npuMepe CTYAEHTOB U COTPYAHUKOB MeJIULIMHCKOIO By3a.

Matepuan u Metopbl. B uccnegoBaHumn npuHsnm ydactue 90 yenoBeK (23 MyKUMHBI U 67 KEHLUMH) U3 YMCNA COTPYAHUKOB
u ctynentoB CIMY. Kputepum BrtoueHms: BospacT ot 18 o 45 net, npakTM4yecku 340poBble IULA, MHAEKC Macchl Tena
B Mpejenax HopMbl, 6e3 0CTPbIX U XPOHMYECKUX BOCManuTeNbHbIX 3aboneBaHWA Ha MOMEHT UCCneAoBaHWsA. YnoTpebnenue
oBoLLUeN M (PYKTOB OLEHMBANM MO AaHHBIM aHKeTUpOBaHWS. MaTepuanoM A8 MONEKYNSAPHO-TeHETUYECKOrO UCCeA0BaHNA
npecTaBUTENEN MUKPOBMOTBI TONICTOM KULIKK ABASIKUCH hekanuu. OLeHKy CBA3M MeXay ynoTpebneHneM oBoLLei U GppyKToB
1 MUKpOOMOTOI NPOBOAMIM C MOMOLLIbO MHOTOMEPHBIX MeJMaHHbIX PErPECCUOHHBIX MOJENEN C KOpPPEKLMeli Ha nos, Bo3pacT
W PErMOH MOCTOSHHOTO NPOXWUBAHMA A1S Kaworo M3 33 noKasaTteneit MUKpobUoTLI.

Pesynbratbl. ExxepiHeBHO oBowwm ynotpebnanm 43,33% pecnonpeHToB, dpyktel — 15,56%. Yalle Bcero y4actHuKM no-
Tpebnsnu ToMatbl (77,78%) n orypupl (80,00%), nuwb 25,00% ynotpebnsnm kaptodenb u Mopkosb. Cpeamn dpyKToB uvalle
Bcero notpebnsnu abnoku (74,44%), nanee 6aHaHbl (57,78%) u uutpycoBble (41,11%). 3HaunMble CBA3W 0OHaPYXKEHbI MeX-
By Methanobrevibacter smithii v Tomatamn (p=0,008), a Tarxe Mopkosbio (p=0,006), Mexay Prevotella spp. u orypuamm
(p=0,032), Mexxny Blautia spp. n MopkoBbto (p=0,002), baHaHamm (p=0,020). KoHueHTpaums Acinetobacter spp. bbina cBsisaHa
¢ Tomatamu (p=0,036), kapTodenem (p=0,028) n untpycosbimm (p=0,019), a Bifidobacterium spp. — c kapTodenem (p=0,039)
u uutpycobiMu (p=0,002). Mpsmas ces3b BbisBeHa Mexay Bacteroides spp. v orypuamm (p=0,023).

3aknioueHue. BoisBneHbl 3HauMMble CBA3W MeXAy ynoTpebneHneM psga oBoLUen W QPYKTOB W YMCIIEHHOCTBIO OTAENbHbIX
MWKpPOOPraHM3MoB. 3HaHWA 06 anMMeHTapHbIX (aKTopax, BAMSAIOWMX Ha MUKPObMOTY, NO3BONSKOT COCTaBNATb NEPCOHNGM-
LMPOBaHHBIA 1 cbanaHcMpoBaHHbINM paLyoH Anis oboraleHns bruopasHoobpasus MUKPOBUOTLI M YNYULLIEHUS KA4eCTBa HU3HM
ceBepsH.

KnioueBble cnoBa: MUKpo61OTa; TONICTas KULLKA; OBOLUM; PPYKTbI; ApKTUKa.

Kak uutupoBartb:
Kykanesckas H.H., baxykosa T.A., CabaHaes M.A., IpxwmboBckmin AM. MoTpebneHre npeanoyYnTaeMblx OBOLLEN U GPYKTOB U MUKPOBMOTA TOSICTOM KULLIKM
y Monofibix xuTeneit ApxaHrenbcka // 3konorvs yenoseka. 2024. T. 31, N2 4. C. 279-290. DOI: https://doi.org/10.17816/humeco633894

Pykonucb noctynuna: 27.06.2024 Pykonucb opo6pena: 07.10.2024 Ony6nukoBaHa online: 06.11.2024

A
3KO®BEKTOP Pacnpactpanserca Ha yenosusax nuuen3un CC BY-NC-ND 4.0 International
© 3ko-BexTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/humeco633894
https://doi.org/10.17816/humeco633894

ORIGINAL STUDY ARTICLES Vol. 31 (4) 2024 Exologiya cheloveka (Human Ecology)

DOI: https://doi.org/10.17816/humeco633894

SRR R R B RRIFFSKRABA S EM A EERIX
=
Natalia N. Kukalevskaya', Tatyana A. Bazhukova', Michael A. Sabanaev', Andrej M. Grjibovski'3

! Northern State Medical University, Arkhangelsk, Russia;
2 Northern (Arctic) Federal University n.a. M.V. Lomonosov, Arkhangelsk, Russia;
3 M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia

GRS

BR. BEYRRNHRZZ MR E RN, HhRETr it kgBlRe —. REILTE
PR 5 T TE LA 8820 SCRRSCHF,  (BAT SRR S MK RS BT i B A A 522 Wi ) A
TSR AT IR -

HARER . SRR DS R R E R (CLERIRE R 2R TAEN ZOAE)D SRS AK
R iT K Ho 5 25 i A MR R 2 TR R &R

MRS HE:. WIRMANIOLS 5 (234 BIEMeT4 Ltk , Bvdb i B ERK K %4
B TAEAN . NiEAniEETE: 188458 28], SRR, REREUER, LLRIERFCIARTT
SV B E SRE PR o 18I 1) S T A VAL B S AR R IR NG L, Rl ISR A AT 4
Fa i e DB 43 Fas AL 2500 M o R 22740 i v 67 B R DA B R P4 33 Fh Al 2R M B H B A 5 R S
IKRIBAIR R, WREREAREEDN . FERAEERX.

R, SHEMEXNS 5% 543.33% SHEKRKZS5EH 515, 56%. & &5
AT (77.78%) FITJK (80.00%) , HEABAE NEAN KM (25.00%) .
B LEIK RAFESER (74, 44%) « FHE (57.78%) MMEIKE (41.11%) . BFEx
BXUNR: Methanobrevibacter  smithii  5#&#6 (p=0.008) FIEHEE ~ (p=0.006) & EAH
X Prevotella spp. H#iN (p=0.032) &FEMF; Blautia spp. HiH#E N (p=0.002)
MEE (p=0.020) &FEFK; Acinetobacter spp. H&HEihn (p=0.036) . & (p=0.028)
FIMHE KR (p=0.019) HZEFK; Bifidobacterium spp. H1tH (p=0.039) FIH#ERE
K (p=0.002) HZEFHE; Bacteroides spp. SEJN (p=0.023) EEHHE,

gk, WK, R bk KR RN B R L A M B E A A . TR N OB 5T
WERZ AR, F BT o7 B RS e AR &R, I SGE A )
ZREME SRR IE R E .

%%ﬁ 1%1%%?? é:nk%: ff};%% 7J(%: jt*&f@,]zo

31 A

Kukalevskaya NN, Bazhukova TA, Sabanaev MA, Grjibovski AM.  AF-42 FR[ R I AS JR i v Je8 B AR 4 5 5 /K SRR 5 S A AR IR IR DR R
Ekologiya cheloveka (Human Ecology). 2024;31(4):279-290. DOI: https://doi.org/10.17816/humeco633894

W B 27.06.2024 $:53: 07.10.2024 KA HB: 06.11.2024
&
ECOeVECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2024

281


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco633894
https://doi.org/10.17816/humeco633894

282

OPUTMHATTBHBIE MCCIEIOBAHNA

BACKGROUND

Colonic microbiota is the most abundant microbial com-
munity in the human body. It consists of over 700 genera
and 2500 species of microorganisms [1]. Its composition
is host-specific and evolves throughout life subject to both
endogenous and exogenous influences. This evolutionarily
developed system with balanced microbial ecology exists in
dynamic equilibrium with symbiotic microflora creating mi-
crobial associations that occupy a certain ecological niche [2].

Taxonomic variations in the gut microbiome, including
microbial types and biodiversity, facilitate the evaluation of
the overall microbial population in a host’s gastrointestinal
(GI) tract in relation to its food requirements at various life
stages. However, as most studies suggest, the finer-level
composition of genera and species remains understudied in
the average healthy population. This complicates the assess-
ment of how exogenous and endogenous factors, including
diet, influence the microbiome [3].

Socioeconomic factors, including the residence, family
income, share of food expenditures, family composition, and
education, are the most important factors influencing food
patterns and diet [4]. In recent years, there has been a trend
in Russia toward decreased consumption of milk and dairy
products, fish and seafood, meat and meat products, eggs,
fruit, and vegetables [5]. A study of 38 participants showed
significant nutritional deficiencies in children, including de-
creased consumption of fresh fruit and vegetables and in-
creased consumption of pastry [6]. The World Health Orga-
nization recommends consuming at least 400 g of fruit and
vegetables daily to prevent chronic diseases of the circula-
tory system, neoplasms, diabetes, and obesity [7]. Fruit and
vegetables are rich in important nutrients, such as vitamins,
minerals, dietary fiber, and phytochemicals. The consump-
tion of these substances contributes to cardiovascular health.
Increased amount of fruit and vegetables in one’s diet may
help reduce blood pressure [8]. Plant foods are a source of
dietary fiber that promotes earlier satiety and a longer feeling
of fullness, while reducing food intake. This prevents exces-
sive weight gain and severe obesity accompanied by various
clinical complications [9].

The parameters and biodiversity of the microbiota are de-
fined by environmental factors. Therefore, it is important to
study these factors in individuals living in different climatic
and geographical regions. Human activity in the North is as-
sociated with unfavorable factors, such as low temperatures,
sudden changes in atmospheric pressure, unstable magne-
tosphere, and irregular photoperiods. Adapting to these con-
ditions leads to significant morphofunctional stress. In harsh
climates, health preservation is only possible with adequate
and balanced diet. However, today, the indigenous and im-
migrant populations of the North have mostly carbohydrate
and fat food patterns with less vitamins, minerals, dietary
fiber, and other essential nutrients [10]. The inhabitants of
Russia’s Arctic zone have a high carbohydrate load with their
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sugar intake exceeding the recommended level by 44% [11].
However, despite the numerous studies of food patterns
and peculiarities of the population’s diet in the North, peer-
reviewed scientific data does not provide data on the rela-
tionship between diet and microbiota biodiversity.

The study aims to examine how mostly fruit- and ve-
getable-based diet affects the colonic microbiota of young
Arkhangelsk residents with a focus on students and employ-
ees of the medical university.

MATERIALS AND METHODS

The study was conducted from March 2023 to February
2024. The sample included 90 students and employees of
Northern State Medical University in Arkhangelsk. Due to its
natural conditions and climate, Arkhangelsk is considered
part of the Far North and the Arctic zone of the Russian Fe-
deration.

Inclusion criteria are age (18 and up to 45); body mass
index (BMI) within normal limits; no acute and chronic inflam-
matory diseases, autoimmune diseases, allergies, endocrine
disorders, and malignant neoplasms.

Exclusion criteria include use of antibacterial drugs or
probiotics within three months prior to the collection of
specimens; no voluntary informed consent and participant
questionnaire.

The specimens used for the study were feces. The colonic
microbiota was studied using the molecular genetic meth-
od of real-time polymerase chain reaction (PCR). Desoxy-
nucleic acid (DNA) was extracted from the feces using a
reagent kit (DONA-Sorb-B, AmpliSens, Russia) as directed.
Samples of purified DNA were stored frozen at —20 °C for
one month. Real-time PCR was performed using the Colo-
nolor-16 Premium (AlfaLab, Russia) reagent kit. This kit
analyzes 33 parameters (total bacterial mass, Lactobacillus
spp., Bifidobacterium spp., Escherichia coli, Bacteroides spp.,
Faecalibacterium prausnitzii, the ratio of Bacteroides spp.,
Faecalibacterium prausnitzii, Bacteroides thetaiotaomicron,
Akkermansia muciniphila, Enterococcus spp., Escherich-
ia coli enteropathogenic, Klebsiella pneumoniae, Klebsiella
oxytoca, Candida spp., Staphylococcus aureus, Clostridioides
difficile, Clostridium perfringens, Proteus vulgaris/mirabilis,
Citrobacter spp., Enterobacter spp., Fusobacterium nuclea-
tum, Parvimonas micra, Salmonella spp., Shigella spp.,
Blautia spp., Acinetobacter spp., Agathobacter rectalis,
Streptococcus spp., Roseburia inulinivorans, Prevotella spp.,
Methanobrevibacter smithii, Methanosphaera stadmanae,
and Ruminococcus spp.). The number of microorganisms was
expressed as decimal logarithms of colony-forming units per
gram (lg CFU/qg).

The participants filled a questionnaire developed by
the Department of Clinical Biochemistry, Microbiology, and
Testing of Northern State Medical University. The question-
naire was based on nutritional factors that may influence
the biodiversity of colonic microbiota, according to foreign
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and Russian data. The personal section of the questionnaire
included gender, age, weight, and height. These data were
used to calculate BMI and exclude participants with abnor-
mal BMI values. The respondents were further asked about
chronic diseases or the use of antibiotics or probiotics. If an-
tibiotics were used, the participants were prompted to specify
the antibiotic class. In this case, the use of any antibiotics
was an exclusion criterion. The next section included dietary
habits, including the consumption of fruit, vegetables, dairy
products, meat, seafood, tea, coffee, and alcohol. This article
focused on the influence of plant foods, particularly fruits and
vegetables, on the colonic microbiota. It was assumed that
the respondents answered based on their taste preferences
and dietary habits when they resided in Arkhangelsk, exclud-
ing the summer break.

The respondents were asked how often they consumed
fruits and vegetables. The frequency was documented as
daily; one or two times a week; three or four times a week;
five or six times a week; several times a month, or not at
all. They were also asked about their preferred types of fruit
and vegetables. Based on the provided data, four types of
vegetables (cucumbers, tomatoes, carrots, and potatoes) and
three types of fruit (bananas, apples, and citrus fruits) were
selected. The development of greenhouse vegetable growing
and fruit imports from southern countries allow to purchase
these products all year, regardless of the season.

The sample was not divided into groups as this would
have reduced its statistical power.

The relationship between the consumption of each type
of vegetables and fruit and each microorganism was studied
using multivariate median regression models. These models
included the main factor as well as the participant’s sex, age,
and residence (local or non-local). The regression coeffi-
cients, both crude and adjusted, were calculated. The results
were presented as adjusted coefficients and standard errors.
The data were analyzed using Stata 18 (Stata Corp., TX, USA)
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software. The median regression method was chosen due to
the significant asymmetry observed in the concentrations of
the studied microorganisms. As the regression analysis was
performed on log-transformed data, a coefficient of 1 indi-
cates a one-order-of-magnitude change in microorganism
concentration when the predictor value increases by 1.

The study was conducted in accordance with the World
Medical Association’s Declaration of Helsinki of 1964 and
its subsequent revisions. All participants provided a volun-
tary written informed consent. The study was approved by
the Ethics Committee of Northern State Medical University
(Arkhangelsk), Ministry of Health of the Russian Federation
(Minutes No. 07/09-22, September 28, 2022).

RESULTS

The study examined 67 women and 23 men who were
students or employees of Northern State Medical University.
The mean age of the participants was 21.5.

Fig. 1 shows the frequency of fruit and vegetable con-
sumption. Fruit and vegetables were consumed daily by
15.56% and 43.33% of respondents, respectively. One parti-
cipant (1.11%) reported not consuming any fruits. Vegetables
included tomatoes, cucumbers, carrots, and potatoes; fruits
included bananas, citrus fruits, and apples. Fig. 2 shows the
frequency of consumption of preferred types of vegetables
and fruit. More than 77% respondents reported consuming
tomatoes and cucumbers, while approximately 25% report-
ed consuming carrots and potatoes. The most frequently
consumed fruit was apples (74.44%) followed by bananas
(57.78%) and citrus fruits (41.11%).

The relationships of colonic microbiota and consump-
tion of vegetables (see Table 1) and fruit (see Table 2) were
evaluated. Regression models were built for 14 microbiota
members. The remaining microorganisms showed insuffi-
cient variability for modeling.
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Fig. 1. Frequency of fruits and vegetables consumption in the study sample.
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Fig. 2. Frequency of preferred fruits and vegetables consumption in the study sample.

Significant relationships were found when evaluating the
relationship between vegetable consumption (see Table 1)
and gut microflora members. These relationships includ-
ed Acinetobacter spp. and tomato and potato consumption
(p=0.036 and p=0.028, respectively); Bacteroides spp. and cu-
cumber consumption (p=0.023); Bifidobacterium spp. and po-
tato consumption (p=0.039), and Faecalibacterium prausnitzii
and cucumber consumption (p=0.005). The regression coeffi-
cients were > 1 for Methanobrevibacter smithii and tomatoes
(p=0.008) and carrots (p=0.006), Prevotella spp. and cucum-
bers (p=0.0032), and Blautia spp. and carrots (p=0.002).

When evaluating the relationship of fruit consumption
and colonic microbiota (see Table 2), significant results
were obtained in three cases. The first was citrus fruits and

Acinetobacter spp. (p=0.019) followed by Bifidobacterium
spp. (p=0.002). However, the most significant relationship
was found between Blautia spp. and banana consumption
(p = 0.020).

DISCUSSION

The study supports the hypothesis that fruit and vege-
tables influence the composition of the colonic microbiota.
Notably, medical university students and staff consumed in-
sufficient amount of fruit and vegetables. The survey showed
that, despite the low frequency of fruit and vegetable con-
sumption, dietary habits significantly influenced the number
of individual colonic microbiota members.

Table 1. Regression coefficients and their standard errors for assessing the relationship between preferred vegetable consumption and

the abundance of gut microbiota (lg CFU/g)

Regression coefficients and their standard errors

Genus/species of gut microbiota

Tomatoes Cucumbers Carrots Potatoes
Acinetobacter spp. 0.18 (0.08)* 0.18 (0.09) — -0.18 (0.08)*
Agathobacter rectalis -0.05 (0.37) —-0.36 (0.40) 0.08 (0.36) 0.03 (0.32)
Akkermansia muciniphila 0.00 (0.80) 1.63 (2.76) 0.00 (2.69) -3.00 (2.49)
Bacteroides spp. -0.18 (0.26) 0.65 (0.28)* 0.07 (0.25) 0.07 (0.24)
Bacteroides thethaiotaomicron -0.17 (1.01) 0.47 (0.88) -0.10 (0.89) -0.68 (0.83)
Bifidobacterium spp. 0.46 (0.38) 0.13(0.37) 0.16 (0.33) 0.65 (0.31)*
Blautia spp. -0.52 (2.23) -0.52 (2.31) 6.85 (2.12)* 0.21(2.08)
Escherichia coli 0.12 (0.44) 0.14 (0.45) 0.52 (0.42) 0.11(0.39)
Faecalibacterium prausnitzii 0.00 (0.23) 0.55 (0.19)* -0.08 (0.21) -0.18 (0.23)
Methanobrevibacter smithii 5.63 (2.06)* 1.10 (2.12) -5.54 (1.97)* -0.52 (1.88)
Prevotella spp. 0.89 (0.96) -2.00 (0.92) -0.56 (0.97) 0.14 (0.89)
Roseburia inulinivorans 0.15(0.34) 0.01(0.37) -0.07 (0.32) -0.10 (0.31)
Ruminococcus spp. -1.00 (1.71) 0.00 (2.20) 0.00 (2.04) 0.57 (1.97)
Streptococcus spp. 0.04 (0.44) 0.78 (0.47) 0.25 (0.46) 0.23 (0.42)

* The significance value is p < 0.05.
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Table 2. Regression coefficients and their standard errors for assessing the relationship between preferred fruit consumption and the

abundance of gut microbiota (g CFU/g)

Regression coefficients and their standard errors

Genus/species of gut microbiota
Bananas Citrus fruits Apples
Acinetobacter spp. 0.00 (1.00) 0.15 (0.06)* 0.00 (1.00)
Agathobacter rectalis -0.12 (0.34) 0.09 (0.31) -0.60 (0.32)
Akkermansia muciniphila 0.00 (1.00) —-0.21 (2.34) -3.09 (2.74)
Bacteroides spp. -0.13(0.91) -0.17 (0.77) 0.34 (0.88)
Bacteroides thethaiotaomicron -0.12 (0.24) 0.05(0.22) 0.15(0.25)
Bifidobacterium spp. -0.17 (0.33) -0.70 (0.22) -0.59 (0.32)
Blautia spp. 4.77 (2.01)* 0.00 (1.00) 0.00 (1.00)
Escherichia coli —-0.14 (0.36) —-0.44 (0.35) -0.30 (0.44)
Faecalibacterium prausnitzii -0.15(0.18) -0.22 (0.16) 0.00 (1.00)
Methanobrevibacter smithii —-0.24 (1.81) 0.10 (1.70) -0.97 (2.04)
Prevotella spp. -0.23 (0.84) -1.30 (0.87) -0.79 (1.04)
Roseburia inulinivorans 0.05 (0.30) 0.15 (0.29) -0.36 (0.38)
Ruminococcus spp. —-0.30 (1.90) -0.49 (1.81) 0.48 (2.07)
Streptococcus spp. -0.13 (0.44) -0.30 (0.35) 0.02 (0.81)

* The significance value is p < 0.05.

The study focused on the four all-season vegetables
that are most common for the diet of northern residents,
i.e. tomatoes, cucumbers, carrots, and potatoes. Thanks to
greenhouse growing and international trade, the domestic
market offers fresh fruit and vegetables all year, ensur-
ing that the population’s food requirements are met during
the off-season [12]. According to publications, consuming
150 mg of tomato extract twice daily for four weeks leads to
significant changes in colonic microbiota. This is evidenced
by study, which showed a decreased number of Bacteroides
spp. and Ruminococcus spp. [13]double-blind, placebo-con-
trolled cross-over study in overweight and obese adults»,»ti-
tle-short»:»A water-soluble tomato extract rich in second-
ary plant metabolites lowers trimethylamine-n-oxide and
modulates gut microbiota»,»volume»:»153»,»author»:[{«-
family»:»Rehman», »given»:»Ateequr»}, {«family»:»Tyreex,»-
given»:»Susan M.»},{«family»:»Fehlbaum»,»given»:»So-
phie»}, {«family»:»DunnGalvin»,»given»:»Gil-
lian»},{«family»:»Panagos»,»given»:»Charalampos
G.»},{«family»:»Guy»,»given»:»Bertrand»},{«family»:»Pa-
tel», »given»:»Shriram»},{«family»:»Dinan», »given»:» Timothy
G.»},{«family»:»Duttaroy»,»given»:»Asim K.»},{«family»:»-
Duss»,»given»:»Ruedi»},{«family»:»Steinert»,»given»:»Rob-
ert E.»}]»issued»:{«date-parts»:[[«2023»,1]]}}}],»sche-
max:»https://github.com/citation-style-language/schema/
raw/master/csl-citation.json»} . Moreover, the study shows
that the amount of Methanobrevibacter smithii significant-
ly increased when tomatoes were consumed; carrots had
the opposite effect. This confirms that this microorganism
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is present in vegetables [14]. The data on this methano-
bacterium is limited and now its properties and capacity
are being studied. Thus, our findings will help evaluate the
influence of vegetables that can modify the abundance of
these methanobacteria.

For vegetables, cucumbers is the most common product in
the Mediterranean diet. This diet reduces plasma cholesterol
level and increases the number of Faecalibacterium prausnit-
Zii [15]. In addition, daily consumption of pickled cucumbers in-
creases the number of Bacteroides [16]according to the World
Health Organization (WHO. Cucumbers also have abundant
microbiome, including Prevotella, Bacteroides, Lactobacillus,
Dialister, and Faecalibacterium. These bacteria play an im-
portant role in the human colonic microbiota, demonstrating
the health benefits of cucumbers as a food product [17]. Our
finding of a negative relationship between cucumber con-
sumption and Prevotella spp. raises the question of factors
preventing gut colonization by certain microbiota members
due to the consumption of foods with antagonistic effects.

For root crops, carrots had significant relationship with
microbiota. Rhamnogalacturonan-I, a cell wall component
isolated from carrots, had prebiotic properties by affecting
the growth of butyrate-producing bacteria such as Blautia
faecis, Blautia obeum, and Blautia massiliensis [18] which
are not only linked to health and disease but also deter-
mine the outcome of nutritional interventions. In line with
the growing interest for developing targeted gut microbiota
modulators, the selectivity of a carrot-derived rhamnoga-
lacturonan | (cRG-I.
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The evaluation of the relationship between potato con-
sumption and microorganisms identified insignificant devi-
ations of median; the number of microorganisms changed
by less than one order of magnitude. The main substrates
available to bifidobacteria are oligosaccharides, non-starch
plant cell wall polysaccharides, hemicellulose, pectins as
components of dietary fiber, and a starch fraction resistant
to enzymatic hydrolysis in the upper Gl tract. Starch resistant
to amylase has been recognized as an effective fermenta-
tion substrate for colonic microbiota. Bifidobacterium use
indigestible polysaccharides, including resistant starch, as
sources of carbon and energy for metabolism [19].

To evaluate fruit popularity, three most frequently pur-
chased all-season fruits were selected, including apples, ba-
nanas, and citrus fruits (oranges, lemons, and tangerines).
Fruit, including oranges and lemons, are imported from
Turkey and Egypt [20]. Due to limited sampling power, less
common products could not be considered.

Fruit is another common source of plant fiber. There
is evidence that fruit plays an important role in promoting
intestinal peristalsis [21]. Some plant compounds found in
fruit, vegetables, and herbs are polyphenols, including fla-
vonoids, lignans, isoflavones, and stilbenes. Their low mo-
lecular mass allows for rapid diffusion through enterocyte
membranes [22]. It is widely accepted that polyphenols in
plant-rich diets have prebiotic properties that promote the
growth of beneficial bacteria, including Bifidobacterium and
Lactobacillus. These polyphenols may also have antimi-
crobial properties against various bacterial pathogens and
anti-inflammatory properties [23]. The relationship between
bananas and Blautia may be explained by the presence of in-
ulin, a polysaccharide and D-fructose polymer that increases
the number of Blautia spp. [24]SCFA.

Citrus fruits are associated with changes in bacterial
abundance in the residents of the Northern region. Citrus
albedo, i.e. loose white layer under the peel, acts as a wa-
ter reservoir for juices, seeds, and leaves during drought.
Previous studies have examined the hypolipidemic effects
and bifidogenic potential of dietary fiber prepared from the
albedo of Japanese mandarin orange [25]. However, this
study showed a slight decrease (less than one order of
magnitude) in the number of bifidobacteria in individuals
who preferred citrus fruits, possibly due to consuming pulp
without the albedo. Clinical studies evaluating the influence
of different fiber types on the microbiota have reported an
increased number of Bifidobacterium spp. with the dietary
intake of several fibers, including galactooligosaccharides,
inulin-type fructans, xylooligosaccharides, and arabinox-
ylan-oligosaccharides [26]nondigestible oligosaccharides
(NDOs. Like onions and pumpkin, citrus fruits contain high
amounts of vitamin C. It has been observed that onions and
pumpkin increase Acinetobacter abundance by four and two
times, respectively [27]and diet is closely related to the high
prevalence of BC. The microbiome directly reflects eating
habits. In this study, a diagnostic algorithm was developed
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by analyzing the microbiome patterns of BC. Blood samples
were collected from 96 patients with BC and 192 healthy con-
trols. Bacterial extracellular vesicles (EVs.

This study found no significant relationships between
apples and colonic microbiota; though the available data in-
dicate this fruit's influence on microbiota biodiversity. For
example, a complex pectin found in apples may be digested
by Bacteroides thetaiotaomicron [28]. The lack of significant
relationships may be due to the fact that the respondents
consumed apples without the peel, which contains four
times more polyphenols. Nevertheless, the level of phenolic
compounds differs significantly in different apple varieties
(respondents have not been asked about their preferred ap-
ple variety). Assuming that the respondents consumed ap-
ples with the peel, the stability, release, and bioavailability
of polyphenols would be influenced by certain exogenous
and endogenous factors. These factors include interactions
with other food components (e.g. glycosylation and esteri-
fication by dietary fiber); absorption kinetics of the Gl tract,
and modification of polyphenols in the liver [29]bioactiv-
ities (antioxidant activity, a-amylase, and a-glucosidase
inhibition. Several compounds may affect the gut. Apples
are treated with biphenyls to extend their shelf life. These
compounds may disrupt intestinal integrity by affecting tight
junction proteins (zonulin and occludin) and increasing ep-
ithelial permeability and, apparently, the translocation of
colonic microbiota [30].

CONCLUSION

This study presents survey of the frequency of fruit and
vegetable consumption by the respondents and their pre-
ferences in relation to these foods. Other components of the
diet, including meat, dairy products, and beverages, could
also have affected the number of the studied microorgan-
isms. This study is based on survey rather than clinical study
of the influence of particular foods on humans or animals.
Our exploratory, hypothesis-generating study aims to help
scientists focus on fruit, vegetables, and microbiota that have
significant relationships and are important for human health.
In addition, data indicating that young people in Arkhangelsk
consume insufficient amount of fruit and vegetables highlight
the importance of raising awareness about the role of plant
foods in preserving a healthy Gl tract and preventing condi-
tions associated with decreased microbiota biodiversity.

The study showed that Acinetobacter spp., as well as
Methanobrevibacter smithii, Blautia spp., and Prevotella spp.,
were associated with fruit and vegetable consumption. Thus,
the results from a study conducted in an Arctic city in Russia
were similar to the studies conducted in other regions. The
authors have formulated new hypotheses about the poten-
tial influence of several products on the number of colon-
ic microbiota members that require further study. Data on
nutritional factors will allow to adjust the diet of residents
of Northern regions and improve the gut biodiversity. This
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approach is expected to ensure colonization resistance, im-
mune function, and metabolic activity of the microbiota in the
studied biotope.
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AHanu3 ypoBHsl KOopTU3oNa
W AermapoanuaHapocTepoHa-cynbdara
Y MY)>XYUMH-CEBepsiH: perMoHanbHble 0CO6EHHOCTH

.B. AsepbsiHoBa, 0.0. AnéwmHa

HayuHo-uccnepoBatenbckui LeHTp «ApKTuKa» [lanbHeBocTouHOro oTaeneHus Poccuiickoii akageMum Hayk, MarapaH, Poccus

AHHOTALMA

O6ocHoBaHMe. YCMeELWHOCTb afanTaLMu OpraHu3Ma K 3KCTPEMalbHbIM KiMMaToreorpamMyeckuM YCnoBusM ONpegenseTcs
COCTOSIHMEM aAaNTUBHBLIX MEXaHM3MOB, OCHOBY KOTOPbIX COCTABASAET runoTanaMo-runodusapHo-Hagnoye4HUKOBasR OCh.
Llenb. BrisiBneHne pervoHanbHbIx 0C0BEHHOCTEN U OLEHKA U3MEHEHWIA CpeAHEero YPOBHS KOPTU30/a U AernapoanuaHapocTe-
poHa-cynbdata y MyXK4nH-CeBepSH.

Matepuan M Metoabl. [1ns nocTaBneHHOM Lenu B 00LLylo BbIOOPKY Obinv BRIOYeHbl 70 MyxuMH (cpefHWd BO3pacT
43,2+0,8 roga), NOCTOAHHO NPOXMBAIOLLMX Ha TepPUTOPUM MaragaHcKon 06N1acTy, Y KOTOPbIX OblIM OLLEHEHbI CHIBOPOTOYHbIE
KOHLIEHTpaLuUM KopTM30/1a U AervapoanuaHapocTepoHa-cynbhaTa B yTpeHHee BpeMs, a TaKXKe YPOBEHb CaNIMBAPHOr0 KOpTU-
30/1a B YTPeHHee U BeyepHee BpeMs. B paboTe ucnonb3oBanu MMMyHoxpoMatorpadmyeckuin 1 UIMMYHOGEPMEHTHBIA aHanu3.
Pesynbrarbl. Briepsble Ha TeppuTopun MaragaHckoli 0bnactv 6bin U3ydeH ypoBeHb KOPTM30J1a B CIIIOHE MYXUWH-CEBEPSH
B yTpeHHee (43,1+2,8 Hr/mn) u BeuepHee (9,30,7 Hr/mMn) BpeMs, pe3ynbTaTbl KOTOPOTO CBUAETENbCTBYHOT O TOM, YTO CPeHNe
BEJIMYMHBI aHANM3MPYEMBIX NOKa3aTesiel NPeBbILLAT YCTaHOBMIEHHbIE HOPMATUBHbIE NPEENbl C 04HOBPEMEHHBIM COXpaHe-
HWEM CYTOYHOW BMOPUTMONOrUW. YCTaHOBNEHBI perMoHanbHble 0COOEHHOCTH (YHKLUMOHANBHOWM aKTUBHOCTW MNOTaNaMo-ru-
non3apHo-HaANOYEYHNKOBOI OCU, NPOSBNAIOLLMECA B BLICOKMX CPEHUX KOHLEHTpaumsax Koptusona (406,7+12,2 HMonb/n),
noateeppatoLume hakT 0THOCUTENBHOrO MMepKOpPTU3LM3MA Y CeBepsiH M HabnofaeMble Ha GOHe ONTUMalbHbIX KOHLEH-
TPauMi AeruapoanuaHapocTepoHa-cynboara (9,96+0,40 MKMonb/n), cpeaHUe BENMYMHBI KOTOPbIX 3HAYUTENBHO NPEeBbILLANK
3HayeHus, XapaKTepHbIe NS XUTeNen ApYrux PErMOHOB CTPaHbI, NPW 3TOM XapaKTep COOTHOLLEHMS BbILLEYKa3aHHbIX rOpMO-
HoB (2,38+0,10 ycn. en.) cBUAETENLCTBYET O COXpaHEHUM afanTaLMOHHbIX PE3epPBOB CEBEPSH.

3akniouenue. [poBeEHHbIE UCCNEA0BAHNSA MO3BOUAM CAENATh 3aKioueHUe 0 GOpMMPOBaHUM PETMOHANBHO 0BYCOBIEH-
Horo (CeBepHOro) 3HAOKPUHHOMG NPodmAs opraHuaMa utens Cesepa, YTo NOATBEPKAAET 0OLLENPU3IHAHHYIO POSib TIIHOKO-
KOPTMKOMAO0B Npy ropMOHaNbHOM 0becreyeHnn NpoLeccoB aanTaumu K 3KCTpeManbHbIM GakTopaM, B TOM YMCHe KIMMaTo-
reorpadmyeckuM.

KnioueBble cnoBa: CeBep; My:KunHbI CpefiHero Bospacta; koptu3son; AM3A-C; pervoHanbHble 0cobeHHOCTM.
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Analysis of cortisol and dehydroepiandrosterone-
sulfate levels in Northern men: regional specificities

Inessa V. Averyanova, Olga 0. Alyoshina

Scientific Research Center “Arktika” Fareastern Branch of the Russian Academy of Sciences, Magadan, Russia

ABSTRACT

BACKGROUND: The effective body adaptation to climate and geographical extreme conditions is determined by the individual
adaptive mechanisms based on the hypothalamic-pituitary-adrenal axis.

AIM: To identify the region-associated characteristics and assess the fluctuations of the mean levels of dehydroepiandrosterone-
sulfate in Northern men.

MATERIAL AND METHODS: To achieve this aim, the overall sample enrolled 70 male residents (mean age: 43.2+0.8 years)
of the Magadan Region, in which the morning serum concentrations of cortisol and dehydroepiandrosterone-sulfate and the
evening level of salivary cortisol were evaluated. The study was performed using the immunochromatographic assay and the
enzyme immunoassay.

RESULTS: For the first time in the Magadan Region, the morning (43.122.8 ng/mL) and evening (9.3+0.7 ng/mL) levels of
salivary cortisol were studied. The findings evidence that the mean values of the analyzed parameters exceed the established
normal limits, while the circadian rhythms remain unchanged. The study has also identified the region-specific functional activity
of the hypothalamic-pituitary-adrenal axis characterized by high mean concentrations of cortisol (406.7+12.2 nmol/L) that
confirm the relative hypercorticism in the Northerners, while dehydroepiandrosterone-sulfate concentrations remain optimal
(9.96+0.40 pmol/L). In the other regions of the country, the mean values of the latter are substantially lower. Meanwhile, the
ratio of the above hormones (2.38+0.10 CU) reflects preserved adaptation capabilities of the Northerners.

CONCLUSION: The North residents have a region-specific (northern) endocrine profile confirming the generally accepted role
of glucocorticoids in the hormonal support of the body adaptation to extreme factors including the climate and geographic
conditions.

Keywords: North; middle-aged men; cortisol; DHEA-S; region-associated characteristics.
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OB0CHOBAHUE

MpobneMa aganTaumum NPULLNOTO HACENIEHNS K YCITOBUAM
CeBepa eLUé faneKa OT CBOEro peLLeHns, NpofonKaeT bbiTb
aKTyanbHoM U TpebyeT AanbHemwwero usydeHus. OyHKuUMo-
Ha/bHOe COCTOSIHME 3HLOKPUHHOW CUCTEMBI UrPAET BaHYHO
Pofib B BbIXKMBAHUW M MPOAOCIIKUTENBHOCTM Hu3HW. C 3B0-
TIOLMOHHOM TOYKM 3peHMs, SHOOKPUHHAA CUCTEMa OTBeYaeT
3a MeTabonnyecKylo ajanTaumio Buaa, KOOpAUHUPYET U pe-
TyAMpyeT [eATenbHOCTb MPaKTUYECKU BCEX OpraHoB W CH-
cTeM opraHusMa [1]. M3BecTHo, 4To ycnewHocTb aganTtaumm
OpraHu3Ma K 3KCTpeMarbHbIM KITMMaToreorpayeckuM yc-
NOBUAM OMNpefenseTcs COCTOSHUEM afanTUBHBIX MEXaHU3-
MOB, OCHOBY KOTOPbIX COCTaBNII€T rMnoTanamo-runodmsap-
Ho-HaanoyeyHnkoBas (ITH) ocb. Pofb rMIOKOKOPTUKOMAHBIX
FOPMOHOB 3aK/T04aeTCA B MO AePIKaHUU GU3MONOrUYECKOr0
roMeocTasa M afanTauum K CTPecCoBbIM CUTyaumnaM. BaxHo
YUMTBIBATb, YTO [SIUTENIbHOE MOBbILLIEHUE FTIIOKOKOPTUKOMUA-
HbIX FOPMOHOB SIBNSETCSA 3HEpPreTnyeckn HeadPeKTUBHBIM
W NpensaTCTBYeT HOpMarnbHOMY MPOTEKAHUI0 APYrux (u3mo-
Nornmyeckux npoueccos [2, 31.

LleHHbIM MapkepoM akTuBHocTM [TH ocu sBnsetca perun-
APO3NWaHLPOCTEPOH, B OCHOBHOM MPUCYTCTBYHOLUMIA B KPOBH
Buge cynbhatupoBaHHoro agupa (Ar3A-C), koTopblit Bblpa-
baTbiBaeTCA B KOpe HaAMNOYeYHNKOB, ABNSETCA CTEPOMAHBIM
FOPMOHOM U 0651a[1a€T aHTUTTIIOKOKOPTUKOMAHBIM 3P eKTOM
[4-6]. CunTaeTcs, YTO [aHHbIA FOPMOH MOXKET 3aluMLLaTh
0T NoboYHbIX IPGHEKTOB MOBLILLEHHOMO YPOBHS KOPTM30/1a
[4] n obnapaeT aHTUCTPECCOBLIMM, aHTULEMPECCUBHBIMM,
¥ UMMyHOMOZYNMpYIOLWMMU 3ddeKTaMu, YTo Heobxoaumo
YenloBEKY ANs NOAAEPHaHWs 340poBbs [8], Takke OH Npes-
cTaenset coboii buoMapkep ponronetus [7, 8] u ycnewHoro
cTapenus [9].

B Hactoswwee BpeMs ycraHoBneHo, yto AM3A-C — 3o
KNo4eBoi bydepHbIN FOPMOH CTPECCOYCTOMYMBOCTH, TaK
KaK npefcTaBnsieT coboi ecTeCTBEHHbIA aHTUTIOKOKOPTH-
KOWZ, NPOTUBOCTOALLMIA KOPTM30JTy — KJI0YEBOMY FOpPMOHY
CTpecca, YpoBeHb KOTOPOro pe3Ko MOBbILIAETCA NpU fo6oM
cTpecce, NpuBoaA K bnokape cuHtesa [I3A-C v nonosbIx cTe-
pounos [10, 11]. AHTUcTpeccoBble MexaHuaMbl [IIA-C Brnto-
yalT B cebs M3MeHeHUs B MeTabonuaMe KopTU30ia [0 €ro
HeaKTUBHOro MeTabonuTa KOPTM30HA, pesynbTupyloLlee
COOTHOLLEHME KOTOPbIX NepepacrpeaensieT 3Hepruio U Boc-
CTaHaBnMBaeT romeoctas [12], yunTbiBas KIOYEBYHD Posib
II3A-C B perynsumm aktusHoctv TH ocu [4] u npotmBono-
NOXHble 3QheKTb 0THOCUTENBHO KOPTU30M1a Ha nepudepu-
YecKue U LeHTpanbHble CUCTEMBI opraHu3Ma [13].

Koptuson, Hapsgy ¢ apyrumm bruomapkepamu agpeHo-
KOpPTUKanbHo# aktuBHOCTH B citore (OM3A-C n a-amunasbl),
paccMaTpuUBaeTCs KaK LIeHHbIA MapKep CYTOYHOI aKTUBHOCTH
ITH ocu [13] u MoeT NpefoCTaBUTb BaXKHYH MHDOPMaLMIO
0 CMocobHOCTH YenoBeKa NpuUcnocabnmBaTbes K pasinyHbIM
YCNOBMSAM OKpYXatoLLeli cpefibl.

W3BecTHo, yTo cekpeumsa koptusona u [I3A-C B cooT-
BeTCTBYlOLEM bOanaHce HeobxoauMMa Ans nojAepIKaHus
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Buonormueckon dyHKUMM M roMeocTasa. KopTuson okasbi-
BaeT KaTabonmuyeckoe AeiCTBME BO MHOTUX TKaHsIX, BKJIKOYas
MbILLb [14, 15], a TakKe nofaBnseT BbipaboTKy psAfa aHa-
Bonmyecknx ropMoHoB, BKtodas IGF-1, Toraa kak A3A-C,
HanpoTUB, OKa3bIBaeT aHabonMueckoe AeicTBMe, TaK KaK AB-
nseTcs «cnabbiM» aHAPOreHOM U NpeaLecTBEHHUKOM No0-
BbIX cTeponaos [16]. [pu 3TOM yHMBEPCAbHBIM MEXaHU3MOM
ajlanTauuu SBNSeTCA NepersIloyeH e CTEPONOreHe3a B Hafl-
MOYEYHUKAX C NPOLYKLMW TTIIOKOKOPTUKOMAOB Ha CEKPELMIO
angporeHos, B vactHoct [AM3A-C [17], obecneumnBaioiee
(yHKUMOHaNbHOe paBHOBecue KaTabonuueckoro u aHabo-
JINYECKOr0 BEKTOPOB 0DMeHa M xapaKTepusylollee CTagum
apanTusHoro oteeta [18]. Mcxopa m3 atoro, cooTHoLEHME
cynodartmpoBaHHoro Metabonuta [I3IA-C u Koptusona
B HacToslLLiee BpeMs NMPeANOKEHO B Ka4ecTBe MoKasaTens
Katabonuyeckoro/aHabonuyeckoro banaHca [19], Bbicokve
BE/IMYMHBI KOTOPOr0 YKa3blBaKOT Ha OMTUMasbHbIA aHabosmn-
ueckui banaHc, Toraa Kak HU3KMe 3HauYeHUs acCOLMMUPOBaHbI
C XPOHMYECKUM CTPECCOM, YXYALUEHUEM COCTOSIHUA 3[,0po-
Bbsi [19], co cMepTHOCTLIO [20], AeMeHumen [21], MeTabonm-
YecKUM cuHApOMoM [20] M CHMKEHWEM MMMyHWUTETA Noche
¢msmnyeckoro ctpecca [22]. KpoMe Toro, auccoHupyioLas
CeKpeums 3TUX [BYX FOPMOHOB HaAMO4YeYHUKaMM CBA3aHa
€O cTapeHueM [7].

Lenb uccnepoBanus. C y4eToM LUMPOKOro cnekTpa ¢u-
310N0rM4ecKUX 3P HeKTOB NPeACTaBIEHHBIX BbILLE FOPMOHOB,
a TaKKe UX BO3MOXHOCTM SABNATHCA MapKepaMy ropMoHalb-
Horo obecneyeHus NPoLLECCOB afanTaLmm K IKCTpeMasbHbIM
KnumatoreorpadmyeckuM ycnousM CeBepa LieNibio AaHHOV
paboThbl ABWIICA aHaNM3 permoHasbHbIX 0C0BEHHOCTEN coaep-
)KaHWs CanuBapHOro W CbiBOPOTOYHOTO KOPTW30/1a, OLEHKA
ypoBHs [II'IA-C B KpoBM, a TaKKe COOTHOLLIEHUS CbIBOPOTOY-
Horo [I3A-C n KopTusona B uccnenyeMon BuibOpKe xuTe-
nen-CeBEPSH MYIKCKOTO MoJa.

MATEPUANT U METObI

Jln3aiiH uccnepoBaHums

06cepBaLUMOHHOE OHOLIEHTPOBOE OJHOMOMEHTHOE Bbl-
BopoYHOe HEKOHTPONMPYEMOE UCCNeA0BaHME.

KpMTepvm cooTBeTCTBUA

KpuTepueM BK/IIOYEHMSI MALMEHTOB B WCCELOBaHUeE
ABNANOCL OTCYTCTBME XPOHUYECKMX 3aboneBaHWi B CTaamu
obocTpeHus M Kanob Ha cocTosHMe 3a0poBbs. Bce nuua,
BXOJSLLME B BbIOOPKY, BbINMN MOCTOAHHBIMM XuTenaMu Ma-
rafiaHCKoW 00NacTM U XapaKTepu3oBanuUChb COMOCTaBUMBIMM
YCJ'IOBVIHMVI YXNU3HW, B TOM HKcsie 0OAUMHAKOBbLIM pE)I{VIMOM OBU-
raTenbHON aKTUBHOCTM.

Ycnosus npoBegeHus

B xope peanusaumm nporpamMmbl Hay4HOro MOHUTOPKHTa
XuTeneii-ceBepsaH «ApKTuKa. Yenosek. ApanTtaums» Ha base
HWL, «Apktuka» [1BO PAH (MarapaH) npoBefieHa OLeHKa
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copepxaHus Koptusona u [I3A-C, oTpaxarowmx peakuuio
ITH ocu Ha BHewHMe BO3JENCTBUSA Y MYKUMH-CEBEPSH,
MOCTOSIHHO MPOXMBAKLIMX Ha TepputopuM MaragaHcKoil
obnactu. Y y4acTHUKOB WcCCNefoBaHUS KOHTPOIMPOBany
YTPEHHIOIO aKTMBHOCTb, NOTpebneHne KodenHa, KypeHne —
(aKTopbI, KOTOpbIE MOTYT B/IUATH Ha YTPEHHWE YPOBHU KOPTU-
3ona u [AN3A-C. Baatne kposu npoBoamnm Hatowak o 10 4
yTpa. McnbITyeMbIx NpocMiv BO3AEPIKMBATLCA OT HEOObIYHO
GM3M4ECKOW aKTUBHOCTW UAM CTPEcca B TeueHue 24 Y 1o B3S-
TMs KpoBu. Obpasubl YTpeHHero canuBapHOro KopTu3ona
bpanu y obcnemyeMbix cpasy nocne npobyxaeHus, Beyep-
Hero — nepeg OTX0LOM KO CHY (CaMOCTOSTENBHO, COracHo
WHCTPYKLUMK). YpOBHW ropMOHOB BO Bcex 0bpasuax u3Mepsu
0[JHOBPEMEHHO, YT0DbI U3beXaThb yBeNnYeHNs BapuabesbHo-
CTU MEXJy aHanm3amu.

I'Ipop,onmmeanocrb uccnenoBaHua

WccnepoBaHue npoBefeHO B OCEHHE-3UMHMIA nepuof,
2023 .

MeToab! perncTpauum KOHULEHTPaLUMKU KopTusona
u Ar3A-C

Y UcnbITyeMbIX BEHO3HYH KPOBb Bpany ¢ NoMoLLbo BaKy-
yMHo# cucTeMbl B nabopatopun 000 «HHunab-Xabaposck»
ONs onpepeneHns KoHueHTpaumn [I3A-C u Koptusona
B CbIBOPOTKE KpoBU. Take cobupamu CrlOHy ABYKPaTHO
(YTpeHHss 1 BeyepHsIs NopLUmm) 1S aHanK3a YTpeHHero 1 Be-
YepHero YpOBHS CanMBapHOro Koptu3ona. CbiBOpPOTOUHbIN
KopTu3on (HMoMb/N) onpegensny ¢ UCMosb30BaHWEM pea-
reHToB cepum CL Mindrey (peareHTbl Cortisol112) MeTomom
WXJ1A ¢ napaMarHuTHbIMK YacTuuamm (Kutait); peepeHc —
176,5-628,9 uMonb/n). KoHueHTpauuto AMIA-C B cbiBopoTke
KPOBW (MKI/AN) aHanM3upoBanu C NpUMMEHEHUEM peareHToB
Access2 (pearentol A10826) Beckman Coulter MeTopom
WMXJA ¢ napamarHutHbIMKM YacTuuamm (CLUA); pedepeHc —
106-464 mkr/pn. [IByKpaTHO (yTPEHHSA U BeuepHAs Nopumm)
YpOBEeHb KOPTWU30/1a B C/IOHE (HI/MN) onpefensm MeToAoM
N®A Diagnostic Biochem Kanada (KaHapa) ¢ ncnonb3osahu-
eM pearentoB 749-2001.

[JononHutensHo paccuutbiBanum  uHgekc: [AM3A-C
(MKMonb/n) / kopTuson (HMonb/n) x 100 [23], nHTepnpeTaums
UMCTNEHHBIX BEJIMYMH KOTOPOr0 OTPAMaeT pas/uyHble CTagum
apantaumm: <1,1 — aganTaumoHHble pe3epBbl UCTOLLEHDI;
ot 1,1 no 2,1 — apanTauMoHHble pe3epBbl PacXoayoTCs;
>2,1 — apanTaunoHHble pe3epBbl COXpaHEHBI.

JTnyeckas JKCnepTusa

WccnepoBaHue BbINOSHEHO B COOTBETCTBMM C MPUHLM-
namu XenbCUHKCKOM Aeknapauum (2013). MMpoTokon wc-
ClefoBaHUs OA00pEH JIOKANbHbIM 3TUYECKUM KOMUTETOM
Hay4HO-MCCNe0BaTeNIbCKOro LieHTpa «ApKTuKa» [lanbHeBo-
CTOYHOr O OTAEeNeHNs PoccuicKom akafeMun HayK (3aKTioueHne
N2 002/021 ot 26.11.2021 r.). Y Bcex 0bcneayeMbix NosyyeHo
NUCbMEHHOE MHGOPMUPOBAHHOE COTNacKe A1 BKIOUEHMS
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B UccnenoBaHue.

CraTUCTUYECKUIK aHanu3

Cratuctnyeckylo 06paboTKy [AaHHbIX NpOBOAUIU
C NOMOLLbI0 CTAHJAPTHOTO NaKeTa CTaTUCTUYECKUX NPOrpaMM
StatSoft Statistica 7.0. [poBepKy Ha HOpManbHOCTL pacnpe-
LeNIEHUA U3MEPEHHBIX NEPEMEHHBIX OCYLLLECTBAANM Ha OCHO-
Be Tecta LLlanmpo—Yunka. Pe3ynbtaTel napaMeTpuyeckux Me-
TOA0B 00paboTku NpeficTaBeHbl B BUAE CPEAHEr0 3HAUEHMUSA
(M) v owmbKM cpesHen apudMeTMYecKomn (m), AnanasoHa
MWHMMAmbHOW W MaKCUMarlbHOW BEIMYMHBI aHaU3MUpyeMo-
ro nokasarens, npoueHtunei (5-n, 25-n, 50-n, 75-i, 95-i).
Kputnueckuit ypoBeHb 3HaumMMocTy (p) B paboTe npuHUMancs
paBHbIM 0,05. 3HaUMMOCTb pa3nnuuii MeXay peruoHanbHbIMM1
MOKa3aTesIAMU PacCUMTLIBaIM MPY NOMOLLM 0AHOBbIOOPOYHO-
ro t-kputepus CTblofeHTa Ans He3aBUCUMBIX BbIGOPOK € HOp-
MaJlbHbIM pacrnpefeneHueM.

PE3YJIbTATbI

06BbeKTbl uccneaoBaHus

B 06Luyto BbI6opKy BoLwnn 70 MyUMH (CpeaHuin Bo3pacT
43,2+0,8 roaa), xapaKTepU3YIOLLMXCA CNeLyOLLMMM aHTpOMNO-
MeTPUYECKUMM NoKasaTenamu: anuHa Tena — 180,7+0,9 cm,
Macca Tena — 87,5+2,1 Kr, mHAekc Maccbl Tena —
26,8+0,6 Kr/m2,

OcHoBHble pe3ynbTatbl UCCNiea0BaHUA

lNokasatenu KoHueHTpaumn Koptusona u [I3A-C B cbI-
BOPOTKE KPOBM Yy XuTeneit MarapaHckoi obnactu, a Takxe
WX COOTHOLUEHWe MpeacTaBnieHbl B Tabn. 1. AHanu3 ypoBHA
CbIBOPOTOYHOrO KOpTU30Mia (YTPEHHWH MepuoA) nokasan,
UTO ero cpefH1e 3Ha4eHNs, UCX0AA U3 KpUTEPUEB Kiaccudu-
Kauum ctaguv agantauum (6onee 350 Hmonb/n) H0.11. WopuHa
u 10. Jlenennyoto [24], cBMAETENLCTBYIOT O rMNepasanTose.
Mpu 3TOoM npeBbIEHWE BepXHEro nopora pedepeHcHoro
[vanasoHa ans xwuteneii CeBepa 6e3 natonormyeckux Ha-
pyLeHui 300poBbA (265—314 HMonb/n) [25] 3aduKcHUpoBaHO
y 82% obcnepyemoii Boibopku, 10% obcnepyemblx xapak-
TEpPM30BaUCb HU3KMMM 3HAYEHMSMU [aHHOro MoKasaress.
OueHka yposHs [II3A-C BbisBMna HanmuMe ONTUMAsbHOM
KOHLIEHTPaLMM [aHHOr0 TOKa3aTens C ero CMeLeHUeM
K BepxHeMy nopory pedepeHcHoro auanasoHa. CornacHo pe-
3ynbTaTaM OMMcaTesIbHON CTAaTUCTUKU, MOMYYEHHbIE CPeSHMe
3Ha4yeHust cbiBOpoTouHoro Koptusona u [Ar3A-C B nonHon
Mepe COOTBETCTBYHT MeamnaHe (50-# NpoLeHTWb) aHann3u-
pyemoii rpynnbl. BennumHa cooTHowwenunsa AI3A-C/koptuson
CBULETENLCTBYET O COXPAHEHWUM afanTaLUMOHHBIX pe3epBoB
B aHanM3npyeMoi BbIBOPKE MYKUMH-CEBEPSH.

B HacToswee BpeMs pa3spaboTaH cnocob 06beKTMBHOM
OLEHKM afanTauMOHHbIX Pe3epBOB C PACYETOM MHAEKCA
NIr3A-C/koptuson [23]. CpefHss BeNM4MHA COOTHOLLEHMS
NIIA-C/kopTv3on B BbIbOPKE MYXUMH-CEBEPSAH COCTaBMNa
2,38 ycn. ep., uTo, UCXOAA M3 KpUTEPUEB KJlacCMBUKaLMK,
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Ta6nuua 1. KoHueHTpaums koptusona, [IT3A-C, ux cooTHOLLEHWE B CbIBOPOTKE KPOBM XuTenel MaragaHcKoii obnactu
Table 1. The concentration of cortisol, DHEA-C, and their ratio in the blood serum of residents of the Magadan region

PedepeHcHble Mpeaens!
"‘I’r'l‘;iz{g’r“’ M m 3HaueHus! Bapuaumy P5 P25 | P50 | P75 | P95
Reference values | Limits of variation
KopTu3on, HMonb/n 406,7 12,2 176,50-628,90 101,00-686,70 207,80 339,70 403,10 478,00 579,90
Cortisol (nmol/l)
LI3A-C, Mkr/an 367,1 147  106,00-464,00 119,60-667,30 182,70 270,50 348,90 463,20 589,20
DHEA-C (mcg/dl)
[I3A-C MkMonb/n 9,96 0,40 2,87-12,59 3,25-18,11 4,96 7,34 9,47 12,57 15,99
DHEA-C (mmol/l)
[Lr3A-C/koptuson, 238 0,70 >2,10 0,68-4,52 1,25 1,65 2,38 3,02 4,03

ycn. ea.
DHEA-C/Cortisol
(service units)

CBUOETENbCTBYET O COXpPaHEHWUM afanTaLMOHHbIX Pe3epBoB.
Mpy 3TOM cnepyeT 0TMETUTB, YTO ML 2% obcneayeMbix xa-
PaKTepW30BanmMCcb WUCTOLLEHUEM afanTaUMOHHBIX PE3epBOB,
47% — pacxof0BaHWEM afanTaUMOHHBIX pe3epBoB, 91% —
COXpaHEHWEM aflanTaLVOHHbIX Pe3epBOoB.

B Tabn. 2 oTpaeHbl cpefjHUe 3HAYeHUs YPOBHSA KOp-
TU30/Ma B C/IOHE B YTPEHHWIA (cpasy nocne npobyxaeHus)
W BeYepHW (nepen OTXOLOM KO CHy) nepuogbl. BoiseneHbi
AO0CTaTOYHO BbICOKME KOHLEHTpAUMM KaK YTpeHHero, TaK
1 BeYepHero KOpTW30/a, 3HauUTesbHO MpeBbilLaLmMe pe-
(epeHcHble BennuKHbI (y 86% MyXUMH B YTPEHHEN MOpLMHN
C/IOHbI MW HOpMaTUBHOM AuanasoHe 3,0-19,0 Hr/mn [26]
1y 57% B BeyepHen nopumm npu HopMe 1,0—4,5 Hr/mn [26]),
HO C COXPaHEHUEM CYTOYHOMN BUOpUTMONOrUK.

[na BbIsBNEHUA pervMoHanbHbX 0C06EHHOCTEN YPOBHA
KopTusona v [IF3A-C B KpoBM COBPEMEHHBIX uTenen Mara-
AaHa NpoBeAéH 0630p NMTepaTypHbIX AaHHBIX, HanpaBeH-
Hbli Ha COMOCTaBIIEHNE aHaNM3UPYEMbIX MOKa3aTesen C aHa-
JIOTUYHBIMM JaHHBIMU, NOJTy4eHHBIMU B Pa3fINYHbIX PErYOHaX
cTpaHbl (Tabn. 3). Mpu pacxomneHun eguHUL U3MepeHus
UCMONb3YEMbIX XapaKTEPUCTUK, NpeACTaBNIEHHbIX B UCCHe-
LOBaHUAX, OCYLLECTBASIN UX KOHBEpTaLMK (4N KopTU3o-
na B HMonb/n, ans [F3A-C B MKMonb/n) ¢ nocneaytoLwmm
onpefeneHneM CTaTUCTUHECKON 3HAYMMOCTHU pa3nnymii. Bel-
6op iMTepaTypHbIX UCTOYHMKOB OCHOBbLIBAJICA HA CEAYHOLLMX
KpUTepusix: BO3pacTHOM avanasoH obcneayeMbix rpynn ot 22

00 60 neT (cpeaHuii Bo3pacT); B BLIDOPKY BXOAWIM 3,0p0Bble
WM NPaKTUYeCKN 3[0pOBbIE JIOAM; AaHHble NpeaCcTaBMeHbl
B BUAE CpeaHero 3HaueHusi (M), ero owmbKM (M) uam cTaH-
AapTHOro OTKIOHeHus (SD).

CpaBHUTENbHbIA aHaNW3 NO3BOJINA BbISIBUTb, YTO CPEA-
HWe 3HaYeHUs YPOBHS KOPTU30Na B BbIDOPKE Y MYMKUMH,
npoXuBawLMx B MaragaHe, NOMHOCTbH COMOCTaBUMBI
C BaHHbIMU uTeneii EBponerickoro Ceepa Poccun — Ap-
XaHrenbcka (443,70£17,84, p=0,24) [27], CankT-leTepbypra
(350,00+38,10, p=0,08) [28]. OTcyTCTBUE pa3NIN4MM BbIABIE-
HO C AaHHLIMU uTenen Mockebl (392,80+7,13, p=0,16) [29],
Bonrorpapa (398,32+18,45, p=0,35) [30], PocToBa-Ha-[loHy
(453,00£29,00, p=0,07) [31]. CTOMT OTMETMTb, YTO NOJSyYEH-
Hble B AAHHOM WCCNefl0BaHNM CPefiHUE 3HAYEHUS KOpTU30N1a
3HauYMMO Huke, YeM B VhxeBcke (481,50+12,30, p <0,001) [32],
Uysaluckon Pecnybnmke (444,90+14,00, p <0,05) [33], HoBo-
cnbupcke (518,70+56,30, p <0,001) [34] n bnaroseLueHcKe
(512,60+24,50, p <0,001) [35], n BbilWwe, YeM Yy HaceneHus
Pecnybnukm t0xHan Ocetus (346,06+12,65, p <0,001) [27].

lMpu conoctasneHun 3Havenuin [AM3IA-C oTMeueHo,
4YTO ero COZiepXKaHue y uTenen MaragaHa 3HauuMo BbiLLe,
yeM y HaceneHust Mockssbl (8,00+0,57, p <0,01) [29], Bon-
rorpaga (6,83+0,40, p <0,001) [30], YyBaLuckon pecnybnu-
Kn (6,430,33, p <0,001) [33], ApxaHrenbcka (6,47+0,50,
p <0,001) [36], Yebokcap (5,00+0,50, p <0,001) [37],
cena Cambypr fMano-HeHeuKkoro aBTOHOMHOrO OKpyra

Tabnuua 2. KoHueHTpauus canvBapHOro KOpTU30Na B YTPEHHUE U BEYEPHUE Yachl, HI/MN
Table 2. Salivary cortisol concentration in the morning and evening (ng/ml)

Bpems

CyTOK PedepeHcHble 3Ha4eHUs Mpepenbl Bapuauuu

Time of M m Reference values Limits of variation P5 P23 P50 P75 P95

day

Y1po 43,1 2,8 3,0-19,0 10,0-76,0 18,4 27,2 43,9 56,8 67,2
Morning
Beuep 9,3 0,7 1,0-4,5 1,2-19,9 2,5 6,1 9,1 12,2 17,3
Evening

DOl https://doi.org/10.17816/humeco630233
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Ta6nuua 3. CpaBHUTENbHBIA aHaNU3 CPeHUX BENMUMH KOHLEHTPaLmmn Koptisona u [IT3A-C y MyXUuH pasninyHbIX PermoHoB NPOKUBaHMS
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Table 3. Comparative analysis of the average values of cortisol and DHEA-C concentrations in men from different regions of residence

I'ogop,/peruou Fe:gg:ﬁ::::zue Bospacr, ner KopTv!son, umonb/n | Ar3A-C, mkmonb/n | UcTouHmk
City/region Geographical coordinates Age, years Cortisol (nmol/l) DHEA-C (mmol/l) | Source
MarapaH 59.3c.w./n. L 43,20+0,80 406,70+12,20 9.47+0,40 -
Magadan 150,58. 4./ e. L.
ApxaHrenbck 645c.w./n. L 20,00-65,00 443,70+17,84 - [27]
Arkhangelsk 4058B.0./¢e. L 39.17+0,95 ~ 6.47+0,50 (37]
CaHkr-IleTepbypr 59.6cow./n. L 45,20+6,20 350,00+38,10 7,70+4,40 [28]
Saint Petershurg 30,2B.4./e. L.
Mocksa 555¢c.w. /n. L 34,60+6,80 392,80+41,60 8,00+0,57 [29]
Moscow 3748.0. /e L.
Bonrorpag 48,4 c.w. /n. L 39,30+1,04 398,32+18,40 6,83+0,40 [30]
Volgograd 44 3B. 0. /e L.
PocToB-Ha-[loHy 471 cow. /n. L. 29,00-53,00 453,00+29,00 - [31]
Rostov-on-Don 3948.0./e. L.
WeBck 56,8 c.w./n. L 20,00-50,00 481,50+12,30 - [32]
Izhevsk 53.2B.0./e. L
YyBalLckas pecnybnuka S54,4un562c w./n. . 42,00+0,80 444,90+14,00 6,43+0,33 [33]
The Chuvash Republic 46,0 48,3B.4./e. L
HoBocubupck 54,6 c.w. /n. L 38,60-46,50 518,70+56,30 - [34]
Novosibirsk 83,1B.0./e. L
42,86+3,45 - 4,99+0,41 [38]

BbnaroseLeHck 50,3c.w./n. L 18,00-45,00 512,60+24,50 6,50+0,34 [35]
Blagoveshchensk 12758.0./e. L.
t0xHas OceTua 422 c.w./n. L 20,00-65,00 346,06+12,65 - [27]
South Ossetia Lh0B.p. /e L
YeboKcapbl 56,1Tc.w. /n. L 32,00-66,00 - 5,00+0,50 [37]
Cheboksary 47,28.10./¢e.l
fAMano-He- KOpeHHoe 66,1c.w./n. L 38,06+2,92 - 6,32+0,52 [38]
HeLkuit A0 HacesieHue 7698.0./¢e. L.
Yamalo- the indigenous
Nenets AQ population

HEKOpeHHoe 43,79+2,68 - 5,81+0,46

HaceneHue

non-indigenous

population

(KopeHHoe Hacenenne — 6,32+0,52, p <0,001, HeKopeH-
Hoe HaceneHue — 5,81+0,46, p <0,001) [38], HoBocnbup-
cKa (4,99+0,41, p <0,001) [38], bnaroBeLueHcKa (6,50+0,34,
p <0,001) [35].

OBCYXOEHUE

OTMeueHHble B JaHHOM MCCNeA0BaHWUM NPOSIBNIEHMS TeH-
AEHUMM K (hOpPMUPOBAHMIO TMNEPKOPTU30NEMUM Y KUTENel-
ceBepsH bbinu TakXKe 0TMeueHbl U paHee B psAfe Apyrux pa-
6ot [39-41], npu 3TOM B HEKOTOPbIX UCCNEA0BAHUAX AaXe
YKa3blBaeTCs Ha 0c0bbIM CHOPMMPOBAHHBINA «OTHOCUTENBHBIN

DOl https://doiorg/10.17816/humeco630233

TMNepKoOpTULM3M» Y uTenen CeBepHbix Tepputopuid [42].
MposenénHbin B 90-x rr. XX cTONETUS aHanm3 ropMoHabHo-
ro cratyca xureneit MarafaHa nokasaf, YTo cpefHue KoH-
LLeHTPaLMM YPOBHSA KOPTMU30/1a B KPOBU Y MYXKUWH CPeLHEro
Bo3pacTa cocTaBunn 545,7+32,0 HMosb/n [41], uTO 3HaUMMO
BbiLwe (p <0,001) pe3ynbTatos, Nony4eHHbIX B AAHHOM UcCIie-
[L0BaHuU. YcuneHue akckpeummn ropMoHoB [TH ocu y yenose-
Ka Ha CeBepe, N0-BUAMMOMY, SBNISIETCS HEOTLEMIIEMBIM 3Be-
HOM, peanu3ylLmMMcs NOCPeACTBOM BIUAHUS LIEHTPabHOM
HepBHoOIA cMcTEMBI HA MeTabosiyecKme npoLecckl Npu aparn-
TauuW K CeBEpHbIM YCIIOBUSM, YTO, B CBOK 04epefp, Ha-
npaBieHO Ha NoAJEpIKaHWe NoKa3aTeNell 0CHOBHOro 06MeHa
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ANs KoMNeHcauum xononosoro daktopa [40], o 4éM cuae-
TeNbCTBYIOT W BbICOKWE 3HAYEHMs MOKasaTeeil 0CHOBHOIO
obMeHa, 0TMeYeHHble B HAlMX Npeablaywmx pabotax [43].
HecmoTps Ha 6Gonblioi 06bEM [aHHBIX O MEPMUCCUBHBIX
M CynpeccuBHbIX QYHKUMAX THOKOKOPTUKOMAOB, B HACTOS-
Liee BpeMs NpuAaETca ocoboe 3HaueHWe ponu KopTusona
B COXPaHEHUM 3HEPreTMYECKMX PecypcoB M obecneyeHuw
afleKBaTHbIX JONTOCPOYHbIX peakuui [2]. Takum obpasom,
rMNeprpoayKumMs KopTU3o/a paccMaTpuBaeTCs HOpMaJlbHOI
peakumeii Ha OCTpbIM cTpeccop, HeobxoaMMoi ana noaaep-
¥aHusa QYHKUMIA BbIKWBaHMS, NPUBOLALLEN K MOBLILLEHWIO
apTepuanbHOro AaB/EHMs, YPOBHS MTIOK03bI, OJHOBPEMEHHO
COXpaHss 3HEprui 3a CYET MOAABNIEHUS PEMPOAYKTUBHBIX,
MMMYHHBIX 1 NULLEBapUTENbHBIX BYHKUMIA [2], KoMneHcupys
B/IMSIHME XOMI0A0BOr0 (hakTopa Ha OpraHu3M YenoBeKa [44].

BnepBble Ha TeppuTopun MarapaHckoi obnactu bbinu
npoBeAeHbl UCCNef0BaHNsA MO OLEHKE YPOBHA COLEpMaHus
KOPTM30J1a B CIIIOHE Y MY}KUMH KaK NPeAMKTOpa HanpsixeHus
(YHKUMOHAMbHBIX PE3epBOB, @ TaKXKE OLEHEHA ero CyTOYHas
BuoputMonorus, uto Heobxogumo NS nonydeHns uHGop-
Mauun o aucbanaHce XpoHOBMONOrMYECKUX PUTMOB M3-3a
0cobeHHO CBETOMEPUOLMKM Hallero pervoHa. [poBenéH-
HOE UCCNe0BaHWE TaKKe NO3BOSIUIO BbISBUTL ONTUMASIbHbIE
3HauyeHus ypoeHs [I3A-C B KpoBu XuTenen-ceBepsH, Co-
OTBETCTBYHOLLME BEPXHEMY NOpOry pedepeHCHbIX 3HAYEHNH.

B paHee npoBefEHHbIX MCCnefoBaHUAX YKasblBaeT-
CA Ha TO, 4TO Yy MyXuuH B Bo3spacte 25-30 nieT ypoBeHb
II3A-C B KpoBW [OCTMraeT CBOEr0 MaKCMMyMa M COCTaB-
nget 6—8 MKMonb/n, B AanbHellweM MpoayKuus cTepo-
noa nagaet, K 80 romaM copepxaHue CbIBOPOTOYHOMO
[I3A-C He npesbiwaet 1,0-1,5 Mkmonb/n [18], uTo He cooT-
BETCTBYET HaLLMM pe3yNbTaTaM, B KOTOPbIX CPEHAS KOHLIEH-
Tpauus [3A-C B rpynne MyuuH 2-ro cpefHero Bo3pacTHo-
ro nepuoaa (cpeaHuii Bospact — 43,2+0,8 roga) coctaBuna
9,8 MKMOMb/N, YTO 3HAYMTENIbHO BbILLE YKA3aHHbIX BO3-
PaCTHbIX BEMYMH. YuuTbiBas GQYHKLMOHAN AaHHOMO ropMo-
Ha, MOXHO NPeAnoNIOXUTb O KOMMEHCATOPHOM MOBbILLIEHUN
ypoBHs [IIJA-C B KpoBY Yy uTenei-ceBepsH ANA HUBEM-
POBaHUs HEraTUBHLIX MOCNEACTBUIA BbISIBNEHHBIX BbICOKMX
3HaYeHuii KopTM3oa.

CpasHuTenbHbli aHanus yposHsa [IA-C Mexay npea-
CTaBUTENAMW PasfiUyHbIX PErMOHOB Hallei CTpaHbl M03BO-
TN OTMETUTb HaNMuKe PermoHasibHbIX 0COBEHHOCTEN YPOBHS
[II3A-C y xutenen MaragaHa, KoTopble 3aK/I04alOTCA B €ro
3HauuMo 6onee BbICOKWX KOHLEHTPaLMSAX OTHOCUTENBHO CO-
OTBETCTBYIOLLMX MpeAcTaBuTeNel HaceneHus LieHTpanbHoil
yactu Poccum, 3anagHoin u BoctouHon Cubupu, EBponen-
ckoro Cesepa.

Takum 0bpasoM, nonyyeHHble B AaHHOM MCCNeS0BaHWM
pe3yfbTaTbl CBUAETENLCTBYIOT O TOM, YTO CPefHUE KOHLIEH-
TpauMn CbIBOPOTOYHOTO KOPTWU30a Y HaceNeHus pasnuy-
HbIX PErMOHOB HalLel CTpaHbl COMOCTaBUMBIX BO3PACTHbIX
rpynn OTpa)kaloT 3HauMTeSNbHY0 BapuaTUBHOCTb [AHHOMO
napaMeTpa Y MyX4WH C TeHAeHumeil HopMMpOBaHWSA -
NepKOPTU30/1IEMUM Y NPeACTaBUTENE CEBEPHBIX PETMOHOB,
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uTo HabmogaeTcs Ha GoHe 3HauUMMo bonee BbICOKWUX CPeAHUX
BeNMYMH KoHueHTpaumn [M3A-C y xwutenen MaragaHckon
obnactu.

OrpaHu4eHus uccnepoBaHus

[laHHoe uccrnepoBaHne UMeeT HEKOTOpble OrpaHUYeHus,
OCHOBHbIM SIBAISIETCA YyacTUe B MUCCNELOBaHWM UL ANLL
MYKCKOrO MoNia, a TaKke OTCYTCTBUE U3MEpeHMsl KOHLIeH-
tpaummn [IF3A-C B cnioHe. TakKe npUMeHeHMe HaLMX pe-
3yNbTaToB MOXET ObITb OrpaHNYeHo TONIbKO eBPONeonaHON
3THUYECKOW NPUHAAIEKHOCTBH.

3AKJIO4YEHUE

MonyyeHHble [aHHbIE NMO3BONMIWU BbISIBUTb PErMOHANb-
Hble 0C06eHHOCTU B PyHKLMOHanNbHOM aktuBHocTv [TH ocwy,
KOTOPbIE BbIPAXAKTCA TeHAEHUMEN OPMUPOBAHMA TUNep-
KOpPTM30/1eMUM B BbIOOPKE MYXUMH-CEBEPSH, BbICOKMMMU Be-
nnymHamu OF3A-C u cootHowenuns O3A-C/koptuson, cau-
LEeTeNbCTBYIOLLEr0 0 COXPaHEHUM afaNnTaLMOHHBIX pe3epBOB
opraHu3Ma. Bnepsble Ha Tepputopun MaragaHckon obnactu
Obin U3yyeH YpoBEHb KOPTU30NA B CIIIOHE MYMUMH-CEBEPSH
B YTPEHHEE U BEYepHee BPeMS, CPeiHUe BENUYMHBI KOTOPO-
ro MpeBbILLIAOT YCTAHOBEHHbIE Npefenbl C 04HOBPEMEHHbBIM
COXpaHeHUeM XpoHobuonornyeckux putMoB. Cnepyet oTMe-
TUTb, YTO BbISIBEHHbIW OTHOCUTENbHBIA MMEPKOPTU3LIM3M
COBMafaeT C paHee NONy4YeHHbIMU pe3ysibTaTaMu Mccnepo-
BaHWUW Y KUTeNel CeBEepHbIX PerMoHoB. Beicokue 3HaueHus
CPeOHMUX BEJIMYMH KOPTW30/1a, MO HALLEeMy MHEHMIO, MOXHO
paccMaTpuBaTh B KauecTBe afanTuBHbIXx nepectpoek [TH
0CH, NPOSBNAIOLLNXCA B KAYeCTBE PErvOHaNbHOW HOPMb
peakumn hYHKLIMOHANBHOO COCTOAHWSA IHAOKPUHHOM CUCTe-
Mbl Npu NpoxuBaHuu B ycnosusx Cesepa. [eiicTButenbHo,
B MpoLecce ajantauuu K XPOHUYECKU LEeNCTBYIOLUM BO3-
MyLlalowmm daxtopam CeBepa, Hapsay ¢ Katabonmueckumm
peakuMsMu 3a CYET rMNEepnpofyKUMW KOpTM30J1a, WHTEH-
CMBHOCTb KOTOPbIX NpW LJIMTENbHBIX NepuoAax afantauum
BO3pacTaeT, NPOMUCXOAMT BKJIIIOYEHWE MOLLHBIX BOCCTaHO-
BUTEJIbHBIX aHabOMMYECKUX MPOLIECCOB, B KOTOPLIX POfib
[I3A-C B nonynsiumMm Myx4MH-CeBepsiH BO3pacTaeT, 0 YeM
CBUAETENbCTBYET CHUKEHWE YPOBHA rOpPMOHa CTpecca Kop-
TM30N1a OTHOCKTENbHO 6oNee paHHUX UCCef0BaHWiA, NPOBe-
LEHHbIX Ha TeppuTopMn MaragaHa.

AOMO/THUTE/IbHAAA UHOOPMALIUA

Bknap aetopoB. [1.B. ABepbsHoBa — pa3spaboTka KoHUenumu
W OM3aiHa WCCNefoBaHWsA, aHanu3 W WHTepnpeTauus AaHHbIX,
0630p NMTEpaTypHbIX UCTOYHMKOB, HaMMCaHVe TeKCTa U pefaKTu-
poBaHue ctatby; 0.0. AnélimHa — nonyyeHue, aHanu3 u uHTep-
npeTaums AaHHbIX, COOp W aHanu3 NMUTepaTypHbIX UCTOYHWKOB, Ha-
nvcaHve TeKcTa. Bce aBTopbl MOLATBEPXAAIOT COOTBETCTBME CBOETO
aBTOPCTBa MeXayHapoaHbIM KpuTepusm ICMJE (Bce aBTopbl BHECM
CyLLeCTBEHHbIM BKNaf B pa3paboTKy KOHLENUMW, NpoBefeHue mc-
CNe10BaHWsA U NOATOTOBKY CTaTbW, MPOYAM U 0[06pUAM QUHAMBHYIO
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Bepcuvio nepef nybnmKaLmen).

UcTounuk duHaHcupoBanusa. PaboTa BbinonHeHa 3a CYET bop-
eTHoro duHaHcvposatms HUL «Apkvka» [IBO PAH B pamkax
TeMbl «/3yyeHrne MeXCUCTEMHBIX U BHYTPUCUCTEMHBIX MEXaHU3MOB
peaKLui B GOPMUPOBaHNM (YHKLMOHAMbHBIX aAaNTVBHBIX Pe3epBOB
OpraHu13ma YenoBeKa «CeBEPHOr0 TMa» Ha Pa3HblX Tanax OHTore-
He3a JnL, NMPOXMBAIOLLWX B AMCKOMMOPTHBIX 1 IKCTPEMATTbHBIX YC-
NOBUAX C ONPEENEHNEM MHTErpParbHbIX MHHOPMATUBHBIX MHOEKCOB
300poBbsA» (per. Homep AAAA-A21-121010690002-2).

KoHdnukT nHTepecoB. ABTOpbI AEKNApWpPYIOT OTCYTCTBME ABHBIX
W NOTEHUMaNbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C NybnvKa-
LMen HacToALLEN CTaTby.

WndopMupoBanHoe cornacume Ha yyacTue B Mcciief0BaHUM.
Bce y4acTHWKM 10 BKIOYEHWSA B UCCEA0BaHMe [0OPOBONLHO NOA-
nucanu Gopmy MHHOPMMPOBAHHOIO COrNACKS, YTBEPKAEHHYHO B CO-
CTaBe NPOTOKO/1A UCCNELOBAHNA 3TUYECKMM KOMUTETOM.
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eTCA KaK (YHKUMOHANbHbIA CUMNATONM3NUC. 3T0 0OBACHAETCA pasfiMyHbIMK MexaHu3Mamu. Ho HeT pabot, KoTopble bbl Ko-
JMYECTBEHHO OnUCbIBany hapMaKoKUHETUKY M hapMaKoaMHAMUKY OeWCTBUS anuHedpuHa Ha a-afpeHopeLienTopbl apTepui
Mpy1 CUMNAToNM3nce 40 X0JI040BOM afanTauumn U Ha eé (oHe.

Lenb pab6otbl. M3yuntb BnnsHue 30-cyToYHOM XONOAOBONM ajanTauMu Ha afpeHOPeaKTUBHOCTb apTepualbHbIX COCYLOB
MBbILLLL K 3MMHedpUHY NpY GYHKLUMOHANBHOM CUMNATONM3MCE.

Matepuan u Metoabl. JKCnepUMeHTHI ObiM NpoBELEHbI B YETLIPEX pynnax KPosuKoB. [epBas rpynna — KOHTPOJbHas
(n=20), BTOpas — Ha oHe cuMnaTonmusuca (n=15) c MoLENMPOBAHNEM MBILLEYHOTO COKPALLEHUS INEKTPOCTUMYNALMEN, Tpe-
Tbs (n=15) — nocne 30 gHeit xononoBoi apganTaumm, YetépTas (n=15) — ¢ MOAENMPOBAHUEM MbILIEYHOO COKpaLLEeHUs
aneKTpocTUMynaumen (cumnaronmauc) nocne 30 cyToK xonofoBoi agantaumy. MoaenvpoBaHue afanTaumm K HU3KUM TeM-
nepaTypam npoBOAMAM NPU eXxeaHEBHOM oxniaxaeHun no 6 4 npu Temneparype —10 °C. OnbiTbl NpoBeAeHbl N0 0AHOTUMHOM
METOLMKE, TLe Y BCEX KPOJMKOB Yepe3 OefipeHHylo apTepuio Mocfie nepeBs3KM BCEX aHaCTOMO30B HAacOCOM MOCTOSHHOMO
pacxofa nephy3upoBany KPOBbIO MbILLLIbI KOHEYHOCTU M MO peaKLmn «A03a—3PHeKT» aHanM3MpoBani aapeHopeakTUBHOCTb
B ABOMHbIX 00paTHbIX KoopauHaTtax Lineweaver—Burk. 310 nossonmio onpeaenvtb MakcUMarbHYl NPECCOpHYH peakumio,
KOTOpas XapaKTepu3yeT KOMMYeCTBO aKTMBHbIX aapeHopeuenTtopoB (Pm) u uysctButenbHocTb (1/K) appeHopeuentopoB
K anuHepuHy.

Pesynbtartbl. [loKa3aHo, YTO CMMNATOAM3UC QYHKLUMOHWPYET y afanTMpOBaHHbIX K XONOAY KPOJIMKOB, KaK W Y KPOJIMKOB KOH-
TPOJIbHOM rPYNbl, HO B MEHbLUWX pa3Mepax. CUMNaToNM3nC yMeHbLLAN COKpaLLEHWe apTepuii Ha IMMHEPUH UCKITIOUUTESTBHO
33 CYET MEXaHM3MOB CHUMXEHMS YyBCTBUTENBHOCTW afipeHopeLenTopoB B 24,49 pa3a ¢ 1/Km=1,2+6,7 1/(MKr/Kr) B KoHTpone
£0 1/Km=0,049+0,0016 1/(mkr/kr) npu cumnatonusuce (p <0,05). KonnyecTBo aKTUBHBIX aApeHOPELLENTOPOB NPpM 3TOM AOCTO-
BEPHO He u3MeHunocb (Pm=222,0+6,7 B KoHTpone, Pm=222,0+7,5 npu cumnatonusuce). CUMNaTonmMsnc Kak npoLecc pacium-
peHWsl apTepuiA CTal MeHbLLE Y KPOJIMKOB MOC/e X0I040BOM afanTauum B pesynbTaTe YBeIMYEHNS KOIMUECTBA NPECCOPHBIX
afipeHopeL,enTopoB npu xonoge Ao Pm=312,5+11,0 MM pr. cT. ¢ Pm=222,0+7,5 MM pT. CT. Npu cumnatonmauce 6e3 xonona
(p <0,05). YyscTBUTENBHOCTb aApeHOpeLIENTOpPOB K 3nuHedpuHy (1/Km) npu cumnatonusuce fo v Ha QoHe xonofa LoOCTO-
BepHo (p >0,05) He u3MeHmnace.

3akntouenue. Cumnatonusnc Ha GoHe X0/0Aa COXpaHSETCS, HO MEHbLLIE, YeM B KOHTPOJIbHOI rpynne. 3nuHedpuH Kak rop-
MOH CTpecca Yy afanTUpOBaHHbIX K X004y KPOJMKOB MPW CMMMAToNM3MCe Bbi3blBaeT boMbluee COKpaLLeHWe apTepui, Yem
be3 xonofa, 4To CNOCOBCTBYET COXpaHEHWIO TeN/a B OpraHU3Me Mpy CUIIBHOM X004 KaK UCTOYHMKE CTpecca W ynydiiaeT
BbIXKMBaHMe.

KnioueBble cnoBa: KpONWKW; XONOAOBAs ajanTauus; CUMMATONM3NMC; 3NEKTPOCTUMYNALUMS MbILL; 3NUHEDPUH;
aJ\peHopeLenTopbl apTepuil.
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Impact of cold adaptation on reactivity of muscular
arteries to epinephrine in functional sympatholysis
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ABSTRACT

BACKGROUND: Functional sympatholysis is determined as a tenfold increase in blood flow in the muscular arteries following
the muscle contraction. This is explained by various mechanisms. However, there are no works on quantitative analysis of the
pharmacokinetics and pharmacodynamics of the epinephrine effects on the arterial a-adrenergic receptors in sympatholysis
before and during the cold adaptation.

AIM: To study the effect of the 30-day cold adaptation on the adrenal reactivity of muscular arterial vessels to epinephrine in
the functional sympatholysis.

MATERIAL AND METHODS: The experiments used four groups of rabbits. First group: control (n=20); second group (n=15):
modelling of the muscle contraction by electrical stimulation in the sympatholysis; third group (n=15): after 30-day cold
adaptation; and fourth group (n=15): modelling of the muscle contraction by electrical stimulation after 30-day cold adaptation.
Adaptation to low temperatures was modeled at the daily 6-hour cooling at 10°C. A unique technique was used: blood was
perfused into the limb muscles of all the rabbits via the femoral artery, after ligation of all anastomoses, using a constant flow
pump. The adrenal reactivity was analyzed using the “dose-effect” response in double-reversed Lineweaver—Burk plot. This
approach allowed determining the maximum pressor (Pm) response, which characterizes the number of active adrenergic
receptors and the sensitivity (1/K) of the adrenergic receptors to epinephrine.

RESULTS: The sympatholysis was proved to be present in both the cold-adapted and control rabbits, but to a lesser extent.
Sympatholysis reduced the contraction of arteries in response to epinephrine solely due to the mechanisms of the 24.49-fold
reduced sensitivity of adrenergic receptors from 1/Km=1.2+6.7 1/ug.kg in the control group to 1/Km = 0.049+0.0016 1/ug.kg
in the sympatholysis group (p <0.05). The number of active adrenergic receptors did not significantly change (Pm=222.0+6.7
in the control group, Pm=222.0+7.5 in the sympatholysis group). As a process of arterial dilatation, sympatholysis reduced in
the rabbits after the cold adaptation due to the increased number of the pressor adrenergic receptors in the cold conditions
to Pm=312.5+11.0 mm Hg from Pm=222.0+7.5 mm Hg in the no-cold sympatholysis (p <0.05). The sensitivity of adrenergic
receptors to epinephrine (1/Km) in the no-cold sympatholysis and in the cold conditions did not significantly change (p >0.05).
CONCLUSION: Sympatholysis persists in the cold conditions but to a lesser extent than in the control group. As a stress
hormone, epinephrine causes a greater contraction of arteries in the cold-adapted rabbits in sympatholysis than in no-cold
conditions, which helps conserving heat in the body in such source of stress as the arctic cold, and improves survival.

Keywords: rabbits; cold adaptation; sympatholysis; electrical stimulation of muscles; epinephrine; arterial adrenergic
receptors.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

N3yyenne MexaHU3MOB afanTaLum opraHu3Ma K Xonody
ABnAeTcA GyHAaMeHTanbHoW 3afaveit Haykm [1]. BobxuBae-
MOCTb OpraHuM3Ma npu ajantauuu K xonofy onpefensercs
MexaHU3MaMW perynsumy cepaeqHo-cocyUCTON CUCTEMBI,
0C0OEHHO €€ CMMMaTUYECKUM OTLENOM, W HeipoMeauaTo-
pamn HopanuHedpuHoM 1 anuHedpuHoM [2, 3]. InuHedpuH
YCWUNMBAET TepMoreHes [4] B opraHu3Me, CyXKMBaeT COCyAbl
KOV W MbILLIL, YMeHbLUAEeT TeMI00TAa4Y 1 crnocobcTByeT Bbl-
¥UBaHWIO npu xonoge. B pabotatolmx Mblwuax anuHedpuH
3HauMTeNbHO YMEHbLUAET CBOE MPEcCOpPHOe [eMcTBUE, Me-
XaHW3M KOTOpOro Mano M3y4YeH M HasblBaeTCs CUMNATomM-
3MCOM, MM paboyen MblweyHoi runepemueit [5]. Usyuenune
MpOLeCcoB afanTauuu K Xomofy NoKasano, 4to Haubonee
MSI0X0 MEPEHOCATCA YeSI0BEKOM MepUOAbl He3aBEPLUEHHOM
aflanTaumuu, Kotopble LIATCA 0T 0AgHoro AHA Ao 15-20 nHen
pencteus xonoga, nocne 21-30 pHeW HacTynaeT nosHas
apjanTtaums K xonogy [6]. MpobneMbl coxpaHeHWs 340p0BbA
YesIOBEKa B YC/I0BUSX XOJIO[HOIO KNMMaTa B 3HAYMTENbHON
Mepe onpefensioTcs 0cobeHHOCTAMM NpUpOAHbIX 30H Poc-
cuu, rae okono 65—70% TeppuTOpUMIA NeXaT B 30HE BEYHOI
Mep3/10Thl W FAe COCPeAOTOHEHBI 3anackl NONe3HbIX UCKO-
naemix [7].

B pabote J1.H. Macnosa u E.A. Bbluyanunon [3] no-
KasaHo, YT 3NMHepPUH WUrpaeT BaXHYI pofib B afanTaumu
K X010y, OH YCUNIMBAET KaNlopureHHbIN aQdeKT B bypoi u-
POBOM TKaHM, B cKeneTHbIX Mblwuax. K.R. Kelly u coasr. [8]
MOKa3asu, YTo Y 340pPOBbIX MYXUWH [0 M NOCIIe ABYXPa30BbIX
apKTUYecKux norpyxeHun (npu Temnepatype 3,3 °C) Tem-
nepaTtypa Tena COXpaHAnach, YpoBEHb 3NUHepUHA U Hop-
3NWHeppUHA 3HAUMTENIbHO MOBLILLIANCS KaK BO BPEMEHM, TaK
W B TeyeHue JHA onbiTa. Wccnepoanue Z. Sun u R. Cade
[9] Aokasano, 4To cMMNaToaapeHanoBas CUCTEMa aKTUBMPY-
€TCA MPU XPOHWYECKOM XONI0[0BOM BO3[ENCTBUW, YPOBEHDb
3nuHedpUHa 3HAYNTESTBHO NOBBILLEH Y KPbIC, MOABEPILUMXCS
BO3JENCTBUI X0N0Aa. XpOHUYECKOe BO3AEWCTBME XOMofa
BbI3bIBAJIO FMNEPTOHMIO Y CODaK, KPONIMKOB, OBEL, M MOMOALIX
6b1ukoB [10]. MNoBbiLEHHOE apTepuanbHoe AaBeHKe Y Kpbic
nocne CeMWU Hefenb BO3LEWCTBUA X0N0[a He BEPHYNOCH
K MpeXHeMy YPOBHIO, Jaxe nocne YeThipeX Hedenb npe-
KpaLueHus ero geiictaus. A.B. Hansen u coasr. [11] npuwnu
K BbIBOZY, 4TO 0-afipEHEPrMYECKUE PELLeNTOPbI SBNIAKOTCS OC-
HOBHbIM, HO HE UCKJTOUUTENbHBIM MEXAHU3MOM, C NMOMOLLbI
KOTOpOro CMMMNaTuyeckasi Ba3OKOHCTPUKLUMA OrpaHUyMBaeT
KPOBOTOK Y JI0Jeli BO BPeMS (DM3NUECKUX YMPaXHEHUN.

Wccneposanue J. van der Horst u coast. [12] nokasa-
N0, YTO CyeHWe cerMeHToB befipeHHOI apTepuu nop Lew-
CTBMEM aroHUCTa 0;-aJ|peHOpeLienTopoB METOKCAMIUHA BbINo
0cnabneHo y TPEHUPOBAHHBIX MbILLEN MO CPABHEHUIO C He-
TPEHUPOBAHHLIMY, YTO FOBOPUT 06 OMpeAenEHHON UHepLMK
COXpaHeHMst CMMNaToNIN3KCa nocne GU3NYeCKo HarpysKy.

Pabota B. Saltin u S.P. Mortensen [13] nokasana,
YTO OrpaHW4eHWe NPUTOKA KPOBM K HEaKTUBHbIM TKa-
HAIM HanpaBnsieT KPOBOTOK K obnactaM ¢ Gonee BbICOKOM
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JKoNorna HenoBeka

MeTabonnyeckoit notpebHocTbio. Bo BpeMsi MakcuManbHou
(M3NYECKOI TPEHUPOBKM MPUTOK KPOBU K paboTaoimm
MbILLLLaM MOXeET yBennumTbes B 50 pas, ¢ 2-4 Ma Ha 100 1
MbILLILbI B MMHYTY B nokoe noyTth fo 100 Ma Ha 100 r Mbiwubl
B MUHYTY BO BpeMS TPEHWUPOBKY [14].

Cocynopaclumpsiolume peakuum npu cMMNaToNU3uUce
onocpefoBaHbl MHOMMMK (aKTopaMmu, BKIIOYas MeTabonu-
Tbl, OKCUZ, a30Ta, npocTarnaHauHbl, AT, uoHbl Boaopoaa
u opyrue [15]. Ho dmsnonornyeckme MexaHuaMbl perynsumm
Mo3BOASIOT COXPaHATb afleKBaTHOE apTepuanbHoe faBfieHune
npu cumnatonmsuce [16—18].

CrnepnyeT oTMeTuTb, YTO HeT paboT, KoTopble Bbl Konuye-
CTBEHHO OMUCbIBANIM U3MEHEHUE PEAKTUBHOCTU O-aJjpeHo-
PELenTopoB apTepuil Npu CUMMATONU3UCE HA 3NUHEdpPUH
W NpY aHanu3e M3MEHEHWUI YyBCTBUTENBHOCTM afpeHope-
LenTopoB M UX KonuuecTsa. BobisBneHo, yuto BooOLie HeT
HY 0ZJHOM NY6IMKALIMM O PeaKTMBHOCTM O-aPEHOPELLENTOPOB
apTepuii MblLL, K 3nHedPUHY Npn GYHKLUMOHANBHOM CUMNa-
TONM3KCE MOCAe X0N0A0BOM ajanTaumm, YeMy U NocBsLLEHa
Hawa pabora.

Llenb uccnepoBanmua. Msyuntb BamsHme 30-cyToyHoM
X0/10[J0BOW afianTalymM Ha afpeHOpPeaKTUBHOCTL apTepualib-
HbIX COCYAO0B MbILUL, K 3NUHEPPUHY NpU YHKUMOHANBHOM
CUMNAToNM3MCE.

MATEPUANT U METObI

JKcnepuMeHTHI MPOBOAMAM Ha KponuKkax (2,5-3,5 kr)
nop, HapKo3oM (rekceHan B/B 30 Mr/Kr) Npu BHYTPUBEHHOM
BeefeHuu renapunHa (1000 ep./kr). Chopmuposanu 4 rpyn-
nbl KposnKoB: nepeast (N1) — KoHTponbHasn (20 KponuKoB),
BTopast (N2) — Ha oHe cuMnaTonmsmnca ¢ MoLeNMpoBaHNEM
MbILIEYHOrO COKpALUEeHMs aneKTpoctumynsumeit (15 Kponu-
KoB), Tpetbs (N3) — nocne 30 AHeln xonofL0BOI afanTaumuu
(15 kponuko), YetBepTast (N4) — ¢ MOLENMPOBAHUEM Mbl-
LIEYHOr0 COKpALLEHMs 3NEKTPOCTUMYNALMeN (cuMnaTonm-
3uc) nocne 30 cyToKk xon040BOM aganTaumm (15 Kponmkos).
MogenupoBaHue aganTaumu K HU3KWM TeMnepatypaMm npo-
BOAMIM NPU EXXELHEBHOM OXNAKLEHUM MO 6 Y Npu TeMne-
patype —10 °C [19, 20]. OnbiTbl NpoBOAUAN NO OAHOTUMHOM
MeTOAMKe: Y BCeX KPOJIMKOB Yepe3 beapeHHyto apTeputo [21],
nocne nepeBs3KM BCEX aHAaCTOMO30B HAacOCOM MOCTOSIHHO-
ro pacxoga nepgysvpoBany KpoBbi0 MbILLLbI KOHEYHOCTH.
lMocne BBeAeHUs BOCbMM BO3pacTaloWMX A03 3NMHEdpU-
Ha nepef nepQysvOHHbIM HAacocoM B beApeHHylo apTepuio
Mo M3MEHEHWI0 Nepdy3MOHHOTO AaBNEHNS METOLOM «[03a—
3¢ deKT» aHaM3MpoBa/M apPeHOPeaKTUBHOCTb B [BOMHbIX
0bpaTHbIX KoopauHaTax Lineweaver—Burk [19, 22]. 3To nos-
BOJIMNO OMpefenuTb MaKCUMarbHYK MPecCOpHY0 peakumio,
KOTOpasi XapaKTepu3yeT KOJMYECTBO aKTUBHbIX afpeHope-
uentopos (Pm) n uyscTeuTenbHOCTS (1/K) agpeHopeLenTopos
K anuHepuHy [22-25].

Beepnenue BocbMu ao03 (ot 0,5 Mkr oo 30,0 MKkr Ha 1 Kr
Macchl XXUBOTHOr0) 3nuHedpuHa B pycno nepdysupyemoii
HacoCOM apTepuM BbI3bIBa/I0 MOBLILIEHWE [ABNIEHUA 33 CHET
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aKTMBaLUMM a-af\peHOpeLenTopoB. YBenuyeHue AaBneHUs
B 6eApeHHO apTepuu perucTpupoBany AaTiMKOM [aBrie-
Hua pupMbl «MoTtopona» MPX5100DP u yepe3 aHanoroeo-
undpoBoii npeobpasosatesnb (Ha 6ase ADS1286) nocTosHHO
BBOJM/M W 3aMNKUCbIBaNM B KOMMbIOTEPHYH NporpamMMy b6asel
AaHHbIX. 0fHOBPEMEHHO MPOBOAMM aHANOroBY0 3anucb
nepdy3noHHOro AaBNieHMs Ha BbIXOZE Hacoca Ha camonu-
cey Line Recorder TZ4620. [[na MoaenvpoBaHus cuMna-
ToNM3uca (paboyas MblLEYHas rUNepemMus) Yepes Urosb-
yaTble 3MIEKTPOAbI COKPALLANM MbllLbl Nepdy3npyemoil
KOHeYHOCTM npu YactoTe 5 U, HanpskeHun 10 BonbT
(L=5 mc) [16].

3nuHedpuH BBOAUNM B BeAPEHHYI0 apTEPUI0 KOHEYHOCTH
nepeg HacocoM B cneaytowumx gosax: 0,5; 1,0; 2; 5; 10; 15;
20; 30 MKr Ha 1 Kr Beca *uBOTHOr0. [103bl Obin nogobpaHbl
3KCMEPUMEHTANIbHO TaK, YTODbI BbI3BaTb MPECCOPHYI0 peaK-
umtio ot 15 fo 80% oT MaKcMMarnbHOM, 4TO peKoMeHAyeTCs
B 3KCNepuMeHTanbHOM dusnonorum u dapMakonoruv [26].
MoBbiweHne Nepdy3nMOHHOTO [aBReHWA Noc/ie BBEAEHUS
3anuHedpuUHa OT UCXOAHOTO YPOBHSA OLEHUBANIN KaK peaKLui
MpeccopHbiX a-aapeHopeuentopoB [27, 28] apTtepuit. 310
M03BOJIUIO NO KPUBLIM «[,033—3(EKT» OLEHUTb B IMHAMU-
Ke BNWUSHWE CUMMATONM3KCA Ha afpeHOpeLIenTopbl apTepwuil
MpyW XONI0A0BON afanTaLuu.

Ina  um3yyenusa B3auMopeicTBua  anuHedpuHa
C 0-afpeHopeLenTopamMn WUCMoib30Banu nocTynatbl [22,
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25], uto BeiMuMHa 3deKTa NPONOPLMOHANbHA KONMYECTBY
KOMMIIEKCOB «peLenTop—MeanaTop» M 0fjHa MoJeKyna pe-
LienTopa CoeAMHSIETCS C 0[LHOM MOJIEKYJION aKTUBHOTO BeLLle-
cTBa. BenuunHa dapmakonornyeckoro addekTa npsMo npo-
nopuuoHanbHa KOHLEHTPALMUN KOMIMJIEKCOB «JIEKApCTBEHHOE
BeLLlecTBO—peLenTop». MakcuManbHblin 3ddeKT nponcxoaut
npu okkynauum 100% peuentopos [19, 22].

Ha puc. 1 npeacraBneH rpadmk B ABOMHBIX 06paTHBIX
KoopauHarax JlaitHnyBepa—bepka, rae no ocu abeumce fosa
anuHedpuHa B obpatHoi BenuumHe (1/D) — 1/(MKr/kr);
Mo 0cyu OpAMHAT — yBenuyeHne nepdysMoHHOro AaBeHUs
P (MM pt. cT1.) B 06paTHoit BennuuHe (1/P) Ha BBEAEHHbIE
8 po3 anuHedpuHa. Yepe3 8 aKcmepuMeHTaNbHbIX TOYEK
CpeSHUX BENMYMH MOBbLILLEHUS NephY3MOHHOr0 AaBieHUs
Mpu BOCbMK pasHblX [03aX 3NWHedpPUHA METOLOM Hau-
MEHbLUMX [BOMHBLIX KBaAPaTOB NpOBENM NpAMYI0, KOTOpas
3KCTPanonMpoBaHa M NpW NepeceyeHnn C 0Cbl0 OpAMHAT
oTceKaeT oTpe3oK 1/Pm, obpaTHas BenuuMHa KoTOpOro
MPOMNOPLMOHasbHA W XapaKTepu3yeT KOMYECTBO aKTUBHbIX
afipeHopeLenTopoB apTepuit. [lanbHeliwan akcTpanonauus
npaMoi «po3a—3ddekT» Ha ocb abcuucc oTceKaeT oT-
pe3ok 1/Km, KoTopblii xapaKTepu3yeT YyBCTBUTENILHOCTb
B3aMMOJENCTBUA 3NMHe(pUHA C afpeHopeLenTopaMu ap-
Tepwuit, obpaTHas BennuMHa Kotoporo (Km) ectb 403a, Bbl-
3biBatowan 50% 0T MaKCMManbHOro NMpeccopHoro OTBeTa
(1/2 ot Pm).

1/Pm

1/MmMm.pT.CT.
1/mmHg

Sympatolysis N2

(25 mmHg) 0.04 1/Pm=0,0045

L/Km= 0,049

Pm=222 mmHg

Km= 204 mkg/kg

Cold N4
Sympatolysis
Pm=312.5 mmHg
1/Pm= 0,0032

0.03

(50 mmHg) (.02

(100 mmHg) (.01

T | VKm= 0,05
Km= 20 mkg'kg

Control N1
Pm=222 mmHg
1/Pm=0,0045
1/Km=1.2
Km=0,833mkg/kg

/N1
Pm=222 mmHg O
o 0. o—N3| Cold N3
o Joza 1/MEKr KT Xoa01
- Epinephrine Dose 1/mkg kg Pm=294 mmHg

- [] [] [] [ (] [] [] . ]_.l'le= '].']']34

VK 0.1 0.05 0/~ \0. 04 05 [UKm-12

(30 mkg/kg) (20 mkg/kg) (15 mkg/kg) (10 mkg/kg) (5 mKg/kg) (2 mkg/Kg) Km=0,833 mkg/kg

Puc. 1. YBenuuenune nepdysnoHHoro faBneHus B 6egpeHHON apTepum B YeTbIPEX rpynnax KPoiMKoB Ha 8 403 annHedpuHa B KOHTPOBLHOM
rpynne xuBoTHbIX (N1), KponukoB npu cumnatoimsuce (N2), xuBoTHbIX nocne 30 aHeli xononoBoit agantauum (N3), XKMBOTHBLIX nocne
30 nHen xonopoBoi ajanTaumm npu cumnatonmauce (N4) B aBOVHBIX 00paTHbIX KoopauHaTtax JlanHuysepa—bepka. Ocb abcumce: po3a
anuHedpuHa B 0bpaTHOl BeinumHe 1/(MKI/Kr), ocb OpAMHAT: nepdy3voHHOe AaBreHVe B 0bpaTHOl BennunHe 1/(MM pr. cT.).

Fig. 1. Increase in perfusion pressure in the femoral artery in 4 groups of rabbits by 8 doses of epinephrine in the control group of
animals (N1), rabbits during sympatholysis (N2), animals after 30 days of cold adaptation (N3), animals after 30 days of cold adaptation
during sympatholysis (N4) in double inverse Lainiover-Burk coordinates. X-axis: epinephrine dose in reciprocal 1/(ug/kg). Y-axis: perfusion

pressure in reciprocal value 1/(mmHg).
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TakuM 06pa3oM, Mo BOCbMM IKCMEPUMEHTANbHBIM TOUKaM
«[03a-3deKT» (puc. 1) B ABOMHLIX 0OPATHLIX KOOPAMHA-
Tax JlaiHuysepa—bepka [19, 22, 23, 25] npu npoBeneHuUy
yepes HUX METOL,0M HaUMeHbLUMX [BOMHbIX KBALpaToB nps-
MOW 1 €€ 3KCTpanosIALMKU Ha 0Cb OpAMHAT 1 abcuuce Mbl no-
nyyaeM obpartHyto BennyuHy (1/Pm), npu KoTopon BenMuMHa
MaKCUManbHOro cokpatuenus aptepuii (100% Bo3bymaeHus
afipeHopeLienTopoB) paBHa Pm (B MM pT. cT.). Takxe nonyya-
€M BEeSIMYMHY YyBCTBUTENILHOCTM aAApEHOPEeLenTopoB K 3NK-
HedpuHy (1/Km), obpaTHas BenmumHa KoTopom (Km=MKrxKr)
paBHa [103e 3nuHedpuHa, BbisbiBatoLLei 50% oT MakcuManb-
HOro CoKpatueHus aptepun [11, 191.

PesynbTathl UccnefoBaHuiA cTaTUCTMYeCKU obpabaTbiBa-
71 ¢ noMoLLbo nporpamm Microsoft Excel 2016, Statistica 10.
[lns npoBepKuU HOPMaNbHOCTM pacrnpefeneHns AaHHbIX UC-
nonb3oBanu Kputepun LLanupo-Yunka u Konmoroposa-
CmupHoBa. [lonyyeHHble AaHHble NMpeAcTaBfeHbl B BUAE
CpeaHMX 3Ha4YeHWn c ownbKon cpeaHei (M+m). Mexrpyn-
MoBbIe Pa3NyMs OLEHWBaNM ¢ NoMoLublo t-Kputepus CTblo-
AEHTa W CUUTanM CTaTUCTUYECKM 3HauMMbIMK npu p <0,05.

PE3Y/IbTATbI

MpoBeséHHble nccnepoBaHus (tabn. 1) B rpynnax N1u N2
MOKa3asnu, 4To y KOHTPONbHbIX MBOTHbIX (N1) Bbn0 gocTo-
BepHo (p <0,01) HamMHoro 6onbLLee NOBLILLEHWE NePdY3UOH-
HOro AaBnieHus Ha Bce 8 403 anuHedprHa, 4eM Npu BBEAEHUM
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anuHedpuHa Ha (oHe 3NEKTPOCTUMYAALMM MbILL, (pUc. 2)
npu cumnatonusuce (N2). MpeccopHoe AeficTeue 3anuHed-
PVHa Ha apTepuM KOHEYHOCTU KPOJMKA MpW CUMMATO/U3U-
ce Haubonee BbipaXKeHO MPW HW3KMX [03aX 3NMHedpUHa,
MpU YBENIMYEHUM [103 Pa3NIMuMe YMEHbBLLANOCh.

Mpu pose BBoauMoro anuHedpuHa 0,5 MKI/Kr B nepoy-
3upyemylo 6eapeHHylo aptepuio (N1) B KoHTpone (puc. 2)
AaBnexue ysennuunock (cM. Tabn. 1) Ha 83,0+£2,1 MM pr. cT.
OT UCXOAHOr0 YpoBHSA, a Npu (N2) MbILLeYHOI rnepemMum —
TONbKO Ha 5,0£0,2 MM pT. CT. 3HauuT, BO BPEMSA CUMNATONN-
3uca (paboyeit MbILLEYHOI rMnepemMmuu) MPeccopHoe AeiCTBMe
anuHedpuHa yMeHbwmnocb B 17 pas (cM. puc. 2). Mpu pose
anuHedpuHa 1 MKr/kr B KoHTpone (N1) faBneHue Bo3pocno
(puc. 2) Ha 121,0£1,7 MM pT. CT., @ BO BPEMSA CUMNATO/IM3MCA
(N2) ysenuuunoch TonbKo Ha 10,50+0,24 MM pT. cT., TO €cTb
6bino B 12 pa3 MeHbLLe.

Mpu panbHeiieM yBenuueHWM A03bl 3NUHedpUHA
po 30 MKr/kr Habnoganach TaKas e 3aKOHOMEPHOCTb:
MpU CUMNATONU3NCE 3HAYNUTENBHO YMEHbLUANach Mpeccop-
Has peaKkuus apTepwid, YTO YBENMYMBANO KPOBOTOK B pa-
boTarowmx Mblwlax (cM. Tabn. 1). Mpu gose anuHedpuHa
30 MKr/Kr B KoHTponbHoii rpynne (N1) gaBneHve Bo3pocso
Ha 216,0+4,5 MM pT. CT., @ BO BpEMS MbILLEYHOW rMNepemMum
(N2) ysenmumnocb Ha 133,0+2,95 MM pr. cT. (p <0,01), To ecTb
bbino B 1,62 pasa MeHbLue (cM. puc. 2).

[lns ycTaHOBNEHUS MEXaHU3MOB 3TOr0 pasnnums [ei-
CTBMA 3NMHedpUHA Ha apTepun B KOHTpoNie M Ha QoHe

Ta6nuua 1. AkTMBHOCTb 0-aapeHopeLenTopoB (M+m, MM pT. CT.) apTepuii KOHEYHOCTU KPOJIMKa Ha 8 103 anuHedpUHa B YeTbIPEX Cepusx
onbIToB: B KoHTpose (N1) 20 kponukos, npu cumnatonmsuce (N2) 15 kponukos, nocne 30 aHeit xonogoBoii agantaumv (N3) 15 kponukos,
npu cuMnatonmusuce Ha goHe 30 aHelt xonoaoBoii agantauum (N4) 15 KponmkoB

Table 1. Activity of a1-adrenergic receptors (M+m, mmHg) of rabbit limb arteries to 8 doses of epinephrine in four series of experiments:
control (N1) 20 rabbits, sympatholysis (N2) 15 rabbits, 30-day cold adaptation (N3) 15 rabbits, with sympatholysis against the background

of 30 days of cold adaptation (N4) 15 rabbits

Dosa, Mkr/kr (Y)
Cepus Ipynna Dose (mcg/kg)
Series Group
0,5 (Y) 1,0 (Y) 2,0 (Y) 5,0 (Y) 10 (Y) 15 (Y) 20 (Y) 30 (Y)
N1 Kontponb (N1) 83,0+ 121,0+ 157,0+ 191,0+ 205,0+ 211,0+ 213,0+ 216,0+
Control (N1) 2,1 1,7 35 4,2 4,6 51 4,2 4,5
(M1£m1)
N2 Cumnatonus 5,0+ 10,5+ 20+ 44,0+ 74,0+ 95,0+ 110,5+ 133,0+
Sympatholysis 0,2* 0,24* 0,31* 1,12* 2,39* 2,9* 1,69* 2,95*
(M2+m2)
N3 Xonop, 30 nHeit 110,0+ 160,0+ 207+ 252,0+ 271,0+ 278,0+ 282,0+ 286,0+
Cold 30 days 2,1* 1,7 3,5* 4,2* 4,6* 51* 4,2* 4,5%
(M3+m3)
N4 Xonop 30 gHen 7,0+ 14,0+ 28+ 62,0+ 104,0+ 133,0+ 156,0+ 187,0+
Cold 30 days 0,19+ 0,3* 1,0%% 1,68*# 2,4# 3,63% 1,85*# 2,95*#

Mpu cumnatonuze
Sympatholysis
(M4+m4)

lMpumeyarue. * p <0,01 — n3MeHeHns foctosepHsbl K rpynne KoHTpons (N1), # p <0,01 — n3MeHeHMs JOCTOBEPHI K rpynne «xonof
30 gHeii» (N3); ° p <0,05 — n3MeHeHWs LOCTOBEPHbI K rpynne «cumnatonmancy (N2).
Note. * p <0.01 — changes are significant compared to Control (N1), * p <0.01 — changes are significant for Cold 30 days (N3),

% p <0.05 — changes are significant to Sympatholysis (N2).
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Puc. 2. YBenuuenne nepdy3noHHOro AaBneHns B beipeHHON apTepuu B YeTLIPEX rPynnax KPOIMKOB Ha 8 [03 anuHedpuHa B KOHTPOSb-
Hoii rpynne xmBoTHbIX (N1), KponukoB npu cumnatonusuce (N2), xmBoTHbIX nocne 30 AHeid xonofoBoit apanTaummn (N3), KMBOTHbIX
nocne 30 aHel xonopoBoi afanTauuv npu cumnaroimsuce (N4). Ocb abeumee: fo3a anuHedpuHa B MKT/Kr (Y); ocb OpAMHAT: yBENUYe-
HWe nepdy3nOHHOro faBneHus (MM pT. CT.). Bce pasnuuma BennumH onbiToB npu cumnatonusuce (N2) u kontpone (N1) moctoBepHbl (p
<0,01). Bce pa3nuumns BenMUMH ONbITOB NMpK cumnatonusuce Ha doHe 30 aHeli xonoaa (N4) n nocne 30 gHel xonoaa (N3) noctoBepHbl (p
<0,01). laHHble onbiToB npu cumnatonusuce Ha doHe 30 aHew xonoaa (N4) n cumnatonusuce (N2) goctoBepHbI Npy [03aX aNUHeppUHa
ot 2 MKr/kr fo 30 Mkr/kr (p <0,05).

Fig. 2. Increase in perfusion pressure in the femoral artery in 4 groups of rabbits by 8 doses of epinephrine in the control group of
animals (N1), rabbits during sympatholysis (N2), animals after 30 days of cold adaptation (N3), animals after 30 days of cold adaptation
during sympatholysis (N4). X-axis: epinephrine dose in mcg/kg (Y), Y-axis: increase in perfusion pressure (mmHg). All differences in
the experimental values during sympatholysis (N2) and control (N1) are significant (p <0.01). All differences in the magnitude of the
experiments during sympatholysis against the background of 30 days of cold (N4) and after 30 days of cold (N3) are significant (p <0.01).
Data from experiments with sympatholysis against the background of 30 days of cold (N4) and sympatholysis (N2) are reliable at doses

of epinephrine from 2 ug/kg to 30 pg/kg (p <0.05).

cumnatonmauca (cM. puc. 1) NpoBenU KUHETUYECKUI aHaN3
OENCTBUA 3nuHedpuHa B ABOWHLIX 00paTHBIX KOOpAMHATaX
JlaiinnyBepa—bepka.

MoctpoeHne rpaduKoB «03a—3QPeKT» B ABOWHbIX
obpatHbIX KoopauHaTax JlaiiHnyBepa—bepka B KoHTpone
Mo3BOSMIO MeTOAOM 3KcTpanonsium (cMm. puc. 1) onpe-
LENUTb MaKCMMalbHO BO3MOXHYI0 MPECCOPHYK Peakumio
apTepuit Ha 3nuHedpuH, rae Pm=222,0+6,7 MM pT. CT.
(1/Pm=0,0045 — obpaTHas BenMuMHa), KOTopas LOCTOBEp-
HO He oTinyanack ot Pm=222,0+7,5 MM pT. CT. Npu cumna-
Tonusmuce. Ha puc. 1 BMAHO, YTO CMMNATONU3UC NPUBOAUT
K yMeHblueHuto yyBcTBuTenbHocT (1/Km) appeHopeuen-
TOpOB apTepuit B 24,3 pasa ¢ 1/Km=1,2+0,04 B KoHTpone
Ao uyyBctBuTenbHOCTM 1/Km=0,049+0,0016 npu cumnato-
mm3uce. [laHHble OnbITbl MOKa3anW, YTO Ha BCe A03bl 3NU-
HedpuHa NpeccopHas peakums bespeHHON| apTepum KpOoJMKa
npu cumnatonusuce (N2) Meblue KoHTpons (N1) uckmoum-
TENbHO 3@ CYET YMeHbLUEeHUs vyBcTBUTENbHOCTH (1/Km), Tak
KaK KoNM4ecTBo aapeHopeuentopoB (Pm) He W3MeHUnoCh.
Mpuyéem atoT 3deKT bonee BbipaXKeH Ha HU3KME [,03bl 3NU-
HedpuHa, YeM Ha BbICOKME. 3TO MPUBOAMIO K YCUIIEHMIO
KpOBOTOKA B paboTaloLmx MbILILAX, N0 CPABHEHUIO C Hepa-
boTarowmmu.

Mocne xononoBoi agantaumu B TeueHre 30 aHew (rpynna
N3) npeccopHoe aeiicTBue 3nHedpUHa Ha apTepum Npu BCex

DOl https://doiorg/10.17816/humeco633895

[03ax 0bIno DofibLue (CM. puC. 2), YeM B KOHTPOJIbHOM rpynne
6e3 xonoga (N1). Mocne xonomoBoi aganTauun cCUMNAToNu-
31C NpW MbllLeYHol paboTe coxpanuncsa (N4), Ho bbin fo-
cToBepHO MeHbLue (p <0,05), ueM y xuBoTHbIX (N2) Ge3 xo-
noposon ajantaumu (cM. Tabn. 1) npu posax ot 2 MKr/Kr
no 30 MKr/kr; B fo3ax anuHedpuHa 0,5 MKI/Kr u 1 MKr/Kr
pasnnuua ObiM HeJoCTOBEPHDI (CM. puC. 2).

Mpu BBegeHum 0,5 MKT/Kr anuHedpuHa B nepdy3snpyemyio
benpeHHylo apTepuio Yy *uBOTHbIX nocne 30 aHen xonopa
(rpynna N3) naBnexue ysenunumnock Ha 110,0+2,1 MM pT. cT.
0T UCXOZAHOr0 YpoBHs, a nocne 30 aHen xonopa (rpynna Né&)
Ha doHe cumnaTonmauca — TonbKo Ha 7,0+0,19 MM prT. cT.
(p <0,05). 3HauuT, BO BpeMs CUMNaToAM3UCa MPECCOPHOE
neiictBue anuHedpuHa (Ha Ao3y 0,5 MKI/Kr) yMeHbLMNOCh
B 15,7 pasa.

Mpu nose anuHedpuHa 2 Mkr/kr (30 aHen xonopa) Aaene-
Hue Bo3pocno (rpynna N3) Ha 207,0+3,5 MM pT. cT., a BO Bpe-
Ma (rpynna N4) cumnatonmamca — Tonbko Ha 28,0+1,0 MM
pT. CT. (p <0,05), To ecTb 6bIN0 B 7,4 pa3a MeHbLLe. [pu yBe-
NMYeHUM [o3bl 3nuHedpuHa ¢ 5 MKr/kr go 30 MKr/Kr Takas
3aKOHOMEPHOCTb COXpaHsNack, JOCTOBEPHO NPW CUMNATOMU-
3uce (rpynna N4) cokpalleHue apTepui Y KpoSIMKOB 6binio
MeHbLue nocne 30 gHen apganTaumm K xonoay (rpynna N3).

Mpu po3e anuHedpuHa 30 Mkr/kr (30 gHel xonmopa)
nasneHve Bo3pocio (rpynna N3) Ha 286,0+4,5 MM pT. cT.,
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a Bo BpeMs (rpynna N4) cumnatonmusuca (30 gHel xomo-
Aa) — Ha 187,00+2,95 MM pr. cT., TO ecTb bbini0 B 1,53 pasa
MeHbLue (p <0,05).

AHanu3 npeccopHo/ peakuMn apTepun Ha 3NUHedPUH
Ha doHe 30 mHen ajanTauuu K Xonody Npy CUMNATonmM3nce
(rpynna N4) nokasan, yTo Mpu HU3KMX [03ax 3nuHedpuHa
CMMMATO/IU3NUC HAMHOMO CUIIbHEE YTHETas MPEeccopHylo pe-
aKLMI0 apTepui, YeM Mpu BbICOKWX Ao03ax. Ecim Ha HM3Kue
03bl 3MUHEdPUHA NPY CUMNATOU3NCE NPECCOPHAN peakLms
apTepui ctana B 15,7 pa3a MeHblUe, TO Ha BbICOKYK A03Y
(30 MKr/Kr) CMNaTONM3NC YMeHbLLIAN COKpaLLEHNe apTepuii
ToNbKO B 1,53 pasa (cM. Tabn. 1).

(®u3nonorMyecknii aHanu3 pesynbTaToB OMbITOB Mocne
XonoAa «A03a—3QdeKT» NpoBeNM B [ABOWHbIX 006paTHbIX
KoopauHatax JlaitHnyBepa—-bepka (cMm. puc. 1). Pesynb-
TaT nokasan, yro uyectBuTenbHocTh (1/Km=0,05+0,002)
npu cumnatonmsuce (N4) Ha doHe x0n0A0BOM afanTauuu
CHu3Mnacb B 24 pasa no cpaBHeHuto ¢ KoHTposieM (N1),
roe uysctButenbHoctb 1/Km=1,20+0,04. Konuyecteo e
aKTUBHBIX O-agpeHopeLenTopoB Ha doHe (rpynna N4) xo-
noga n cumnatonmsuca (Pm=312,0£11,0 mm prt. cT1.) mo-
CTOBEPHO HE OTAMYaNoCb OT KONMYECTBA peLenTopoB
(Pm=294,0+£9,0 MM pT. cT.) nocne (rpynna N3) xonoaoBoii
apanTauum (p >0,05).

lpoBeAéHHOE MccneaoBaHue y Kponuko (rpynna N3)
Ha ¢oHe 30-gHeBHOW X0NOA0BONM afanTaUMM PeaKTUBHO-
CTW apTepwii Ha BOCbMM BO3PacTaloLWMX 403aX 3nuHedpuHa
BrepBble NoKasano, yto cumnatonmauc (rpynna N4) po-
cToBepHo (p <0,05) 3HauMTENBHO YMEHbLIAET NPECCOpHOE
LeicTBUE Ha INUHePUH NpY BCex MccelyeMblX f03ax. 3To
NPMBOAMIO K YCUIEHWIO KPOBOTOKA B paboTaloLLmX MbILLLaX,
Mo CpaBHEHUIO C HepaboTatoLLMMK.

Ml cunTaeM, yto Ha 30-1 ieHb X0N0Aa TEMONPOAYKLMS
A0CTaTOYHa, 3NWMHedPUH BbIMOSHAET BYHKLMIO pe3epBHOrO,
CrMacaloLLero 0T NepeoxaXAeHns, ropMOHa CUMNATUYECKO
cucTeMmbl. Mpy CUNbHOM X0N0AEe OpraHU3M AOSIKEH COXPaHSATh
Tenno v bonblume [03bl INMHEepPUHA (YEM CUMbHEe Xonog,
TeM DObLLE KOHLEHTpaLms B KPOBM 3nuHedpUHa) COKpaLLa-
I0T apTepuM CUIbHEe, YEM HU3KME A03bl, YTO CMocobCTByeT
COXpaHeHMIo Tenna Tena.

OBCYXOEHWUE

[nuTenbHOCTb X0N0J0BOM ajanTaLum No3BONISET roBo-
puTb 0 cTabunusaumu paboTbl aganTaLUMOHHBIX QYHKLUMO-
HaNbHbIX CUCTEM opraHu3ma. Tak, B pabote C.I. Kpusowie-
KOBa U COaBT. [6] NOKa3aHO, YTO NOJSIHAA ajanTauma noaen
HacTynaeT yxe yepe3 21-30 gHeit fencteusa xonopa. B Ha-
Lwew paboTe KMBOTHbIE aaanTUpoBanmch K xonoay 30 AHeid,
YTO [JOCTAaTOMHO ANS MOJHOW apjantauuu. [pyrue aBTopbl
TaKKe yKa3blBaloT Ha 3HAYeHMe CPOKOB ajanTauun K Xo-
nogy [9, 10]. Mbl u3yyanu gencteme XonogoBoM agantaumm
Ha peaKTUBHOCTb apTepUi, HO OLIEHWBANM PeaKTUBHOCTb ap-
Tepuii [21, 28] K anuHedpuHy bonee feTanbHO, MCNONb3YA

T.31.Ne &4, 2024
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(apMaKoKVHeTMYeCKMe U hapMaKoaMHAMUYECKUE MeTofbl
aHanu3a, B YaCTHOCTM aHanu3 B ABOMHbIX 06paTHbIX Koopau-
Hatax JlaiiHnyBepa—bepka [25-27], yero He aenanu opyrve
aBTopbl. Mbl OMpefensny KONMYECTBO aKTUBHBIX afipeHope-
uentopo. (Pm) n yyBcTBUTENLHOCTL (1/K) agpeHopeLenTopoB
K 3anuHedpuHY, YTO MOXHO yBMAETb B paae pabor [19, 20,
22]. Ho uccnepoBaHuii No AeMCTBUIO ANMHedPUHA NpU CUM-
natonusuce Ha QoHe ajanTauuu K Xonogy He BCTPETUIM,
4TO rOBOPMT O HOBU3HE M aKTYaNbHOCTY Halleid paboTbl.

EcTb uccnegoBanus, B KOTOpbIX MOKa3aHo, YTO CyKeHue
cerMeHTOB befipeHHON apTepuu Mof LENCTBUEM aroHMCTa
0.;-a[ipeHopeLLenTopoB MeTOKCaMUHa 0CNnabneHo y TpeHu-
POBaHHBIX MbILLIEH MO0 CPaBHEHUIO C HETPEHWUPOBAHHLIMM,
4TO rOBOPUT 00 OMpefenéHHON UHEPLMM COXPAHEHUS CUM-
natonusuca nocne ¢usmndeckoi Harpyskm [11, 12]. Ho aBTopbi
He Uccneo0Bany ecTeCTBEHHbIN HepoMeAnaTop anuMHedpuH,
KaK B HalLei paboTe, He onpefensiv KOMYECTBO U YyBCTBU-
TeNbHOCTb PELenTopoB U BAMSHWE XONOAO0BOW afanTauum
Ha CUMNaToNM3NC.

MbI He HawM HK ofiHOM paboTe, rae 6bl npu cumnaTonu-
31Ce aHanM3MpoBanoCh YMeHbLUEHWE NPEeccopHoro ahdexTa
3NUHe(pUHa C YBENIMYEHUEM €r0 KOHLEHTPaLWK, KaK B Ha-
LUeM UCcNefoBaHUW. BnepBble Mbl OLEHUNW AENCTBUE 3NK-
HedprHa M MeXaHM3Mbl CUMNATOIM3MCA [0 U NOC/Ie X00A0-
BOV aganTauum, Takux pabot B PubMed 1 apyrux nouckoBbix
CUCTEMAX Mbl He HaLu.

3AKJIO4YEHUE

[loka3aHo, YTo cMMNaTonM3uC QYHKUMOHUPYET y ajan-
TMPOBaHHbIX K XOMOAY KPOJIMKOB, KaK U Y KPOJIMKOB B KOH-
Tpone 6e3 xonopa, HO B MeHblMX pasMepax. Cumnatonu-
31C MPW BKITIOYEHUN 3NIEKTPOCTUMY/ATOPA M COKpaLLeHUM
MbILLUL, MPUBEN K 3HAYMTENIbHOMY YMEHBLLEHUIO COKpaLLEHMS
apTepui Ha 3nNuHedPUH UCKITIOYUTENTBHO 33 CYET MeXaHu3-
MOB YMEHbLUEHWUS! YyBCTBUTESIbHOCTM afpeHOpeLenTopoB
B 24,49 pasa: ¢ 1/Km=1,2+6,7 1/(MKr/Kr) B KOHTPONBHO rpyn-
ne po 1/Km=0,049+0,0016 1/(MKr/Kr) npu cumnatonusuce
(p <0,05), KOMMYecTBO aKTUBHbIX aApeHopeLenTopoB
npu 3TOM [OCTOBEPHO He W3MeHunocb (Pm=222,0+6,7
B KOHTpone, Pm=222,0+7,5 npu cumnatonusmce). Cumna-
TONM3NC KaK pacluMpeHue apTepuid CTani MeHblUe Yy Kpo-
JINKOB MOC/e XO0JI0J0BOM ajanTauun 3a CYET YBeNNYeHUs
KONMYeCTBa NPeCCOPHbIX afpeHOPELENTOPOB MK X0Nofe
(mo Pm=312,5+11,0 MM pT. cT. ¢ Pm=222,0+7,5 MM pT. CT.
Y KPOJIMKOB Npu cuMnatonmuamnce bes xonoaa; p <0,05). Yys-
CTBUTENBHOCTb afipeHopeLenTopoB K anuHedpuny (1/Km)
npu cuMnaTonuauce Ao M Ha (OHe X0NoAa AOCTOBEPHO
(p >0,05) He u3MeHunacb. INMHePPUH KaK FOPMOH CcTpecca
Y aAanTUpOBaHHBIX K XON0AY KPOJIMKOB NpU CUMMATOU3M-
ce BbI3bIBaeT bosblee COKpalleHue apTepui, YeM bes xo-
nopa, 4To cnocobCTBYET COXpaHeHUo Tenna B OpraHv3Me
MpU CUNBHOM XOMNOJE KaK UCTOYHMKE CTpecca W ynyyliaet
BbIXMUBaHMe.
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Ucnonb3oBaHMe MCKYCCTBEHHOr0 MHTENNIEKTA

ANA NPOrHO3UPOBaAHUA U NpeAoTBPaLLEHUS
HEOHKO0JIOrM4eCKoM CMEepTHOCTU ¥ OHKOJI0rMYeCKUX
6onbHbIX: npoTokon uccneposaHua APUJTIUC
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AHHOTALMA

Llens. MNpencraBnenne uccneposanus APUIIUC, HanpaBneHHOro Ha OLeHKY BO3MOXHOCTEl UCMONb30BaHUA UCKYCCTBEHHOMO
WHTENNIEKTa AN aHanM3a JaHHbIX KOMMbOTEPHOM ToMorpadmm rpyLHON KIETKM C LieMblo NPeACcKa3aHna 1 npefoTBpaLleHus
HEOHKOMOTNYECKON CMEPTHOCTU Y HOMBHBIX PaKoM.

Marepuan u Metoabl. B KoropTHoe uccnepoBaHve ByayT BKIOYEHb! BOMbHBIE 3/10KAYECTBEHHBIMU HOBOOBPa30BaHMAMY,
AVarHocTMpoBaHHbIMKU B ApxaHrenbckoi obnactv B 2019-2023 rr. B KauecTBe KOHTPOSIbHBIX FPYNN NiaHUPYeTCsA UCMOfb-
30Batb 60/bHbIX COVID-19 ¢ nHeBMOHMER, BONbHBIX C 0OLLECOMATMYECKON NATOSIOMMEN, @ TaKXKe MOMYNALUMOHHYIO BbIBOPKY
uccnenoBaHus «Y3Haii cBo€ cepaue». [laHHble KOMMNbOTEPHOM TOMOrpadun rpyaHON KNETKM BCEX YYacTHUKOB byayT obpa-
BOoTaHbl MyNbTUTApreTHLIM anropUTMOM MCKYCCTBEHHOTO MHTENEKTa KoMnaHuu IRA Labs ¢ uenbto noucka 1 konmyecTBeHHoM
oueHku KT-npu3HakoB cepAeqH0-COCYAMCTON, NErOYHOM W KOCTHOM natonormu. C natbl 06paboTkM AaHHLIX KOMMbHOTEPHOM
TOMOrpadmm rpyHOMN KIETKW C NOMOLLbIO MYNIbTUTAPreTHOr0 anropuTMa MCKYCCTBEHHOMO MHTENJIEKTa YYaCTHUKK UcCnesoBa-
Hua 6yayT HabmoaaTbeA Ha NpeMeT BbISBNEHWS HOBbIX KIMHUYECKUX AMArHO30B M CMEPTHOCTYU OT BCEX MPUYMH.
Oxxupaembie pesynbTathl. B xoge uccnepgosaHus byaet onpefeneHa pacnpocTpaHéHHocTb KT-npusHakoB natonorum
CepAEeYHO-COCYAMCTOM, IErOYHON W KOCTHOW CUCTEM Y OHKONOTUYECKUX MALMEHTOB B CPAaBHEHWUW C NONYASLMOHHOW Bbibop-
KOM, OLeHeHa YacToTa CepLeyHO-COCYAMCTBIX, JIEFOYHBIX U KOCTHBIX COBLITUI M CMEPTU OT BCEX MPUUMH Y BOBHBIX PaKoM
B CPaBHEHWUW C KOHTPOJIbHBIMM FpynnamMu, ONpeAeNiEH NOTEHLMAN MYNIbTUTapreTHOro anropuTMa MCKYCCTBEHHOMO UHTEN/IEKTA
IRA Labs B oueHKe 1 peknaccumKaLmMm OLEHMBAEMbIX PUCKOB Y BOMbHBIX 3710Ka4YeCTBEHHBIMM HOBOODPa30BaHUAMM U CO3-
AaH NPOrpamMMHbIi NPOAYKT AN NPUMEHEHUS MYNbTUTApreTHOr0 anropuTMa UCKYCCTBEHHOIO MHTESIEKTa B MPAKTUYECKOM
30paBO0OXPaHEHUN.

KnioueBble cnoBa: 3/10Ka4eCTBEHHbIE HOBOOﬁp&lBOBE]HMﬂ; MCKYCCTBGHHbIVI uHtennekt; KT OopraHoB I'py,U,HOVI KJIETKH;
NpeauKTOPbI HEOHKONOrMYEeCKOM CMepPTHOCTU; MOLENN PUCKa CMEPTH.
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Using artificial intelligence to predict and prevent
non-cancer mortality in patients with cancer:
ARILIS study protocol
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ABSTRACT

AIM: To present the ARILIS study aimed at assessing the use of artificial intelligence to analyze chest computed tomography
(CT) data to predict and prevent non-cancer mortality in patients with cancer.

MATERIAL AND METHODS: This cohort study will include patients with cancer diagnosed in the Arkhangelsk region (AR)
within the 2019-2023 period. The COVID-19 patients with pneumonia, patients with general medical conditions, and the
population of the Know Your Heart Study are planned to be enrolled as control groups. To detect and quantify the CT signs
of the cardiovascular, pulmonary, and bone disorders, the thoracic CT scans of all the subjects will be processed using the
multi-targeted Al algorithm provided by the IRA Labs company. From the date of processing of the thoracic CT scans using the
multi-targeted Al algorithm, the study subjects will be followed for new clinical diagnoses and all-cause mortality.
EXPECTED RESULTS: The study will determine the prevalence of CT signs of the cardiovascular, pulmonary, and bone
disorders in patients with cancer compared with the Know Your Heart Study population sample. It will also assess the incidence
of cardiovascular, pulmonary, and bone events and all-cause mortality in patients with cancer compared with control groups,
explore the potential of the IRA Labs" multi-targeted Al algorithm in the assessment and reclassification of assessed risks in
patients with cancer, and provide a software product for using mtlA in healthcare practice.

Keywords: cancer; artificial intelligence; chest CT; predictors of non-cancer mortality; death risk models.

To cite this article:

Valkov MYu, Grjibovski AM, Kudryavtsev AV, Bogdanov MA, Bogdanov DV, Dyachenko AA, Chernina VYu, Belyaev MG, Yaushev FR, Panina EV, Donskova MA,
Soboleva EA, Basova MV, Pisov ME, Dugova MN, Petrash EA, Gareeva RR, Shevtsov AE, Volman VV, Berikhanov ZGM, Avdeev SN, Serova NS, Sekacheva M,
Ashikhmin YI, Belaya ZE, Omelyanovskiy VV, Goncharov MYu, Gershtanskiy AS, Gombolevskiy VA. Using artificial intelligence to predict and prevent
non-cancer mortality in patients with cancer: ARILIS study protocol. Ekologiya cheloveka (Human Ecology). 2024;31(4):314-330.

DOI: https://doi.org/10.17816/humeco635357

Received: 23.08.2024 Accepted: 23.10.2024 Published online: 18.11.2024
V-2
ECO®VECTOR The article can be used under the CC BY-NC-ND 4.0 International License

nse
© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco635357
https://doi.org/10.17816/humeco635357

CLINICAL TRAIL PROTOCOLS Vol 31 (4) 2024 Exologiya cheloveka (Human Ecology) ]
16

DOI: https://doi.org/10.17816/humeco635357

FIBA T ErerHIFbh eSS FIrEEXIt T
Z: ARILISHARG S

Mikhail Yu. Valkov' 2, Andrej M. Grjibovski' >, Alexander V. Kudryavtsev', Maxim A. Bogdanov',
Dmitriy V. Bogdanov' 2, Andrey A. Dyachenko', Valeria Yu. Chernina®, Mikhail G. Belyaev®,
Farukh R. Yaushev®> ¢, Elena V. Panina®, Maria A. Donskova®, Evgenia A. Soboleva’,

Maria V. Basova®, Maxim E. Pisov®, Maria N. Dugova®, Ekaterina A. Petrash®,

Regina R. Gareeva®, Alexey E. Shevtsov®, Vilgelm V. Volman®, Zelimhan G.-M. BerikhanoV’,
Sergey N. Avdeev’, Natalya S. Serova’, Marina |. Sekacheva’, Yaroslav |. Ashikhming,
Zhanna E. Belaya’, Vitaly V. Omelyanovskiy?, Mikhail Yu. Goncharov® '°,

Aleksandr S. Gershtanskiy', Victor A. Gombolevskiy® 7 '®

! Northern State Medical University, Arkhangelsk, Russia;

2 Arkhangelsk Regional Oncological Dispensary, Arkhangelsk, Russia;

3 Northern (Arctic) Federal University n.a. M.V. Lomonosov, Arkhangelsk, Russia;

4 M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia;

5 JSC “IRA Labs”, Moscow, Russia;

¢ Moscow Institute of Physics and Technology, Dolgoprudny, Russia;

7 Sechenov First Moscow State Medical Univesity, Moscow, Russia;

8 Center for Healthcare Quality Assessment and Control, Moscow, Russia;

? Endocrinology Research Center, Moscow, Russia;
10 Artificial Intelligence Research Institute, Moscow, Russia

It 22

IR EB . AAZHARILIS (Analysis of Risks with Intelligent Laboratory Innovative
System) HF5%, BTSN BEHTI0EBCTEURE IR /7, DA AN TR 95 e ik i 2 0 AE iR
FHIRAET H

MBI EH¥E. ARG, K N2019 % 20234 11 8] 78 Fi] /R RS 2R 3 v S 12 10 2% 4
FigRg B3 . BF S TE R COVID-19i 48 Fi 3 . S M BB & “ 1 AREO I B FEH r
NBEFEARAE NN A . FrE 2 53 M SECTA G M IRA  LABSA R 2 H s N TR ReH %
BATAEE, DURILIFEAO I . T A E i RA L RICTAES . WNCTHIRE 2 Hig, &
5#E Wby, BB RIRAR IS RS TE.

FHAL R . e B O e . I 88 R AR NCTIERRATR, 5 NEEAR
ITHRES VPR E AR O A . A B B AR I R AR R R T %, HSXT R AT b
5 WA IRA LABSZ HAR N T RESTVALE VPl 12 3530 7 it B 8 XS I S S s E KR
& T SEBREST S B 2 H bR N TR R RVE KA i

KRB CBMEMOR, N TDRRE MERCT: ARMRAESRIE IR R 1 SR XA .

3 AL

Valkov MYu, Grjibovski AM, Kudryavtsev AV, Bogdanov MA, Bogdanov DV, Dyachenko AA, Chernina VYu, Belyaev MG, Yaushev FR, Panina EV, Donskova MA,
Soboleva EA, Basova MV, Pisov ME, Dugova MN, Petrash EA, Gareeva RR, Shevtsov AE, Volman VV, Berikhanov ZGM, Avdeev SN, Serova NS, Sekacheva M,
Ashikhmin YI, Belaya ZE, Omelyanovskiy VV, Goncharov MYu, Gershtanskiy AS, Gombolevskiy VA.

FIF N % 5 Y0000 R TS Jees i B AR ORI AH S BE T 28 . ARILISHTF9E 77 5. Ekologiya cheloveka (Human Ecology). 2024;31(4):314-330.
DOI: https://doi.org/10.17816/humeco635357

W3 23.08.2024 B:52: 23.10.2024 KA H#: 18.11.2024
&
ECOeVECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco635357
https://doi.org/10.17816/humeco635357

317

CLINICAL TRAIL PROTOCOLS

OB0CHOBAHUE

3nokayecTBeHHble HOBOOOpa3oBaHusa (3HO) 3aHumaloT
BTOPOE MECTO MO YacToTe MPUYMH CMEPTU CPeau OHKOJO-
TMYECKMX MaLMEHTOB KaK B Mupe, Tak W B Poccuu, yctynas
Wb cepaevHo-cocyanctoiM 3aboneBanuam [1]. OpgHako
3a nocniefHue AecATUNETUS AOCTUMHYT 3HAUUTENbHBIA Npo-
rpecc B 061aCT! XMpYpru4ecKoro, Jy4eBoro 1 IEKapCTBEHHO-
ro JIeYeHWs paKa, 4To NO3BOJIAET YCMELIHO NeynTb bosbLuee
YMCNO MaUMEeHTOB. 3TO MPMBOAMT K YMEHBLUEHUIO OHKOJIO-
TMYECKOM CMepTHOCTH [2, 3] v yBenMUeHWo onyxonecneuu-
(uuyeckon BbIKMBaEMOCTU NpuU OONbLUMHCTBE BMAOB paKa
BO BCEM Mupe [4-6].

B anupemunonornyeckom uccnepoaHum N.G. Zaorsky
1 coaBT. [/] npefcTaBneHbl aHHbIE aMEPUKAHCKOW nonyns-
UMoHHo 6a3bl SEER M nokasaHo, YTo 3HauuTesbHas 4acTb
OHKoNOrnyecknx 6oNbHbIX NOrMbaeT oT HEOHKOIOMMYECKON
natonoruu. lpuunHbl cMepTn, He cBs3aHHble ¢ 3HO, co-
CTaB/IAlOT Boslee MOJIOBMHBI CNyYaeB M ABNSIOTCA Haubonee
YacTbIMU Y MALUMEHTOB C PaKOM TOJICTOM U MPSMOM KULLKY,
MOYEBOr0 My3blpsi, NOYEK, 3HLOMETPUS, MOJIOYHON HKeENe3bl,
npocTatbl U AnyeK. M3 atux cnyyaes 40% obycnosneHbl cep-
LE4YHO-COCyAmUCTbIMU 3aboneBaHMUAMU. OTHOCUTENBHBIN PUCK
CMEepTW OT CepAeyHO-COCYAMCTbIX 3aboneBaHuin B 2—6 pas
BblLLIE N0 CPABHEHWIO C HEOHKOMIOMMYECKO NoMyNsLmMeN Toro
e Bo3pacTa [/]. B uccnepnosanum J1.E. BanbKkoBoii 1 coaBT.
Ha OCHOBe AaHHbIX ApxaHrenbckoro obnactHoro perucrpa
paKa CMepPTHOCTb OHKOJIOrMYECKUX MaLMEHTOB OT HEPAKOBbIX
npuunH coctaensna ot 31,1% po 60,9% ot cneunduyeckoit
CMEpTHOCTM NPW paKe NpefcTaTeNbHON KeNesbl Y MyKUuH
W NpU paKe TONCTOM U MPAMOMN KMULLKWU, MOSIOYHOM Jenesbl
W MoYeK Y eHLWmH [8].

Bknapg pasnuuHbIX NpuumH B 06LLYyH0 CMEpPTHOCTb U3MEHS-
etca. 3a 25 net, ¢ 1981-1985 no 2006-2010 rr., B cTpaHax
C 04eHb BbICOKUM YPOBHEM YEJIOBEYECKOT0 Pa3BUTUS CMEpT-
HOCTb OT CepAeyYHO-COCYAMUCTLIX 3ab0NieBaHW YMEHbLLM-
nacb Ha 53%, chmauBlmch ¢ 642 po 301 cnyyas Ha 100 000
yenoBeK. B To Xe BpeMs CMepTHOCTb OT paKa CoKpaTuniach
Ha 17% — ¢ 371 po 308 cnyyaes Ha 100 000 yenoseK. AHa-
NOTWYHbIE, HO MEHEE BbIPaeHHbIe U3MEHEHUS HabnaaTcs
1 B CTPaHax CO CPeIHWAM U BbICOKMM MHAEKCOM YeSIOBEHECKO-
ro passutus [9].

CKPMHUMHT cepeyHO-CcocyanCTbIX 3aboneBaHnid, Hanpas-
NeHHbI Ha NpefoTBpALLEHNe CMEepPTHOCTH, TN1aBHbIM 06-
pa3oM basupyeTcs Ha HenpsAMbIX MHAWKaTopax. Hanpumep,
nHaekc SCORE ncnonb3yet ang atoro Bo3pacT, Nosl, ypoBeHb
apTepuanbHoro [aBfeHus, KypeHue, YpoBeHb X0NeCTepuHa
B KPOBW, a TaKke (aKT NpOXMBaHWA B CTpaHe BbICOKOro/
Huskoro pucka [10]. Mpu atom SCORE HeTouyHO npefcKasbl-
BaeT cepAeyqHo-cocyamncTole cobbitus [11, 12] u nnoxo Kop-
PesIMpyeT C YypOBHEM KOPOHAPHOI0 KasbLus, OMPeAeNIEHHOro
Mo AaHHbIM KoMrbloTepHoi Tomorpadum (KT) opraHoB rpya-
Hom knetku (TK) [13].

MynbTUTapreTHbIA anropuTM UCKYCCTBEHHOMO MHTENNEK-
Ta (MTUN), cozmanHbliii 000 «AVIPA Jla6c», no aaHHbiM KT
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opraHoB 'K no3sonseT 0AHOBPEMEHHO ornpefenuTb Npu-
3HaKkuM A0 10 pasnuyHbIX NaTonorvi, BKIKOYas paclumpermve/
aHeBPM3My aopTbl U PacLUMpEHME NErQYHOM0 CTBONA, MHAEKC
KOpOHapHOro KanbLus, NOBbILUEHHbIW 00BEM 3nM- 1 napa-
KapA1anbHoro upa, 3Mpu3emy, NEro4HbIe y3/bl U NMPU3HaKK
0CTeonopo3a (KOMMPeCCUoHHbIE NEPENOMbI U CHUMKEHUE MU-
HepanbHOM NOTHOCTU Tes NO3BOHKOB). Takne HaxoaKu Ha KT
I'K, BbINOMHEHHBIX OHKOJIOMMYECKMM NaLIMEHTaM B CBSA3M C OC-
HOBHbIMM [MarHo3aMu, MOryT XapaKTepM30BaTbCA KaK CIly-
YalHble, He onMpefenéHHble Bpayamu patee [14]. Mpu atoM
TaKue ciy4anHble HaXOAKU HepefKO MMEIOT BaXKHOe Mpor-
HOCTUYECKOe 3HaueHue, TpebyloT AONONHUTENbHLIX 00cHe-
[JOBaHMN U MeOMLMHCKMX BMeLLaTenbcTB. HesaBucuMble
TECTUPOBAHUA Ha 3aKPLITbIX AaTaceTax, NpoBeAEHHbIE B paM-
Kax MOCKOBCKOro 3KCMepuMeHTa, NOATBEPAAIOT BbICOKYIO
npeAcKasaTesbHy TOHOCTb AUArHOCTUKM C NoMoLLbi MTUN
(nnowaab noa xapaktepuctyeckon (ROC) kpusoii ot 0,96
no 1,00). 3akniyeHus, NoslyyeHHble € WUCMOJb30BaHMEM
MTUW, No3B0ONSAIOT CyLLECTBEHHO YMEHBLUMTbL YMCII0 Cy4aeB
nponycka narosiorum [15].

APxaHresnbcKoe uccnefoBaHue Mo BAMSIHUIO MybTULE-
nesoro uckyccteeHHoro Mutennekta ansa KT Ha cHMeHue
HeoHKonormdeckux JletanbHoix UCxopoB y 60MbHBIX pa-
KoM (cokp. — APWJTUC) cTaBuT Lenblo U3ydeHne NoTeHLM-
ana BHefpeHus paspabotanHoro 000 «AWPA Nlabe» MTUN
ans aHanu3a KT opraHos K B KNIMHUYECKYI0 NPaKTUKY C LieNblo
MPOrHO3MPOBaHMA U MPeLOTBPALLEHNA CMEPTHOCTU OT HEOHKO-
NOTMYECKUX 3aD0/1eBaHMIA Y OHKONIOrMYECKUX DOMBHBIX.

3ajaum uccnenoBaHus:

* CpaBHEHME KONMYecTBa U BbipaxeHHocTH KT-npusHakoB

CepaeYHO-COCYAUCTOM, NErQYHOW M KOCTHOW MaTosio-
TUM, BbIIBNEHHBIX C NMOMoLLbI0 MTUW y OHKONOTMYecKux
MaLMEHTOB W B KOHTPOJSIbHBIX Mpynnax;

+ OUeHKa BansHuA KT-npu3HaKoB cepAeyqHO-cocyau-
CTOW, NErOYHOM WU KOCTHOW MaToNIOrUW, BbISIBMEHHBIX
Ha KT 'K ¢ nomowbto MTUW (cnyyaiiHbix HaxoAoK), Ha
YacTOTy M CTaAMW KIIMHUYECKUX [MarHo30B, BrepBhLIe
YCTaHOB/NEHHbIX OHKONOMMYECKWUM MaLMeHTaM B Teye-
HWe roga nocne npuMeHenus MTAN;

* OLieHKa cBA3U 06HapyXeHHbIX ¢ noMoLubio MTUN cny-
YaliHbIX HaXOAO0K C NATUIETHUM PUCKOM CMepTH (C yué-
TOM MPUYKH) Y OHKOJIOTMYECKMX NALMEHTOB;

+ CO03[aHWe NporpaMMHOro NpoayKta, obecneuyuBsato-
LLero BO3MOXHOCTb M yAO0BCTBO mpuMeHeHus MTUN
B K/IMHUYECKOMN NPaKTUKE B LIENISIX NOBbILLEHWS TOYHOCTH
KnaccuduKaLmm 1 nocneaytoLLei KoppeKLnM pUCKOB.

MATEPUANT U METOObI

Tun uccnepoBaHus

WccnepoBanne nnaHupyeTcs MpoBeCTM B YeTbipe 3Tana
(puc. 1).

MepBblit 3Tan — ouUeHKa pacnpefeneHns BbiSBNEH-
HbIX ¢ noMowbto MTUW cnydaiHbix Haxopok KT-npusHakos
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Puc. 1. CxeMatnuHoe u3obpaxeHune 3TanoB NpoeKTa.
Fig. 1. Schematic representation of the project stages.

CepAeYHO-COCYANUCTOM, NErOYHOM U KOCTHOM NaTOsIONNN Y OH-
KOJIOMMYECKMX BONBHBIX.

Bropo# atan — cpaBHeHWe 4acToTbl U pacnpeaenequs
cny4anHbiX HaxofoK KT-npusHakoB cepAeyqHO-COCYOMCTON,
NIETOYHOW M KOCTHOW NaTosiorMM B IPyNne OHKOOTMYECKUX
BOMbHBIX M B KOHTPOJIbHBIX Fpynnax.

MepBbi 1 BTOPOM 3Tanbl byayT BbiNoNHeHb B GopMate
MonepeyHoro UccreoBaHus.

TpeTuit 3aTan — W3y4yeHWe YacTOTbl U CTAUM KIMHU-
UEeCKMX [MarHo30B, BMepBble YCTaHOB/EHHbIX OHKONOrUYe-
CKMM NaLMeHTaM B TeyeHue rofa nocne npuMeHenns MTAK,
a TaKKe OLieHKa CBA3M 0OHapyXeHHbIX ¢ nomolublo MTHN
C/Ty4aliHbIX HaXOLOK W YCTaHOBEHHBIX HAa MX OCHOBAHUM HO-
BbIX KJIMHUYECKWX OWarHO30B C HE MeHee YeM MATUIIETHUM
PUCKOM CMEpPTH.

Ha 3toM atane Takxe nnaHupyeTcs NpoBECTU CpaBHe-
HWe KONMMYecTBa W CTafuM HOBbIX KIIMHUYECKUX AWarHo30B
HEOHKOJIOrMYECKOW NaTonoru, YCTaHOBEHHbLIX B TeYeHue
0JHOr0 rofa B ABYX rpynmnax OHKOOrMYeCcKuUX 6oNbHbIX, 06-
pa30BaHHbIX MYTEM CTPATUULMPOBAHHO N0 BO3PacTy paH-
AOMU3aUmMK, B OAHOI M3 KoTopbIx 6yaeT npumeHsaTbcs MTUN
Ona aHanm3a AauHblx KT TK, B mpyrod — He bygmet npu-
MEHATLCA. 3TV [BE rPYNMbl OHKONOTMYECKUX O0NBbHBIX TaKKe
BynyT cpaBHMBATLCA Ha NPEAMET He MeHee YeM NMATUNETHEro
pUCKa CMEpTH.

[laHHbIi 3Tan bynet BbINoHEH B hopMaTe BYCTOPOHHE-
0 KOropTHOrO UCCNe0BaHUA, BKITHOYAIOLLEr0 PETPOCTEKTUB-
HbliA (UICTOPUYECKMIA) M MPOCNIEKTUBHLINA COOpP AaHHbIX 06 UH-
TepecyHoLLMX UCXOAAX.

YeTBEépTbIM 3TAN — OnpejesieHne anropuTMoB Aei-
CTBMIA N0 Npef0TBPALLEHMI0 CMEPTHOCTU BOMBHBIX OT HEOH-
KOJIOrMYEeCKOM NaTosIoriy Ha 0CHOBaHMU CITyYaliHbIX HAaX0J0K
MTMW 1 pa3paboTka NporpaMMHOro NpoayKTa ¢ GyHKUMAMU
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BbICOKOTOYHOW aBTOMAaTU3WUPOBAHHOW KNnaccuduKauum pu-
CKOB, (HOPMMPOBAHNA PEKOMEHAALIMIA M0 UX KOPPEKLIMK.

MCCH&AYGM&FI nonynauuA

B uccnepnoBaHue npeanonaraetcst BKAYMTL CMOLLHYHO
nonynauMi0 BoNbHbIX C YCTaHOBNEHHBIM auarHosom 3HO,
npoxoauswmx obcneposaHne ¢ ucnonb3oBaHueM KT TK
W NevyeHWe B rocyAapCTBEHHOM BHOIKETHOM yupexaeHum
3[paBooXpaHeHmns ApxaHrenbCcKon 06nacTu «ApxaHrenbCcKum
KIIMHUYECKMIA OHKOMorMYecKkuin aucnaHcep» (AKOL) B 2019-
2023 rr. B KayecTBe KOHTPOJIbHLIX FPYNM MIAHUPYETCH UC-
nonb3oBatb 6onbHbIXx COVID-19 ¢ nHeBMOHMEN, BOMBHLIX
C obLiecoMaTUYecKol NaTonorven, a TaKkXkKe KOropty Wc-
cnefoBaHuA «Y3Han ceoé cepaue» (YCC) ¢ ncnonb3oBaHuem
JaHHbIX KT TK pna Kaxpoit us Hux.

Jlpyrumu ycnoeusMu BKIKOYeHUs ByayT cnepytolme:

1) Bo3pact 6onbHbIX cTapie 18 ne;

2) dopmart DICOM ans nsobpaxenuii KT;

3) oxear Bceii [K v BepxHero otaena bprOLWHON NOMOCTH
obnacTbto uccnenoBanus KT,

4) KoMnbloTepHbIA TOMOrpag He MeHee 4YeM 32-cpeso-
BbIiA;

5) AnA OHKonoruyeckmx 6OMbHLIX HanMuMe CTPaxoBO-
ro HoMepa MHAMBMAYyanbHOro nuuesoro cuyéta (CHWUIIC)
Ans 0b6beauHeHUs NpoaHanu3upoBaHHbIX aHHbIX ¢ Hasoi
AaHHbIX ApxaHrenibcKoro 0611acTHOro KaHLep-perucTpa
(AQKP).

W3 aHanu3a byayT MCKIoYEHbI CrieayioLLpe cyydau:

1) Bo3pact 6onbHbIX MnaaLue 18 ner;

2) oTCYTCTBME BO3MOXKHOCTM 00paboTKM AaHHbIX KT anro-
PUTMOM UCKYCCTBEHHOTO UHTENINEKTa;

3) TexHMYecKue UcKaxeHns AaHHbix KT (TonwmHa cpe-
3a bonee 1,5 MM, HemosHbIA 0XBaT 06/1aCTM CKaHUPOBaHMS,
CUNbHbIE ABUraTeslbHble apTedaKTbl U T.4.), He NO3BONAILLME
[0CTOBEPHO BbISIBUTL NaTOIOMUM.

Mcxopas n3 exerogHoro Konm4ecTsa nNpoBOAUMBIX UCCHe-
[0BaHWI, NPeanosiaraéMoe KoIM4eCTBO BKIHOUYEHHBIX OHKO-
noruyecknx 6onbHbIX coctasut 18 000.

Mpoueaypbl cbopa AaHHbIX (BbiGpaHHbIE
MHCTPYMEHTbI U METOAbl U3MEepPEHU,
KT, MPT u gp.)

Ha nepBoM 3Tane uccnenoBaHusa s OLEHKKM pacnpee-
NEHWUs CyYalHbIX HaxoLOoK MHAMKATOpOB CepLeyHO-Cocy-
AWCTOW M NIEFOYHOM NATONIOMMM Y OHKONOMMYECKMX B0MbHBIX
OyayT BbINOHEHbI ONPeAenEHHbIE AeHCTBUA.

M3 ueHTpanbHOro apxvmeBa MeLMLMHCKUX WU300paMeHui
AKO[ 6yayt ussneuensl Bce cepum KT opraHos 'K oHKoso-
ruyeckmx bonbHbIx ¢ 2019 no 2023 r.

06e3nmyenHble ceTbl ¢ HoMepoM CHUJIC B KauecTBe Kito-
ya byayT HanpaBieHbl MO 3aLUMLLEHHOMY KaHany B KOMNaHUio
«AWMPA Nabc» u obpabotanbl anroputmom MTUW Chest-IRA
C OnpefeNieHMeM KayecTBEHHbIX U KOIMYECTBEHHbIX XapaK-
TEPUCTMK BbISIBNIEHHOM NaTONOMUM.
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PesynbtaTbl 06pabotkn KT MTUWN B BMae Tabnuu Excel
BymyT HanpaBneHbl MO 3alLMLLEHHOMY KaHany B AOKP.

Mo kntouy CHUIC HanpasneHHbie 3 «AMPA Jlabey 6asbi
AaHHbIX C pesynbTatamu 0bpaboTkm MTUN byayT 0bbeauHe-
Hbl ¢ 6azamu aaHHbix AOKP. [Ing peanusaumm 3agady nepeoro
W nocnefyloLero 3TanoB UCCNeA0BaHUA U3 PErUCTpa paKa
DynyT M3BMeYeHbl Creaylollme nepeMeHHble: Nos, BO3pacT,
MECTO JXUTENbCTBA (ropoa/ceno), AaTa YCTaHOBNIEHUA uar-
Ho3a, Tonorpaduyeckuin u Mopdonormyeckun Koael 3HO,
ctapust 3HO, a TaKKe CBeAeHUs 0 JaTe U NPUYKUHE CMEPTU.

BypeT u3yyeHa yacToTa Haxo40K UCKYCCTBEHHOTO UHTEN-
nekta Ha KT (tabn. 1) 1 oueHeHo ux pacnpeseneHue no Bo3-
pacTy, nosny, Tonorpaduu paka. Yactota HaxofoK B KoropTe
BosbHbIX pakoM bByfeT cpaBHeHa C TaKOBOM BO BHELLHMX [10-
CTYMHbIX CETaX LaHHbIX.

Mpotokon KT

MpoToKon ckaHupoBaHus byaet BblbpaH 13 cTaHLapTHOrO
CMKCKa NPOTOKOJI0B, YCTaHOBEHHBIX MPOU3BOAMTENEM Ha TO-
Morpadax. B uccnegosanue 6yayT BKIOUEHBI CKAHMPOBaHHSA,
BK/oYatoLme opraHbl IK unu opranel K v bprowwHoit nono-
cTu 63 UM ¢ BHYTPUBEHHBLIM BBEEHWUEM PEHTIEHKOHTPACT-
Horo npenapara. [lns Bcex NauyeHToB CKaHUpoBaHME BbINos-
HaieTcs npu HanpsxkeHun 120 KB, a cuna Toka HacTpauBaeTcs
aBTOMATMYECKW, OCHOBbLIBAsCh Ha KOHCTUTYLMM NMaLMEHTa,
bnarofaps TeXHONOMMAM BCTPOEHHBIM B ToMorpad. Kntove-
BbIM TpeboBaHMEM ABNSETCSA HaNMuMe PEKOHCTPYKLMIA CKa-
HWUPOBaHMSA C MATKOTKAHHBIM M OTAESbHO NETOYHBIM KepHe-
NIOM B aKcUanbHOW NAOCKOCTU C TOJLLMHON Cpe3oB He bonee
1 MM. TpoToKON BBELLEHUS PEHTTEHKOHTPACTHOrO Npenapara
BblOMpaeTCa AN KaXaoro nauMeHTa MHAMBUAYANbHO B CO-
OTBETCTBMM C €70 BECOM.

T.31.Ne &4, 2024

JKoNorna HenoBeka

Iina noucka nartonorum Ha KT opranos K byget uc-
Mnosib30BaH anropuTM WUCKYCCTBEHHOrO MHTEN/eKTa KoMna-
HuM «AMPA Nabcy, MeamumHckoe u3nenve «[lporpamMMHoe
obecneyeHne NS aHanusa MCCNEAOBaHUIA KOMMbIOTEPHON
TOMOrpadu ¢ MOMOLLbK) TEXHONOMMM UCKYCCTBEHHOO MHTEN-
nekTa Intelligent Radiology Assistants» no TY 58.29.32-001-
44270315-2021», peructpaumonHoe yaoctoBepeHne N® P3H
2024/22895. OcHoBHble LMW W KPUTEPUM UX OMpeesieHns
anropuTMOM npeAcTaBieHbl B Tabn. 1.

Ha BTopoMm 3tane uccnefoBaHus N0 BbiLLeyKa3aHHOMY
anroputMy 6yayT M3yyeHbl HaX0[KN UCKYCCTBEHHOTO UHTENT-
neKTa Ha cnegytowwmx cepusx KT:

13 061aCTHON KIMHMYECKOM 60MbHMLEI ApXaHresbcKa

3a 2020-2021 rr.; 3HauMTeNbHaA YacTb MCCNeaoBa-
HWA DymeT npencTaBfieHa MCCNEAO0BAHUAMU U3 WH-
(eKUMOHHOrO OTLeNeHUs, Kyaa B Nepuos, NaHaeMun
COVID-19 rocnutanusmpoBanu 6onbHbIX C NOA03pe-
HWEM Ha BMpYCHyl0 nHeBMoHMIO (Koropta «COVID»);
06wwas uncneHHocTb — He MeHee 22 000 yenoBek;

+ 13 CeBepHOro MeaMUMHCKOrO LieHTpa uM. CeMaluko,
KOTOpbIA CNEeLWann3nupyeTcs Ha AWMarHoCTUKE W neye-
HWK obLLecoMaTyecKoi natonoruu (koropta «06Lwe-
coMaTuyeckue 6obHbIE»); YNCTIEHHOCTb — HE MeHee
9 000 yenosek;

+ B KayecTBe KOHTPOSIbHOM FPYnMbl MfaHUpyeTcs uC-
Mob30BaHUe KOropTbl YncneHHocTbio oKoso 1300 ve-
noBek, chopMUPOBaHHOM M3 Y4aCTHUKOB MOMNEPEYHOro
nonynsumoHHoro uccneposauusa YCC, nposeaéHHoro
B 2015-2017 rr. B ApxaHrenbcKke Ha 6ase CIMY [27];
B 2021-2024 rr. Bbinm ocyLLeCTBNEHbI HECKOMBKO 3Ta-
noB obcnepoBaHus yyactHuKoB YCC B paMKax apyrux
HayuHbIX npoekToB [28]; ¢ MoMeHTa obcnepoBaHus

Ta6nmua 1. Tunbl ¥ KpUTEpUN ONpefieNeHns NaToNOTMYECKUX HaXOMOK MHCTPYMEHTa MCKYCCTBEHHOMO MHTennekTa oT «AWPA Jlabcy

na uccneposanna APUITUC

Table 1. Types and criteria for determining pathological findings of the artificial intelligence tool from IRA Labs for the ARILIS study

Natonorus
Pathology

Kputepuu natonorum
Criteria of pathology

NHbunbTpaTvBHEIE M3MEHEHUS
B JIETKUX, XapaKTepHble AN BU-
pycHoii nHeBMoHuu (COVID-19

B YC/IOBUAX NaHAEMUN)
Infiltrative changes in the lungs
characteristic of viral pneumonia

BpoHXOrpaMMbl».

1. MHdunbTpauma NEro4Hoi NapeHxuMsI Mo TUMY «MaToBOro CTeKna» ¢ 06eux CTOpoH, npe-
UMYLLECTBEHHO NEepUQEpUUYEcKoii NOKaNM3aLMm, C HaMYMEM UNM OTCYTCTBUEM MHMIBTPALMK
NEroYHOIA NapeHXMUMbI MO TUMY KOHCOMMAALMM C MONOMUTENbHBIM NPU3HAKOM «BO3ZYLUIHOV

2. UIHdUNbTPauUMa NEroYHoI NapeHXMbI Mo TUMY «OYSbIXKHOA MOCTOBOW» (YTOMLLEHUE MEXK-
L0/TbKOBOr0 MHTEPCTULMA Ha (hOHe «MaToBOro CTEKNa») ¢ 06emx CTOPOH, NPEUMYLLECTBEHHO

(COVID-19 in a pandemic)

IMpuema nerkmx
Emphysema of the lungs

nepudepuyeckoii oKanU3aLmm, ¢ HaMYMeM MW OTCYTCTBUEM UHGUNLTPALIMM NEFOYHOI NapeH-
XMMbl 10 TUMY KOHCOMMAALMM C NONOKMUTENBHBIM NPU3HAKOM «BO3ZYLLHOM 6poHXorpaMMbl» [16]
1. Infiltration of the pulmonary parenchyma by the type of "frosted glass" on both sides, mainly
peripheral localization, with the presence or absence of infiltration of the pulmonary paren-
chyma by the type of consolidation with a positive sign of an "air bronchogram".

2. Infiltration of the pulmonary parenchyma by the type of “cobblestone pavement" (thickening
of the interlobular interstitium against the background of “frosted glass") on both sides, mainly
peripheral localization, with the presence or absence of infiltration of the pulmonary paren-
chyma by the type of consolidation with a positive sign of an "air bronchogram” [16]

Hanuune cymmapHo B 0boux nérkux 6% (no 06bEMy) yyacTkos (6e3 yuéTta npocBeTa HPOHXOB)
¢ KT nnotHoctblo <-950 HU [17, 18]

The presence of a total of 6% (by volume) sites in both lungs (excluding bronchial lumen)
with a CT density of <-950 HU [17, 18]

D0l https://doiorg/10.17816/humecoé35357
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OxoHyanme Tabn. 1| End of the Table 1

Matonorus
Pathology

Kputepuu natonorum
Criteria of pathology

AHeBpu3Ma/aunataums aopTbl
Aneurysm/dilation of the aorta

[lunatauus néroyxoro cTeona
Dilation of the pulmonary trunk

KopoHapHbIM KanbLmnHo3

no uHpekcy Agatston

Coronary calcification according
to the Agatston index

OueHKa nnoTHocTM rybyaTo-

ro BELLeCTBa TeN NO3BOHKOB

L7191 BbIABNEHNA 0CTeomnopo3a/
0CTEeOoNeHNM

Assessment of the density of

the spongy substance of the
vertebral bodies for the detection
of osteoporosis/osteopenia

KoMnpeccuoHHble nepenoml
NO3BOHKOB A5 BbISIB/IEHUA
ocTeonoposa

Compression fractures

of the vertebrae to detect
osteoporosis

KonuyectBeHHoe onpepeneHue
00bEMa 3NMKapAMaNbHOrO JKupa
Quantification determination

of the volume of epicardial fat
volume

KonuuectBeHHoe onpenenexue
0bbEMa NapakapamanbHoro
Hupa

Quantitative determination

of the volume of paracardial fat

1. lunataumsa BocxoAsLLeid YacTu rpyaHOM aopThl: HA HATMBHBIX M306paXKeHMAX HaMboNbLLIKIA
[VaMeTp BOCXOAALLEN YacTu rpyaHOM aopTbl 0T 40 Ao 49 MM BKIIIOUMTENBHO B aKCWabHOM
MOCKOCTHU.

2. AHeBpM3Ma BOCXOAALLEN YacTH IPYLHON a0pThbl: HA HAaTUBHBIX M306paXKeHNsiX HanboNbLUMiA
[MaMeTp BOCXOASALLEN YacTu rpyaHoi aopThl =50 MM B aKcManbHOW MOCKOCTH.

3. [lunataums HUCXOAALLEI YaCTU FPYAHOIA aopThl: HA HATUBHBIX M30BpaXKeHnsaX HanbonbLLMi
[MaMeTp HUCXOAALLEI YacTy rpyaHomn aopTsl oT 31 Ao 39 MM B aKcManbHOM NAOCKOCTM.

4. AHeBpU3Ma HUCXOASLLEN YaCTW rPYAHOM aopTbl: Ha HAaTUBHBIX M300paXKeHNAX HanboNbLLNIA
[VaMeTp HUCXOASALLEN YacTu rpyAHOM aopTbl =40 MM B akcuanbHow nnockoctu [19].

5. Ounataums 6pioLLHOro oTAena aopTbl: HaUDOMbLLMI AnaMeTp 0T 25 [0 29 MM BKIKOUUTENBHO.
6. AHeBpu3Ma BproLLIHOro 0TAEeNa aopTbl: Hanbonblwwmid anametp =30 MM [20, 21]

1. Dilation of the ascending part of the thoracic aorta: in native images, the largest diameter
of the ascending part of the thoracic aorta is from 40 to 49 mm inclusive in the axial plane.
2. Aneurysm of the ascending part of the thoracic aorta: in native images, the largest diameter
of the ascending part of the thoracic aorta is =50 mm in the axial plane.

3. Dilation of the descending part of the thoracic aorta: in native images, the largest diameter
of the descending part of the thoracic aorta is from 31 mm to 39 mm in the axial plane.

4. Aneurysm of the descending part of the thoracic aorta: in native images, the largest
diameter of the descending part of the thoracic aorta is =40 mm in the axial plane [19].

5. Dilation of the abdominal aorta: the largest diameter is from 25 to 29 mm inclusive.

6. Abdominal aortic aneurysm: the largest diameter =30 mm [20, 21]

[lnameTp néroyHoro ctBona =29 MM [22]
The diameter of the pulmonary trunk =29 mm [22]

Ha HaTuBHbIX M306paxeHusX KanbLMeBbIi MHLEKC/MHAeKC Agatston (cyMMa nnoLaneii

B MPOEKLMUN KOPOHAPHBIX COCYA0B, YMHOXEHHBIX HA MHAMBUAYaNbHbIE QAKTOPbI MIOTHOCTH) =1
nmnbo knacc CAC-DRS A1-A3 [23]: * dakTop 1: 130-199 HU; dakTop 2: 200-299 HU; dakTop 3:
300-399 HU; dakTop 4: =400 HU

In native images, the calcium index/Agatston index (the sum of the areas in the projection

of coronary vessels multiplied by individual density factors*) =1 or the CAC-DRS class A1-A3
[23]: * factor 1: 130-199 HU; factor 2: 200-299 HU; factor 3: 300-399 HU; factor 4: =400 HU

CHW)XEHWe MUHepasibHOM NAIOTHOCTU KOCTHOW TKaHW B Teslax NO3BOHKOB B uHTepBane Th11-L3
(onTuManbHo L1-L2) cornacHo kputepusm ACR 2018, nosuumm ISCD 2019 [24]

Reduction of bone mineral density in vertebral bodies in the range T11-L3 (optimally L1-L2)
according to the criteria of ACR 2018, ISCD 2019 positions [24]

Hanuune no3BoHKOB, MMEIOLLMX KOMMPECCUOHHYI0 AedopMaumio Ten >25%, no nonykonuye-
CTBEHHOW LKane Genant, cteneHb 2-3. CTeneHb AeopMaLmMu paccunTbIBaeTcs No Gpopmyne:
cTeneHb fedopMaumum = (OTHOLIEHUE MaKCUMarbHOMO pa3Mepa Tena No3BoHKa — MUHUMab-
HbI)/MaKcuManbHbIi pasmep*100% [25]

The presence of vertebrae with compression deformation of bodies >25%, according

to the semi-quantitative Genant scale, degree 2-3. The degree of deformation is calculated
by the formula: degree of deformation = (ratio of the maximum size of the vertebral body

to the minimum)/maximum size*100% [25]

Hanunumne 0bb€Ma anuKapamanbHoro xupa =125 mn [26]
The presence of epicardial fat volume =125 ml [26]

Hanunumne 06béMa napakapamanbHoro xupa =200 mn [26]
The presence of paracardial fat volume =200 ml [26]

00l https://doiorg/10.17816/humecoé35357
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B pamKax YCC ero y4acTHukM HabnopatoTcs Ha npeg-
MET HOBbIX KITMHUYECKWUX AMarHo30B U CMEPTU OT BCEX
MPUYKH, BO3PACT Y4aCTHUKOB — 44—78 neT, KOTOpbLIN
NpubIM3UTENbHO COOTBETCTBYET BO3PacTHOMY [Ma-
nasoHy bonbHbIX pakoM B uccneposanum APUJTUC;
C Y4YETOM BbICOKOW «06CNe[0BaHHOCTMY Y4aCTHUKOB
YCC (umetoTcs AaHHble 1abopaTopHbIX, WHCTPYMEH-
TanbHbIX UCCNEL0BaHNIA U AaHHbIE aHaMHe3a, CobpaH-
Hble B HECKOJIbKMX TOUKax BpeMenu B nepuof ¢ 2015
no 2024 r.) v HanMumMs pe3yNbTaToB UX AMHAMUYECKOTO
HabnloAeHnsa faHHas KoropTa MOXeT bbITb Mcnonb3o-
BaHa B KauyeCTBe rpynmbl CPAaBHEHUSA, KOTOPYH MOXKHO
CUMTaTb penpe3eHTaTUBHOW ANS Hacenexus ApxaH-
resibCKoi obnactu.

Ha TpeTbeM 3Ttane B YeTbIpéx UccneayeMblx Koroptax
byneT u3yyeHo cnepyloLee:

1) yactota HeobpaTuMbIX UcxofoB: oblias BbixkuBae-
MOCTb (COBbITME — CMepTb OT Jt060# NPUUUHBI); BbIXKMBaE-
MOCTb, CeLMpUYHasn Mo Knaccam NpUYMH CMepTH;

2) yacToTa HOBbIX NPUKM3HEHHBIX AVArHO30B: CEepAEYHO-
cocyaucTble 3aboneBaHus (MHDApKT MUOKapAa, OCTAHOBKa
cepiua, MoATBepPHIEHHAA CTeHoKapawus, Tpebywwas pe-
Backynsapusaumm) [29]; 3aboneBaHnsa NErkux (XpoHWUYecKas
0b6CTPYKTMBHAA 0oNesHb NErKWX, AbixaTeNbHas HefocTa-
TOYHOCTb); 3abonieBaHWA ONOPHO-ABUraTENLHOMO annapara
(ocTeonopos, nepenoml).

CBefieHus 0 NneTabHbIX MCXOAAX M HOBbIX AMarHo3ax by-
BYT MofyyeHbl U3 perynspHo obHoBnstoLenca 6a3bl AaHHbIX
MeauumMHCKoro MHAOPMAaLMOHHOI0 aHaNMTUYECKOro LIeHTpa
ApxaHrenbckon obnactu u no knody CHUIIC byayT BHeceHbl
B 6a3y paHHbIx APUJTAC.

bynet oueHeHa cBA3b npuMeHenns MTUW K aaHHbIM KT
MK oHKonornyeckux 60MbHBIX C KOIMYECTBOM U TAXECTbIO
HOBbIX HEOHKOJIOTMYECKUX AMarHo30B, YCTaHOBJIEHHbIX B Te-
YeHWe rofa, a TakKe C MATUIETHAM PUCKOM CMepTU.

Ha werBE€pTOM 3Tame uccnefoBaHWa npejnonaraeTca
W3yuuTb NpefcKa3aTeslbHOe 3HaYeHUe NpeyKTOPOB HEOoH-
KOJIOTMYECKOM naTonoruu (cepAeyHo-cocymucToi, Nerod-
HOM, 0CTEONopo3a) B MONYNALMW OHKONOTUYECKUX DOMBHBIX
1 B cpaBHMBaeMbIx KoropTax. B koropte YCC Takke nnaHupy-
eTcA cpaBHeHMe npefcKasatenbHon cunbl KT-npeaukTopos,
BbISIBJIEHHbIX aNrOPUTMOM WCKYCCTBEHHOr0 MHTENeKTa
1 MO TPAAMLIMOHHBIM LUKaNaM Ha OCHOBE KOCBEHHbIX Mapa-
MeTpoB, Hanpumep, wkanbl SCORE ans nporHosuposaHus
CepAEeYHO-COCYUCTBIX COBLITUI. DMHANBHBIM 3TanoM uccne-
L0BaHNUA NNAHUPYETCA CO3[aHME KallbKyNIATOPOB pUCKa cep-
AEYHO-COCYAMUCTBIX, IEFOYHbIX M KOCTHBIX CODLITUI Ha OCHOBE
Haxonok MTUWN no KT opraHos K ong obwen nonynsummu
W LNS OTAENbHBLIX aHanM3upyeMblX rpynn BoNbHbIX B OMU-
CaHHbIX KOropTax.

AHanu3 JaHHbIX

Mpu obpaboTke uccnepoBanuii KT Oyaet npuMeHaTbCA
nporpamMMHoe obecrieyeHne Ha OCHOBE TEXHOMOMMIA UCKYC-
CTBEHHOr0 WMHTENNEeKTa oT KomnaHuu IRA Labs (000 «AMPA
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Nabex). KavectBo paboTbl 3TOr0 MpoAyKTa NoATBEPIKAEHO
B paMKax TecTMpOoBaHWA pa3paboTuMKOB MCKYCCTBEHHOrO
WHTEJINIEKTa B 3KCMEPUMEHTE MO WUCMOJb30BaHUK0 MHHOBA-
LMOHHBIX TEXHONOruiA B 0611aCTU KOMMbBIOTEPHOTO 3peHns
ONS aHanM3a MeaMUMHCKMX W300paXKeHun U LanbHeiwero
NMPUMEHEHMUS 3TUX TEXHONIOMMA B CUCTEME 3[PaBOOXPaHEHUS
B Mockge [30, 31]. 310T npoayKT copepxuT Habop anroput-
MOB, KOTOpble CMOCOBHbI BbINOMHATL NapanienbHbIiA aHann3
C Liefbl0 BbISIBNIEHWS, KONMYECTBEHHOM OLEHKM U Kiaccudu-
KauuW peHTTeHOMOMMYECKUX CUMITOMOB C UCMOJb30BaHNEM
KpUTepueB, MpUHATLIX B paMKax 3KcnepuMmeHTa B Mockse,
OCHOBaHHbIX Ha K/IMHUYECKWX peKoMeHzaumsx Munsgpasa
Poccum v nyywmx npakTukax.

Pesynbtathl TeCTMpOBaHWUA anropuTMOB MCKYCCTBEHHOTO
WHTEJINEKTa OLIEHEHbI MO MOKa3aTesiiM YyBCTBUTENLHOCTMH,
cneunduUHOCTM, TOYHOCTM M «nowwaan nof Kpueoi» (ROC
AUC), ykasaHHble B Tabn. 1[32]. Kputepum Bcex BbISBNSEMbIX
PEHTFEHOMOrMYECKUX CUMNTOMOB MO [aHHbIM M30BpaeHui
KT npeacTaBneHsl B Tabn. 2.

[lzaitH paboTbl anroputMa u npuMepsbl 06paboTkyM M30-
OpaxeHuin npefcTaBneHbl Ha puc. 2 u 3.

[ina cpaBHeHWs pacnpoCcTpaHEHHOCTM NaTONOrUYecKUxX
Haxo[0K UCKYCCTBEHHOrO MHTenneKTa Ha KT B pasnuuHbix
rpynnax byneT ucnonb3oBaH MeTof Xu-KBappart [upcoHa,
npu HeobxoaMMOCTM — c nonpasKoii Metca Ha Henpepbis-
HOCTb faHHbIX. [pn oxupaaeMblx yactotax MeHee 5 byaert
UCnonb3oBaH TOYHbIA KpuTepuii Ouwepa. HesasBucumoe
B/WSIHME KAX[Oro W3 U3y4aeMblX MpeauKTopoB bynet
OLEHMBATLCA C MOMOLLbI0 MHOrOMEPHBIX JOMUCTUYECKUX
perpeccuMoHHbIX Mofeneit npu yactote ucxopa ao 10%
M C MOMOLLBI perpeccuoHHbIx Mogeneii MNyaccoHa ¢ pac-
YETOM pobacTHbIX CTaHAAPTHBIX OLWMOOK Ans bonee yacTbix
UCX0[L0B.

OueHKa BbIXKMBAEMOCTM YYaCTHUKOB McCefoBaHus by-
[eT npoBefeHa ¢ ucrionb3oBaHneM Metoga Kannana—Maii-
epa U NOCTPOEHUS KpUBbIX J0XUTUSA. Pasnuunsa B BbixMBa-
eMOCTU MeXay MoArpynnamu OyayT OLEHEHbl C MOMOLLbIO
Nor-paHroBoro Tecta. buBapuaHTHbIE CpaBHEHUA B JOKUTUM
NaLMEHTOB B PaMKax 3apaHee 3a/1aHHbIX BPeMeHHbIX MHTep-
BasioB byayT oCyLLecTBAATLCA C MOMOLLbI0 pacyéTa Tabnuy,
AOXMTUA (aKTyapuanbHbIi METOA), @ CPAaBHEHUS MEXAY Noj-
rpynnamm byayT BbIMOMHATLCA C NOMOLUbK KpuTepus Bun-
KoKkcoHa—[lxuxaHa.

[lna yyéta noTeHUManbHbIX KOH(GayHAEpoB B aHanu3e
BbIKMBAEMOCTU B 3aBUCUMOCTW OT CTEMEHU BbIPaXEHHOCTH
HaxoaoK MTUW Ha KT byayT npuMeHATLCA MHOrOMepHble MO-
LNV NponopumMoHanbHbIX puckoB KoKca, aenstowmecs Hau-
bonee onTMManbHbLIM METOLOM [JJ1S OLEHKW HE3aBUCMMOTO
3hdeKTa N3yyaeMbIx NPU3HAKOB Ha UCXOL.

Bce pacuétbl b6ymyT npousBefeHbl C MOMOLLbIO Mpo-
rpamMmHoro obecneveHns STATA-MP v.18.0 xé4 (Stata Corp,
College Station, TX, USA).

WccnepoBanve ofobpeHo Ha 3acefiaHUM JIOKabHOMO 3TH-
yeckoro komuteta OIB0Y BO CTMY (ApxaHrenbck) MuHsapa-
Ba Poccum 18.10.2023 r., npotokon N2 07/10-23.
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Ta6nuua 2. BenmumHbl METPUK AMArHOCTUYECKON TOYHOCTW MyNIbTUTAPTeTHOTO anropuUTMa UCKYCCTBEHHOTO MHTENNIEKTA AN KOMIbIOTep-
Hoii ToMorpacmm opraHoB rpyAHOM KIETKM, NONyYeHHble Ha AaTaceTax B paMKax MOCKOBCKOr0 3KCMepuMeHTa

Table 2. Values of metrics of diagnostic accuracy of the multitargeted artificial intelligence algorithm for computed tomography of the chest
organs obtained on datasets within the framework of the Moscow experiment

HasBaHue anropuMtMa UCKYCCTBEHHOTO MHTENIEKTa
«Multi-IRA» anga otaenbHLIX BUAOB NaToNoOrUn ROC | YysctBuTenbHocTb | CneuudmyHocTb | TOYHOCTD
The name of the artificial intelligence algorithm AUC Sensitivity Specificity | Accuracy
"Multi-IRA" for certain types of pathologies
COVID-IRA (BbisBNeHMe obnacTtent UHPUNLTPALMM NETKUX) 0,98 0,95 0,94 0,94
COVID-IRA (identification of lung infiltration areas)
LungNodule-IRA (BbisiBneHue Y3108 B NErKUX) 0,96 0,94 0,94 0,94
LungNodule-IRA (detection of nodes in the lungs of the lungs)
PleuralEffusion-IRA (BbisiBNeHWe nieBpanbHOro BbINOTa) 1,00 0,98 1,00 0,99
PleuralEffusion-IRA (detection of pleural effusion)
Aorta-IRA: opraHbl rpyaHoi KNeTKM (aHanus amameTpa rpyaHomn aopTbl) 0,99 0,96 1,00 0,98
Aorta-IRA: chest organs (analysis of the diameter of the thoracic aorta)
Aorta-IRA: opraHbl rpyaHoi KNeTKu + opraHbl GproLLIHOI NonocTyu 1,00 0,98 1,00 0,99
(aHanu3 gmametpa rpyaHon u bGpioLLHoi aopThbl)
Aorta-IRA: chest organs + abdominal organs (analysis of the diameter
of the thoracic and abdominal aorta)
PulmTrunk-IRA (aHanu3 nuameTpa cTBOMa NEFOYHOM apTepum) 1,00 1,00 0,98 0,99
PulmTrunk-IRA (analysis of the diameter of the trunk
of the pulmonary artery)
Agatston-IRA (aHanu3 kanbLpmeBoro MHaeKca no Agatson) 0,986 0,96 0,96 0,96
Agatston-IRA (Agatston Calcium Index Analysis)
Genant-IRA (aHanu3 BbICOTbI TEN NO3BOHKOB) 0,995 1,00 0,98 0,99
Genant-IRA (vertebral body height analysis)
Emphysema-IRA (BbisiBneH1e 3Mun3eMbl) 0,99 0,94 0,98 0,96
Emphysema-IRA (detection of emphysema)
Adrenal-IRA (oueHKa TOMLLMHBI HAAMOYEYHUKOB A1 NOUCKA 0,96 1,00 0,96 0,98
06pa3oBaHui W runepniasmm)
Adrenal-IRA (assessment of the thickness of the adrenal glands
to search for formations and hyperplasia)
Fat-IRA (oueHka 06bEMa napaKapamanbHOM KMPOBOM TKaHU 0,99 0,98 0,98 0,98

LN NPOrHo3a pucKa MweMmyecKoii bonesHu cepaua)

Feat-IRA (assessment of the volume of pericardial adipose tissue

to predict the risk of coronary heart disease)

OXXUOAEMbIE PE3YJIbTATbI
N UX OBCYXXAEHUE

1. ByayT oLeHeHbl pacnpocTpaHEHHOCTb M MPOrHOCTMYE-
CKOE 3HaueHue NaToioruu cepAeyHo-CoCYAUCTON, NETOYHON
W KOCTHOW CUCTeM, BbisiBNIieMble ¢ noMolubio MTUW no pak-
HbiM KT y OHKONOrMYeCKUX NaLMeHToB.

2. byneT oueHeHa pacnpocTpaHEHHOCTb HaxoAoKk MTUN
Ha KT B apyrux nonynauusx 60MbHbIX M B NONYNALMKM, Npes-
CTaBnsoLLen ApxaHrenbCKylo obnacTb. byfet oueHeHa cB3b
npumMeHenns MTUW K ganHbIM KT TK oHKonormyeckux 6onb-
HbIX C KOJIMYECTBOM U CTaMen HOBbIX HEOHKOMOTUYECKMX
AVarHo30B, YCTaHOB/IEHHbIX B TEYEHME FOAa, a TaKKe C Nf-
TUNETHUM PUCKOM CMepTH.

3. byaet usyyeH noteHuman MTUN ot IRA Labs B npen-
CKa3aHWM 1 periaccMuKaLmmy pucka cepAe4HO-COCYAUCTBIX,

00l https://doiorg/10.17816/humecoé35357

NETOYHBIX M KOCTHBIX COBLITUM, a Take 00LLen cMepTHOCTH/
BbIKVMBAEMOCTM.

4. bypet co3gaHa yaobHas ans MCnonb30BaHUA B KM-
HWYECKO MPaKTMKe MHOro(aKTopHas MaTeMaTuyeckas Mo-
LeNb ANS OLEHKU PUCKa CepAedHO-COCYOUCTIX, NEr0YHbIX
M KOCTHBIX COBBITUA C MHTErpanbHbIM aHanM30M Jy4eBbIX
M aHaMHECTMYECKUX AaHHbIX C NMOMOLLbIO TEXHONIOMMIA UCKYC-
CTBEHHOr0 WMHTeNneKTa. MpeackasatenbHas 3¢dEKTUBHOCTb
310l Modenu byneT cpaBHeHa C CyLLeCTBYHLIMMM LUKana-
MU OLIEHKM PUCKOB 3TUX COBBLITWM U WU3yyeH eé moTeHuman
ANs peKnaccuduKaLmm pucKoB.

B 60/bWKHCTBE 3KOHOMWYECKW PasBUTbIX CTpaH Ha-
cefeHve BbICTPO CTapeeT M3-3a CHUKEHUS POXAEMOCTH
W YBENUYEHUS NPOLOITKUTENBHOCTU KW3HW, YTO CO3AAET
HoBble Bbi30Bbl. Tak, B CLUA, no mporHo3aMm, uucno niogen
B Bo3pacTte 50 net u cTapwwe gocturHet 221,13 MiH YenoBek
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Puc. 2. Pe3yanaTb| aHanmsa KOMI'IbiOTepHOVI TOMOFpaCI)VIVI C UCMO/b30BaHNEM MHOr03aJa4Hoi TEXHONIOruM WCKYCCTBEHHOI0 MHTENNIEKTa;
M306pa>KeH|/|e B aKCWabHOM MIOCKOCTM C AaHHbIMU O BbIABNEHHbIX NATONOMMAX: 3€/1EHBIM LIBETOM 0TMEYeHbl 3HAYeHUst HAX0[10K B npeae-
JlaX HOpPMbl, KENTBIM U OpaHXeBblIM — KJIMHUYECKU He3HaunMble HaX0A4KW, KPACHbIM — KJIMHMYECKM 3Ha4MMble; CnpaBa npeancraslieH
CKPOJUINHT, COOTBETCTBYIOLIJMVI KT-CepMM, Ha KOTOpOﬁ LBeTamu 0T06pa)+<a|0Tca naTosioruu, BblfiBNIEHHbIE C NOMOLLBID NUCKYCCTBEHHOIO

MHTENNIeKTa Ha Cpe3ax.

Fig. 2. The results of the analysis of computed tomography using multitasking artificial intelligence technology; an image in the axial
plane with data on detected pathologies: green indicates the values of findings within the normal range, yellow and orange — clinically
insignificant findings, red — clinically significant; on the right is a scrolling corresponding to the CT series, on which colors are displayed

pathologies identified by artificial intelligence on slices.

B 2050 r., yto Ha 61,11% bonbLe, yem B 2020 r. 310 NpU-
BEAET K yBenmueHunio Ha 99% uucna nopeii ctapwe 50 ner,
MMEIOLLMX MO KpaliHel Mepe 0JHO XpoHu4ecKoe 3aboneBa-
HWe, U MynbTUMopbuaHocTM — Ha 91% [33].

Pak u cepaeuHo-cocyaucTble 3aboneBaHus SBNATCA
LBYMsl BeAYLUMMU NPUYMHAMU CMEPTHOCTU BO BCEM MMpe.
X0TS MCTOPUYECKM PaK paccMaTpUBANCA KaK COCTOAHUE, Xa-
paKTepu3yloLLeecs aHOMaJbHbIM POCTOM M nponudepaumeii
KIETOK, Ceiyac NpM3HaHo, YTO OH MOXET NPUBOAMTL K pas-
JINYHBIM CepLEeYHO-COCYANCTLIM 3aboneBaHuaM. 3To cBA3a-
HO C MPSIMbIM BO3JEMCTBMEM OHKOJIOTMYECKOr0 mpouecca
Ha CepALe U cocyabl, YTO MOXET BbI3BaTb MUOKApAMT, Me-
puKapauT 1 Backynut. Kpome Toro, 60/1bHbIE paKoM YacTo
UCMbITBIBAKOT CUCTEMHBIE 3B (EKTLI, TaKME KaK OKUCITUTENb-
HbI CTpecc, BocnaneHue u MeTabonuyeckas geperynauus,
KOTOpble MOryT cnocobcTBoBaTb pa3BUTUIO CepAeyHO-Co-
CyaucTbix $aKTopoB pucKa (TMNEepTOHMM, AMCIMNUAEMUN
W PEe3UCTEHTHOCTU K WHCYNMHY). BaxHo BHMMaTenbHO
CMefuTb 3a NaLUMeHTaMK C PaKoM, 0COBEHHO 3a TEMM, KTO
MPOXOAUT XMMMOTEPaNUI0 UNW NY4EBYH Tepanuio, Ha npej-
MEeT CepAeYHO-COCYAUCTbIX GAKTOPOB PUCKA U OMEPATUBHO
YCTpaHATb uX [34].

D0l https://doiorg/10.17816/humecoé35357

CornacHo aaHHbIM aHanm3a SEER, B aMepuKaHcKoi no-
NYNALMM Y NALMEHTOB C PaKOM MPAMON KULLUKW, MOYEBOr0
ny3bIps, MOYEK, IHAOMETPUS, MOJIOYHON Xenesbl, MPocTaThl
U AMYeK valle GUKCUpPYIOTCA HEOHKOMOTUYECKUE MPUYKHBI
CMepTH, YeM cMepTb OT paka [35]. Mpu atom 40% cMepreid
0bycnoBneHbl ceprieyHbIMM 3aboneBaHuamMu. Hanbonee BbI-
COKME CTaHLapTU30BaHHbIE MO BO3PACTy OTHOLUEHWS CMepT-
Hoctn (COC), no cpaBHeHuto ¢ obLieii nonynAumeii, cBs3a-
Hbl C HebaKTepuanbHbIMU MHQEKUMAMM, 0cobeHHO cpeau
vy, mnagwe 50 net (Hanpumep, COC >1000 ons numdowm,
p <0,001). Hanbonbwwue 3Ha4yeHns COC obblvHO Habnopa-
l0TCS B TEYEHWe MepBoro roa nocne nocTaHoBKM AWarHo3a
paka (COC 10-10 000, p <0,001) [7].

B HaweM uccneaoBaHUM Mbl NAaHUPYEM OLEHUTb PUCK
CMEpPTU OT HEOHKONOTMYECKUX 3ab0NeBaHUiA M ApYrux cobbi-
THIA, CBA3aHHBIX C BbiBNIEHHBIMM Ha cepusx KT, y 60nbHbIX
PaKoM C MOMOLLbI0 InaMpyloLLero B Mupe anroputMa MTUN,
cnocobHoro BbISIBASATH, KONMYECTBEHHO OLEHMBATb U Kilac-
CUGULMPOBATb PEHTIEHONOMMYECKUE CUMMTOMbI MaToNOruiA
B Pa3/M4HbIX OpraHax M cucTeMax opraHusma. Mel nonara-
€M, UTO 3TU MpefCKa3aHus, CAeNaHHble Ha 0CHOBe 06bEK-
TUBHbIX KOSIMYECTBEHHBIX AaHHBIX 0 KalbLMHO3e KOPOHAPHBIX
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Puc. 3. Pesynbtat 06paboTku KOMNbloTEpHOM TOMOrpaduu € NMOMOLLbI0 MYNLTUTapreTHOW TeXHOMOMMU UCKYCCTBEHHOIO MHTESNeKTa.
Iins kaxporo KT-uccnepoBaHns co3aatotca 4 KitoueBble N306paxkeHns, CrpynnupoBaHHbIe N0 CrefyloweMy NpUHLMNY: HaxoAKW B Jbl-
XaTeNIbHOW CUCTEME, HaXOAK B CepLeYHO-COCYAUCTON CUCTEME, HaX0AKW B OpraHax bpioLLIHON MooCTH 1 3abpIOLUMHHOIO MPOCTPAHCTBA,

HaXO0[KV B KOCTHOM cucTeMe.

Fig. 3. The result of processing computed tomography using multi-target artificial intelligence technology. For each CT scan, 4 key images
are created, grouped according to the following principle: findings in the respiratory system, findings in the cardiovascular system, findings
in the organs of the abdominal cavity and retroperitoneal space, findings in the bone system.

COCY/0B, iMaMeTpe aopThbl M IEFOYHOTO CTBOMA, 06BEME 3MK-
W NapaKapAvanbHOro CepleyHoro Xmupa, aMpuseme NErKuX,
MWHepasibHOW NIOTHOCTK MO3BOHKOB, OyayT 6onee TOYHbIMM
MO CPaBHEHWUIO C MCMOMb3YEMbIMU B HaCcTOsLLEE BPEMS MO-
LENAMU, ONMPAIOLLMMUCS Ha KOCBEHHBIE laHHbIe. KloyeBbiM
pe3ysibTaToM HalLero UCCie0BaHuA CTaHeT paspaboTka Me-
TOAO0MOMMM, MO3BONIAIOLLIEN WHTErPUPOBATL [aHHble, Mony-
YeHHble C MOMOLLbI0 MCKYCCTBEHHOTO MHTESIEKTa, B KIIMHU-
YecKylo NPaKTUKY. 3T0 HanpaB/IEHO Ha NOBbILLEHWE TOYHOCTH
MPOrHO31pOBaHNSA M NEepCcoHaMU3aLMIo JIeYeHUs NaLMeHTOB.

00l https://doiorg/10.17816/humecoé35357

Takoin nopxon MoxeT cnocobcTBoBaTh boniee paHHeMy Bbl-
AB/IEHMIO MOTEHLMA/bHBIX PUCKOB M ONMTUMANbHOMY pac-
NPeAeneHno MeAULMHCKMX PecypcoB. Mbl TaKKe 0XUAEEM,
4to npuMeHeHne MTUWM He TOABKO YNy4LWWT TOYHOCTb AMa-
FHOCTMKM, HO M 3HAUMTENBHO COKpaTUT BpeMs, Heobxoaumoe
ANS aHanM3a MefMLMHCKUX M300paKeHui, 4To 0CobeHHOo
Ba)KHO B YC/IOBUAX BbICOKOW 3arpyKeHHOCTU MeAMLMHCKUX
yupexxaeHuit. lpefBapuTeNbHble Pe3ynbTaThl MOKasbiBa-
10T, YTO aNropuTMbl UCKYCCTBEHHOTO WHTEN/EKTa Crnocod-
Hbl 3Q(EKTUBHO MAEHTUULMPOBATb M KilaccuduumMpoBaTb
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pa3nn4yHble NaToNnoruun, 4to Aenaet UX He3aMeHUMbIM UH-
CTPYMEHTOM ANA peHTreHonoros [15].

3AKJIKYEHUE

Wccneposanne APUJTNC HanpaBneHo Ha npoBepKy runo-
T€3bl 0 TOM, YTO NpuMeHeHne MTUW B KITMHUYECKON NpaKTUKe
MOJKET NOBbLICUTb TOYHOCTb ¥ CBOEBPEMEHHOCTb AMArHOCTU-
YECKUX NpoLeayp W YNYYLLMTbL MPOTrHO3 B OHKOJOMWM U APYruX
obnacTax MeauumMHbl, obecneunsas mpu 3TOM CBOEBPEMEH-
Hoe Hayarno feyeHusi, ero 6oniee BbICOKYH IPHEKTUBHOCTD
1 6e3onacHoCTb.

AOMO/IHUTE/IbHAA UHPOPMALIUA

Bknap, aBTOpOB. BCe aBTOPLI BHEC/N CYLLECTBEHHBI BKNAA B pas-
paboTKy KOHLENLMM 1 NOArOTOBKY CTaTby, NPOYM 1 ofobpunm du-
HanbHyI0 BepCUMio nepef, nybnmKaLmen.

WUcTounuk duHaHcupoBaHmMA. ABTOpLI 3aABNAIOT 00 OTCYTCTBMM
(MHAHCMPOBaHMS NMPOEKTa B HacTosiee Bpems. B panbHerieM
MNaHUpyeTCs Nofaya 3asBOK Ha rpaHTsl HOHA0B Pa3NNYHOIO YpoB-
Hs Ans 0becneyeHnst GUHAHCMPOBAHMUS OTAEMbHLIX 3TanoB NPoeKTa.
KoHdnukT unTepecoB. ABTOPLI [EKIApUPYIOT OTCYTCTBUE SBHbIX
W NOTeHUMANbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C NybnMKa-
LiMer HacToALLEN CTaTbu.

WudopMupoBaHHoe cornacue Ha yyacTue B UccCief0BaHUM.
Bce yyacTHMKM nccneoBaHms «Y3Hai CBOE cepaLe» 0 BKAYEHUA
B vccneioBaHWe A06poBonbHO noanucany hopMy MHhOPMMpPOBaH-
HOrO COrmnacus, YTBEPXAEHHYI0 B COCTaBE NPOTOKONA UCCNe0BaHNA
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