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AHanu3 HanpaBNeHUH Hay4YHbIX UCCe0BaAHUM
Mo NPUMEHEHUIO ra3oBbIX AbIXaTesbHbIX
cMeced B IKCTpeMasibHOW MeauLMHe

C.C. Anexcanmu', B.W. Espokumos’, U.P. Knenkos?, B.10. PuibHMKoB', M.C. MnyHuK?

! BCepoCCHiCKII LLEHTP 3KCTPEHHOM 1 paanaumMoHHOM MeamumHbl M. A.M. Hukudoposa, Cankt-Metep6ypr, Poccus;
2 BoeHHO-MeauMuMHCKas akagemua uM. C.M. Kuposa, Cankt-Metepbypr, Poccusa

AHHOTALMUA

Llenb. BbisiBuTb AUHAMUKY M CTPYKTYPY HanpaBfieHWiA Hay4HbIX UCCNEA0BaHWUNA POCCUIACKMX aBTOPOB MO NPUMEHEHMIO ra30BbIX
AbIXaTeNbHbIX CMECEN B IKCTPEMAbHOW MeauLMHeE.

Marepuansi u MeToabl. [TpoBenu nouck nyéamkaumii B PoccMitcKOM MHAEKCe HayyHOro LMTMpOBaHUs 1 u3yuunu 788 oteue-
CTBEHHbIX NybnmKkaumi 3a 2006—2023 rr. No NpUMeHeHWI0 ra3oBbIX AbIXaTeNbHbIX CMECen B 3KCTpeManbHoi MeauumHe. CTa-
TeN B peLieH3UpyeMbIX XypHanax otobpaHo 513 (65,1%), Matepuanos KoHdepeHumii — 118 (15,0%), nateHToB Ha n3obpeTe-
Hus 1 nonesHole Mogenu — 108 (13,7%), aBTopedepatos auccepTaumii — 45 (5,7%). Mybnukaumm cooTHecm ¢ pybpukamm
pa3paboTaHHoro Knaccudukatopa. Hosonoruu, Npu neyeHun U peabunutaumm KOTOpbIX NPUMEHSANM Fa30Bble AblXaTesbHble
CMecH, pacrpegenvny no Knaccam MexayHapogHon knaccudmkauum 6onesHen u npobneM, CBA3aHHBIX CO 3[0pPOBbEM
(MKB-10). Pa3suTie HampaBneHWn Hay4HbIX UCCeA0BaHUIA U3yyanm Npu NMOMOLLM aHann3a AMHAMUYECKUX PSLOB U pacyéTa
MOJIMHOMMANBHOTO TPEHAA BTOPOrO MOPSAAKA MPUMEHUTENBHO K TEXHUYECKUM, BUONOrMyeckuM, GU3NONOTMYECKUM, Meau-
LMHCKUM U MCUXONOTUYECKUM HayKaM W pas3fiMyHbIM ra3oBbiM CMECAM.

Pesynbtatbl. 06LUMe Bonpockl NPUMEHEHUA ra30BbIX AbIXaTembHbIX CMecei paccMatpusanuck B 1,5% pabort, TexHudeckue
npo6neMbl — B 8,7%, 6uonoruyeckne — B 13,7%, pusmnonornyeckue — B 33,7%, MeamumHckne — B 40,2%, ncmxonornye-
ckve — B 2,2%. OTMeuaeTca AMHAMMKa yBeNMUeHUs ymcna nybnmnkaumii no nepeumncieHHsIM npobnemam. B aHanusupyemoM
MaccuBe B COCTaB ra3oBbIX AblXaTeslbHbIX CMeCcei KCeHoH Bxoaun B 47,3% pabot, renuii — B 19,4%, NOBLILIEHHOE U MOHM-
¥eHHoe cofepanue kucnopopa — B 11,5 1 9,7%, opyrve rasel — B 12,1%. BoisBneHa avHaMuKa yBenu4yeHUs NpUMEHEHUS
B ra3oBblX AbIXaTesbHbIX CMECAX KCEHOHa U renus. B paboTax no TexHuyeckuM Haykam B 53,2% cnydyaeB npenctaBnsnmch
YCTPOMCTBA ANs MonyyeHust hapMaLeBTMYECKUX CyDCTaHLMI rasoBbiX AbiXaTesbHbIX CMECEN, B CTPYKType BUonormyeckux
uccnenoBaHuii — B 34,9% paboT MapKepbl NPUMEHEHMS a30BbIX [bIXaTeslbHbIX CMECEN Ha MUBOTHBIX, B PU3MONOTUYECKUX
uccnefoBaHuAX B 59,5% M3yyanocb BAMSHWE ra30BbIX AbIXaTESIbHbIX CMeCei Ha ONTMMM3aLMi0 YHKLIMOHAMBHOMO COCTOS-
HWA 1 paboTocnocoBHOCTb CNEeLMannCTOB IKCTPEMabHBIX NPOeccui, B TOM Yucnie CnopTcMeHoB (44,3%), Mopskos (29,1%),
nétumkoB (5,5%), noxapHbix, cnacatenei u np. (21,1%), B cTpyKType MeamumHckux pabot B 78,3% cnyyaeB uccnepfoBanm
3 PEKTUBHOCTb JIeYeHMs.

3akniouenue. B Lienom oTMeYaeTcs NO3UTMBHOE BIUSIHWE NPUMEHEHWUS B COCTABE ra30BbIX AbIXaTeNbHbIX CMECEN MHEPTHBIX
rasoB Ansd ONTUMM3aUMKM QYHKLIMOHANBHOMO COCTOAHUS OPraHWM3Ma MalMEeHTOB MPW HEKOTOPbIX HO30/I0MUSIX W NOBbILLEHUS
CTPECCOYCTOMYMBOCTM CMELMANIUCTOB IKCTPEManbHbIX npodeccuid. B To e BpeMsa HE0O6X0AMMO NPOACIIKUTL UCCNEA0BaHMS
M0 U3YYEHU0 BAUSHUA Pa3NMYHbIX KOMBMHALMIA Fa30BbIX AbIXaTe/bHbIX CMECel Ha OPraHM3M XMBOTHBIX M YeNOBEKa, U3BIe-
UEHWIO M3 OKpYXKaloLLe cpelbl MHEPTHBIX ra30B U CHUMEHMIO X cebecTommocTy.

KnioueBble cnoBa: rasoBble AbIXxaTeNlbHble CMECH; a30T; KCEHOH; aprox; renui; dJYHKLl,VIOHaJ'IbHOE COCTOSIHKeE;
paGOTOCI'IOC06HOCTb; 3KCTpeMalibHaA AeATeNIbHOCTb; Ha)’KOMeTpVI‘-IGCKVIﬁ aHauns.
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Analysis of research directions on the application
of respiratory gas mixtures in extreme medicine
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' The Nikiforov Russian Center of Emergency and Radiation Medicine, St. Petersburg, Russia;
ZKirov Military Medical Academy, St. Petersburg, Russia

ABSTRACT

AIM: To analyze the trends and structure of Russian scientific research on the application of respiratory gas mixtures in extreme
medicine.

MATERIALS AND METHODS: A literature search was conducted in the Russian Science Citation Index, identifying 788
Russian publications from 2006 to 2023 on the application of respiratory gas mixtures in extreme medicine. A total of 513
(65.1%) articles from peer-reviewed journals, 118 (15.0%) conference materials, 108 (13.7%) patents for inventions and utility
models, and 45 (5.7%) dissertation abstracts were selected. Publications were categorized into the sections of a developed
classification system. Diseases for which respiratory gas mixtures were used in treatment and rehabilitation were classified
according to the International Classification of Diseases (ICD-10). The evolution of research directions was assessed using
time series analysis and a second-order polynomial trend calculation across technical, biological, physiological, medical, and
psychological sciences, as well as for different gas mixtures.

RESULTS: General aspects of respiratory gas mixtures were discussed in 1.5% of studies, technical issues in 8.7%, biological
aspects in 13.7%, physiological aspects in 33.7%, medical applications in 40.2%, and psychological aspects in 2.2%. An
increasing trend in publications across these domains was observed. Among the analyzed studies, xenon was included in
47.3% of gas mixtures, helium in 19.4%, increased and decreased oxygen content in 11.5% and 9.7%, respectively, and other
gases in 12.1%. A growing trend in the use of xenon and helium in respiratory gas mixtures was identified. In 53.2% of technical
science studies, devices for generating pharmaceutical substances from respiratory gas mixtures were examined. In 34.9% of
biological studies, biomarkers of respiratory gas mixture exposure in animal models were analyzed. In 55.5% of physiological
studies, the effects of respiratory gas mixtures on optimizing functional state and performance in extreme professions were
examined, including athletes (44.3%), seafarers (29.1%), pilots (5.5%), and firefighters and rescue workers (21.1%). In medical
research, 78.3% of studies focused on evaluating treatment effectiveness.

CONCLUSION: Overall, a positive effect has been observed from the use of inert gases in respiratory gas mixtures for improving
the functional state of patients with specific conditions and increasing stress resistance in professionals working in extreme
conditions. At the same time, further research is needed to study the effects of various respiratory gas mixtures on the bodies
of animals and humans, the extraction of inert gases from the environment, and lowering their cost of production.

Keywords: respiratory gas mixtures; nitrogen; xenon; argon; helium; functional status; physical performance; extreme
activities; scientometric analysis.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

WccnepoBaHus no NpUMEHEHWIO Fa30BbIX AbIXaTeslbHbIX
cMeceit (TC) ansa uenei aKcTpeManbHON MeAULMHEI, NOBbI-
LUEHMS, COXpaHEHMs U BOCCTaHOBNEHNS paboTocnocobHocT
CMEeLManMCcToB 3KCTPEMarbHBIX BUAOB LEeATENbHOCTM (KOCMO-
HaBTbl, BOLONA3bl, IETYMKM, NOABOLHUKM, MOXKAPHbIE U Apy-
TME) UAN B MHTEPECAX KIIMHMYECKOW MeAMUMHbI LS Kop-
PEKUMM NCUXMHECKOTO COCTOSIHUS MMM aHECTE3UM aKTWUBHO
MPOBOAMANUCE POCCUICKUMM UCCneaoBaTensaMmn patee [1]
W NPOJONKAKTCA B NOCNEAHNE JeCATUIETUS.

B u3paHHbIX 0630pax copepHKuTCA aHann3 MepcrneKTuB
ucnonb3oBanusa [[IC B MeAMLIMHCKON NpaKTuKe [2-5], B TOM
yucne Npu1 U3y4eHUM HeMPONPOTEKLMM U NPU UCTONb30BaHUU
B aHecTe3uonoruu ana Hapkosa [5-8], no BaMaHMKO Kucno-
POJHO-KCEHOHOBbIX CMECEN Ha MHTEHCUBHOCTb Mocneonepa-
LMOHHOro 60N1EBOr0 CUHAPOMA Y OHKONOMUYECKUX BOSbHBIX
[9], N0 MCMONB30BaHMIO KUCIOPOAHO-TENUEBLIX CMECei B Te-
panuu nHeBMoHui 1 COVID-19 [10], no neyeHmto 3aBMCMMO-
CTeW, ApYrux ncuxmuyeckmx pacctpoicts [11-13] u 3abonesa-
HuiA y aeTeit [14-16], no noaaepKaHuio KnU3HeCnocobHoCcTU
paHeHbIX ¢ HONbLLOW KPOBONOTEPEN B YCIIOBUAX NEPEOXIANK-
aenund [17] n npu Apyrux cocTosHMAX OpraHM3Ma YenoBeka.

3HaumMTeNbHOE KOSMYECTBO UCCe[0BaHUIA N0 NpUMeHe-
Huio ['IC, B OCHOBHOM C MCMOJIb30BaHWEM KCEHOHa, MOCBSI-
LLEHO KOppeKuMn QYHKLUMOHABHOTO COCTOSHUSA OpraHu3Ma
CMOPTCMEHOB U CMELMAanUCTOB KCTpeManbHbIX npodeccui
[18-20], HanpuMep, Npu MeaMUMHCKOM obecneyeHun nop-
BOAHbIX NOrpyxeHui [21, 22].

B npeabioyuieit ctatbe NpeacTaBNeH KacTepHbIA aHa-
Nn3 copepxanua 513 xypHanbHbIX cTaTen, 0nybsIMKOBaHHbIX
B 20062023 rr. Mpu noMoLum nporpamMmbl VOSviewer Kitoue-
Bble C/10Ba B CTaTbsAX 6blAM 06beanHeHbI B 7 KnacTepos. Kna-
CTepbl NepeymncreHbl Mo BeIMUMHE 06LLEN CUMbl CBA3M KJTlO-
YeBbIX CNOB, KOTOpas Oblna HECKOJBKO OT/IMYHOM OT YMcha
cTaTei: BOMpOCHI KCEHOHOBOW aHecTe3um usydanuck B 29,0%
nyBAMKaLMIA, TUNOKCMYECKUX TPEHUPOBOK — B 22,5%, ra-
30BOro COCTaBa B 3aMKHYTbIX MpocTpaHcTBax — B 22,0%,
KUCNOPOAHO-TrenmeBbIx cMeced — B 16,4%, Bamanua [AC
Ha HeliponpoTeKumio — B 4,4%, KMCNOPOLHO-KCEHOHOBLIX
cMeceii npu ctpecce — B 3,6%, IC npy HWU3KONOTOYHOM
aHecte3un — B 3,6%. BbisiBneHbl BedyLuMe 0TeUECTBEHHbIE
HayyHble LUKOMbI U YYEHble, uccnegoaslume BansHue [[C
Ha OpraHM3M YesloBEKa W XMBOTHbIX [23].

Lenb uccnepoBaHusa. BbisBUTb AMHAMUKY W CTPYKTYpY
HanpaBfeHUNA Hay4HbIX UCCNEL0BaHWUA POCCUIACKMX aBTOPOB
no npuMeHenuio [[1C B 3KCTpeManbHOM MeauLMHE.

MATEPUAJIbI U METObI

N3yuunu HayyHble nybamKaummW, NpOMHAEKCUPOBaHHbLIE
B PoccMINCKOM MHAEKCE HAyYHOro LMTUPOBaHKA.
lMomnck BKNOYan B cebs cneaytoLLee:
+ KJIlOYeBble CJI0BA: «ra30Bble AblXaTeslbHble CMecH»,
«KCEHOH», «aproH», «Tennii», «KUCNopoaHbie CMeChy;

T.31.Ne 7 2024

BOI: https://doi.org/10.17816/humeco643357

JKoNorna HenoBeka

 T[e UCKaTb: B 3arnaBuu, KIOYEBLIX CNOBax W pede-
paTax cTaTeid B KypHanax, MaTepuanax Hay4HblX KOH-
(bepeHLMI, KOHrPeccoB, naTeHTax Ha M30bpeTeHus u
nonesHble MoJEenu;

+ nepvog nybnuxkaumu: 2006—-2023 rr.

Mo NoMCKOBLIM pexvMaM MOMyYnIM HEeCKOMbKO Nofbo-
POK, KoTopble 06beauHunu B 0bwmin Maccus m3 788 nybnu-
Kaumi no ucnonb3osanuio [C.

MybnuKaumm aToro MaccmBa U3y4unn pyTMHHBIM CNocoboM
M COOTHECAM C pybpuKaMm pa3paboTaHHOro KiaccuduKaTto-
pa (tabn. 1). B pasnenst 2.1-2.4 n 5.1-5.2 Obinn BKIOYEHBI
creaytoLme noapasgaerbl: C KCEHOHOM, C refIMeM, € 3aKUChH
asoTa, C ApyrMu rasamu; B pasgensl 3.1-4.4 — ponosHu-
TENbHO K YKa3aHHBIM: C NOBbILUEHHBIM U MOHUKEHHBIM COAEp-
YKaHMEM KUCNOpoLa; B pasfen 4.5 — cnopTcMeHbl, MOpSAKY,
NETYMKY, ApYrve cneumanncTbl IKCTPEManbHbIX NPodeccuii.

Hepegko cogepxaHue nybnukaumuin oTHOCMIOCb K He-
CKOMbKUM pa3fenam Knaccudmkatopa. Konmuectso pybpuk
CyMMMpOBanu (MX OKasbiBanocb bosiblue, YEM U3YYeHHbIX
nybnMKauuit) M onpeaensavu NPOLEHTHbIE COOTHOLLEHUSA UC-
Crel0BaHUN.

Ho3onoruw, npu neveHun u peabunuraumm KoTopbix Npu-
mensm [[1C, pacnpegenvnu no knaccam MexayHaponHoi
Knaccudmkaumum 6onesHein u npobneM, CBA3aHHbLIX CO 340-
poBbeM, 10-ro nepecMoTpa (MKB-10).

Pa3BuTWe HanpaBneHWin HayuyHbIX UCCleL0BaHMIA U3yya-
7N MpY MOMOLLM aHanM3a AMHAMUYECKWX PALOB U pacyéTta
MOMHOMWANBHOTO TPEHAA BTOPOro nopsaKa [24] npumeHm-
TENbHO K TEXHUYECKUM, BUONOrMYeckuM, ranonornieckum
M MeLUUMHCKMM HayKaM W PasfMyHbIM ra3oBbiM CMECAM.
KoadduumeHT netepmunaumm (R?) neMoHcTpupoBan cBA3b
MOCTPOEHHOO TPEHAA C AaHHbIMU: yeM Bonblue R? (MaKcu-
ManbHbIi 1,0), TeM BofbLLe NPUBNMMKANCA OH K peanbHo Ha-
BniofaBLUMMCS AaHHBIM.

PE3YJIbTATbI

lMonMHOMMaNbHbIA TPEHA, MPU BLICOKOM KO3duLMeEHTe
LeTepMUHaLMM NMOKa3blBan yBEIMYEHNE Yncna NybnmKaLmi,
4TO MOXKET CBUAETENLCTBOBATL 00 aKTyanbHOCTM UCCNea0Ba-
HWI 1 NOBbILLEHWM UHTEPECa YYEHBIX K NpobneMam 1cnonb3o-
BaHus [[C B akcTpemanbHoi Meamnumte (puc. 1). Hanpumep,
ecnm B 2006 r. u3paHa 31 nybnvkaums, To B 2023 r. — 66,
yBenmyeHme — B 2,1 pasa.

CraTei B peLieH3upyeMbIX KypHanax bbino 513 (65,1%),
B MaTtepuanax KoHdepeHuut — 118 (15,0%), nateHToB
Ha u300peTeHmns K nonesHble Mogenu — 108 (13,7%), aBTo-
pedepatoB aucceptaumit — 45 (5,7%), npounx — 4 (0,5%).

Mpu BbICOKMX KO3 ULMEHTaX fETEPMUHALIMM NOSTMHOMMU-
anbHble TPEHAbl MCCefoBaHW Mo BuonorudeckuM, $usno-
NIOTUYECKUM U MeAMUMHCKUM npobnemam npumenenns IC
LEMOHCTPUPYIOT yBeNMdeHue faHHbX (puc. 2). Hanpumep,
B 2006 r. no buonormyecknm npobnemam 610 7 nydmMKaumi,
B 2023 r. — 22, yBenmyenne — B 3,1 pasa; no ¢uamnonoru-
YecKuM HaykaM — 15 1 42 cOOTBETCTBEHHO, YBESIMYEHME —




ORIGINAL STUDY ARTICLES Vol. 31 (7) 2024

Ta6nuua 1. KnaccuduKaTtop M3ydeHms HayuHbIX UCCe[0BaHMIA MO MPUMEHEHMIO Fa30BbIX AbIXaTeNbHbIX CMeceit
Table 1. Classifier for the study of scientific research on the use of gaseous breathing mixtures

Ekologiya cheloveka (Human Ecology)

Pybpuku Bcero, % | B Hayke, %
Categories Total (%) | In science (%)
1. 06wwme Bonpockl | General questions 15
1.1, Cbesfbl, KOHrPECCh], KOH(BEPEHLIM, NEPCOHaMN
Convention, congresses, conferences, personalities
12. Npasosoe perynuposaHie | Legal regulation
2. Texnuyeckue Hayku | Technical sciences 8,7 100,0
2.1, YcrpoiicTea A8 nonydeHmns GapMaLeBTYECKMX CyBCTaHLmiA 53,2
Devices for the production of pharmaceutical substances
2.2. YcrpoiicTsa ang Hapko3a | Anesthesia devices 55
2.3. YcrpoiicTea Ans ONTUMM3ALIMM (YHKLIMOHAMBHOTO COCTOSHS M paboTocrocobHOCTH 15,6
Devices for optimizing the functional state and operability
2.4 Ycrpoiictea ans nederus 3abonesanuin | Devices for the treatment of diseases 256
3. buonoruyeckue Hayku | Biological sciences 13,7 100,0
3.1, Maprepsl Mcnosb30BaHMs Ha XMBOTHBIX | Markers of use on animals 34,9
3.2 OugHKa MCMOSIb30BaHMA MO KIMHMKO-11a60PATOPHBIM MOKA3ATENAM (MIMMYHOSOTUS, KIETOYHBIE MOKA3aTeNN KPOBU 38,9
u np.) | Evaluation of usage based on clinical and laboratory parameters
(immunology, blood cell counts, etc.)
3.3, OueHxa MCronb30BaHWA N0 NEKTPODU3MOSIOTMHECKIM MOKa3aTeNaM (3NeKTposHLedanorpadms, CrieKTpocKonms 26,2
n np.) | Assessment of usage by electrophysiological parameters
(electroencephalography, spectroscopy, etc.)
4. ®usmonoruyeckue Hayku | Physiological sciences 337 100,0
4.1, Bnumanue Ha ceppedHo-cocyamcTyio cucTemy | Effects on the cardiovascular system 11,6
42.  Bnuanme Ha cuctemy fbixanma | Effects on the respiratory system 9.3
43.  Bnmanme Ha opraHbl 4yBCTB (3peHue, cnyx) | Effects on the senses (vision, hearing) 2.4
b4 Bamanme Ha NCUXMHECKME DYHKLIAM, HEMPONPOTEKLMIO, 60 211
Effects on mental functions, neuroprotection, pain
45 OnTUMM3aLMA BYHKLIMOHAIBHOTO COCTOAHMA U PaboToCMoCo6HOCT 55,9
Optimization of functional status and operability
5. MeguumHckue Haykm | Medical Sciences 402
5.1. Wcnonb3osanme ana HapKo3a | Use for anesthesia
5.2.  JleyeHvie 3a60/1eBaHMIA C MPUMEHEHMEM [a30BbIX AbIXaTeNbHbIX cMecel (no kiaccam MKB-10) 100,0
Treatment of diseases with the use of gas breathing mixtures (according to ICD-10 classes)
5.2.1. Hekotopble MHGEKUMOHHbIE 3aboneBaHus, COVID-19 (1) 17,4
Some infectious diseases, COVID-19 (1)
5.2.2.  HosoobpasosaHus (Il) | Neoplasms (1) 10,4
5.23.  Tlemxudeckue paccTpoicTsa, 3aBucmmMoctu (V) | Mental disorders, addictions (V) 9,7
5.2.4.  BonesHn HepeHoit cucTembl (V1) | Diseases of the nervous system (V1) 15,1
5.25.  bonesnu rnasa v ero npuaatoyHoro annapara (V) 2,0
Diseases of the eye and its accessory apparatus (VII)
5.2.6.  BonesHn yxa 1 cocuesmaHoro oTtpoctka (VIIl) | Diseases of the ear and mastoid process (VIII) 2,0
5.2.7.  Bone3Hu cuctembl kpooobpalerms (IX) | Diseases of the circulatory system (IX) 10,9
5.2.8.  BonesHn opraHos abixaHus (X) | Respiratory diseases (X) 9,9
5.2.9.  BonesHu KOCTHO-MbILLEYHOM CUCTEMBI U COeaUHMTENBHON TKaHK (XIII) 1.4
Diseases of the musculoskeletal system and connective tissue (XIII)
5.2.10. Bone3Hu MoyenonoBow cucTeMml, natonorus bepemeHHocTy (XIV) 8,1
Diseases of the genitourinary system, pathology of pregnancy (XIV)
5.2.11. TpaBMmbl, 0TPaBNeHWs 1 [pyrvie BO3AENCTBUS BHELLHMX MPUuH (XIX) 23
Injuries, paisoning and other effects of external causes (XIX)
5.2.12. BonesHu nonocTn pTa, CIHHLIX XKenes 1 Yentoctert (1-a rpynna, XI) 48
Diseases of the oral cavity, salivary glands and jaws (group I, XI)
6. Mcuxonoruyeckue Hayku | Psychological sciences 2,2

6.1, Tewxonorndeckas peabunurauns | Psychological rehabilitation
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Puc. 1. [IuHamuKa KonmyecTBa U3ydeHHbIX NybavMKauuii (@) v cTpykTypa TMna usaaxui (b).
Fig. 1. Dynamics of the number of publications studied (a) and the structure of the publications by types (b).

B 2,8 pa3a; no MegnuMHCKMM Haykam — 20 u 45 cootBeT-
CTBEHHO, yBenmyeHne — B 2,3 pasa. [pu HeBLICOKOM Ko3g-
uuUMeHTe feTepMUHALMM TPEHA UCCNEA0BAHUMN MO TEXHUYe-
CKUM npobneMam HanoMmuHan U-Kpusyto (cM. puc. 2).

06wwue Bonpocbl npuMeHenns T[C paccmatpusanmchb
B 1,5% nybnukaumi, TexHnyeckue npobnembl — B 8,7%,
buonornyeckme — B 13,7%, dusmnonornyeckne — B 33,7%,
MeamumHckue — B 40,2%, ncuxonornyeckne — B 2,2% (cm.
Tabn. 1).

B aHanuanpyeMoM MaccvBe paHHbIX B cocTas [[IC Kce-
HOH BXxogmn B 47,3% nybnukauui, rennii — B 19,4%, nobi-
LLEHHOE M MOHUMEHHOE cofepaHue kucnopoga — B 11,5
n 9,7%, opyrve rassl — B 12,1%. Heobxogumo Takxe oT-
METUTb BbLICOKYID CTOMMOCTb WHEPTHBIX ra30B M Heobxo-
AMMOCTb MpOBEAEHUS| UCCNEA0BaHMA MO UX U3BJIEYEHMIO

Yucno
25

13 OKpYXaloLLeid cpefbl, YTo ByAeT cnocobCTBOBaTL CHUME-
Huio cebectonmocTu [25, 26].

C BbICOKMMM KO3(hdMLMEHTAMM [eTePMUHALMM MOJTUHO-
MUasnbHble TpeHabl Nybaukaumi no mcnonb3oBaHuio B [[C
KCEHOHa W renus MoKasblBanu pocT noKasareneii (puc. 3). Ha-
npumep, B 2006 r. feicTaue KceHoHa U3yyanock B 18 pabotax,
B 2023 r. — B 45, yBenuuenne — B 2,5 pasa; renms —
B 7 1 21 paboTax cOOTBETCTBEHHO, yBeNIM4eHe — B 3 pa3a.

Mpn Hu3KkMXx KoadduumeHTax [eTepMUHALMM Mo-
JIMHOMMAnNbHBIM  TPEHA, MO MPUMEHEHWH MOBBILIEHHO-
ro copepxanust kucnopoga B IIC HanomuHan U-kpusyto
C TeHAEHUME YBENMUEHUA MyDNMKALMIA, NOHUKEHHOT0 coaep-
YKaHWSA KUCIopoAa — Mooy UHBEPTMPOBaHHYH U-Kpusyto
C TEHAEHUMEN YMEHbLLEHUA [aHHbIX B NOCNELHUIA NEPUOA
Habnoferms (cM. puc. 3).

20+

O NMNOWOWOOHWQ O AN OO VDO NMNOVOO O N M
85882 c-c23I22-228588m 88588552000 S8 8w
== TexHn4yecKkme HayKu

= =[loNNHOMNANBHbIA TPEHA,
== Bronornyeckne Hayku = == MonMHOMUanbHbIi TPEHA

=C= dUsMonornyeckne Hayk = =rloanHommanbHblil TPEHA,
=@~ MepuunHCKNE Haykn = == [osIMHOMUaNbHbIA TPEHS,

a

b

Puc. 2. [InHaMuKa KonudecTBa MCCNeAo0BaHUin No NPUMEHEHUI0 ra3oBbIX AblXaTesbHbIX CMeceii B TEXHUYECKUX M B1oNornyeckmx HayKax (@), B dJMBVIO-

JNIOrM4eCKMX N MeULMHCKUX HayKax (b).

Fig. 2. The dynamics of the number of studies on the use of gas breathing mixtures in technical and biological sciences (@), in physiological and medical

sciences (b).
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Fig. 3. Dynamics of the number of studies on the use of xenon and helium (a) and oxygen with different contents (b) in gas breathing mixtures.

YMecTHO YKa3atb, 4YTO B nocnegHue roabl yenn4mpaetca
yucio pa60T, B KOTOpbIX U3y4aeTcA [eiCTBUE Ha OpraHu3m
YyesioBeKa U XWMBOTHbIX APYrux rasos, Hanpwumep, aproHa,

a30Ta B pa3HbIX KOHUEHTPALMAX U np.

B cTpyKkType TexHuueckux uccnepoBaHuin B 53,2% pabot
NnpeLCcTaBAsINCE YCTPOICTBA AN1A NoNydeHus GapMaLesThye-
ckux cybctaHumia TAC (cM. Tabn. 1). B TexHuYecKux ycTpon-
CTBax KCEHOH npejmnonarany ucnonb3osatb B 37,7% pabor,
renuin — B 28,4%, NoBbILLEHHOE COZlepaHuUe Kucopoa —

B 11,9%, opyrve rasel — B 22,0%.

B cTpyKType Buonormyeckux mccnefoBaHuin pesynbTathbl
ucnonb3oBaHus [IC no BbiaeneHHLIM pybpuKkaM Knaccudu-
KaTopa Oblin B 6IU3KMX N0 3HAYMMOCTU Jonsx (cM. Tabn. 1).
B kayecTBe 06beKTa UcCes0BaHN KCeHoH bbin B 46,0% pa-
6oT, renuit — B 12,8%, KMCNOPOL, C NOBLILLIEHHBIM COflepKa-
HueM — B 8,7%, ¢ NoHWKeHHbIM coaepxanneM — B 15,1%,

Apyrve rassl — B 17,4% pabor.
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B cTpykType dm3monormyeckux uccnepoBaHuii B 55,5%
pabot msyyanocb BamaHue I1C Ha onTuMmM3aumMio QyHKUMO-
Ha/bHOro COCTOSHWA M paboTocnocobHOCTb CheLnanmcToB
3KCTpeManbHbIX npodeccuit (cM. Tabn. 1), B TOM uucne
cnopTcMeHoB (44,3%), Mopsakos (29,1%), nétumkos (5,5%),
noapHbIX, cnacatened u np. (21,1%). B nybnukaumsx, co-
OTHECEHHBIX C (um3nonornieckummn Haykamm, B coctas [[IC
KCEHOH Bxoaun B 25,7% pabot, renuit — B 15,4%, aproH —
B 8,3%, K1cnopop ¢ NoBbILEHHBIM cofiepxaHnemM — B 17,8%,
C NMOHMXEHHBIM cofiepaHueM — B 28,0%, apyrue rassl —
B 4,8%.

B cTpyKType MeaMUMHCKUX McCnefoBaHuii o NpUMeHe-
Huto [1C npu Hapko3e oka3anock 21,7% paboT, npu neveHnn
3aboneBaHuit — 78,3% (puc. 4). Npn MeMUMHCKUX Uccheao-
BaHusAx B coctase ['[1C kceHoH npucyTcTBoBan B 65,1% pabor,
renui — B 21,9%, NoBbILLEHHOE COflepXKaHue Kuciopofa —
B 6,4%, 3akucb asota — B 1,0%, Apyrue rassl — B 5,6%.
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Puc. 4. CTpyKTypa npUMeHeHUs ra3oBbIX AblXaTesbHbIX CMeceil B MeAMLIMHCKUX paboTax (a), HOMeHKaTypa rasoBbix AbiXxaTesbHbIX cMeceit (b), nedyenme

Ho3onorwi (c).

Fig. 4. The structure of the use of gas breathing mixtures in medical work (a), the nomenclature of gas breathing mixtures (b), the treatment of nosologies

(©).
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OPUTMHATTBHBIE MCCIEIOBAHNA

CTpyKTypa neuvenmsa Hosonoruit no knaccam MKB-10 ¢ uc-
nonb3oBaHueM [[IC nokasaHa Ha puc. 4.

3AKJIKYEHUE

lNpumeHenue I'IC B MHTepecax 3KCTpeManbHOW MeauLm-
Hbl W CMELMannCTOB 3KCTPEMaJbHbIX BULOB AEATENIbHOCTH,
K/MHWYECKOW MeaMLMHBI AN KOPPeKLMM NMCUXMYECKOro co-
CTOSIHWA UMW aHECTe3MM [OCTaTO4HO LUMPOKO NpeACTaBeHbl
B Hay4HbIX paboTax poCCUICKMX aBTOpOB.

B uenom oTMeyaeTcs NO3MTUBHOE BAIMSIHUE NMPUMEHEHUS
B coctaBe [[C MHepTHbIX rasoB And onTMMM3auun QyHK-
LMOHANbHOr0 COCTOSIHUA OpraHM3Ma NauMeHTOB MpU He-
KOTOpbIX HO3010MUAX U MOBBILIEHMS CTPECCOYCTOMYNBOCTH
CNeuManncToB 3KCTpeManbHbIx npodeccuit. B To e Bpems
HeobxoAWMMO NPOJONKMTL UCCNEA0BAHUA MO U3YYEHUIO BIK-
SHWA pasnnuHbIX KoMbuHauui TIC Ha opraHM3M 3UBOTHbIX
W YesloBeKa, U3B/IEYEHMIO U3 OKPYKalOLLei Cpefibl MHEPTHbIX
rasoB U CHUXEHMI0 Ux cebecTouMocTm.
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Bknap aBtopoB. C.C. AnekcanwH, B.I0. PeibHnkoB — metofono-
TS UCCNeLoBaHWUS, PeflaKTMpOBaHWE OKOHYaTeNbHOM BEpCUM CTaTby;
B.). EBnokMoB — co3aaHue pybpuKatopa cTaTei, CTaTUCTUYECKUI aHanus
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Evaluation of cytokines, antibodies
to neurotransmitter receptors, and their interrelations
in individuals with hand-arm vibration syndrome

Liudmila B. Masnavieva, Galina M. Bodienkova, Elena V. Boklazhenko

East-Siberian Institute of Medical and Ecological Research, Angarsk, Russia

ABSTRACT

BACKGROUND: One of the primary objectives of the healthcare system in the Russian Federation is to preserve the
health of the working population, as economic losses associated with the treatment and social support of individuals with
occupational diseases is over 200 billion rubles. Hand-arm vibration syndrome and sensorineural hearing loss continue to
prevail among the occupational pathologies. Patients with these conditions have been found to exhibit disturbances in the
neuroimmune-endocrine system.

AIM: To compare, identify interrelations, and analyze the levels of cytokines and autoantibodies to neurotransmitter receptors
in individuals with hand-arm vibration syndrome, depending on the presence/absence of sensorineural hearing loss and the
type of vibration exposure.

MATERIALS AND METHODS: Serum levels of interleukins (IL-1B, IL-4, IL-6, IL-8), tumor necrosis factor (TNF-a), and
autoantibodies to acetylcholine, glutamate, GABA, dopamine, and serotonin receptors were studied using enzyme-linked
immunosorbent assay in patients with hand-arm vibration syndrome of various etiologies, either caused by localized vibration
exposure or by combined localized and whole-body vibration exposure, with or without concurrent sensorineural hearing loss.
RESULTS: When accompanied by sensorineural hearing loss, individuals with vibration disease of any etiology exhibited higher
IL-1B and IL-6 levels compared with those with hand-arm vibration syndrome due to localized vibration exposure without
sensorineural hearing loss. For each subgroup, except for individuals with hand-arm vibration syndrome caused by combined
localized and whole-body vibration exposure without sensorineural hearing loss, regression equations demonstrated the
contribution of cytokines to the variation in antibody levels against neurotransmitter receptors.

CONCLUSION: The findings confirm a higher risk of neuroimmune inflammation in patients with hand-arm vibration syndrome
caused by combined whole-body and localized vibration exposure compared to those with vibration disease resulting from
localized vibration alone. The presence of concurrent sensorineural hearing loss exacerbates pathological processes due
to imbalances in cytokine profiles and neurotransmitter metabolism. Distinctive interrelations between autoantibodies
to neurotransmitter receptors and cytokines were identified in individuals with vibration disease of various etiologies and
concurrent sensorineural hearing loss.

Keywords: cytokines; antibodies; neuronal receptors; hand-arm vibration syndrome; sensorineural hearing loss.
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AHHOTALMA

O6ocHoBaHue. OfHOM M3 OCHOBHbIX 3afay 34paBooxpaHeHus Poccuiickoit Qepepaumy ABNSETCS COXpaHEHWE 3[0pOBbS
paboTaloLLero HacesieHus, NOCKOSIbKY 3KOHOMMYECKME MOTEPU Ha JIeYeHUe U coumanbHble BbIMNaThl MuaM ¢ npodeccuo-
HanbHbIMK 3aboneBaHuaMK coctansaloT bonee 200 mMnpa pybnei. Jiuampyowme nNo3uuum B CTPYKTYpe NpodeccMoHasnbHom
naTonoriv NPoA0IKAT 3aHUMaTh BUBpaLmoHHas 60M1e3Hb 1 HEMPOCEHCOpHas TYroyxoCTb. Y NauMeHToB C AaHHbIMKM 3abone-
BaHWUAMM YCTaHOBJIEHbI HApYLLUEHUS B HEMPOMMMYHO3HA,0KPUHHOM CHUCTEME.

Lenb. ConocTaBuTb M BbISIBUTL B3aMMOCBA3b M NPOaHaU3UPOBaTh YPOBHM LIMTOKMHOB W ayTOAHTUTEN K peLentopaM Hem-
pOMeLMaTopOB Y JINL, C BUOPALMOHHOM D0NE3HbI0 B 3aBUCUMOCTU OT HaNMYMS UM OTCYTCTBUS HEPOCEHCOPHOM TYroyXocCTu
¥ BMAA BO3LENCTBYIOLLEN BUBpaLMH.

Marepuanbl u MeTopbl. Y nauneHToB C BUBpaLMOHHONM H0Me3HBI0 PasNMyHOro 3TMoreHe3a, 00yCNOBNEHHONW BO34ENCTBM-
€M JoKanbHOW BUbpauMn unm KOMOMHWMPOBAHHBIM BO3[EMCTBMEM JIOKaNbHOW W 06Liei BUBpaLmMK, a TaKKe OTATOLLEHHOM
HelipOCeHCOPHOM TYroyxocTbio M 6e3 TaKoBOM, C MOMOLLbI0 UMMYHO(EPMEHTHOMO aHaN3a U3yyeHbl CbIBOPOTOYHBIE YPOBHM
untepnenkuHos (IL-1B, IL-4, Il-6, IL-8), dakTopa Hekpo3a onyxonu (TNF-a) M ayToaHTUTEN K peLenTtopaM aLeTUIX0NMHa,
rnytamata, FAMK, podamuHa, cepoToHWHa.

PesynbTatbl. YcTaHOBNEHO, YTO Y JINL, C BUOpaLMOHHOI 6051e3HbI0 N0BOro reHesa, CONpOBOXAAIOLLENC HEMPOCEHCOPHON
TYroyXocTbto, ypoBeHb IL-1B u IL-6 Bbilwe npu conocTaBneHnm ¢ BUbpaLMOHHON 60ne3Hbio, 06yCNOBNEHHOW BO3AENCTBUEM
noKanbHom Bubpaumm, 6e3 HelipoceHCcopHOM TyroyxocTu. [N Kaxaon u3 Noarpynn, 3a UCKIYEHWEM JINL, C BUBPaLMOHHON
bone3sHbto, 00yCNOBNEHHOW KOMOMHMPOBAHHLIM BO3AEMCTBMEM NOKA/IbHOM M 00LLel BUOpaLmK, He UMELOLMX HelipoCeHcop-
HOM TYroyxocTW, MOKa3aHbl PErpecCUOHHbIE YPaBHEHUS, CBUAETENbCTBYIOLLME O BKIIAZE LMTOKUHOB B U3MEHEHWE YPOBHEMN
aHTUTEN K peLienTopaM HelipoMeamaTopos.

3akniouenue. lNonyyeHHble JaHHble NOATBEPKAAIOT Doslee BLICOKME PUCKM PasBUTUS HEMPOUMMYHHOMO BOCMAsieHUsA Y Ma-
LMEHTOB C BMOpaLMOHHOW 60Ne3HbI0 NpU KOMOMHMPOBAHHOM BO3LEMCTBUM 0OLLEN M JIOKaNbHOW BMBpaLMW OTHOCUTENBHO
naumeHToB C BUbpauMOHHONM 6one3Hblo, 06ycnOBNEHHOW BO3AENCTBMEM JIOKaNbHOW Bubpaumu. Hamuume conyTcTByloLLel
HelipOCeHCOPHOM TYroyXoCTH YCYrybnsieT TeYeHMe NaToorMyeckux NPoLLeccoB 3a CYET AucbanaHca B LUTOKMHOBOM npodune
W HeiipoMeamaTopHoM 06MeHe. BbisiBNieHbI OTIMUMTENBbHBIE 0COOEHHOCTH B3aUMOCBA3€l ayTOAHTUTEN K HelipoMeanuaTopHbIM
peLenTopaM W LIMTOKUHOB Y UL, C BMOPALMOHHON DONE3HbI0 PasfMYHOrO 3TUOreHe3a M COMYTCTBYHOLLEN HEMpOCEHCOPHOM
TYrOYX0CTbH.

KnioueBble cnoBa: LMTOKWMHbI; aHTUTENa; HeMpOHanbHble peLenTopbl; BUOpaLMOHHAs 6onesHb; HeMpoCeHCOpHas
TYroyxocTb.
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ABSTRACT

BACKGROUND: One of the primary objectives of the healthcare system in the Russian Federation is to preserve the
health of the working population, as economic losses associated with the treatment and social support of individuals with
occupational diseases is over 200 billion rubles. Hand-arm vibration syndrome and sensorineural hearing loss continue to
prevail among the occupational pathologies. Patients with these conditions have been found to exhibit disturbances in the
neuroimmune-endocrine system.

AIM: To compare, identify interrelations, and analyze the levels of cytokines and autoantibodies to neurotransmitter receptors
in individuals with hand-arm vibration syndrome, depending on the presence/absence of sensorineural hearing loss and the
type of vibration exposure.

MATERIALS AND METHODS: Serum levels of interleukins (IL-1B, IL-4, IL-6, IL-8), tumor necrosis factor (TNF-a), and
autoantibodies to acetylcholine, glutamate, GABA, dopamine, and serotonin receptors were studied using enzyme-linked
immunosorbent assay in patients with hand-arm vibration syndrome of various etiologies, either caused by localized vibration
exposure or by combined localized and whole-body vibration exposure, with or without concurrent sensorineural hearing loss.
RESULTS: When accompanied by sensorineural hearing loss, individuals with vibration disease of any etiology exhibited higher
IL-1B and IL-6 levels compared with those with hand-arm vibration syndrome due to localized vibration exposure without
sensorineural hearing loss. For each subgroup, except for individuals with hand-arm vibration syndrome caused by combined
localized and whole-body vibration exposure without sensorineural hearing loss, regression equations demonstrated the
contribution of cytokines to the variation in antibody levels against neurotransmitter receptors.

CONCLUSION: The findings confirm a higher risk of neuroimmune inflammation in patients with hand-arm vibration syndrome
caused by combined whole-body and localized vibration exposure compared to those with vibration disease resulting from
localized vibration alone. The presence of concurrent sensorineural hearing loss exacerbates pathological processes due
to imbalances in cytokine profiles and neurotransmitter metabolism. Distinctive interrelations between autoantibodies
to neurotransmitter receptors and cytokines were identified in individuals with vibration disease of various etiologies and
concurrent sensorineural hearing loss.
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AHHOTALMUA

O6ocHoBaHue. OfHOM M3 OCHOBHbIX 3afay 3ApaBooxpaHeHus Poccuiickoit Qepepaumy ABNAETCA COXpaHEHWE 3[0pOBbA
paboTaloLlero HaceneHus, NOCKOSIbKY 3KOHOMMUYECKME MOTEpPU Ha JieyeHUe M couumanbHble BbIMNaThl iuaM ¢ npodeccuo-
HanbHbIMK 3aboneBaHnaMu coctanaoT bonee 200 mMnpa pybnei. Jiuanpyowme nNo3uuum B CTPYKTYpe NpodeccMoHasnbHoM
naTonoriv NPoACIKAOT 3aHUMaTb BUBpaLMoHHas 60n1e3Hb 1 HEMPOCEHCOpHas TYroyxocTb. Y NauMeHToB ¢ AaHHBIMU 3abone-
BaHWAMM YCTaHOBJIEHbI HApYLUEHUS B HEMPOUMMYHO3HA,0KPUHHOM CUCTEME.

Llenb. ConocTaBuTb M BbISIBUTb B3aMMOCBA3b M NPOaHaU3UPOBaTh YPOBHW LMTOKMHOB M ayTOAHTUTEN K peLentopaM Hem-
POMeAMaTopoB y NuL, ¢ BUOpaLMOHHOW 60Ne3HbI0 B 3aBMCMMOCTU OT HaNMUMA WM OTCYTCTBUS HEMPOCEHCOPHOW TYroyXocTu
¥ BMAQ BO3LENCTBYIOLLEN BUBpaLMH.

Marepuanbl u MeTopbl. Y NauMeHToB ¢ BUBpaLMOHHOM H0ME3HBI0 Pa3NMuHOro 3TUOreHe3a, 06yCNOBAEHHONW BO3LENCTBU-
€M JOKaNbHOW BUOpaLMn Unu KOMOMHWMPOBaHHBIM BO3[EMCTBUEM JIOKamNbHOW W 06Liei BUOpaLmMM, a TaKKe OTArOLLEHHOM
HelipOCEHCOPHOM TYroyXocThio U 6e3 TaKoBOM, C MOMOLLbI0 UMMYHO(EPMEHTHOMO aHaIN3a WU3y4eHbl CbIBOPOTOHYHBIE YPOBHM
unTepnenkuHos (IL-1B, IL-4, 1l-6, IL-8), dakTopa Hekpo3a onyxonu (TNF-a) v ayToaHTUTEN K peLenTtopaM aLeTUIXONMHa,
rnytamarta, FAMK, nodamuHa, cepoToHuHa.

Pesynbratbl. YCTaHOBNEHO, YTO Y JINL, C BUOpaLMOHHOI 6051e3HbI0 N0BOro reHesa, CONpOBOXAAIOLLENCA HEMPOCEHCOPHOM
TYroyxocTbto, ypoBeHb IL-1 1 IL-6 Bbilwe npu conocTaBneHUy ¢ BUOPALMOHHON 6onesHblo, 00yCNOBNEHHO! BO3AEACTBMEM
NOKasIbHOM BUOpaLmK, 6e3 HeMpPOCEHCOPHOI TYroyxocTu. [ Ka ook U3 NoArpynn, 3a MCKIIOYEHNEM JIUL, C BUDPaLMOHHOM
bonesHblo, 06ycNoBNEHHO KOMOMHWMPOBAHHLIM BO34EMCTBMEM JIOKAbHOW M 06LLen BUbpaLum, He UMEKOLLMX HelpoceHCop-
HOM TYroyXocTW, NOKasaHbl PErPeECCUOHHbIE YPaBHEHMS, CBUAETENLCTBYIOLUME O BKIAZE LMTOKUHOB B U3MEHEHWUE YPOBHEMN
aHTUTeN K peLienTopaM HeilpoMeaMaTopos.

3akniouenue. [onyyeHHble JaHHbIE NOATBEPIKAANT Boslee BbICOKME PUCKM PasBUTUS HEMPOUMMYHHOMO BOCMAaNeHus y na-
LMEHTOB C BMOpPaUMOHHOW 60N1e3HBI0 NPU KOMOWMHMPOBAHHOM BO3LEMCTBUM 0OLLEN M JIOKaNbHOW BMBpaLMWM OTHOCUTENBHO
nauueHToB C BMOpaLMOHHOW 6one3Hblo, 00YCNOBNEHHOW BO3AENCTBMEM JIOKanbHOM BUOpaumn. Hanuuve conyTcTByHOLLEN
HelipOCEHCOPHOM TYroyXOCTH YCYrybnseT TeYeHMe NaToorMYeckux NPoLLECcoB 3a CYET AucbanaHca B LUTOKMHOBOM npodune
U HelipoMeamaTopHoM obMeHe. BbisiBieHbl 0TUUMTENbHBIE 0COBEHHOCTM B3aUMOCBA3EW ayTOAHTUTEN K HEMPOMEANATOPHBIM
PELenTopaM W LIMTOKMHOB Y JUL, C BMOPALIMOHHON B0ME3HBI0 Pa3NIMYHOMO 3TMOreHe3a U COMYTCTBYHOLLEN HEMPOCEHCOPHOIA
TYroyXocTbH.
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BACKGROUND

In recent decades, one of the primary objectives of
the healthcare system in the Russian Federation has been
the preservation of the health of the working population.
Despite the modernization and automation of industrial
facilities, improvements in technological processes, and
the implementation of robotics and artificial intelligence, a
high incidence of diseases caused by harmful occupational
exposures persists in several industrial sectors. Vibration
disease (VD) and sensorineural hearing loss (SHL) continue
to rank among the leading occupational disorders resulting
from physical hazards.! These diseases tend to develop
over a short period (5 to 7 years of work under hazardous
conditions) and lead to reduced work capacity and disability,
which determines the high medical and social significance of
these professional disorders. The economic costs associated
with treatment and social benefits for individuals with
occupational diseases exceed 200 billion rubles [1].

The clinical presentation of VD is characterized primarily
by angiodystonic syndrome, sensory polyneuropathy of the
extremities, and functional disorders of the central nervous
system, the severity of which increases with the duration
and intensity of vibration exposure. Vibration is known to
cause dysfunctions not only in the peripheral but also in the
central nervous system, affecting the cerebellum, brainstem
structures, hypothalamus, and reticular formation. In SHL,
pathological changes occur in the auditory nerve, nerve fibers
of the inner ear, as well as the brainstem and cerebral cortex
[2]. In addition to nervous system involvement, patients with
VD and SHL also present with immune, endocrine, and
cardiovascular disorders [3, 4]. According to published data,
specific autoantibodies targeting neuronal cell components
and structures are detected in the serum of individuals
with neurodegenerative diseases [5, 6]. Our earlier findings
have revealed altered levels of cytokines and neuronal
autoantibodies in patients with VD and SHL. Moreover,
differences in cytokine profiles have been noted in individuals
with SHL compared to those with VD, as well as depending
on the etiology of VD [3, 7]. Despite numerous articles on
cytokine profiles, lymphocyte subpopulations, specific
antibodies, and other immunologic markers in individuals
with occupational diseases, the interrelationship of these
markers under combined exposure to different physical
occupational hazards remains understudied.

The work aimed to compare and determine the
interrelationships, as well as analyze the levels of cytokines
and autoantibodies to neurotransmitter receptors, in
individuals with VD, depending on the presence or absence
of SHL and the type of vibration exposure.

! On the State of Sanitary and Epidemiological Well-Being of the Population
in the Russian Federation in 2019: State Report. Moscow: Federal Service
for Surveillance on Consumer Rights Protection and Human Wellbeing;
2020:299.
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METHODS

As part of a work project conducted by the East Siberian
Institute of Medical and Ecological Research (Angarsk), a
total of 153 men aged 41-58 years (mean age, 49.6 + 0.88
years) with occupational diseases resulting from exposure to
physical factors were examined.

Inclusion criteria: male sex, VD of occupational origin,
no history of autoimmune disorders, and absence of acute
respiratory infections at the time of examination. Exclusion
criteria: unconfirmed diagnosis of VD or lack of informed
consent.

Clinical and laboratory-immunological examinations were
approved by the Local Ethics Committee of the East Siberian
Institute of Medical and Ecological Research (Protocol No. 5,
dated March 21, 2023) and conducted in accordance with
the ethical principles of the Declaration of Helsinki. Written
informed consent was obtained from all participants.

In all individuals, the diagnosis of VD was confirmed
based on the classification criteria for diseases and conditions
outlined in the International Classification of Diseases,
10th Revision (ICD-10). Among the participants, 67 men had
an occupational disease resulting from exposure to local
vibration (Group 1), and 86 men had combined exposure to
local and whole-body vibration (Group 2). Group 1 included
workers employed as riveters-assemblers, assembly fitters,
tunnelers, loggers, installation workers, chippers, and sawmill
operators. Group 2 comprised excavator, bulldozer, grader,
drilling rig, and crane operators, as well as KrAZ log truck
drivers, forklift drivers, and tractor operators. SHL as a second
occupational disease was diagnosed in 47 individuals in Group
1 (local vibration) and in 64 individuals in Group 2 (combined
local and whole-body vibration). Within each group, individuals
with SHL were classified into separate subgroups.

Serum samples obtained from the participants were
analyzed using enzyme-linked immunosorbent assay
(ELISA) to determine the concentrations of cytokines,
including interleukin-1p (IL-1p), tumor necrosis factor alpha
(TNF-a), and interleukins 4, 6, and 8 (IL-4, IL-6, IL-8), using
Vector-Best reagent kits. Additionally, levels of specific 1gG
autoantibodies were assessed using ELI-Neuro-Test kits
(Immunkulus Research and Production Association). The
autoantibodies studied included those targeting the following
receptors: acetylcholine (nACh-R), glutamate (NMDA-R),
gamma-aminobutyric acid (GABA-R), dopamine (DA-R), and
serotonin (SER-R).

Statistical analysis was performed using STATISTICA
6.0 software. Normality of data distribution was assessed
using the Shapiro-Wilk test. Comparisons of quantitative
variables were conducted using the nonparametric Kruskal—
Wallis test and the Mann—Whitney test. Associations
between variables were evaluated using Spearman rank
correlation and nonlinear regression analysis. The results
are presented as median (Me) and interquartile range (25th
and 75th percentiles, LQ-UQ). Differences were considered
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statistically significant at p < 0.05 for the Kruskal-Wallis test
and Spearman correlation, and at p < 0.0083 for pairwise
comparisons.

RESULTS

The findings revealed that in the subgroups of individuals
with both VD and SHL, serum IL-1p levels were significantly
higher than in individuals with VD caused by local vibration
exposure without SHL (p = 0.001 and p < 0.001 for the
subgroups with SHL and VD due to local and combined
vibration exposure, respectively; Table 1). IL-6 levels were
elevated in the subgroups with VD due to combined local and
whole-body vibration exposure, both with and without SHL,
as well as in individuals with SHL and VD resulting from local
vibration exposure. However, these intergroup differences did
not reach statistical significance and demonstrated a trend
compared with the subgroup with VD from local vibration
exposure without SHL (p = 0.027, p = 0.033, and p = 0.013,
respectively).

Analysis of cytokine profiles across all four subgroups
revealed a similar structural pattern; however, individuals
with SHL as an occupational comorbidity exhibited the highest
IL-1B levels. The greatest concentration of this interleukin
was observed in the subgroup with SHL and VD caused
by combined local and whole-body vibration exposure.
Conversely, the lowest levels of both IL-1 and IL-6 were
detected in the cohort with VD resulting from local vibration
exposure without SHL. These findings suggest that combined
exposure to noise, local, and whole-body vibration may exert
a unidirectional effect on IL-1p levels and demonstrate a
synergistic proinflammatory influence.

Autoantibodies play a central role in the clearance of
apoptotic cells and their components during physiological
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cell turnover. In this context, they may exhibit protective
properties and can be detected at low concentrations in the
serum of healthy individuals. However, elevated autoantibody
levels may either indicate or contribute to pathological
processes involving increased cell death [8].

Serum test of autoantibodies targeting neurotransmitter
receptors revealed no statistically significant intergroup
differences (Table 2).

Antibody production is known to be regulated by cytokines
through B-lymphocyte activation [9, 10]. Consequently,
elevated levels of proinflammatory cytokines and the
accompanying activation of inflammatory pathways may
contribute to increased serum concentrations of autoantibodies.
Accordingly, a regression test was conducted to assess
associations between cytokine levels and the presence of
neural tissue autoantibodies. The resulting equations describe
the contribution of cytokine profiles to the development of
antibody responses against neurotransmitter receptors. In
the subgroup of patients with VD caused by local vibration
exposure without SHL, the following models were identified:
GABA-R = 1.84 — 1.44 x (IL-1B) - 6.94 x (TNF-a) + 2.54 x
(IL-1B)%+ 2.57 x (IL-6)% + 6.87 x (TNF-a)X(R? = 0.89, p = 0.013);
DA-R = 1.37 - 3.30 x (IL-6) - 7.62 x (TNF-a) + 2.23 x
(IL-1B)* + 3.48 x (IL-6)* + 7.40 x (TNF-a)’(R* = 0.86,
p = 0.020). In individuals with SHL, the following
model was established: NMDA-R = 1.00 - 2.49 x
(IL-6) - 2.50 x (TNF-a) + 2.41 x (TNF-a)? (R? = 0.85,
p = 0.029). In the subgroup with VD due to combined local
and whole-body vibration exposure and comorbid SHL, the
regression equation was as follows: SER-R = 0.87 + 1.28 x
(IL-1B) - 1.72 x (IL-1B)*(R? = 0.66,p = 0.021), where
GABA-R, DA-R, NMDA-R, SER-R, IL-1, IL-4, IL-6 and TNF-a
represent levels of relevant autoantibodies and cytokines.
No statistically significant regression models were identified

Table 1. Cytokine levels in individuals with occupational diseases caused by exposure to physical factors, Me (LQ-UQ)

Group with vibration disease
due to local vibration exposure

Group with vibration disease due to combined local
and whole-body vibration exposure

Indicator p
Subgroup without Subgroup with sensorineural Subgroup without Subgroup with sensorineural
sensorineural hearing loss hearing loss sensorineural hearing loss hearing loss
IL-1B, pg/mL 1.20 6.10 2.83 8.46 0.001
(0.10-2.19) (2.00-29.64) (0.95-21.61) (2.22-3051)
IL-4, pg/mL 0.98 0.56 1.28 1.07 0.676
(0.72-1.63) (0.15-2.79) (0.03-4.22) (0.01-3.59)
IL-6, pg/mL 2.92 437 4.68 4.35 0.028
(2.04-3.87) (3.52-5.57) (3.35-12.34) (3.16-5.49)*
IL-8, pg/mL 6.73 8.95 7.89 7.78 0.087
(5.05-7.77) (6.93-16.02) (6.71-15.36) (5.40-10.81)
TNF-a, pg/mL 0.44 0.81 0.50 0.73 0.337
(0.25-0.65) (0.30-2.71) (0.15-1.99) (0.31-2.30)

Note. p, level of statistical significance according to the Kruskal-Wallis test; differences were considered significant at p < 0.05; * statistically significant
differences compared with the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss, p < 0.008;
#trend toward significance compared to the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss,

0.008 <p<0.017
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for the subgroup with VD resulting from combined vibration
exposure without SHL. These findings indicate that, in patients
with VD due to local vibration exposure and without SHL,
serum levels of autoantibodies to neurotransmitter receptors
are more strongly associated with the concentrations of
IL-1B, IL-4, IL-6, and TNF-a compared to individuals with
combined vibration exposure or those with SHL.

DISCUSSION

It is known that IL-1B, produced by monocytes,
macrophages, Kupffer cells of the liver, Langerhans cells
in the epidermis, and microglial cells, exerts both local
and systemic effects mediated through activation of the
neuroendocrine system [9, 11]. Under normal conditions,
increased IL-1B production triggers protective responses;
however, it may lead to uncontrolled inflammation, tissue
damage, and become part of the disease pathogenesis.
Indirectly, by activating IL-6, IL-1B may promote the synthesis
of antibodies of all immunoglobulin classes. In turn, IL-6
is capable of shifting the innate immune response and the
development of protective mechanisms toward adaptive
immunity. Elevated IL-1B and IL-6 levels in subgroups
with VD and comorbid SHL may indicate the presence of
chronic inflammation and autoimmune processes, as IL-6
is known to contribute to the pathogenesis of autoimmune
and inflammatory conditions. The disruption of associations
between cytokine levels and serum autoantibody
concentrations observed in subgroups with VD caused by
combined local and whole-body vibration exposure—with or
without SHL—may be explained by an imbalance between
pro- and anti-inflammatory cytokine production. This
imbalance likely arises at a certain stage in the development

T.31.Ne 7 2024
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of the disease under the influence of vibration and may also
reflect a reduction in neuronal autoantibody levels following
the clinical manifestation of the occupational disease.
Previously, it was shown that patients with VD exhibit lower
levels of these autoantibodies compared to experienced
workers without diagnosed occupational disease [12].

In earlier studies, average serum concentrations of
selected cytokines and autoantibodies were established
in conditionally healthy men. For example, serum IL-1f
was 3.40 (1.21-6.19), IL-4 was 0.01 (0.01-0.49), IL-8 was
5.08 (1.41-13.40), and TNF-a was 0.73 (0.01-1.47) pg/
mL. Autoantibody levels were as follows (arbitrary units):
nACh-R 0.34 (0.29-0.38), NMDA-R 0.27 (0.26-0.29),
GABA-R 0.24 (0.22-0.28), DA-R 0.26 (0.24-0.31), and
SER-R 0.46 (0.36-0.47) [3, 13]. Thus, in individuals with
VD—with or without comorbid SHL—the levels of neuronal
autoantibodies are approximately 1.2-2.6 times higher than
those in conditionally healthy men, which is consistent with
previously published data [3, 7]. Furthermore, demyelinating
processes have been reported in patients with VD, along with
associations between neuronal autoantibodies and impaired
nerve impulse conduction in the upper and lower extremities
[12].

It is well established that alterations in the levels of
serotonin, glutamate, GABA, acetylcholine, and dopamine
in synapses—and the resulting imbalance of these
neurotransmitters within brain structures—lead to changes in
the brain’s bioelectrical activity in certain neurodegenerative
diseases. Glutamate, one of the primary excitatory
neurotransmitters, also serves as a precursor for the
synthesis of GABA, the principal inhibitory neurotransmitter
in the central nervous system. Glutamate is released into the
synaptic cleft via exocytosis involving voltage-gated calcium

Table 2. Comparative assessment of antibody levels to neurotransmitter receptors in individuals with vibration disease and concomitant sensorineural

hearing loss, Me (LQ-UQ)

Group with vibration disease due to local vibration | Group with vibration disease due to combined local
exposure and whole-body vibration exposure
Indicator Subgroup without Subgroup with Subgroup without Subgroup with p
sensorineural hearing | sensorineural hearing | sensorineural hearing | sensorineural hearing
loss loss loss loss
Antibodies to nACh-R, a.u. 0.46 0.50 0.55 0.55 0.728
(0.42-0.68) (0.17-0.65) (0.37-0.84) (0.20-0.77)
Antibodies to NMDA-R, a.u. 0.40 039 0.41 0.50 0.480
(0.36-0.60) (0.18-0.53) (0.29-0.66) (0.23-0.69)
Antibodies to GABA-R, a.u. 0.55 0.48 0.47 0.56 0.349
(0.37-0.86) (0.15-0.59) (0.38-0.71) (0.21-0.70)
Antibodies to DA-R, a.u. 0.49 0.37 0.45 0.47 0.153
(0.35-0.70) (0.20-0.52) (0.28-0.64) (0.24-0.64)
Antibodies to SER-R, a.u. 0.49 0.51 0.51 0.59 0.682
(0.42-0.79) (0.21-0.62) (0.37-0.63) (0.27-0.71)

Note. p, level of statistical significance according to the Kruskal-Wallis test; differences were considered significant at p < 0.05; * statistically significant
differences compared with the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss, p < 0.008;
#trend toward significance compared with the subgroup of individuals with vibration disease from local vibration exposure without sensorineural hearing loss,

0.008 <p<0.017

DOl https://doiorg/10.17816/humeco643122



https://elibrary.ru/qiyxlr
https://elibrary.ru/ogbntl
https://doi.org/10.21668/health.risk/2023.2.14
https://elibrary.ru/imbtyx
https://elibrary.ru/umuiqd
https://doi.org/10.3390/antib12040081
https://doi.org/10.1016/j.nbd.2023.106221
https://doi.org/10.31857/S1027813321040026
https://elibrary.ru/kdxrlt
https://elibrary.ru/zhrktb
https://elibrary.ru/uckodp
https://elibrary.ru/xyexfz
https://doi.org/10.7868/S0131164616050039
https://elibrary.ru/wlnkej
https://doi.org/10.1001/archneur.58.3.365
https://doi.org/10.17116/jnevro201811851138
https://elibrary.ru/xrohlv
https://doi.org/10.17116/jnevro2019119081160
https://elibrary.ru/lmtrso
https://doi.org/10.1007/s10517-013-1967-x
https://elibrary.ru/rfjftj

ORIGINAL STUDY ARTICLES

channels. From the synaptic cleft, it enters astrocytes, where
it is aminated to glutamine. Alterations in the levels of this
neurotransmitter—due to reduced astrocytic capacity to
maintain optimal extracellular glutamate concentrations,
impaired neuronal reuptake, and decreased receptor
density—predispose to disrupted neurophysiological
processes in the brain and play a significant role in
neurodegenerative injury [14, 15]. Excessive glutamate
production may be triggered by the proinflammatory
cytokines IL-1B and TNF-a, which influence the expression
of astrocytic transporter proteins. It has been established
that in multiple sclerosis, TNF-a can stimulate glutamate
release by microglia through autocrine mechanisms and by
regulating glutaminase activity. Demyelinated axons may
also contribute to increased glutamate synthesis and release
due to altered localization of the pore-forming a1B subunit of
voltage-gated Ca?* channels on damaged axons. Additionally,
glutamate itself can stimulate its synthesis via metabotropic
glutamate receptors located on astrocytes [16]. Elevated
levels of this neurotransmitter and hyperactivation of
ionotropic glutamate receptors lead to increased Ca’*release
from intracellular stores into the neuronal cytoplasm, thereby
enhancing lipid peroxidation, oxidative stress, and other
neurotoxic processes capable of inducing neuronal apoptosis
[15]. Taken together, the existing publications suggest
that glutamate receptors play a critical role in modulating
cellular membrane potential, ion channel activity, and free
radical formation. They also participate in the regulation of
cytokine secretion by T cells and contribute to neuronal death
processes, particularly affecting dopaminergic neurons in
the substantia nigra [15-17]. Accordingly, NMDA receptors
may represent a central link in multiple pathogenetic
pathways—including autoimmune responses, inflammation,
and demyelination—underlying disorders associated with
neurodegenerative processes, such as VD. This is supported
by the present publication’s findings, which demonstrate
associations between GABA-R and NMDA-R levels and
the concentrations of cytokines and autoantibodies to
neurotransmitter receptors in subgroups of individuals
with VD resulting from local vibration exposure, with and
without SHL: NMDA-R = 1.42(SER-R) - 0.62 x (GABA-
R)*(R? = 0.82,p < 0.001); GABA-R = 0.70 x (NMDA-R) -
0.62 x (NMDA-R)? + 0.75 x (DA-R)? (R? = 0.99, p < 0.001)
respectively, as well as in the cohort exposed to
combined local and whole-body vibration without
SHL: GABA-R = 0.37 + 3.95 x (nACh-R) - 4.06 x
(NMDA-R) - 4.86 x (nACh-R)> + 5.32 x (NMDA-
R)2(R? = 0.93, p < 0.001).

A limitation of this work is the relatively small sample
size, which restricted the use of certain statistical methods
and precluded a detailed analysis of associations between
cytokine and autoantibody levels across different durations
of occupational exposure, disease severity and stage, and
time since cessation of exposure to the harmful occupational
factor.
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CONCLUSION

The findings of this work confirm and extend previous
evidence indicating an increased risk of neurocimmune
inflammation in patients with VD resulting from combined
exposure to whole-body and local vibration, compared
with individuals whose VD is attributable solely to local
vibration [3]. The presence of concurrent SHL exacerbates
the pathological process by amplifying inflammatory changes
and disrupting both cytokine profiles and neurotransmitter
metabolism. Distinct features of the associations between
autoantibodies to neurotransmitter receptors and cytokines
were identified in individuals with VD of different etiologies
and coexisting SHL. In patients with VD due to local vibration
exposure without SHL, levels of autoantibodies to GABA
receptors were primarily associated with IL-1B, TNF-a, and
IL-6; for dopamine receptors, with IL-1f, IL-6, and TNF-a.
In cases with SHL, levels of autoantibodies to glutamate
receptors were associated with IL-6 and TNF-a. Among
individuals with VD resulting from combined local and whole-
body vibration and coexisting SHL, levels of autoantibodies to
serotonin receptors were linked to IL-1B concentration.
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AOMO/THUTE/IbHASA UHOOPMALIUA

Bxnap aBropoB. J1.5. MacHaBvieBa — aHanu3 v MHTepnpeTaLms pe3ynbTaros,
0630p MTEPaTYpbI, NOATOTOBKA W HaMKCaHWe TeKcTa cTaTby; .M. boaumeHkosa
— KOHLIeNUMA 1 iM3altH nccnesoBanus, 0630p MTepartyphl, peAaKTVpoBaHye
cTatby; E.B. BoknameHko — cbop faHHbIX, aHanmM3 W WMHTepripeTaums
pesynsTatoB. Bce aBTOpbl NOATBEPMAAIOT COOTBETCTBME CBOErO aBTOPCTBA
MeX/yHapoaHbIM KputepuaM ICMJE (Bce aBTOpbl BHEC/M CYLLECTBEHHbI
BK/af, B pa3paboTKy KOHLIENUMW, NPOBeAEHVE UCCNef0BaHUA U MOLMOTOBKY
CTaTby, MPOYM 1 0[00PVAM UHaNbHYI0 BEPCUIO Nepef, nybnnKauven).
WUcTouHuk dumHaHcupoBaHus. Pabota BbinonHeHa 3a CUET dUHAHCOBbIX
CpencTs, BblAENeHHbIX B paMKax [ocymapcTeeHHoro 3amaHus OIBHY
«BocTouH0-CrBMPCKMIA MHCTUTYT MeAUKO-3KOMOMMYECKMX UCCTIE10BaHNIY.
KoHdnukT wuHTepecoB. ABTOpbl [AEKIapUpYlOT OTCYTCTBME SIBHBIX
W NOTEHLMANbHBIX KOHDMKTOB WMHTEPECOB, CBA3aHHLIX C NybnuKaumei
JIJaHHOW CTaTbK.

WndopMupoBaHHoe cornacue Ha yuyacTue B uccnepoBaHun. Bce
YYaCTHUKM [0 BKIOYEHWS B MCCNefoBaHve A0DpOBOJbHO MOANMCanu
hopMy MHPOPMUPOBAHHOMO COrnacus, YTBEPAEHHYIO B COCTaBe NPOTOKONA
UCCNejoBaHNs 3TUUYECKUM KOMUTETOM.
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MMHepaﬂbelﬁ cocTtaB U TUNN MUKPOKpPUCTaNIU3aLLUMN
C/NIIOHbI Y XUteneu KPYNHLIX NPOMbILJIEHHbIX PerMmoHoB

E.A. Capd', J1.B. Crenanosa?, 0.A. Konenuykosa?™, J1.B. benbckas'

! OMCKViA rocynapCTBeHHbIN Nearornieckuii yHusepeuret, OMcK, Poccus;

2 Cubupcuii heaepanbHblil yHuBepeuTeT, KpacHospex, Poccus;

3 HayyHo-uccnei0BaTesNbCKUA MHCTUTYT MeavumMHCKuX npobrieM Cesepa KpacHosIpckoro HayuHoro LeHTpa Cubupckoro oTaenenus
Poccuickon akagemun Hayk, KpacHospek, Poccus;

* KpacHosipcKuii rocynapcTeeHHbIi arpapHbiit yHusepcuTer, KpacHospck, Poccua

AHHOTALMA

O6ocHoBaHue. HeratBHoe B/MsiHMe (HaKTOPOB OKPYXaloLLei cpedbl OTPAXKAETCA Ha COCTOSIHUM OpraHW3Ma YesioBeKa,
yTo BEAET K MOBbILIEHMIO MOKa3aTesned 3aboieBaeMoCTH, 3aBUCUMBIX OT HebnaronpusTHbIX (aKTopoB cpefbl 0bUTaHus.
OueHKa KayecTBa OKpYKaloLLeN CPefibl He TepseT CBOEN 3HaYMMOCTH, NS KaXAOr0 U3 KPYMHbIX NPOMBILLIEHHBIX LIEHTPOB
XapaKTepHbl CBOW pervoHanbHble 0cobeHHOCTY.

Llenb. CpaBHeHMe KaTMOHHOMO 1 aHWOHHOIO COCTaBa M TUNOB MUKPOKPUCTANIM3ALMM CHIOHDI KUTENEH KPYMHbIX NPOMbILLSIEH-
HbIX LIeHTpOoB Ha npuMepe OMcKa u KpacHosipcka.

Martepuanbl n MeToabl. [115 nonepeyHoro UccnefoBaHua UCnonb3oBanu obpasubl citoHbl xuTenen Omcka (n=82) n KpacHo-
Apcka (n=86) 18—22 net. Bo Bcex npobax onpenens/m cofepaHue aMMOHUSA, Kanus, HaTpus, MarHus, KanbLus, X10puaos,
cynbtaros, Gpropuaocs, hocharto MeTOAOM KANUINAPHOrO 3NeKTpodopesa, a TakKe NPOBOAMAM CPaBHEHME TUMOB MUKPO-
KpUCTannn3aumu chioHbl. CTaTucTUyecKyto 06paboTKy faHHbIX BbINOHAMM HENapaMeTPUYECKUM METOLOM C UCMONIb30BaHUEM
KpuTepust MaHHa—YWTHW npu cpaBHeHUM ABYX rpynn u kputepus Kpackena—Yonnuca npu cpaBHeHun Tpex u bonee rpynn.
Pesynbratbl. Mexay pervoHamu HabniofalTcs CTAaTUCTMYECKM 3HAYMMble pasnMyMs Mo BCEM MOKa3aTensM, KpoMe co-
Aepxanus cynbhatoB B crtoHe. Y uTeneit KpacHospcka KOHLEHTpaLMM MOHOB aMMOHMS, Kanus, KanbUus U BCEX aHWOHOB
B C/llOHe Bblille, yeM Yy xutenend OMcka. KoHueHTpaums Hatpus W MarHus, HanpoTvB, Bobiwe Yy xuTenen Omcka. [ns Bcex
MnoKasaTenei, KpoMe Kanbuus, HabniofaeTcs NOBbILLEHUE KOHLEHTPALMKM B MOATPYNME MYMYMH, HE3ABUCUMO OT pervoHa.
Pasnuumin B noKkasaTtensx MUKPOKPUCTaNNM3aLMW CIoHbI MEX Y FOpofiaMu He BbISIBNIEHO.

3aknoueHue. YCTaHOBJIEHO, YTO KOHLEHTPALMM 3/IEMEHTOB B COCTaBe C/oHbI uTenelt OMcka u KpacHosipcka pasninuHbl.
Mpy NNaHMpOBaHMM UCCe[,0BaHNI C UCMONB30BAHUEM CIIOHBI B KadecTBe buocybcTpata He0bXoAUMOo YUHUTLIBATL PErMoHasb-
Hble 0COBEHHOCTH, BNMSIIOLLME HA COCTaB CillOHbI, 00YCNOBEHHbIE PasfIMYHBIMUA FEOXMMUYECKUMM U NPOMBILLIEHHBIMU YCO0-
BUAMW. TakuM 0bpa3oM, He0bX04MMO YTOUHEHWE HOpPMaNbHBIX 3HAYEHMI COOTBETCTBYHILLUMX MOKa3aTesiel CIIoHbI OIS Kax-
A0ro0 ropoja.

KnioueBble cnoBa: ChioHa; Kal'lVIJ'IJ'IFIprIVI :-meKTpodJopes; KaTWUOHbI; aHWOHbI; MUKPOKpPUCTaI/IN3aund; MOHUTOPUHE,
MMHepaﬂbelﬁ COCTaB.
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Mineral composition and type of saliva
microcrystallization in residents
of major industrial regions
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ABSTRACT

BACKGROUND: The negative impact of environmental factors affects human health, leading to an increase in disease rates
associated with unfavorable living conditions. Assessing environmental quality remains highly relevant, as each major
industrial center has its own regional characteristics.

AIM: To compare the cationic and anionic composition and types of saliva microcrystallization in residents of major industrial
centers, using Omsk and Krasnoyarsk as examples.

MATERIALS AND METHODS: A cross-sectional study was conducted using saliva samples from residents of Omsk (n = 82)
and Krasnoyarsk (n = 86), aged 18-22 years. All samples were analyzed for ammonium, potassium, sodium, magnesium,
calcium, chlorides, sulfates, fluorides, and phosphates using capillary electrophoresis, and the types of saliva microcrystal-
lization were compared. Statistical analysis was performed using nonparametric methods, including the Mann-Whitney test
for two-group comparisons and the Kruskal-Wallis test for comparisons involving three or more groups.

RESULTS: Significant regional differences were observed for all parameters except sulfate concentration in saliva. Residents
of Krasnoyarsk had higher levels of ammonium, potassium, calcium, and all anions in their saliva compared to those from
Omsk, whereas sodium and magnesium concentrations were higher in Omsk residents. In all parameters except calcium,
increased concentrations were observed in male subgroups, regardless of region. No differences in saliva microcrystalliza-
tion patterns were identified between the two cities.

CONCLUSION: The element concentrations in saliva differ between residents of Omsk and Krasnoyarsk. When planning
studies using saliva as a biological substrate, it is essential to consider regional factors that influence its composition, which
are determined by varying geochemical and industrial factors. Therefore, it is necessary to refine the normal reference values
for saliva parameters specific to each city.

Keywords: saliva; capillary electrophoresis; cations; anions; microcrystallization; monitoring; mineral composition.
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OPUTMHATTBHBIE MCCIEIOBAHNA

OB0CHOBAHUE

XapaKTepHbIMU 0COBEHHOCTAMM pa3BUTUS COBPEMEHHOMO
oblecTBa ABNATCA OBICTPLIA POCT rOpOLOB, MOBLILLEHUE
UMCNEHHOCTH FOPOLCKUX KUTENIEN, a TaKKe Mepexoq, cefb-
CKUX 3eMenb B ropoackue. CucteMa ypbaHu3aumu npuBoauT
K YBEJIMYEHUIO KOHLIEHTPALIMM MPOMBILLIEHHBIX MPOU3BOACTB,
LOPOXHbIX CETE M TPAHCMOPTa, MYCTOHACENEHHBIX MUMbIX
KBapTasioB, OKa3sbiBas BCE HOMbLLYI0 HArpy3Ky Ha OKpYKato-
Lylo cpefly W TeM CaMbIM YXYALLAs CaHWUTapHO-TUrneHnye-
CKyl0 06CTaHOBKY, UTO MOXET MPUBECTU K YBENIMUYEHMIO 3a-
boneBaemocTn HaceneHus. IMeHHO No3ToMy 3KoNoruyeckue
npobaeMbl KPYMHbIX MPOMBILLIEHHBIX FOPOA0B Poccuitckoin
(Mepepaunn He TepslOT cBoel akTyanbHoctu [1]. B HacTo-
fAlllee BpPeMA HeobX0AMMOCTb CBOEBPEMEHHOMO KOHTpONS
YPOBHS 3KONOMMYECKON HANPSEHHOCTU He BbI3bIBAET HUKa-
KUX COMHeHWW. KOoMNneKcHas oueHKa OKpYKaloLen cpefpl
HanpsMYI0 CBsA3aHa C COCTOSHMEM 3A0POBbs Hacenenus [2, 3].
JKOMOTMYECKYH0 CUTyauMIo B FOPOAAaX OMpeaensieT Lefbli
psL (aKTopoB: crieumanu3aums Npou3BOACTB, KOTOpble pac-
nojaralTca B ropofie, AMHaMUKa NPOU3BOACTBA, TEMIOBbIE
3/IEKTPOCTaHLMM, KOTOPbIE UCMOJB3YIOT YroNb, 1 T.4. HecMoTps
Ha TO YTO AR NPOMBILLIEHHBIX FOPOLOB HAKOMIEH 3HAUMTESb-
HbliA OMbIT MOHMTOPKHIa BbIGpPOCOB, NpobieMa OLEHKN Kade-
CTBA OKPYKAlOLLEN Cpefibl COXPaHSET CBOK 3HAYMMOCTb [4].
lopopa OMck m KpacHospck, obnapatolume HanpsiKEHHOM
3KONIOrNyecKoi 06CTaHOBKOMW, HAXOAATCA B rPynne pucka ca-
HUTapHO-3NMAeMMoNorYeckoro biarononyums HaceneHus [].

HeratuBHoe BnMAHWE (aKTOPOB OKpYXalolien Cpefbl
OTpakaeTcs Ha COCTOSIHUM OpraHU3Ma YeNoBeKa, YTO BEAET
K MOBbILUEHWI0 MOKa3aTeNiell 3aboneBaeMoCTH, 3aBUCUMbIX
oT HebnaronpuaTHbIX haKTopoB cpeabl 06uTaHus. AHTpo-
MoreHHble GaKTOpbl HEraTUBHO BO3AENCTBYIOT HA OPraHn3M,
YTO NPUBOAMT K AncHanaHcy BaXHbIX 3IEMEHTOB, HapyLlaeT
CTPYKTYpy MeTabonn3Ma 31eKTpONIUTOB, BHOCA M3MEHEHUS
B BEreTaTUBHYIO HEPBHYIO CUCTEMY, a TaKIKe 3HEPreTUYECKUA
1 ropMOHasbHbIA banaHc opraHuama [6]. BuoaneMeHThl (Ka-
TUOHBI M aHWOHBI) }W3HEHHO He0bX0AUMBI [ HOpPMalbHOM0
(hYHKUMOHMPOBaHMA opraHu3Ma uenoseka [/]. [ucbanaHc
MUKPO- M MaKpO3/IEMEHTOB MOXET NPUBECTU K BO3HWUKHOBE-
HWIO M Pa3BUTMIO NaToorMyeckux npoueccos [8].

N3yyeHne MUKpo3neMeHTHOro coctaBa Buonornyeckux
MUOKOCTeN (KPOBM, CIIOHBI, MOYM W Ap.) MOXHO MCMONB30-
BaTb B KA4YeCTBE MapKepoB OMONOTMYECKOTO MOHMTOPUHIA.
Wcnonb3oBaHue B KauecTBe brocybeTpaTa citoHbl YenoBeka
MMeeT psi, MPEUMYLLLECTB, N0 CPAaBHEHUIO C BEHO3HOM MW Ka-
NUANAPHOI KPOBbHO, @ UMEHHO HEMHBA3MBHOCTb COOpa 1 oTCYT-
CTBWE pUCKa UHPUUMPOBAHMA Npu NoslyyeHu buoMatepumana
[9, 10]. Mpm 3TOM cnioHa afeKBaTHO oTpaxaeT buoxummue-
CKMiA CTaTyC M uM3noornyecKoe coctosiHue yenoseka [11,
12]. MuKpo3aneMeHTHBIN COCTaB CIHOHbI MOKa3bIBAET CyMMap-
HOe MOCTYN/IeHMe 3arpA3HSIOLLMX BELLECTB U3 aTMochepHoro
BO34yxa, BoAbl, NpoaykToB nutanua [13]. Kpome Toro, pag
BaHO MHPOPMaLMM 0 COCTOSHUM OpraHM3Ma COAEPHUT KpU-
CTaNNMYecKas CTPYKTypa ero bronornieckux xuaroctei [14].
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JKoNorna HenoBeka

Kpuctannorpaduueckve MeToabl UCCNeA0BaHNA CHIOHBI N03-
BOSKOT MOMY4YUTb CBELlEHNs 0 MeTabonnsMe M romeocrase
OpraH13Mma, 0CHOBaHHble Ha MpoLecce KpucTannoobpasosa-
HUS BbICYLLIEHHOTO B1ONOrMYecKoro Matepuana ¢ nocnesyto-
LLei MHTepNpeTaLMeii pe3yNbTaToB KPUCTaNNOreHesa.

Lienb uccneposanusa. CpaBHeHWE KAaTUOHHOTO W aHUOH-
HOro cocTaBa W TMnoB MuKpokpuctannsaumn (MKC) crioHbil
XUTeNeN KPYMHbIX NPOMBILLIEHHBIX LEHTPOB Ha mpumepe
Omcka u KpacHosipeka.

MATEPUAJIbI U METO/bI

B nomepeyHOM uccnefoBaHUM MPUHUMANK  yyacTue
166 cTyneHToB (cpeaHuii BospacT 202 roaa), NpoXKMBaIOLLMX
B OMcKe (82 YenoBeKa, B TOM uncnie 68 KeHLWMH N 14 Myx-
unH) 1 KpacHosipcke (86 yenoBek, B TOM uuciie 36 KeHLUWH
1 50 MyxkunH). Mpobbl ctoHbl cobupanm B 9—10 4 yTpa, HaTo-
LwaK, 6e3 A0NOAHUTENBHON CTUMYMIALMK, NOCTE YACTKM 3yboB
B COOTBETCTBMM C MOJTyYEHHbIMW paHee faHHbIMU O BPEMEHH
MaKCVUMaJIbHOW CEKPELMM CITIoHbI. 3aTeM npobbl LeHTpudy-
ruposanu npu 7000 06/MuH B Teyermre 10 MUH.

B KayecTBe KpuTEpUEB BKIIOYEHUS B UCCE0BaHME pac-
CMaTpuBanu OTCYTCTBUE Y UCMbITYEMBIX XPOHUYECKMX 3abo-
NeBaHWW, NPU3HAKOB aKTMBHOM MHGEKLMK, a TaKXKe BoCMau-
TeJIbHbIX MPOLLECCOB B NONOCTU pTa. Hanmume XpoHMUYecKux,
BOCNANMTENbHBIX M MHOEKLUMOHHBIX 3aboneBaHui Bbino uc-
KJTIOYEHO MyTEM aHKeTUpoBaHus. OcMoTpbI cTOMaTosIora u Te-
paneBTa MpoBefeHbl B paMKax NjaHOBOM AMCMaHCcepu3aLim.

Wccnepnosanne opnobpeHo NpoTOKONOM 3acefiaHus 3Tu-
yeckoro Komuteta OMITIY N 46-04/3 ot 17.04.2024. MNpep-
BapUTENbHO NOJSTyYyeHo A0OPOBOSILHOE MH(OPMUPOBAHHOE
COrNacme y4aCTHUKOB 3KCNepUMEHTa.

OnpepeneHne KaTMOHHOMO M aHWMOHHOTO COCTaBa CI0-
Hbl MPOBOAMIN C UCMOJIb30BaHWEM CUCTEMbI KaNMWIISAPHOro
anektpodope3a «KAMEJIb-105M» («JTioMakce», CaHkT—Ile-
Tepbypr) [15]. B kayecTBe UCTOYHMKA CBETa MCMO/b30BaIU
[eiTepueBylo laMry, a B Ka4yecTBe OUCMEpPrupytoLLero ane-
MeHTa — AM(PaKLMOHHBIA MOHOXPOMATOP CO CNEKTPasNbHbIM
Anana3oHoM 190-380 HM 1 LUMpUHOI CNEKTPaNbHOMO UHTEp-
Bana 20 HM, hoToMeTpuuecKuii feTekTop. BbICOKOBONBTHBINA
60K noctosHHoro Hanpsxenust 1-25 kB, ¢ waroMm 1 KB,
CO CMeHHo# nonsapHocTbro, Tok 0—200 MKA. Kanunnsp KBap-
ueBbli (obwasa pmuHa Kanuanapa 60 cM, addekTUBHas
AMHa Kanunnsapa 50 cM, BHYTpeHHWH auaMeTp 75 MKM)
C JXMIOKOCTHBIM OX/aXJEHMEM W BO3MOXHOCTbIO 334aBaTb
M KOHTPONMPOBaTbL TeMMepaTypy TenjoHocuTens (amanasoH
ot -10 go +30 °C oT TeMnepaTypbl OKpyaloLen cpeabl).
Mutanne npubopa — 187-242 B, 50/60 Iy,

MeTon, M3MepeHuii OCHOBaH Ha QUIbTPOBaHWUM, pas-
baBneHnn oTobpaHHOM Npobbl, AanbHEMWEM pa3geneHuu
U KOJTMYECTBEHHOM OMPeeNIeHNN KOMIMOHEHTOB C KOCBEHHBIM
LETEKTMPOBAHWEM NPYW ONpefeNnéHHON AnnHe BoMHbI. Hamu
nofo6paHbl YCNoBUSA ONpeenieHUst KaTMOHHOTO U aHUOHHOTO
COCTaBa C/NIOHbI: 00BbEM aMKBOTHI Ucceyemoro obpasua —
100 MKn, npepBapuTenbHoe ocaxaeHue 6enKoB CIlloHbI
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10% pacTBOpPOM TPMXJIOPYKCYCHOW KWUCNOTbI, pa3baeneHune
B 20 pa3 buauctunnmpoaHHon Bogoi [15]. MpoBepka npa-
BW/IbHOCTW OMpefeNeHns CoLepKaHus aHaIUToB NpoBejeHa
METO[OM «BBeAEHO—HaliIeHO», NOTPELUHOCTL ONpeaeseHus
He npeBbiwaet 10% Bo BCEM AMana3oHe KOHLEHTPALMIA.

Ins onpenenenna tana MKC cnioHbl Kanmo  chio-
Hbl 06bEMOM 10 MKN noMeLlanu Ha NpefMeTHOe CTEKNO0
1 BbicylLMBanu npu TeMnepatype 20-25 °C, oTHOCUTENbHO
BNAXHOCTW 65—70% M MUHUMANBHOM NOABUMHOCTY OKpYXa-
loLLiero Bo3ayxa. [1pu nosHoM gernapartaumm Kanav noyyanm
BbICYLLEHHYI0 MAeHKY — (auuio, KOTopyl fanee ucche-
A0Banu Nof MuKpockonoM. OueHKy co3AaHHbIX 06pasuoB
KPUCTaNIoB NPOBOAMM C NOMOLLIbK) CBETOBOrO MUKPOCKONA
«MuKkpomen, 2» (CaHkT-INeTepbypr, Poccus) npu yenmyeHumn
B 40 pa3. [Ina aHanu3a Tvna MKC cntoHbl ucnonb3oBanm me-
TOZ HaTMBHOW KpUCTanu3aumu, paspabotanHblii A.b. [lenu-
cosbIM [16], MKC ouenuBanu no wkane M.A. Jleyca [17].

Cratuctmyeckyto 0bpaboTKy pe3ynbTaToB NpPOBOAMIIM
C ucnosb3oBaHueM nporpammbl Statistica 10.0 (StatSoft).
lpeaBapuUTENbHO MpPOBEPANM XapaKTep pacnpepenieHns
M TOMOreHHOCTb Aucnepcui B rpynnax. CormacHo Tecty
Llanupo-Yunka copepaHue Bcex OnpeAensieMblx napa-
METPOB He COOTBETCTBYET HOPMANibHOMY pacrnpefeNieHuto
(p <0,05). NpoBeAEHHLIN TECT Ha FOMOrE@HHOCTb AMUCNEpPCUii
B rpynnax (tect bapTneTra) no3sonun 0TKNOHUTbL rUNoTE3Y,
yTo AMcrepcun romoreHHbl no rpynnam (p <0,0001). Mo-
3ToMy 4518 06paboTKM NoAYYEHHBIX JaHHBIX MPUMEHSIU He-
napamMeTpuyeckue MeToapl CTaTUCTUKM C UCMOMb30BaHUEM
KpuTepus MaHHa—YWTHM npy cpaBHeHWUW ABYX rPynn U Kpu-
Tepua Kpackena—Yonnuca npu cpaBHeHun Tpéx u bonee
rpynn. Pe3ynbTaTbl NpeAcTaBNeHbl B BUAE MeAUaHbl U UH-
TepKBapTMbHOTO pa3Maxa (25-75%). Pasnuuus cumtanu
3HaumMMbIMK Npu p < 0,05.

[na  oueHKW BO3MOXHOCTM pa3feneHns wuccne-
AYEMbIX Tpynn MNpOBOAMIM OUCKPUMWHAHTHBIN aHa-
/M3 C noMolublo nporpammbl Statistica 10.0 (StatSoft).
[MNCKPUMUHAHTHBIA  aHanu3 no3BoNSieT U3y4yaTb pas-
nMuma  Mexpy AByMs M bonee rpynnamu 0b6beEKTOB
Mo HECKONbKWM MNepeMeHHbIM O0AHOBpeMeHHo. OcHoB-
HOW LeNbl0 AUCKPUMMHALMK SBNAETCA HaXOoXAeHue Ta-
KOW NWHEWHOW KOMOWHALMM nepeMeHHbIX, KoTopas Obl
ONTUManbHO pa3fenuna paccmatpuBaeMble rpynnbl. Ta-
Kas KoMbuHauus HasbiBaeTcs QYHKUMEN AUCKPUMMHALMMK
(KaHoHMYecKol yHKuMelt). [InA YeTbIpEX CpaBHWUBAEMbIX
rpynn (OMCK — 3KeHWMHbl U MyXunHbl, KpacHospck —
JEHLMHbI U MYXKUMHbI) HEODXOAMMO MOCTPOEHUE TPEX
GYHKUMA OUCKpUMMHaUMK. Haubonblueit pa3gnenvutenbHon
cnocobHocTbio 06nafaeT nepBas AUCKPUMUHAHTHAS QYHK-
UMs, MO3TOMY Ha AMarpaMMe pacCcesHUs KaHOHWUYECKMX
3HaueHWA MO FOPM30HTAsNIbHOW OCW MOKasaH pe3ynbTar
AVCKPUMWUHALMK C UCMOb30BaHMEM nepBon GyHKuuK (oc-
HoBaHwe 1), N0 BepTUKaNbHOM 0CU — C WUCMOJb30BaHMEM
BTOPOW YHKUMK (0cHOBaHUe 2). KauecTBo AUCKPUMMHALMH
OLLEHMBAETCA MO CMELLEHUI0 COOTBETCTBYIOLIMX TOYEK OT-
HOCMTEJIbHO BEPTUKabHOW U ropu3oHTanbHon oceit «0—0.
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PE3YJIbTATbI

Ha nepBom 3Tane uccnefoBaHus CPaBHUIM KaTMOHHBIN
M aHWOHHBIW cocTaB CrloHbl 6e3 ydyéta nona. lokasaHo,
UTO MeXJy ropofaMv HabnJaKTCa CTAaTUCTUYECKU 3HAUU-
Mble pasnnums Mo BCEM MOKa3aTenaM, KpoOMe CofepiKaHus
cynbdaTtoB B c/ltoHe (Tabn. 1).

MockonbKy uccnepyeMble rpynnbl GblAM OJHOPOAHDI
Mo BO3pacTy, HO He OLHOPOAHBI MO NOJTY, Mbl LOMOHUTENb-
HO MpOBE/IN CPaBHEHWE KAaTMOHHOIO M aHWOHHOTO COCTaBa
C/IOHbI B 3aBUCMMOCTM OT mona (Tabn. 2). PacyéT kputepus
Kpackena-Yonnuca nokasan, 4to pasnuums Mexay noka-
3aTenaMW COXPaHAKTCA, NMpU 3TOM TONbKO N1 CynbdaToB
He MoATBEpXAeHa CTAaTUCTMYECKAs 3HAUYMMOCTb PasNnyuil
MEX/Y ropoJamu ¢ y4ETOM nona AobpoBosibLeB. Y CTyAEHTOB
OMcKa He 0BHapYKeHO CTaTUCTUYECKU 3HAUYMMbIX Pasfinumi
no nony, TorAa Kak y cTyaentoB KpacHospcka noarpynmbl
MYUMH W IKEHLUMH CTAaTUCTMYECKM 3HAYMMO pasfinyaloTCs
no copepxkanuio Kanust (p=0,0469) n Hatpus (p=0,0146). NH-
TepecHo, YTo Y xuTenei KpacHospcka KoHLeHTpaumu NoHOB
aMMOHWS, Kanns, KanbLms 1 BCEX aHUOHOB BbILLE, YEM COOT-
BETCTBYlOLLEE 3HaueHWe y xuTenei OMcka. [Ing MOHOB Ha-
TpWA 1 MarHus HabnoaeTca 0bpaTHas TeHAEHUMS: LIS NOA-
rpynn oboero nona KOHUEHTpaLum Boille Y xuTenei OMcKa.
CnepnyeT 0TMeTUTb, 4TO 151 BCEX NOKa3aTenei, KpoMe UOHOB
Kanbuus, Habnopaetcs noBblleHWe KOHLEHTpauMu B Mog-
rpynne MyX4uH, He3aBUCUMO OT ropoja.

N3MeHeHWe KOHLEHTpauuW OTHAENbHbIX MOKasaTesnien
OTHOCUTENIBHO CPEAHEero 3HaueHus IJIA Kawpnoro ropofa
npencTaBneHo B Buae rpadmka (puc. 1). BuaHo, uto xapak-
Tep U3MeHeHUs NoKasaTeneit Kak ans xuteneit OMcKa, Tak
1 KpacHosipcka ogHOHanpaBeHHbIA. YCTaHOBNIEHO, YTO 3Ha-
YeHMs BCEX OMpefenseMblX NOKa3aTeNe B rpynne MyMumH
BbilUE CPefHUX 3HAYeHWA O/ COOTBETCTBYIOLLEr0 ropoja,
TOrga Kak B rpynne XeHWwuH — Huxe. UckoueHme co-
CTaBNAOT UOHBI KaNbLMKS.

JlononHuTeNbHO NPOBENM CPaBHEHWE BCEX YETBLIPEX rpynn
METO[,0M AMCKPUMUHAHTHOIO aHanu3a (puc. 2). YcTaHoBneHo,
YTO MaBHbIM (AKTOPOM, OMpefenAlWMUM pasfeneHne 06-
pa3LoB Ha NOATPYNMbl, ABSETCA ropoA npoxusanmus. Kak no-
Ka3aHo Ha guarpaMMe paccesiHUsl KaHOHUYECKMX 3HAUeHWR,
BCE TOYKM, COOTBETCTBYtOLLME 0bpa3uam xuTeneit KpacHosp-
CKa, pacronoxeHbl JieBee BepTUKanbHoi ocu «0-0», Torpa
KaK mpaBee CrpynnupoBaHbl TOUYKM, COOTBETCTBYIOLLME 06pa3-
LiaM CIioHbI ucnbiTyeMbix 3 OMcKa (cM. puc. 2). PaspeneHus
MoArpynn no nofiy Ha AuarpamMme He Habntoaanock.

Ha 3akntounTensHoOM 3Tane UCCneAoBaHUA onpefensnm
xapaktep MKC cnitoHbl y Bcex aobpoBobLes (puc. 3).

Anamu3 tvnos MKC nokasan, 4to npaBuibHbIE KpUCTan-
NMYeckue CTpYKTypbl (5 6annoB, «HopMa» B PUCYHKE KpU-
CTannoB) He BbiNMW HaWZEHbl HU B OJHOM U3 UCCIIEYEMbIX
ropofos. Mo Bo3aeiicTBMEM HebnaronpusTHbIX GaKTOpoB
0TMeYaeTCs paspylueHue YETKOW CTPYKTYpbl KpUCTansoB
(o1 4 po 1 6anna) unm NonHoe Ux OTCYTCTBUE B MOJIE 3PEHUS
(0 bannos). B KpuctannorpamMmax utenei uccneayeMbix
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Ta6nuua 1. MuHepanbHbIii cocTaB cnitoHb! xuTeneit OMcka u KpacHosipcka

Table 1. Mineral composition of saliva of residents of Omsk and Krasnoyarsk

JKoNorna HenoBeka

KpacHosipck | Krasnoyarsk Omck | Omsk
MNoxasatens [anason [lanasoH p-value
Indicator Me [Q1; Q3] BapLUpOBaHNA Me [Q1; Q3] BapbUPOBaHMA
The range of variation’ The range of variation
AmMoHuMiA, Mr/n 193,00 19.3-712,8 152,4 55,8-676,6 0,0105
Ammonium (mg/l) [133,9; 273,01 [115,4; 200,3]
Kanui, Mmonb/n 15,70 4,80-26,92 11,46 2,73-28,23 <0,0001
Potassium (mmol/l) [12,42;19,30] [9,04; 15,12]
HaTpwid, MMosib/f 6,03 1,18-26,37 7,30 1,73-32,53 0,0241
Sodium (mmol/1) [4,02; 8,84] [5,22; 8,93]
MarHuit, MMosb/n 0,131 0,031-0,488 0,251 0,078-0,713 <0,0001
Magnesium (mmol/1) [0,094; 0,194] [0,187; 0,322]
Kanbumit, MMonb/n 0,95 0,20-5,37 0,62 0,19-213 <0,0001
Calcium (mmol/l) [0,65; 1,25] [0,44; 0,83]
Xnopuasl, MMonb/n 14,86 6,29-38,70 10,99 1,77-28,39 <0,0001
Chlorides (mmol/l) [12,76; 18,94] [7,35; 15,90]
Cynbatbl, Mr/n 32,54 3,75-119,00 28,42 4,72-164,70 0,0584
Sulfates (mg/l) [22,57; b4,41] [10,51; 42,57]
Oropuapl, Mr/n 4,74 1,16-28,70 1,97 0,38-6,75 <0,0001
Fluorides (mg/l) [3,52; 6,191 [1,14;3,02]
Oocgatbl, MMOnb/N 3,75 0,92-11,31 2,12 0,43-8,23 <0,0001
Phosphates (mmol/1) (3,07; 4,81] [1,29;3,22]
* MUHWUManbHOE M MaKCUMasIbHOE 3HaueHHs.
* Minimum and maximum values.
Tabnuua 2. MuHepanbHbIii cocTaB CitoHbl uTeneit OMcka u KpacHospcka B 3aBMCMMOCTH OT noia
Table 2. Mineral composition of saliva of residents of Omsk and Krasnoyarsk depending on gender
KpacHospck | Krasnoyarsk Omck | Omsk Kpurepuit
MNoxasarens HeHLmHbI My»UUHBI WeHwmHbl My»UMHI Kpackena-Yonnmca
Indicator Women Men Women Men Kruskal-Wallis criterion
(n=36) (n=50) (n=68) (n=14) p-value
AMMOHMiA, Mr/n 1707 2171 1445 191,6 12,92; 0,0048
Ammanium (mg/l) [120,8; 221,8] [140,1; 305,7] [113,2; 196,8] [138,5; 257,5]
Kanuit, Mmosib/n 14,84 16,83 11,45 12,66 24,56; <0,0001
Potassium (mmol/l) [12,20; 16,911 [13,10; 20,62] [8,77; 15,101 [10,17; 19,14]
Hatpwi, MMorib/n 4,70 7,01 7,05 8,70 12,84; <0,0001
Sodium (mmol/l) [3,65; 6,99] [4,65;10,15] [5,18; 8,74] [6,83; 12,91]
MarHwuit, MMonb/n 0,122 0,153 0,250 0,267 49,86; <0,0001
Magnesium (mmol/l) [0,087; 0,165] [0,098; 0,198] [0,186; 0,342] [0,230; 0,296]
Kanbumit, MMonib/n 1,04 0,89 0,67 0,52 24,93; <0,0001
Calcium (mmol/1) [0,72; 1,35] [0,62; 1,24] [0,46; 0,85] (0,33; 0,701
Xnopuael, MMosib/n 13,95 15,25 10,13 12,13 24,27; <0,0001
Chlorides (mmol/l) [12,79; 16,82] [12,59; 19,83] [7,05; 15,59] [9,46; 16,46]
Cynsartsl, Mr/n 29,76 34,41 25,87 34,29 6,111;0,1063
Sulfates (mg/l) [20,60; 39,50] [25,21; 48,79] 19,72; 42,56] [16,12; 55,88]
Otopuapl, Mr/n 4,63 4,80 1,97 2,05 57,78; <0,0001
Fluorides (mg/l) (3,62; 6,18] [3,43; 6,71] (1,13; 2,88] [1,16; 3,35]
Oocgatbl, MMOnb/N 3,73 379 1,88 2,48 40,64; <0,0001
Phosphates (mmol/1) (3,18; 5,54] 3,05; 4,76] [1,27; 3,28] [2,12;3,10]
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Puc. 1. OTHocuTeNbHOE M3MeHeHWe KOHLEHTPaLMM KaTUOHOB M aHMOHOB B CJIIOHE B 3aBUCMMOCTY OT nona Ans xuteneit OMcKa n KpacHospcka (%).
OTHOCHTENBHOE U3MEHEHME PACCUMTaHO KaK COOTBETCTBYIOLLEe 3HaueHWe AnA MyXuMH (M) 1 xeHIMH (K) B Ka)KoM ropogie MUHYC CpefiHee 3HauyeHue
ANsi LaHHOr0 ropoja, AeNéHHoe Ha cpefHee 3HaueHue (%). Pasnuuus Mexay napameTpamu y 06poBO/IbLIEB OfHOMO NOA MeXAY ropoAaMu CTaTucTu-

yecku goctoBephbl, p <0,05.

Fig. 1. Relative change in the concentration of cations and anions in saliva depending on gender for residents of Omsk and Krasnoyarsk (%).
Relative change is calculated as the corresponding value for male (M) and female (F) in each city minus the mean value for that city, divided by the mean
value (%). The differences between the parameters in volunteers of the same sex between regions are statistically significant, p <0.05.
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Puc. 2. [lnarpaMma paccesHns KaHOHMYECKMX 3HaUeHNI [NA COLePIKaHMA KaTUOHOB W aHMOHOB B C/IHOHE B 3aBMCUMOCTY OT FOpOAia NPOXMBaHWS U nofa.
Fig. 2. Scatterplot of canonical values for the content of cations and anions in saliva depending on the region of residence and gender.
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JKoNorna HenoBeka

C

Puc. 3. [lpuMepbl OCHOBHBIX TUMOB MUKPOKPUCTaNNN3aLMK CtoHbl xuTeneit OMcka u KpacHosipcka: A — 2 6anna, B — 3 6anna, C — 4 banna.
Fig. 3. Examples of the main types of microcrystallization of residents of Omsk and Krasnoyarsk: A — 2 points, B — 3 points, C — 4 points.

ropoAoB Obina Cxoxas KapTMHa Mo KONMYECTBY KpUCTan-
JIMYECKMX CTPYKTYP. Yalle Bcero Habntopanucb Kpuctanim-
YecKue CTPYKTYpbI, oueHMBaeMble B 2 banna — 35 u 40%
B Omcke u KpacHosipcke cooTBeTcTBEHHO. B Lenom pacnpe-
penenve no BceM Tuna MKC B paccmatpuBaeMbix ropofax
MOJKHO OLLeHMBaTb KaKk cxoxee (Tabn. 3).

ObCYXOEHWUE

Omck 1 KpacHosipck BXogAT B AecsATKy ropoaos Poccuu
C HebnaronpusTHOM 3Konoruyeckoi obcraHoBkon. B OMcke
XOPOLLO Pa3BUTbI XMMMYECKas U HeTeXMMUYECKas NpOMbiLL-
NeHHOCTb, METayprusl, MaLIMHOCTPOEHWE, MPOU3BOACTBO
3neKTpoobopyLoBaHMs, a TaKXke NErKas, N LLeBas 1 Nonu-
rpacdmyeckas npoMbiLneHHocTb. B KpacHosipcke pacnonoxke-
Hbl KpYMHble 3aBOAbl KOCMUYECKOW, METaTypruyecKon, Ma-
LUMHOCTPOUTENBHOW, AepeBo0bpabaTbiBatoLLEN, XMMUYECKON,
MULLEBOI NPOMBILLEHHOCTU. WIMEHHO MO3TOMY KauyecTBO
OKPY>KaloLLien cpebl AaHHbIX PErMOHOB N0 OCHOBHBIM MOKa-
3aTesIM U HOPMaTUBaM HaxoAMTCS NPUMEPHO Ha OJHOM He-
BbICOKOM ypoBHe. Hanpumep, B OMcke B 2023 r. 3apeructpu-
poBaHo 79 cnyyaeB NpeBbILLEHUS NpeLeNbHO AOMYCTUMBIX
KOHLIeHTpauuiA 3arpssHsatowmx sewects (B 2022 r. — 48).
Mo pesynbTaTaM MOHWTOpMHra aTtMocgepHoro Bo3gyxa
B 2023 r. ypoBeHb 3arps3HeHnsa aTMocdepHoro Bosgyxa OM-
CKa OPMEHTMPOBOYHO OLIEHUBANICA KaK NOBbILIEHHBIN, MHAEKC

3arpsasHenns atMocoepbl (M3A;) paBeH nATM — «cpefHe-
3arpa3HéHHbIA». B KpacHospcke, no cpaBHenuto ¢ 2022 r.,
YpOBeHb 3arpsa3HeHnsa atMocdepsl no U3A He usmennncs —
«04eHb BbICOKMIA», U3A; — bonee 14. OcHOBHOW BKNaj
B YPOBEHb 3arpsisHEHUs B ropogax BHecnn beHs(a)nupeH,
(opManbaerug, B3BeLleHHbIE BELLECTBA, TMAPOXIIOPUL, OK-
cup asota. CpepHeronoBas TeMnepatypa B OMcke coctaBuna
+1,89 °C, B KpacHospcke +2,4 °C.

N3BecTHO, YTO 3NEMEHTHBIN CTaTyC OpraHU3Ma YeNoBeKa,
B TOM UuCfie C/IOHbl, BO MHOMOM CBf3aH C PervoHoM npo-
KMBaHMSA M MOKa3biBaeT 0OLLYI0 HarpysKy oT AesTeNbHOCTU
NPeAnpUATUN, KONMYeCTBa MPOM3BOACTBEHHBIX OTXOAOB,
a TaKKe WHble NOCNeACTBUA HEraTMBHOW AeATeNbHOCTM Npo-
U3BOACTB.

N3 npeacTaBneHHbIX pe3ynbTaToB BULHO, YTO KOHLEH-
Tpauus MOHOB aMMOHMS, Kalusl, HaTpUsA M Kanbumus Mo ro-
poaaM otnmyaetcs (cM. Tabn. 1). MokasaHo, uto B KpacHo-
APCKe KOHLEHTpaLuuu MOHOB aMMOHUA, Kanus, Kanbuus,
BbILLE, YeM COOTBETCTBYOLLME 3HaYeHNs ana OMcka. Hanpo-
TUB, COLEPIKaHNe HaTpUs U MarHus BbILE B CIIHOHE XKUTe-
neit OMcka. BeposiTHo, AaHHble OTAMYMS CBSA3aHbI C COCTA-
BOM NMWUTbEBOI BOAbI B ropofax. Cpean reoakonornyeckux
(haKTOpPOB pUCKa 3[0POBbLI0 HACENIEHUS KA4yeCTBO NMUTHLEBOW
BOAbl HaxOAMTCA Ha BTOPOM MecCTe MOCne 3arpssHeHUs
atMocthepHoro Bo3gyxa [18]. HebnaronpusaTHble npuposa-
Hble (aKTOpbl, XapaKTepHble AN PasfiUyHbIX PErMoHOB,

Ta6nuua 3. XapaKTepVICTVIKa noKasatenen MUKPOKPUCTaNIM3aLUun CNloHbI B 3aBUCUMOCTU 0T ropofa NpoXuBaHUA

Table 3. Characteristics of saliva microcrystallization indicators depending on the region of residence

Mokasatenb Tvna MUKPOKpUCTanIM3aluu, bann

YacToTa BCTpe4aeMoCTy Tuna MUKPOKpUCTaNM3aLmmu
Frequency of occurrence of microcrystallization type

Indicator of the type of microcrystallization (point) p-value
KpacHosipck | Krasnoyarsk Omck | Omsk

0 8 (9%) 7 (9%) 0,9541
1 8 (9%) 9 (11%) 0,7542
2 34 (40%) 29 (35%) 0,6113
3 18 (21%) 18 (22%) 0,4258
4 18 (21%) 19 (23%) 0,5169
5 - - -
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cnocobeTByoT HOPMMPOBaHUI0 MMAPOXMMUYECKOTO COCTaBa
BOAbl C HEOMTUMaNbHBIM COLEPIKAHMEM MUKPO- M MaKpo-
anemeHToB [19]. Tpn 3TOM copepaHue Kanus U HaTpus
KOCBEHHO OTPaKaeT COCTOSIHME CUMMATOafpeHanoBon CU-
cTeMbl, 0becneymnBaloLLEel 0TBET HA U3MEHSIOLLMECS YCII0BUS
BHewwHeW cpeabl [20]. MioHbl MarHMa u Kanbumusa ABNAKTCA
YHUBEpCA/bHbIMU PEryNATOpaMU DUOXUMMUYECKUX U (U3M0-
NOTMYECKMX MPOLIECCOB B OPraHM3Me, MOHbI MarHus ABNSETCA
A0HOPOM 3HEpriu B MpoLIeccax KU3HeAeATeIbHOCTM KNETOK
B Buae Mg?*-AT® [21]. MoHbl MarHua yuacTeyeT B CUHTE3e
benKka M HyKneuHoBbIX KUCNOT. 3MeHeHWe KOHLeHTpauui
MOHOB MarHus U KanbLs Mo, BO3AEUCTBMEM IKOJIOMUYECKUX
(aKTOpOB YBENIMYMBAET PUCK CEpAEYHO-COCYAUCThIX 3abo-
NeBaHWM, a TaKKe M3BECTHO, YTO MOHbI MarHWs BO BHEKJIE-
TOYHOW XMAKOCTU MHrMBUpYHT BbIBPOC HeMpoMeauaTopoB
(aueTMnXonMHa W KaTeXoNaMUHOB), SBNSACH ECTECTBEHHBIM
aHTUcTpeccoBbiM akTopoM [22]. OgHako, cornacHo Ao-
KnagaM 00 3KONOrM4ecKoi CUTyaumu B permoHax [23, 24],
COCTOSIHWE MUTLEBOW BOJOMNPOBOLHON BOAbI MO CaHUTApHO-
XMMUYECKUM MOKa3aTensM B Npefenax HOPMbl, KaK U ee
JECTKOCTb Ha ypoBHe JBYX eanHWL. OTMeueHo, yTo B OMcKe
CTaTUCTMYECKM 3HAYMMO MOBBLILLIEHA KOHLIEHTpPaLUWUs WOHOB
MarHus B CrloHe, Nno cpaBHeHuto ¢ KpacHospckoM. Mpeg-
MONOXUTENBHO 3TO CBA3aHO C OMPEeAENEHHbIMU reoXuMmuye-
CKUMM 0COBEHHOCTAMMW PerMoHa, a UMEHHO C COAepKaHueM
MarHus B noyeax [25]. B nyroBo-4yepHO3€MHbIX nouBax OM-
CKa 0TMeyeHa HebonblLas KOHLEHTPaLMSA KaTMOHOB HaTpus,
a npeobnagalnT KaTMoHbl Kanbuus 1 MarHus. Kpome Toro,
B FPYHTOBbIX BOJAX TaKKe MOBbILIEHA KOHLIEHTpaLms KaTuo-
HOB KanbLus 1 Maruus [26].

AnvoHbl (xnopuapl, gochatel U GTOpMAbI) MOCTyNaoT
B OpraHM3M NpeuMyLLeCTBEHHO C MUTLEBOW BOAOW, COCTaB
KOTOpOW OKa3bIBaeT 3HauuUTeNbHOE BAUSHME Ha (hopMUpoBa-
HWe 3[0POBbS HAaceNEHWUs U HaMpsMyl0 3aBUCUT OT YPOBHA
3KOJNOMNYECKOM HanpsKEHHOCTU B pervoHe. MoHbl xnopu-
Aa 06nafalT BbIpaXKEHHOW BMONOrMYecKON aKTUBHOCTHIO,
Nepexofis B ranoreHcofiepialuue CoeuHEHUs, UMetoLLmne
MyTareHHblid 3@deKT [22]. NoHbl ¢TopUaa oKasbiBawT BIK-
SIHWE Ha OpraHM3M Npu SMTENBHOM BO3AENACTBUM, @ NpU U3-
BbITOYHOM CoAepKaHuM GTOPUAOB B OPraHU3Me BO3HWKaeT
XpOHWYecKas (TopucTan MHTOKCUKauma [27, 28].

TaK, Npu CpaBHEHMM aHWOHHOIO COCTaBa CTATUCTUYECKM
3HauUMMBIX OT/IMYMIA MEXAY PErvoHaMM He O0TMEYEHO TOfb-
Ko ana cynbart-moHoB. CogepaHue xnopua-, docdar-
1 dhTopua-unoHoB Boilwe B KpacHospcke. YcTaHOBNEHO pe3Ko
OT/IMYalOLLEECs YBEIMYEHWNE KOHLEHTpauum hTopuz-1oHOB
B CNtOHe uTeneit KpacHosipcka. AHWOHBI B CIlOHY nonaja-
10T NPEUMYLLECTBEHHO C MUTLEBOI BOLOW, COCTaB KOTOPOiA
OKa3blBaeT 3HauMTENbHOE BAMSIHWE Ha GOpPMMPOBaHWe 3[0-
poBbs HaceneHus. MoBblleHHoe cofepaHue GTopua-MoHoB
B KpacHosipcke, BeposTHO, CBA3aHO C BblgeneHneM GTopUCTbIX
COeAMHEeHMI B npoLecce NPoM3BO/ACTBA alOMUHUA HA 3aBO-
e, PacrnonoXxeHHoOM B JlaHHOM pervoHe [29]. CnepyeT oT™e-
TUTb, YTO KOHLIEHTpaLMA GTopa B NUTLEBON BOAONPOBOSHOM
BOJE He MPEBbILIAET YCTAHOBEHHbIX HOPM [24].
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NHTepecHo, 4To 3Ha4YeHMs BCeX OMpeAesnsieMblX NoKasa-
Teneii B rpynmne MyX4uH Bbille CPeHUX 3HAYEHWIA ans co-
OTBETCTBYIOLLEIO PErMOHA, TOTAA KaK B PYNMe JKeHWMUH —
HuKe (cM. Tabn. 2). UcksioueHne cocTaBnsioT MOHbI KabLMA.
Bo3MoxkHO, 370 CBA3aHO C pa3fMYHbLIM FOPMOHAbHBIM CTaTy-
COM MYXYMH U MEHLLUWH. PacyéT M3MeHEeHUs KOHLIEHTPaLMA
OTAENbHbIX NOKa3aTesiel OTHOCUTENBHO CPEAHEr0 3HAYeHUS
ONsA KaXOOro pervoHa, NpeAcTaBfeHHblit B BUae rpadmka
(cM. puc. 1), noKasblBaeT, YTO XapaKTep U3MeHeHUs NoKasa-
Tenien Kak y xuteneit OMcKa, Tak u y xutenen KpacHospcka
OJJHOHANpPaB/EHHBIN.

Pe3ynbrathl uccnepoaHnsa MKC cnitoHbl NoKasbiBaloT
OTKJIOHEHME OT HOpMbI K oTcyTcTBUe (5 banno.) | TMna Kpu-
cTannmsaummn B 060ux pervoHax. [laHHble cBefieHUs roBOpSAT
0 CHUXEHMM MUHEPaNM3YIoLLLEro NoTeHUMana citoHbl. Habnto-
[aeTcs NpeobnafaHne paspyLueHHbIX Kpuctannos (o1 4 o 1
©anna) unu ux nonHoe oTcyTcTaMe B nose 3peHus (0 bannos),
4T, BEPOSATHO, CBA3aAHO KaK C COCTOSHWUEM MOMOCTM pTa, TaK
W C HaJM4MeM NOCTOSHHOTO HEraTMBHOO BIMAHUA (aKTopoB
OKpYKatoLLen cpefbl Ha COCTosHME 340p0BbsA B LiesioM [30].

YcTaHOBMEHO, YTO KOHLIEHTPaLMU 3NIEMEHTOB B COCTaBe
CIHOHbI JUTENel KPYMHbIX NPOMBILLEHHbIX ropoaoB OMcKa
n KpacHosipcka pasnuuHbl. Mpu cpaBHUTENBHBIX UCCneno-
BaHWSAX C MCMONb30BaHWEM CJIIOHBLI B KadyecTse buonorunye-
CKOW KWOKOCTU HeobX0AMMO Y4YMTBIBATb, YTO Pe3ybTarthl,
MOJTyYeHHbIe B PasHbIX PErMOHaX, MOrYT CYLLECTBEHHO pas-
nmyatbcs faxe B HopMe. 370 06yCNOBNEHO pasfinyHbIM
«3JIEMEHTHbIM» CTaTyCOM PErMoHOB, B KOTOPbIX MPOXMUBAIOT
uccneayemble rpynnbl 406poBofbLEB, 0C0BEHHO CBA3AHHBIM
C re0XMMMYECKUMU U NPOMBILLNIEHHBIMU 0cobeHHOCTAMM [7].
lMoatToMy Mbl peKOMeHLyeM BO BCEX CNyyasX OMMpaTb-
CA He TONbKO Ha JUTepaTypHble AaHHble As CPaBHEHMS,
HO M [ONOJIHUTENbHO aHaNM3MPOBaTL KOHTPOSILHYID rpynny
W3 yncna A0BpOBONbLEB, NPOXKMBAIOLLMX B TOM 3Ke PErvoHe,
rae BbIMOJHAKTCA UcciefoBaHus. 3T0 Mo3BONMT U3bexarb
OLWMOOK M HETOYHOCTEN B MHTEpNpeTaumMu pe3ynbTaToB. B Le-
JIOM MOHWUTOPUHI COLLEPKAHUS MUKPO3JIEMEHTOB B OpraHu3-
Me 110 CJTHOHe YerI0BEKa ABNSETCS NEPCNEKTUBHBLIM HaMpae/e-
HWEM UCCNeA0BaHUM U NO3BONSAET OLLEHWUTL CTabUBHOCTL UX
XMMUYECKOr0 COCTaBa, a TaKXe OTpaXKaeT CTeNeHb BAMAHMSA
3Konornyeckoin obcraHoBkm [31].

3AKJIO4YEHUE

Ha cerofHsWwHWiA fAeHb NpUBELEHO MHOKECTBO AOKa-
3aTe/IbCTB CYLLECTBOBAHUA MPUYMHHO-CNELCTBEHHbIX CBSA-
3eil MeX[ly KauyecTBOM OKpYKatoLel Cpeibl U COCTOSHUEM
300poBbs HaceneHus. IMeHHo no3ToMy HeobXoauM CBO-
€BPEMEHHbI MOHWUTOPUHI COCTOSHWS OpraHv3Ma JNiofe,
MPOXKUBAIOLLMX B KPYMHbIX MPOMBILNEHHBIX LieHTpax. M3-
y4eHuWe COCTaBa C/IIOHbI Ye/I0BEKa M03BONSET CBOEBPEMEHHO
BbISBUTb BO3MOXHBI AucbanaHc 3neMeHToB, 00yCNoB/eH-
HbIll 1eCTBMEM aHTpOMOreHHbIX (aKTopoB. Mpy cpaBHeHUH
KaTMOHHOTO M aHMOHHOrO COCTaBa C/OHbI MuTenei OMcKa
n KpacHospcka OTMeyeHbl pasfMuus B KOHLEHTpaLMsX
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OPUTMHATTBHBIE MCCIEIOBAHNA

anekTponuToB. Mo pe3ynbratam uccnegosanus tunos MKC
CITIOHbI MOKa3aHo oTcyTcTBME | TMMa KpucTannm3aumm B 060ux
ropogax. Takum obpasoM, npu NpoBefeHUM WUCCIe0BaHUI
C MCNONb30BaHNEM CTIIOHBI B KauyecTBe buocybctpaTta Heob-
XOAMMO Y4MTbIBaTb PErMOHaNbHbIE 0COBEHHOCTU U COCTOSAHME
OKPYKaloLLEN CPefbl.

AONO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBtopoB. J1.B. benbckas — opranusaums u au3aiH nccnenoBaHms,
pefakumMs 1 yTBepXOeHWEe OKOHYaTesnbHOro BapuaHTa cratb; EA. Capd,
J1.B. CrenaHoBa — cbop 1 aHanu3 ganHblx; 0.A. KonenuykoBa — nofro-
TOBKa NepBOro BapuaHTa CTaTbu. Bce aBTOpbI MOATBEPIKAAKOT COOTBETCTBME
CBOEro aBTOPCTBA MeX[yHapoaHsIM kputepuam ICMJE (Bce aBTopbl BHEC-
JN CYLLIECTBEHHbIN BKNaL B pa3paboTKy KOHLENUMW, NpoBefeHue uccne-
[,0BaHMA ¥ NOAFOTOBKY CTaTby, MPOYAM W 0800pUIM QUHATbHYI0 BEPCUIO
nepeq nybnvkauwen).

WUcTounuk ¢puHaHcupoBaHua. ABTOpbI 3as1BNAOT 06 OTCYTCTBUM BHELLHErO
(MHaHCMPOBaHWS NPY NPOBEAEHNM UCCNEA0BAHMS.

KoHdnukT mHTepecoB. ABTOpbI [eKNapupylT OTCYTCTBME ABHBIX W MO-
TeHLMaMbHbIX KOHDIMKTOB MHTEPECOB, CBA3aHHbLIX C NybvKaLmen AaHHOM
cTatbu.
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OcobeHHOCTH nepBMYHOM 3a60/1€BaEMOCTU HaceNeHus
TPyAOCNOCO6HOro Bo3pacTa, NPOXKUBAIOLLET0

B MpuBomKckoM depepanbHOM OKpyre, B Nepuoa
3NMAEMUM HOBO KOPOHABUPYCHOU UHGEKLUU

3.P. Wanxnucnamosa® 2, A.C. Wactur®, 3.T. Baneesa" 2, T.M. Llenunosa?,
T.10. 06yxoBa’, A.A. [lnctaHosa'

! YUMCKMiA HayHHO-MCCIEA0BATENBCKUI MHCTUTYT MEAMUMHBI TPYAA W 3KOJIOrMM YesioBeKa, Yda, Poccus;
2 BalLKMPCKUIA rocynapCTBEHHbIA MeNLIMHCKWIA yHuBepcuTeT, Yda, Poceus;
3 EKaTepuHBYprckuii MeMLIMHCKWIA HayYHBIA LIEHTP NPodUNaKTUKM 1 OXpaHbl 30,0poBbA pabounx npoMnpeanpusTHin, Exatepunbypr, Poccus

AHHOTALMUA

06ocHoBaHue. /13yyeHune 0cobeHHOCTEN NepBUYHOI 3aD0/1eBaeMOCTY HaceneHns TpyaocnocobHoro BospacTa Ans paspabot-
KM MEXaHW3MOB YNpaB/eHUsA PUCKaMK 3[,0POBbH) C YHETOM COXKHOM 3MUAEMMONIOMUYECKON CUTYaLMK.

Llenb. AHanu3 ocobeHHoCTeli nepeuYHON 3aboneBaeMocT HaceneHus TpyaocnocobHoro BospacTa [llpuBomkckoro depe-
paNibHOr0 OKpyra B NepUOA 3NMAEMUM HOBOW KOPOHABMPYCHON MHGEKLMN.

Marepuanbl n MeTopbl. Ha ocHoBe cTaTucTMuYecKux MatepuanoB (depepanbHoro HabnioAeHUs paccunTaHbl abconoTHbIE
1 OTHOCUTENbHbIE NOKa3aTenu nepeuyHoii 3abonesaemoctu Ha 100 000 HaceneHus TpygocnocobHoro HaceneHus Kak no Poc-
cuitckon Qeaepaumm B LiesoM, Tak v B lprBonKcKoM eaepanbHoOM oKpyre M ero cyobekTtax 3a 2014-2021 rr. no 15 knaccaM
MKB-10. MpoBeaeH pacyéT MeauaHHbIX 3HadeHui (Me), 25-ro u 75-ro npouentunen [A25; Q75], cTaHAAPTHOrO OTKIIOHEHNS
(0), TeMna npupocTa ypoBHs NepBuUYHON 3aboseBaeMocTn K Me B 2020-2021 rr.

Pesynbtatbl. B nepros anuaeMum HoBOM KopoHaBupycHol uHdekumm B 2020-2021 rr. u3MeHeHUst YPOBHEN MePBUHHOMN
3aboneBaemMocTn HaceneHus TpygocnocobHoro Bo3pacta B cybbektax [puBomkckoro dbefepanbHOro oKpyra UMenu SIpKo
BbIpaYKeHHbIe PErvoHasbHble 0C0BEHHOCTH, XapaKTepusysch 0bLLel TeHAEHLMeR pocTa NoKasaTesel nepeuyHoi 3abonesa-
eMOCTU «N0 BCeM DonesHAM», No «bonie3HAM opraHoB ApixaHusa» u cobcteeHHo no COVID-19. B cybbekTax okpyra Boisinie-
Hbl MHOTOKPATHbIE pasfnums B TEMMaX NPUPOCTa (CHUXEHUA) YPOBHSA NePBUYHON 3aboneBaeMocTu. B oTaenbHbIX cybbekTax
OKpyra coXpaHsiach BbICOKas CTeNeHb afanTaLyy CUCTEM 34paBOOXPaHEHNS B UPe3BblYalHBIX INUAEMUONOTNYECKUX 0bCTo-
ATENbCTBAX.

3aknioueHue. BoisiBneHHble pervoHanbHble 0cobeHHOCTW 3aboneBaeMocTU HacenieHust TpyaocnocobHoro Bo3pacta MoryT
BbITb MCMOMb30BaHbI OpraHamMu ynpaeneHus B cdepe oxpaHbl 34,0pOBbA AN MOBbILEHUA 3PGHEKTUBHOCTU FOCYAapCTBEH-
HbIX Mep MO CHUXEHWI NPEXAEBPEMEHHON CMEPTHOCTU U YBEIMUEHUIO 0XKMIAEMON NPOAOIIKUTENBHOCTU HU3HU HAaceNneHu!s
CybBEKTOB OKpyra.

KnioueBbie cnoea: KOpPOHaBMpYyCHaA MHCI)EKLI,VIH; nepeu4HaAn 3ab051eBaEMOCTb; HaCeNIeHME; TPWJ,OCI'IOC06HbIl7I BO3pacT.

Kak uutupoBartb:
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ABSTRACT

BACKGROUND: Considering the complex epidemiological situation, studying the primary incidence patterns among the
working-age population is crucial for developing health risk management mechanisms.

AIM: To analyze primary incidence patterns among the working-age population in the Volga Federal District during the COVID-19
pandemic.

MATERIALS AND METHODS: Using federal statistical surveillance data, absolute and relative primary incidence rates per
100,000 working-age individuals were calculated for the Russian Federation as a whole and for the Volga Federal District and
its constituent regions from 2014 to 2021 across 15 ICD-10 disease classes. Median values (Me), the 25th and 75th percentiles
[Q25; Q75], standard deviation (o), and the growth rate of primary incidence levels relative to Me in 2020-2021 were determined.
RESULTS: During the COVID-19 pandemic (2020-2021), changes in primary incidence rates among the working-age population
in the regions of the Volga Federal District exhibited distinct regional characteristics. These changes were marked by a general
upward trend in primary incidence rates across all diseases, particularly in respiratory diseases and COVID-19 itself. Significant
variations in the rates of increase (and decrease) in primary incidence levels were identified across the regions of the district.
In some regions, the healthcare system maintained a high level of adaptation to emergency epidemiological conditions.
CONCLUSION: The identified regional incidence patterns among the working-age population can be utilized by public health
authorities to improve the effectiveness of state measures aimed at reducing premature mortality and increasing life expectancy
in the district’s population.

Keywords: coronavirus infection; primary incidence; population; working-age.
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0b30PHI

Ob0CHOBAHUE

Bbicokas pacnpocTpaHEHHOCTb M 3KOHOMUYecKoe bpems
HeMH(DEeKUMOHHBIX 3aboneBaHni 06yCNoOBIMBAIOT aKTyalb-
HOCTb M3YYeHUs PerMoHanbHbIX 0COBEHHOCTEH NONYNALMOH-
HOW 3ab0s1IeBaEMOCTH pa3NNYHbIX KaTeropui Hacenewus [1-
4]. 3nnaemMma HOBOM KOpoHaBWpYcHoW MHGeKumn COVID-19
OKa3ana 6osbLUoe BNMSHWE Ha 34,0p0BbE HACENEHUS, YTO Bbl-
3Basi0 3HauMTeNbHOE YMCNO UCCe0BaHWMN, MOCBALLEHHBIX
U3y4eHWI0 BIUSIHWA PacnpoCTpaHeHUs HOBOW KOPOHaBuUpycC-
HOM MH(EKLMM Ha NONyNAUMOHHYI 3aboneBaeMocTb [5-9].

JKoHoMMYecKas 6e3onacHoOCTb rocyaapcTBa B 3HAUMTENb-
HOWi Mepe NpefonpeaenseTcs KaYecTBOM TPYAOBOr0 NOTEHLM-
ana, 0CHOBY KOTOPOr0 COCTaBNSET HaceseHUe TPYA0CnocobHo-
ro BO3pacTa, COCTOSHME 3[0POBbs KOTOPOro ABMAETCS OJHOV
13 BaXKHEMLLIMX XapaKTEPUCTUK KauecTBa TPYAOBOro NOTEHLM-
ana [10, 11]. Mo AaHHLIM psaa UcCneaoBaHUA, B LOAMOCPO-
HOM nepcnexTuBe byaeT HabnoaaTbca BO3pacTaHue CpeaHero
Bo3pacTa paboTatoLlero HaceneHus, COMPOBOX/AACH POCTOM
3KOHOMUYECKOro BpeMeHM 0T HEMHPEKLMOHHBIX 3aboneBaHuiA
[12, 13]. Ho B HacTosiLiee BpeMs U3y4eHMe MONYNALMOHHON
3aboneBaeMoCTM HaceneHus TpyaocnocobHoro BospacTa
B Poccuiickont Defiepaumnn 3aTpynHEHO OTCYTCTBMEM LOCTYN-
HbIX AaHHbIX. QefepanbHbIM MNaHOM CTaTUCTUYECKUX paboT
YYET NOKa3aTesien 3TOW rpynmnbl HACeIEHUA He NPeLyCMOTPEH,
UTO CHWKaeT 3 heKTUBHOCTb FOCYAAPCTBEHHBIX Mep, Hanpas-
JIEHHbIX Ha MPOJJIEHNE KU3HW U NpeSoTBpaLLEeHNe NpeXaeB-
peMeHHOI CMepTHOCTM HaceneHus Poccum.

M3yyeHne ocobeHHoCTei nepBUYHOW 3aboneBaeMocTu
nuy, TpynocrnocobHoro Bo3pacTa, B TOM 4YUCNie B 3JKCTpe-
Ma’bHbIX 3MMLEMMONIOrMYECKUX 00CTOATENBCTBAX, SABNAETCS
aKTyaslbHOM Hay4yHOM 3afadei nns pa3paboTKM MexaHu3-
MOB YNpaBneHWUs pUCKaMM 340p0OBbI0, YTO B UTOTE NO3BOAMT
NPOAAUTL TPYAOBOE AONTONETUE U YAYYLINTE KA4YeCTBO KU3-
Hu paboTatowero Hacenenus [14].

LUenb uccnepoBanua. AHanus ocobeHHoCTel nepBuy-
Hol 3aboneBaeMoCTH HaceneHus TpyAocrnocobHoro Bo3pac-
Ta lpuBomxcKoro ¢eaepancHoro okpyra (®0) B nepuog
3NMUAEMUM HOBOM KOPOHABMPYCHOM MH(EKLMN.

MATEPUAJIbI U METObI

[laHHoe wuccnepoBaHWMe OCHOBaHO Ha (epepanbHOM
CTaTUCTUYECKOM HabniofieHu 3a moKasaTensmu 3aboneBa-
emocTn HaceneHns Poccuitckoit ®enepaunn’. Mo Bronnete-
HaM OepepanbHol ciyxbbl rocyaapCTBEHHOW CTATUCTUKMU
«YucneHHocTb Hacenenus Poccuiickon ®epepaummn no nony
1 BO3pacTy» ornpejensnm cpefHerofoBy YCAEHHOCTb Nin
TpyAocnocobHoro Bo3pacTa. AsTopel paccuuTanu abcontot-
Hble W OTHOCWTENbHbIE MOKa3aTenu nepBUYHON 3aboneBa-
emoctn Ha 100 000 HaceneHus TpyaocnocobHoro Bo3pacta
Kak no Poccuiickoin ®epepaumm B uenoM, Tak v no NP0 v ero

! 3npaBooxpaHerue B Poccum.

https://rosstat.gov.ru/folder/210/document/13218
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cybbektam 3a 2014-2021 rr. no 15 knaccam MKB-10. MeTo-
[0M NPSMOro paHXUpOBaHWUA ONpeLenniv BeayLime npuiu-
Hbl B HO30/10TMYECKOI CTPYKTYpe NepBrUYHOM 3abonieBaeMocTy
HaceneHws TpynocnocobHoro Bospacta Poccuiickoii Oepepa-
v 3a 2014-2019 rr. NpoBenu pacyeT MeAnaHHbIX 3HAYEHWN
(Me), 25-ro n 75-ro npoueHtunen [Q25; Q75], cTaHaapTHOrO
OTKIIOHEHUs (), KoadduumeHTa Baprauum (Kv) ronoBbix no-
KasaTeneil nepeuyHoii 3abonesaeMoctu 3a 2014-2019 rr.
PaccuuTaH TeMn npupocTa ypoBHA NepBuYHOM 3aboneBaeMo-
ctv B 2020-2021 rr. Kk Me. [Ina cpaBHUTENBHOI OLIEHKU YPOB-
Hei 3abonesaemoctu B 2020 1 2021 rr. u B 2014-2019 rr.
no BceM knaccaM bonesHen MKB-10, 6e3 yuéta cnyvaeB
Knacca XV (000-099) «bepemeHHOCTb, pofbl ¥ NOCNEpoAo-
BOI NepUOA», U ANdA NATM NPUYMH NepBUYHOI 3aboneBaemo-
CTM MCMNONb30BaNM OLHOBLIOOPOYHDIN t-KpuTepuid. Kputnye-
CKasl 3HaYMMOCTb HYNEBOM CTaTUCTUYECKOM rMnoTe3bl paBHa
0,05. [ins 06paboTky faHHbIX UCMONb30BaAU NporpamMmel MS
Excel n STATISTICA 10.

PE3YJIbTATbI

OCHOBHBIMM MpWUYMHAMW NepBUYHON 3aboneBaeMocTu
Hacenewusa TpygnocnocobHoro Bo3pacta B 2014-2019 rr.
B Poccuiickoi ®epepaunm 6binv 601e3HM opraHoB AblxaHus
(32,4% cnyyaes), TpaBMbI, OTPABNEHUS U HEKOTOpbLIE ApYrue
noc/efcTBUS BO3AEHCTBUA BHELLHUX NpudmH (16,7%), bones-
HW Mouenonoson cucteMsl (10,5%), 6onesuu Koxm n nog-
KOXHOM KieT4aTku (6,6%) u 6onesnu cucteMbl KpoBoobpa-
wenms (5,1%).

06Lime noKasaTenu ypoBHeN nepBuyHOi 3aboneBaeMo-
cT1 no BceM KnaccaM bonesHent MKB-10, 6e3 yyéTa cnyya-
eB Knacca XV (000-099) «bepeMeHHOCTb, pofbl M Nocie-
ponoBoit nepuoa», B LenoM no Poccuitckon ®epepaumu,
M®0 u cybbektaM okpyra B 2014-2021 rr. npeAcTaBeHbl
B Tabn. 1.

B 6onblumHcTBe pernoHoB okpyra B 2020 n 2021 rr. Bbi-
AIBNEH CTAaTUCTMYECKU 3HAYUMBIA POCT YPOBHA MEPBUYHON
3aboneBaeMoCTW HacesieHus TpyaocnocobHoro Bo3pacTa oT-
HocuTenbHo nepuoga 2014-2019 rr. TonbKo B [leH3eHcKoM
1 YnbsHOBCKOW 0bnactax B 06a roga anuaemMun HOBOM Ko-
POHaBMPYCHON MH(EKUMM HabMoAanoch CHUKEHUE YPOBHS
3aboneBaeMocTi. MaKcuManbHble U MUHUMATbHBIE YPOBHH
nepBuyHoi 3aboneBaemMocTut bbinn 3aduKcnpoBaHbl B 2014—
2019 rr. B Pecnybnukax Mapuit In u Mopgposus, B 2020-
2021 rr. — B Pecnybnuke balukopTtocTaH 1 [eH3eHCKoM 06-
nactn. MakcumaneHbii Temn npupocta B 2020 r. BbiSBNEH
B Mopgosun (Ha 31,1%; p <0,001) n KuposcKoii obnactu
(Ha 20,4%; p <0,001), B 2021 r. MaKCUManbHbIA TeMN NpU-
pocta oTMeueH B KupoBckon obnactu.

lMokasatenu nepBu4HO 3aboneBaeMoCTM HaceneHus
TpyAocnocobHoro Bo3pacta 60/71€3HSIMM OpraHoB [bIXaHWs
3a 2014-2021 rr. B uenoM no Poccuiickoit ®epepaumm
¥ no cybbektam MO0 ¢ MaKcUManbHBIMU U MUHUMAJTbHBIMU
ypoBHaMK 3aboneBaemoctu B 2014-2019 rr. npeacraBneHbl
B Tabn. 2.
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Ta6nuua 1. MNepeuyHas 3abonesaeMocTb HaceneHus TpyaocnocobHoro BospacTa B Poccuitckoii eaepaumm, MpusonckoM defepanbHOM okpyre u cybb-

eKTax okpyra B 2014-2021 rr. no BceM KnaccaM bonesHeit (Ha 100 000 yen.)

Table 1. Primary morbidity of the working-age population in the Russian Federation, the Volga Federal District and the district subjects in 2014-2021 for

all classes of diseases (per 100,000 people)

Tepputopus
Territory

Me [Q25; Q75] (2014-2019 rr.)
Me [G25; Q75] (2014-2019)

2020 r. (remn npupocTa, %)
2020 (growth rate, %)

2021 r. (temn npupocTa, %)
2021 (growth rate, %)

Poccuitckas Penepaups 53108,3 [52810,7; 53312,6]

Russian Federation

[pVBOMKCKWIA eaepanbHbIN OKpyr 58102,0 [57258,7; 59089,7]

Volga Federal District

Pecnybnumka balukoptocTaH 62601,5 [62004,3; 62643,3]

Republic of Bashkortostan

Pecnybnuka Mapwit 3n 66527,9 [63399,5; 67474,4]

Republic of Mari El

Pecnybnuka Mopposus 437677 [42524,8; 44028,6]

Republic of Mordovia

Pecnybnvka TaTapcTaH 51539,5 [50667,3; 52590,8]

Republic of Tatarstan

Yamyptckas Pecnybnvka 58680,2 [56034,5; 61168,6]

Udmurt Republic

Yygaluckas Pecnybnvka 62177,0 [60558,5; 68355,5]

Chuvash Republic

MepMCcKMiA Kpaii 61432,2 [61249,2; 62470,8]

Perm Krai

Kuposckas obnactb 50543,8 [49039,6; 52456,4]

Kirov Region

Hwxeropogfickast obnactb 59907,6 [59551,4; 60337,9]

Nizhny Novgorod Region

OpeHbyprckas obnacts 55532,6 [54618,8; 56936,91

Orenburg Region

MeH3eHcKas obnactb 55360,9 [54376,1; 56142,1]

Penza Region

CaMapckas 0bnacTb 61824,7 [58430,5; 67581,7]

Samara Region

CapatoBcKas obnactb 94341,8 [53913,0; 54743,0]

Saratov Region

YnbaHOBCKas 0bnacTb 61021,8 [59564,3; 62989,0]

Ulyanovsk Region

55967,1 (5,4; p <0,001) 62146,1 (17,0; p <0,001)

61274,1 (5,5; p=0,001) 66208,0 (14,0; p <0,001)
71279,8 (13,9; p <0,001) 79589.8 (27,1; p <0,001)
68714,4 (3,3; p=0,074) 72792,1 (9,4; p=0,002)
57395,6 (31,1; p <0,001) 60092,2 (37,3; p <0,001)
56231,1 (9,1; p=0,001) 55289,6 (7,3; p=0,004)
62407,1 (6,4; p=0,015) 623627 (6,3; p=0,015)
65854,4 (5,9; p=0,457) 67322,7 (8,3; p=0,190)
63831,3 (3,9; p=0,009) 71854,5 (17,0; p <0,001)
60880,0 (20,4; p <0,001) 74305,5 (47,0; p <0,001)
65646,9 (9,6; p <0,001) 75105,1 (25,4; p <0,001)
53150,6 (-4,3; p=0,026) 59341,7 (6,9; p=0,002)
52180,0 (-5,7; p=0,107) 51563,8 (-6,9; p=0,056)
61911,5(0,1; p=0,719) 66553,6 (7,6; p=0,132)
53588,7 (-1,4; p=0,499) 57381,8 (5,6; p=0,001)

56552,2 (-7,3; p=0,034) 60792,7 (-0,4; p=0,797)

MpaKTnyeckm Bo Beex pernoHax NP0 nokasatenu nepemy-
Hoi1 3aboneBaeMoCTW HaceneHus TPyAoCnocobHoro Bospacra
bone3HAMM OpraHoB AbIXaHUA BbINM CTAaTUCTUYECKU 3HAYMMO
Bbiwe ypoBHs 2014-2019 rr. Tonbko B [NeH3eHcKol obna-
ct1 B 2021 r. He 0TMEYanocb A0CTOBEPHbIX Pa3nuymin (TeMn
npupocta — 1,4%; p=0,645). MaKcuManbHble U MUHUMAaNb-
Hble YPOBHM NepBWYHOK 3aboneBaeMoCTM 3adUKCUPOBaHbI
B 2020 1 2021 rr. B HkeropopcKoii 1 [MeH3eHcKoi 0bnacTax
(2020 r. — 19490,2% 4000 2021 1. — 16224,5%54,). MaK-
cuManbHein TeMn npupocta B 2020-2021 rr. 6bin BbiSBNIEH
B Pecnybnuke Moppaosus (cootBetctBeHHo 112,1 u 131,2%),
a MUHWUManbHble u3MeHenus B 2020 r. — B YnbsHOBCKOM
obnactu (temn npupocta — 20,0%; p=0,001), B 2021 r. —
B [leH3eHcKoit obnacTu.

DOl https://doiorg/10.17816/humecob42794

B TeueHue Bcero uccnegyemoro nepuopa Cambli Bbl-
COKMIA YpOBeHb NepBWYHOK 3aboneBaeMocT 6onesHAMU
OpraHoB [JbIXaHWs HacenieHus TpyAocnocobHoro BospacTa
peructpupoBancs B Huxeropofackon obnactu, oTHocuTeNb-
HO HeBbICOKMIA TeMn npupocta B 2020-2021 rr. (Ha 36,0%;
p <0,001; Ha 44,0%; p <0,001 cooTBeTCTBEHHO) ObIN 06YCN0B-
neH BbICOKUM Me aaHHOro peruoHa.

lokasaTenu nepeuyHOi 3aboneBaeMOCTU HaceneHus
TpyZocrnocobHoro Bo3pacra TpaBMaMy, 0TPaBAEHUAMU U He-
KOTOPbIMM APYrMMUW MOCNEACTBUAMW BO3AEUCTBUS BHELIHWX
MPUYMH C MaKCUMaIbHBIMA U MUHUMAIBHBIMW YPOBHAIMM 3a-
bonesaemoctvt B 2014-2019 rr. npeacTaBneHsl B Tabn. 3.

B 6onbLmHcTBe pervoHos M0 BbISBNEHO 3HAYMMOE CHU-
JKEHMWe NoKa3saTeneil NepBuyHoii 3ab01eBaeMoCTM TpaBMaMi,
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Ta6nuua 2. lNepsuuHan 3aboneBaeMocTb HaceneHus TpypocnocobHoro Bospacta B Poccuiickont @epepaumm u oTaenbHbIX cyobekTax [puBonKCcKoro
tepepanbHoro okpyra bonesHaMM opraHoB AbixaHus B 2014-2021 rr. (Ha 100 000 yen.)

Table 2. Primary morbidity of the working-age population in the Russian Federation and individual subjects of the Volga Federal District with respiratory

diseases in 2014-2021 (per 100,000 people)

Tepputopus Mezo [Q25; Q75] (2014-2019 rr.) 2020 r. (remn npupocTa, %) 2021 r. (temn npupocta, %)

Territory Me+o [Q25; Q75] (2014-2019) 2020 (growth rate, %) 2021 (growth rate, %)
Huxeropofickas obnacts 24492,9+2240,4 33309,4 (36,0; p <0,001) 352778 (44,0; p <0,001)
Nizhny Novgorod Region [22096,1; 25598,9]
Camapckas obnactb 23173,7£2520,1 28705,0 (23,9; p=0,003) 27919,7 (20,5; p=0,006)
Samara Region [21559,3; 25169,7]
MepMcKuiA Kpait 21359,9£1274,3 294973 (38,1; p <0,001) 28210,2 (32,1; p <0,001)
Perm Region [20729,0; 22950,7]
Poccuitckast Penepaups 17466,5+728,2 22379,4 (28,1; p <0,001) 23311,1 (33,5; p <0,001)
Russian Federation [16386,2; 17593 4]
OpeHbyprckas 0bnacTb 14917,4£332,5 21287,7 (42,7, p <0,001) 224979 (50,8; p <0,001)
Orenburg Region [14508,9; 15129,6]
CapatoBcKas obnacTb 14206,7£1133,9 19736,7 (38,9; p <0,001) 22341,8 (57,3; p <0,001)
Saratov Region [12722,1; 14998,6]
Pecnybnuka Mopposus 10769,2+258,7 23914,4 (122,1; p <0,001) 24898,3 (131,2; p <0,001)
Republic of Mordovia [10550,2; 10909,0]

OTPaBNEHUSIMA U HEKOTOPbIMM ApYrUMU NOCNEACTBUSMU
BO3JENCTBUSA BHELUHUX NPUYUH MO CPABHEHWUIO C [OKOBWA-
HbIM MepuoaoM. HesHaunTenbHbIin poct oTMedeH B 2020 .
B Pecnybnuke Mapuit 3n (Ha 3,2%; p=0,078), B 2021 r. —
B HKwuposckon (Ha 0,1%; p=0,650) n OpeHbyprcKoit
(Ha 0,7%, p=0,817) obnactax. MaKcuManbHbI ypoBeHb 3a-
bonesaemoctn B 2020 r. Habnwpanca B Pecnybnuke Ma-
puit 3n (11454,0%g40), B 2021 1. — B Kuposckoi obnactu
(11193,8%3400), @ MUHMManNbHBIE — B TleH3eHCKON obnacTu
(cM. Tabn. 3). B lMeH3eHckon obnacTn Habnoganock U camoe
3HauuTesIbHOe CHUXKeHue nowxasatenen (2020 r.: Ha 42,7%;
p=0,022; 2021 r.: Ha 54,2%; p=0,005).

lMokasaTenu nepBUYHOI 3aboieBaeMoCTU HaceNeHus Tpy-
pocnocobHoro Bo3pacta 60i1e3HAMU MOYENOSIOBON CUCTEMBI
B LuenoM no Poccuiickont ®epepaunm u B cybbektax NP0
€ MaKCUManbHbIMU 1 MUHUMalbHBIMU YPOBHSIMM 3aboneBae-
moctu B 2014-2019 rr. npeacraBneHs! B Tabn. 4.

MpaKTUyeckn BO Bcex CyObeKTax OKpyra OTMevanoch
CTAaTUCTUYECKN 3HAYMMOE CHUKEHWE YPOBHSA MeEPBUYHOI
3aboneBaeMocTn 6ose3HAIMM MouenosnoBon cuctemsl. Wc-
KntoyeHne coctaBuim MNensenckasn (2020 r.: —0,2%; p=0,310)
un Hmxeropoackas (2021 r.: —14,7%; p=0,059) obnactu. Tonb-
Ko B Pecnybnuke MoppaoBus Habnopancs He3HauMTENbHbIN
pocT (5,8%; p=0,275). MaKkcuManbHbIii YpoBEHL NEPBUYHOIA
3abonesaeMocty bbin BoiseneH B 2020-2021 rr. B Pecnybnu-
ke Mopgaosus (cooTBeTcTBEHHO 6625,7% 3000 ¥ 6923,6%5000),
a MUHWManbHBIA ypoBeHb B 2020 r. Habnonanca B Pecny6-
nuke TarapctaH (2963,4%g50), B 2021 . — B OpeHBypreKoit
obnact (2653,3%,q,). Hanbonee 3HauuTensHoe cHueHme
nokasarenei ycraHosneHo B 2020 r. B Yysawckoit Pecny-
bnuke (Ha 37,6%; p=0,004), B 2021 r. — B OpeHbyprcKoii
obnactu (Ha 53,7%; p=0,002).

MokasaTenu nepBUYHON 3aboneBaeMocTM HaceneHus
TpyLOCNocobHoro Bo3pacTa 60Ne3HAMM KOXM U MOSKOMKHOI
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Knet4yaTku B Lenom no Poccuiickoin ®eaepaumm u B cyob-
ektax MO0 ¢ MaKcMManbHBIMWU U MUHUMaIbHBIMU YPOBHAMM
3aboneBaemoctu B 2014-2019 rr. npeactaBneHs! B Tabn. 5.

CTaTUCTUYECKU 3HAYMMOE CHUMEHME YPOBHA NEPBUYHOM
3aboneBaeMoCTV BoNe3HAMM KOKM U NOAKOKHON KNETHaTKU
TaKkKe 6bino BbIABNEHO B bonbluMHCTBE pernoHos NP0, Uc-
KnoueHue coctaBunm Pecnybnuka bawkoptoctan (2020 r.:
15,2%; p=0,053), Kuposckas (2020 r.: -8,3%; p=0,084),
Huxeroponckas (2021 r.: -3,3%; p=0,833), YnbsHoBcKas
(2020 r.: =11,7%, p=0,297; 2021 r.: -9,7%, p=0,0412) n Ca-
paToBcKas obnactui (cM. Tabn. 5). EaMHUYHBIA cnyyaii pocTa
nokasarens otMmevancs B 2021 r. B [leH3eHckol obnacTy
(Ha 4,8%; p=0,719). B 2020 r. Haubosee 3HaYUTENbHOE CHU-
XeHve 3aboneBaeMocTn 3admKcmpoBaHo B OpeHbyprckom
obnactu (Ha 56,0%; p=0,003). B 2021 r. camoe 3HauuTeNbHOE
CHUXXeHMe oTHocuTenbHO Me Bbino BhisiBNeHo B Pecnybnuke
Mopaosus (Ha 58,5%; p <0,001).

B 2021 r. B Huxeropopnckon obnactu Habnopancs bonee
yeM 2-KpatHblii pocT (Ha 104,9%) neperyHoii 3aboneBaemMocT
Bone3HAMM KOXM 1 NMOAKOXHON KieTyaTku K yposHio 2020 r.
(2020 r. — 28 686 cnyyaes, 2021 r. — 58 715 cnyyaes).

MaKcuManbHbI YpoBeHb NepBUYHON 3aboneBaeMocTy
3admkcupoBaH B 2020-2021 rr. B CapaToBcKoii obnactm (co-
OTBETCTBEHHO 5142,5% 000 W 4265,6%gg00), @ MUHUMANBHBIIA
yposeHb B 2020 r. — B OpeHByprekoit 06nact (1354,1%,),
B 2021 r. — B Pecnybnuke Mopgosus (1307,4% ).

lokasatenu nepBuyHOM 3aboNeBaeMOCTU HaceNeHUs
TpyAocnocobHoro Bospacta 6onesHAMKU cUCTEMbI KPOBOO-
OpaleHus B uenoM no Poccuiickon Pepepaumm v cybb-
exktaM OO c MaKcUManbHbIMA U MUHUMAIBHBIMU YPOB-
HaMu 3abonesaemoctn B 2014-2019 rr. npeacTaBneHbl
B Tabn. 6.

CHuKeHue ypoBHA nepBu4HOW 3aboneBaeMocTn 6o-
Ne3HAIMM  CUCTEMbl  KpPOBOODpaLLEHMA N0  CpaBHEHMIO
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Ta6nuua 3. [lepBuuHasi 3aboneBaeMocTb HacefeHus TpyLocrnocobHoro Bo3spacTa B Poccuiickoit @epepaumm v oTaenbHbix cybbektax [Mpu-

BOJKCKOTO  eflepanbHoro  OKpyra TpaBMaMu,
B 2014-2021 rr. (Ha 100 000 ven.)

OTpaBIeHNAMNU U HEKOTOPbIMK  ApYrMMK  NocnencTBuAMKU BO3[1ENCTBUS  BHELLHUX NPU4nH

Table 3. Primary morbidity of the working-age population in the Russian Federation and individual subjects of the Volga Federal District due to injuries,
poisoning and some other effects of exposure to external causes in 2014-2021 (per 100,000 people)

TeppuTopus
Territory

Mexo [Q25; Q75] (2014-2019)

Mezo [Q25; Q75] (2014-2019 rr.)

2020 r. (remn npupocra, %)
2020 (growth rate, %)

2021 r. (remn npupocra, %)
2021 (growth rate, %)

YamypTcKas Pecnybnvka
Udmurt Republic

11304,9 [11148,5; 12137,0]

[epMCKuiA Kpan 11259,4 [11045,9; 12225,1]

Perm Krai

Pecnybnuka balukoptocTaH 11184,2 [11065,6; 11462,4]

Republic of Bashkortostan

Poccuiickas Oepepaups
Russian Federation

8836,7 [8766,1; 8979,6]

MeH3eHcKas 0bnacTb
Penza Region

7686,8 [6672,4; 9341,7]

CapartoBcKas obnactb 6963,7 [6833,0; 7098,8]

Saratov Region

Pecnybnuka Mopaosus
Republic of Mordovia

5004,5 [4705,2; 5363,2]

10635,6 (-5,9; p=0,013) 10790,2 (-4,6; p=0,036)

9627,1 (-14,5; p=0,005) 10108,0 (-10,2; p=0,031)
10551,8 (-5,7; p=0,025) 10263,8 (-8,2; p=0,002)
8171,3 (-7,5; p=0,002) 8252,2 (-6,6; p=0,005)
4402,0 (-42,7; p=0,022) 3522,5 (-54,2; p=0,005)
6496,2 (-6,7; p=0,011) 6648,7 (—4,5; p=0,062)

4418,6 (<117, p=0,016) 46799 (-6,5; p=0,195)

Ta6nuua 4. lNepeuuHas 3aboneBaeMocTb HaceneHus Tpymocnoco6Horo Bospacta B Poccuiickont @epepaumm u oTaenbHbIx cyobekTax [puBonHKCKoro
tepepanbHoro okpyra bonesHaMu Moyenonosoii cuctemsl B 2014-2021 rr. (Ha 100 000 yen.)

Table 4. Primary morbidity of the working-age population in the Russian Federation and in certain subjects of the Volga Federal District with diseases of

the genitourinary system BMPS in 2014-2021 (per 100,000 people)

Tepputopus

Territory Mexg [Q25; Q75] (2014-2019)

Mezxo [Q25; Q75] (2014-2019 rr.)

2020 r. (remn npupocra, %)
2020 (growth rate, %)

2021 r. (remn npupocra, %)
2021 (growth rate, %)

YyBaLuckas Pecnybnuka 9791,3 [9004,1; 10342,1]

Chuvash Republic

Camapckas obnactb
Samara Region

8377,3 [8116,7; 8833,5]

Pecnybnuka Mapwit 3n
Mari El Republic

Poccuiickas Oepnepaups
Russian Federation

7832,7 [7423,0; 8331.8]

9542,3 [5481,9; 5594,2]

leH3eHcKas 0bnactb
Penza Region

47598 [4217,7; 4987,1]

Pecnybnuka TatapcTaH
Republic of Tatarstan

4369,5 [4005,6; 4637,8]

Kuposckas obnactb
Kirov Region

4156,3 [3869,0; 4465,6]

6108,8 (-37,6; p=0,004) 6769,9 (=30,9; p=0,013)

6324,2 (-24,5; p=0,004) 6220,7 (-25,7; p=0,003)
5744,7 (-26,7; p=0,006) 5762,5 (-26,4; p=0,007)
4400,6 (-20,6; p=0,003) 4433,4 (=20,0; p=0,003)
4752,3 (-0,2; p=0,310) 3890,3 (-18,3; p=0,004)
2963,4 (-32,2; p=0,008) 2742,9 (-37,2; p=0,003)

34674 (-16,6; p=0,014) 3386,0 (-18,5; p=0,007)

C AONaHAEeMWUWHBIM NepuofoM Habnopanoch B 60NbLIKH-
cTBe cyObeKToB oKpyra. Ho, no cpaBHeHMto C paHee npea-
CTaBNEHHbIMU pe3ynibTaTaMu, B DOMbLUMHCTBE PErMOHOB 3TW
U3MEHEHMs He HOCWIM CTaTUCTUYECKW 3HAUMMOT0 XapaKTepa:
Pecnybnuka Mapwit 3n (2020 r.: —12,6%; p=0,182), Mopao-
Bua (2021 r.: —1,2%; p=0,918), Yamyptua (2020 r.: —23,2%;
p=0,101; 2021 r.: -25,2%; p=0,077), Knposckas (2021 r.:
-5,9%; p=0,176), OpeHbyprckas (2021 r.: —=10,9%; p=0,284),
MenseHckas (2020 r.: -0,9%; p=0,646) obnactu. Pecnybnmka
TaTapcTaH OKa3anach eMHCTBEHHbIM PETMOHOM, Ffie B Nepu-
0/} PacnpocTpaHeHns HOBOW KOPOHABMPYCHON MHbEKLMN Ha-
bntopanca poct 3aboneBaeMocT (p,0,,=0,367; p,g,1=0,092).
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Take pocT nokasatens otMedeH B 2020 r. B Pecnybnu-
ke Mopgosus (Ha 3,1%; p=0,756) n B Kuposckoin obnactu
(cMm. Tabn. 6).

B 2020 r. Hanbonee 3HauMTENbHOE CHUMKEHME MOKa3a-
Tenen nepeBuYHON 3abonieBaeMocTW Bbio 3adUKCUPOBAHO
B MepMckoMm Kpae (-27,6%; p=0,001) n Camapckoi obnactu
(-27,0%; p=0,004), B 2021 r. — B leH3eHcKoit (Ha 38,4%;
p=0,004) n Ynbsanosckon (Ha 32,6%; p=0,001) obnacrsx.

B nepuog pacnpocTpaHeHUsi HOBOW KOPOHABUPYCHON UH-
dekumm B 2020-2021 rr. BeAyWMMM NPULUHAMM NEPBUYHOM
3aboneBaeMocTu HaceneHus TpyaocrocobHoro Bo3pacTa
B Lenom no Nd0O ocTanmch BonesHM Tex e KNaccos.
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Ta6nuua 5. MNepBuuHas 3aboneBaeMocTb Hacenewus TpyLocnocobHoro Bopacta B Poccuiickoii ®eaepaumm v B oTAeNbHbIX cydbekTax [puBonxKcKoro
tepepanbHOro okpyra 601e3HAMM KOKM M NOAKOXHON KneTdaTky B 2014-2021 rr. (Ha 100 000 yen.)

Table 5. Primary morbidity of the working-age population in the Russian Federation and in certain regions of the Volga Federal District with skin and

subcutaneous tissue diseases in 2014-2021 (per 100,000 people)

2020 r. (remn npupocta, %) 2021 r. (temn npupocta, %)

2020 (growth rate, %)

2021 (growth rate, %)

TeppuTopus Me+o [A25; Q75] (2014-2019 rr.)
Territory Mezo [Q25; Q75] (2014-2019)
CapatoBcKas obnactb 9473,7+440,6
Saratov Region [5139,7; 5789,9]
Camapckas obnactb 4918,3+344,3
Samara Region [4478,4; 5056,9]
Yamyptckan Pecnybnvka 4592,9+314,5
Udmurt Republic [4502,3; 4810,4]

Poccuitckast Penepaups
Russian Federation

Pecnybnuka Mopzosus
Republic of Mordovia

3501,9+196,0
[3331,7; 3670,4]

3146,6+521,5
[2924,2; 3818,7]

OpeHbyprckas obnactb 3076,7+744,9
Orenburg Region [2592,8; 3632,2]
MeH3eHcKas obnacTb 3064,0+526,0

Penza Region

[3028,8; 3624,0]

51425 (-6,1; p=0,096)

4393,9 (-10,7; p=0,034)

39290 (-14,5; p=0,005)

2758,1 (-21,2; p <0,001)

2011,4 (=36,1; p=0,002)

1354,1 (-56,0; p=0,003)

2356,1 (-23,1; p=0,007)

4265,6 (-22,1; p=0,001)

41929 (<147; p=0,008)

3110,1 (=32,3; p <0,001)

2887,3 (-17,6; p=0,001)

1307,4 (-58,5; p <0,001)

1483,8 (-51,8; p=0,005)

32116 (4,8, p=0,719)

Ta6nuua 6. MNepeuyHas 3abonesaeMocTb HaceneHus TpyaocnocobHoro Bo3pacta B Poccuitckoii epepaumm, MpuonckoM defepanbHoM oKpyre U cybb-
eKTax OKpyra bonesHamu cucteMbl KpoBoobpaluenus B 2014—2021 rr. (Ha 100 000 yen.)

Table 6. Primary morbidity of the working-age population in the Russian Federation, the Volga Federal District and the subjects of the district with diseases

of the circulatory system in 2014-2021 (per 100,000 people)

Tepputopus Mez+o [Q25; Q75] (2014-2019 rr.)
Territory Me+o [Q25; Q75] (2014-2019)

2020 r. (temn npupocTa, %) 2021 r. (remn npupocra, %)

2020 (growth rate, %)

2021 (growth rate, %)

CapatoBcKas obnacTb
Saratov Region

MeH3eHcKas o0bnacTb
Penza Region

5314,64715,8
[4960,1; 5436,2]

5035,4+841,3
[6494,1; 5272,4]

OpeHbyprckas 0bacTb 4838,3£1012,7
Orenburg Region [4210,7; 5627 ,3]
Poccuitckas Oegepaups 2762,9+198,9

Russian Federation

Kuposckas obnacTb

[2647,7; 2820,5]
2349,6+261,1

Kirov Region [2299,3; 2509,7]
MepMcKmi Kpawi 2229,3+122,1
Perm Krai [2037,3; 2335,5]
Camapckas obnacTb 1584,2+262,5

Samara Region

[1534,7;1914,5]

41677 (=21,6; p=0,031)

49913 (-0,9; p=0,646)

3719,5 (-23,1; p=0,047)

2462,0 (-10,9; p=0,022)

2659,2 (13,2; p=0,052)

1614,5 (-27,6; p=0,001)

1156,3 (-27,0; p=0,004)

3754,8 (-29,3; p=0,007)

3100,4 (-38,4; p=0,004)

4309,3 (-10,9; p=0,284)

2475,2 (-10,4; p=0,026)

22113 (-5,9; p=0,0176)

1719,9 (-22,9; p=0,003)

1377,7 (<13,0; p=0,030)

OBCYXOEHWUE

WccnenoBaHus nokasanw, 4to obLuei TeHaeHLMel B Cyob-
eKTax M0 33 U3yyeHHbIN Nepuos ABUNCS POCT NePBUYHOM
3aboneBaeMoCT HaceneHWs TpyaocnocobHoro BO3pacTa,
06yCNOBMIEHHBIA NPAKTUYECKW TONBKO 3a CYET NoKasaTenei
bonesHeii opraHoB AbixaHusa u cobeteenHo COVID-19. Ypos-
HW 3aboneBaeMocTy 60M1€3HAMM MPOUNX KITACCOB CHU3WINCh
B DO/IbLLMHCTBE CYOBEKTOB OKPYra, UTO XapaKTepHo 1 Ans Apy-
MMX PErvMoHOB M BO3PacTHbIX rpynn Hacenenus [15-17]. Cne-
LYeT OTMETUTb, YTO POCT YPOBHSA MepBUYHOl 3aboneBaemo-
ctn B 2020 r. ABWUACA OTIMYMTENBHOW YepTOl MccieayeMon
BO3pacTHOW KaTeropuu, B To BPEMS KaK Mo 00LLeA0CTYMHbIM
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UCTOYHMKAM B KaTeropum «BCE HaceneHue» CreunanucTbl
0TMeYanu CHUXEHWe NepBMYHOM 3abonesaeMocTu [5]. Bbl-
SIBNEHHble Pa3nMuMa NMOATBEPHAAIOT aKTYaNnbHOCTb CaMo-
CTOATENbHBIX WUCCe0BaHUA 3ab071eBaEMOCTU HaceNeHus
TpyaocnocobHoro Bo3pacta. 0bpalualoT Ha cebs BHUMaHWe
nokasatenu 3abonesaemMocTi 605e3HAMU OpraHoB AblXaHusA
B Huxeropoackon obnactu 1 bonesHsMM cucTeMbl KpoBoo-
bpaweHus B Camapckoii obnactu. HecMoTps Ha noBceMecT-
Hblil POCT NepBMYHON 3aboneBaeMoCTM BONe3HAMN OpraHoB
ObIXaHUs B NMEpUOA 3MMAEMUM HOBOW KOPOHABUPYCHOW MH-
(eKunn, MeauaHHbIN ypoBeHb 3a 2014-2019 rr. B Huxero-
pofcKoit obnacTu octancs Bbiwwe, YeM B OpeHbyprckon, MeH-
3eHcKoi n CapartoBckoii obnactax B 2020-2021 rr. Hecmotpsa
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Ha noBCeMecTHOe CHKeHWe nokasatenen B 2020-2021 rr.,
YPOBEHb NMepBUYHOIA 3ab0neBaeMoCTU 60M1E3HAMM CUCTEMBI
KpoBoobpaLlueHus Bo Bcex cybbektax [P0 octancs Boiwe
MeauaHHoro ypoBHS B Camapckon obnactv 3a 2014-109 rr.
[laHHble 0bcToATENbCTBA TPEOYHOT AOMONHUTENBHOMO U3yYe-
HWS 3NUAEMUONOTNYECKOMA CUTYaLMM B 3TUX PErMOHaX.

M3MeHeHns ypoBHeii 3aboneBaemoct B 2020-2021 rr.
MMEKT SPKO BbIPAXKEHHbIE PEervoHabHble 0COBEHHOCTH.
B cybbektax oKpyra BbisiBieHbl MHOTOKPaTHblE Pasnnuus
B TEMMNax npupocTa (CHUMEHWS) YPOBHEN MepBUYHOIN 3a60-
neBaeMoCTU. [pUuYMHBI TaKMX pasnuunMi NoAnexar Lonon-
HUTENIBHOMY U3YYEHMIO.

YpoBeHb 3aboneBaeMocTy no obpalaeMocTi oTpaxaet
CTeneHb AOCTYMHOCTU MeanUMHCKOM noMowm [15]. CHuxke-
HUe YpOBHA NepBUYHOI 3abonesaeMoctn B 2020-2021 rr.
CMeLmManucTbl CBA3LIBAKT KaK C BBELEHUEM OrPaHNYUTESb-
HbIX Mep, TaK W C CaMOCOXPAHMTENbHBIMU MOTMBaMU B M0-
BefeHun Hacenenusi [15, 18, 191. B aToi cBA3n aBTOpbI CYK-
TalT HeobxoauMbIM 0bpaTUTL 0coboe BHWMaHMe Ha pocT
7MBOo 0YeHb HU3KOE CHUXEHME YPOBHSA 3ab01eBaeMOCTU 0T-
AenbHbIx KnaccoB MKB-10 B page pervoHos M®0. B yacT-
HocTK, B [leH3eHCKoM obnacT ypoBeHb MepBUYHON 3ab0-
NneBaeMocTn bonesHaMM opraHoB AbixaHusa yxe B 2021 r.
(aKTMYeCKM BEPHYNCA K AONaHAEMUIHBIM 3HAYEHUSM (TeMn
npupocta — 1,4%; p=0,645). BbissBNeHHbIN pocT NepBUYHOM
3aboneBaeMocTn BonesHsAMM cuUCTeMbl KpoBoobpaLleHus
B Pecnybnukax Mopgosusa (2020 r.) u Tatapcran (2020-
2021 rr.), B Kuposckoi obnactv (2020 r.), bonesHAMM Koxku
1 NOAKOXHOM KneT4aTky — B [NeH3eHcKoii obnactun (2021 ),
bonesHaMM MouenonoBoi cucteMbl — B [leH3eHCKON 06-
nactu (2020 r.), Pecnyonuke Mopposus (2020-2021 rr.),
MO MHEHWI) aBTOPOB, CBUETENLCTBYIOT O BbICOKOM YPOBHE
aflanTUBHOCTU OTAENbHbIX PErMOHANIbHBIX CUCTEM 3[paBo-
0XpaHeHus K paboTe B Upe3BblYalHbIX 3NMAEMUONOTMYe-
CKMX 0bCTOATENBCTBAX.

3AKJIKYEHUE

M3MeHeHMs ypoBHA nepBUYHOM 3a601E€BaEMOCTU Ha-
ceneHus TpyLocnocobHoro BospacTa B cybbektax 100
B MEepuoA 3NMMAEMWWN HOBOW KOPOHaBMPYCHOW MHbeKuuu
B 2020-2021 rr. UMenu APKO BbIpayKEHHbIE PervoHasbHble
0CODEHHOCTM, XapaKTepu3yscb 00Lien TeHAeHUMel pocTa
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nokasaresien nepsuyHoOM 3aboneBaemMocTu no BceM bones-
HAM 1 60NIE3HAM OpraHOB AbIXaHMS.

BbisiBneHHble pervoHanbHble 0cobeHHoCTV 3aboneBae-
MOCTU HaceNeHus TpyaocnocobHoro Bopacta MoryT ObiTb
MCMONb30BaHbI OpraHaMu ynpaeneHus B cdepe 0XpaHbl 340-
POBbA AN1S MOBbILIEHUS 3QPEKTUBHOCTU TOCYAAPCTBEHHbIX
Mep MO YKPernyeH o U COXPaHEHWI0 3[10p0Bbs HACENEHMS.
LienecoobpasHo u3yyeHue onbiTa oTAENbHbIX pernoHos NP0
no afanTauum CUCTeM 3ipaBOOXPaHEeHMs K paboTe B Ype3BbI-
YalHbIX ANUAEMMONOTMYECKMX 00CTOATENBCTBAX.
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ABSTRACT

BACKGROUND: The impact of the prevalence of unhealthy habits in a person’s living environment on the individual likelihood
of smoking and alcohol consumption in Russia remains understudied.

AIM: To analyze the associations of smoking and alcohol consumption with the prevalence of unhealthy habits in residential
areas and personal social circles.

MATERIALS AND METHODS: A cross-sectional study was conducted in 2022-2023 in six Russian regions, involving students
in secondary and higher educational institutions. The study included 2015 men and women aged 25 years and younger. All
variables were obtained through a survey method. Associations were assessed using logistic and ordinal regression analysis.
0Odds ratios (OR) and 95% confidence intervals (CI) were calculated.

RESULTS: Living in an area with low levels of visible alcohol consumption was associated with a lower individual likelihood
of smoking (OR = 0.67; 95% Cl: 0.48-0.93), alcohol consumption (OR = 0.57; 95% CI: 0.43-0.76), and with lower cigarette
consumption and alcohol intake volumes. An increase in the number of smokers in a person’s close social circle was associated
with smoking (OR = 1.74; 95% CI: 1.61-1.88), alcohol consumption (OR = 1.39; 95% Cl: 1.30-1.48), higher cigarette consumption,
and greater alcohol intake. A higher number of alcohol consumers in one’s immediate social environment was also associated
with smoking (OR = 1.13; 95% Cl: 1.06—1.22), alcohol consumption (OR = 1.13; 95% Cl: 1.05-1.22), and greater alcohol intake.
CONCLUSION: The frequency of unhealthy habits within close social circles and the level of visible alcohol consumption in
residential areas are associated with the individual likelihood and volume of smoking and alcohol consumption among Russian
students.

Keywords: smoking; alcohol; youth; students; residential area; social circle.
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AHHOTALMA

06ocHoBaHue. BrivsHune pacnpocTpaHEéHHOCTH BpeAHbIX NPUBbIYEK B cpefe 06MTaHus YenoBeKa Ha MHAMBUAYaNbHYK BEpo-
ATHOCTb KypeHus 1 ynoTpebneHuns ankorons B Poccun HeA0CTaTOYHO M3YUEHO.

Lenb. AHanus accoumaumin Kypenusi n ynoTpebrnieHus anKorons € YacToToW BpeAHbIX MPUBLIYEK B PalioHe NPOXUBaHUSA
W JINYHOM OKPYXEHUU.

Marepuanol u MeToabl. 04HOMOMEHTHOE McCneoBaHue npoBefeHo B 2022-2023 rr. B wecTtn pernoHax Poccum cpeam yya-
LUMXCS CPeHUX U BbICLLMX y4ebHbIX 3aBefeHni. B uccnegosanue Bowau 2015 MyXUMH U KEHLLMH [0 25 NIET BKIIOUUTENBHO.
Bce uccnenyeMble nokasateny nonyyeHsl onpocHbiM MeToAoM. OLeHKy accouyaumii NPOBOAMAM C MOMOLLBIO JIOTUCTUHECKOO
1 NMOPSAKOBOr0 PErpeccuoHHoro aHanusa. PaccuutbiBany otHoweHme wakcos (OLL) n 95% poseputenbHbin uhtepean (A4).
Pesynbtartbl. [Ipoxu1BaHKe B paloHe C HU3KMM OTKPbITLIM NOTPEBNEHNEM anKoroNif acCOLMMPYETCA CO CHUMEHWUEM UHOU-
BMAYyanbHoW BeposTHOCTU Kypenus (OLLI=0,67; 95% [O: 0,48-0,93), ynotpebnenus ankorons (OLW=0,57; 95% [U: 0,43-0,76),
a TaKKe KOJIMYecTBa curapeT M 06bLEMOB ankorons. YeennyeHue B bimKaiLLeM Kpyre 00LLEHUS KOMYECTBA KYpSALLMX acco-
unmpyetcs ¢ KypeHueM (OLU=1,74; 95% [OW: 1,61-1,88), notpebnexueM ankorons (OLLI=1,39; 95% [U: 1,30-1,48), konmue-
CTBOM curapeT 1 06bEMOM ankorons. YeenuueHue B brKanLLeM OKpYXKEeHUM KonyecTsa ynoTpebnatowmx ankoronb acco-
unmpyetca ¢ kypenueM (OWL=1,13; 95% AW: 1,06-1,22), notpebnenunem ankorons (OLL=1,13; 95% [W: 1,05-1,22), a Takxe
¢ 06BEMOM ankorons.

3aknioueHue. YacTota BpeaHbIX NpUBLIYEK B OAMKANMLLEM Kpyre 0OLLEHMS M YpOBEHb OTKPBLITOrO MOTpebneHus ankorons
B pafioHe NpOXKMBaHUS acCOLMUPYIOTCA C MHAMBMAYaNbHOW BEPOSATHOCTLIO M 0OBEMaMU KypeHus U yNoTpebneHns ankorons
POCCUIACKUMM Y4aLLMMUCS.

KnioueBble cnoBa: KypeHue; anKorosb; MONOAEKb; Y4aLLMeCs; PanoH NPOXMUBAHUS; KPYT 06LLEHNS.
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BACKGROUND

Unhealthy habits are a crucial risk factor for the onset,
progression, and outcomes of several noncommunicable
diseases, which pose a substantial public health concern. As
of 2021, smoking and alcohol abuse were among the top ten
contributors to the global burden of disease (expressed as
disability-adjusted life years) [1]. Notably, between 2000 and
2021, smoking and alcohol abuse moved up from rank 5 to
rank 3 and from rank 12 to rank 10, respectively, with the
greatest impact in developed economies. Globally, smoking
has decreased, whereas alcohol consumption has increased
in recent decades, with considerable differences across
regions and countries [2, 3]. According to epidemiological
data in Russia, the prevalence of both smoking and alcohol
abuse in adults has decreased over the last 15 years [4,
5]. However, unhealthy behaviors cause significant health
damage, necessitating preventive approaches to further
reduce their prevalence. Health behavior is predominantly
formed at a young age, making the search for predictors and
prevention strategies in this cohort especially relevant.

In the 1970s, Bronfenbrenner [6] proposed the ecological
systems theory, suggesting that an individual’s development
is driven by the environment, with a lifelong progressive
adaptation to a changing environment. This theory
holds that human development is influenced by several
ecological systems, including the microsystem (family), the
mesosystem (school, neighborhood), the exosystem (local
external influences), and the macrosystem (social, economic,
and political conditions). In the context of noncommunicable
disease epidemiology, this theory lays the foundation for an
ecosocial model of health, which takes into consideration
both the hiological component and the social production
of disease. For example, the Prospective Urban Rural
Epidemiology (PURE) study, one of the largest modern
epidemiological studies, suggests that lifestyle behaviors,
the onset and progression of noncommunicable diseases,
and overall health are influenced at various levels, including
the country, community (school, neighborhood), family, and
individual [7].

Numerous studies confirm a significant role of the
personal network and social environment in the formation of
unhealthy habits in adolescents and young adults, in addition
to personal characteristics [8-10]. In terms of behavioral
psychology, this impact can be explained by the theory of
planned behavior proposed by Ajzen [11]. According to this
theory, an individual's behavioral intentions are shaped by
their attitude, subjective norms, and perceived behavioral
control. The subjective norm is an individual's perception
about the particular behavior, which is influenced by the
judgment of significant others (e.g., family or friends). The
theory of planned behavior was later expanded to include
descriptive norms, i.e., dependence on other people’s
behavior and adjusting behavioral intentions in order to
comply with perceived norms. In other words, “If the others
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do it, | probably have to do it too.” A meta-analysis of studies
using the theory of planned behavior revealed that this model
can explain, on average, 50% of the variance in intentions and
up to 38% of the variance in behavior [12].

In Russia, numerous studies have assessed individual
predictors of unhealthy behaviors in youths, including research
on the impact of the family and personal network [13-15].
However, no research on the influence of the prevalence
of smoking and alcohol consumption in the mesosystem
(neighborhood) have been conducted in Russia.

This work aimed to assess the relationships between
smoking and alcohol consumption and the prevalence of
unhealthy behaviors in the neighborhood and personal
network.

METHODS

General Sample Characteristics

The analysis was based on a cross-sectional study
conducted in six regions of Russia between 2022 and 2023.
The study included vocational school and college students
of various specialties (humanities, law, engineering, etc.). A
non-random sample was used. The study was conducted in
accordance with Good Clinical Practice and the Declaration of
Helsinki. Informed consent was obtained prior to the study.
The study protocol has been published earlier [16]. The
researchers conducted a short survey among students who
regularly attended classroom studies. The study included
students who agreed to take a survey using a special
modular questionnaire. The study included 2,015 intramural
and extramural students of both sexes aged 15-25 years who
lived in Kaliningrad (n = 217), Kemerovo (n = 802), Rostov
(n = 274), and Saratov (n = 247) regions, Republic of Karelia
(Petrozavodsk, n = 227), and Yamalo-Nenets Autonomous
District (Salekhard, n = 248). Regions were selected based on
their representation of the federal district and the availability
of study sites.

Individual Smoking and Alcohol Consumption
Habits

All variables were obtained through a survey method.
In terms of smoking status, participants were classified as
smokers (at least one cigarette per day) or non-smokers.
Weekly tobacco use (cigarettes, e-cigarettes, etc.) was
totaled across all types of tobacco products and grouped into
quartiles: <21 (1st quartile), 22-50 (2nd quartile), 51-104
(3rd quartile), and =105 (4th quartile).

In terms of alcohol consumption, participants were
classified as those who drank or did not drink alcohol in
the last year. Respondents who drank alcohol were asked
to specify the type, frequency, and volume of consumed
alcoholic beverages, and the average individual consumption
was calculated. Because different alcoholic beverages vary
in their alcohol content, the volume of consumed alcohol in
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milliliters was converted to grams of pure alcohol. Based
on Russian epidemiological studies [5], the following alcohol
content estimates were used: 0.0400 for beer, 0.0927 for dry
and sparkling wine, 0.1227 for fortified wine, and 0.3227 for
vodka, brandy, and other hard liquor. The alcohol content
in grams for different alcoholic beverages was then totaled,
converted to daily average consumption, and grouped into
tertiles: <1.25 g/day, 1.251-6.0 g/day, and >6.01 g/day.

Other Personal Characteristics

Sociodemographic covariates included sex, age,
citizenship (Russia/other), educational institution (vocational
school/college), and study year (1/2-5). Low, medium, and
high income groups were formed based on responses that
best described the family’s financial capability.

Smoking and Alcohol Consumption
in the Neighborhood and Personal Network

The neighborhood’s smoking and alcohol consumption
rates were assessed using the following questions: “How
often do you see people smoking cigarettes (including
e-cigarettes) in your neighborhood?” and “How often do you
see people drinking alcohol in your neighborhood?”. The
questions included the following categories: “walking down
the street,” “near house or office entrances,” “at playgrounds,”
“at bus stops,” “in coffee shops, restaurants, and bars,”
“smoking women,” and “smoking teenagers.” Four response
categories were used: frequently (1 point), occasionally
(2 points), seldom (3 points), and never (4 points). The scores
were then summed (7-28 points) and grouped into tertiles:
high, moderate, and low smoking and alcohol consumption
rates in the neighborhood.

The prevalence of smoking and alcohol consumption in
respondents’ personal networks was assessed using the
following questions: “Please recall five friends, acquaintances,
or relatives you most frequently associate with. How many of
them regularly smoke/drink alcohol?”. A quantitative variable
ranging from 0 to 5 was used.

Statistical Analysis

Qualitative variables are presented as percentages,
whereas quantitative variables are presented as means and
standard deviations. Differences in qualitative parameters
were assessed using the Pearson’s chi-squared test.
Differences in quantitative parameters for two groups and
three or more groups were assessed using the Mann—
Whitney test and the Kruskal—Wallis test, respectively. The
Bonferroni correction was used for multiple comparisons.
Spearman correlation analysis was used to assess the
relationships between two quantitative parameters.

Logistic regression analysis was used for multifactorial
assessment of associations with smoking and alcohol
consumption. Ordinal regression was used to analyze
associations with the number of tobacco products used
and alcohol content. Associations are presented as odds

Vol. 31 (7) 2024

D0l https://doiorg/10.17816/humecob42723

Exologiya cheloveka (Human Ecology)

ratios (OR) and 95% confidence intervals (Cl). To adjust for
possible modifications, all sociodemographic characteristics,
dummy variables for regions, and a dummy variable for
the study year (2022 and 2023) were used as covariates in
regression models. All predictors and covariates were added
to regression models simultaneously. The Wald test was
calculated to assess the role of predictors in the probability
of smoking and drinking alcohol. The significance level was
at p = 0.05. SPSS Statistics was used for statistical analysis.

RESULTS

The sample had the following sociodemographic
characteristics: 63.7% females, 92.7% Russian citizens, 69.2%
college students, 40.8% first-year students, 86.8% intramural
students, 13.3% with low family income, and 34.5% with
medium family income. Overall, 25.4% (511 participants)
smoked and 54.3% (1,095 participants) drank alcohol in the
last year.

Lower smoking and alcohol consumption rates in the
neighborhood were associated with lower individual smoking
and alcohol consumption rates reported by participants
(Table 1). For example, respondents living in neighborhoods
with low smoking rates smoke and drink alcohol significantly
less frequently (16.6% and 43.6%, respectively) than those
living in neighborhoods with moderate (28.2% and 59.2%)
and high (30.8% and 58.2%) smoking rates. A decrease in
smoking rates in the neighborhood significantly increases the
proportion of participants with low alcohol consumption rates
(1st tertile), while decreasing the proportion of participants
with high alcohol consumption rates (3rd tertile). There
were no significant differences in the number of cigarettes
depending on the neighborhood.

A decrease in alcohol consumption rates in the
neighborhood is associated with a significant linear decrease
in the proportion of participants who smoke (from 34.1% to
25.9% and 16.6%) and drink alcohol (from 65.0% to 56.2%
and 42.6%). A decrease in alcohol consumption rates in the
neighborhood increases the proportion of participants with
low smoaking/alcohol consumption rates, while decreasing
the proportion of participants with high smoking/alcohol
consumption rates.

Smoking and alcohol consumption rates, as well as the
number of cigarettes and alcohol content, are associated with
a similar prevalence of unhealthy behaviors in respondents’
personal networks (Table 2). For example, respondents
who smoke more frequently have people who smoke
(3.7 £ 1.5 and 1.9 £ 1.7, respectively; p < 0.001) and drink
alcohol (2.0 + 1.8 and 0.9 + 1.4, respectively; p < 0.001) in
their personal networks, compared to respondents who do
not smoke. Similarly, respondents who drink alcohol more
frequently have people who smoke (2.9 + 1.7 and 1.7 + 1.7,
respectively; p < 0.001) and drink alcohol (1.6 + 1.7 and
0.8 + 1.3, respectively; p < 0.001) in their personal networks,
compared to respondents who do not drink alcohol. Moreover,
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Individual smoking/alcohol consumption

Smoking rate in the neighborhood, % (n)

Alcohol consumption rate in the neighborhood, % (n)

habits High | Moderate | Low | p High | Moderate | Low | p

Smoking (n = 2.015) 30.8(180)  28.2(233) 16.6 (98) <0.001 34.1(238)  259(152)  16.6(121)  <0.001
Number of cigarettes 1-21 24.4 (4b) 24.9 (58) 31.7(31) 0.100 24.8 (59) 25.0 (38) 29.8 (36) 0.005
(n=511) 22-50 20.6 37) 28.3 (66) 24.5 (24) 20.6 (49) 21.6 (42) 29.8 (36)

51-104 22.8 (41) 23.6 (59) 26.5 (26) 26.9 (64) 16.4 (25) 273 (33)

>105 32.2 (58) 23.2 (34) 17.3 (17) 27.7 (66) 30.9 (47) 13.2 (16)
Alcohol consumption (n = 2.015) 58.3(350)  59.2 (488)  43.6(257) <0.001 65.0 (454) 562 (330)  42.6 (311) <0.001
Alcohol content, g <1.25 26.9 (94) 34.0(166)  40.9 (105) 0.003 260(118)  327(108)  447(139)  <0.001
(n=109) 1.25-6.0 340 (119)  34.6(169) 31.5(81) 31.5(143)  40.6 (134) 29.6 (92)

>6.0 391(137)  31.4(153) 27.6 (711) 42.5(193) 26.7 (88) 257 (80)

an increase in the number of cigarettes and alcohol content
reported by respondents is associated with an increase in
the number of people who smoke and drink alcohol in their
personal networks (the difference is not significant for the
number of cigarettes).

A regression analysis, taking into account respondents’
sociodemographic characteristics, showed similar patterns
for alcohol consumption in the neighborhood, as well as
smoking and alcohol consumption in the personal network
(Table 3). For example, living in a neighborhood with
low alcohol consumption rates is associated with lower
individual rates of smoking (OR 0.67; 95% Cl: 0.48-0.93)
and alcohol consumption (OR 0.57; 95% Cl: 0.43-0.76).
Furthermore, respondents who live in a neighborhood
with moderate alcohol consumption rates are less likely
to consume alcohol (OR 0.74; 95% Cl: 0.56-0.97). Living in

neighborhoods with low and moderate alcohol consumption
rates is associated with fewer cigarettes (only in low-rate
neighborhoods) and lower alcohol content reported by
respondents.

As the number of people who smoke and drink alcohol
in the personal network increases, so do individual smoking
and alcohol consumption rates, as well as the number of
cigarettes and alcohol content reported by respondents.
One exception is that there is no significant association
between the number of people who drink alcohol in one's
personal network and the number of cigarettes reported by
a respondent.

Notably, unlike a univariate analysis, regression models
showed no significant associations between smoking rates
in the neighborhood and individual likelihood of smoking and
alcohol consumption.

Table 2. Average number of people who smoke/drink alcohol in students’ personal networks, depending on their unhealthy habits

Of the five people in the personal network

Individual smoking/alcohol consumption habits Smoke Drink alcohol
M+SD p M+SD p
Smoking No (n =1,504) 1.9+17 <0.001 09+14 <0.001
Yes (n=511) 3715 20+18
Number of cigarettes 1-21(n=133) 32+15 <0.001" 19+18 0.19
22-50 (n =127) 35£15 18+18
51-104 (n=122) 3814 2319
>105 (n = 129) 40£13 2118
Alcohol consumption No (n = 920) 1717 <0.001 08+13 <0.001
Alcohol consumption Yes (n = 1,095) 29417 1617
Alcohol volume, g <1.25 (n = 365) 2318 <0.001? 1013 <0.001?
Alcohol volume (g) 1.25-6.0 (n = 369) 2914 15417
>6.0 (n=361) 3416 2319

Note: M + SD, mean + standard deviation; ' 1vs 2, p=0.32; 2 vs 3, p=0.32; 3 vs 4, p=0.82; other p < 0.05; 2 all p < 0.05.
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Table 3. Associations between individual smoking/alcohol consumption habits and the prevalence of unhealthy behaviors in the neighborhood and personal

network
Individual smoking/alcohol consumption habits
Smoking Smoking, number Alcohol consumption Alcohol, volume
Predictor (n=2.015) (n=511) (n=2.015) (n=1.095)
OR OR OR
(95% Cl) P (95% Cl) P (95% Cl) P (95% Cl) P
Smoking rate in Moderate 0.89 0.520 0.80 0.470 1.23 012 0.85 0.260
the neighborhood Medium (0.62-1.27) (0.54-1.17) (0.95-1.59) (0.65-1.13)
(rference: high) Low 109 0530 083 0,470 0.99 0.96 0.84 0330
Few (0.82-1.45) (0.50-1.38) (0.73-1.34) (0.59-1.19)
Alcohol consumption  Moderate 0.83 0.220 1.09 0.670 0.74 0.028 0.74 0.042
rate in the neighbor- ~ Medium (0.62-1.12) (0.73-1.64) (0.56-0.97) (0.56-0.99)
hood (ref :
hi‘;%) (rference Low 067 0016 042 0.032 057 <0.001 045 0.009
Few (0.48-0.93) (0.40-0.96) (0.43-0.76) (0.48-0.90)
Smoke (of five people) 1,74 <0.001 123 0.001 139 <0.001 1.21 <0.001
(1.61-1.88) (1.09-1.38) (1.30-1.48) (1.12-1.30)
Drink alcohol (of five people) 113 0.001 1.02 0.740 113 0.001 129 <0.001
(1.06-1.22) (0.92-1.12) (1.05-1.22) (1.20-1.39)

Note: OR, odds ratio; Cl, confidence interval. All regression models are adjusted for sociodemographic characteristics. Smoking and alcohol consumption rates
were assessed using logistic regression; the number of cigarettes and alcohol content were assessed using ordinal regression.

Compared to conventional individual predictors of
unhealthy behaviors (sex, age, socioeconomic characteristics),
alcohol consumption rates in the neighborhood, as well as
unhealthy behavior rates in the personal network, play a
significant role. The following factors were ranked 1-3 in
terms of their contribution to unhealthy behaviors: smoking
in the personal network (199.5), educational institution type
(15.4), and alcohol consumption in the personal network
(11.7) for the likelihood of smoking; smoking in the personal
network (11.0), alcohol consumption in the neighborhood
(6.9), and family income (4.9) for the number of cigarettes;
smoking in the personal network (101.4), age (17.6), and
alcohol consumption in the neighborhood (15.0) for the
likelihood of alcohol consumption; and alcohol consumption
in the personal network (46.1), smoking in the personal
network (25.5), and sex (13.3) for alcohol content.

DISCUSSION

According to the study, the prevalence of unhealthy
behaviors in the personal network and alcohol consumption
rates in the neighborhood are associated with the individual
likelihood and rates of smoking and alcohol consumption
among Russian students. The prevalence of unhealthy
behaviors in the personal network plays a more significant
role than alcohol consumption rates in the neighborhood. A
decrease in smoking rates in the neighborhood was associated
with lower smoking rates in the univariate analysis; however,
the difference was not significant after adjusting for
covariates.

Several other studies have confirmed the association
between unhealthy behaviors in youths and the prevalence

D0l https://doiorg/10.17816/humecob42723

of these unhealthy behaviors in their personal networks.
For example, a meta-analysis of 75 studies in 16 countries
revealed that smokers in the personal network increase
the likelihood of starting (OR 1.96; 95% Cl: 1.76-2.19)
and continuing (OR 1.78; 95% Cl: 1.55-2.05) smoking in
adolescents [10]. A meta-analysis of 17 studies revealed
that the following factors increase the risk of starting
smoking: smoking in parents (OR 1.88; 95% Cl: 1.56-2.28),
close friends (OR 2.53; 95% Cl: 1.99-3.23), siblings (OR
2.44; 95% Cl: 1.93-3.08), family/household (OR 1.55; 95%
Cl: 1.36-1.76), and adults (OR 1.34; 95% Cl: 1.02-1.75)
[17]. According to an analysis of 11 systematic reviews
on smoking in youths, the most valuable predictors for
smoking abstinence/cessation were smoking in the family/
household, smoking among peers, and social acceptability
of smoking [8]. Notably, the perceived prevalence of smoking
was considered a predictor of insufficient/inconsistent
significance. This indirectly supports our findings, given that
smoking rates in the neighborhood determine the perceived
prevalence of smoking to some extent. Similar to smoking,
several systematic reviews have confirmed the impact of
alcohol consumption by parents, peers, and friends [9, 18].
We found no studies assessing the influence of the
prevalence of unhealthy behaviors in the neighborhood on
individual smoking and alcohol consumption habits. Some
studies, however, assess these relationships in larger areas
(regions). For example, two reviews use the population-wide
prevalence of smoking and alcohol consumption in the region
as a predictor of individual smoking and alcohol consumption
rates. The population-wide prevalence of alcohol consumption
and abuse shows consistent associations with individual
alcohol consumption rates. Three studies found that the
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prevalence of alcohol consumption and abuse in adults was
associated with the likelihood of alcohol consumption and
abuse in children and youths.

Another review of seven studies that assessed individual
risks of smoking based on regional characteristics revealed
an association between the population-wide prevalence of
smoking in the region and individual smoking habits [20].
Nine of 14 associations analyzed in these studies were
significant; an increase in the population-wide prevalence of
smoking increased individual risks of smoking, including in
four studies in children and young adults.

Also of interest is a large Russian study in adolescents
aged 15-17 years from rural areas of 17 regions. The study
revealed that in regions with smoking rates above the
Russian average, adolescents more frequently had smoking
friends and started smoking earlier [21].

When interpreting the findings, it is important to consider
that alcohol consumption rates in the neighborhood and
personal network are associated with both individual alcohol
consumption and individual smoking habits. Similarly, the
prevalence of smoking in the personal network correlates
with both individual smoking and individual alcohol
consumption habits. Thus, the prevalence of unhealthy
behaviors influences both smoking and alcohol consumption.
We believe this is due to two factors. First, smoking and
alcohol consumption are two types of addictive behavior that
are synergistically linked in the general population. Smokers
consume alcohol more frequently and in larger amounts
than non-smokers, whereas those who drink alcohol smoke
more frequently and actively [22, 23]. For example, data
from China’s National Health Commission for more than
0.5 million individuals indicate that smoking in adolescents
is closely associated with alcohol consumption (OR 7.5; 95%
Cl: 6.9-8.1) [24]. Therefore, the neighborhood and personal
network have a synergistic effect on smoking and alcohol
consumption.

Second, it is evident that there is a correlation at both the
outcome level (i.e., smoking and alcohol consumption rates in
respondents) and the predictor level. To interpret the findings,
we additionally assessed a correlation between smoking and
alcohol consumption rates in the neighborhood and found
a direct moderate correlation (correlation coefficient 0.61;
p <0.001). There is also a correlation between the number of
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people who smoke and drink alcohol in the personal network
(correlation coefficient 0.44; p < 0.001). Therefore, a high
prevalence of smoking in the neighborhood/personal network
is associated with a similarly high alcohol consumption rate.
Generally, this indicates the influence of the environment
as a whole, where unhealthy habits characterize different
aspects of the same phenomenon, rather than the influence
of smoking or alcohol consumption alone.

This study has several limitations, including the cross-
sectional design, which prevents assessing the causal
effect of the identified associations. At the neighborhood
level, respondents with and without unhealthy habits may
pay different attention to persons who smoke and drink
alcohol, resulting in overestimation or underestimation. In
turn, the prevalence of unhealthy behaviors in the personal
network may be a consequence of smoking and/or alcohol
consumption, rather than a cause.

Notably, the study sample consisted of vocational school
and college students. Therefore, it did not include primary
technical school students, high-school students, and
employed young adults. This limits the extrapolation of study
findings to the entire population of youths in Russia.

CONCLUSION

The prevalence of unhealthy behaviors in the personal
network and alcohol consumption rates in the neighborhood
are associated with the individual likelihood and rates of
smoking and alcohol consumption among Russian students.
Compared to personal sociodemographic characteristics
(sex, age, family income, etc.), the neighborhood has a
significant impact on smoking and alcohol consumption
rates in youths. The personal network has even more
significant influence, actually the highest among the
analyzed predictors. Notably, socioeconomic, demographic,
and other characteristics of regions included in the study
can influence the assessed relationships, necessitating
further analysis. The study findings are significant for
public health in terms of identifying possible predictors
of smoking and alcohol consumption in youths, which can
be used for screening in high-risk populations, improving
existing prevention strategies, or planning new targeted
programs.
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B.B. CyBopoB — cbop 1 obpaboTka Matepuana; C.B. HecbiHa — cbop
1 0bpaboTka Matepuana; M.A. HukynmHa — cbop 1 0bpaboTka MaTepumana;
B.AA. ArasH — cbop u obpabotka matepuana; B.C. MuHuyk — cbop
n obpabotka MaTepuana. Bce aBTOpbl MOATBEPXAAOT COOTBETCTBUE
CBOEr0 aBTOPCTBA MeXAyHapoAHbIM Kputepusm ICMJE (Bce aBTopbl
BHEC/N CYLLECTBEHHbI BKNMaZ B Pa3paboTKy KOHLENuWW, npoBedeHue
UCCIe40BaHUA W MOAFOTOBKY CTaTbi, MPOYAM W 0L00pUIM GUHaNbHYI
Bepcuio nepeg Nybnukamen).

WcTounuk dpuHaHcupoBaHma. ABTOpbI 3asBAAIOT 06 OTCYTCTBUM BHELLHEMO
(MHaHCMPOBaHWs NPY NPOBEAEHUN UCCIEA0BaAHA.

KoHdnukT wuHTepecoB. ABTOpbl [eKNapupyloT OTCYTCTBME SBHBIX
1 NOTEHLMamNbHbIX KOHAMKTOB WHTEPECOB, CBA3aHHBIX C MybnuKaumen
HacTosLLEN CTaTby.

WndopMupoBaHHoe cornacue Ha yuyacTue B uccnepoBaHuu. Bce
YYaCTHUKM [0 BKJIOYEHWS B MCCNefoBaHve A0DpOoBOJbHO MOAMMCanu
hopMy MHPOPMMPOBAHHOMO COracKs, YTBEPXAEHHYIO B COCTaBe MPOTOKONa
UCCnefjoBaHNs 3TUUYECKUM KOMUTETOM.
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AHHOTALMA

Llenb uccnepoBanus. /3yyeHne TeHaeHUMIA HM3MUECKOr0 pasBUTUA AOLIKONBbHUKOB, NpoxuBatowmx B Pecnybnuke Caxa
(AxyTus).

Martepuanbl u MeTopbl. B 2024 r. npoBeaeHo U3yveHne GUan4ecKoro pasBuTUA AOLUKOALHUKOB Pecnybnmnkm Caxa (AkyTus).
B ocHoBHyto rpynny Bowsm 126 ManbumnkoB 1 120 gesoyeK. [Ing cpaBHeHUs UCMNONb30BaN AaHHbIE 0 (PU3UYECKOM PasBUTMM
AOWKObHUKOB Pecnybnuku Caxa (Akytus), nonyyerHsle B 2002 r. B rpynny cpaBHeHus Bowwn 90 ManbumKoB 1 79 feBoyek
WccnenoBaHue cooTBeTCTBOBANO TpeboBaHMAM BUOMeaMLIMHCKOW 3TUKKM. [ns 06paboTKM AaHHBIX UCMONb30BaNM MaKeT CTa-
TMCTUYECKMX nporpamm Statistica 13 PL.

Pesynbtatbl. B 2024 r. y Manb41KOB 1 [1eBOYEK NOKa3aTenu A/MHbI Tefla MaBHO HapacTakT OT MATU K LWeCT rofiaM, Masb-
UMKM NPEBOCXOLAT AEBOYEK, YTO COOTBETCTBYET 3aKOHOMEPHOCTAM pocTa M pa3BuTus. Bo Bcex BO3pacTHO-MOMOBLIX rpynnax
LOLWKONbHUKOB B 2024 r. HabnopfaeTca TeHAEHUMS K YBEIMYEHWIO CPeHUX 3HaYeHWH MoKasaTenen ASIMHbI Tena, Macchbl
1 QYHKUMOHANbHbIX NOKA3aTeNeil — MbILIEYHOM CUAbI U U3HEHHON EMKOCTU NErKUX no cpaBHeHuio ¢ 2002 r.
3akniouenue. Y nowkonbHukos Pecnybnvku Caxa (AKyTus) HabnofaeTcs TEHAEHUMS K YBEAMYEHUIO LJIMHBI Tena, Macchbl
Tena M yCKOpEeHUI0 CPOKOB BMONOrNyecKoro co3peBaHus, a TaKKe U3MEHAITCA QYHKUMOHaNbHbIEe MOKa3aTeNin, YTo MOXeT
CBULETENbCTBOBATH O MPOSBEHMSAX MPOLECCA aKcenepauun B permoHe.

Kniouesbie cnoBa: dJVIBVI‘-IECKOE pa3sutue; AeTn; MHOroslieTHAA ANHAMUKa; aKcenepauus.

Kak uutupoBatb:
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ABSTRACT

AIM: To study the trends in the physical development of preschool children living in the Sakha Republic (Yakutia).
MATERIALS AND METHODS: A study of the physical development of preschool children in the Sakha Republic (Yakutia) was
conducted in 2024. The main group consisted of 126 boys and 120 girls. For comparison, data on the physical development of
preschool children in the Sakha Republic (Yakutia) from 2002 were used. The comparison group included 90 boys and 79 girls.
The study complied with biomedical ethics requirements. Data were processed using the Statistica 13 PL statistical software
package.

RESULTS: In 2024, the body length of boys and girls increased gradually from ages five to six, with boys surpassing girls,
which corresponds to the general growth and development patterns. In all age and sex groups of preschool children in 2024,
there was a trend toward an increase in the mean values of body length, body mass, and functional indicators—muscle
strength and vital lung capacity—compared to 2002.

CONCLUSION: In preschool children of the Sakha Republic (Yakutia), there is a trend toward increased body length with
increased body mass and accelerated biological maturation, as well as favorable changes in functional indicators, which may
suggest signs of acceleration in the region.

Keywords: physical development; children; long-term dynamics; acceleration.
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OB0CHOBAHUE

3BOJIOLMSA Ye0BEKa B COBPEMEHHBIX YCOBUAX Tpebyet
OCMBICIIEHUS C TOYKM 3peHus Bruonoruu, aKonormv, Gusmo-
Norun v Apyrux Hanpaenewui [1].

B cBAA3M € 3TUM He TepseT aKTyanbHOCTW BOMPOC M3y4e-
HWSA aKTUBHOCTW MPOLLECCOB «aKCenepauuM—paeLenepauum»
W U3MEHEHWN TOTaNbHbIX Pa3MepoB TeNa B PasiMyHbIX No-
nynAumMAaX, B TOM yucnie aeTckon [2, 3].

JnoxanbHble MOp(ONIOrMYeckue N GyHKUMOHasbHbIE U3-
MeHeHus opraHu3Ma pebeéHKa ABNIAIOTCA BapuaHTOM afanTa-
LMW K MOCTOSHHO MEHSAIOWMMCA MPUPOSHO-KIIMMAaTUYECKUM
M COLManbHO-3KOHOMUYECKUM YCnoBusAM. B MHoroneTHen
OVHAMWUKE Ha YMCNEHHO 3HAYMMOM MaTepuane NoKasaHo,
YTO OJJHAM M3 OCHOBHbIX NPOSIBNEHUA 3MOXaNbHON M3MEH-
YMBOCTM OpraHM3Ma yenoBeka Havana XXI B. sBnseTcs aK-
cenepaums [4, 5].

MpencTaBnsioT MHTEPEC U3MeHEeHUs PU3NYECKOro passu-
TUA [eTeli B MHOrONIETHEN JMHAMUKe B OTAENbHBIX PErvoHax
Poccun, B yactHocT, B Pecnybnuke Caxa (Akytus), umeto-
Lei ocobble KMMartoreorpadmyeckue U Apyrue ycnoBus.
Takue nccnepnoBaHus yxe nposoaunuck B Hadvane 2000-x rr.,
YTO MO3BONSET CAENATb BLIBOL O MEXMOKOIEHYECKUX pas-
JMYMAX, 00YCNOBNEHHBIX COLMANbHO-3KOHOMUYECKUMMU Mpe-
06pa3oBaHNUAMM B roCyapcTBe, M3MEHEHWEM YPOBHSA HU3HU
HaceneHus 1 apyrumm daxktopamm [6-8].

Lienb nccneposanus. 3yueHne TeHaeHUMIA GU3NYECKO-
ro pasBuTUS LOLIKONIbHUKOB, NpoxuBatowwmx B Pecnybnvke
Caxa (AkyTms).

MATEPWUAJIbI U METOAbI

B 2024 r. npoBefieHo M3ydyeHne $HU3NUECKOTO PasBUTUA
LOLWKoNbHMKOB Pecnybnukn Caxa (Akytus). B ocHoBHyto
rpynny Bownu 126 ManbumkoB u 120 peBouek. [Insa cpas-
HEHUs MCNONb30Banu AaHHble GWU3NYECKOro pasBuTUS [0-
WKonbHMKoB Pecnybnuku Caxa (AKyTns), nonydeHHble Hamu
B 2002 r. B rpynny cpaBHenus Bownu 90 ManbyMKoB
n 79 pesoyek (Tabn. 1).

Wcnonb3oBanu cTaHLapTHYID aHTPOMOMETPUYECKYHD Me-
TOAVMKY M CTAHAAPTHBIA NOBEPEHHbI aHTPONOMETPUYECKMIA
WHCTPYMEHTapui, Mo3BOMISIOLLME U3Y4WUTb COMaTOMeTpUYe-
CKWe, COMaTOCKOMMYeckue U GU3MOMETPUYECKME NOKa3saTe-
JIN C MOMOLLbIO CTaHLAPTHOM CTaTUCTUYECKOM 0bpaboTku [9].

T.31.Ne 7 2024
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lpoBeféHHOE UccnepoBaHWe 0400peHO NIOKasbHBIM 3TH-
yeckuM KomutetoM PHUMY um. H.W. MNuporosa (npoTokon
N® 239 ot 15.04.2024). WccnepoBalne COOTBETCTBOBAIO
TpeboBaHNUAM BUOMENLIMHCKON 3TUKM U NONOXKEHUAM Xeflb-
CMHKCKOW AeKapaumm.

Kputepuu BKIIOYEHUS B UCCNE0BaHMUE: [OLUKOJbHUKM,
noceLLaroLLme A0WKONbHbIE 00pa3oBaTeNbHble OpraHu3aLmm
(000) Pecnybnuku Caxa (Akytus), Hanuuue [,o6poBoALHOIO
MH(OPMMPOBAHHOIO COrNacus, NOAMMUCAHHOTO 3aKOHHBLIMM
NpefCTaBUTENIAIMU, KOPPEKTHO NpOBEAEHHOE aHTPOMOMe-
TpU4eckoe uccnepoBaHue. Kputepun ucknoyenus: Apyras
BO3pacTHas rpynna, NPMHAANEKHOCTb K MUTPaHTHOMY Ha-
CeneHuo, 0TCYTCTBUE A0OPOBONbHOMO MHGOPMUPOBAHHOIO
cornacus, OTCYTCTBUE KOPPEKTHO MpOBEAEHHOr0 aHTpomno-
METPUYECKOro CCNeAoBaHus, 3-5- rpynnbl 300poBbS.

CratncTuyeckylo 06paboTKy AaHHbIX MPOBOAMIM C WUC-
NnoNb30BaHMEM NaKeTa CTaTUCTUYECKUX nporpamMm Microsoft
Office Excel un Statistica 13.0 (StatSoft, CLUA). OuexuBanm
COOTBETCTBME AaHHbIX 3aKOHY HOPMaNbHOTO pacnpeneneHus
BapvaLMOHHbIX pAAoB no KputepusM KonmoropoBa—Cmup-
HoBa, Jiunnuedopca, LWanupo-Yunka, nokasatenu uMenu
HopManbHoe pacnpenenenue. lpuMeHsnM MeToapbl napa-
METPUYECKON CTAaTUCTUKW C UCMONb30BaHWEM BbIDOPOYHOrO
cpepHero (M), owmbku cpeaHero (m) W BbIGOPOYHOrO CTaH-
[apTHOrO OTKNOHEHMS (0). [Ins OLEeHKW JOCTOBEPHOCTH pas-
JIMYNIA CPESHUX BEJIMYMH MCnonb3oBamu f-Kputepuii CTblo-
aexTa (p <0,05).

PE3Y/IbTATbI

B avHaMuKe u3yyeHo GuU3nyecKoe paseuUTME LOLIKONbHU-
KoB, noceLuarowmx 100 Pecnybnuku Caxa (AkyTus), 3a nepu-
op, 6onee uem 20 nieT.

B 2024 r. y Manb4MKOB U [EBOYEK MOKa3aTenu AJvHb
Tena NnaBHO HapacTalT OT NATW K LUECTW rofaM, Masnbyu-
KW NpeBOCXOASAT [EBOYEK, YTO COOTBETCTBYET 3aKOHOMep-
HOCTAM pocTa U pa3euTus. Bo Bcex BO3pacTHO-NONOBbIX
rpynnax AoWwKonbHUKoB B 2024 r. HabnogaeTcs TeHAEHUMA
K YBEJIMYEHWIO CPELHUX 3HAYEHWUN NoKasaTeneit A/MHbl Tena
no cpasHeHuto ¢ 2002 r. Pa3Huua cpefHMUX 3HaueHMin no-
KasaTefien AJMHbI Tena S5-NIeTHUX MabYyuKOB COCTaBAsAET
105,40+1,20 cm 1 108,89+1,30 cM cooTBeTCTBEHHO (3,49 CM,
t-kputepuit CTotopenta: 1,97, p=0,051746), 6-neTHux manb-
unkoB — 112,05+1,20 cM u 113,76+1,30 cM cooTBeTCTBEHHO

Ta6nuua 1. PacnpeseneHne 0CMOTPEHHBIX AOLIKOLHUKOB, MOCELLALLMX [OLIKO/bHbIE 0BpasoBaTenbHble opraHusauum Pecrybankm Caxa (Akytua), no

nony n sospacty, n

Table 1. Distribution of examined preschoolers attending preschool educational institutions in the Republic of Sakha (Yakutia) by gender and age, n

2024 r. (ocHoBHas rpynna) 2002 r. (rpynna cpaBHeHUs)
Mon 2024 (main group) Bcero 2002 (comparison group) Bcero
Gender Total Total
5 net | 5 years 6 net | 6 years 5 net | 5 years 6 net | 6 years
Manbumky | Boys 74 52 126 35 55 90
[LleBouky | Girls 58 62 120 37 42 79
Bcero | Total 132 114 246 72 97 169
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(0,97 cM, t-kputepuii CtotogeHTa: 0,66, p=0,336012). Pas-
HWLA CpefHMX 3Ha4YeHW MoKasaTenei LMHbI Tena S-net-
Hux peBoyek coctaenseT 106,84+1,30 cm n 107,04+1,30 cm
cootBetctBeHHo (0,21 cM, t-kputepuit CtblopeHta: 0,12,
p=0,905773), 6-netHux pnesodek — 111,25+1,20 cm
n 114,81£1,30 cM cooTBeTcTBEHHO (3,58 cM, t-KpuTepuii
CrblopenTa: 2,02, p=0,045659).

B 2024 r. y ManbuMKoB M [eBOYEK MOKasaTeNu Macchbl
Tefla HapacTalT OT MATM K LUECTU roAaM, ManbyuKu npe-
BOCXOAAT AEBOYEK, YTO COOTBETCTBYET 3aKOHOMEPHOCTSM
pocTa u pa3suTusa. Bo Bcex BO3pacTHO-NOMOBLIX rpynnax
AOLIKOMbHUKOB B 2024 1. HabnogaeTcs TeHAEHUMSA K YBENU-
YEHWI CPeAHUX 3HaYeHWiA NoKa3aTesel Macchl Tena no cpas-
Henuto ¢ 2002 r. Pa3Huua cpefHMX 3Ha4YeHWH NoKasaTtenei
Macchbl Tefla 5-neTHux ManbymkoB coctasuna 17,90+0,80 kr
1 22,23+0,70 Kr co0TBETCTBEHHO (4,33 Kr, t-KpuTepuit CTbio-
penta: 4,07, p=0,000103), nokasaTenn 6-neTHUX Manbuu-
KoB — 22,44+0,80 kr n 22,60+0,70 kr. MNokasaTenn mac-
Cbl Tena y 5-neTHux fesoyek cocTasuam 17,84+0,85 kr
n 17,95+0,70 kr, y 6-netHux pesodyek — 19,58+0,80 kr
n 21,29+0,70 kr cootBeTcTBeHHO (1,71 Kr, t-KpuTepui CTbio-
pexta: 1,61, p=0,110818).

B 2024 r. y Manb4MKoB M OEBOYEK MOKA3aTeNIM OKPYHK-
HOCTW TPYAHON KIETKW HApacTalT OT NATW K LUeCTU rofam,
Manb4MKM NPEBOCXOAAT AEBOYEK, YTO COOTBETCTBYET 3aKO-
HOMEpPHOCTSAM pocTa W pa3BuTUS. PasHuua cpeHUX 3HaYeHUi
MoKa3saTeneil OKPYKHOCTU FPYAHON KNETKU D-NIETHUX Masb-
unkos coctasnfiet 99,71+1,00 cM 1 56,74+0,90 cM cooTseT-
ctBeHHo (1,03 cM, t-kputepui CtotogenTa: 0,77, p=0,446015),
6-netHux ManbumkoB — 57,33+1,00 cM un 58,21+0,90 cm
cootBetctBeHHo (0,88 cM, t-kputepuit CtblopeHTa: 0,65,
p=0,514492). Pa3Huua cpefHWX 3HaYeHWH MOKa3aTeneil
OKPYXHOCTW IPYAHOI KNETKM 5-NETHUX AEBOYEK COCTaBNSET
54,89+1,05 cM n 53,67+0,90 cM cootBeTcTBEHHO (-1,21 CM,
t-kputepun Ctotopenta: 0,90, p=0,370795), 6-neTHux pe-
Boyek — 56,35+1,00 cM u 55,81+0,90 cM cooTBETCTBEHHO
(—0,54 cM, t-kputepuii CtolopenTa: 0,40, p=0,688989).

[ina xapaKTepuCcTMKM CpoKoB BMoNIOrMyecKoro cospesa-
HWA PacCMOTPENM TaKOW COMATOCKOMMYECKUIA MOKa3aTesb,
KaK 4MCno NOCTOSHHBIX 3y60B.

PasHuua cpegHMX 3HaueHMid MoKasaTteniel npopesbiBa-
HWA MOCTOSHHBLIX 3yBOB 5-NETHUX MajbYMKOB COCTaBASET
1,20+1,00 wr. u 5,06+1,00 LT. COOTBETCTBEHHO (t-KpUTEPUI
CrotopeHTa: 2,73, p=0,007693), 6-neTHMX ManbyMKoB —
2,19+1,00 wr. 1 5,33+1,00 wr. cOOTBETCTBEHHO (t-KpUTEpUii
CrblopeHTa: 2,22, p=0,028567). PasHuua cpefHuX 3HaueHuii
MnoKasaTesiel Npope3blBaHWUS MOCTOAHHBIX 3Y00B 5-NeTHUX
pesoyek coctasnset 2,00+1,00 wr. n 3,80+1,00 wr. coot-
BeTCTBEHHO (t-Kputepuit CrblogenTa: 1,27, p=0,206299),
6-nethux gesoyek — 3,10+1,00 wr. u 6,81+1,00 wr. coot-
BETCTBEHHO (t-KpuTepuii CTblopeHTa: 2,62, p=0,010056).

Bo Bcex B03pacTHO-MOMOBBIX Fpynnax LOLIKOJbHUKOB
B 2024 r. HabnopaeTcs TEHAEHUMS K YBEIMYEHMIO CPEAHMX
3HaueHuI YHKUMOHAMBHBIX (QU3NOMETPUYECKMX) NOKa3aTe-
Neit — MbILIEYHOW CUAbI U KU3HEHHON EMKOCTU NETKMX.
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PasHuua cpefHMX 3HaueHWit MoKasaTenei Mbliey-
HOM cunbl 5-neTHMx ManbuukoB coctaBnfet 1,50+1,00 kr
u 4,73+1,00 kr cootBeTcTBEHHO (3,23 Kr, (t-KpuTepuii
CrolopeHTa: 2,28, p=0,024809), 6-neTHMXx ManbyMkos —
3,80+1,00 kr u 4,97+1,00 kr cootBetctBeHHO (1,17 Kr,
t-kputepuit CtologenTa: 0,83, p=0,409953). PasHuua cpeaHux
3HAYeHWI NoKa3aTeNei MbILLIEYHON CUMbl D-NETHUX JeBoYEK
coctanset 2,00+1,20 kr u 4,53+1,00 Kr cooTBETCTBEHHO
(2,51 kr, t-kputepun Ctotopenta: 1,77, p=0,079232), 6-net-
Hux nesoyek — 3,10+1,00 kr n 5,08+1,00 Kr cooTBETCTBEHHO
(1,40 kr, t-kputepun CtotopeHTa: 2,02, p=0,164556).

PasHuua cpegHMX 3HaYeHWN NOKa3aTesien XU3HEHHOW EM-
KOCTW Nerkux 5-netHux manbumkos coctaenset 0,58+0,30 n
1 1,060,20 n cootBetcTBeHHO (0,48 N, t-kputepui CTblogeH-
T1a: 1,33, p=0,186615), 6-netHux Manbumkos — 0,90+0,20 n
1 1,1120,20 n cootBetctBeHHo (0,21 1, t-Kputepuin CTblogeH-
Ta: 0,58, p=0,561534). PasHuua cpefHMX 3HaYeHUIA NoKasa-
TENen KU3HEHHOW EMKOCTU NIETKMX D-NETHUX NeBOYEK Co-
ctasnset 0,53+0,30 n n 1,05+0,25 n cootBetcTBeHHO (0,55 N,
t-kputepuit CTotopenta: 1,44, p=0,152636), 6-neTHux neBo-
yek — 0,80+0,30 n u 1,06+0,20 n cootBetcTBeHHO (0,26 n,
t-kputepuit CtologenTa: 0,64, p=0,524979).

OBCYXAEHUE

B nutepatype uMetoTcs nybnmkaumu, NoCBSALLEHHbIE U3-
YUEHMI0 (M3MYECKOro pasBuUTUS LOLUKOABHUKOB Pecnybnuku
Caxa (AKytns). OgHaKo OHW He OLEHMBAIOT U3MEHEHUs No-
Ka3aTenei (pM314ecKoro pasBuTUS B MHOTOMNETHEN JUHAMUKe
[10, 11], yTo NoO3BONISET YCTAHOBUTL HE TOJbKO 3M0XaslbHble
TEHJEHUMUN, HO U BbISBUTb BIIMSHUE TEX UM UHBIX QaKTOpOB
W YCTaHOBUTb pernoHanbHble ocobeHHocTH [3, 12, 13].

MHoroneTH1e UccnefoBaHWA TaKKe MO3BONAOT cAenaTb
BbIBOA 0 He0b6Xx0aMMOCTU NMepecMoTpa pernoHanbHbIX Hop-
MaTUBOB [/1A1 OLEHKM (QM3MYECKOro pas3BuTUA eTen W Noj-
POCTKOB, B YaCTHOCTH, NOKa3aTeNel, XxapakTepu3ytoLwmx buo-
noruyeckoe cospesanue [14-16].

Hanuuve pervoHanbHblX HOpMaTWBOB HeobxoAMMO
ONs HabniofeHUs 33 HOpMaribHbIM MPOTEKaHUEM npoLec-
COB pOCTa U Pa3BUTUSA LOLUKONBHUKOB, MOCKOSIbKY U3BECTHO,
4TO MoCTynmeHWe pebeHKa B JOLIKONLHOE YupeKaeHue, 13-
MEHeHMe NMPUBBIYHON Cpefbl, PEXUMa HA U MUTaHUA MOryT
NPUBOAMUTL K MEpEeHanpsXKeHW0 W CpbIBY afanTaLMOHHON
cucTeMbl opraHmsMa [16]. YcnelwHocTb obydveHust pebéHKa
B LUKOJIe BO MHOTOM 3aBMCUT OT €ro buonoruyeckoit 3peno-
CTW, PU3NYECKOr0, MHTENNEKTYaNbHOTO U NCUXOJIOTMYECKOrO
Ppa3BUTMS, KOTOPOE BO MHOTOM CBA3aHO C YCIOBUSIMU U Opra-
HU3aumeit obpa3soBatenbHoro npouecca B 00 [17].

B HaweM uccnenoBaHUM NOKa3aHo, YTO B MEHSIOLLMXCS
B YKa3aHHbIA Nepuof, coLmManbHO-3KOHOMUYECKUX YCI0BUAX
y BowKonbHuKoB Pecnybnnku Caxa (AkyTns) uMmetoTcs TeH-
OEHLMM K YBENTMYEHUIO TOTa/IbHbIX Pa3MepoB TeNa, 0TMEYEHO
YBENMYEHHE YMCIIa NOCTOAHHBIX 3yO0B, TO €CTb YCKOPEHUE CPO-
KOB UX Npope3biBaHus. [TonyyeHHbIe JaHHbIE CBULETENLCTBYOT
B M0J/1b3Y aKTMBHOCTM MpOLIECCa aKCeNepaLun B permoHe.
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B nuTepatype wWMeloTCA [aHHble, MOKa3blBaloLLME,
YTO pa3BUTWE LBUraTeslbHbIX Ka4ecTB UMEET 3HAUUTESbHbIE
pasnuuMa B AMHAMUKE CUIOBbIX COCOBHOCTEN MeX Yy [eTb-
MU M3 Pa3HbIX PErMOHOB, KOTOpble OMPeaensioTCs KOMMJIEeK-
COM (aKTopOoB, B TOM YuCNie 3THOTEpPUTOpUabHLIMK [18].

B npoBeaéHHbIX paHee B ApYyrux pervoHax Poccum uc-
Cle10BaHUSX BbIABNIEHA TEHAEHUMA K CHUXKEHUIO (YHKLMO-
HambHbIX NOKa3aTenen y AeTen U NOLPOCTKOB, KOTOpas Ha-
bniopaetcs ¢ Hayana 2000-x rr. UccnepnoBatenu cBsA3bIBalOT
3T0 C B/IMSHWUEM KOMI/IEKCa aKTOPOB, TaKMX KaK CHUMKEHME
OBUraTenbHOW aKTMBHOCTM, YPe3MepHOEe WCMOJb30BaHWe
rapketoB u 1.4. [19, 20].

OnHako B HalieM MCCNeA0BaHUM CHUXEHWS QYHKLUMO-
HaNbHbIX NOKa3aTenel y AowkKonbHuKoB Pecnybnuku Caxa
(AkyTiA) He BbISBIIEHO, YTO MOXHO PacLeHMBaTb KaK bnaro-
MPUATHYI0 TEHAEHLMIO.

3AKJIKYEHUE

Y nowkonbHukoB Pecnybnukmn Caxa (Akytus) Habnioga-
eTCA TEHAEHUMS K YBENMYEHUIO AJIMHbI Tena, Macchl Tena
N YCKOPEHMIO CPOKOB OMONOTMYECKOro CO3peBaHMs, a TaK-
e U3MeHSIoTCA PyHKLMOHAMbHBIE MOKA3aTeNn, YT0 MOXKET
CBMAETENbCTBOBATL O MPOSBNEHUAX MpoLiecca akcenepauum
B peruoHe.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBstopos. B.. [lonoB — Hay4Hoe pyKOBOACTBO, aHann3 v UHTEp-
npetauua AaHHblx; H.A. CkobnvHa — KOHLeNumA 1 An3aiH vccnefoBaHua,
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HanucaHme TexcTa, penaktuposanve; 0.0. ykos, 10.M1. CeméHoB — cbop
AaHHbIX, CTaTUCTUYecKas 06paboTka AaHHbIX, HanNMCcaHWe TeKCTa; BCe CoaB-
TOPbl — YTBEPX/IEHME OKOHYaTeNIbHOr0 BapaHTa CTaTby, 0TBETCTBEHHOCTL
3a LIe/IOCTHOCTb BCeX YacTel cTatbu. Bee aBTopbl NOATBEPXKAAIOT COOTBET-
CTBME CBOEro aBTOPCTBA MeX[ayHapoaHsIM kputepusam ICMJE (Bce aBTopsl
BHEC/N CYLLIECTBEHHBIV BKMaf, B pa3paboTKy KOHLIENUMK, NpoBeaeHue 1c-
Crie[j0BaHsA v MOArOTOBKY CTaTbi, IPOUNM 1 0A06pUNM GUHaMBHYI0 BEPCUIO
nepes nybnvkaLwen).

WndopMmupoBaHHoe cornacMe Ha yyacTue B MccaepoBaHuuM. Bce
Y4aCTHUKM [0 BKIKOYEHWS B UCCef0BaHve AobpoBonbHO noanucank dop-
My MH(OPMMPOBAHHOIO COrNacvs, YTBEPXAEHHYIO B COCTaBE MPOTOKOMA
MCcCnefjoBaHNs 3TMHECKUM KOMUTETOM.

WcTounuk puHaHcHpoBaHMA. ABTOPLI 3aABAAIOT 06 OTCYTCTBUM BHELLHErO
(VHaHCVPOBaHWA NpY NPOBEEHUN UCCNe0BaHNS.

KoHdnukT mHTepecoB. ABTOpLI AEKNapVpyIOT OTCYTCTBME ABHBIX U MO-
TeHLManbHbIX KOHPMKTOB MHTEPECOB, CBA3aHHbIX C MybvKaLmen AaHHoM
cTaTby.
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