HAVYHBII JXYPHAJT
BUOMEJUIIMHCKOI'O ITPO®UJISA

Boixogut 4 pasa B rog,.

Yupenurenb u usgaTeib
ABTOHOMHasI HEKOMMepUeCKast OpraHu3aLyist
«OB111eCTBO CIIENMaINCTOB B 06/1aCTV MHHOBALMOHHbIX
TexHomorui B meguiue» (AHO «OCO UTEM»)
129323, r. MockBa, BH.Tep.T. MyHUIIMIIAIbHBIN OKpYyT CBMOJIOBO,
npoesn JIasopesblit, 1. 5, kop. 2, mom. VI, kom. 20
Ten. +7 (499) 653-85-18
IIpencenarens npasnenus Jynurackas Ekarepnna HamnpeBHa

Pepakuusa
T'naBubiit pegaktop Tkauesa Onbra HukonaesHa
3amecTuTesb r;1aBHOrO pepakropa Uypos Asekceit Buktoposuy
OtBercrBeHHbIN cekperapb [Tan BsueciaB HukonmaeBnu
Anpec pegakumm:
129323, r. MockBa, BH.Tep.T. MyHULIMIIAIbHBIN OKpYyT CBMOIIOBO,
npoesn Jlasopesblit, 1. 5, kop. 2, mom. VI, kom. 20.
Ten. +7 (499) 653-85-18
TTouToBBIN agpec:
129226, r. Mocksa, yi1. 1-as JleoHoBa, nom 16

JoneyaTHasi IOArOTOBKA JXypHA/Ia
OO6I11eCTBO C OTPAHMYEHHON OTBETCTBEHHOCTHIO
«UsparenbcrBo [Tpomereii»

119002, . Mocksa, yi. Ap6ar, a. 51, ctp. 1

OTaen pacnpocrpanenus u pexiambl AHO «OCO UTEM»
+7(499) 653-85-18
E-mail: advertisement@geriatr-news.com

Tupask 3000 5K3eMIUISIPOB.

V3panne 3apernctpupoBaHo B DenepaibHO CITyx6e
o Hazg3opy B cdepe cBs3M, MHGOPMALIMOHHBIX TEXHOJIOTMI
¥ MacCOBbIX KOMMYyHMKaimi (PockoMHag3op).
CBUIETENIbCTBO O PErUCTPALIUN
[T Ne ®C77-85621 ot 11 mronst 2023 1.

ISSN 2949-4745 (Print)
ISSN 2949-4753 (Online)

Caiit sxypHasa https:/www.geronauka.com
E-mail: info@geronauka.com

Ortneuarano B Tunorpadun Msnarensbcrsa «IIpomereri»
119002, . Mocksa, yia. Apbar, 1. 51, ctp. 1
Homep 3akaza 3980
TTogmucano B neuars 13.12.2024
Crarby KypHaJIa pecTaBieHbl B POCCHMIICKO YHMBEPCaTbHOM
Hay4HOI1 3JIeKTPOHHOI 6mbmoreke https://elibrary.ru
DOI nomepa: 10.37586/2949-4745-4-2024
TTonmmcHOV MHOEKC B 37eKTpoHHOM Karasiore ITourtst Poccun 1165496

M3snaercst ¢ 2023 roga Ha PyCCKOM ¥ aHIVIMIICKOM SI3bIKAX

IIena cBobomHas

SCIENTIFIC BIOMEDICAL JOURNAL

Published quarterly.

Founder and editor
Autonomous non-commercial organization
"Society of specialists in the field innovative medical technology"
(SSFIMT)
Office 20-VI, Building 2/5, Lazorevy proezd,
Moscow. 129323
Tel.: +7 (499) 653-85-18
CEO — Ekaterina Dudinskaya

Editorial office
Editor-in-chief Olga Tkacheva
Deputy Editor-in-chief Alexey Churov
Executive Secretary Vyacheslav Pan
Editors’ office address:
Office 20-VI, Building 2/5, Lazorevy proezd,
Moscow. 129323
Tel.: +7 (499) 653-85-18
Mailing address:
16, ulitsa 1-ya Leonova, Moscow, 129226, Russia

Prepress
Limited liability company
“Prometeus Publishing House”
1-51, Arbat ulitsa, Moscow. 119002

Marketing and advertisement department SSFIMT
+7(499) 653-85-18
E-mail: advertisement@geriatr-news.com

Edition 3000 issues.

The journal is registered in the Federal service
in IT and communication supervising.
Registration number
T Ne ®C77-85621 dated 11 July 2023 1.

ISSN 2949-4745 (Print)
ISSN 2949-4753 (Online)

Website https://www.geronauka.com
E-mail: info@geronauka.com

Printed in Prometheus Publishing House

51, Arbat ulitsa, Moscow. ZIP: 119002
Order 3890 dated 13.12.2024

Full text of our articles are available at
https://elibrary.ru
Issue's DOI: 10.37586/2949-4745-4-2024
Subscription index in Russian Post Office Catalogue 115496
Publishing since 2023 in English and Russian

The price is free



I'yBaroBa 3ynbdus TageneBHa, KaHaugatr OMOJIO-
IMYECKMX HayK, HAy4HbI COTPYOHMK JiabopaTopuu
TeHeTUKY U STUTeHeTVKY CTapeHust IHCTUTYTa U3ydeHus
crapeansi OCII «Poccuiickuii  repoHTOJIOTMYeCKUIA
Hay4yHO-KaMHM4eckuin nentp» ®IAOY BO PHUMY
um. H.U. TTuporosa Muusgpasa Poccuu (ITuporosckuit
YHuBepcurer).

Hymunckass Exarepuna HawmnbeBHa, NoKTOp Menu-
LMHCKUX HayK, 3aBeylollas jabopaTopyueil BO3pacTHBIX
MeTaboMMUeCKUX M SHAOKPUMHHBIX Hapyineruin OCII
«Poccuiickuii  TepOHTOJIOTMUECKUI  HAyYHO-KJIMHMYE-
ckuit neHtp» ®TAOY BO PHUMY um. H.M. ITuporosa
Munsgpasa Poccun (ITuporoBckuii YHUBEPCUTET).

EpycianoBa Kcenusi AjekceeBHa, KaHAMIAT Me-
IULIVHCKNAX HayK, 3aBeyIoIast JlabopaTtopuein
cepaeuyHo-cocyayucroro crapenus OCII «Poccuiickui
TePOHTOJIOTUYECKMIA ~ HAYUYHO-KIMHUYECKMUIE  LIEHTP»
®IrAOY BO PHUMY um. H.U. ITuporoBa Munsgpasa
Poccun (ITuporoBckmii YHUBEPCUTET).

JIamsaeB Koncrantuu I'eHHagbeBUY, KaHIMIAT 6110JI0-
rMYeCcKUX HaykK, 3aBeIyIOLINIi JabopaTopmeit KJIeTOUHbIX
MeXaHM3MOB cTapeHus: MHCTUTyTa M3yueHUs CTapeHus
OCII «Poccuiickuil repOHTONOrMYeCKUIT HayYHO-KIVMHU-
yeckuii neHTp» ®TAOY BO PHUMY um. H.M. TTuporosa
Munsapasa Poccyn (ITuporoBckmii YHUBEPCUTET).

MauexuHa JI1060Bb BuxkTtopoBHa, KaHgugaT
MeIMIIMHCKUX HayK, 3aBeayiolias jabopaTopuein 6uo-
mapkepoB VIHCTUTyTa usyueHus crapenust «Poccuiickuii

Guvatova Zulfiya G., PhD, Researcher, Laboratory of
Epigenetics and Genetics of Aging, Institute for Aging
Research, Russian Gerontology Research and Clinical
Centre, Pirogov National Research Medical University.

Dudinskaya Ekaterina N., MD, PhD, professor, Head
of Age-related Endocrine and Metabolic Disorders
Laboratory, Russian Gerontology Research and Clinical
Centre, Pirogov Russian National Research Medical
University.

Eruslanova Ksenia A., MD, PhD, Head of Laboratory
of Cardiovascular Aging, Russian Gerontology Research
and Clinical Centre, Pirogov Russian National Research
Medical University.

Lyamzaev Konstantin G., PhD, Head of the Laboratory
of Cellular Mechanisms of Aging, Russian Gerontology
Research and Clinical Centre, Pirogov National Research
Medical University.

Machekhina Lubov V., MD, PhD, Head of Laboratory of
Biomarkers of Aging, Pirogov Russian National Research

TePOHTOJIOTMUECKUI  HAYYHO-KJIMHUYECKUI  LEHTP»
®r'AOY BO PHUMY wum. H.U. TIuporoBa Munsgpasa
Poccun (ITuporoBckuit YHUBEPCUTET).

Mxurapsia JJyieH ApauKoOBHA, KaHIMIAT MeIUIMH-
CKUX HayK, noueHT Kadenpsl 60sesHeit ctapenus: OITTO
®I'AOY BO PHUMY um. H.M. IluporoBa Muusnpasa
Poccum  (ITuporoBckuii  YHUBEPCUTET), 3aBeAYIOIIAst
nabopatopueinn Heviporepuarpun ®rAOY BO PHUMYVY
mm. H.U. TIuporoBa Mwunsppasa Poccun, Poccuitckmit
TePOHTOJIOTUYECKUI HAyYHO-KIMHUYECKUIA EHTD.

Crpakecko Vpuna ImMurpmueBHA, JOKTOP MeIUIMH-
CKUX HayK, mpodeccop, 3aMeCcTUTeNIb AMPEKTOpa IO
Tpadcasiuuonnoin meguuyuHe OCIT «Poccuiickuii repoH-
TOJIOTMYECKMII HAyYHO-KJIMHMUeCKUi 1eHTp» DPTAOY
BO PHUMY wum. H.U. Tuporosa MunsgpaBa Poccun
(ITuporosckuit YHUBEPCUTET).

TkaueBa Osbra Huko/aeBHa, 4ieH-KOPPECIIOHAEHT
PAH, pokrop MemMUMHCKMX HayK, mpodeccop, Au-
pekrop OCII «Poccuiickuii repoHTOJIOrMYECKUIA Ha-
yUYHO-KJIMHUYeckuii 1entp» @OIAOY BO PHUMYVY
um. H.W. TInporosa Munsgpasa Poccun (ITuporoBckmit
YHUBepcurer).

Yypos Asekceir BukrTopoBmu, KaHmumar OMOJIO-
TMYECKUX HayK, OUPEeKTOp VHCTUTYTa W3ydeHUs
crapenuss OCII «Poccuiickmii  repOHTONIOTMYE CKUIA
HayuyHO-KIMHMueckuin uentp» ®rAOY BO PHUMY
M. H.W. TIuporosa Munsgpasa Poccun (ITuporosckumii
YHuBepcurer).

Medical University, Russian Gerontology Research and
Clinical Centre.

Mkhitaryan Elen A., MD, PhD, Age-related diseases
department, Pirogov Russian National Research Medical
University, Russian Gerontology Research and Clinical
Centre.

Strazhesko Irina D., MD, PhD, Deputy Director of
translational medicine, Pirogov National Research
Medical University, Russian Gerontology Research and
Clinical Centre.

Tkacheva Olga N., MD, PhD, professor, corresponding
member of the Russian Academy of Sciences, Director,
Russian Gerontology Research and Clinical Centre,
Pirogov National Research Medical University.

Churov Alexey V., PhD, Director, Institute for Aging
Research, Russian Gerontology Research and Clinical
Centre, Pirogov National Research Medical University.

166



Ba6uu Ouabra OJieroBHa, [TOKTOp TEXHUYECKUX
HayK, nupekTop HayuHo-0o6pasoBaTesibHOTO —IeHTpa
«IIpombIlieHHbIE 6MOTEXHOIOTMI» BanTuiickoro dene-
panbHOTO yHUBepcuTera um. M. Kanra.

BorosienoBa Auna HukonaeBHa, JOKTOP MeAUIIMHCKUX
HayK, mpodeccop, PyKOBOLUTEIb OTHeNa KOTHUTUBHBIX
Hapyumieanii ®T'BY «PIIMH» ®MBA Poccum, Bpau-
HEeBPOJIOT, Bpay BbICILIE KaTeropuu.

I'youn enuc I'ennagbeBuy, npocdeccop, DJOKTOp Me-
IUIIMHCKUX HayK, 3aBeIyIOIIMi jabopaTtopueii XpoHO-
OMONIOTUM M XPOHOMEAUIMHBI TIOMEHCKOTO Tocymap-
CTBEHHOI'O MeIUIIMHCKOI'O YHMUBEPCUTETA.

Konomertuyk Cepreit HukosmaeBuu, kaHgumar 61osio-
IMYeCKMX HayK, 3aBeLyIOmii jaboparopmeit mpoTeoMu-
KM, reHOMMKM U Metabonomuku HUM 6GuorexHomormi

Babich Olga O., Doctor of Technical Sciences, Director
of the Scientific and Educational Center «Industrial
Biotechnologies» of the Immanuel Kant Baltic Federal
University.

Bogolepova Anna N., Doctor of Medical Sciences,
Professor, Head of the Department of Cognitive
Impairment at the Federal Center of Brain Research and
Neurotechnologies of the FMBA of Russia.

Gubin Denis G., Professor, MD, Head of the Laboratory
of Chronobiology and Chronomedicine, Tyumen State
Medical University.

Kolomeichuk Sergey N., PhD, Head of the Laboratory
of Proteomics, Genomics and Metabolomics, Research
Institute of Biotechnology, Tyumen State Medical
University.

TromeHckoro rocyonapCTBEHHOIO MeOUIMHCKOIO YHUBEP-
CHUTEeTa.

KonocoBa Haranusa TopuciaBoBHa, TOKTOp 610J0TH-
YyeCcKuX Hayk, 3aBeayloliasi cekTopoMm MHCTUTyTa HUTO-
sorun u renetuky CO PAH.

MaptbiHoB Muxaun IOpbeBuu, wieH-KOppeCHOHIEHT
PAH, nokTop MegMIMHCKMX HAyK, TTpodeccop, mepBbii 3a-
mectutesib aupekrtopa @I'BY «DIIMH» ®MBA Poccun.

PoraeB Esrenmit WBanoBuu, akamemuk PAH, mpo-
deccop memmmuHCckoM 1IKoabl YaH MaccauyceTcKkoro
YHUBEPCUTETA, HOKTOp OMOJOrMYecKuX HayK, Hayy-
HBIII PyKOBOOMTENMb HayuyHOTO IeHTpa reHeTMKM U HayK
o sxusuu HTVY «Cupnyc», 3aB. kKadhenpoi reHeTUKM 610O-
sornyeckoro daxynsrera MI'Y um. M.B. JlomoHoCOBa,
3aB. jiaboparopuent NOl'en um. H.W. BaBwiosa PAH.

Kolosova Nataliya G., Doctor of Biological Sciences,
Head of the Sector at the Institute of Cytology and
Genetics of the Siberian Branch of the Russian Academy
of Sciences.

Martynov Mihail Yu., Corresponding Member of
the Russian Academy of Sciences, Doctor of Medical
Sciences, Professor, First Deputy Director at the Federal
Center of Brain Research and Neurotechnologies of the
FMBA of Russia.

Rogaev Evgeny 1., Academician of the RAS, Professor
at the University of Massachusetts Chan Medical School,
Doctor of Biological Sciences, Scientific Director of
the Scientific Center of Genetics and Life Science at
the STU «Sirius», Head of the Department of Genetics
of the Faculty of Biology at Lomonosov Moscow State
University, Head of the laboratory of the VIGG RAS.

167



00630p

HeasnkorosbHast skupoBasi 60JIe3Hb ITeUeH) ¥ OCTEOINIOPO3: ABYHAIIPAaBJIEHHAS CBSI3b .« . .o\t . .. 171
(ZIydunckasa E.H., Ouyuuna FO.C.)

OpMI‘MHaJIbHOG uccjiiegoBaHue

BimsiHue npuBbIueK, CBA3aHHBIX CO CHOM, Ha 5-JIETHIOIO BbIKMBAEMOCTb JINII, CTAPYECKOro
BO3PACTA Y TOTITOMKUTEIIEM « ¢ v v v v e e e e e e e et e e et e et e e et e et e eaeeaeeeneeeneeanennnns 181
(Bopobwvésa H.M., Hcaes P.U., Mapaxosckas E.A., Manas U.I1., Komosckas FO.B., Tkauesa O.H.)

Marepuansl IV MekanyHapogHoro KOHrpecca « YmnpasjieHue crapeHneM. Meauiiysaa 350poBOro
posronerusi» (MockBa, 19-20 geka6pst 2024 roga)

Posib MexaHM3MOB BPOXKIEHHOTO MMMYHMUTETa B (DOPMMUPOBAHUY YCITEIITHOTO
Y TTIATOJIOTVIUECKOTO CTAPEHMS. « « « v v e e v e e e et e e e e et e e e eet e eeaeeeeeaneeeeannnenn 192
(I'anxoeckas JI.B., Apmemvesa O.B.)

MapKkepbl IIUTOKMHOBOTO MPOGUJIIS B ONIpefeaeHn (DEHOTUITA CTAPEHMST . « v v v v v v v e e e e 196
(I'veuenxo B.B., I'pomosa T.B.)

Hosnrosnerre B PD: KOMIUIEKCHBIN aHAIN3 CPENOBBIX, COIIMO-IKOHOMMUYUECKUX,
KJIMHUKO-JIAG0PATOPHBIX Y MOJIEKY/ISIPHO-TEHETUYECKMX (DAKTOPOB &« « o v v v v v veeeveaeeeene s 200
(Hanusne B.B., Kawmanosa /[.A., Mamuyp A.A., Ueanos M.B., 3enenosa E.A.,

Bpymman M.B., [Incymanuszosa U.X., Mamkaea JI.P., Tepexoe M.B., Pymanyesa A.M.,
I'pammamuxamu K.C., Mumpogparnos C.H1., Ooun B.C., Makciomura B.B.,

Mapanosa E./l., Ueaweukun A.A., Hexpacosa A.U., Cmpasicecko U./I., Makapos B.B.,

Keckunos A.A., Tkauesa O.H., FOdun C.M., Cxeopyosa B.H.)

WccnemoBaHue CBSI3U CepAeUYHO-COCYAVICTOTO PUCKA Y SKeHILMH CTapIliero Bo3pacTa

C TIapaMeTpaMy MaMMOI'PaMM, BbITTOJITHEHHBIX B PAMKAX IMCIHAHCEPUBAIMM. « o o v v v v v ee e v 205
(Moneywun I.O., INnuciok A.I, Slposas E.B., Llypckas /1./1., @unuukuna E.M.,

Mepuwuna E.A., Cunuywin B.E., Henes O.E., Opnosa 51.A.)

Wcnonb3oBaHne Mojesieli MalllMHHOTO OOyUYeHMsI [IJIST ITOMCKa HOBBIX JTAOOPAaTOPHBIX MapKEPOB
BO3PACT-aCCOLMMPOBAHHBIX 3A00EBAHMI . « & v v e v e e ee et e et e eeeeaeeeeneeneeanennnns 208
(Baxapuyk C.A., Muponos H.A., ITnuciok A.I., Opnosa 5.A.)

OcobeHHoCTM (hOpMMPOBaHMS TOBEPYS B OOIIEHMM C MMAIIEHTAMM OKMUIIOTO ¥ CTApUeCKOro
12103 - Lol = 214
(Knemenmoesa A.I'., Opnosa 4.A., 3a6ypdaesa E.B., E¢pumenxo A.IO.)

[TonHOreHOMHOE MccaenoBaHme heHoMeHa moaronetust B Poccuiickoit @emepauyut .. ..... ... 218
(Mamuyp A.A., Kawmanosa /I.A., lanusane B.B., Heanos M.B., 3enenosa E.A.,

Bpymman M.B., [Incymanuszosa U.X., Mamkaea JI.P., Tepexoe M.B., Pymanyesa A.M.,
I'pammamuxkamu K.C., Mumpogparos C.HU., FOdun B.C., Makciomuna B.B.,

Mapanosa E./I., Ueaweukun A.A., Hekpacosa A.U., Cmpaxcecko U./I., Maxapos B.B.,

Keckunoes A.A., Trauesa O.H., FO0un C.M., Cxeopyosa B.1.)

[TepcrieKkTUBbI TPUMEHEHMS TTENTUAHBIX MTPENnaparoB st MPOMUIaKTUKY U JIedeHNst 60Ie3HU
3331 <) 711 =) o N 223
(Pouscak I'A., Unvuna A.P.)

JlenTuH y GOJIbHBIX CTAPUYECKOTO BO3PACTa U JOJITOKUTEIIEN C UILIEMUYECKON O6OIe3HbIO

(a3 07101 - PP 227
(Tononsauckas C.B., Enuceesa T.A., Bakynenxo O.H., Pomanoea M.A., Byéman JI.H.,

JToumkuna K.A., Menkousau I'.T")



(Tononauckasa C.B., Enuceesa T.A., Bakyneuko O.H., Pomanosa M.A., by6man JI.H.,
Kowyprukos /I.C., JIeimkuna K.A., Menxownsn I'T")

Cy6rymHMYeCcKoe BOoCTasieHNe y 60IbHBIX UIIEMIUECKOM 60JIe3HBIO Cep/ilia B CTapueCKOM
BO3DACTE Y TOTITOMKMUTEIIEM « ¢« o v e e et e e et e e e e et e e et e et et e e e eeeeeeeeaeenneennns
(Tononanckasa C.B., Enuceesa T.A., Bakyneuko O.H., Pomanosa M.A., bBy6man JI.H.,

Jleemxuna K.A., Menkousin I'.T")



Review

Non-alcoholic fatty liver disease and osteoporosis: a bi-directional association.............. 171
(Dudinskaya E.N., Onuchina Yu.S.)

Original Studies

Impact of sleep-related habits on the 5-year survival rate in elderly and long-living

INAIVIAUALS .« oottt e i e et et e e e e 181
(Vorobyeva N. M., Isaev R. 1., Marakhovskaya E. A., Malaya I. P, Kotovskaya Yu. V.,

Tkacheva O. N.)

Abstracts of the IV International Congress “Management of Aging. Medicine for healthy
longevity" (Moscow, December 19-20, 2024)

Role of innate immunity mechanisms in the development of normal and pathological aging. . . .192
(Gankovskaya L.V., Artemyeva O.V.)

Markers of the cytokine profile in determining the aging phenotype. .. .................... 196
(Grechenko V.V., Gromova T.V.)

Longevity in the Russian Federation: a comprehensive analysis of environmental,

socio-economic, clinical, laboratory, and molecular genetic factors . ... ................... 200
(Daniel V.V., Kashtanova D.A., Mamchur A.A., Ivanov M.V., Zelenova E.A., Bruttan M.V,
Dzhumaniiazova LK., Matkava L.R., Terekhov M.V., Rumyantseva A.M., Grammatikati K.S.,
Mitrofanov S.I., Yudin V.S., Maksyutina V.V., Maralova E.D., Ivashechkin A.A., Nekrasova A.L,
Strazhesko 1.D., Makarov V.V,, Keskinov A.A., Tkacheva O.N., Yudin S.M., Skvortsova V.1.)

Relationship between cardiovascular risk in older women and parameters of mammograms
obtained as part of a medical examination. .. ........ ...ttt 205
(Dolgushin G.O., Plisyuk A.G., Yarovaya E.B., Tsurskaya D.D., Filichkina E.M., Mershina E.A.,
Sinitsyn V.E., Ivlev O.E., Orlova Ya.A.)

Using machine learning models to discover new laboratory markers of age-related diseases. . . .208
(Zakharchuk S.A., Mironov N.A., Plisyuk A.G., Orlova Ya.A.)

Features of forming trust in communication with elderly and senile patients .. .............. 214
(Klementeva A.G., Orlova Y.A., Zaburdaeva E.V., Efimenko A.Yu.)

Genome-wide study of the longevity phenomenon in the Russian Federation ............... 218
(Mamchur A.A., Kashtanova D.A., Daniel V.V., Ivanov M.V., Zelenova E.A., Bruttan M.V.,
Dzhumaniiazova I.K., Matkava L.R., Terekhov M.V., Rumyantseva A.M., Grammatikati K.S.,
Mitrofanov S.1., Yudin V.S., Maksyutina V.V., Maralova E.D., Ivashechkin A.A., Nekrasova A.L,
Strazhesko I.D., Makarov V.V.,, Keskinov A.A., Tkacheva O.N., Yudin S.M., Skvortsova V.I. )

Prospects of using peptide drugs for the prevention and treatment of Alzheimer’s disease .. ... 223
(Ryzhak G.A., Ilina A.R.)

Leptin in very old and long-living patients with coronary artery disease ................... 227
(Topolyanskaya S.V., Eliseeva T.A., Vakulenko O.N., Romanova M.A., Bubman L.I.,
Lytkina K.A., Melkonyan G.G.)

Body composition in long-living patients: sarcopenia, obesity and osteoporosis ............. 231
(Topolyanskaya S.V., Eliseeva T.A., Vakulenko O.N., Romanova M.A., Bubman L.I.,
Koshurnikov D.S., Lytkina K.A., Melkonyan G.G.)

Subclinical inflammation in very old and long-living patients with coronary artery disease . .. .235
(Topolyanskaya S.V., Eliseeva T.A., Vakulenko O.N., Romanova M.A., Bubman L.I.,
Lytkina K.A., Melkonyan G.G.)



DOI: 10.37586/2949-4745-4-2024-171-180 VIK: 616.01-099

Oymuuckaa E.H."2% 2" Onyunna }0.C.'2!

1®TAOY BO PHUMYVY wum. H.U. IluporoBa MmunusnpaBa Poccum (ITTuporosckuit VHeuBepcurer),
OCII «Poccuiickuii TepOHTOJIOTUYECKUI HAYYHO-KIVMHUYECKMIA LIeHTP», JTabopaTtopust BO3PACTHBIX
MeTaboMUYeCcKUX U SHIOKPUHHBIX 3abosieBaHmii, MockBa, Poccust

2OTAOY BO PHUMYVY wum. H.U. TluporoBa MunsngpaBa Poccum (ITmporoBckuii YHuBEpCuTer),
Kadenpa Gosesnen crapennusi MHCTUTYTa HeNmpepbIBHOTO 06pa3oBaHMs U MpodeCcCHOHabHOTO pas-
putus OIIT0, Mocksa, Poccus

* ABTOp, OTBeTCTBEHHbII 3a mepemucky, JymuHckas Exarepuna HawunbeBna. E-mail:
dudinskaya_en@rgnkc.ru

Pe3iome

OcTeornopo3 SBJSIETCS Cepbe3HOM IMPOOIEeMO MIJISI 3APaBOOXPAHEHMSI BO BCEM
MMpe, XapaKTepu3yeTcsl HU3KOM MUHepabHOM TIOoTHOCThIO Koctn (MIIK) u Ha-
pyliieHreM MUKPOAPXUTEKTOHUKM KOCTHOM TKaHU, YTO IIPUBOAUT K YBEIUUEHUIO
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SKUJIBIX JIIOIEeM, HO OH MOYKeT BO3HMKHYTb U B OOJiee paHHEM BO3pacTe BCJIel-
CTBME HaAPYIIEHNUS] YCBOEHMsI KaIbliusl M BUTaMMHa [I Ipy pasnMyHbIX JKeTymou-
Ho-KuiteuHbix (JKKT) 3a6oneBaHmsIX.

HeanxoronbHas >kxupoBas 6osesub meuenu (HAJKBII) sBnsietcss dakropom pu-
CKa CHKeHus: MyuHepasibHOM ioTHOCTU KocTu (MIIK). IlpencraBiieHbl HOBbIE
IaHHbIEe O MAaTO(MU3MOJIOTUUECKUX M3MEHeHUsIX KocTHou TKauu mpu HAJKBIIL:
BbICBOOOXK/I€HME BOCIAIUTE/bHBIX IIUTOKMHOB, CHUKEHME CEKpelyuyu MOJIeKYI,
HEIOCPEICTBEHHO BIMSIONIMX Ha KOCTb, HapyIlleHe MeTaboam3Mma BuTammua D,
Hapy1eHue KuiiedHon Mukpo6motsel. HAXKBII sBnseTcst dakTopoM pucka CHU-
skenmst MITK.

[TogTBepskaenne ¢usmosornueckon sHaunmocT HAXKBII B oTHOIIEHNM pucka
OCTEOIOPOTUUYECKUX TTePEIOMOB KOCTel TpebOyeT maybHeuIero nsyuyenms. Bos-
MOSKHO, 00SI3aTe/IbHbI CKPMHMHI OCTEOIIOpO3a M HaOIoneHe 32 COCTOSIHMEM
kocrei y nauueHToB ¢ HAJKBIT GymeT BosMOKeH B OYyIYIIMX CTpPATerusix U py-
KOBOJICTBaXx.

KoueBbie cjioBa: OCTeOIIOpPO03; HeaJIKOTrOJIbHasl >KMPOBast 060J1e3Hb TeYyeHu;
OCTeOCapKOIIeHN .
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Abstract

Osteoporosis is a serious public health concern worldwide, characterized by
decreased bone mineral density (BMD) and impaired microarchitecture of bone
tissue, leading to an increased incidence of low-trauma fractures. Osteoporosis
typically affects older adults, but it can also occur at younger ages due to impaired
absorption of calcium and vitamin D in various gastrointestinal (GI) diseases.
NAFLD is a risk factor for decreased bone mineral density (BMD). New data on
the pathophysiological changes in bone tissue in NAFLD are presented: release
of inflammatory cytokines, decreased secretion of molecules directly affecting
bone (strengthening bone) from the liver affected by NAFLD, impaired vitamin
D metabolism, and impaired intestinal microbiota. NAFLD is a risk factor for
decreased BMD.

Further research is needed to confirm the physiological significance of NAFLD
with regard to the risk of osteoporotic bone fractures. Mandatory osteoporosis
screening and bone health monitoring in patients with NAFLD may be possible
in future NAFLD management strategies and guidelines.

Keywords: osteoporosis; non-alcoholic fatty liver disease; osteosarcopenia.
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BBEJEHUE

Ocreornopo3 SIBJSIETCS CEPbE3HOV Mpo6IeMON  IjIst
3[PaBOOXPAHEHNSI BO BCEM MUPE U XapaKTePU3yeTCsT HU3-
kot MITK u Hapy1ieHeM MUKPOAPXUTEKTOHUKIM KOCTHOM
TKaHM, YTO IPUBOAUT K TIOBBIIIIEHHON XPYTKOCTY KOCTEN
" YBEJIIMYEHUIO YaCTOTbl HM3KOTPAaBMATUYHBIX II€pPeJIo-
MOB. MeskIyHapoaHbIli (GOHA, OCTEONOposa MOACYUTAI,
yto B Poccun 3a6oseBaHme IMarHOCTMPOBAHO y 14 MuTH
yesioBek, win y 10% nHacenenus. Eme 20 MyIH yesioBek
CTpajialoT OCTEONEe el — HavYaIbHOM CTaMell OCTEeOTO-
posa. Takum o6pa3om, B IpyIie pycKa MO OCTEOMOPOTH-
YeCcKMM TepesioMaM yske 34 MJIH 4eJIoBeK. DTO KoyimMye-
CTBO, KaK MMPOrHO3UPYIOT 3KCIepThl Gorma, Kk 2050 romy
BBIPACTET Ha TPETh ¥ COCTABUT 45 MJIH uesioBek [1].

XOTS CUMTAeTCsl, YTO OCTEOMOPO3 MOPAKaeT B OC-
HOBHOM J>KEHIIMH B IIOCTMEHOIIay3€ W IIOXXMJIbIX JIIO-
Iiell, OH MOKEeT BO3SHMKHYTb U B GOJiee paHHEM BO3pacTe

BCJIE[ICTBME PAa3/IMUHBIX 3a00JI€BaHMIA SKeTYIOYHO-KI-
meuHoro tpakta (JKKT). Hambosnee BakHble maToreHe-
TUYECKMEe MeXaHM3Mbl CBSI3aHbl C HapyIlIeHMeM MuIeBa-
peHust ¥ MajibabcopOiIneli, XPOHMUYECKUM BOCITaIeHeM
¥ HEKOTOpbIMM (hapMaKOJOTMUECKMMM MeTOJaMy Jieue-
Hus marosioruii JKKT.

IMonynauusa nromeit ¢ 3a6oneBanusavu JKKT yBenu-
YMBAETCS, a MX AMATHOCTHKA U JIeUeHNe CKasbIBalOTCs Ha
pacxofax Ha MeIUIIMHCKOe OOCTYKMBaHe Bpauei o011iei
MPaKTUKM U crenmaanctoB. OOHUM U3 BasKHbBIX aCIIeKTOB
(usmueckoro 3mopoBbs romeii ¢ 3aboseBanusamyu JKKT
SIBJISIETCST 3[I0POBbE KOCTE, ITOCKOJIbKY 3TH JIIOAYU UMEIOT,
MMOMMMO OOIIENPUHATHIX (PAKTOPOB PICKA OCTEONOpo3a,
IIOTOJIHATEJIbHbIE (DaKTOphI pUCKA, CBSI3aHHbIE C UX OC-
HOBHBIM 3a60JIeBaHMEM.

Bblj10 yCTaHOBJIEHO, UTO Y JIMIL C Pas/IMUHbIMU 3a00-
neBanusmyu JKKT moBbIllieHa pacpoCTpaHEeHHOCTb HI3-
koi MIIK, ocreonoposa 1 octeonennn. Hampumep, psin
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MCCJIeAOBaHMI TIOATBEPAWI CBA3b Mexkay Huskon MITK u
HeaJIKOTOJIbHOM KUpoBoil 6ose3Hbio neuenn (HAXKBIT),
KOTOpasl BKJIIOUAeT CIEKTP 3aboJieBaHMIl, CBSI3aHHBIX C
yCuIeHreM XpOHUUeCKOro BocnaneHus [2].

B HemaBHUX 3MMAEMMOIOTMYECKUX UCCIETOBAHMSIIX
6b110 TIoKaszaHo, yto HAJKBII cBsizaHa ¢ 3a6oyieBaHUSIMU,
KOTOpbIe OOBIYHO He 3aBUCST OT OKMPEeHMs, TAaKUMU KaK
CapKOIEeHNS ¥ OCTEOIIOPO3.

SIINAEMMNOJIOIs

Kmmuanueckoe 6pemst HAJKBIT He orpanmumBaeTcst
3260J1eBa€eMOCTbIO U CMEPTHOCTHIO, CBSI3aHHBIMU C IIe-
YeHbIO, HO 3aTparuBaeT HECKOJIbKO OPraHOB CHUCTEMHBIM
o6pasom. B mociegHme rombl Bce GoJibllle JAHHBIX CBU-
JIeTeTbCTBYET O HAJIMUYMYU CJIOKHOTO B3aMMOIENCTBUS
MeKIy IpolieccaMy KOCTHOTO pPEeMOIeIMPOBaHUS U
HAJKBIT (kak ¢ TOUKM 3peHUsI CHYKEHUST MUHEPaTbHOMN
mwiotTHocTH Koctu (MIIK), Tak 1 mMOBbIlLIEHHOrO pucka
0OCTEeO0Iopo3a).

BonbIIMHCTBO MCCIeNOBaHMM, OMUCBHIBAIOIIMX B3au-
mooTHotenns mexkay HAJKBIT 1 KoCTHOM TKaHbIO, MPO-
BOIMICH B A3un. B kuTarickom HaceseHuu 6bl1a 06Hapy-
skeHa oTpuiiaresibHast cBsizb mexkny HAJKBIT n MITK kak
Y SKEeHIIYH B MMOCTMEHOIay3e, Tak M Y MY>XUuH. Y Tamm-
enToB ¢ HAJKBIT MIIK Tosbko 1m1eiiku 6eipeHHON KOCTH
6blJIa 3HAUMTEJILHO HV3KE TI0 CPABHEHMIO CO 340POBBIMU
monbMu. [Tomo6HbIE pe3ybTaThl ObUIM TaKsKe OOHapysKe-
HBbI B MOMYJISIIIMM KOPEMCKUX MY>KurH [3]. OmHako HesICHO,
MOXKHO JIM 9KCTPAIoJIMPOBATh 3TY Pe3yJIbTaThl HA JpyTHe
IPYIIbl HaceIeHMs], TIOCKOJIbKY e€CTb MCCIeIOBaHMsI, TO-
Ka3bIBaIOILME TPOTMUBOMOJIOKHbBIE PE3Y/IbTAThI, HATPUMED,
uccaenoBaHNe, mpoBeneHHoe B MHnum, roe Gbuia BbISIB-
sieHa nonoskutesnbHast ¢Bsi3b HAJKBIT ¢ MIIK. ITpuunna
9TOTO HECOOTBETCTBMS MOYKET 3aKJTIOUaThCS B TOM, UTO HU
unaekc maccel Tesia (MMT), Hu comepskaHue sKupa B Op-
raHmsme He yuuTbIBaauch npu cpaHeHun MIIK mexnmy
rpyIIammn.

B Hacrosiiee Bpemst cesa3b mexkay HAJKBIT u ocreo-
ITOPO30M M3Yy4eHa KakK y JeTel, Tak U Y B3POCJIbIX C MHCY-
JIMHOPE3UCTEHTHOCTbIO U OkMpeHneM [4]. bbuto mokasa-
HO, uro HAJKBIT MoskeT oKa3bIBaTh HETATUBHOE BIIMSIHUE
Ha MIIK y mogpocTKOB C OsKMpeHueM, BEpOSITHO, 32 CUET
MOBBILIEHHO MHCYIMHOPE3UCTEHTHOCTH.

Taxske accoumaums mexkay MITK u HAJKBIT 6buia
mokasaHa y 381 sxenmymubl: cpepusist MITK B mosicHuu-
HBIX TI03BOHKax OblIa Hiske y maryeHTok ¢ HAXKBIT, uem
y nanyeHTok 6e3 HAJKBII. B cOBOKYITHOCTY 3T pe3yiib-
TaThl yKa3biBaloT Ha TO, uro HAXKBII cBsizaHa co cHumKe-
umem MIIK kax y meTeii ¢ okKMpeHueM, TaK U Y JKeHIIMH
B [TIOCTMEHOIIay3e.

ITATOTEHE3 CHVJKEHU
MIIK ITP1 HAXKBII

[Tatorenes cHmwkennss MIIK npm HAXBIT sBins-
ercss MHorodakTtopHou mnpobiemon. [Ipu nanHom 3a-
60jIeBaHMU TI€UEHM W3MEHEHUE COCTOSIHMS KOCTHOI
TKaHM MOXKET pasBMBAThCsl BCJIENCTBME HAPYIIEHUNI
psima MeTaboaMUYecKMX MeXaHM3MOB: BbICBOOOKIEHMS

BOCIJIUTEIbHBIX LUTOKMHOB; CHVKEHUSI CEKPeILUu MO-
JIeKYJI, YKPeIUIIOIIMX KOCTh; HapyIleHus] MeTaboasma
ButammuHa D, mpuBogsiiero K ero neGuuuTy B OpraHus-
Me; TOBBIIIEHNSI Pe3UCTEeHTHOCTM K MHCYJIMHY; Hapylle-
HUST KUIIIEYHON MUKPOOGUOTBI, UTO MPUBOIUT K TTOBBILIEH-
HOM MPOHUIIAEMOCTM KUIIEUHOTO 6apbepa, M3MeHEeHUSIM
B COIEepsKaHMM U TPoduIe KOPOTKOIETIOYEUHBIX SKUPHBIX
KucIor [5].

Uncynunonodobnetii  ¢pakmop pocma I muna
(UDP-1) — mnonumenTup, CeKpeTUPyeMblii MeueHbIo
M CKEJIETHBIMU MBIIIIAMM, & TaK)Ke€ MHOTUMU APYTUMU
TKaHSMM B OTBET HA MX CTUMYJ/ISILIMIO COMAaTOTPOITHBIM
ropmoHoMm (CTT') mo mpmHUMITY OTpMULIATENIBHON 0Opar-
Ho1 cBsizu. UDP-1 ctumynupyet nponmdepannio KIeToK
BCEX TKaHEI, B IEPBYIO OYEPelb — XPSILEBOI 1 KOCTHO
[6]. [TeueHb siBASIETCSI OCHOBHBIM, HO HE €QVHCTBEHHBIM
MCTOYHMKOM Impkymupytoiiero U®OP-1. B kocTHOI TKa-
HU JIOKQJIbHO CEKPETUPYETCSI OTPAaHUUYEHHOE KOJIMYECTBO
UOP-1. B Hopme ypoBHM VIOP-1 6bICTPO MOBBIIAIOTCS
B IO POCTKOBOM BO3pacTe, a 3aTeM HEYKJIOHHO CHIKAIOT-
cs ¢ Bo3pactoMm. [lepekpecTHoe ucciaenoBanne 168 mereit
u norpocTkoB ¢ oxkupenuem n HAJKBII mokasasno, uTto
ypoBHu VUOP-1 B rpynne ¢ HAJKBII Hike, yeM B KOHT-
ponbHoU rpynme [7]. CHmkenne VDP-1 BoisiBieHO mpu
HAJKBII u B gpyrux Bo3pacTHbIX rpymmnax [8, 9].

CHuicenue ypoeuss UMDP-1 y nayuenmos ¢ ocme-
onoposom. B 1995 rony Ravn et al. u3Mepuanu KOHIEH-
tpauyio VUOP-1 B ceiBopoTtke y 107 3m0pOBBIX sKEHIIMH
u 116 keHIMH ¢ ocTeonopo3oM. OHM 0O6HAPYKWIN, YTO
ypoBeHb cbiBopoTouHOro VM®P-1 y KkeHLIMH € ocCTeo-
nopo3oM 6bl1 Ha 30% HMKe, YeM Y 3I0POBBIX YKEHLIMH
[10]. Kurland ES et al. o6Hapyskuiu, uto u3 14 naumeH-
TOB MYJKCKOTO IOJIa C MIUOTIATUIECKUM OCTEONOPO30M
y 11 Habmopanoch 3HAYUTETbHOE CHMsKEHME YPOBHS
UODP-1 B cbiBopoTke KpoBu [11]. Takum obpaszom, cHU-
skeHye ypoBHsi UDP-1 Habmomanock Kak y My>KUMH, Tak
My SKEHILMH C OCTeOTIOPO30M.

XpoHuueckoe éocnaneHue u npomeuHvl 6HeK1eMoU-
H020 mMampukca. VI3BeCTHO, UTO MPOCTAst YKMPOBAsT AUC-
Tpodusi meyeHn He CBsI3aHa C OCTEONOPo3oM. DakTHuyecKn
6ostee Hu3KMe 3HaueHuss MITK BbISB/ISIOTCS y TAIMEHTOB
CO CTeaTo30M IeyeHU, CBSI3aHHBIM C MOBBILLIEHHBIM YPOB-
HeM ChIBOPOTOYHO} ajaHMHAaMMHOTpaHcdepasbl U BbICO-
KOUYBCTBUTEJNbHbIMM YpOBHAMM C-peakTMBHOrO 6esika,
YTO CBUIETENbCTBYET O HeaJKOTOJbHOM CTeaTorernaruTe
(HACT'). Dt B3auMMocBsI3M ObUIM TOATBEPIKIEHbI Y Jie-
Tell, SKeHIIMH B MocTMeHomnay3e u My>kunmH ¢ HAXKBII
pasMYHOM CTelleHM TSKeCTH, YTO yKasbIBaeT Ha pPOJIb
BSJIOTEKYILer0 XPOHMYECKOro BOCIajaeHMsl B Ipoleccax
MOTepy KOCTHOM MacChl.

XPpOoHMYECKHMIA BOCIIAIUTEIbHBII IIPOLIeCC, CBSI3aHHbIN
¢ natoreresom HAJKBII, HanpsiMyIo y4acTByeT B CHUKe-
Hum MIIK. Ileperpyska K/IeTOYHBIX JUIUIOB, IPUBOLSI-
11as1 K JIMIIOTOKCMYHOCTH aIMUIIOIUTOB, 3aITyCKaeT KacKaf,
BOCIIaJIeHMs, OTIOCPeJOBAHHBIN 3Be34UaTbIMU U TeHIPUT-
HBIMM KJIeTKamy IeueHy, TeHepupysi MHOXKeCTBO MTPOBOC-
MaJIUTENIbHBIX, MPOKOATY/ISHTHBIX U HPOGUOPOTreHHBIX
MOJIeKYJI. DTO TaK Ha3blBaeMoOe «CTepuIbHOe BOCIasie-
HUe» CBSI3aHO C MECTHBIM IIOBpeXIeHMeM U MPUBOLUT



K (GbM6PO3y MeueHn 1 BOCIAUTEIbHBIM MPOlieccam, pu-
BOJSAIIVM K PasBUTHUIO OCTEOIIOPO3a.

OpHYM U3 M3YUYEHHBIX MPOBOCHAIUTENIbHbIX (aKTO-
POB, UTPAIOIINX BAXXHYIO POJIb B Ipolieccax norepu MITK,
sBistetcs dhakrop Hekpo3sa onyxom-o. (TNF-ot), koTopsiit
3avacTyio nosbiiieH y nanmeHToB ¢ HAXKBII. Bruto mo-
KaszaHo, uto nHruouposanue TNF-o npu HAJKBIT chu-
’kaeT BocnajieHue rematonutoB. OnHoBpeMeHHO TNF-ou
sBIsteTCst akTOPOM, MHTMOMPYIOIIMM 0CTe06IacTOreHe3
MapaijieJIbHO C MHAYKIME OCTeOK/IacTeoreHesa, U Mpu
BOCIIAJIUTEbHBIX TIpolieccax Bbi3biBaeT morepio MIIK,
MOUEPKMBAsl POJib JPYTUX ITPOBOCHAIUTETbHBIX MOJe-
Ky, Takux Kak IL-6, u ¢akTopoB, CTUMYIMPYIOLINUX KO-
JIOHUM MakpodaroB. DT JaHHbIE MOTYT YKa3bIBaTh Ha TO,
yro BocnasieHue cssisbiBaeT HAJKBIT n ocreomnopos, HO
MCCIeqoBaHMsI, OOBSICHSIOIIE 3TOT CJOKHbBIN TaTohu3n-
OJIOTMYECKMIA TTPOIeCC, MAJIOUMCIIEHHBI.

N-mepmunanohslii  nponenmud  npoKoaidazeHa
I muna (P1INP) siBnsieTcs npe[iiiieCTBEHHMKOM KoJIJlareHa
I Tuna 1 Mapkepom ocTeoreHesa. MI3BeCTHO, UTO OpraHu-
YeCKMii MaTPUKC KOCTY TIPe[CTaBIeH IIPeUMYyIleCTBEHHO
KoJilareHoM I Tuma, KOTOpbIii o6pasyeTcss M3 MPOKOJIIa-
reHa | tuna, cuHTesmpyemoro pubpobracTamMu U OCTeo-
6acramu. P1NP BbicBO6OKIaeTCS B MEKKJIETOUHOE IIPO-
CTPAHCTBO ¥ KPOBOTOK BO BpeMst 06pa3oBaHyist KojutareHa
I TMma u ero BKJIIOUEHMS B KOCTHBII MaTpukc. Takum
obpasoMm, comepskanue PINP B KpoBu mpsiMO MpOIOpLM-
OHAJIbHO KOJIMYECTBY BHOBb CMHTE3MPOBAHHOTO U BKJIIO-
YeHHOI'O B KOCTHYIO TKaHb KosuiareHa [12]. IIpomykuus
KosutareHa I Tumna u, coorBercTtBeHHO, P1NP msmensiercs
mpy 3a60JIEBaHMSX KOCTENM, COMPOBOXKIAIONINKCS METab0-
JIMYECKMMIM HapYyIIeHMsIMM KOCTHOV TKaHM (OCTEOIopos,
rumepnaparmpeos, 6onesub Ilemkera, MeTacTaTnyeckoe
MopaskeHue ¥ OCTEOMAIAINS). B KaMHMYeCKO paKkTHKe
uccinepoanue kposu Ha PINP ncnonb3yior nepen Hava-
JIOM aHTUPEe30pOTMBHONM Teparuiu, a TakKe AJiT OLEHKU
9(pbeKTUBHOCTH JIeUEHNs.

Wsmenenus xoHueHtpaiuu PINP B KpoBu Takske
TECHO CBSI3aHbI C (GMOPO30M TeueHu. YCTAHOBJIEHO, UTO
conepkanme P1INP cratucTuyecku 3HaUMMO CBSI3aHO CO
craaveii Gubposa MevyeHr y SKEHIIMH B MOCTMEHOIay3e
¢ caxapHbIM auaberom. IIpu mosbiiennu P1NP Bepost-
HOCTbh HaJIMUMS TsDKesoro ¢bubposa MeueHy y SKeHIMH
Obuta B 3,65 pasa Bbillle. YCTAHOBJIEHO, YTO Y IallMeH-
TOB CO CPEIHMM MHIEKCOM Macchl Tesa 44 kr/m? 6osee
TsDKeJble cTamuy Gubposa MeyeHy He3aBUCUMO acCOLM-
MPOBaJNCh C Gosiee BBHICOKMM ypoBHeM B KpoBu P1NP
[13]. Ony6smkoBaHbl JaHHbIE, YKa3bIBaIOLIMe Ha TO, YTO
koHueHTpauyust PINP mosker 6GbITh MapkepoM ¢ubposa
TeYeHy U MPU IPYTUX XPOHMUECKUX 3200JIeBaHUSIX TTeye-
HU, HampumMep, BbICOKUI ypoBeHb P1NP BbisBieH y ma-
LVIEHTOB C MIePBUYHBIM GriMapHbiM Xomaurutom [14-15].
TTarmeHTs! ¢ aJIKOTOJIbHBIM IIMPPO30M TeUeH! MTPOIeMOH-
CTPUPOBAIM 3HAUNTEILHO 6OJIee BHICOKOE CpefHee Comep-
>kaaye PINP B ChIBOpPOTKe IO CPaBHEHMIO C KOHTPOJIb-
HO¥1 Tpymmoi, u ypoBeHb P1NP 6bl1 3HAUMTENbHO BbIIle
Yy TMaIlMEeHTOB C JeKOMIIEHCHMPOBAaHHBIM LMPPO30OM Tieue-
Hu [knacc Yaig-TIeto C] mo cpaBHEHMIO ¢ MalMeHTaMU

C KOMITEHCUPOBAaHHBIM IIMPPO30OM IeueHu [kiaacc Yaig-
ITeto A] [16]. YBemnuenue koHueHtpaiyyu PINP B kpo-
BIU, B CBOIO OYepe[b, CIIOCOOCTBYET IMPOrpecCUPOBaHNIO
¢nbposza nmeuenn y nanmentoB ¢ HAXKBII 3a cuer yBe-
JIMYeHVsI copepykanus KoutareHa I tuma. Bo Bpems yBe-
ymmuenust pubporeHesa comepykaHue KoJutareHa I Tuma
YBEJIMUMBAETCS] 3HAYUTEIbHO, KOJUIareH WHTErPUpPYeTcs
BO BHEKJIETOYHbII MaTPUKC, UYTO MPUBOAUT K MPOrPECCH-
poBaHMio Gpmbpo3a, MOPOUHBI KPYT 3aMbikaetcs [17].

Ocmeononmun — TIpOT€MH BHEKJIETOUYHOTO Ma-
TpuKca, cekpetupyembiii dochomporenn-1 (SPP1),
CUaNIoNpoTenH-1, MPUHAAJIEKAT K CEMENCTBY MaJlbIX
MHTETPUH-CBSI3bIBAIOIIMX JIMTAaHJO0B N-CBSI3aHHbBIX [JIMKO-
nporenHoB (SIBLING). Cuwuraercs, uto ¢usmonormye-
CKM OH PErymMpyer 6MOMMHEpPaan3alnio B KOCTHO TKa-
HU ¥ CHMYKAeT POCT M arperanmio KPUCTAJIOB KasbIVs
B oMMTEIMAbHBIX TKaHAX. OmHako 3a nmociaenuue 10 et
6GbLIO TOKa3aHO, YTO OCTEOIOHTMH SIBJISIETCS BakKHBIM
(akTopom M B Ipyrux mporeccax, TaKMX KaK BOCIaJIu-
TeJIbHBIV ¥ UMMYHHBI OTBET, 3JI0KaueCTBEHHbIe HOBOOO-
pasoBaHus, auabet 2 Tuma 1 aHruoreHes. OCTEOMOHTUH
CBEPXOKCIIPECCUPYETCS Y MALMEHTOB C OKMPEHUEM W/Mn
HAJKBII, uTo siBAsSIeTCcs MpsSMO¥ CBSI3bIO MEKIY BOCIajie-
HIEM, BbI3BAaHHBIM OKMPEHMEM, Y OCTEOIIOPO30OM U OBLIO
JIOKa3aHO KaK B 9KCIIEPUMEHTAJIbHBIX, TaK U B KJIMHUYE-
CKMX MccienoBanmsix [18].

Haubosbiiiee KoMMueCcTBO OCTEOMOHTHHA ObIJI0 O6HA-
PY’KEHO B KOCTHOJ} TKaHM, COCTaBJISIOIIel MpumepHo 2%
HEKOJUTareHOBOTO OpraHuyeckoro mMarpukca. OH Takke
OGHapY)KMBAETCS TIOUYTH BO BCEX JKMIKOCTSX OpraHusma,
a B KOCTHOV TKaHM OH CEKpeTMpYeTcsl Kak ocreobsacTa-
MH, Tak U ocTeoknactamu. OCTEOTIOHTMH B KOCTHOM TKa-
HU CTUMYJMPYET MUTPALMIO M aAresuio OCTEOKJIaCTOB
K KOCTHOMY MAaTPUKCY 3a CUeT B3auMOIeNCTBus avf3
un CD44 u yBemmunBaet skcripeccuto CD44 Ha ocTeokiia-
CTaX, YTO MOKET IIPUBECTU K Pe30pOIIMM, TOCKOIbKY IKC-
npeccust CD44 saBisieTcst 06s13aTebHONM 11 aKTUBHOCTY
OCTEOKJIaCTOB.

HekoTopbie aBTOPbI MPEATOIaraioT, YTO OCTEOTIOHTUH
MOKET ObITh (PaKTOPOM, KOTOPbINi HATIPSIMYIO CBSI3bIBaeT
BbI3BAHHOE OKMPEHMEM XPOHMUYECKOoe BOCIaJIeHMe C Me-
TabOMMYECKUMI HapyIilleHussMu. [lelicTBUTEbHO, ObLIO
MOKAa3aHO, YTO B MEeYEeHM MOBBIIIEHHAs] IKCITPECCHst OCTe-
OTIOHTMHA TIPUCYTCTBYET HE TOJbKO B TeMaToIUTaX, HO
TakkKe ¥ B BOCIAJUTENbHBIX KIeTKax. bosee Toro, skc-
MEePUMEHTbI Ha JXMBOTHBIX MOIEJSX MPOAEMOHCTPUPO-
Bajii, UYTO B TEUEHM MbIIIeHl C OXKUPEHMEM IKCIIPEeCCHst
OCTEOIOHTHYHA 3HAYUTEIbHO MOBBIIIAETCS ¥ UYTO YPOBHM
OCTEOITOHTIHA B TIeUeHY KOPPEeIMPYIOT C YPOBHSIMM TPU-
alMITIUIEPUHA, UT'PAIOIIEr0 BasKHYIO POJIb B Pa3BUTUU
HAJKBIT [19].

Ipyrue uccaemoBaHus MOKa3ajy, YTO CHYDKEHME KOH-
LIEHTPALMM OCTEOMIOHTMHA MOYKET OKa3bIBaTh 3aIUTHbIN
3¢ GdeKT MpOTUB >KUPOBOV MHMWIBTPALIMM TTEYEHOUHDIX
makpodaros, BeisBanHoM HAJKBII. Takske skcrepumeH-
TaJbHOE MCCAemOBaHue TI0Ka3ajo, UYTO OCTEONOHTWH-
meduIMTHbIE MBI YCTONYMBBI K OCTEOMOPO3Y, BbI-
3BaHHOMY oOBapuoKkToMueir. Takum 06pa3soM, MOKHO



MIPEATIONOKNUTb, YTO MOJIEKYJIA OCTEOMOHTMHA MOKET
ObITb HE TOJIbKO MMIIEHBIO JJIST JieYeHMs] MeTabosmye-
CKOTO CHMHJIPOMa, HO TaKKe 13-32 CBEPXIKCIIPeCCUU TpU
HAJKBII moskeT nMpuMBOOKUTH K IOTEpPEe KOCTHOM MAacCChl U
OCTeOIopo3y.

OcmeonpomezepuH. [Ipyroi MOJIEKY/IOV BHEKJIETOU-
HOTO MaTpuKca SIBJIIETCS OCTEOIPOreTepuH, KOTOPbIN
UrpaeT IEHTPaJIbHYI POJb B OOMEHEe KOCTHOM TKaHU,
nofasysist qubdepeHIMPOBKY M aKTUBAIMIO OCTEOKJIa-
CTOB ¥ CIIOCOOCTBYS MX aronTto3y. KoHueHTpanus ocre-
ONpOTerepyHa CHUKAETCS TPU abJOMMHAIBLHOM OKMPe-
Huu, uHcynmuHopesuctenTHoct u HAJKBIT [20]. Cesi3b
OCTEOIpOoTerepMHa M PUCKA OCTEONOPOTUYECKUX Iepe-
JIOMOB BCE €Ille OCTAeTCs CIIOPHOI, MOCKOJIbKY AaHHbIE
KJIMHUYECKUX WCCIeNOBAaHUI TPOTUBOPEUNBBI, OJHAKO
Bemyliasi poJib OCTeOIpoTerepuHa B auddepeHpoBKe
u akTuBauuu ocreokynactoB uepe3 myTb RANK/RANKL/
OCTEeOIPOTErepuH U B MOAJEPYKaHUM KOCTHOTO rOMeOCTa-
3a OCTAeTCsl HEOCITOPUMOIA.

Buosornueckass ~ akKTMBHOCTb  OCTeOITpOTerepuHa
He OTPAHUYMBAETCS TOJBKO KOCTHOV TKaHbIO, HO Tak-
K€ NIeCTBYET B APYrMX KJIETKaX M TUIAaX TKaHel, Ha-
npumep, T-mumbonuTax U SHAOTENUM  KPYITHBIX
aprepusix. JlokasaHa CBsI3b OCTEOINPOTEreprHa, MeTaboN-
YeCKMX HapyLIeHW ¥ MU3MEHEHMST KOCTHOTO MeTabo13Ma:
B K/JIMHUYECKOM MccienoBaHuu y naimeHtoB ¢ HACT
u niorpannuibiM HACIT' KoHIIEHTpaImm oCTeonpoTerepu-
Ha GbUIM CHVDKEHBI Y TIAIMEHTOB C 6oJiee TsKesIbiMu hop-
mamu HAJKBII. Bonee Toro, ypoBeHb OCTeOIpoTereprHa
B CbIBOPOTKE KPOBM ObLJT 3HAUUTEJIbHO HIDKE Y TMalyeH-
toB ¢ HACT, uem y naimentoB 6e3 HACT, u 3T0 cuIbHO
KOPPEIMPOBAJIO C KMPOBOI JlereHepaiyeli renaToluuToB,
GaJJIOHHOW JereHepauyel, BHYTPUIOOYIIPHbIM BOCIHA-
JIEH/EM, BOCIIaJIeHMEM BOPOTHONM BEHbI, & TaKXKe CO CTe-
reHbio pubposa.

Ocmeokanvyun. CbIBOPOTOUYHBIN  OCTEOKAJbIIVH,
MPOAYIIMPYEMbBIIi U BBICBOOOXKIAEMbINI OCTEOGIacTaMu
B KOCTHOM TKaHW, TPAOUIMOHHO CUUTAETCS ONHUM U3
MapKepoB 00Opa3oBaHMst KOCTU. XOTSI GOJIBIIMHCTBO MC-
CJIeIOBaHMIi GbIJIO COCPEIOTOUYEHO Ha ero POJIM B KAUeCTBe
MpeaMKTOpa TepeioMOB, B MOC/IEAHNE TOMbl OCTEOKaIb-
IIMH GbUT MTPU3HAH MOTEHIMATbHOM MOJIEKYJION PEryInpo-
BaHMS SHEPreTUUYECKOro Metabosmsma. Mimerommecs: naH-
HbIe MOKA3bIBAIOT POJIb OCTEOKAJIbIIMHA TPV HAPYIIIEHHON
TOJIEPAHTHOCTY K IJIIOKO3€, MPU UHCYIMHOPE3UCTEHTHO-
CTU 3a CYeT BbIPAOGOTKM aIMITOHEKTMHA B JKMPOBOW TKa-
HI U YBEJIWUEHUST CeKPeIu MHCYINHA, OMIOCPeIOBAHHO
yepe3 owyiabyieHne CTpecca SHAOMIA3MaTUIECKOTO PeTy-
KyJyma nocpenctsom mHrubuposanus nytu NF-xB [21].
OpHako, HECMOTPST Ha HAKaTUIMBAIOLIMECS SKCIEPUMEH-
TaJibHbIe MCC/IeNOBaHMSI Ha JKMBOTHBIX O POJIY OCTEOKaIIb-
IIMHA B MeTabo/M3Me TJIIOKO3bI, PEe3yJbTaThl KIMHUYE-
CKMX JMAHHBIX Ha JIIOOSX MPOTMBOPEUNBBI, a POJIb ITOTO
MpOTENHA Y YeJIoBeKa OCTAETCST CTIOPHOIA.

Tem He MeHee OGbLJIO OGHAPYKEHO, YTO Y TALIMEHTOB
¢ moatBepskaeHHoN 6uornicueri HAJKBIT Habmomaercst
3HAUMTETbHOE CHIKEHME KOHIIEHTPAalMii OCTeOKaIbIHa

B CBIBOPOTKe (TI0 CPaBHEHUIO C T'PYIION KOHTPOJSI), ac-
COLIMMPOBAHHOE CO CTEIEeHbIO YBeIMUEHMs TelaTolNTOB,
HEe3aBMCUMO OT MHCYJIMHOPE3UCTEHTHOCTH U HAJTMIMSI Me-
TaboMMUECKOro cMHApoMa. IIpearonaraeTcsi, YTO OCTEO-
KaJIBIL[MH UTPaeT BaykHYIO IMPOTEKTUBHYIO POJIb B MPOLeC-
ce Bo3HMKHOBeHMsT 1 mporpeccupoBannst HAJKBII. Bosee
TOro, OOJBIIMHCTBO SMUIEMUOJIOTUUECKUX WUCCIeN0Ba-
HUI TIOKA3bIBAeT, UTO CHMKEHHbBIV YPOBEHb OCTEOKAJIb-
uMHa caMm 1o cebe sipisieTcs: hakropom pucka HAJKBIT
[22]. TTockonmbKy OOIIENPUHATO CUUTATh, UTO CHMIKEHME
YPOBHSI OCTEOKasbIHA CBSI3aHO C yCUJIEHMEM KOCTHOM
pe3opOIuy ¥ TOTepy KOCTHOM MAacChl, pPasyMHO Ipe.-
nosioskuTh, yTo y naumueHtoB ¢ HAJKBII 6onee Huskme
KOHIIEHTpAIMY OCTEOKa/IbIIMHA MOTYT ObITh OMHUM U3
(axropos, cesasbiBatonx HACT, HAJKBII n ocreomnopos.

AdunoHekmuH TIpeICTaB/SIET COOOV aAAUIIOLMUTO-
KWH, KOTOPbI MHTEHCUBHO 3KCIIPECCUPYETCS B SKUPO-
BOM TKaHM yeyioBeKa [23-26]. CekpeTupyercsl MOUTHU
VCKJTIOUMTETbHO — aJUIOLMTaMM,  MPEUMYIIECTBEHHO
BUCLIEPAILHON YXKMPOBOI TKAHBIO U, B MEHBIIIel CTeleH!,
nepudepnyecKoii KMPOBOM TKaHbIO ¥ KOCTHBIM MO3TOM.
YpoBeHb agUIOHEKTMHA 3aBUCUT OT MHOTMX (DaKTOpPOB,
TaKMX Kak BO3PACT, MOJI, Macca Teja ¥ COIMyTCTBYIOII/e
3a60s1eBaHMsI.

AJUTIOHEKTVH CEKPeTUPYETCSl B BUIe MOHOMeEpA, Ha-
3bIBAEMOTO «TIOJHOpasMepHbIM» anunoHekTnHom (fAd),
KOTOPBIN CBsI3aH C 06pa30BaHMEM KOMIUIEKCOB C Pa3HOM
MOJIEKYJIIPHONM MacCOii, IMPKYIUPYIOUMX B masme [53].
«TTonHopasmepHbIii» fAd MOXKeT paclIeIuIITbCS B «TJIOGY-
JIsipHY1o Gopmy» anunoHekTuHa (gAd) 3a cueT ceKperym
MOHOLIMTaMM, HelTpodwiamu ¥ Makpodaramm — 3J1a-
CTa3sbl, UTO MO3BOJISIET MIPEIIIONOKUTD, UTO MIpeBpalleHNe
fAd B gAd MOkeT GbITh BbI3BAHO MECTHBIM BOCIAJIEH/EM
[27].

B 3m0poBOV TeueHU amUIMOHEKTMH KOHTPOJIUPYET
MeTaboaM3M IVIIOKO3bl U JIMINUIOB, YMEHbIasl TTIOKOHe-
OoreHe3 U CTUMYIMUPYS TJVKOJINU3 W OKUCTEHME SKUPHBIX
KUCIOT. OTU MeTabonmyeckue 3¢deKTbl MPOUCXOAAT 3a
cueT cBs3biBaHMsA gAd C pelenTtopoM amuMIoHeKTuHa 1
(AdipoR1) u fAd co cnenmduueckum mneyeHOUHBIM pe-
tentopoM AdipoR2 (penentopom apunoHekTuHa 2) [27].

3Be3nuartble KJIETKM TeueHu U kiaetku Kymdepa
9KCIIPeCCUpPYIOT — ofgMHakoBoe KommyectBo AdipoR1
u AdipoR2. 3Besguarble KJIETKM I€UEHU aKTUBUPYIOT-
Cs1 TIOCJie TPaBMbl U TIPUBOAST K CEKpeIuy KoJulareHa
1 06pa30BaHUIO PYOLIOBOM TKaHU, UTO CIIOCOOCTBYET pas-
BUTUIO XPOHMUYECKOTO Gubpo3a MM IUPpo3a IeYeHM.
KynicdepoBckue KIeTKM SIBASIOTCS KJIIOYEBBIMM MeIUATO-
pamMu Kak MOBPEKIEHNs], TaK M BOCCTAHOBJIEHMS TIeUE€HU
[28].

WccnemoBaHusi Ha SKMBOTHBIX ITOKa3aJiM, YTO amy-
IMOHEKTMH 00j1afaeT MOIIHOM 3alliMTHOM aKTMBHOCTBIO
MIPOTMB Da3INYHBIX (GOPM TOBpekAeHui mneueHu [29-
31]. XoTs MexaHM3M ellle He SICeH, HEKOTOpble JaHHbIe
CBUIETENIbCTBYIOT O TOM, UTO AQAUIIOHEKTVH HAINpSIMYIO
MpoTUBOZENCTBYeT mnoBpekpatoiemy sddekty TNFa
B TKaHM TeueHu. Ha >KMBOTHBIX MOJENSIX KaK aJKOTOJIb-
HOTO, TaK ¥ HEeaJIKOTOJIbHOTO CTeaTorenaTuTa 9K30reHHbIN



AIUTIOHEKTUH YMEHbIIIaeT TelaToOMeraanio, CHUKAeT KO-
JIMYECTBO JIUMNIOB, TIOAABJISIET BOCIHAJIEHME B TEYeHH,
cHmskaet koHneHTpaiyio TNFo B riasme, uto mosBosiser
MIPeIIOIOKUTb, YTO ANMUIIOHEKTUH MOKET MPOTUBOIEN-
CTBOBATh HAKOILJIEHUIO JIMITUAOB B IEeYeHM MOCPeNCTBOM
anTtaronusma TNFo [27].

U3BecTHO, UTO KOHIEHTpalLMs aIMUIIOHEeKTHHA oOpar-
HO TIPOIIOPIMOHaIbHA Haymmumto U Tsorect HAJKBIT.

YcTraHOBeHa KOppessiusl MeKAY CHUKeHMEeM KOH-
LIEHTpaLMM [Ty TaTOHA U aguioHekTrHa y i, ¢ HAJKBIT
n/mmu CI2. Bonee HU3KMe yPOBHU aIMIIOHEKTMHA Ha-
GJIIONAIOTCSI TIPY MeTaboIMYecKOM CUHIpOMeE, CaXapHOM
Iouabere 2 THUIMA, MHCYJIMHOPE3UCTEHTHOCTU U TUCIUIIN-
mevun. B cBoem ucciemosanuu T. Yatagai et al. (2003)
MIPOIEMOHCTPUPOBAIN, UTO HU3KME YPOBHU agUTIOHEKTHU-
Ha B KpoBu y mMyskumH ¢ CJI2 cBsi3aHBI C HaKOIUIEHMEM
BUCLIEPAJILHOTO (@ He MOIKOXKHOrO0) skmpa [24], Torma Kaxk
N. Sandhya et al. (2010) BbIsIBUIM CBSI3b MEKAY TIOBBI-
LIEHHBIM OKUC/IUTEIbHBIM CTPECCOM Y HUSKMMU KOHIEH-
TpauusaMu agurnoHekTnHa y naiyentoB ¢ HAJKBIT ¢ CI12
u 6e3 uero [25].

AJIUTIOHEKTUH TaKyke TPOSIBJISIET aHTUOCTEONIOPOTU-
YeCKyI0 aKTMBHOCTb, CIOCOOCTBYSl nudbdepeHINpOBKe
M MMHEpaIM3alMM OCTeOoOIaCTOB UM MHTUOMPYST CeKpe-
LMIO0 OocTeomnporepuHa [32]. AIUMIOHEKTUH CTUMYJIUPYeT
9KCIIPECCUIO OCTEOKAJIbLIMHA, KOTOPBINA [eiCTBYyeT KaK
TOPMOH, DPEryMpyIoIMiA MeTaboaM3M IJIFOKO3bl U SKU-
poByio maccy [26-28, 29-31]. IloreHnuanbHOe BO3IEN-
CTBME AIMUIIOHEKTMHA HA OCTe0b6JaCThl M OCTEOKIACTBI
", ClIefoBaTebHO, HA PeMOJeNMpPOBaHMe KOCTU MOXKeT
OCYLIECTBIISITHCS Uepe3 SHIOKPUMHHYIO CUCTEMY U BIIUSITh
Ha JIMIUOHBIA 0O6MeH. HekoTopble aBTOpbI OTMETUIIN, UTO
aIUTIOHEKTUH MOXKET ObITh HE3aBUCUMBIM IPEIUKTOPOM
MIIK, a ero KOHIEHTpAIMSI TOJOKUTETBHO KOPPEJIUPYET
¢ 6MOXMMMYECKMMM MapKepaMy KOCTHOTO MeTabonmmn3ma
Y SKEHIIMH B TIOCTMEHOTIay3e, HO He Y SKEHIIMH B IpeMe-
Homay3e [33]. Ilo-Buaumomy, CyIIecTByeT CBSI3b MEKAY
KOHIIEHTpaIyell TOJOBbIX TOPMOHOB, MeTaboIM3MOM
aIUTIOHEKTMHA, BbIPAOOTKO MPOBOCIAIUTENbHBIX (aK-
TOPOB U MepexonoM K MeHomayse [34-35]. B mpyrux co-
OOLIEHNSIX YKA3aHO, UTO OOLIMI YPOBEHb aIMITOHEKTUHA
Y SKEHIIMH B TIOCTMeHOIIay3e 6bUT 3HAUMUTETbHO HIsKe TTPU
HaJIUMYMU OXKUPEHUsI. DTO OTKPBITME TIPeATIoaraeT, uTo
AIUTIOHEKTUH SIBJISIETCSI TOTEHIMAIBHBIM 61OMapKepoM
OCTeOIopo3a y KEeHIIMH B TOCTMEHOIay3e C OKMPEHVEM.
AJIUTIOHEKTMH TaKyke paccMaTpMBaeTcsl Kak GakTop, Cro-
COOHBIN MHAYLIMPOBaTh Mponndepanyio n nubdepeHn-
POBKY OCTeO06JIaCTOB MOCPENCTBOM €ro B3aMMOIEMCTBUS
c AdipoR1. B pesynbrare B3aMMOIENCTBUSI aqUITOHEKTH-
Ha C ero peLenTopoM HabIIonaeTcsl BpeMeHHOe J10303aBU-
CUMOe TIOBBILLIEHNEe aKTUBHOCTM IiesiouHoi docdarassl,
OCTEeOKaJIbLIMHA U MPOLYKLMYU KosutareHa I tumna. Takum
06pazoM, MOSKHO TMPEIONIOKUTD, UTO BEPOSITHOE CHIKe-
Hue ypoBHs agunonektuHa mpu HAXEBIT 6yget crioco6-
crBoBath cHIKeHno MIIK u cHmkarp auddepeHLnpos-
Ky 0CTe0b671acToB [36].

®axmop pocma ¢ubpoonacmos 21 (FGF21) npen-
CTaBJsieT co60i1 6eI0K, CeKpeTUPYeMbIi TPeUMYyIlleCTBeH-
HO TIEYEHBIO, HO OH TaKX€ MOXKET 3KCIIPeCCUPOBATbCS

B 6€JI01 KMPOBOV TKaHM, MOMKETYIOYHON Kejese, aiu-
MOLUTAX U CKEJETHbIX MBIIILAX B OTBET HAa (pU3MOJIOTHU-
YyeCKue CTUMYJIbI Y/WJIM TIaTOJIOTMYeCKue COCTOSTHUS [37-
38]. FGF21 B mepByio ouepenb y4acTByeT B PeryJsiluu
KJIeTouHO! mposndepanyy, pocte u auddepeHInPOBKI
KJIETOK, a TaKKe KJIETOYHOTO MeTabonn3ma, HO OH TakKe
SIBJISIETCSI BAXKHBIM SHAOKPMHHBIM DEryJsiTOpOM MeTabo-
JIM3Ma TJIMKOJIMITUAOB, UI'Past BaSKHYIO POJIb B YCUJTIEHUM
[-okuciieHus,, KeToreHese, INIIOKOHEOT€HE3e U CHUHTE3e
MHCY/IMHA B TIOAKETYIOUHO Keye3e. B KimHM4eckux mc-
CIeJOBAaHMSIX Ha JIIOASX BBISIBJIEHO, UTO CUMHTETHYECKUI
peKkoMOMHaHTHbIN vesioBeyeckuii aHasor FGF21 mosker
YCWINTb KOCTHYIO pe3op6uyio [39], mHrnbuposaTh o6pa-
3oBaHMe ocreobnactoB [44]. HemaBHo mpyrue uccieno-
BaHus mnokasanu, uto FGF21 crmocob6cTByeT sKerpeccun
6enka (IGFBP1) B meuenu, CBSI3bIBaIOILEro 06a MHCYJIMHO-
nono6Heix Gaxrtopa pocra [ u II. [IpogemoHcTpupoBaHo,
yto renartokud IGFBP1 moxker crioco6cTBOBaTh 06paso-
BaHMIO OCTEOKJIACTOB U pe30op6umm koctu [40-41].

[Mpepnonaraercs, yto FGF21 moxker 6bITh MOTEHIIN-
aJbHOM MOJIEKYJION [JIsl JiedyeHus] MeTabonnuecKux 3a-
6osieBaHum, Takux Kak nuaber, HAJKBII. B 2023 romy
HauaTbhl K/JIMHMYECKME WCIBITAaHUSI TI0 TIPUMEHEHUIO
CUHTETUYECKOTO PEeKOMOMHAHTHOTO YeJIOBeUeCKOro aHa-
sora FGF21. Hecmorpst Ha To utro FGF21 moxkeT GbITh
BeposiTHO mnosie3ed Kak mpu HAJKBII, Tak u caxapHom
nuabete 2 TuUIa, MPU JIJIUTETBHOM MCIOIb30BAHUM OH
MOKET TPUBECTM K MOBBILIEHUIO KOCTHOM pe30poIymu
[41]. Tpebyercst 6onbiiie nHGOpMaLMK ST TOHUMAHMS,
MOkeT s cuHTeTnueckuii anaysor FGF21 mpusectu
K OCTEeOIOpPO3Yy.

Kuweunaa mukpo6uoma. [laHHble, HaKOIJIEHHbIE
3a TOCJefHMe TOAbl, MO3BOJISIIOT MPENONIOKUTD, UTO
MesKIy TOMeOCTa30M KOCTeil ¥ MUKPOOMOTOM KUILEUHMU-
Ka MOKET CYIIeCTBOBATb Hepa3pbIBHAsI CBSI3b. DTOT BO-
MPOC MCC/IeNOBAJICSI MPU Pa3IMYHBIX MATOJIOTMYeCKUX
COCTOSIHUMSIX, BKJIIOYasi, IIOMMMO IIPOYEro, OKMpeHMe
[42], xoTopoe, Kak u3BecTHO, TecHO cBsizaHo ¢ HAJKBIT.
Cunraercsi, yTO MpU M3MEHEHMM MMKPOOMOTHI KUILIeY-
HUKa YXyOlleHre HOPMaJIbHOTO MeTaboim3Ma KOCTHOM
TKaHM IIPOMCXOOUT BCJIELCTBME HAapyIIeH!UsT BCAChIBAHMS
MUTATebHBIX BelLIeCTB M3-3a U3MEeHeHMIi KUILIeIHOM Mpo-
HULIAEMOCTU U MTOJIOMKY MMMYHHOTO OTBeTa, YXYIIIeHNsI
CUHTe3a HEeKOTOPBhIX MeTaboIUTOB (KOPOTKOLIEIIOUeUHbIX
skupHbIx KuceaoT [KIDKK]), ropMoHOB miM HelipoTpaHc-
MUTTEPOB (HampuMep 5-ruppokcutpunTamuna) [43].

W3BecTHO, uTo munomnonucaxapuabl (JII1C) sBastoTcs
YaCThIO KJIETOYHOM CTEHKM I'PaMOTPUIATENIbHBIX OaKTe-
pMii, YIacCTBYIOT B aKTMBallMM BPOKAEHHOTO MMMYHHO-
rO OTBeTa XO35MHA U UTPAlOT BasKHYIO POJIb B Pa3BUTUU
u nporpeccupoBanuu HAJKBIIL. ITociennee MoskeT ObITH
cBs13aHO co crocobHocThio JITIC cTumynupoBaTh M MOM-
Jlep>KMBaTh CUCTEMHOe BSIIOTeKylllee BOCIajeHue, KO-
TOpOe, KaK M3BECTHO, TAaKKe y4yacTBYeT B HapylLIeHUM
MeTabonaM3Ma KOCTHOM TKaHM. JIumomosmycaxapuubl
MOTYT CTMMY/JIMPOBATh CEKPeLyIO Pas3jIMJHbIX MPOBOC-
MaJIUTENIbHBIX LIUTOKMHOB, B uacTHOCTH IL-1 1 TNF-q,
MHAYLUMPYST TEM CaMbIM 3KCIIPECCUIO pelenToOpa-aKTuBa-
Topa auranga sinepHoro ¢akropa kanna B (RANKL). Oto



MIPUBOAUT K aKTUBALMM pe30pO1ny KOCTU U MHTUOUPOBa-
HUIO KocTeo6pasoBaHus [44].

B HacTosiiee BpeMs BbICKa3aHO MPeINoIOKeHNe, UTo
SKeJTYHbIE KMCJIOThI MOKHO PacCMaTpMBaTh KaK BayKHbIE
CUTHAJIbHbIE MOJIEKYJ/bI, YUYaCTBYIOIME B IIaTOreHese
HAJKBII. Mukpo6uora KuilleyHUKa y4acTByeT B MeTa-
6GOJM3ME SKETUHBIX KUCJIOT, MOCKOIBbKY CIIOCOOGCTBYET 06-
Pa30BaHMUIO BTOPUYHBIX JKETUHBIX KUCIOT B KUIIIEYHMKE.
Bornee Toro, mocpemcTBoM Tepemauyy CUTHAJIOB (apHe-
songHoro X-peuentopa (FXR) u penerntopa 5 sKeTuHbIX
Kkucyor, cesgsanHoro ¢ G-6enkom (TGRS5), mmukpo6uora
KUIIIEYHMKA CIIOCOOHA M3MEHSITh KOJIMYECTBO M THUIT BTO-
PUYHBIX SKEJTYHBIX KMUCJIOT, TEM CaMbIM BJIMsISI HAa X MeTa-
6osmueckue addekts [45]. B cBot0 ouepesb, BTOpUUHbIE
SKeJTUYHbIE KMCJIOTBI, SIBJISTIOIIECS] MOIITHBIMM arOHUCTaMM
TGR-5 3a cuer crumyssiymn TGRS, moryT yBesmumBaTh
BBIPAbOTKY MIIOKaroHononobHoro mnentupa-1 (GLP-1),
KOTOPBIN CIOCOOGCTBYET CeKpelyy KaJbIIMTOHWHA, TeM
caMbIM MHTUOMPYS pe3opbinio koctn. Kpome TOro, sTOT
TOPMOH MOKET CTUMYJIMPOBATh Mpondepalnio oCcTeo-
6J1aCTOB ¥ MHIMOMPOBATb OCTEOKJIACTHI [46].

HakorteHHble JaHHbIE O POJIM KOPOTKOILIEITOUEUHbIX
SKUpHBIX Kucj1oT B ratoreHese HAJKBII npencrasnsioTcs
MIPOTMBOpEUMBbIMM. HeKoTopble MCC/IenoBaHus MPeaIo-
JlaraloT 6J1arOTBOpHOE BiIMsIHME GyTHpaTa Ha Oc/IabiieHne
HACT 3a cuet MOTY/SIIUY MUKPOGUMOTBI KMILIEUHMKA, 6a-
pbepHON GYHKIMM KUIIEYHUKA Y YCUIEHUST IKCIIPeCCUn
peuentopa GLP-1, Torma kak Apyrue MOKa3bIBAIOT, YTO
ameraT ¥ MPOIMMOHAT MOTYT CIOCOGCTBOBATH IMPOTpec-
cupoBanmio HAXKBII 3a cuer mommepskaHusl BOCHaJIEHMsI
Huskoii crerenu [47]. TIpou3BOACTBO KOPOTKOIENOYeY-
HBIX JKMPHBIX KUCJIOT TaKKe€ MOSKET ObITb MEeXaHM3MOM,
C MMOMOII[bIO KOTOPOT'O MUKPOBMOTA KUIIIEUHVKA BIMSIET Ha
roMeocTtas Kocteit. ToT 3pheKT 0ObICHSIETCS CIIOCOOHO-
CTbIO KOPOTKOIIETIOYEUHbBIX JKUPHBIX KUCJIOT YBEJIMUMBATD
cuaTe3 u cekperyio IGF-1, a Takke mpoTMBOBOCHAIN-
TEJIbHbIM JIECTBUEM TUX MOJIEKYI [45].

Hedocmamounocme eumamuna D. Ponb Buramuna D
B MPOIIECCaX KOCTHOTO PEMOJEIMPOBAHMSI XOPOIIIO M3yyde-
Ha. HegocTtarouHocTh BuTaMuHa D BbI3BIBAET CHIUSKEHME
abcopbuMM KalblMst ¥ TPAH3UTOPHYIO TUITOKAbIIVIEMMIO,
YTO 3aITyCKaeT KOMITEHCATOPHbIE TTPOIECChl B BUJE AKTU-
BallMy TTAPATUPEOIUTOB U YBEJIMUYEHMsI CUHTE3a MapaTrop-
MOHa. DTO IPUBOOUT K YCUJIEHUIO Pe30pOLmy KOCTHOM
TKaHM, OCTEOTIOPO3Y U TMATOJOTMUYECKUM TepeioMaM.

OCHOBHBIM MCTOYHMKOM BUTaMMHA D sBIIsS€TCS 3H-
JIOTeHHOe OOpa3oBaHMe xoyekanbludeposnaa (BUTAMUHA
D3) u3 7-gerunpoxosiecteposia B KepaTMHOLMUTAX KOXU
IIO7, BO3MENCTBMEM COJTHEUHOIO YJIbTPa(MoIeTOBOTO MU3-
JIyUeHUsT CpefqHel IIVHbI BOJHbL. HekoTopoe KoimuecTBO
BUTaMMHa D Takske IMOCTyINaeT C MuIleir u JobGaBKamu
ButamuHa D. Butamud D mau genoHupyeTcst B XXKUPOBOM
TKaHy, WX TpeBpaiaercss B 25-ruapokcuButramud D
(25 (OH) D wmn xambiymanosn) B mnevyenu. CHMUSKEHHBI
ypoBeHb BuTamyuHa D 0GbIYHO BCTPEUaeTcs y JIUI C TEM-
HOV KOXKeli, Y BeretapuaHIieB 1 BEraHoOB, Y MOXKMUJIIbIX JIFO-
[leit, Ipy 3a60JIeBaHMSIX TTOYEK U T.JI.

Psap kvMHMYeCKUX MCCIeI0BaHMii TToKasasl, uTto aedu-
IUT BUuTaMmmrHaa D MOKeT urpaTh posib B TATODU3MOIOTUN

neuenn u HAJKBII. Tak, B HEKOTOPBIX KJIMHMUYECKUX
paboTax ObUIO IMOKA3aHO, YTO ChIBOPOTOUYHbBIE YPOBHMU
25 (OH) D 6pum Hmke y yimi, ¢ HAXKBIT mwim HACT o
CpaBHEHUIO CO 3M0POBbIMM JitombMK. OTMeUaeTcs, YTo 3TO
CHIUKEeHME ObIJIO TECHO CBSI3aHO C TMCTOMATOJOTMYECKU-
mu ocobennoctamyu HAJKBII, He3aBucUMMO OT HamMumst
WM OTCYTCTBUSI MeTabOoJMYeCcKOro CHMHApPOMa, muabera
¥ MHCYJMHOPE3UCTEHTHOCTH. JIBa HemaBHMX KoJMYe-
CTBEHHBIX MeTaaHa/m3a (BK/IIOUast IBaalaTh TPU U IEBSTD
MCCIeMOBaHUI COOTBETCTBEHHO) MPUIILIY K BBIBOAY, UTO
yposuu 25 (OH) D 6butn Hmske y cybbekToB ¢ HAJKBIT
nm HACT, uem y nui; 6e3 oskupeHwst eueHn [48].

Ecmn  mepekpecTHble  MCCIeNOBaHMS — MOOTBEPIK-
JAlOT TOTEHIMaJbHOE BJMSHME CTaTyca BUTaMMUHA D
nHa HAJKBII, cyuiecTByloT orpaHMuyeHHbIe [OKa3aTellb-
cTBa 3¢bGeKTUBHOCTY A06ABOK BUTaMiuHa D y maiyeHToB
¢ HAJKBII. OpHako pe3ysibTaThl Ha XKMBOTHBIX MOJIEJISIX
TOKa3ajiy, YTo MpueM J06aBOK BUTaMuHa D MpensarcTBy-
eT aKTUBAIUM 3BE3QYaThIX KJIETOK IeueHu, KOTOpbhie OT-
BETCTBEHHBI 3a OTJIOKEHMEe KOoJulareHa M peMOJeMpoBa-
HIf€ BHEKJIETOYHOTO MaTPUKCa, YTO MIPUBOAUT K HuGPO3Y.
Kpome Toro, uccienoBanme momenan HAJKBIT u HACT
Ha KpbICaX MPOAEMOHCTPUPOBAJIO, UTO MCKYCCTBEHHbIN
COJTHEUHBIN CBET, KOTOPbI/ BbI3bIBAJ MOBBIIIIEHNE YPOBHS
aKTMBHOM (GopMbl BUTaMMHa D, CHMKaI MPOrpeccupoBa-
une HAJKBIT u HACT, ymeHblan arnomnTo3 remnaToluuTOB
1 BbIPayKeHHOCTD MPOLieccoB BocnaneHus [49].

Huskaa c¢usuueckans akmueHocms. B Hacrosiee
BpeMs hu3nueckast akKTUBHOCTb CUMTAETCSI KPaeyroabHbIM
kaMHeM npodumaakTuky Kak HAXKBII, Tak 1 ocreornoposa.
Pasnuunble ucciienoBaHmusl IMOKasajy, 4To aspobHas Ha-
Ipy3Ka CHIKaeT YPOBEHb BUCIEPATbHOTO OKMPEHUS TIpH
OTCYTCTBUY OOIIIeli TOTEPU Beca, YTO MOXKET ObITh KiTIoue-
BbIM MexaHusMoMm 3ammTbl 0T HAJKBIIL. Tlostomy usme-
HeHye 06pasa KU3HU C yBeJueHreM Gu3nyecKoii akTuB-
HOCTY CUMTAETCs JiedeHreM MepBOy JIMHUYU Y Talli€HTOB
C SKMPOBBIM CTEaTo30M M creartorematuToM. Cumraercs,
4yTO (DM3UUeCcKye YIIPaskKHEHNUST YKPEIUISIOT KOCTH CKeJleTa
3a CUeT I'PaBUTALMOHHBIX CUJI Y PACTSKEHMST MBIIIIL], BbI-
3bIBAIOIIMX PACTSDKEHME BHYTPU cKejieTa. VMimeroTcs ybe-
IUTEebHbIE NOKA3aTeJbCTBA TOTO, YTO a3POOHbIE YIIpPasK-
HEHMST ¥ yMepeHHbIe CUJIOBbIe YIPasKHEHUS MTO3BOJISTIOT
CBECTM K MMHUMYMY TIOTEPIO KOCTHOJ MAacChl M UTpa-
0T BaKHEHINYI0 poJib B MPOMUIAKTMKE OCTeOIopo3a.
ViccnenoBanus ¢ yyacTiieM SKeHIIMH ¢ PAaHHUM HaCTyILie-
HI€M MeEHOTIay3bl MMOKAa3a/iM, YTO CUJIOBbIE TPEHUPOBKM
MPUBOOWIIA K HEOOJIbIINM, HO 3HAUMMbIM M3MEHEHMSIM
MIIK. Metaanamm3s 16 uccienoBaunii u 699 MCIbITYyeMbIX
rokasan yayuireHue Ha 2% MIIK B mosscHnuHoM oTzesie
MTO3BOHOYHMKA B TPYIIIE, TIe OCYIIECTBISUIUCH CUIOBbIE
YIPasKHEHWS, TI0 CPaBHEHMIO C T'PYIMINON 6e3 3HAUMMOI
¢busuueckoit aktusHoCTH [50].

Ocmeocapkonenuss u HAJKBII. B mnocienHee Bpe-
MsI 0CO00O€ BHMMAaHME YHESIeTCS COYETaHUIO OCTEeOIO-
po3a M CapKOMEHWM, KOTOPOe OGO3HAUYEHO TEPMUHOM
«OCTeocapKorneHus». PacipocTpaHeHHOCTh OCTEOIopo3a
¥ CapKOIIEHMM 3HAUMTE/bHO BBIIIE Yy TMAalMEeHTOB C 3a00-
JieBaHMsIMY redeny. [Tpy 3ToM 0CTeornopos 1 CapKOMeHust



OTPULIATENILHO BIAMSIIOT Ha MCXOH, MpU 3ab0eBaHMsIX Iie-
YeHM, ONHAaKO 3T CKeJIeTHO-MbIIIeUHble HapyIIeHMs
YacTo YIYCKAIOTCS M3 BUAY B KJIMHUYECKOM IPaKTHUKE.
BsaumopeiicTBusi MeKAY MBIIIIAMM UM KOCTSIMM BKITIO-
YAIOT B3aMMOAENCTBYME OCTEOKMHOB, BbIEJNISIEMBIX KO-
CTSIMM, MBIIIEYHBIX MMOKMHOB ¥ LIMTOKMHOB, KOTOPBIE
3aIyCKaloT OOlIye CUrHAIbHbIE TYTH, Bemyiiue K (u-
6po3y, BOCHAJIEHWMIO, WIA CHUHTE3y, WIM Jerpajaiyn
6enka. OcTeocapKomeHusi, coueTaiolas B ceGe MoTepio
MBIIIIEYHOM ¥ KOCTHOM MAcCChl, SIBJIIETCS HEPEAKON KI-
HUYECKOM MpoOIeMON MPY XPOHUYECKUX 3a60TeBaHMSIX
MevyeHn. YCTAHOBJEHA MATOT€HeTHMYeCKas] CBSI3b MEKAY
capKoIeHyel, OCTeONOPO30M ¥ HeaJIKOTOJIbHOM KUPO-
Boii 6ose3nbio meueHn. Octeocapkomnennus u HAXKBIT
MMEIOT HECKOJIBKO OBIIX MaTOGU3NOIOTMYECKUX TTYTeN,
a MMEHHO BBICOKYIO PE3UCTEHTHOCTb K MHCYJIVHY, XPO-
HUYECKOe CUCTEMHOe BocraJsieHne (0COOGeHHO TPU MOBbI-
IIIEHHBIX YPOBHSIX BOCTIAIATEIbHBIX IIMTOKVHOB, T.e. IL-1,
IL-6 u TNF-o), Hu3Ky10 GU3NYECKYI0 aKTUBHOCTb. OTU
BaskKHbIE Mpeapacroaralye hakTopbl CBI3aHbI C HaJM-
unem u Tspkectbio HAJKBIT [51].

3AK/IIOYEHHME

Takum o6pasom, MaToGuU3MOJIOTNUYECKIe MeXaHU3Mbl,
KOTOpbIEe MOTYT UTparb posib B cBsizu mMexxay HAXKBIT
M KOCTHOV CHUCTEMOJ, MHOTOUMCJIEHHbI M pa3HOOOpas-
HbI, BKJTIOYAIOT ¥ XPOHUYECKOe BOCHajeHue, u geuiur
BUTamMmHa D, ¥ MHCYJIMHOPE3UCTEHTHOCTh, U OKUPEHUE,
U CHIDKEHHYIO (GM3MYecKyro Harpysky. [lepeuens yske Be-
JIMK U TPOJOJIKAeT PacTy, XOTSI BOIPOC MOATBEPKIEHNS
dusmonornueckoit sHaunmoct HAJXKBIT B oTHOIIeHUN
pUCKa OCTEOTIOPOTUYECKUX TIEPEJIOMOB KOCTE OCTAeTCS
otkpbiThiM. HAJKBII sBisieTcst ¢hakTOpoM pucKa CHIKe-
Hust MITK.

HoBble naHHbIE, make HECMOTPSI Ha MX HEKOTOPYIO
MIPOTUBOPEUYMBOCTD (B TOM UMCJIE BO3PACTHbIE U DPEruo-
HaJIbHble OCOGEHHOCTM TPOBENEHHBIX WMCCIENOBaHMIA),
BCe OGOJIbIIIE CBUMETENbCTBYIOT O HAJIMUMM TIATOT€HEeTH-
yeckoit csisu meskny HAXKBIT u octeomoposom. Ho Tak
KaK GOJILIIIMHCTBO MCCAeNOBaHMII COCPENOTOUEHO Ha MC-
cnempoBanuy MIIK, a He Ha yacTOTe ITepeIOMOB KOCTE,
HeOOXOAVMBI IOMOTHUTEIbHbIE VICCIeOBAHNMS IJIsT TIOHU-
MaHusl, cienyeT Jin obcinenosarh nauyeHToB ¢ HAXKBIT
Ha HaJMuMe OCTeornopo3a B 0OS3aTeJIbHOM MOPSIKE.
Bo3MoOkHO, CKpPMHMHI OCTeornopo3a ¥ HaboneHue
3a cocrosiHMeM Kocteii y manyentoB ¢ HAJKBII 6ymer
BO3MOKEH B OymyIIMX CTpaTerusX U B PYKOBOACTBAX
o Bemenuto HAJKBII. Bosiee Toro, MmHoroo6elaoiiye
pe3yJibTaThl HEKOTOPBIX KJIMHUUECKUX VCCIIENOBAHUIA 1O
s dextuBHOCTM BuTamMmHa D y mamuentoB ¢ HAJKBII
MTOMOTYT OIPaBIaTh €ro fo6aBjieHNe B MeIKaMeHTO3HOe
JieueHue OCHOBHOTO 3a60JIeBaHMS.
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Pe3iome

AKTYAJIBHOCTD. 300poBblii OJHOIEHHBI COH — OOHO U3 HEOOXOOMMBIX
YCJIOBUM TOCTUXKEHUSI NOJITOJIETUSI M TIOBbIIIeHNST BbDKMBaeMoCcT. MHoroumuc-
JIEHHbIE VICCJIeIOBAHMsI, BbITIOJITHEHHbIE B OOIEN MOMY/IsNY, OOHAPYKMUIM B3a-
MMOCBSI3b MEXAY HEKOTOPbIMM ITPUBbIUKAMU, CBSI3AHHBIMM CO CHOM, I CMEPTHO-
CTbIO, OMHAKO Pe3yJ/IbTAaThl aHAJOTUYHBIX MCC/IEIOBaHMIA, BBITIOJIHEHHBIX Y JIUIT
CTapllIMX BO3PACTHBIX TPYIII, HE CTOJIb OLHO3HAYHBI.

LEJIb. Vsyunth BiusiHME MPUBBIYEK, CBSI3AHHBIX CO CHOM, Ha 5-JIETHIOIO BbI-
SKMBAEeMOCTb JIMIL B Bo3pacTe >75 Jier.

MATEPUAJIbI I METO/BbI. B iccnegoBanue Bkatoumin 223 yenoBeka (24%
MY>KUMH) B Bo3pacte 75-98 yer (Memmana 87 jiet), mposkuBaooImX B I. MockBe
1 MOCKOBCKOM 00JIACTM M HAXOAMBIIMXCS Ha IIJIAHOBOM CTallMIOHAPHOM Jieue-
HM B PoccuitckoM repOHTOJIOrMUEeCKOM Hay4yHO-KIMHMYecKoM IieHTpe B 2011-
2013 rr. Tlpy rocnutanusanuyu MPOBOAWIM aHKETHMPOBaHME IAlMEeHTOB IO
crelaabHO pa3paboTaHHOMY OMPOCHUKY C 1eJTbI0 M3YUeHMs COIMATbHbBIX U TO-
BeJleHUYeCKX (PaKTOpOB, TaKMX KaK 00pas >KM3HM, MPUBbIYKM, XapaKTep IUTa-
HUsI 1 GuU3MUecKast akTMBHOCTb. BOMpochl aHKeThI, Kacaroliyecs CHa, BKITIOYasIn:
1) Bpems oTX0ma Ko CHY; 2) BpeMst TpoOy>KIeHNS; 3) IJIUTEIbHOCTh HOYHOTO CHA;
4) coH B nHeBHOe BpeMmsl. [locse BbIMMCKYM U3 CTalMOHapa IMalyeHTOB Habsona-
71 B TeueHue 5 jet. PermcrpupoBam ciiydanu CMEPTH OT BCeX IPUUMH.
PE3VJIBTATDI. B teuenne 5 et nabmomnenus (MenuaHa 3,63 roma) ymepin
88 (39,5%) uenoBek. COOTBETCTBEHHO, 5-JIETHSISI BBIKMBAEMOCTh COCTaBMJIa
60,5%, a cpenHee BpeMs BbkuBaHUS — 4,44 [95% moBepUTEIbHBIN MHTEPBA
(IN) 4,19-4,71] roga. AHKeTHpOBaHMe MOKA3aj0, UTO OOJIBIIMHCTBO OOCenye-
MBIX JIO’KaTcs crath B 22-24 u (65%), mpoceinaioTcs B 6-8 1 yrpa (58%) u criar
IHeM (61%), a IJINTeIbHOCTh HOYHOTO CHA COCTaBJIsIeT 7-9 u'y 68% yuyaCTHUKOB.
OnHohaKkTOPHBIM perpecCMOHHBIM aHaIM3 ITOKa3asl, YTo Mo3gHuil (rmociie 24 u)
OTXO[I, KO CHY, TpoOyskaeHme rmocie 8 u yrpa u giuuHas (210 9) mpogomkuTeb-
HOCTb HOUHOT'O CHa aCCOLIMUPYIOTCS C TIOBBIIIIEHMEM PYCKAa CMEPTH B OJvsKauIime
5 ner B 1,7-2,1 pasa, B TO BpeMs KaK paHHMii (0 24 4) OTXOI KO CHY, TPOGYK-
neHue ¢ 4 1o 8 4 yTpa u OJUTEbHOCTb HOYHOTO CHa 5-9 4, HarmpoTuB, accoum-
MPYIOTCSI CO CHUKEHMEM 5-JIETHEro pucka cmepty Ha 43-52%. CoH B JHEBHOE
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BpeMs He OKa3bIBaJl BJAMSHMUS Ha 5-JIETHIOIO BbIKMBAEMOCTb. MHOrohaKkTOpHbIN
perpecCHOHHbBIN aHAJIU3 MTPOIEMOHCTPUPOBAJI, UTO HAPSITYy C BO3PacTOM (OTHO-
mrenre puckos [OtHP] 1,09; 95% OU 1,02-1,17; p = 0,019) pauuuit (mo 24 )
orxop ko cuy (OTtHP 0,55; 95% IOU 0,31-0,97; p = 0,040) u cpemussa (5-9 u)
IpOIOJIKMUTEIbHOCTh HouHoro cHa (OtuP 0,44; 95% 11U 0,26-0,76; p = 0,003)
SIBJISIIOTCSI HE3aBUICMMBIMU MTPEIUKTOPAMM 5-JIeTHel BbIKMBAEMOCTH.
3AKJIKOYEHME. Pauunii (mo 24 4) otxon Ko cHY u cpenusisa (5-9 1) nmpomoi-
SKUTEJIbHOCTb HOYHOTO CHA SIBJISTIOTCS HE3aBMCUMbBIMU MPEAVKTOPaMM 5-JIETHE
BbDKMBAEMOCTH JIUII B Bo3pacTe >75 jiet, mposkuBaroimx B I. Mockse 1 MOCKOB-
CKOJ 006J1aCTH, ¥ aCCOLIMUPYIOTCS CO CHUKEHMEM pucKa cmepTu Ha 45% u 56%
COOTBETCTBEHHO, YTO ITO3BOJIIET PAacCMAaTPMBaTh COH KaK repONpPOTEKTMBHbIN
dakTop.

KiroueBbIe €JI0OBa: COH; CTapuecKuii BO3PacCT; JOJITOKUTEN; BbIKMBAEMOCTD;
CMEpPTHOCTbD; MPOAOJIKUTEIbHOCTh HOUHOTO CHA; BPeMsI OTXO[a KO CHY; BpeMmsi
MPOOYKAeHMsI; THEBHOM COH.

Ons mutupoBanmsi: Bopoonreésa H.M., McaeB P.M., MapaxoBckast E.A., Maas
W.I1., KoroBckas }O.B., TkaueBa O.H. BimsiHue nmpuBbIUeK, CBSI3aHHBIX CO CHOM,
Ha 5-JIeTHIOI0 BBIKMBAEMOCTD JIMII, CTAPUECKOrO BO3pacTa M JoJaroxkurteseit. IIpo-
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Vorobyeva N.M.'"2* Isaev R.I.2!] Marakhovskaya E.A."”2 Malaya I.P."2}
Kotovskaya Yu.V."2’!] Tkacheva O.N.'>1

! Pirogov Russian National Research Medical University of Ministry of Health of the Russian
Federation, Russian Gerontology Clinical Research Center, Moscow, Russia

2 Pirogov Russian National Research Medical University of Ministry of Health of the Russian
Federation, Moscow, Russia

* Corresponding author: Natalia M. Vorobyeva. E-mail: vorobyeva_nm@rgnkc.ru

Abstract

BACKGROUND. Healthy, good quality sleep is one of the necessary conditions
for achieving longevity and enhancing survival. Numerous general population
studies revealed a relationship between some sleep-related habits and mortality,
but the results of similar studies conducted in older participants are not so
unambiguous.

AIM. To study the impact of sleep-related habits on the 5-year survival rate in
participants aged >75 years.

MATERIALS AND METHODS. The study included 223 participants (24%
men) aged 75-98 years (median age: 87 years) who lived in Moscow and
the Moscow region and were receiving routine inpatient care at the Russian
Gerontology Clinical Research Center in 2011-2013. At admission, patients
were surveyed using a specially developed questionnaire in order to assess social
and behavioral factors such as lifestyle, habits, diet, and physical activity. The
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questionnaire included the following sleep-related items: 1) bedtime; 2) wake-up
time; 3) nighttime sleep duration; 4) daytime napping. After discharge, patients
were under follow-up for 5 years. Cases of all-cause mortality were registered.
RESULTS. During 5 years of follow-up (median: 3.63 years), 88 (39.5%)
people died. Accordingly, the 5-year survival rate was 60.5%, and the mean
survival time was 4.44 [95% confidence interval (CI) 4.19-4.71] years. The
study demonstrated that the most of the participants went to bed at 10-12 p.m.
(65%), woke up at 6-8 a.m. (58%) and had a daytime napping (61%), and 68%
of the participants had the duration of nighttime sleep within 7-9 h. Univariate
regression analysis showed that late (after midnight) bedtime, waking up after
8 a.m., and long (>10 h) nighttime sleep were associated with a 1.7-2.1-fold
increase in the risk of death over the next 5 years. On the contrary, early (before
midnight) bedtime, waking up between 4-8 a.m., and nighttime sleep for 5-9 h
were associated with a 43-52% decrease in the risk of death over this period.
Daytime napping had no effect on the 5-year survival rate. Multivariate regression
analysis demonstrated that age (hazard ratio [HR] 1.09; 95% CI 1.02-1.17; p =
0.019), early (before midnight) bedtime (HR 0.55; 95% CI 0.31-0.97; p = 0.040)
and 5-9 h nighttime sleep duration (HR 0,44; 95% CI 0.26-0.76; p=0.003) were
independent predictors of the 5-year survival rate.

CONCLUSION. In participants aged >75 years, who lived in Moscow and the
Moscow region, early (before midnight) bedtime and medium (5-9 h) nighttime
sleep duration are independent predictors for the 5-year survival rate and are
associated with 45% and 56% reduction in the mortality risk, respectively,
suggesting that a proper sleep may be a geroprotective factor.

Keywords: sleep; old age; long-living individuals; survival; mortality; nighttime
sleep duration; bedtime; wake-up time; daytime napping.

For citation: Vorobyeva N.M., Isaev R.I., Marakhovskaya E.A., Malaya L.P,,
Kotovskaya Yu.V., Tkacheva O.N. Impact of sleep-related habits on the 5-year
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BBEJEHUE

3IOPOBbIN TTOJTHOLIEHHBII COH — OFHO U3 Heo6XOomu-
MBIX YCJIOBMIA TOCTVKEHMUSI HOJITOJIETUSI U TTOBBILIEHMS
BBIKMBAEMOCTH MOKMIIBIX Jitomeit. [Ipu sTtom nmMeer 3Ha-
YyeHMe He TOJIBKO €ro KaueCTBO M IPOIOJIKUTELHOCTD,
HO M BpeMs 3achlllaHust U NpobykaeHus. 1o MHEHMUIO
ucciefoBaresiel, TMOHSITHE «ONTUMAJbHbIM COH» Tpen-
rojiaraeT OTXOf, KO CHY 110 24 4, mpobykaeHue mo 8 d,
IJIUTEIbHOCTh HOUHOIO CHa 7-9 4, GhICTpOE 3achlllaHue,
CITOKOJHBIN COH 6e3 YaCThIX MPOOYsKIEHMIA.

B MHOrOYmMc/IEHHBIX MCCIEIOBAHMUIX, BBINOJTHEHHbIX
B o6uien mnonynsiuu, obHapyskeHa U-obGpasHasi B3au-
MOCBSI3b MEXKAY IPOTOJIKUTEIBHOCTBIO HOYHOTO CHa
¥ CMEPTHOCTBIO OT BCEX IPUYMH C CaMOM HU3KOM 4acTo-
TOV CMepTM IIPY IJINTeTbHOCTY HOYHOTO cHa 7-8 u [1-3].
OpHaro pe3y/IbTaThl aHAJIOIMYHBIX VICC/IENOBAHMI, TPOBe-
JIEHHBIX CPEeIM TOKWIIbIX JIIOLEN, He CTOJIb ONHO3HAUHBI:

B OOHUX paboTax He BBIIBWIM HMKAKUX aCCOIMAINI
MeXKIy CMEPTHOCTBIO U IJIUTEIbHOCTHIO HOUYHOTO CHa [4],
B IPYTUX 0GHAPY>KIUITU B3aIMOCBSI3b TOJIBKO C ITTMHHO €ro
MIPONOJIKUTENTLHOCTBIO [5]. PesynbraTel mcciieqoBaHmit
IO M3YUEHUIO BJIMSHUST THEBHOTO CHAa Ha CMEPTHOCTD TI0-
SKUJIBIX JIIOMEN TaKsKe MPOTUBOPEUNBBI.

YunuTtbiBasi, YTO MPUBBIUKA, CBSI3aHHbIE CO CHOM, (GOp-
MUPYIOTCS TIOf, BIMSHMEM Cpebl ¥ BO MHOTOM 3aBUCST
OT peruMoHa TIPOKMBAHMUS, COIMATbHO-IKOHOMIYECKUX
(aKkTOpOB ¥ KYJIBTYPHBIX Tpaguiuii, 6bUIO ObI Hempa-
BWJIBHO OKCTPAIlONMPOBaTh pe3yJbTaThbl, MOJyUEHHbIE
B KOHKDETHOJ BBIGOpKE 0OOC/IeAyeMbIX, Ha APYTUX JIIO-
nei. B oToi CBSI3M M3yueHue MPUBBIUEK, CBS3AHHBIX CO
CHOM, Yy JIMII CTap4yeckoro BO3pacTa ¥ IOJITOKUTEJIeN,
MIPOKMBAIOIIMX B KOHKPETHOM pPeruoHe, MpenCcTaBlIsIeT-
Cs1 11eJ1eCO06pasHbIM M aKTyaJbHbIM, MOCKOJIBbKY MOSKET
MPeJoCTaBUTh HOBbIE JAHHbIE O MOTEHIMAJbLHOM Tepo-
MMPOTEKTVBHOM 3¢ eKTe CHa.



ITEJIb NCCJIEJOBAHN

W3yunTthb BAVSIHYE TPUBBIYEK, CBSI3aHHBIX CO CHOM, Ha
5-71eTHIOIO BBIKMBAEMOCTD JIMI B Bo3pacTte >75 JierT.

MATEPUAJIbI 1 METO/bI
NCCJIIEJOBAHUSA

B mpocrniektrBHOe HabmomareabHOe MUCCIeNOBaHMe
BKJIIOUA/IM JIMIL B BO3pacTe >75 jieT, mposKMBaioIuMX B
r. MockBe 1 MOCKOBCKOV 06/1aCTV ¥ HaXOOMBIIMXCS Ha
CTalIOHApHOM JieueHuu B PoCCHMIICKOM TI'€pOHTOJIOTH-
YeCKOM Hay4HO-KIMHMYeckoMm IeHTpe B 2011-2013 rr.
Kpurepusivut BritoueHust siBsich: 1) Bospact >75 Jier;
2) moamnucaHne AOGPOBOJBHOTO MH(MOPMMUPOBAHHOTO CO-
I71acHst Ha yYacTHe B UCCIIeNOBaHNUMN.

[Mpr rocmuranmMsauuu MPOBOOWIIM AHKETUPOBAHME
MAIMEHTOB IO CIENUATbHO Pa3paboTaHHOMY OIPOCHUKY
C UeJIbI0 M3YUEHUsI COLMAIbHBIX ¥ TMOBeJeHUeCKMX (ak-
TOpPOB, TAaKMX KaK 0Opa3 >KM3HMU, MPUBBIUKK, XapaKkTep
nuTaHust ¥ GusMdYecKkas aKTMBHOCTb. BOMPOCHI aHKETHI,
Kacarollecs: CHa, BKIoUain: 1) BpeMsi OTXO[a KO CHY;
2) BpeMsl IPOOYKIEHNUST; 3) IJIUTEIbHOCTh HOYHOTO CHA;
4) COH B THEBHOE BpeMS.

[Tepron MPOCHEKTUBHOTO HAGIIOAEHNUST 3a MallyeH-
TaMM TOCJI€ BBIMMCKM M3 CTAalMOHApa COCTaBMJI 5 JIeT.
@uKcupoBaau cjiydyau CMEPTU OT BcexX ImpuumH. Vcxonmbl
PErucTpUpoBa MOCPEACTBOM Tesle(hOHHOTO KOHTAKTa
C CaMIMMM IMallyeHTaMM WJIN UX POACTBEHHMKaMI, a TaK>Ke
MIPY TTOBTOPHBIX TOCTIMTAM3AIMSIX B Poccuitckmii repoH-
TOJIOTMYECKUI HAYUHO-KIMHUYECKUIA TIEHTD.

Cpenu 399 mainmeHTOB, BKJIIOUEHHBIX B MCCJIENOBa-
H€e, VICXOMIbI B T€UEHME 5 JieT HABIIIOIEeHsI TIPOCTIesKEHbI
y 283 uenoBek, y 223 (78,8%) u3 Hux umenach nHpopma-
1M1 O MPUBBIUKAX, KACAIOIIMXCsI CHA. BospacT y4yacTHU-
KOB BapbypoBaj oT 75 1o 98 ner (meguana 87 jer), uyTh
6osiee YETBEPTU SIBISUIMCH Aoiroxkutensvu (tabm. 1).
Cpenyu ob6cenyeMbIX 3HAUMTEbHO IMpeobsiafany >KeH-
yHbI (76%).

CTaTI/[CTI/[‘{eCKI/Iﬁ dHaJIM3 OaHHbIX BBINIOJIHEH ITPU I10-
MOILIM cTaTucTudeckoin mporpammbl SPSS 23.0 (SPSS
Inc., CIIIA). AHain3 COOTBETCTBMS BUAA pacrpenese-
HUSI KOJIMUECTBEHHBIX IepeMeHHbIX HOpMaJIbHOMY (Ta-
YCCOBY) pacIpefieJieHI0 He MPOBOAW/IN, B CBSI3U C YeEM
UCTIONb30BA/IM HETlapaMeTPUUECKMEe METOIbI CTATUCTUKMN.
KonmuectBeHHble MepeMeHHbIe TpeACcTaB/ieHbl kKak Me
(25%; 75%), tme Me — menmana, 25% — 25-i1 npolueH-
Tuib; 75% — 75-1 mpotenTmb. IIponyilieHHbIe 3HaUe-
HUSI He BOCIHOMHSUTM. [IJisI MeKIDYIIOBBIX CpPaBHEHUN
ucnosb3oBasu kputepuii y? IupcoHa. AHamns BbIKMBA-
eMocTu npoBoawui 1o metopy Karytana-Meiiepa. Bpemst
BbDKMBaHMsI IpeficTaBieHo kKak M [95% U], rne M —
cpenHee 3Hauenne; 95% AU — 95%-it moBepUTEIbHbIN
uHTepBaI. [T CpaBHEHMS KPUBBIX BbIKMBAEMOCTU WUC-
MOJIb30BaJIM JIOTPaHroBbIil Kputepnii (Manresnsi-Kokca).
[ OleHKM BAUSHUSI TIPUBBIUEK, CBSI3AHHBIX CO CHOM,
Ha PUCK CMePTU MCIIOIb30BaIX MOJE/b MTPOIOPLMOHAb-
HbIX pucKoB Kokca C BbIUMC/IEHMEM OTHOLIEHMS PYICKOB
(OTHP) 1 95% [, e B KauecTBe 3aBMCUMOIL TIepeMeH-
HOJ1 pacCMaTpUBaI CMEPTEJIbHbBIN UCXOL, B TEUEHNUE 5 JieT

Ta6auma 1. XapakrepucTiKa MamnyeHTOB, BKIUEHHbIX
B 1cciienoBanue (n=223)
Table 1. Characteristics of the patients included in the study

(n=223)

IToka3artens N 3HaueHne
Myskekoit o, n (%) 223 54 (24,2%)
Bospacr, rogst [Me (25%; 75%)] 223 87 (86; 90)
Bospact 290 net, n (%) 223 61 (27,4%)
ViHpeKkc Macchl Tesa, Kr/m? 211 26,1 (22,9; 29,3)
[Me (25%; 75%)]
Hedbuunt maccsl Tena, n (%) 211 5(2,4%)
Hopwmanbhast macca tena, n (%) 211 82 (38,9%)
M36bITOouHas Macca Teina, n (%) 211 83 (39,3%)
Oskupenne, n (%) 211 41 (19,4%)
Kypenne B HacTosiiiiee Bpemsi, n (%) 223 2 (0,9%)
Ynorpe6iieHne aJIKorosist B HaCTOsI- 223 10 (4,5%)
1iee Bpemst, n (%)
Hammune nuBamigHocty, n (%) 199 24 (10,8%)
VuacTHuKM/MHBaIMAb! Beakon 221 157 (71%)
OteuecTBeHHOI BOJHBI, N (%)
CemeriHoe nosoykenne, n (%): 223
JKenar/3amy>kemM 44 (19,7%)
XosocTt/He 3amyskem 11 (4,9%)
B pasBone 4(1,8%)
Brosbie 164 (73,5%)
O6pasoBanne, n (%): 222
HauvasnbHoe 15 (6,8%)
Cpennee 36 (16,2%)
CpenHee crienmaabHOe 47 (21,2%)
HeokoHueHHOe BbICILIee 3(1,4%)
Beiciiee 121 (54,5%)
[TposkuBanme, n (%): 222
OpmHokoe 86 (38,7%)
B cembe 133 (59,9%)
VHTepHaT/moM mpecTapesibix 3(1,4%)

Tabnuua cocrasneHa aBTOpaMm Mo CO6CTBEHHbIM AaHHbIM /
The table was compiled by the authors based on their own data

HabsmoneHuss. MHOTO(GaKTOPHbBIN perpeCcCMOHHbIN aHaIN3
BBITIOJTHSUTM C TTOMPABKOM Ha BO3PACT ¥ IMOJT; BO3PACT pac-
CMaTPpUBaIM KaK MPOTSKEHHYIO MePeMEHHYI0; MUCIIONIb30-
BaJIM METOJ, TPSMOTO TMOIIAaroBOrO0 OTOOpa MepeMeHHbIX
(KpUTepuu MOIIarOBOTO OTGOpA: BK/IIOUEHNE B MOIEJb
npu p=0,05; ymanenne us mopeu mnpu p=0,05); Habro-
JIeHUST C TPOTYIIIEHHbIMY 3HAUEHUSIMM TTOCTPOYHO YIasis-
s, CTaTUCTUYECKU 3HAUMMBIMM CUMUTAIU PA3IUUMS TIPU
nBycTropoHHeM yposHe p<0,05.

PE3VJIBTATbBI UCCJIEJOBAHN A

InurenbHOCTh HabmomeHuss Bapbuposaia oT 0,03
1o 6,03 rona (menmaHa 3,63; MHTepPKBAapPTUIbHBIN pasMax
oT 2,76 no 4,46 ropa). 3a BpeMsi HaOJIONEHUST yMepn
88 (39,5%) uenoBek. COOTBETCTBEHHO, 5-JIETHSISI BBIKM-
BaeMoCTb cocraBmia 60,5%, a cpentee Bpemsi BbIKMBA-
Hust — 4,44 [95% I 4,19-4,71] ropa.



AHKeTMpOBaHME IOKa3aj0, YTO OOJBIIMHCTBO MAaly-
€HTOB JIOXKATCsl CcnaTh B 22-24 4, MPOCHIMAIOTCS B 6-8 1
yTpa u cusT fHeM (Tabim. 2).

Ta6mmua 2. Yactora mpuBbIYEK, CBSI3AHHBIX CO CHOM, Y JIUIL
B Bospacre >75 siet (n=223)
Table 2. Prevalence of sleep-related habits in participants
aged >75 years (n=223)

o, =
ITokasarenb N % obenenye
MBIX
Bpewmst otxozma Ko cHY no 224 178 19,7
22-24 4 64,6
rnocsie 15,7
24 4
Bpewmst ipo6ysknenst o4 u 179 34
4-6u 12,8
6-8 u 57,5
rnocje 26,3
8u
U TeIbHOCTh HOYHOTO no4u 223 7,6
cHa
5-6u 15,7
7-9 4 67,7
6oee 9,0
104
CoOH B IHEBHOE BpeMsI 222 60,8

Tabnuua cocTasBneHa aBTOpaMu Mo COBCTBEHHbIM AAHHbLIM /
The table was compiled by the authors based on their own data

IOnutenbHOCT ~ HOYHOTO  CHA  BapbMpoBasia
oT 2 1o 12 u (MenuaHa 8; MHTEPKBAPTUIIbHBIN PasMax
ot 7 no 8 u). Ilpm arom xopoTkasi (4 4) IPOFOKU-
TEJIbHOCTh CHa Oblia y 7,6% obciiemyeMblX, OJIMHHAS
(210 u) — vy 9% (rabn. 2). CpaBHUTeNbHBI aHa-
mm3 obHapyxxkmwi U-o6pasHyl0 3aBUCUMOCTb MEXKIY
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p onsa mpenoa = 0,005

IJTUTETbHOCTbIO HOUHOTO CHA U YaCTOTOW CMEePTeTbHBIX
ucxomos (p mist rperga = 0,005) (puc. 1). Haumenbinas
(34,9%) yacTtoTa cCMepTEIbHBIX MCXOMOB OKa3ajach Mpu
cpenHel MpPOJO/DKUTETbHOCTM CHA, MPUYeM OHa ObLia
MPAaKTUYECKY OAVHAKOBOI Y JIUI] C JJINTETbHOCTbIO CHA
5-6 u (34,3%) u 7-9 u (35,1%), nmostomy oHM GbLIU
o6benMHeHbl B ONHY Kareropuio «5-9 u». ITo cpaBHe-
HUIO CO CpenHel JUTENbHOCThIO CHa (pedepeHCHas
KaTeropusi) KOPOTKas U [JIMHHAs MPOAOJDKUTETBHOCTD
HOYHOTO CHA ObUIM aCCOLMUPOBAHBI C 2-KPAaTHBIM YBe-
JiMueHueM pucka cmeptu B Teuenue 5 et (OtuP 1,95;
95% IOH1 1,05-3,61; p=0,034 mjis "HOuHOro cHa <4 u
u OtuP 2,18; 95% I 1,15-4,13; p=0,017 g HOuHOTO
cua 210 u).

YacToTa CMepTesbHbIX UCXOMOB MPY OTXOHE KO CHY
mo 22 u u B 22-24 4 6blIa MPaKTUUYECKU OOVMHAKOBOM
(37,1% wn 33,9%), Torma Kak mnpu mnosgHeMm (rocie 24 )
OTXO0[le KO CHY OHA OKasasiach B 1,7 pasa Bblllle IO CpaBHe-
HUIO ¢ paHHUM (10 24 u) oTxofoM Ko cuy (57,1% mportus
34,7%; p=0,025) (puc. 2). [jig pajbHeiiero aHammsa
BpeMsI OTXOJla KO CHY 0 22 U U B 22-24 4 o6beayHWIN
B OIHY KaTeropuio «do 24 u».

CpaBHUTETBHBIN aHaan3 o6Hapyskuia U-o6pasHyio 3a-
BUCUMOCTb MEXKIY BPeMEHEeM MPOOYKIEHUSI U YaCTOTO
cMepTenbHbIX McxomoB (p ass tpenga = 0,047) (puc. 3),
MIpM 5TOM HaMMeHblLast (26%) yacToTa CMepTH OKa3anach
Y HaLXEHTOB, MPOCHIMAOIIMXCS B 4-6 U yTpa, a HaUOOIb-
mas (67%) — y npobyskparommxcs 1o 4 4 yrpa. Y 60ib-
HBIX, TIPOCHITIAIOLINXCS MOC/e 8 U yTpa, 4acToTa CMepTH
TaK)Ke OKasajach MOYTM B 2 pasa BbIIIE, YeM IPU MOLb-
eme B 4-6 u yrpa — 51,1% nporus 26,1% (p=0,047).
[TockombKy y Jnil, MpochimaBmmxcst B 4-6 u 6-8 4, ya-
CTOTa CMEPTEJIbHbIX MCXONOB Obla CXOXKeH, UX TaKKe
OObEeIVIHUIIN B OHY KaTeropuio «4-8 u».

AHanu3 BbDKMBaeMoOCTM 10 Mertony Kariana-
Meliepa oGHapysKMJI, UTO MpYU MO3AHEM (Tocie 24 4) OT-
XOfle KO CHY, MpoOYKaeHnM 1mociie 8 U yTpa U JJIMHHON
(210 u) MPONOIKUTENILHOCT HOYHOTO CHA S-JIeTHSIS

<4 5-6
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HpO)IO.]I)Kl/[TeJIbHOCTB HOYHOIO0 CHA, YacChbl

PucyHok 1. YactoTa cMepTenbHbIX UCXOA0B B TeYeHUe 5 neT y nuu, B Bo3pacte 275 neT B 3aBUCUMOCTH

OT MPOJO/IXKUTENbHOCTU HOYHOMO CHa (N=223)

Figure 1. Rates of 5-year mortality in individuals aged 275 years vs nighttime sleep duration (n=223)

PucyHok nogrotoeneH aBTopamu no cobcTBeHHbIM aaHHbIM / The figure was prepared by the authors based on their own data
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PucyHok 2. YacTtoTa cMepTenbHbIX UCXOL0B B TeveHue 5 neT y nuy, B Bo3pacTe 275 neT B 3aBUCUMOCTHU

OT BpeMeHu 0Txofa Ko cHy (n=178)

Figure 2. Rates of 5-year mortality in individuals aged 275 years vs bedtime (n=178)

PucyHok nogrotoeneH aBTopamu no cobcTBeHHbIM aaHHbIM / The figure was prepared by the authors based on their own data
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PucyHok 3. YacToTa cMepTenbHbIX MCXOLOB B TedeHWe 5 neT y nuu, B Bo3pacTe 275 feT B 3aBUCMMOCTU OT BPEMEHMU NMPOBYXKAeHUS

(n=179)

Figure 3. Rates of 5-year mortality in individuals aged 275 years by wake-up time (n=179)

PucyHok noarotoBneH aBTopamm no cobcteeHHbIM AaHHbIM / The figure was prepared by the authors based on their own data

BbDKMBAEMOCTb ObLIa HVKE, a BPeMSI BbIKVBAHUSI MEHb-
1Ie, Torjaa Kak npu paHHeM (0o 24 4) oTxofe KO CHY, Ipo-
6yskmeHuu C 4 1o 8 4 yTpa U JUINTEbHOCTU HOYHOTO CHA
5-9 4, HanpOTUB, BHDKMBAEMOCTH ObLIA BbIIIE, & BPEMS
BbIKMBaHMs 6osibliie (Tabs. 3). COH B THEBHOe BpeMs He
OKa3bIBaJl BIMSIHMSI Ha 5-JIETHIOIO BBDKMBAE@MOCTDb JIUIL
CTapyecKoro BO3pacTa U JOoAroxkuTesnen (tabi. 3).

OpHOMAKTOPHBIN pPErpecCHOHHBI aHaIM3 II0Ka3al,
YTO MO3mHMIA (Tocsie 24 4) OTXOM KO CHY, MPOOYKIeHMe
nocsie 8 u yrpa u gymuHas (>10 1) mpomgo/mKUTeTbHOCTD
HOYHOTO CHA AaCCOLMMPYIOTCSI C IOBBIIIEHMEM PUCKA
cvepty B 6imvokaiime 5 et B 1,7-2,1 pasa, B TO Bpems
Kak paHHMI (DO 24 1) OTXOm KO CHY, MpoOyskaeHue ¢ 4
0 8 4 yTpa u AIUTESbHOCTh HOYHOTO CHa 5-9 u, Harpo-
TUB, CBSI3aHbI CO CHVKEHMEM 5-JIeTHEro pucka CMepTu Ha
43-52% (tabn. 4).

[Mocnenyiommii MHOTO(GAKTOPHBIV perpeCcCMOHHbIN
aHaJIM3 MPOIEMOHCTPUPOBAJT, YTO PaHHMIA (0 24 1) OTXO,
KO cHY ¥ cpenHsist (5-9 4) Ipogo/KUTEIbHOCTh HOYHOTO
CHA SIBJISTIOTCSI HE3aBUCUMbIMM TIPEIVMKTOPAMM S-jieTHeln
BBDKMBAEMOCTH ¥ aCCOLMUPYIOTCSI CO CHUYKEHMEM PUCKa
cveptyt Ha 45% 1 56% COOTBETCTBEHHO, TOrAA Kak Ipu
yYBeIMUEHMM BO3pacTa Ha KaXKAblii 1 rom puMCK cMepTu
yBesmumBaercs Ha 9% (tabi. 5). OuepenmHOCTb BKIIIOUE-
HUSI TIepEMEHHBIX B MOZeJb Oblaa Caemyoiias: IaUTesb-
HOCTb HOYHOTO CHa 5-9 u, BO3pacT, 0TX0, KO CHY 10 24 u.

Takum o6pa3oM, MHOrO(aKTOPHBINA PerpecCUOHHbIN
aHa/mM3 UAEeHTUOUIMPOBaT 2 HE3aBUCUMBIX MPEIUKTOpPa
5-7eTHel BBIKMBAEMOCTH JIMII B Bo3pacTte >75 jier cpenn
MIPUBbBIUEK, CBSI3AHHBIX CO CHOM: paHHMIA (0 24 4) OTXOf,
KO CHY ¥ cpenHio (5-9 4) IpOmO/KUTENbHOCTh HOY-
Horo cHa. [Ipu atom GosbiMHCTBO (71%) yuaCTHUKOB



Ta6mmna 3. AHanms BbKMBaeMOCTH 1o Metony Karutana-Meriepa y smil B Bo3pacTe >75 JieT B 3aBUCMMOCTM OT XapaKTePUCTUK
cHa (n=223).
Table 3. Kaplan-Meier survival analysis in participants aged >75 years according to sleep characteristics (n=223)

BbDKMBaeMoCThb, % Bpemst BbDKMBaHUSsI, TONbI™
Toxasarenn N ITokasarennb ITokasarenb ITokasarenn ITokasarennb Xu-rBappar p
() ) (%) ©)
JIHeBHOI COH 222 63,0 57,5 4,51 [4,18; 4,84] 4,34 [3,93; 4,76] 0,62 0,431
Bpewmst oTx0za KO CHY
o 244 178 65,3 42,9 4,43 [4,13; 4,73] 3,67 [3,15; 4,20] 4,15 0,042
[Mocne 24 u 178 42,9 65,3 3,67 [3,15; 4,20] 4,43 [4,13; 4,73] 4,15 0,042
Bpems npo6yxaeHust
Ho 4y 179 33,3 63,0 4,19 [2,99; 5,39] 4,39 [4,11; 4,67] 0,74 0,391
C4pmo8u 179 68,3 47,2 4,59 [4,28; 4,90] 3,81 [3,32; 4,30] 5,52 0,019
ITocne 8 u 179 48,9 66,7 3,69 [3,19; 4,20] 4,53 [4,22; 4,84] 4,35 0,037
JINUTEeTbHOCTh HOYHOTO CHA
Ho 4y 223 29,4 63,1 3,74 [2,90; 4,57] 4,55 [4,28; 4,82] 3,67 0,055
594 223 65,1 37,8 4,66 [4,38; 4,93] 3,49 [2,87; 4,11] 9,42 0,002
Bosnee 10 u 223 45,0 62,1 3,23 [2,38; 4,07] 4,54 [4,27; 4,80] 5,18 0,023

* pesynomamer npedcmaenensl kak M [95% [IN], 2de M — cpednee 3HayeHue, 95% [N — 95%-i dosepumensHoil uHmepsan

Tabnuua coctaBneHa aBTopaMm no cobcTBeHHbIM faHHbIM / The table was compiled by the authors based on their own data

Ta6auua 4. BiusHye npuBblYek, CBSI3aHHBIX CO CHOM,

Ha PUCK CMepTH B TeueHue 5 jiet y jmil B Bozpacte >75 jier
(omHOMAKTOPHBIN perpecCUoHHb aHau3) (n=223)
Table 4. Effect of sleep-related habits on 5-year mortality risk
in participants aged >75 years (univariate regression analysis)

Ta6auua 5. HesaBucumbie mpeguKTopel 5-yietHeit
BBDKMBAEMOCTH Y JIULL B Bo3pacTe >75 yieT (MHOrohaKkTOpHbII
perpeccuoHHbIN aHam3) (n=178)

Table 5. Independent predictors of the 5-year survival in
participants aged >75 years (multivariate regression analysis)

(n=223) (n=178)
ITokasarenn N OteP | 95% AU p
Ilokasarenb OTaP | 95% IU P

Pannnii (0o 24 1) otxon 178 0,56 0,32-0,99 | 0,045

KO CHY

[MospHwuit (mocie 24 u) 178 1,78 1,01-3,12 0,045

OTXOM KO CHY Bospacr kak npoTsskeHHas 1epe- 1,09 1,02-1,17 0,019
MeHHast (3a Kaskabii 1 rom)

[Mpo6ysknenne ¢ 4 1o 8 u 179 0,57 0,35-0,92 0,020

TIpo6yskaenne mociie 8 u 179 1,69 1,03-2,79 0,039
Pannmii (o 24 4) OTXOf KO CHY 0,55 0,31-0,97 | 0,040

Cpenusist (5-9 4) mpo- 223 | 0,48 0,30-0,78 | 0,003

IIOJKUTEJIbHOCTD HOYHOTO

cHa

Tsmas (> 10 u) mpo- 223 | 2,06 1,09-3,87 0,026 Cpennsst (5-9 4) pogosKUTE b= 0,44 0,26-0,76 0,003
HOCTb HOYHOTO CHa

IOJDKUTEIIBHOCTh HOUHOTO

cHa

3aBucuMas nepemMeHHasa: CMepTe.ﬂbeIl:I ncxon B TedyeHue 5 net

Tabnuua cocTasBneHa aBTOpaMu Mo COBCTBEHHbIM AAHHbLIM /
The table was compiled by the authors based on their own data

MCCIIeIOBAHMS TIPUAEPSKMUBAIACH 00eMX IIPUBBIUEK, a eIl
ueTBepTh (26%) — Kakoyi-mbo ofgHol U3 AByX (Tabi. 6).
IIpoBepka pabOTOCIIOCOGHOCTM ITOJYYEHHON DPerpeccu-
OHHOJi MOJIE/IM Ha TOVi K& CaMOii BbIGOpPKe MOoKa3asia, 4YTo
IIPU OTCYTCTBUM Y 0OCIEIYyEeMOro 06enX STUX IPUBBIYEK
5-nerHsist BKMBaeMOCTb Obuta paBHa 0, a pUCK cMepTH
BbIllle B 3,7 pasa; Ipy HaJIMUUMU JIOO60M OMHOM U3 IBYX

3aBucumas rnepemMeHHas: CMepTeﬂbelﬁ UCXon B TedeHune 5 net

Tabnuua cocTassieHa aBTOpaMu Mo COBCTBEHHbIM AaHHbIM /
The table was compiled by the authors based on their own data

[IPUBBIUEK — 5-JIETHSIST BBKMBAEMOCTh cocTaBjisuia 48%,
a puck cMepTy 6611 BhIlle Ha 79%. [1pu Hammumm y o6cste-
IIyeMOro 06eMX IPUBBIYEK, CBI3AHHBIX CO CHOM, 5-JIeTHSISI
BBDKMBAEMOCTb Obljla Haubosiee BbICOKOM (69%), a puck
cMepTH cHuKasicsa Ha 54%.

PerpeccroHHbIii aHa/M3 TaKyKe IIOKasaa, 4YTO MpHU
YBEJIMUEHUM KOJMUECTBA HEe3aBUCUMBbIX IPEIUKTOPOB



Ta6auna 6. [Tokasares 5-yieTHell BBDKMBAEMOCTY M PUCK CMEPTH Y JIUIL B BO3pacTte >75 JieT B 3aBUCHMOCTH OT KOJIMYECTBA
HEe3aBMCUMBIX TIPEIMKTOPOB CPEeIy TPUBbIUEK, CBI3aHHBIX CO CHOM (N=178)
Table 6. 5-year survival rates and risk of death in individuals aged >75 years according to the number of independent predictors
among sleep-related habits (n=178)

moomropes | N | svmsonoers % | sooomemrom® | onepma | O™ | %% | b
0 5 0 2,90 [2,20; 3,59] +269% 3,69 1,47-9,25 0,005
Tio60#i 1 U3 2 46 47,8 3,76 [3,22; 4,30] +79% 1,79 1,09-2,95 0,021
213 2 127 69,3 4,63 [4,32; 4,94] -54% 0,46 0,28-0,74 0,001

3aBUCUMas NepeMeHHas: CMepPTeNbHbIN UCXO[, B TeYeHue 5 net

* pesynemamer npedcmasnerol kak M [95% [IN], 20e M — cpedHee 3HaueHue, 95% [N — 95%-u dosepumenvHsit uHmepean

Tabnuua cocTaBneHa aBTopaMum no cobcTBeHHbIM faHHbIM / The table was compiled by the authors based on their own data

Ha Kaxkayio 1 equuniry (¢ 0 mo 1 v ¢ 1 o 2) puck cmep-
™ B Gmokaniine 5 et cayskaercs Ha 51% (OtuP 0,49;
95% W 0,33-0,71; p<0,001).

OBCY>XIEHUNE

B Hamem wucciaeqoBaHUM TPOAHAIM3UPOBAHO BIIUSI-
HUe MPUBBIUEK, CBSI3aHHBIX CO CHOM, Ha 5-JIETHIOIO BbI-
SKMBAeMOCTb JIMI] CTapuecKOro BO3pacTa U JIOJITOXKUTe-
Jiel, mposkuBarouyx B I. Mockse 1 MoCKOBCKOM 061acTH.
YCTaHOBJIEHO, UTO PSIf, «HETaTUBHBIX» MPUBBIUEK, TAKUX
Kak mo3gHuit (mocse 24 1) oTXom KO CHY, MpoOyKaeHue
nocsie 8 v yrpa u gyimHHas (210 1) npomgo/mKUTeIbHOCTD
HOYHOTO CHA, ACCOLMMPYIOTCS C TIOBBIIIEHMEM DpUCKa
cveptu B 6mokanime 5 et B 1,7-2,1 pasa. C mpyroii
CTOPOHbBI, HAJTNYME «TTO3UTUBHBIX» MPUBBIUEK, TAKMX KaK
paHHMi1 (7O 24 4) OTXOA KO CHY, IpobyskaeHne ¢ 4 1o 8 u
yTpa u cpeptsisa (5-9 4) AIUTETHHOCTh HOYHOTO CHA, Ha-
MPOTUB, OKAa3bIBAIOT IIPOTEKTUBHBIN 3(PQEKT U CBSI3AHBI
CO CHIMIKEHMEM 5-JIeTHEro pucka cMepty Ha 43-52%.

VccnemoBanmust okasasn, uTo Jiio6ble HapyIlIeHus CHa
Y TOXKWIBbIX JIFOLEN MOTYT MPUBOIUTD K TOBBIIIEHNIO 3a-
6071eBaeMOCTHM ¥ CMEPTHOCTH, a TaKKe K Pa3BUTHUIO I'epu-
aTpUUYECKMUX CUHIPOMOB — B IEPBYIO OUepenb CMHIPOMa
crapueckoit acternn (CA). Tak, Hampumep, B3auMOCBSI3U
MesKAy HapyiieHusmu cHa, cuugpomom CA u 5-metHen
CMEpPTHOCTBIO M3yuwIn B uccieqoBanuu Lee J. S. u co-
aBT. [6] ¢ yuactuem 3427 naumeHTOB B Bo3pacTe >65 Jer,
Yy KOTOPBIX OIleHMBa/IM OOIllee COCTOsSIHME 3[OPOBbs, Ha-
crpoenne, Hammume cuHgpoma CA u mpobiaem co CHOM
(6eccoHHMIla, THEBHOM COH, allHO® CHA, MPOAOJIKUTEb-
HOCTb HOUHOTO CHa, TTPYMEHEHMEe CHOTBOPHBIX JIEKAPCTB).
B reuenne 5 ser Habmonenust ymepiu 12,9% myskumnu
u 4,5% sxentyd. Cpenusisi IPONOKUTEIbHOCTh HOYHO-
ro cHa cocrtaBwia 7,3 4. [loyisi yYUaCTHUKOB C IJINTETbHO-
CTbIO0 HOUHOTO cHa >10 ¥ Bo3pacrasia ¢ yBeJlMueHueM Ya-
crotel cuuapoma CA. ITocie nonpaBky Ha Bo3pactT OTHP
5-JIeTHEN JIeTabHOCTY Y JIUIL C MPOIOIKUTEILHOCTHIO
HouHoro cHa >10 u cocraBwio 2,10 (95% IOU 1,33-3,33)
y myskun u 2,70 (95% IO 0,98-7,46) y skenmmH. IToce
BHeceHMs monpaBku Ha cuHapom CA u Ipyrue KoBapua-
Thl Y MY>KUMH PUCK CMEPTU HeCKONbKO cHmskancs (OTHP
1,75; 95% OU 1,09-2,81), Ho 3Ta accommanms OCTaBa-
JIaCh CTATUCTUYECKYU 3HAYMMON, TOTAA KakK Yy SKeHIMH,

Hanpotus, Bospactan (OtuP 2,88; 95% U 1,01-8,18)
M DOCTUTaJl CTaTUCTUUYECKON 3HAUMMOCTM. ABTOpBI Clie-
JIaJIV BBIBOZ, UTO HE3aBMCUMBIMM ITPEAMKTOPAMU 5-JIeT-
HEl CMEPTHOCTU Yy TIOKWIBIX TIallME€HTOB SIBJISIOTCS
MIPOIOJIKUTENIbHOCT HouHoro cHa >10 u (OrtuP 1,75
y my>kumH 1 2,88 y skeHiyH) u cuagpom CA (OtHP 2,43
y myskumH 1 2,08 y skeniuH). K coxkaneHuto, B Haliem
MCCIEIOBAHUY HE OILIEHMBAIM TepuaTpuvecKuili CTaryc,
MMOSTOMY MbI HE pacIioyjiaraéM COOCTBEHHbIMM TaHHBIMMU
OTHOCUTEJIbHO B3aMMOCBSI3Y MEXIY HapylIeHUSIMU CHA
u cungpomom CA.

B meraanamse [7] 18 HaGmomaTeIbHBIX MCCIENOBA-
HUI, B KoTopble BKatoumau moutu 40 000 uesnoBek, ycra-
HOBJIEHO, UTO Y TIOKWJIbIX JIFOMEN C JIIOObIMY HapyILIeHUsI-
MU CHa I1aHchl uMeTh cunapom CA Bbiie moutu Ha 50%
(orHorienue tranco [OL] 1,49; 95% OU 1,35-1,64).
IIpy 3TOM COH B JHEBHOE BpPEMS YBEJIMUMBAJ IIIAHCHI
umetrb CA Ha 69% (OLU 1,69; 95% OU 1,09-2,61), ko-
POTKast MPOAOJIKUTEIbHOCTh HOYHOTO CHa — Ha 36%
(OIII 1,36; 95% U 1,20-1,54), nautenbHast IPOIOJIKIA-
TEJIbHOCTb HOYHOTO CHa — TMpakTuyecku B 2 pasa (OLLI
1,99; 95% IOU 1,39-2,85), yBeJuYeHHbIN [E€PUOL, 3aChI-
nauus — Ha 38% (OUI 1,38; 95% U 1,19-1,60) u Ha-
pyiiieHnst mbixanus Bo cHe — Ha 30% (OI 1,30; 95%
U 1,11-1,53). Kak u B Hamreit pabore, Hanbojee Heba-
TOTNPUSITHBIM ()aKTOPOM OKasajach JJIMHHAS TPOIOJIKU-
TeJTbHOCTb HOYHOTO CHA.

Eme omun xpymHbIi MeTaaHamm3 [8], BKITIOUMB-
il 27 KOTOPTHBIX MCC/IENOBaHMI C ydacTueM 6osee
70 000 mOXMIBIX JIIOAEV M TEePUONOM HaOIIONeHNs
or 3 mo 35 Jjer, IpOZeMOHCTPUPOBAJI, YTO [JIMHHAS
(>10 1) u xopoTkast (<6 Y) MPOJODKUTETbHOCTb HOU-
HOT'O CHa ObUIM CBSI3aHBI C TMOBBIIIEHVEM PUCKA CMEPTU
or Bcex npuunH Ha 33% u 7% (OtuP 1,33; 95% U 1,24
1,43 u OtuP 1,07; 95% OU 1,03-1,11 cooTBETCTBEHHO)
MO0 CpaBHEHUIO ¢ pedepeHCHON Kateropueir. st cep-
nmeuHo-cocymucront cvept OTHP cocraBmwio 1,43 (95%
oW 1,15-1,78) miast OMHHOV HPOIOKUTENIbHOCTU CHA
n 1,18 (95% IO 0,76-1,84) — nys xoporkoit. Takum
06pa3oM, y TOKMUJIbIX JIFONEN AJIMHHAS M KOPOTKas Ipo-
TIOJDKUTEJIbBHOCTh HOUHOT'O CHA CBSI3aHbI C TIOBBIILIEHHBIM
PUCKOM CMEPTHU OT BCEX MPUYMH, IIPU STOM JJIMHHAS ITPO-
JIOJIKUTEJIbHOCTh HOYHOTO CHa GbIIa aCCOIMMPOBAHA eIlle
U C CepAeYHO-COCYAUCTON CMEPTHOCTHIO.



Crnemyer OTMETUTb, YTO B HallleM MUCCIEOOBAHMUU KO-
POTKOI CUMTaIM TPONODKUATEIBHOCTh HOUHOTO CHa $4 U,
a mmHHOM — 210 u. OgHako sTa Kareropmsaiysl He SIB-
JISIeTCsT OOLLUEeNpUHATON. B apyrux mccienoBaHMsx KOPOT-
KMM CUMTQJIM COH JJIUTETbHOCTBIO KaK $4 4, Tak U <6 4
u gake 6-8 u, Torma Kak JIMHHBIM — COH JJIUTENb-
Hocteio 210 u, 29 u, 28 u u maske 8-10 u. Hampumep,
B koroptHoMm wuccienosanuy HBS (Helsinki businessmen
study) [1] ¢ yuactrem 2504 MY>KUMH UTMHHAS [TPONOJIKMU-
TEJILHOCTh HOYHOTO CHA COCTaB/Isuia >8 U, a KOpoTKas —
<6 u. [TpMBBIUKY, CBSI3AHHBIE CO CHOM, OLIEHMJIV TTPU BKITFOUe-
HUY B MCCJIEOBaHME, HA MOMEHT KOTOPOTO CPEIHWIT BO3PACT
YYaCTHUKOB cocTaBu 48 sieT. B TeueHne 48 jieT HabmoneHust
ymepi 2287 (91,3%) MyskuuH, a CPeIHUI BO3PACT y4yacT-
HMKOB Ha MOMEHT TOC/IEIHEr0 OOC/IeNOBaHNs COCTaBWI
82 roma. Kak mymunas (OIL 1,33; 95% U 1,09-1,63), Tak
u kopotkas (OL 1,41; 95% IO 1,16-1,72) npono/skuTesib-
HOCTb HOYHOT'O CHa ObLIM aCCOIMMPOBAHBI C TOBBIIIEHNEM
12-neTHero pucka cMepTy OT BCeX MpuumH Ha 33% n 41%
cootBeTcTBeHHO. OJHAKO TIOC/Ie BHECEHVSI B MOJIEJb TIOTpa-
BOK Ha BO3PACT, MH/IEKC MACChI TeJia, CAMOOIIEHKY 30POBbSI,
CTaTyC KypeHMs1 ¥ YIIOTPeOIeHNsT aTIKOTOJIs 3Ta aCCOIMAIMs
COXpAaHsUIa CWTYy TOJNBKO ISl UIMHHOM TPOROJDKUTENTBHO-
cmm "Housoro cHa (OII 1,31; 95% IOU 1,02-1,67). Takum
06pa3oM, 1 B 3TOM paboTe y MOXKUIBIX MYKUMH JTMHHAS
(>8 1) MPOmOIKUTETBHOCTh HOYHOT'O CHA SIBJISIACh HEe3aBU-
CUMbBIM TIPEIMKTOPOM CMEPTM OT BCEX MPUUMH B OvsKaiu-
e 12 yiet.

HecmoTpst Ha TO 4TO HEGIATONPUSATHOE BIMSHME IJTM-
TeJIbHOTO HOYHOTO CHA Ha BbDKMBAEMOCTH MOMKMUJIBIX JIIO-
Jlell YCTAHOBJIEHO BO MHOTMX MCCJIEIOBAHUSIX, MEXaHU3-
MbI MOBBIIIIEHNST CMEPTHOCTM [0 CUX TIOP He SICHBI, XOTS
B KauecTBe BO3MOYKHBIX MPUUMH OOCYKIAIOTCS CUHIPOM
CA u mommmop6ugHOCTh («cmaboe» 3moposbe) [9-10],
T. €. TIOKMJIbIE JIFOOY CIISIT AOJIbIIIe 13-3a CJIA00CTH, HENO-
MOTaHMsl, TIFIOXOTO CAMOYUYBCTBMSI.

HeraruBHoe BmusiHMe mosgHero (mocsie 24 4) OTXO-
Jla KO CHY Ha BbDKMBAEMOCTbD JIMI] CTAPUECKOTO BO3pacTa
U JTOJNITOKUTEJIEN MOXKET ObITh CBSI3aHO C HapyIlIeHMeM
BbIpAaOOTKM MeJIaTOHMHA — TOPMOHA, KOTOPBIA pEerysm-
PYET COH M 3amyCKaeT MPOIeCC 3achIMaHus, T. K. C BO3-
pactoMm ero mpopyKiysi cHukaercst [11]. U3BectHo, uTO
BpeMSI LIMKJIA «COH-OOIPCTBOBaHME», KaK MPAaBWIIO, Cie-
IyeT 3a UMPKAJHBIM PUTMOM SHAOTEHHOTO MeJIaTOHMHA
[12]. OT1O0 dopmupyeT oIpeneseHHbIN OMANa30H LUP-
KaJHBIX PUTMOB, BBIXOJ, 3a Ipelebl KOTOPOro CHVDKa-
eT 3 (eKTUBHOCTh CHA, YBEJIMYMBAET €r0 JIATEHTHOCTh
” cokpalaet obiiee Bpems cHa [13, 14]. B psne uccieno-
BaHMI TIOATBEPKAEHO HAIMUME CBSI3U MEXIY BpeMeHeM
Havaja CHa ¥ BpeMeHeM Hayasia BbIpabOTKM MesIaTOHMHA
[12, 15-17]. Mospuuit (ocie 24 1) OTXOM, KO CHY MPUBO-
AT K HApYIIEeHWIO SHAOT€HHOIO CYTOYHOTO PUTMA CEKpe-
LMY MeJIaTOHWHA, MOAAB/SIeT ero HOYHYIO MPOIYKIINIO,
B pe3yJibTaTe Yero KOHIEHTPal/sl MeJaTOHMHA B HOUHbIe
Yyachl CHWKAETCS U MPUOIKAeTCs K JHEBHOMY YPOBHIO
[18]. doxasaHo, UTO CHMIKEHMe MPOLYKLMM MeIaTOHMHA
B HOYHOE BpeMsI MOKET TPUBOOUTH K CEPbEe3HbIM pac-
CTPOVICTBAM TOBEEHUST U COCTOSTHUSI 3MOPOBbSI BILJIOTh
[0 PasBUTUSI CepIeUYHO-COCYAUCThIX [19] u oHKonOrMye-
ckux [20] 3aboeBaHui.

IlHeBHOI COH — Ba’kHas MOBeeHYeCKast MPUBbIUKA,
3HAUMTEJIbHO BJIMSIONIAS Ha 0blllee CaMOYYyBCTBUE U Pa-
60TOCIIOCOOHOCTD. B GOJIBIIMHCTBE CBOEM JHEBHON COH
MPaKTUKYIOT MMEHHO MOXWJIble JIIOOU, AJISI KOTOPOTO
Y HUX MOKET ObITh HECKOJIbKO ITPUUMH. Bo-miepBbIxX, COH-
JIVBOCTb MOSKET OBITh MOOGOUHBIM JIEMICTBMEM JIEKAPCTB,
MCIOJIb3YEMBIX JIJISI JIeueHUsT 3a00JIeBaHUM TTOXUIIOTO
Bo3pacta [21]. Bo-BTopbIxX, caMu 1o cebe XpoHMUUeCKue
3a6osieBaHuUs  (CepIeYHO-COCYOUCThIEe, HEBPOJOTHYE-
CKUe, TICUXNYECKNe U AP.) aCCOUMMUPOBAHBI C THEBHOM
COHIMBOCTBIO [22, 23]. B-TpeTbux, MHOTYE TOKUJIbIE
JIIOAM 4acCTO CIIST JTHEM, YTOObl KOMIIEHCUPOBATh HeJO-
CTaTOK HOYHOTO CHa [24]. B-ueTBepTbIxX, CABUT LMPKAL-
HbIX PUTMOB TaK3Ke ITPUBOIUT K IMOSIBJIEHUIO COHJIMBOCTU
[25]. UmeroTcst maHHbBIE, UTO COLMAIbHAS U3OJSIINS TaK-
’Ke MOKeT CIIOCOHCTBOBATh CHY B THeBHOe BpeMs [26].
B HeKOTOpPBIX CTpaHax AHEBHOV COH SIBJISIETCSI PacIipo-
CTPAHEHHOJ MPUBBIYKON M3-32 KYJbTYPHBIX TPagULINI
M CJIOKMBIIErOCs OOIIENPUHSITOTO MHEHUS O TMOJib3e
IHEBHOTO CHa JJisl 300poBbst [27, 28].

BiusiHue MTHEBHOTO CHA Ha BbIKMBAEMOCTD JIII ITOSKM-
JIOTO ¥ CTapuecKoro BO3pacTa IO KOHIIA He oIpeesieHo,
OIHaKO MMeIOIIMecs] JaHHble B OOJBbIIMHCTBE CBOEM YyKa-
3bIBAIOT Ha TO, UTO JHEBHOV COH BCE K& aCCOLMMUPYETCs
C TIOBBIIIIEHMEM PUCKA CMEPTM.

Tak, B aMepMKaHCKOM ITPOCIIEKTMBHOM MUCCJIENO-
BaHuu [29] c yuactmem 8101 skeHIIMHBI B BO3pacTe
>65 siet (cpemunii Bospact 77 Jier), u3 KoTopbix 874 (11%)
criajii IHeM, OmHO(AKTOPHBINA PpEerpecCMOHHbI aHan3
C TIOMPaBKOM Ha BO3PACT TIOKAa3aJl, YTO SHEBHOW COH ObLT
aCCOLMMPOBAH C TIOBBIILIEHMEM 7-JIETHETO PUCKA CMEPTU
or Bcex npuunH Ha 82% (OtHP 1,82; 95% U 1,62-2,04),
OT CepAeYHO-COCYAMUCThIX 3a60/IeBaHMII — TIOYTH B 2 pasa
(OruP 1,99; 95% IOU 1,65-2,39) u or Opyrux NpU4mMH —
B 2,2 pasa (OtuP 2,16; 95% U 1,81-2,57). IIpn nposeme-
HUY MHOTO(hAKTOPHOT'O PErpeCcCMOHHOrO aHa/IM3a BeJTMUMHA
pUCKa CMepPTH CHIKAIACh, HO BCE ACCOIMAIM COXPAHSIIU
csoto cmty: OII 1,44 (95% OW 1,23-1,67) mis obiieii
cvmeprHocty, O 1,58 (95% U 1,25-2,00) nyist cepmedHo-
cocymucron cvepraocty u OI 1,59 (95% U 1,24-2,03)
U CMEPTY OT JAPYTMX TpUuUMH. [IpOmoDKUTEBHOCTD
JTHEeBHOTO CHa B 9TOI paboTe He OIeHMBAJIN.

B O6puranckom wuccnenoBaHumu [4] ¢ ydactuem
1722 myskunmH B Bospacte 71-92 roma (cpegHuUil BO3-
pact 79 7eT) olleHMBaIM He TOJIbKO caM (DakT JHEBHOTO
CHA, HO ¥ €ro NPOAODKATEbHOCTb, KOTOPYIO KaTeropu-
3MPOBAJIM KaK OTCYTCTBME NHEBHOro cHa (39%), mHeB-
HOJ COH MPOJOJIKUTENBHOCTBIO <1 4 (23%), 1 u (27%)
n >1 u (11%). IIpu npoBeneHny MHOrO(haKTOPHOTO aHa-
JM3a C TIOMpaBKamMyu Ha BO3pacT, GU3MUYECKYIO aKTUB-
HOCTb, YpoBeHb C-peaKkTMBHOIO 6eJika, CTaTyC KypeHusl,
HaJIMume CepleuHO-COCYAMCThIX 3a00/IeBaHMIA U caXapHO-
ro auabera, cuaapom CA, mpuem aHTUTUIIEPTEH3MBHBIX
mpernapaToB 1 o6Iiiee COCTOSIHME 3M0POBbsSI YCTAaHOBJIEHO,
YTO Y MOKUJIBIX MYKUMH JHEBHOW COH JJIUTETbHOCTHIO
>1 u 6bUT CBSI3aH C IMOBBIIIEHNEM 9-JIeTHETO pucKa CMep-
TH OT Bcex mpuumH Ha 62% (OtuP 1,62; 95% 1O 1,18-
2,22) M OT He CepmeYHO-COCYOMUCTBIX 3abojeBaHuil —
Ha 77% (OtuP 1,77; 95% IOU 1,22-2,57).



Eme B omHoMm mccienoBanuu [30], B KOTOpOe BKIIIO-
i 2001 uenoBeka (44% wmyskumH) B Bo3pacte 60-
92 ropa (cpemHMit BO3pacT MY>KUMH 74,2 rofa, XeHIIH —
73,3 roma), MOBbIlIeHMe 19-leTHEr0O pucka CMepTu
or Bcex npuuud Ha 37% (OrtuP 1,37;95% O 1,10-1,72)
OTMEeUEeHO TOJIbKO Y MYKUMH C IJTATETbHOCTbIO JTHEBHOTO
cHa >30 MMHYT 10 CPAaBHEHUIO C MY>KUMHAMM, CTIABILIVMM
nHeMm <30 munyT. [ToMmumo sToro, mHeBHOM COH >30 MuU-
HYT ObLJT CBA3aH C 60Jiee BbICOKOV YaCTOTOM JAEIpeccuiu,
UIIEMUYECKOT GOJIE3HM CepAlia M OHKOJIOTMYECKUX 3a-
GosieBaHMiA. Y JKEHIIMH JHEBHOW COH U €r0 IPOAOJIKU-
TeJbHOCTD He BN Ha 19-IeTHUI PUCK CMePTH OT BCeX
TIPUYMH.

B Hamem uccienoBaHuM JHEBHON COH He OKa3bIBaJl
BJIMSIHMS Ha 5-7IeTHIOIO BBIKMBAEMOCTD JIUI] CTAPUYECKOrO
BO3pacTa u goaroxkurtesen. [Ipu sTom HYy>KHO YUUTHIBATh,
YTO MbI OLIEHMBAJIM TOJIBKO caM (aKT CHa B JHEBHOE Bpe-
MsI, HO HE YUUTBIBAJIM €ro PeryaspHOCTb, TPOHOIKUTEITb-
HOCTb ¥ BpeMeHHble paMKu. Omupasicb Ha pe3yJIbTaThl
IPYTUX UCC/IeNOBAaHMIA, C BBICOKOM HOJel BepOSTHOCTHU
MO>KHO TIPEIIOJIOKUTD, UTO Ha CMEPTHOCTD JIAIIL TIOSKUIIO-
T'O ¥ CTApYeCKOTo BO3pacTa BIMSET He CTOJIbKO CaM JHEB-
HOI COH, CKOJIKO €ro IMPOJO/DKUTENBHOCTh. Bosee Toro,
MMEIOTCSI TaHHbIe, UTO MPOSOJIKUTEIBHOCTb JTHEBHOTO
CHA OOPaTHO KOPPEIUPYeT C JJIUTEbHOCTbIO HOUHOTO
CHa, T. €. THEM JOJIbIIIe CIISIT MMEHHO Te MOXKUJIbIe JIIOMM,
KOTOpPbIE€ MeHbIIIe CIISIT HOUbIO (IIPU 3TOM KOPOTKast Ipo-
IO/DKUTEIBHOCTh HOYHOTO CHA cama 1o cebe HeraTuBHO
BJAMSIET HA BbDKMBAEMOCTh). Hampumep, B yske yIOMM-
HaBLIeMCcs Bbllle ucciaenoBanuu [30] cpemHsisi ouTesNb-
HOCTb HOYHOIO cHa cocTtaswia 7,51, 7,28 u 7,21 u (p mJis
tperpa = 0,008) y qaum ¢ OTCyTCTBMEM AHEBHOTO CHA,
IHeBHbIM CHOM <30 MuHyT M >30 MUHYT COOTBETCT-
BEHHO.

BaskHO OTMETUTb, UTO paHee HamMyu ObUIM OMYOJINM-
KOBaHbl Pe3y/IbTaTbl KOMILJIEKCHOTO aHajau3a BIVSHUS
neMorpaduyueckux, aHTPOIOMETPUUYECKUX, COIMaIb-
HbIX ¥ IIOBEJEHYECKUX (AKTOPOB Ha 5-JIETHIO BbI-
>KMBAeMOCTb JIMI[ B BO3pacTe >75 JIeT, BBIMOJHEHHOTO
B 9TOI1 ke BbIbOpKe obcenyembix [31]. [To pesynbraTam
MHOTO(aKTOPHOTO aHaju3a 2 TMPUBBIYKYM, CBS3aHHbIE
CO CHOM: TIO31HMI (TToCITe 24 4) OTXOZ, KO CHY U AJIMHHAS
(>10 u) MPOmOJIKUTETHLHOCTh HOUHOTO CHA OKAa3anCh He-
3aBUCUMBIMM TIPEIUKTOPAMM 5-JIeTHEH BbIKMBAEMOCTH
(Hapsimy € TOHOPCTBOM KpPOBM B aHaMHe3e, Te@UIMTOM
" U36BITOYHOI MACCOIi TeJla) U aCCOLMMPOBAJIUCH C TIOBbI-
LIIEHMEM PUCKa CMEPTHU OT BCex MpuumH B 2,5 1 3,9 pasa
COOTBETCTBEHHO, T. €. BJAUSHME IMPUBbIUEK, CBSI3aHHBIX
CO CHOM, COXPAHSUIO CBOIO 3HAUMMOCTb B KauecTBe Ipe-
IOUKTOPOB 5-JIeTHEll BbIKMBAEMOCTM BHE 3aBUCUMOCTH
OT Ipyrux hakTopoB (BO3PacT, MO, AeUINT 1 U36BITOK
Macchl TeJia, JOHOPCTBO KPOBU B aHAMHE3E).

B Hamreir pabote 1o pesysnbTaTaM MHOTO(GAKTOPHOTO
aHajM3a UAEHTUDUIMPOBAIU 2 TIPUBBIUKM, CBSI3aHHBIE
CO CHOM (paHHUI OTXO KO CHY ¥ CpeIHSS TPOIOJIKM-
TeJbHOCTb HOYHOTO CHA), HaJMuMe KOTOPhIX OKasbIBaeT
MPOTEKTUBHBIN 3(PPEKT U acCOUUMUPYETCS CO CHUKEHMU-
eM 5-jieTHero pucka cmeptu Ha 45% u 56% coorser-
CTBEHHO. YUUThIBas, UTO MeIMaHa BO3pacTa yUaCTHUKOB
Ha MOMEHT Hayvaja yuccjaenoBaHus Obuia 87 jet, a 27%

U3 HUX SBJISUTUCH JOJITOKUTEISIMU, TIOTyUYeHHbIe JaHHbIe
MO3BOJITIOT PaCcCMaTPMBaTh COH KaK T'epONPOTEKTMBHBIN
(akrop, mpu 3TOM 06€ MPUBBIUKM, CBS3AHHBIE CO CHOM,
BITOJIHE YKJIAIbIBAIOTCSI B KOHIEMIINIO «ONMUMANbHOZO»
CHa, HeCMOTpsI Ha 6ostee mpokuii (5-9 1) auanasoH mpo-
JOJIKUTEIbHOCTY HOYHOTO CHA.

Kak mokasasia mpoBepka paBoOTOCIOCOGHOCTH TMO-
JIYYeHHOW MOIesu, HaJUUUS TOJbKO OFHOW U3 JBYX
MPUBbIYEK, CBSI3aHHBIX CO CHOM, HEIOCTaTOYHO IJIst
peanusalyuy TMPOTEKTMBHOro 3ddekTa B OTHOIIe-
HuM 5-netnero pucka cmeptu. OgHAKO BHeIpeHNE
B TIOBCEIHEBHYIO J>KM3Hb JIIOfEll CTapueckoro BO3-
pacta M JOJTOXKUTEeH [Oake KaKoW-TO OIHOI IIo-
JIE3HOM TPUBBIUKM, CBSI3aHHOW CO CHOM, TIIO3BOJISI-
er 3HauuTesbHO (Ha 51%) CHUSUTH pPUCK CMepTH
B O/kaiiime 5 jiet. [ToCKOJIbKY IIPUBBIYKY, CBSI3aHHBIE
CO CHOM, SIBJISIIOTCSI MOAUGUIMPYeMbIM (HakKTOpOM, oue-
BUIIHO, UTO OGyUeHMe JIIofell CTapIiero Bo3pacTa mpuH-
I[MIIaM TUTMEHbI CHAa ¥ BHEeIPEHMe MOJIe3HbIX MPUBBIUEK,
CBSI3aHHBIX CO CHOM, B TOBCEIHEBHYIO KM3Hb, MOXET
MPUBECTY K YBEJIUYEHUIO MPOAOKUTETBHOCTU SKU3HU
¥ TIOBBIIIEHNIO BbDKMBAEMOCTHM MOKUIIBIX JTFOMIEIA.

Takum o6GpasoM, B HallleM MPOCIEKTMBHOM HabIIio-
JIaTeJIbHOM MCCJIeJOBaHUM C YyYacCTHeM JIUII, CTapueCcKOro
BO3pacTa M JONTOkuUTesel (MenyuaHa Bospacta 87 jer),
nposkMBaroIMX B I. Mockse 1 MocKoBCKoIi 061acTH, Io-
JIyUeHbl OKa3aTeabCTBa MPOTEKTUBHOTO 3ddeKTa moies-
HBIX IIPUBbIUEK, CBSI3aHHBIX CO CHOM [paHHero (o 24 u)
oTX0ma KO CHy u cpenHent (5-9 1) mpomo/sKuTe/IbHOCTI
HOYHOTO CHA|, B OTHOIIIEHUM 5-JIETHErO PUCKA CMEPTH OT
BCeX MPUUMH, YTO MTO3BOJIIET paCCMAaTPUBaTh COH Kak Te-
POIIPOTEKTUBHBIN (haKkTOP.
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Pe3iome

BBEJEHMUE. Oguum 13 KIIOUEBBIX MPOSBIEHMII UMMYHOCTapEeHNST CUMTAETCS
pasBuUTHe BOCHaUTebHOro crapenusi (inflammaging), Bemyiiee MmecTo B pas-
BUTUYM KOTOPOTO OTBOAMTCSI MEXAHM3MaM BPOKIEHHOTO MMMYyHUTeTa. [Ipemro-
yaraetcs, 4to K opmupoBanuio inflammaging Bemer XxpoHuueckasi akKTUBaIs
MaTTePH-PACIIO3HAIOIINX PEIENTOPOB CHUCTEMbI BPOKIEHHOTO WMMMYHUTETA
M UX CUTHAJIbHBIX MYyTelM 3HIOT€HHbIMM U IK30T€HHbIMU CUTHAIAMMU OIAaCHO-
ctu. LleHTpasbHYIO posIb B 3TOM Iporiecce urparoT Toll-momoOHbIe penenTopbl
(TLR) u NOD-nomo6susie penienitopsl (NLR), cTumMynsitiust KOTOPbIX ITPUBOINUT
K peamm3anyy 3(PEGEeKTOPHbIX MEXaHM3MOB BPOXKIEHHON MMMYHHOM 3allUTHI,
a IIpyu CTapeHuy — K PasBUTHUIO ITpoBocnaymTesbHoro gpenorumna. Inflammaging
MOKET MPUBOANUTH KAaK K YCITEIIIHOMY CTAapEHUIO U MTOJTOJIETUIO, TaK U K IaTo-
JIOTMYECKOMY CTapeHMIO U PasBUTUIO BO3PACT-aCCOLMMPOBAHHOM IMATOJIOTUN.
Ha ceromHsiHmii meHb MCCaeI0BaHbI OTAEbHbBIE pellenTOpHbIe 1 3D PeKTOpHbIE
KOMITOHEHTbI CUCTEMbI BPOXKIEHHOTO MUMMYHUTETA IIPU CTapeHUM U Pa3IMIHbIX
BO3PaCTHBIX MaToyorusix. OmHaKko MpoOBeIeHO MaJsIo MCCIeI0BAHMIA, U3yYaIOIINX
BKJIaJ, KOMIIOHEHTOB BPOXKIEHHOTO MMMYHUTeTa B (hOPMIMPOBaHME YCIEIIHOIO
CTapeHusi, He MPOBEIEHO aHa/M3a KOHKPETHBIX MEXaHM3MOB BPOKIEHHOTO VM-
MYHMTETA MPU PasINYHbIX (GEeHOTUIIaX CTapeHNs.

LHEJIb UCCJIEAOBAHUS — mnpoBeneHne KOMIIJIEKCHOTO MCCJIETOBAHUS CU-
CTeMbl BPOXKIEHHOTO UMMYHUTETA (CUCTEMbI CUTHAJbHBIX PEeleNTOPOB, KOMIIO-
HEHTOB MH(IaMMaCOMHOTO KOMIIJIEKCA, IIMTOKMHOB) Y JIMII CTapueCKOTo BO3pac-
Ta U IOJATOXKUTEsIe MPU Pa3INyHbIX (eHOTUIaX CTapeHus.

MATEPUAJIBI U METO/BI. ITposeneno o6ciaenoBanme 100 iy crapyecko-
ro Bospacta, 100 mosroxkuTesiei u rpyInbl CpaBHEeHMs, cocrosiieit n3 50 ueso-
BEK MOJIOAOTO BO3pacTa. BHYTpM cTapiimx BO3paCTHBIX TPYIIT OCYIIECTBJIEHO
pasfesieHre Ha TMOATPYIIIbI (GM3MOTIOTUUECKOTO U TaToJIorMyeckoro GeHoTumna
CcTapeHMs Ha OCHOBAaHMM MHIeKca KoMopOumHocTtu YapibCOH, KpaTkoil Oara-
peu TecToB ¢Gu3nyeckoro GyHKIMOHMPOBAHUSI M KPATKOM IIKAJIbl OL€HKU TCU-
XMUYECKOTO CTaTyca. brosornueckum marepmaioM sl MCCAeAOBaHUS CITYKMIIA
nepudepryeckas KpoBb. YPOBEHb 3KCIIPECCUM T€HOB MaTTepH-PACIO3HAIOIINX
peuienitopoB TLR2, TLR4, renoB munHdbaammacomHoro komiuiekca (INLRP3,
CASP1) B nenxomnurax rnepudepuyeckorn KpoBU OILIEHMBAIM METOAOM IOJMMe-
pPa3HOM 1LIETHOM peakuyy B peskume peasibHOro Bpemenn (IILIP-PB). Omnpenerne-
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HIe TIOBepXHOCTHOM 3Kcrnpeccun TLR Ha moHoumTax nepudepmnyeckon KpoBu
OCYIIECTB/ISIIM METOIOM ITPOTOYHOM LmToduryopumerpun. KoHlleHTpauuio 1mm-
TOKMHOB B CbIBOPOTKE KPOBM U B KyJIbType MOHOHYKJeapHbIX kjeTok (MHK) nc-
CJIeyeMbIX TPYIIIT OMPeIesisyIi METOIOM TBepAodasHOro MMMYHO()EPMEHTHOTO
aHaym3a. [lomyyeHHble TaHHBbIE OIEHUBAJIM C MCIIOJIb30BaHMEM ITPOTPAMMHOIO
nakera Statistica 14 (StatSoft, Europe) u GraphPad Prizm (Prizm, USA).
PE3VJIBTATDI. AHanu3 BO3pacTHOM OMHAMMUKM SKCIIPECCHMM TATTePH-PacIios-
Harommx perentopoB TLR2, TLR4 Ha TpaHCKPUIIIIMOHHOM ¥ G€JTKOBOM YPOBHE
BbIsIBWII yBenmueHue srcrpeccun TLR2 m cHmskenne akcnipeccuu TLR4 B rpynmne
CTapyeCcKoro BO3pacTa U JOJITOSKUTESIeN 10 CPaBHEHMIO C 00C/IeH0BaHHBIMIU MOJIO-
nmoro Bospacta. [Ipy (eHOTHUIIE YCITEITHOTO CTapeHus PerucTpPUpPOBaIOCh YBeJ-
yenme skcrpeccuy TLR2 kak y smir crapyeckoro Bo3pacTta, Tak U 'y JOJITOKUTEIEN.
[Ipu dbeHOTHIIE TATONIOTMUECKOTO CTapeHNs Habmonaiach rurepakcnpeccust TLR2
y 00cJIeIOBaHHBIX CTAPUYECKOro Bo3pacTta 1 cHisKeHume skcrpeccyy TLR2 y monro-
skutesier. He BbISIBJIEHO JOCTOBEPHBIX OTJIMUMIA B 9KCITpeccuy reHa u 6enka TLR4
Y JIUII, CTapIIMX BO3PACTHBIX IPYIII B 3aBMCUMOCTY OT (DeHOTUIIA CTAPEHMSI.

B pesynbraTe OlLieHKM 3KCIIpeCCuM T'eHOB MH(IaMMacCOMHOTO KOMILIEKCA I0-
KasaHo yBeymueHue skcrnpeccun rena NLRP3 B snelkornurax nepudepuyueckon
KpOBU 00CJIeNOBaHHBIX CTapyecKoro Bo3pacra u mosroxkuresein B 20 u 23 pasa
COOTBETCTBEHHO, 110 CPaBHEHMIO C MOJIOAbIMU AoHOpamu. [1pu deHorume maro-
JIOTMYECKOTO CTapeHMsI KaK Yy JIUII CTapueCcKOro BO3pacTa, Tak U y JTOJITOXKUTEIein
HabJIomanach rumnepaKcnpeccus reHoB nHpaamMmmacomHoro komruiekca (NLRP3,
CASP1), uto MOkeT ObITh CBSI3aHO C PUCKOM Pa3BUTUSI BO3PACT-aCCOLIMMPOBAH-
HOM TTaTOJIOT Y.

Tak Kak ocHOBHbIM pe3ynabraroMm akTuBaiyy NLRP3 mnHbamMmacombl siBisieTcst
ITPOLIECCHHT ITPOBOCHAINTEbHBIX IIUTOKMHOB 10 OMOJIOrMYeCKy aKTUBHOM (hOPMBI,
npoBeieHa olleHKa ypoBHst IMTOKMHOB IL-13 1 IL-18 B chIBOpOTKe KPOBM 1 B KYJIb-
type MHK ncciemyembix BO3pacTHBIX IPYTIL. Y TOJTOKUTENIEN HaOMI0AaIOCh T0-
BoieHre yposHen IL-13 u IL-18 B cbIBOpOTKe KpOBM MO CPaBHEHUIO C JIMLIAMU
CTapyecKOro BO3pacTa M MOJIoAbIMM JoHOpamy. He BbISIBIIEHO OT/IMUMiA B coepska-
Hyn IL-1[3 B cbIBOpOTKe KPOBM MEXIY TPYIIIaMy YCIIEITHOTO U TaTOJIOTUYeCKOTO
crapenusi. [lokazano yBenmuenme koHueHTpaumm IL-1p B kyneTrype MHK mipu cra-
peHuu, 6os1ee BbIpaskeHHOe Mpy (heHOTUTIE MMaTOOTUYECKOTO CTapeHMsl.
BBIBO/IbI. Takum o6pa3omM, MOBbIlIeHNE YPOBHS 3Kcpeccuy reHa TLR2 mo-
SKeT pacCMaTpuBaThCs B KaueCTBe MapKepa YCIeITHOTO CTapeHMs, a TIOBbIIIIeH/ e
srcripeccun reHa NLRP3 u konuentpauym IL-1B B kynbrype MHK — B kaue-
CTBe MapKepOB IMaTOJOTMUECKOTO CTapeHus y JIMIL CTapueCcKOro BO3pacTa M I0JI-
roxxuTtesieil. BoisiBiieHHbIe MapKkepbl (GEHOTUTIOB CTapeHMsI MMO3BOJISIT ITPOBOAUTH
CBOEBpPEMEHHYIO MPOGMIAKTUKY BO3PaCT-aCCOIMMUPOBAHHONM IATOJIOTUM IJIsT
IIPOAJIEHNST 300POBOTO AOJTOIETHSI.

KnwoueBble c/10Ba: BPOXKAEHHBIM MMMYHUTET; BOCIIAJIMTE/IbHOE CTapeHUe;
Toll-momo6HbIe perienTopbl; MHGpIAMMACOMa; IMTOKMHBI.

Ons uurupoBanmsi: ['ankoBckas JI.B., AprembeBa O.B. Ponb mexaHnsmoB
BPOXIEHHOTO MMMYHUTeTa B (POPMMPOBAHMM YCIEIIHOTO U IaTOJIOTUMYeCKOTO
crapenust. Ilpo6nemot zeponayku. 2024; 4(8):192-195. DOI: 10.37586/2949-
4745-4-2024-192-195
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Abstract
BACKGROUND.Oneofthekeyindicatorsofimmunosenescenceisinflammatory
aging (inflammaging), which is primarily attributed to the mechanisms of innate
immunity. The assumed cause of inflammaging is chronic activation of pattern-
recognizing receptors of the innate immunity and their signaling pathways by
endogenous and exogenous danger signals. The major role in this process is held
by Toll-like receptors (TLR) and NOD-like receptors (NLR). Their activation
triggers the implementation of effector mechanisms of innate immune defense;
in the context of aging, this contributes to the development of a pro-inflammatory
phenotype. Inflammaging can lead to normal aging and longevity, as well as to
pathological aging and age-associated pathology. Currently, several receptor and
effector components of the innate immune system have been examined in the
context of aging and various age-related diseases. However, few studies have
been conducted on the contribution of innate immunity components to normal
aging; no analysis of specific mechanisms of innate immunity in various aging
phenotypes has been conducted.

AIM. To conduct a complex study of the innate immunity system (signaling
receptor system, inflammasome complex components, cytokines) in elderly
individuals and long-living individuals with various aging phenotypes.
MATERIALS AND METHODS. A total of 100 elderly individuals, 100 long-
living individuals and a comparison group consisting of 50 young people
were examined. Within the elderly and long-living groups, physiological and
pathological aging phenotype subgroups were divided based on the Charlson
Comorbidity Index, the Short Physical Performance Battery and the Mini-Mental
State Examination. Peripheral blood was used as a biomaterial for the study. The
expression levels of the pattern recognition receptor genes (TLR2, TLR4) and
inflammasome complex genes (NLRP3, CASP1) in leukocytes were assessed by
real-time polymerase chain reaction (RT-PCR). Surface expression of TLR on
monocytes was determined by flow cytometry. The concentration of cytokines in
the blood serum and in the mononuclear cell culture (MNC) of the study groups
was measured by enzyme immunoassay. The obtained data were assessed using
the Statistica 14 software package (StatSoft, Europe) and GraphPad Prizm (Prizm,
USA).

RESULTS. Analysis of the age-related changes in expression of pattern
recognition receptors TLR2, TLR4 at the transcriptional and protein levels
revealed an increase in TLR2 expression and a decrease in TLR4 expression
in the group of elderly and long-living individuals compared to the young
participants. In the normal aging phenotype, an increase in TLR2 expression
was recorded in both the elderly and long-living individuals. In the pathological
aging phenotype, TLR2 hyperexpression was observed in elderly individuals,
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and TLR2 expression was decreased in long-living individuals. No significant
differences in the expression of the TLR4 gene and protein were found in older
participants depending on the aging phenotype.

Assessing the expression of the inflammasome complex genes demonstrated an
increase in the expression of the NLRP3 gene in the peripheral blood leukocytes
of elderly and long-living individuals by 20 and 23 times, respectively, compared
to young donors. In the pathological aging phenotype, both the elderly and
the long-livers showed hyperexpression of the inflammasome complex genes
(NLRP3, CASP1), which may be associated with the risk of developing age-
associated pathology.

Since the main result of NLRP3 inflammasome activation is the processing of
proinflammatory cytokines to a biologically active form, the level of IL-1f3 and
IL-18 cytokines in the blood serum and in the MNC culture of the studied age
groups was assessed. In long-living individuals, an increase in the levels of IL-1[3
and IL-18 in the blood serum was observed compared to the elderly and young
donors. No differences in the content of IL-1f in the blood serum were found
between the normal and pathological aging groups. An elevation in the levels of
[L-1B in the MNC culture was observed during aging, with a more pronounced
increase in the pathological aging phenotype.

CONCLUSIONS. Therefore, an increase in TLR2 gene expression may be
regarded as a marker of normal aging, while hyperexpression of the NLRP3 gene
and elevated levels of IL-1p in the MNC culture can be viewed as markers of
pathological aging in elderly and long-living individuals. The identified markers
of aging phenotypes will enable prevention of age-associated pathologies, thereby
promoting healthy longevity.

Keywords: innate immunity; inflammaging; Toll-like receptors; inflammasome;
cytokines.
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Pe3iome

AKTVYAJIBHOCTDb. Bo3spacTtHble n3aMeHeHMsI, MPOTEKAIONIE B UMMYHHOU CH-
cTeMe B IpoIiecce CTapeHMsl, BKIIFOUAIOT AVCPETYJISIMIO Ha YPOBHE BPOKIAEHHO-
ro MMMYHMTETA U OMMCaHbl Kak BOCHaIUTeIbHOE cTapeHne win «inflammaging».
BocnaimrenbHoe cTapeHue MpeAroyiaraeT HauuyMe HU3KOYPOBHEBOIO CUCTEM-
HOTO BOCITQJIEHNUSI, TPUCYTCTBYIONIIETO Ia’ke Yy KIMHUYECKM 3IOPOBBIX JIIO-
Ie/l CTaplIMX BO3PACTHBIX TPYIT M XapaKTepU3YIOIIErocs IOBBIIIEHHBIMM
B KPOBM YPOBHSIMM MEOMaTOPOB BOCHAJIEHMSl, B TOM YMCJIE TTPOBOCITA/INTEb-
HbIX IIMTOKMHOB. BocmanuTesbHble peaklMy WUrpaloT [IBOVICTBEHHYIO PpOJib,
C OOHOV CTOPOHBI, ObecreumBasi 3aIIUTHYIO pPeaKIuio, C APYroil CTOPOHBI,
OToCpenysl TIOBPeXKIeHNe TKaHel Py M3OBITOYHOCTY BOCIAJIEHUSI M ero Xpo-
Husauym. Ilpeamosaraercst, 4To XapakTep MpoIiecca CTapeHus M pPasBUTHE
BO3PAaCT-aCCOIMMPOBAHHONM IMATOJIOTUY MOT'YT OBITh CBSI3aHbI C GAJIAHCOM ITPO-
Y TIPOTUBOBOCIIAJIUTEIbHBIX [IUTOKMHOB.

L EJIb PABOTDbI — olieHKa ypoBHEN IPO- ¥ MPOTMBOBOCHAIUTETbHbBIX IIUTO-
KVHOB Y JIOJITOSKUTEJIEN U JINII, CTAPUYEeCKOTO BO3pacTa IpyM Pas3IMIHbIX (HeHOTH-
max CTapeHmusl.

MATEPUAJI U METOAbI NCCJIEAOBAHWSI. B uccinemoBaHye BKIIOUEHO
80 nu11 cTapueckoro Bospacta (cpemuuit Bospact 81,8 roma), 100 gonroxkurenen
(cpemumii Bospact 92,2 roma) u 50 demoBek MoJI0gOro Bo3pacTa (CpemHuii BO3-
pact 22,4 roga) B KaueCTBe I'PYIITbI CpaBHeHMsI. ['pyTinbl cTapyecKkoro Bo3pacra
Y JOJITOSKUTENIEN ObUIM pasaesieHbl Ha MMOATPYIIIbI (PU3MOIOrMYeCKOTO U TIaTOJIO-
rMYeckoro peHoTMITa CTapeHMsT Ha OCHOBAaHUM KJIMHUYECKUX JAaHHBIX: MHOEKCA
KoMOpOuaHOCTM YapiabCOH, KpaTKOM OaTaper TeCcTOB (M3MUYecKoro (GyHKIMO-
HMUPOBAHMS M KPATKOI IIKAJIbI OIEHKY MCuXudeckoro craryca. OueHKa ypOBHS
IIMTOKVHOB TAIMEHTOB MCCJIEAYEMBIX T'PYIIT IPOBOAMIACH METOAOM MMMYHO-
dbepmentHoro anasmsa (MMMDA) B CbIBOPOTKe KpPOBM, a TaKKe CyIlepHaTaHTax
KyJbTYpbl MOHOHYK/IeapHbIx KieTok (MHK) nocne 24-yacoBoro KyabTMBUpPOBa-
Hus. Onpenensinch KoHLeHTpauyy 1mtokmuuoB 1L-10, IL-4, IL-6, IL-10, IL-18,
TNFo, TOPB (vabopsr «Bekrtop-bect» (Poccusi) u CloudClone Corp. (USA).
[TosryyeHHBIE TaHHbBIE OIEHMBAIMCH C MCIIOIb30BaHMEM ITPOrPAMMHOIO IaKeTa
Statistica 14 (StatSoft, Europe) n GraphPad Prizm (Prizm, USA).
PE3VJIBTATBI. OnieHka ypoBHENM IIMTOKMHOB B ChIBOPOTKE KPOBM IOKasasa,
YTO B TPYIIIE ITOJTOKMTEJIEN TMOBBIIIeHA KOHIIEHTPAIMsI KaK MTPOBOCIA/IATEb-
HbIX 1uTOKMHOB IL-6, TNFa, IL-1B, IL-18, Tak # mMpOTMBOBOCIAIMUTETbHBIX

© 2024, Tpeuenko B.B., T'pomosa T.B. [lannas crarbst usgana AHO «OCO UTEM» u pacnipocTpaHsieTcsi Ha YCIOBMSIX OTKPBITOrO JocTyna, B coorserctsun ¢ muensueit CC BY-NC-SA 4.0 («Attribution-NonCommercial-
ShareAlike»), kotopast Heor oe KOe UCIIOJTb30BaHue, pacnpochaHeHMe M BOCTpOM3BE/IeHMe Ha JII060M HOCHUTele TIPU YCIOBMM YKa3aHUsl aBTOpa M MCTOYHMKA. UTOGBI O3HAKOMUTBCS €
TIOJIHBIMM YCJIOBYSIMM JAAHHOM nnuemnu Ha PYCCKOM sI3bIKe, TI0CeTHTe caiiT: https://creati -sa/4.0/deed.ru
This is an open access article under the CC BY-NC-SA 4. ()( Attribution-NonCommercial-Share Alike” ) I|cense Published by SSFIMT.



https://orcid.org/0000-0003-2582-3372
https://orcid.org/0000-0002-4839-5860

uutokuHoB 1L-10, TGFp. [Ipu atom B rpyrmrme crapyeckoro BO3pacta BbISIBJIEH
JIycOalaHC LIMTOKMHOB, ITPOSIBJISIONIMIACS MTOBBIIIIEHMeM KomuecTBa IL-6 u cHu-
skeHvieM ypoBHs [L-10 u TGF. MoskHO npennosiokuTh, 4To JaHHBIN JucOaIaHC
IIPO- ¥ IIPOTMBOBOCIAIUTEbHBIX IIMTOKMHOB OIpenesIsieT rmepexof oT heHOTH-
T1a YCITEIITHOIO CTapeHMsl K MaTOJIOTMYeCKOMY BapuaHTY, XapaKTepPU3yIoIIeMyCs
pa3sBUTMEM BO3PaCT-aCCOLMMPOBAHHOM Iarosiorun. Kpome Toro, Hamu BbIsIBIIE-
HO MoBbIlIeHMe YpoBHS IL-4 mpu ycrnemntHoM ¢heHOTUIIe CTapeHUsI, UTO MOXKET
paccMaTpuBaThCS B KaUeCTBe MapKepa JaHHOTO ()eHOTMUIIA, a TIOBBIIIEHE YPOB-
Heit IL-6, TNFo. — B KauecTBe MapKepoB MaToJOTM4eCcKoro heHoTura cTapeHnst
Y JIMII CTAapYeCKOTO BO3PacTa ¥ JOJITOSKUTEJIEN.

Konnenrparmn uyrokuuos IL-1, 1L-4, IL-6, IL-10 u TNFa, omnpenensiembie
B CbIBOPOTKE KPOBWU, SIBJISTIOTCSI JOCTATOYHO HU3KMMM, UTO IIPUBOAUT K HEOOXO-
IUMOCTH IIPUHMMATh TMAarHOCTUYECKOe pellleHNe 10 3HAaYeHMUSIM, HaXOASIILIMMCSI
Ha HIDKHUX TIpefesiax IeTeKIM COBPEMEHHBIX TeCT-CUCTEM, U, KaK CJIeNCTBUE,
K HI3KOM YYBCTBUTEJIBHOCTM TaKMX MapKepoB. B cBsI3M ¢ 3TMM Hamu ObLIN Olle-
HEHbl YPOBHM JAHHBIX IIUTOKMHOB B KyJbTypax MHK, BbimeneHHbIX U3 mepu-
dbeprueckoyn KpoBM IMAIMEHTOB MUCCAeAYeEMbIX I'pymil. IlomydyeHHbIe TaHHbIE MO-
Kasau, 4yTo KoHIeHTpauuu uuTokuHoB IL-1, IL-6, IL-10 1 TNFo B kynabType
KJIETOK B JIECSITKM pa3 IPEeBbBIIIAIOT X KOHIIEHTPAILMIO B repudepnyeckon Kpo-
BU, TPV TOM OHM JOCTOBEPHO ITOBBIIIEHbI Y JIUII CTAPUYE€CKOTO BO3pacTa U JOJITO-
SKUTEJIEN TI0 CPaBHEHMIO C MOJIOIBIMM JIFOAbMM. TaKksKe BbISIBJIEHA MOBbIILIEHHAS
nponykuys [L-6 u TNFa B rpynmne nauyueHTOB cTapyeckoro Bo3pacTa M JOJIro-
SKUTEJIeN TIpU IaTojiormuyeckom (eHorune crapenus. [Ipy 3ToM KOHIIEHTpAIMS
npoTuBoBocHauTeabHoro uuTokuHa IL-10 Takske moBbilllasach C BO3PacTOM,
HO He 3aBMcejia OT (eHOTUIIa CTapPeHMUs], YTO XapaKTepu3yeT BBISIBJIEHHbIN IVC-
6as1aHC MPO- ¥ MPOTMBOBOCITAINTEIbHBIX [IUTOKMHOB MPY (EHOTUIIE TTAaTOJIOTH-
YeCKOI'O CTapeHMsI.

BbIBO/Ibl. BrissieHHble MapKepbl (heHOTUIIOB ITaTOJIOTMYECKOTO U YCIIEIIHO-
IO CTapeHMs MO3BOJISIOT IIPOrHO3MPOBATh Pa3BUTHE BO3PACT-aCCOLMMUPOBAHHOM
MaToJIOTUM Uau posiroyietusi. I1pemyioskeHHOe HaMyM MCC/IeqOBaHNMe IIUTOKWHOB
B KynbType MHK MoskeT 6bITh 60s1ee MHGOPMATUBHBIM, YeM OIleHKa IIUTOKMHOB
B CBIBOPOTKeE IepudepnuecKoin KpOBM.

KnioueBble c/10Ba: BPOKIEHHBIM MMMYHUTET; BOCIAJIMTEIbHOE CTapeHue; 1y-
TOKMHbI; KYJIbTypa KJIETOK; MapKepbl CTapeHMSI.
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Abstract

BACKGROUND. Age-related changes occurring in the immune system during
aging include dysregulation at the level of innate immunity and are described as
inflammatory aging or “inflammaging.” Inflammatory aging presupposes low-
level systemic inflammation, which is present even in clinically healthy people
of older age groups and characterized by elevated blood levels of inflammatory
mediators, including proinflammatory cytokines. Inflammatory reactions play a
dual role: on the one hand, providing a protective reaction; on the other hand,
mediating tissue damage with excess inflammation and its chronization. It is as-
sumed that the nature of the aging process and the development of age-associated
pathology are related to the balance of pro- and anti-inflammatory cytokines.
AIM. To assess the levels of pro- and anti-inflammatory cytokines in long-living
and elderly patients with various aging phenotypes.

MATERIALS AND METHODS. The study included 80 elderly participants
(mean age: 81.8 years), 100 long-living participants (mean age: 92.2 years) and
50 young participants (mean age: 22.4 years) as a comparison group. The groups
of elderly and long-living participants were divided into subgroups of the physi-
ological and pathological phenotype of aging based on clinical data: the Charl-
son Comorbidity Index, the Short Physical Performance Battery and the Mini-
Mental State Examination. The cytokine levels of patients in the study groups
were assessed by enzyme immunoassay (ELISA) in blood serum, as well as in
mononuclear cell culture (MNC) supernatants after 24 h of cultivation. The con-
centrations of the following cytokines were determined: IL-1f3, IL-4, IL-6, IL-10,
IL-18, TNFa, TGFf$ (Vector-Best kits, Russia and CloudClone Corp.,USA). The
obtained data were assessed using the Statistica 14 software package (StatSoft,
Europe) and GraphPad Prizm (Prizm, USA).

RESULTS. Assessment of serum cytokine levels showed that the concentration
of both pro-inflammatory cytokines IL-6, TNFa, IL-1p, IL-18 and anti-inflam-
matory cytokines IL-10, TGFf was increased in the group of long-living partici-
pants. At the same time, an imbalance of cytokines was revealed in the elderly
group, manifested by an increase in the concentration of IL-6 and a decrease
in the level of IL-10 and TGFR. This imbalance of pro- and anti-inflammatory
cytokines assumedly determines the transition from the phenotype of normal ag-
ing to a pathological variant characterized by the development of age-associated
pathology. In addition, we revealed an increase in the level of IL.-4 with a normal
aging phenotype, which can be considered as a marker of this phenotype, and an
increase in the levels of IL-6, TNFo as markers of the pathological phenotype of
aging in elderly and long-living participants.

The concentrations of cytokines IL-1, IL-4, IL-6, IL.-10 and TNFa detected in
blood serum are quite low. This leads to the need to make a diagnostic decision
based on values at the lower detection limits of modern test systems, and, con-
sequently, to low sensitivity of such markers. In this regard, we evaluated the
levels of these cytokines in MNC cultures isolated from the peripheral blood of
patients in the study groups. The obtained data showed that the concentrations
of cytokines IL-1, IL-6, IL-10 and TNFa in cell culture are ten-fold higher than
their concentration in peripheral blood, while they are significantly increased in
elderly and long-living participants compared with young participants. Increased
production of IL-6 and TNFo was also detected in the group of elderly and long-



living participants with a pathological aging phenotype. At the same time, the
concentration of the anti-inflammatory cytokine IL-10 also increased with age,
but did not depend on the aging phenotype, which characterizes the revealed
imbalance of pro- and anti-inflammatory cytokines in the pathological aging phe-
notype.

CONCLUSIONS. The identified markers of the pathological and normal aging
phenotypes help predict the development of age-associated pathology or longev-
ity. Our proposed study of cytokines in MNC culture may be more informative
than the assessment of cytokines in peripheral blood serum.

Keywords: innate immunity; inflammatory aging; cytokines; cell culture;
markers of aging.

For citation: Grechenko V.V., Gromova T.V. Markers of the cytokine profile in
determining the aging phenotype. Problems of Geroscience: 2024; 4(8): 196-199.
DOI: 10.37586/2949-4745-4-2024-196-199

JOITOJIHUTEJIbHASI UTHO®OPMALI A / ORCID ABTOPOB:
ADDITIONAL INFORMATION I'pevenko B.B. — 0000-0003-2582-3372
dunaHcupoBanue. VccienoBaHme BbIMOIHEHO TPU I'pomosa T.B. — 0000-0002-4839-5860
nofaepskke rpanta Poccuiickoro HayuHoro ¢onga Ne 23-
15-00137, https://rscf.ru/project/23-15-00137 ORCID:
Funding sources. The study was supported by the )
Russian Science Foundation Grant No. 23-15-00137, Grechenko VV 0000-0003-2582-3372
https://rscf.ru/proiect/23-15-00137 Gromova T.V.: 0000‘0002'4839'5860

KoundymukT mHTEepecoB. ABTOpbI OEKIapUPYIOT OT-
CYTCTBME SIBHBIX ¥ TIOTEHIIMATbHBIX KOHGIMKTOB MHTEPE-
COB, CBSI3aHHBIX C CONEPKAHMEM HACTOSIIIEN CTaTbhI.

Conflict of Interests. The authors declare no explicit
or potential conflicts of interests associated with the con-
tents of this article.


https://rscf.ru/project/23-15-00137
https://rscf.ru/project/23-15-00137
https://orcid.org/0000-0003-2582-3372
https://orcid.org/0000-0002-4839-5860
https://orcid.org/0000-0003-2582-3372
https://orcid.org/0000-0002-4839-5860

DOI: 10.37586/2949-4745-4-2024-200-204 VIK: 616-092.11

Haumans B.B.2'* Kamrranoa [I.A.Y!, Mamuyp A.A."Y!, HUsanos M.B."2!
3enenoBa E.A."Y!, Bpyrran M.B."”!] [Ix)xymauusasosa 1.X.'>1, Markasa JI.P.\”1,
TepexoB M.B.'W1 Pymsaumesa A.M.21 I'pamMmaTukaT K.C.'21
Mutpodanos C.1U.'>!, IOguun B.C."Y!) Makcioruna B.B."”!] Mapanosa E.JI."“1,
HNBameuknun A.A."Y!, HekpacoBa A.1."2!, Crpaskecko 1./1.">% Makapos B.B."”1,
Keckunos A.A."Y!, TkaueBa O.H."22 FOgun C.M."2! CkBopuosa B.I1.'”3

L @T'BY «lleHTp cTpaTernueckoro MIaHMpPOBAHUS U YIIPABIEHUS MEIMUKO-OMOIOrMUeCKUMIU PUCKAMU
3nmopoBbio» DemepasibHOTO Menuko-6monoruveckoro arentrcrsa (OI'BY «ILCIT» ®MBA Poccun),
Mocksa, Poccus.

2OCII «Poccuiickuii TepOHTOJIOTMYECKUI HaydYHO-KIMHMYeckuii neHtp» ®TAOY BO PHUMY
mm. H.U. TTuporosa Munsgpasa Poccun (ITuporosckuit Yuusepcurer), Mocksa, Poccus

5 MepmepanbHOE MeIMKO-61Moorndeckoe areduTcTso (PMBA Poccun), Mocksa, Poccus

* ABTOD, OTBETCTBEHHbII 3a Iepercky, Jannanbs Beponnka BsuecmaBosra. E-mail: VDaniel@cspfmba.ru

Pe3ome

BBEJIEHUE. B 60nb1MHCTBE CTpaH Mypa B HACTOSIIIMIT MOMEHT HaOIIomaeT-
cs TpeHp, Ha gemorpaduyeckoe cTapeHue HaceneHusl. Bce 6osbliie romein mo-
CTUTAIOT IOJITOJIETHSI, ¥ 3TO CBSI3aHO HE TOJIBKO C (paKTOpamMy BHEIIHEN CPeabl
” obpasa KU3HM, HO M C MOJIEKY/JSIpHO-T€HeTMUeCKMMM Tpoleccamu. Mac-
IITAaOHbIE MCC/IENOBAHMSI, KOTOPble pacCMaTpuBaiu Obl Bce (aKTOPbI, BJIMSIO-
1I/ie Ha AOCTVIKeHMe NOJTojieTus, Kak B Poccum, Tak M B Mupe IpOBOOSATCS
penKo, ellle peske OHU MCHOIb3YIOT MYJIbTMOMMUKCHBIN TOAXOM, BKIIOUAIOIINI
pPacCMOTpEeHMEe PasJMYHBIX TUIIOB MOJIEKYJISIPHO-TEHETUYECKUX TaHHbBIX: Te-
HOMHBIX, STIUT€HOMHBIX, TPAHCKPUIITOMHBIX ¥ METareHOMHBbIX.

L EJIb UCCJIEJOBAHUS — usyunth dheHOMeEH mosronetusi B Poccuiickon
denmepalyu ¢ MOMOIIIbIO KOMIVIEKCHOTO aHajM3a (aKTOPOB 0Opa3a sKU3HMU, OKPY-
SKaIoIell Cpefbl, COLMO-3KOHOMMUYECKUX (aKTOPOB, KIMHMKO-IaO0PaTOPHBIX,
a TaKkKe MOJIEKY/ISIPHO-TEHETUUECKUX (PAaKTOPOB.

MATEPHUAJIBI U METO/IbI. 3a nartb Jjier coBmecTHOM paborer OI'BY
«OCIT» ®MBA Poccun nu OCIT PTHKI ®T'AOY BO PHUMY um. H.U. Iln-
poroBa Mwun3npaBa Poccum cobpaHa yHMKasbHasl KOJUJIEKIMS M3 Oojiee uem
20 000 6mo06OpasloB OONATOKKUTENEN C TMOAPOOHBIM aHAMHE30M I10 KasK[Oo-
My U3 yYaCTHUKOB. B mcciemoBanne BkitoueHbl 60see 5000 mosroskuresient
u3 10 cyowektoB Poccuiickoin Demepanym, UTO IeaaeT €ero OJHMM U3 CaMbIX
KPYIHBIX B Mype. [ Kaskoro 13 y4aCTHUKOB ITPOBOANUTCS TOAPOOHOE M3yue-
HJEe aHAMHeCTUUYeCKMX JAaHHbIX, KOMILJIEKCHAS repuaTpuiecKast OleHKa, IImpo-
KU CIIEKTP JIabOpaTOPHBIX ITapaMeTPOB, a TaK)Ke MOJIEKY/ISIPHO-TeHeTUUe CKIe
MeToAbl 0OCIeIOBaHMSI.

PE3VJIBTATDI. KomIuteKCHBIN TOAXOHA, K M3YYEHUIO TOJITOJIETUS TIO3BOJIVII
OIpeneUuTb OCHOBHbIE (DEHOTUIIBI CTAPEHMSI, UX KJIMHUKO-TabopaTOpHbIe Map-
Kephl, a TaK)Ke aCCOLMMPOBAHHbIE C HMMMU (HAKTOPBI Cpedbl M oOpasa >KU3HUA.
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[IponoOHTMpOBaHHBIN XapaKTep MCCAeNOBaHMS TO3BOJIMI BBISIBUTH (aKTOPHI,
CBSI3aHHbBIE CO CMEPTHOCTBIO JTOJITOKUTEJIEN OT PasJIMUHBIX IPUYMH, B TOM YMC-
se ot COVID-19. CoBpeMeHHbIe BbICOKOTEXHOJIOTMUHbIE METOAbI CEKBEHUPO-
BaHMS HYKJIEMHOBBIX KMCJIOT ITO3BOJIMJIM MTPOBOANUTD OIEHKY MOJIEKY/ISIPHO-Te-
HeTu4yeCcKux (GakTOPOB, JeKallMX B OCHOBe Kak caMoro dheHOMeHa I0JIrOIeTHsI
(8 GWAS 71 BbIsSIBJIeHUSI TeHETUYECKUX MapKepoB OJITOJeTUsI MOPOT MPOIll-
i 86 BapMaHTOB, M3 KOTOPBIX 2 pacrnosiarajiuch B KOAMPYIOIIei 001acTy reHa
APOE), Tak ¥ coluaabHO 3HAUMMBbIX TepuUaTpPUUECKUX CUHIPOMOB, Hampu-
Mep KOTHUTMBHBIX HapyllleHui (IOpor MOJIHOT€HOMHOM 3HAYMMOCTY TTPOIIIN
19 BapMaHTOB, YacTbh U3 KOTOPBIX TakKe pacrnosiarajach B reHe APOE). Pe3yiib-
TaThl MMOJHOTEHOMHBIX MCCJIEOBAHNI JIETJIM B OCHOBY CO3[IaHMSI TTOJIUTE€HHbBIX
IIIKaJI, TTO3BOJISTIONINX 3a0/1arOBPEMEHHO OIIeHMBAThb PUCKM OIMACHBIX COCTOSI-
HUI: C TOUHOCTbIO 69% [Ji pycka pa3BUTHSI KOTHUTUBHBIX HapyIIeHUN Y OOJI-
TOKUTEJIEN, C TOYHOCTBIO 78% — mjIsi BO3SMOKHOCTM AOCTVUIKEHMSI BO3pacTa
nonrosietusi. Banupauusi pe3yabTaToB MPOBOAMIACH HA HE3aBUCUMBIX KOTOP-
TaX, a TaKKe B in Vitro u in vivo MOZeJISIX UCCaeayeMbIX coCcTossHMiA. [lommmo
aHa/IM3a reHeTMUEeCKMX aHHbIX, TAKKe M3ydaeTCs M SMUTeHeTHUKa HOJIrose-
Tusl. [TosryueHHbIE SMUTreHeTMYeCKye JaHHbIe TTO3BOIMIN CO3AaTh MHCTPYMEHT
IJIST OLIEHKM OMOJIOTMYECKOr0 BO3pacTa C TOUYHOCTBHIO 95%, mpeBocxomsiimii
110 TOYHOCTY APYyTYe MOJOOHbIE MOIEIN.

BBIBO/IbI. Takoit KOMIUIEKCHBIN MOAXOM, YUMTHIBAIOIINI KaK MYJIbTUOMMUKC-
Hble, TaK M KJIMHUYECKME TaHHbIe, TO3BOJUT IMOCTPOUTH Hanbosiee s erTuB-
Hble MOZeJsu AJIs TPOrHO3MPOBAaHMS BO3PACT-aCCOIMMPOBAHHBIX 3a00eBaHNUM
" OIIeHKM OMOJIOTMYEeCKOrO BO3pacTa, YTO MAaKCMMAaJbHO IMPUOJIM3UT HAC K TO-
HMMaHMIO OCHOB JOJITOJIETUSI U TIepCOHAIM3ALMUY repuaTpudeckon MeauLIVHbI.

KioueBbie cjioBa: JoJirojietTe, CMepTHOCTD;, ITIOJTHOT€HOMHBIN TTOMUCK accoum-
aunﬁ; IMOJIMT€HHAa IIKaJIa pUCKa; MYJIbTUOMMKCHbIE MCC/I€dOBaHNSI; 6uoJsiornye-
CKHMe 4acChblI.

Onsa uurupoBanus: [anmsnp B.B., Kamrranosa [.A., Mamuyp A.A.,
WBanoB M.B., 3enenoBa E.A., bpyrran M.B., [Ixkymanussosa 1.X., Matkasa JI.P.,
TepexoB M.B., PymguueBa A.M., I'pammarukatu K.C., Mwutpodanos C.U.,
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SKOHOMMYECKNX, KJIMHUKO-IA0OPATOPHBIX ¥  MOJIEKY/ISIPHO-TEHETUUECKUX
dakTopoB. IIpobnemor zeponayku. 2024; 4(8):200-204. DOI: 10.37586/2949-
4745-4-2024-200-204
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Abstract

BACKGROUND. A trend toward demographic aging of the population is cur-
rently observed in most countries worldwide. More and more people are achiev-
ing longevity, both due to environmental factors and lifestyle, as well as to
molecular genetic processes. Few large-scale studies have examined all fac-
tors contributing to longevity both in Russia and globally. Fewer of them have
used a multi-omics approach, which could provide a better insight into the phe-
nomenon of longevity by integrating genomic, epigenomic, transcriptomic and
metagenomic data.

AIM. To study the longevity phenomenon in the Russian Federation using
a comprehensive analysis of lifestyle, environmental, socio-economic, clinical
and laboratory factors, as well as molecular genetic factors.

MATERIALS AND METHODS. The five-year joint longevity study con-
ducted by the Center for Strategic Planning and the Russian Clinical Research
Center for Gerontology has successfully collected one of the world’s largest re-
positories, containing a unique database of over 20,000 biological samples from
5,000 long-living individuals from 10 regions of the Russian Federation. Each
participant undergoes a detailed medical history analysis, a comprehensive geri-
atric assessment, a wide range of laboratory tests, and molecular genetic testing.
RESULTS. An integrated approach to the study of longevity enabled the deter-
mination of main aging phenotypes, as well as the environmental and lifestyle
factors associated therewith. The longitudinal design of the study also allowed
for the identification of factors related to all-cause mortality, including mortality
from COVID-19. State-of-the-art sequencing provided an opportunity to exam-
ine the molecular genetic factors underlying both longevity (86 genetic vari-
ants passed the genome-wide significance threshold for longevity, 2 of which
were located in the coding region in the APOE gene) and socially significant
geriatric syndromes, such as cognitive impairment (19 genetic variants passed
the genome-wide significance threshold, several of which were also located in
the APOE gene). The results of the genome-wide association studies have been
used in the development of a polygenic score model that enables to assess an
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early risk for cognitive impairment with 69% accuracy and the longevity prob-
ability with 78% accuracy. The results were validated on independent cohorts,
as well as in vitro and in vivo models. In addition to the genetic data analysis,
the epigenetics of longevity has also been studied. The epigenetic data obtained
during the study have enabled the development of a biological age assessment
tool with an accuracy of 95%, outperforming other comparable models.
CONCLUSIONS. This comprehensive approach, considering both multi-omics
and clinical data, could facilitate the development of highly accurate predictive
models for aging-associated diseases and biological age assessment models. It
provides a better insight into the fundamental mechanisms of longevity and pro-
motes personalized geriatric medicine.

Keywords: longevity; mortality; genome-wide association study; polygenic risk
score; multi-omics studies; biological clock.
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Pe3iome

BBEJIEHUE. Bamupanusa mkagsl SCORE2 Ha poccuitckoil MOMyJSIIUM T10-
KasaJia BBICOKYIO TOYHOCTb IPU OIleHKe cepaedHo-cocymaucTtoro pucka (CCP)
Y MY>KUMH, HO He Y SKeHIIIMH. B CBS3M ¢ 9TMM co3[1aHMe HOBbIX METOAOB OLIEHKMU
CCP vy skeHIIMH SIBJIIETCS aKTyaJbHOM 3amadent. Psam mammorpaduueckux mo-
KasareJiel, TaKMX KaK KalblMHO3 MosiouHoi keje3bl (KMJK) 1 maoTHOCTh MO-
nounbix xene3 (ITMJK), moryT 6bITh momonHUTeNbHBIMY GuoMapkepamyu CC3
Y SKEHILVH.

IHEJIb HWCCJIEHJOBAHUS. Orenuth cBS3b IOKa3aTesel, TOJyUYeHHbIX
B pe3y/bTaTe PEeTPOCIIEKTUBHOro aHaimiza Mammorpamm, ¢ CCP y skeHIIMH
65 ner u crapiie.

MATEPUAJIBI N1 METOJDbI. PerpocrnekTMBHBIM aHaJM3 MaMMOTPaMM
570 manmeHTOK, MMOC/Ie0BaTeIbHO MPOXOAUBIINX Aycnancepusaiyo B MHOIL
MI'V. TIMJXK u KMJX ornennBanu Ha OCHOBaHMM IIIKaJI, pa3paboTaHHbIX AMepu-
KaHCKMM KojuiemkeM paayvonoruu. CCP olieHuBaiu B COOTBETCTBUM C PEKOMEH-
marussvu Poccuiickoro obiectBa KapayosaoroB. CTaTUCTUUECKUIA aHAIU3 TIPO-
BeJleH Ipy oMol cpenbl R 4.1 ¢ OTKPBITBIM MCXOTHBIM KOJOM.
PE3VJIbTATDI. BrisBreHa cBsisb Mammorpadmuueckux mokasarenein ¢ CCP
y skeHIIMH 65 et u crapire. Huskasg ITMJK, Hammume 1 pacinpoCTpaHeHHOCTh
KasplyHaToB MK 66011 accoummpoBanbl ¢ 6os1ee BoicokuM CCP. CocymucTblit
TUI KaJIbIIMHATOB ObLJI XapaKTepeH /151 MaleHTOK C BBICOKMM U OU€Hb BbICOKUM
CCP. OtcyTcTBMe CTaTUCTUUECKM 3HAUMMBIX Pas3jiMuMil B IVIOTHOCTU U Xapak-
TEPUCTUKAX KAJbIIMHO3a MEXIY IPaBoii U JIEBOM MOJIOUYHBIMM JKejie3amu OymeT
YUTEHO Ipu (GOPMUPOBAHUM MHTEIPAIbHOTO MapKepa, YTO MO3BOJIUT ITPOBOINUTD
Bepu@UKAIMIO TTOJTYUYEHHBIX Pe3y/IbTaTOB.

BBIBO/Ibl. Co3ganne MeToma JOMOJHUTEIbHOIO aHa/IM3a JAHHBIX MpoduIak-
TUYeCKoy MaMMorpaduu MmokeT 1mo3BoanTh ollennTb CCP u onpemennTs panyo-
HaJIbHYIO MapIIpyTU3alMIO MAleHTOK B paMKax 2-TO 3Tara AUCIIaHCepU3aln.
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Pexnaccudukanys CCP B cTOpOHY yMeHbIIIEHNUS JacT BO3MOKHOCTb M30eXKaTh
HEeOOOCHOBAHHOI'O Ha3HAYeHMsI CTAaTMHOB, @ B CTOPOHY YBeJIMYEeHUsT — Oymer
CIOCOOCTBOBATh Ha3HAUEHUIO OMNTMMAabHOTO JIEUeHUSI U JOIMOJHUTETbHON MO-
TUBAIMM SKeHIIMH K KoppeKkiuu gakrtopoB CCP.
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Abstract

BACKGROUND. Validation of the SCORE2 scale in the Russian population
showed high accuracy in assessing cardiovascular risk (CVR) in men, but not
in women. The development of new methods for assessing CVR in women is
therefore an urgent task. A number of mammographic parameters, such as breast
calcification (BC) and breast density (BD) can be additional biomarkers of car-
diovascular diseases in women.

AIM. To assess the relationship between the results of a retrospective analysis of
mammograms and CVR in women aged 65 years and older.

MATERIALS AND METHODS. Retrospective analysis involved the mammo-
grams of 570 patients who subsequently underwent medical examinations at the
Research and Educational Center of the Moscow State University. BD and BC
were assessed based on scales developed by the American College of Radiology.
The CVR was assessed in accordance with the Guidelines of the Russian Society
of Cardiology. Statistical analysis was performed using the open-source R 4.1
environment.
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RESULTS. A relationship was found between mammographic parameters and
CVR in women aged 65 years and older. Low BD, the presence and prevalence
of BC were associated with higher CVR. The vascular type of calcifications was
typical for patients with high and very high CVR. The absence of statistically
significant differences in the density and calcification between the right and left
mammary glands will be considered when developing an integral marker to ver-
ify the obtained results.

CONCLUSIONS. A method for secondary analysis of preventive mammogra-
phy data can help assess the CVR and determine rational routing of patients with-
in the framework of the second stage medical examination. Downward reclassi-
fication of cardiovascular risk factors will help avoid unnecessary prescription of
statins, while upward reclassification will help prescribe optimal treatment and
provide additional motivation for women to correct cardiovascular risk factors.
Keywords: mammography; cardiovascular diseases; breast arterial calcification;
breast density.
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Pe3iome

BBEJEHME. I'o6anbHOe cTapeHue HacejeHus BelleT K POCTy BO3pacT-acco-
IIMMPOBAHHBIX 3a00JIeBaHNI, TAKUX KaK apTepuaibHas runepreHsusi. CyiiecTsy-
IOIlYe IMAarHOCTUYEeCKMe MEeTOMAbl OrpaHMYeHbl HEeJOCTATOYHOU UYBCTBUTEb-
HOCTBIO KJIMHMKO-JIAOOPaTOPHBIX MAPKEPOB M OTPAaHMUYEHUSIMU TPAAUIIMOHHBIX
CTaTUCTUYECKUX METOMIOB, YTO MOAUYEPKUBAET HEOOXOAMMOCTh HOBbBIX MOIXOMOB
K aHaJM3y MEeIMIIMHCKMUX HaHHbIX. Llesb ncciaemoBanuss — BbISBUTh HOBBIE Jia-
6opaTopHble MapKepbl apTepuaibHOM TUIEPTEeH3MM C TIOMOIIbI0 Mojeseil Ma-
IIIMHHOTO OOYyYeHMsI ¥ CPaBHUTDH UX 3DPEKTUBHOCTb C TPAOUIMOHHBIMM METO-
namu. ITpoaHanu3uMpoBaHbl KIMHUKO-Tab0OpaTOpHble AaHHble 2228 MalyeHTOB
crapiiie 65 jieT, 06paTUBIIMXCS 32 MEAUIIMHCKONM IMOMOIIbIO B KaMHuky MHOU
MTI'Y. By 1CIob30BaHbl JIOTUCTUUYECKAST PErpeccus C peryssipusanme, cry-
YalHbIN JIeC U TPagVeHTHBIN OycTuHT. DddeKkTuBHOCTL oneHuBasach mo AUC
ROC, a Bkiaa npusHakoB — uepe3 SHAP-ananmms. Mopenn MammHHOTO 00Yy-
YeHMsI TIPEB3OIUIM TPAOULIMOHHYIO JIOTMCTUYECKYIO perpeccuro. ['pagmeHTHbIN
6yctunr goctur AUC ROC 0,85 npotus 0,78 y perpeccroHHbIX MeToqoB. Kiito-
yeBbIMM Tpu3Hakamu Al okasanuch Bo3pacT, rmokaszateib RDW-SD u ypoBeHb
KpeaTuHMHA, TOTJa Kak TPaAuUIMOHHbIe MeTOAbl (OKYCHMPOBAIUCH MpeuMyIlie-
CTBEHHO Ha Bo3pacTe. BbIBOIbI MOATBEPSKIAIOT BBICOKMI ITOTEHIMA] METOIOB
MallIMHHOTO OOyYeHMs B IMAarHOCTMKE BO3PaCT-aCCOLMMPOBAHHBIX 3a0071€BaHUA.
Mopgenu obecreunBalOT 6osiee BBICOKYIO TOYHOCTDb ¥ BBISB/ISIIOT CJIO’KHbIE B3a-
MMOCBSI3M MEX/Y TTOKa3aTessIMMi, UTO MOXKET YJIYUIIUTh PAaHHIOIO IMAarHOCTUKY
Y ONITUMM3MPOBATh AVMArHOCTUYECKIE aJITOPUTMBI.

CrapeHne HaceJieHUs SIBJISIETCSI TJI00aJIbHOM JemMorpaduyeckoin TeHAeHIMeNn,
MIPUBOISILIEN K POCTY M PacIpOCTPaHEHHOCTM BO3PaCT-aCCOLMMPOBAHHBIX 3a-
6oneBanuy [1]. PaHHsg M TOYHas OMarHOCTMKA JAaHHBIX 3a0osieBaHMIA MPUOO-
peTaeT 0CcoOOYIO0 aKTyaJbHOCTD IJ1s1 3((GEKTUBHOTO JIEUeHNST M CHUKEHMS PYICKOB
OCJIOKHEHM Y TOXKUJIBIX TManyeHToB. OgHako COBpeMeHHbIe TMarHOCTUYeCKMe
aJITOPUTMbI YaCTO OrpPaHMUYEHbl HEIOCTATOUHOV UYBCTBUTEIBHOCTBHIO U CITEIU-
(UYHOCTBIO KJIMHUKO-IaO0PaTOPHBIX MAapKepOB, a CTaHIapTHbIE METObI aHAJIN-
3a JaHHBIX MOT'YT HE BCErIa BbISIBJISITH CKPbITbIE VJIM HEJIMHEMHbIE 3aBUCUMO-
CTH, CyIlleCTBEeHHbIe [ IMarHOCTMUKY U OLIeHKM MporHosa [2]. B cBsi3u ¢ atum
BO3HMKAeT HEOOXOOMMOCTb B pa3pabOTKe HOBBIX ITOAXOOOB K MHTEPIIPETALN
MEeIUIIMHCKMX TaHHBIX U BbISIBJIEHMIO 60Jiee TOYHBIX AMArHOCTUYECKUX KpUTe-
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pueB. Pasputue MetomoB maiimHHOro ooyueHusi (MO) U MCKYyCCTBEHHOTO MH-
TeJIJIEKTa OTKPbIBAET HOBbIE BO3MOKHOCTM [JIs1 aHaIM3a OOJIbIINX M CJIOKHBIX
MacCCUBOB MeAUIIMHCKON MHMOpMalym. DT MeTOAbl CIIOCOOHBI OOHAPYKMBATh
CJIO’KHBIE M HEJIMHENHbIE B3aMMOCBSI3YM MEXIY PasJIMUHbIMM ITapaMeTpaMu, UTO
MOYXET 3HAUMTEJIbHO PACIIMPUTH MOHMMAaHMe IMaToreHesa, MOBbICUTb TOYHOCTD
IMAarHOCTUKY U 9P (HEKTUBHOCTD JIEUEHMST BO3PaCT-aCCOIMMPOBAHHbBIX 3a00JIeBa-
HUJ B YCJIOBUSIX IMIOOAJIBHOTO CTapeHus HacesneHus |3, 4].

IHEJIb NCCJIEJOBAHMUS. Ilonck HOBBIX J1aOOpaTOPHBIX MapKepOB, acCo-
LMMPOBAHHBIX C apTepuaabHoii runeprounen (Al') c ucrnonb3oBaHMeM Mopesien
MO, a Takke oleHKa X 3(PGHEeKTUBHOCTM B CPaBHEHMM C TPAAVIIMOHHBIMU CTa-
TUCTUYECKVMM METOIaMMU.

MATEPHUAIJIbI 1 METO/IbI. B uccinenoBanuu MNpoBeeH PeTPOCIIEKTUB-
HBIM aHa/M3 6a3bl JAHHBIX, BKJIIOUAIOIIEN KIMHUKO-Iab0opaToOpHble TTOKa3aTemn
2228 maimeHTOB B Bo3pacTe cTapiie 65 jet, npukpemiennbix K MHOW MI'V
M. M.B. JlomoHOCOBa M OOpalllaBIIMXCS 32 MEIMIIMHCKOM ITOMOILIBIO WMJIU
006C/IeIOBaHHbIX B paMKax MPOQMIaKTUYECKUX ocMoTpoB B mepuon ¢ 2020
no 2021 ron. IlpepgBapurenbHas 06pabOTKa AAHHBIX BKJIIOUaa yAajaeHue IMpo-
ITyCKOB, 00pabOTKY BLIOPOCOB ¥ HOPMAJIM3ALIMIO IIPU3HAKOB. B mmpencraBiieHHOM
MMAJIOTHOM MCCIeHOBaHUM [IJISI OTPAbOTKM MHCTPYMEHTOB aHajM3a B KayecTBe
11eJIeBOV ITepeMeHHOI paccMmarpuBasics auaruo3 Al Vcronb3oBanach 6uMHapHast
JIOTUCTUYECKAs perpeccusi, Kak CTaHJapTHbIN U OOIIENPUHSATBI METOH, TTOMCKa
MapkepoB 3aboeBanuit, 1 momesn MO, KOTopble BKJTFOYA/IN JIOTUCTUYECKYIO pe-
I'PEeCCUIO C peryssipusaliueir, MoJesib CJIy4allHOrO Jieca M IPaiieHTHbIN OyCTUHT.
[IpousBoguTenbHOCTbh MeTOmOB olieHuBau ¢ momonibio AUC ROC. Bkiag kask-
JOro TMpu3HaKa MHTeprpetupoBanyu mytem SHAP-anammsa.

PE3VJIBTATBI. Monenn MO mnokasaiu IpeBOCXOACTBO [0 CPaBHEHUIO C Tpa-
IUIIMOHHOM JIoTucTHMueckon perpeccuent. I'pagyentHsin 6yctunr goctur AUC
ROC 0,85, B To Bpems1 KaK JIOTMCTHYECKAsl perpeccus IpoaeMOHCTpMpOBasIa
AUC ROC 0,78 (puc. 1). Basxknenimmy nmpmsHakamu, aCCOLUMMPOBAHHBIMU C Ha-
muumem AT, cTasm Bo3pacT, IoKasaresib IIMPYHbI paclpee/ieHns] SpUTPOLINTOB
(RDW-SD) 1 ypoBeHb KpeaTuMHIMHA, B TO BpeMs KaK CTaHIAPTHbBIN perpeCccuoH-
HBIM aHaAJIM3 OMMPAJICS MIPEMMYILeCTBEHHO Ha Bo3pacT (pucyHku 2, 3). Bospacr
M YPOBEHb KpeaTMHMHA OXKUAAEMO CTa/IM 3HAaYMMbIMM (haKTOpaMy, B TO BpeMsi
Kak nokasaressb RDW-SD, KoTopbli1 06bIYHO OIIeHMBAETCs IIPU aHEMMSIX U aCCO-
IUUPYETCSI C COCTOSIHMEM 3PUTPOII033a, ObLI TAKKe OINpeesieH 3HaUMMbIM Map-
kepom AT IlosyueHHble JaHHBIE MOTYT CBUAETEILCTBOBATH O HoJjIee IIMPOKON
CBSI3Y BOCITQJINTEIbHBIX TTPOLIECCOB ¥ COCTOSTHMM 3PUTPOIIO33a ¢ pa3Butuem Al
BbIBO/IbI. Pe3synbrarhl MccaenoBaHus JeMOHCTPUPYIOT BBICOKUI TIOTEHITVA
npuMeHeHnst mogesiern MO B MeAMIIMHCKOM IMAarHOCTUKE JIJISl TIOMCKA HOBBIX JIa-
60paTOpHBIX MapKepOB BO3paCT-aCCOIMMPOBAHHbIX 3a6omeBanmii. Metogsr MO
He TOJIbKO 0OecreunBaioT 60jiee BbICOKYIO TOYHOCTD MpeAcKa3aHuii, HO U MO3BO-
JISTIOT BBISIBJISITH CJIO’KHbBIE, PaHEee HEM3BECTHbBIE B3aMMOCBSI3M MEKAY KIMHUKO-JIa-
6OpaTOPHBIMM TTOKA3aTeJISIMU U Pa3BUTHEM U IPOr'PECCUPOBaHMEM 3a001€BaHMIA.
B ommune OT TpaaMIIMOHHBIX CTAaTUCTUYECKUX METONOB OHM YUMUTHIBAIOT HEJIU-
HelHbIe ¥ MHOTOMEpHbIE B3aMMOAENCTBYS MeKAY Mpu3Hakamu. [TosyueHHbIe pe-
3yJIbTAThl MOT'YT CJTY’KUTb OCHOBOM JIJIS1 IIPOBEIEHMS JaJTbHENIINX KIMHUYECKUX
MCCIeOBaHMIA, HAlTpaBIe€HHbIX Ha TMOATBEPsKAeHMEe BbISIBIEHHBIX acCOUMAIUN U
pa3pabOTKy HOBBIX MMUIIIEHEN [IJIT BMEIIaTe/IbCTB, @ B MIEPCIEKTBE — Ha M3Me-
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Abstract

BACKGROUND. Global population aging leads to an increased rate of age-
related diseases such as arterial hypertension. Existing diagnostic methods are
limited by the insufficient sensitivity of clinical and laboratory markers and the
restrictions of conventional statistical methods. This highlights the need for new
approaches to medical data analysis. This study is aimed to identify new labo-
ratory markers of arterial hypertension using machine learning models and to
compare their effectiveness compared with conventional methods. It involved
the analysis of clinical and laboratory data of 2,228 patients over 65 years of age
who sought medical advice at the clinic of the Medical Research and Educational
Center of Lomonosov Moscow State University. Logistic regression with regu-
larization, random forest, and gradient boosting were employed. Effectiveness
was assessed using the AUC ROC, while attribute contributions were assessed by
means of SHAP analysis. Machine learning models outperformed conventional
logit regression. Gradient boosting achieved an AUC ROC of 0.85 compared to
0.78 for regression methods. The key attributes associated with arterial hyperten-
sion were age, RDW-SD value and creatinine levels, whereas conventional meth-
ods focused mainly on age. The conclusions confirm the high potential of ma-
chine learning methods in diagnosing age-related diseases. These models ensure
higher accuracy and reveal complex interrelationships between indicators, which
can improve early diagnosis and optimize diagnostic algorithms. Population ag-
ing is a global demographic trend leading to an increase in the incidence of age-
related diseases [1]. Early and accurate diagnosis of these conditions is becoming
particularly important for effective treatment and minimization of the risk for
complications in elderly patients. However, current diagnostic algorithms are of-
ten limited by the insufficient sensitivity and specificity of clinical and laboratory
markers, while standard data analysis methods may not always detect hidden or
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nonlinear dependencies that are critical for diagnosis and prognosis assessment
[2]. This necessitates the development of new approaches to interpretation of
medical data and identification of more precise diagnostic criteria. Advances in
machine learning (ML) and artificial intelligence (Al) offer new possibilities for
the analysis of large and complex medical datasets. These methods allow uncov-
ering complex and nonlinear relationships between various parameters, which
can significantly enhance our understanding of pathogenesis, improve diagnostic
accuracy, and increase the treatment effectiveness of age-related diseases in con-
ditions of global population aging [3, 4].

AIM. To identify new laboratory markers associated with arterial hypertension
using ML models and to evaluate their effectiveness in comparison with conven-
tional statistical methods.

MATERIALS AND METHODS. A retrospective analysis was performed on
a database containing clinical and laboratory indicators of 2,228 patients over
65 years of age who were affiliated with the Medical Research and Educational
Center of Lomonosov Moscow State University and sought medical advice or
underwent preventive examinations from 2020 to 2021. Data preprocessing in-
cluded handling of missing values, dealing with outliers, and normalization of
attributes. In this pilot study conducted to refine the analytical tools, the pres-
ence of arterial hypertension was considered the target variable. Binary logistic
regression, a standard and widely accepted method for identification of disease
markers, as well as ML models such as logistic regression with regularization, a
random forest model, and gradient boosting were employed. The performance of
these methods was assessed using the area under the ROC curve (AUC ROC).
The contribution of each attribute was interpreted using the SHAP analysis.
RESULTS. The ML models have been proven to be superior compared with
conventional logistic regression. Gradient boosting achieved an AUC ROC of
0.85, whereas logistic regression showed an AUC ROC of 0.78 (Fig. 1). The
most important attributes associated with the presence of arterial hypertension
were age, red blood cell distribution width (RDW-SD), and creatinine levels.
Meanwhile, the standard regression analysis relied primarily on age (Fig. 2, 3).
Age and creatinine levels were expectedly significant factors, while RDW-SD,
typically evaluated in the context of anemia and associated with erythropoiesis,
was also identified as a significant marker of arterial hypertension. These find-
ings may indicate a broader relationship between inflammatory processes and the
state of erythropoiesis with the development of arterial hypertension.
CONCLUSIONS. Our findings reveal the high potential of ML models in medi-
cal diagnostics for identification of new laboratory markers of age-related dis-
eases. ML methods not only provide higher predictive accuracy but also uncover
complex, previously unknown relationships between clinical and laboratory in-
dicators and the onset and progression of diseases. Unlike conventional statisti-
cal methods, they account for nonlinear and multidimensional interactions be-
tween features. These findings can serve as a basis for further clinical research
aimed at confirming the associations found and developing new targets for inter-
vention, potentially leading to changes in diagnostic and treatment approaches.
Implementation of these models in clinical practice may improve early diagnosis
of age-related diseases, reduce morbidity and mortality, and ultimately enhance
patient quality of life.
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PucyHok 1. ROC-kpuBble NOrMCTUYECKON PErpeccun 1 rpaamueHTHoOro bycTuHra
Figure 1. ROC curves of logistic regression and gradient boosting

PucyHok nogrotoeneH aBTopamu no cobcTeeHHbIM aaHHbIM / The figure was prepared by the authors based on their own data

SHAP AHanus ans 3HauYnMbix Npu3HakoBs Logistic Regression
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PucyHok 2. SHAP aHanu3 npr3sHakoB Mogenv NorMcTUYeckom perpeccum
Figure 2. SHAP analysis of the logistic regression model attributes

PucyHok noarotoeneH aBTopamu no cobcTeeHHbIM AaHHbIM / The figure was prepared by the authors based on their own data



SHAP AHanu3 ans 3HauymMMbIx Npu3sHakos Gradient Boosting
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PucyHok 3. SHAP aHanu3 npr3sHakoB Moaenv rpagMeHTHoOro BycTuHra

Figure 3. SHAP analysis of the gradient boosting model attributes
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Pe3iome

BBEJEHME. ITouck croco6oB 3amezjieHus ITPOIIECCOB CTapeHusl U Mporpec-
CMPOBaHMSI BO3PACT-aCCOIMMUPOBAHHBIX 3ab0JieBaHMII CTAaHOBUTCS BCe Ooiiee
aKTyaJIbHbIM C yYETOM CTapeHMs] HaceyjeHus. [Jis BHYIIUTENbHBIX OTKPBITUI
B 9TOM 00JIaCTM YUeHbIM HeOOXOmVMBbI JaHHbIE O MallMeHTax CTapIlei BO3pacT-
HOM T'PYTIINBI, B TIEPBYIO ouepedb KaK 11eJIeBOr0 00beKTa MCCeoBaHMsl, a He KaK
MTOATPYIIIIbI B OOIIEN BbIOOPKE BCeX BO3pacToB. [Ipy sTOM He TOMBKO Ha 3Tare
BKJIIOUEHMS B MCCJIelOBaHMe, HO U B Mpoliecce 0OCaeN0oBaHMS U JIeueHUs] Bpay
CTaJIKMBAETCS C TPYOHOCTSIMM YCTAHOBKM M TIOAJEPsKaHMSI TOJTOBPEMEHHOIO
KOHTaKTa C TMOXMJIbIM TainueHToM. HesHaHue ocoO6eHHOCTe KOMMYHMKALU
C TIOKWJTBIMM YaCTO TIPUBOAUT K ITOJTHOM TTOTEpe JOBEPMs CO CTOPOHBI MallieHTa
" TIpeKpaIieHnIo B3auMOIEeCTBHUSI C BPAauOM.

HEJIb UCCJIEAJOBAHUNS. Onucarb 0COGEHHOCTYM B3aMMOMEICTBUS C Iallu-
eHTaMM TIOKWJIOTO M CTapyeCcKoro BO3pacTa M OIpeNeUTb MHCTPYMEHThI IJIsi
HaJIaKMBaHMS JOBEPUS IIPU IIEPBUUHOMN becefe.

MATEPHWAJIBI 1 METO/JBI. Vcnonb3oBajcs AM3alH IIOIEPEYHOTO HAOIIIO-
IaTebHOTO MCCAeAOBaHMs ISl cOopa M aHa/M3a JAaHHbBIX MPY MTEPBMYHOM B3a-
MMOZENCTBMM Bpaua ¥ TAIlMEeHTOB IMOXWJIOTO M CTapyecKoro Bo3pacTa Iepeq
BKJTIOUEHMEM B KJIMHMYECKOE MCCJIeIOBaHMeE.

PE3VJIbBTATDI. IlepBuuHblii CKpUHMHT Tepe[] BKIIOUEeHMEM B KIMHUYECKOe VC-
cJeIoBaHMe, COCTOSIBIIMI M3 cOOpa aHaMHe3a, OCMOTpPa ¥ OIeHKM VIMEOIINXCS
J1a60pPaTOPHO-MHCTPYMEHTAbHBIX HJAHHbBIX, MPOIUIM 166 yesoBeK B BO3pacTe
or 65 mo 90 ner (menuauna 77 jner). Bcem yyacTHMKaM ObLIO OOBSICHEHO, UTO
B paMKax MCCeA0BaHMs MOTpedyeTcsl MPOMUTH HeMHBA3UMBHOe 0OC/ieioBaHMe 10
OIIeHKEe JXEeCTKOCTY COCYIOMCTOV CTEHKM M OMHOKPATHBIN 3a00p KPOBU U3 IEpPU-
dbepuueckon BeHbl. [Ipy TOTHOM COOTBETCTBUM KPUTEPUSIM BKITIOUEHMS]/HEBKITIO-
yeHMsI JOOPOBOJbHOE MH(DOPMMUPOBAHHOE COTJIacHe Ha y4yacTHe He TMOAIMCAIN
42 nanuenta (24,7%). Ilpy aHanm3e nmpuunH OTKa3a OT yYaCTUsI B UCCIIeIOBAHUA
(maHHBIE YKa3bIBAJIM TI0 JKEJIAHMIO B aHKeTe 6e3 MPUCYTCTBUS Bpaya M/WIY OYHO
Ha IpMeMe Bpaua) Hambosiee YaCThIMU MPUUMHAMMU SIBJISUTUCH: OOSI3HD MOIIIEH-
HMYECTBa, OOSI3Hb HEOOXOIMMOCTY MTOBTOPHBIX B3aMMOIECTBUI (ITOHATOOUTCS
npreskaTb PEryJISIpHO ClaBaThb KPOBb/ BBITIOJNIHATH APYTMe MHBA3UBHbIE IPO-
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1eqypbl), HEsKeJIaHWe Y3HaBaTh [OMOJHUTENbHYI0 MHPOPMAIMIO O COCTOSIHUM
CBOETO 3[I0POBbSI U MPOTHO3€, OOSI3Hb MCIIOIb30BAHMST TIEPCOHAIBHBIX TaHHBIX
BHEe MEIMIIMHCKUX IieJiel, TakyKe HEeOJHOKPATHO yKa3bIBa/M MPUUYMHY HeXKeJsla-
HUSI «CO3[IaHMS JIEKapCTBa/OPY>KMsI Ha OCHOBe Moeii KpoBu». B 63% ciryuaeB mo-
SKUJIbIe TIallIeHThI MbITAINCH MTepeaTh OTBETCTBEHHOCTD 3a MPUHSITHE PellleHNs
CBOVM POACTBEHHMKAM MJIM CAMOMY Bpauy.

OCHOBHBIMM TPUYMHAMM AOOPOBOJBHOTO COIJIACMs Ha y4yacTue B MCCeoBa-
HUM SIBJISUTCH: HaleXKaa Ha M30bITOYHOE BHMMAHME CO CTOPOHBI MEIUIIMHCKOTO
TepCcoHasia, BO3MOKHOCTD JIOMOJHUTEIBHOTO MPSIMOTrO ObpailieHus K Bpauy 6e3
IIpeABapUTEJIbHON 3aIICH, aJIbTPYUCTUUECKME TPUINHBI.

BBIBO/bI. [leduunur noBepusi B oOILIeHMM Bpaya M IMalMeHTa MOXKUIOTO
M CTApUYeCKOr'o BO3PacTa SIBJISIETCSI CEPbe3HOM ITP06JIeMOVi B MEIUIITHCKOM CpeJie.
VYkpensieHue noBepus B cdepe 3ApaBOOXpaHEHMS] MMeeT pellatolee 3HaYeHMe
1t hopmMupoBaHus 3OGEKTUBHBIX IJIUTEbHBIX B3aMMOOTHOIIEHMIA C TMalyeH-
tamu. COuyBCTBMeE, TPO3PAYHOCTb ¥ MEAUIIMHCKAS SKCIIEPTHOCTh — OCHOBHbIE
CTOJIITBI TOBEPUST IJISI TIOKWJIOTO TalyeHTa. MeToabl akKTMBHOTO CJTYIIIaHMS, YeT-
KOTO OOIIEHNSI, MUHUMU3ALMY TEPMUHOJIOT UM, TIOHSITHASI PETYISIPHOCTD B 00I1Ie-
HUM TIOMOTaIOT YCWJINTh SMITIaTHIO ¥ TIPO3PAYHOCTD B OTHOIIEHMsX. [TocTossHHOE
OOHOBJIEHME MEAUIIMHCKMX 3HAaHMM UM TpPefoCTaB/ieHue BTOPOTO 3KCIIePTHO-
IO MHEHMSI JEeMOHCTPUPYIOT MEOUIMHCKUI OMBIT Bpaua IMOKUJIOMY MallMeHTy
" CIIOCOOCTBYIOT HaJI&KMBAHUIO JOBEpHS.

KimroueBble c/10Ba: BO3pacT-acCOIMMPOBaHHbIE 3a00seBaHMs; cTapeHue; shdek-
TUBHAsT KOMMYHMKALVS; KOMMYHMUKALMS C TIAIIMEHTOM.
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MeHKO A.JO. OcobenHocTy hopMUPOBaHMS TOBEPHS B OOIIEHNUM C MAlMIEHTaMMU
MOXXKMJIOTO U CTapuyecKoro Bospacta. [Ipobnemot ceponayku. 2024; 4(8): 214-217.
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Abstract

BACKGROUND. Methods for slowing down aging processes and progressing
of age-associated diseases are being extensively studied. To make significant
discoveries in this area, scientists need data on elderly patients, primarily as the
target subject of the research rather than a subgroup in the general sample of all
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ages. Meanwhile, doctors face difficulties in establishing and maintaining long-
term contact with elderly patients both at the stage of inclusion in the study and
during examination and treatment. Ignorance of the specifics of communication
with elderly patients often leads to a complete loss of the patient’s trust and the
cessation of interaction with the doctor.

AIM. To describe key elements of interaction with elderly and senile patients and
to identify tools for establishing trust during the initial conversation.
MATERIALS AND METHODS. A cross-sectional observational study design
was used to collect and analyze data from the initial interaction between the doc-
tor and elderly and senile patients.

RESULTS. A total of 166 people aged 65 to 90 years (median age: 77 years) un-
derwent primary screening before inclusion in the clinical trial, which included
medical history collection, examination, and assessment of available laboratory
and instrumental data. All participants were informed that the study would re-
quire a noninvasive examination to assess vascular stiffness and a single blood
draw from a peripheral vein. Despite full compliance with the inclusion/exclu-
sion criteria, 42 patients (24.7%) did not sign informed consent for participation.
When analyzing the reasons for refusing to participate in the study (data was
indicated voluntarily in the questionnaire without the presence of a doctor and/or
in person at a doctor’s appointment), the most common reasons were as follows:
fear of fraud, fear of the need for repeated interactions (it would be necessary to
come regularly to give blood / perform other invasive procedures), unwillingness
to learn additional information about the state of their health and prognosis, fear
of the personal data use outside the limits of medical purposes; the reason for
not wanting to “create a medicine/weapon based on my blood” was also repeat-
edly indicated. In 63% of cases, elderly patients tried to transfer responsibility
for a decision to their relatives or the doctor themselves. The main reasons for
voluntary consent to participate in the study were as follows: hope for additional
attention from medical personnel, the possibility of additional direct contact with
a doctor (without an appointment), altruistic reasons.

CONCLUSIONS. Lack of trust in communication between doctors and elderly/
senile patients is a major issue in the medical environment. Building trust in the
healthcare sector is crucial for forming effective long-term relationships with pa-
tients. Empathy, patience, transparency and medical expertise are the key pillars
of trust for elderly patients. Methods of active listening, clear communication,
limiting the use of medical terminology, predictable schedule in communication
contribute to increasing empathy and transparency in the relationship and thus to
building trust. Constantly updat of medical knowledge and providing a second
expert opinion demonstrates the medical experience of the doctor to the elderly
patient and also contributes to building trust.

Keywords: age-associated diseases; aging; effective communication; communi-
cation with the patient.

For citation: Klementeva A.G., Orlova Ya.A., Zaburdaeva E.V., Efimenko A.Yu.
Features of forming trust in communication with elderly and senile patients.
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Pe3ome

BBEJAEHWE. Ha pauueii momeHT u3sBecTHO 60osiee 100 reHoB-KaHOMIATOB,
MOTEHI[MAbHO OMpPeAesIIoIINX MTPONOIKUTETbHOCTD KU3HU, CPey KOTOPBIX
APOE, FOXOI1A, GF1, IGF1, INCR, TP53 u npyrue. OgHako, HeCMOTpSs
Ha MHOKECTBO IMPOBEAEHHBIX MCCIeA0BaHMIA, Ha CETOMHSIIHNIA JeHb BOIPOC
0 MOJIEKYJIIPHO-TeHETUYECKUX MeXaHM3MaX JTOJITOJIETUSI OCTAaeTCSI OTKPBIThIM
B CBSI3M C HU3KMM YPOBHEM BOCIIPOM3BOIMMOCTM pe3ysbTaToB. bosee Toro,
MpeabIAyINe UCCIeTOBaHMS MIPEUMYIIECTBEHHO COCPeNOTOUYEeHbl HA 9K30MaX,
TO €CTh He pacCMaTpUBAIOT MeXXTeHHbIe peryJstopHbie yuactku JHK.

HEJIb WCCJIEJOBAHUMS. Illenpio Hallero uccjJegoBaHMS  CTaJjio
M3ydeHMe MOJIEKY/ISIPHO-TeHEeTUUEeCKMX MEXaHU3MOB AOJITOJIeTUSI U CO3JaHue
MPOTHOCTUYECKO MOJEeJIN, OlleHMBalOIIeN IIaHC HOoCTUKeHMs Bo3pacTa 90 ser.
MATEPUAJIbBI WU METOIBbI. [na wucciegoBaHus TeHETUYECKUX
MIPeIMKTOPOB Jojrojietuss 6b1aM Habpanbl 10 157 uesnoBek, Bkiaouas 3066
nonroskuteneit (90+ ner). Habop mosnroskuresieil OCyIeCTBIISI/ICS COBMECTHO
c¢ OCII PTHKLI ®I'AOY BO PHUMY wum. H.U. IluporoBa MwuHsapaBa
Poccun, octasbHble y9aCTHUKY BXOAAT B 6a3y maHHbIX OI'BY «1ICIT» ®MBA
Poccun. [l Bcex y4aCTHMKOB ObLI COOpaH MOAPOOHBIN aHaMHe3 (BKJIFOUast
MHbOPMAIMIO O HAIMUMM XPOHMUECKMX 3ab0jeBaHMI), a TaKXkKe MPOBEeHeHO
nojsiHoreHoMHoe cekBeHupoBaHmue JIHK knetok kpoBu. Ilpu omnpenenenun
COXPaHHBIX TOJTOKUTEJIEN MbI UCIIOTb3yeM KaJbKyJISITOP GeHOTUIIOB CTapeHMsl,
OCHOBaHHbBIM Ha MaIIMHHOM OOyueHMUM, pa3paboTaHHbIM HaMu paHee B OI'BY
«IICIT» ®MBA Poccumn [1].

PE3VJIBTATBI. [IpoBeneHHbIN ITOJTHOTeHOMHBIN MTouck accormanuit (GWAS)
¢ yuactuem 3066 ponroxkurenen (90+ ner) u 7091 yenoeka B BospacTe oT 18
oo 75 ner 1o3BOMMI HE TOJIbKO IOATBEPANTh M3BECTHYIO aCCOLMAIINIO
BapuaHTOB reHa APOE c mojronetueM, HO ¥ OOHAPY>KUTh HOBbIE aCcCOLMAIIUN
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Bredax TMEM59, LRRC7, FHIT, CPLX1, DDX31, GRIN1, DHX32, CACNAIC,
FBXO21 n UBBP4. Ha ocHOBe pe3yJibTaTOB JAHHOI'O aHajau3a MOCTpPOeHa
MOJINTeHHAs IIIKajia, OI[EHMBAIOIAsl IIAHC YeJIOBEKA CTaThb JOJITOXKUTEIEM
(ROC AUC =0,78).

OpgHako MOJNTOXUTENN SIBJISIIOTCS (eHOTUIMUYECKM TeTepOreHHOM T'PYIIIoNn,
B CBSI3M C UeM MOSKET OBbITh HEOCTATOYHO OIpeIe/IeHNs] TOJIbKO IIaHCa TOKUTh
1o 90 ner — Heo6XOAMMO TaKKe JaTh OTBET O QYHKIMOHAIbHOM COXPAaHHOCTH
B9TOM Bo3pacTe. [eHOMbI COXpaHHbBIX IOJTOKUTEIeN CpaBHUBAJIMCH C TeHOMAaMMU
HECOXPaHHBIX [OJITOXKUTEsel, a TakKke CO 3[0POBOM MOMYJISILMOHHON
BbIGOpKONM. OKasajaochb, UTO JOCTUKEHME MMEHHO COXPAaHHOTO [IOJIOJIeTHS
OIOCPEIOBAaHO COBEPIIIEHHO MHBIMM MOJIEKY/IIPHBIMY MeXaHM3MaMM, HesKeJIn
6osee mmMpokuit peHoTun, u accouuuponBaHo ¢ renamu NAVI1, SDK1, ARH-
GAP39uITGAE. Takske oTMeueHa IMOTeHIMaJIbHO BayKHAsI POJIb PETYISITOPHBIX
PHK, B uvactHoctu antucmeiciioBoii PHK k reny IPO9, B dbopmupoBaHumu
COXpaHHOTO (EeHOTHUIA CTapeHus.

BBIBO/IbI. [lanHOoe muccjiemoBaHyue T'eHETMYeCKMX OCHOB OJITOJIeTHS
IIOKa3aJI0, YTO HET OJHOI'O MeXaHM3Ma, KOTOPBINM CTaJl Obl €IHCTBEHHBIM
M KJIIOYEeBBbIM IIPeIUKTOPOM IIPOAO/IKUTEIbHOCTU >XU3HM. [losroserue
ObI71I0 ¥ ocTaeTcs MHorogaxkTtopHbiM. OmHAKo MHpoBedeHHasT paboTa
MO3BOJIMJIA MOATBEPAUTb HA POCCUMCKOM TOMYJISIINM  aCCOIMALINIO
BapuaHToB B reHe APOE c Tpomo/KUTEeNIbHOCTbIO JKM3HM, a TaKxKe
OTMETUTb MHOKE CTBO HOBBIX ITOJIMMOP(GU3MOB, CBSI3aHHBIX C IOJITOJIETUEM.
[IpenJioskeHa moaMreHHas IKasa, IpeacKas3bIBalollas IaHC JOCTUXKEeHUS
BO3pacTa JOJIT0JIeTUSI C TOYHOCTHIO CBbIllle 78%. Ocob0 oTMeueHa BaskHast
pOJib PEryasiTOPHBIX YYaCTKOB reHoma B ¢dopmMupoBaHuUM QeHoTUIa.
bosnee Toro, moctmkeHne MMEHHO COXPAHHOI'O OOJITOJIETUSI OKa3aJoCh
OMOCpPeAOBAaHO COBEPIIEHHO MHBIMM MOJIEKY/ISIDHBIMM MexXaHU3MaMMu,
Heskenu Oosiee MIMPOKUM (PeHOTUIl, U accouuupoBaHo ¢ reHamu NAVI,
SDK1, ARHGAP39 u ITGAE.

KinroueBble cjioBa: gonroxureny; smoposoe ponronete; GWAS; APOE.

Ons mutupoBanmsi: Mamuyp A.A., Kamranosa [I.A., auusns B.B., VBa-
HoB M.B., 3enenoBa E.A., bpyrran M.B., [I>xymanusizoBa U.X., Markasa JI.P.,
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Abstract

BACKGROUND. More than one hundred candidate genes have been as-
sociated with longevity, including APOE, FOXOIA, GF1, IGF1, INCR,
TP53, etc. Despite extensive research, the precise molecular and genetic
underpinnings remain elusive due to the low reproducibility of the findings.
Moreover, most studies have focused on exomes and have neglected inter-
genic regulatory regions of DNA.

AIM. To examine the genetic and molecular basis of longevity and create a
prognostic model that assesses the chance of reaching the age of 90.
MATERIALS AND METHODS. To study the genetic predictors of lon-
gevity, 10,157 people were recruited, including 3,066 long-living individu-
als (90+ years). The recruitment of long-living individuals was carried out
jointly with the Russian Clinical Research Center for Gerontology; other
participants have been included from the database of the Center for Strate-
gic Planning and Management of Biomedical Health Risks” of the Federal
Medical-Biological Agency. A comprehensive medical history was collect-
ed for all participants (including data on chronic conditions), and whole-
genome sequencing of blood cell DNA was performed. When determining
the healthy long-living individuals, we have utilized the machine learning-
based calculator of aging phenotype previously developed by us [1].
RESULTS. A genome-wide association study (GWAS) involving 3,066 long-
living individuals (90+ years) and 7,091 people aged 18 to 75 years confirmed
the known association of APOE gene variants with longevity. Additionally, we
discovered new associations in the TMEM59, LRRC7, FHIT, CPLX1, DDX31,
GRIN1, DHX32, CACNAIC, FBX0OZ21 and UBBP4 genes. The obtained results
helped construct a polygenic score, which assesses an individual chance of be-
coming a long-living individual (ROC AUC = 0.78). However, long-living in-
dividuals are a phenotypically heterogeneous group, so determining only the
chance of living to 90 years may not be enough. The functional status at this
age should also be addressed. The genomes of healthy long-living individuals
were compared with the genomes of ailing long-living individuals and those of
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a healthy population sample. Healthy longevity is mediated by completely dif-
ferent molecular mechanisms than the broader phenotype, and is associated with
the genes NAV1, SDK1, ARHGAP39 and ITGAE. Regulatory RNAs, particularly
the antisense RNA to the mRNA of the IPO9 gene product, were shown to sig-
nificantly affect healthy longevity.

CONCLUSIONS. This study of the genetic basis of longevity has shown
that there is no single mechanism that would be a single and key predic-
tor for life expectancy. Longevity has been and remains a multifactorial
phenomenon. However, this work confirmed the association of variants in
the APOE gene with life expectancy in the Russian population, as well as
detected many new polymorphisms associated with longevity. A polygenic
scale was proposed that predicts the chance of reaching the age of longev-
ity with an accuracy of over 78%. The important role of regulatory regions
of the genome in the phenotype formation was specifically highlighted.
Moreover, the achievement of healthy longevity turned out to be mediated
by completely different molecular mechanisms than the broader phenotype,
and is associated with the genes NAV1, SDK1, ARHGAP39, and ITGAE.

Keywords: long-living adults; healthy longevity; GWAS; APOE.
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Pe3iome

BBEJEHMUE. bonesubr Anblirenimepa (BA) — 3T0 Hambosee pacnmpocTpaHeH-
HOe HelipojereHepaTUBHOE 3a00/IeBaHNe, KOTOPOE BBI3bIBAET MOTEPSIIO IMaMST
IpeuMYIIeCTBEHHO Y JIMI TOKMJIOTO U cTapuyeckoro Bospacta [1]. BA saBms-
eTCsl OMHOM M3 HauboJsiee pacIpOCTPAHEHHBIX MPUYMH CMEPTH, HACTYMAIOIIEN
B TeueHue 5-12 jieT mocsie MosiBjieHusT mepBbiXx cUMITOMOB. COBpeMeHHbIe Jie-
KapCTBeHHbIe Ipernaparbl, ogobpeHHble opranmsaumern FDA (Food and Drug
Administration) gyst meyenust BA (MeMaHTVH, TaKpUH, pUBAaCTUTMIH, rajlaHTa-
MMWH, TOHETe3WJ), He TTO3BOJISIIOT CYIIeCTBEHHO 3aMeIJIUTh ITPOrpeCcCPOBaHNE
3abosieBaHMs [2] u 06s1afAOT IIMPOKMUM CIIEKTPOM NOOOUHBbIX addekToB [3].
BBumy orcyTcTBusS 3QHEeKTUBHOTO JIeueHusI, TPOrpeccupyrolleil 3ab01eBaemMo-
CTU B MMPE, a TaKKe 3HAUMTEeIbHBIX TpaT Ha MoAaepsKaHye Xu3HeaesITeTbHOCTHU
MalMEeHTOB, MOUCK 3(PGEKTUBHBIX M 6e30MaCHBIX MMOTEHIMATIbHBIX TeparieBTH-
yeCcKMUX coefquHeHmit AJ1s1 ieueHusi BA mpuoOpeTraeT Bce GOJbITYIO 3HAYMMOCTD
Ha (QoHe ITI06ATIbHONM TEHMIEHIINN K YBEJIMUYEHNIO IMPOAO/IKUTETbHOCTU SKU3HU
HaceseHus.

[TepcrieKTMBHBIMM HEMPOIIPOTEKTOpaMM, OOIaAAIOIIMMY HU3KOM MMMYHOTE€HHO-
CTbIO M BBICOKOM (PM3MOJIOTMUECKOM aKTUMBHOCTDIO, SIBJISIIOTCSI MENTUAHbIE OMO-
perynsTopbl. B wacTHOCTH, M1 Teparumu BA mpencrasisieTcs 1iesiecooOpa3sHbIM
usyueHne akTMBHOCTU KOpoTkux nentuaoB EDR m KED, cunTesnMpoBaHHBIX
Ha OCHOBE aHa/IM3a aMVHOKMCJIOTHOTO COCTaBa SKCTPAKTOB, BbIZI€JIEHHbBIX U3 TKa-
Hel TOJIOBHOT'O MO3Ta M COCYOB KPYITHOT'O POTaTOrO0 CKOTa COOTBETCTBEHHO.
HEJIb UCCJIEJOBAHUS. Oueuntb 3¢ PEeKTUBHOCTD KOPOTKMUX MEINTUIOB
B in vitro u in vivo MofaessaxX 6osie3HM AJbIreiMepa C Leblo pa3paboTKu Ccpe-
CTBa JIJIsI JIeueHUsI ¥ TPOGMIIaKTUKY JAHHOM ITaTOJIOTUMA.

MATEPHUAIJIbI U METO/BI. B kauecTse in vitro mogenu BA wucrosb3oBaim
MOAEIb aMUJIOMTHOMW CUMHANTOTOKCUYHOCTM — KYJIbTypa HEPOHOB, BbIJIEJIEH-
HBbIX M3 MO3Ta HOBOPOXKIEHHBbIX MbIIIe} IUKOTO TUIA, C JOOaBJieHMeM CUHTe-
TUYECKUX oyuronenTtuaoB AfB. OKcrepuMeHTa bHbIe T'PYIIbI ObLIM CchopMM-
poBaHbI ciemyomuM obpasom: 1-s1 — koHTposb (6e3 AB); 2-1 — KOHTPOJb
¢ nob6asnenvem AP; 3-1 — npob6asnenue AP u mentuma EDR (200 uHr/min);
4-9 — po6Gasnenne AP u nentupa KED (200 ur/mu). [lasee ¢ MOMOIIBIO KOH-
dokanpHOro Mukpockormna ThorLabs n mporpammuoro obecrieuennst « ThorLabs»
(USA) npu 100-kpataHom yBesmueHuu (Olympus UPlanSApo) c pasperieHem
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1024 x 1024 nonyvanu cepum MmukpodoTorpaduit HeiipOHOB, KOTOpbIE MCIIOJIb-
30Ba/IM IS aHa/M3a MOPGOJIOTUM MEHAPUTHBIX IIUIIMKOB C IOMOILIBIO IPO-
rpammHoro obecneueHus NeuronStudio software package cornacHo [4].

B kauectBe in vivo mogemu BA ucmonb3oBanu TPaHCTEHHYIO JIMHUIO MbIIIIEN
5xFAD-M, koTOpyIO BBIBOAWIM ITyTeM KpoccOpuamHra mbiiei guannu 5XFAD
u Thy1-GFP. OkcnepuMeHTabHbIE TPYIIIBI ObUIM CHOPMUPOBAHBI CIEAYIOIIM
obpasom: 1-91 — KOHTpOJb (JIMHMS MbIIIeN Ge3 MaToJIOrMu, KOTOPbIM BBOAMIIN
busmoornueckuii pacTBop); 2-1 — mbiim guHuu SxFAD-M (mopenib BA), ko-
TOPBIM BBOOM/IM (DU3MOJOTMUYECKNIT PacTBOP; 3-1 — MbIin JuHuu 5XFAD-M,
KkoTopbiM BBOmWIM nentug EDR; 4-9 — mbiim uanm 5XFAD-M, KOTOpbIM BBO-
o nierrtua, KED. KopoTkue nenTuabl BBOAWIM XKMBOTHBIM BHYTPUOPIOIIMHHO
B BO3pacTe ¢ 3 1o 5 mecsieB eskeqHeBHO. B Bo3pacTe 5 MecsiieB >KMBOTHBIM
MPOBOAWIM TpaHCKapAuaabHYIO0 Nepdy3uio, U3BeKaau TOJIOBHOM MO3T U T'OTO-
BWIM (pUKCHMpPOBaHHbIE cpe3bl Mo3ra TommyHon 40 MkM Ha BubGparome. C 1o-
Mollibio KoHGoKabHOTO MuKpockora ThorLabs u nmporpamMHoro obecrieueHnst
«ThorLabs» (USA) nosnyuanu cepun MukpodoTorpadmii HeiipOHOB U ITPOBOAN-
71 MopdoMeTpUYeCKuii aHaIU3 JEeHIPUTHBIX IIUITKOB.

PE3VJIBTATBI. IIpu onenke 3¢ GekTUBHOCTM KOPOTKUX MENTUIOB B in Vitro
momenu BA 6bu10 mokasaHo, uto nentun, EDR B konuentpauymu 200 Hr/mit
MOBBIIIAJT KOJIMYECTBO Hambosiee (GYHKIMOHAIbHBIX TPUOOBUIHBIX IIUITMKOB
HeMpoHOB (Ha 71%) B MepBUYHOM KYJIbType HEMPOHOB MbIIIEN B YCJIOBUSIX
aMWIOMIHOV CUMHAIITOTOKCUMYHOCTU 10 ypoBHS HOpMbI. [lentunm KED B koH-
nenTpauyuyu 200 HI/MJT MMOBBIIIA KOJIMUYECTBO I'PUOOBUIHBIX IIMIIMKOB B MOE-
mu BA nHa 20%.

[Tpu otieHKe 3(hHEKTUBHOCTY KOPOTKUX MENTUHOB B in vivo Mogenyu BA 6b110 110-
Ka3aHo, UTO eskeqHEeBHOe BHYTpuOproiMHHOe BBeaeHMe nentuaoB EDR n KED
mbitam juaun 5XxFAD-M B Bospacte ¢ 3 1o 5 mecsiieB B konueHTpauyyu 400
MKTI/KT' CITOCOOCTBOBAJIO CTAaTUCTUYECKY 3HAYMMOMY YBEJIMUYEHUIO KOJMUECTBA
rpuboBUAHbBIX HnnukoB B CA1 067acTy rummokamiia COOTBETCTBEHHO Ha 25%
un 27%. Tlom meiicTBMEM MENTUAOB YBEJIMYMBAJIACh M OOIIAsl MJIOTHOCTb JI€H-
IPUTHBIX IIUINKOB Ha 13% 1 22% cOOTBETCTBEHHO.

BBbIBO/IbI. ITonyuyeHHble pe3ysibTaTbl CBUAETENbCTBYIOT O TOM, YTO KOPOTKME
nentuasl EDR 1 KED obiagator HeltporrpoTeKTOopHbIM 3¢ dekTom B momen bA,
KOTOPBIV 3aK/IIOYAETCSI B YIYUIIeHUY (QYHKIMOHAJIBHOTO COCTOSIHMS HEMIPOHOB.
Heobxonumo mpoBecTy najibHeuIle UCCAeI0BaHNsI 1J BbISIBJIEHNSI MeXaHM3Ma
HeMpOoIpOTEeKTOPHOro AeictBust Kopotkux nentugoB EDR u KED npu BA, ko-
TOpbIE TTO3BOJISIT MPUCTYIUTDb K pa3pabOTKe JIeKapCTBEHHOTO CPeACTBa AJISI TPO-
GWIAKTUKY U JIeYeHUsT TaHHOM TaTOJIOT M.
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Abstract

BACKGROUND. Alzheimer’s disease (AD) is the most common neurode-
generative disease that causes memory loss predominantly in eldely and senile
people [1]. AD is one of the most common causes of death within 5-12 years
after the first detected symptoms. Modern drugs approved by the FDA (U.S.
Food and Drug Administration) for the AD treatment (memantine, tacrine, riv-
astigmine, galantamine, donepezil) do not significantly slow down the disease
progression [2] and have a wide range of side effects [3]. In view of the lack
of effective treatment, the rising global prevalence of AD and significant costs
of patient life support, finding effective and safe potential anti-AD drugs is be-
coming increasingly critical in the context of a global trend towards longer life
expectancy.

Peptide bioregulators are promising neuroprotectors with low immunogenicity
and high physiological activity. In particular, AD therapy may benefit from study-
ing the activity of EDR and KED short peptides obtained by analysis of amino
acid composition of extracts isolated from cattle brain and vessels, respectively.

AIM. To evaluate the efficacy of short peptides in in vitro and in vivo models
of Alzheimer’s disease with a view to developing a drug for the treatment and
prevention of this pathology.

MATERIALS AND METHODS. A neuronal culture isolated from the brain
of newborn wild-type mice, with the addition of synthetic oligopeptides A} (the
amyloid synaptotoxicity model) was used as the in vitro model of AD. The study
groups were as follows: Group 1: control (without AB); Group 2: control with
the addition of Af}; Group 3: the addition of A3 and EDR peptide (200 ng/mL);
Group 4: the addition of A and KED peptide (200 ng/mL). Series of neuron
microphotographs were obtained using the ThorLabs confocal microscope and
ThorLabs software (USA) at the 100-fold magnification (Olympus UPlanSApo)
with resolution 1024x1024, which were used for dendritic spine morphology
analysis using NeuronStudio software package according to [4].

The transgenic line of 5xFAD-M mice derived by cross-breeding of 5xFAD and
Thy1-GFP mice was used as an in vivo model of AD. The experimental groups
were as follows: Group 1: control (a line of healthy mice, which received the in-
jections of physiological solution); Group 2: 5XFAD-M line of mice (AD model),
which received the injections of physiological solution; Group 3: 5xFAD-M line
of mice (AD model), received the injections of EDR peptide; Group 4: 5xFAD-
M line of mice (AD model), received the injections of KED peptide. Short pep-
tides were intraperitoneally injected in mice aged from 3 to 5 months on a daily
basis. At the age of 5 months, the animals underwent transcardial perfusion fol-
lowed by brain extraction; fixed brain slices (40 ym thick) were prepared using
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a vibratome. Series of neuron microphotographs were obtained using the Thor-
Labs confocal microscope and ThorLabs software (USA), followed by morpho-
metric analysis of dendritic spines.

RESULTS. EDR peptide at the concentration of 200 ng/mL increased the num-
ber of the most functional mushroom spines of neurons (by 71%) to normal lev-
els in the primary neuronal culture under amyloid synaptotoxicity conditions (in
vitro AD model). KED peptide at the concentration of 200 ng/mL increased the
number of mushroom spines by 20% in the AD model.

Daily intraperitoneal injection of EDR and KED peptides at a concentration of
400 pg/kg to 5XxFAD mice (in vivo AD model) aged from 3 to 5 months contrib-
uted to statistically significant increases in mushroom spines in the CA1 area of
the hippocampus by 25% and 27%, respectively. These peptides contributed to
the increase in the total dendritic density by 13% and 22%, respectively.
CONCLUSIONS. The obtained results demonstrate that EDR and KED short
peptides have a neuroprotective effect in the AD model, manifested by an im-
proved functional state of neurons. Further research is needed to identify the
mechanism of action of short peptides in AD in order to develop a drug for the
prevention and treatment of this pathology.

Keywords: Alzheimer’s disease; peptides; neurons.
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Pe3iome

BBEJEHMUE. JleriTuH yyacTByeT B pa3BUTUM HEKOTOPBIX, CBSI3aHHBIX C BO3pac-
TOM, TIATOJIOTUYECKUX COCTOSIHMI, B YAaCTHOCTM METabOJIMUYeCKOro CHMHIPOMA,
OXXMPEHMs, caxapHOTro Auabera M aTepocKjepo3a. YUMUThIBasl MMOCTAapeHMEe Ha-
ceJIeHMSI ¥ BBICOKYIO PacIpOCTPaHEHHOCTh CepAeUYHO-COCYAMCThIX 3a00/1eBaHNI
M CMEPTHOCTb OT HMX B CTapIliel BO3PACTHOM TPYIIe, JOCTATOYHO aKTyaJbHO
M3ydeHue pasanuHbIX (PaKTOPOB pyUCKa CepAeUYHO-COCYAMCTOM MaToOru (B TOM
yycyie TUTIePIENITUHEMMN) Y JIUIL CTapUe€CKOTO BO3PACTa U JOJITOKUTENIEMN.

L EJIb UCCJIEJOBAHMUS — onpepesieHne KOHIIEHTpalY JIEIITYHA M OLIeHKa
B3aMMOCBSI3M 3TOTO aAUITIOKMHA C OKMPEHMEM U PSIIOM APYTUX MATOJIOTMUYeCKUX
COCTOSIHMI Y OOJIbHBIX C uilleMuueckoi 6osesnbto cepaiia (MbBC) B ctapueckom
BO3PACTe U JOJITOKUTEIEN.

MATEPHUAIJIbI U METO/BI. /Tannas padora npencTas/isyia co00i OTHOMO-
MeHTHOe (TIorepevHoe) ucciaenoBanne. B Hero 6p110 BRitoueHo 110 60bHBIX
crapueckoro Bospacra u gonroxkurtenei; 90 maumenroB crpamanu MBC u co-
crtaBuan ocHoBHYIO rpymmy, 20 6e3 UBC — rpymnmy koHTposs. CpemHnii Bo3-
pacT BKJIIOUEHHBIX B MccIemoBaHme 60abHbIX Jocturan 88,5 + 4,5 ropa; 48,2%
6pumM B Bo3pacTe 90 jiet u crapiie. KoHIIeHTpaLuio JIeITMHA B CBIBOPOTKE KPO-
BU OIpeesiIM MeTOAOM MMMYHOdepMeHTHOro aHasmsa. HopmanbHble 3Ha-
yeHMs1 JIeNTMHA IJIs >KeHIIMH coctaBuin 2,6-11,1 ur/mn, gas myskunH — 2,0-
5,6 ur/min. CopmepskaHue >KMPOBOJ TKaHM B OpraHyusMe OLIEHMBA/IM METOLOM
IIBYX3HEPreTN4YeCKOV PEHTTEeHOBCKOM abCcopOIMoMeTpun.

PE3VJIBTATBI. IloBrilieHHOE comepsKaHMe JIEIITMHA B ChIBOPOTKE KPOBM Hali-
neHo y 58,2% 6onbHbIX, HU3KOEe — Yy 16,4%, HOpManbHOe — y 25,4% maum-
eHTOB. [loBblIllIeHMe KOHIIEHTpAlUM JIeNTMHA OOHapyskeHO y 67,1% >KeHIIMH
ny 40,5% myxkumu (p = 0,007). YV 6onbHbix MUBC cpemHsiss KOHIIEHTpaLys
JlenTMHa gocturana 16,7 ur/mi, B rpymme naiuentoB 6e3 UBC — 15,3 ur/mi
(p = 0,6). YV GOMBHBIX C XPOHUYECKON CEPIEUHOM HEAOCTATOYHOCTHIO BEPOSIT-
HOCTb OOHapys>KeHMsI HM3KOM KOHIIEHTpaIMK JIENITUHA TOoBbIlIasach B 3,2 pasa,
10 CPaBHEHMIO C COOTBETCTBYIOIIMMM ITOKa3aTesissMu y 60abHbIX 6e3 XCH (OIL =
=3,2;95% 1N =1,1-9,9; p=0,03). Y 607IbHBIX C O3KMPEHMEM CPEIHIE TIOKA3aTe TN
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JIenITMHA cocTasisum 28,5 Hr/Mmi, Torma Kak y jmiy 6e3 oskupenus — 12,2 Hr/mi
(p = 0,00002). Ob6HapyskeHa BBICOKOIOCTOBEPHAS KOPPEJIALVS MEXKIY COmep-
’KaHMeM JIeNTMHA M MHOEKCOM Macchl Tesa 6osbHbIX (p < 0,000001). 3aperu-
CTPMPOBaHa TOCTOBEPHAS MO3UTUBHAS KOPPEJSILMS MEXKIY YPOBHEM JIENTHHA
B CBIBOPOTKE KpOBU U copepskanuem >kupoBon Tkauu (p = 0,000001). YpoBeHb
JIETITVHA TTO3UTMBHO KOPPEJMPOBAJ C KOHIIEHTpaIyel OOIIero XoJyiecTepuHa
(p = 0,02) u Tpurnuuepugos B cbiBopoTke kpoBu (p = 0,003). V 60sb-
HbIX CaxapHbIM AMabeToM HaOMIomach 6oJjiee BBICOKME 3HAYEHMs JIETTVHA
(26,3 ur/mu o cpaBHeHMio ¢ 13,5 HI/MJ B rpyIie maiueHToB 6e3 auabera;
p = 0,0003); obHapyskeHa TOCTOBEPHAS MPSIMast KOPPEJSILINS MEKIY COmepsKaHy-
€M JIENITMHA ¥ [JIIOKO3bI B CbIBOpOTKe KpoBu (p = 0,0003). B rpynmne maiymeHTOB
C HU3KOJ KOHIIEHTpalMen JIEMTHA OTMeUYeHbl O60jiee HMU3KME IMoKa3aTe MyHe-
pasbHOM IIOTHOCTU KocTHOM TKauu (p = 0,0003).

BBIBO/bI. [losydyeHHbIe pe3ynbTaThl CBUIETENbCTBYIOT O OOJBIION pac-
MIPOCTPAHEHHOCTM TATOJIOTUMM JIENITUHA Y OOJIbHBIX CTapuyecKoro BoO3pacTa
u ponroxurenen — kKak ¢ MBC, tak u 6e3 UBC. bonee BbICOKME YypOBHU
JIENITMHA aCCOLMUPYIOTCS C Pas/IMUYHBIMM MeTabOoIM4eCKUMU HapYIIeHUSIMU
(o’kMpeHMeM, IMCIUNINAEMIMEN 1 caXapHbIM Anabetrom). Huskoe comepskaHne
JIENITMHA XapaKTepHO [JIs1 IMalMeHTOB C XPOHMYECKOM CepAeuHOM HemoCTa-
TOYHOCTBIO.

KioueBsble cjioBa: JIIITVH; JKMPOBasi TKaHb, CTapI-IECKI/Iﬁ BO3pacCT, OOJITO>KUTEJIN.
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Abstract

BACKGROUND. Leptin is involved in the development of some age-related
pathological conditions, in particular, metabolic syndrome, obesity, diabetes
mellitus and atherosclerosis. Considering the population aging and high
prevalence of cardiovascular diseases and related mortality in the older age
group, it is quite important to study various risk factors for cardiovascular
pathology (including hyperleptinemia) in the very old and long-living
population.
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AIM. To determine the concentration of leptin and to analyze the relationships of
this adipokine with obesity and a number of other pathological conditions in very
old and long-living patients with coronary artery disease (CAD).

MATERIALS AND METHODS. This work was a cross-sectional study. A total
of 110 very old patients were enrolled in the study: 90 patients with CAD in
the study group and20 patients without CAD in the control group. Mean age
of the patients was 88.5 + 4.5 years; 48.2% of patients were > 90 years. The
serum leptin concentration was determined by enzyme-linked immunosorbent
assay. Normal leptin values were 2.6-11.1 ng/mL for women, and 2.0-5.6 ng/mL
for men. The content of adipose tissue in the body was assessed by dual-energy
X-ray absorptiometry.

RESULTS. Elevated serum leptin concentration was found in 58.2% of
patients (decreased in 16.4%, normal in 25.4%). Increased leptin concentration
was found in 67.1% of women and in 40.5% of men (p = 0.007). In patients
with CAD, mean concentration of leptin reached 16.7 ng/mL; in patients
without CAD, 15.3 ng/mL (p = 0.6). In patients with chronic heart failure, the
probability of detecting low leptin levels increased by 3.2 times, compared
with patients without heart failure (OR = 3.2; 95% CI = 1.1-9.9; p = 0.03). In
patients with obesity, the mean leptin concentration was 28.5 ng/mL, while in
patients without obesity it comprised 12.2 ng/mL (p = 0.00002). Significant
correlation was found between the leptin concentration and body mass index
(p < 0.000001). Significant positive correlation was registered between the
serum leptin level and the adipose tissue content (p = 0.000001). The leptin
concentration positively correlated with the concentration of total cholesterol
(p = 0.02) and triglycerides (p = 0.003) in the blood serum. Patients with
diabetes mellitus had higher leptin values (26.3 ng/mL vs 13.5 ng/mL in the
group of patients without diabetes; p = 0.0003); a significant direct correlation
was found between the concentration of leptin and glucose in the blood serum
(p = 0.0003). In patients with low leptin concentration, lower bone mineral
density was registered (p = 0.0003).

CONCLUSIONS: The study results suggest frequent leptin pathology in
elderly and long-living patients, both with and without coronary artery disease.
Higher leptin levels are associated with various metabolic disorders (obesity,
dyslipidemia, and diabetes mellitus). Lower leptin levels are typical for patients
with chronic heart failure.

Keywords: leptin; adipose tissue; old age; long-living patients.
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Pe3iome

BBEJIEHMUME. Pa6oT 1o u3yueHuo cocTaBa Teja y JOJITOXKUTEJIeN, 0COOeHHO
C NIpUMEHEHMEM JIBYXIHEPreTnueCcKon abcopOoMeTpun, MPaKTUIECKM HeT.
LHEJIb UCCJIEJOBAHUS — wusyueHue KOMIIO3MIIMOHHOIO COCTaBa TeJia
y 60nbHbBIX uilleMnuyeckon 6omnesHbio cepaua (MBC) crapire 90 ner (monrosxku-
Tesen).

MATEPHUAJIbBI U METO/BbI. [Januas pabora — OZHOMOMEHTHOE MC-
cinenoBaHue, B koropom npuHuMaiu ydactue 200 maumeHTtoB (140 >keHIMH
1 60 My>kuMH, cpemHMi1 Bo3pacT 92,4 £ 2,3 roga), HAXOOUBIIMXCSI Ha CTALlIOHAp-
HOM JieueHMM ¢ auarHo3oM «MBC». KoMIos3uiMoHHbIM COCTaB Tejia aHaJIU3UpPO-
BaJI METOJOM JIBYX3HEPTreTMUeCKOM PEHTT€HOBCKOM abCopOLIOMeTpUN.
PE3VJIbTATDI. M36siTouHass Macca Tesia WIM OKMPEHME OMarHOCTVPOBAHBI
y 69,5% 6onbubix. Oskupenne ormeueHo y 29,0% 6obHbIX, YV 77,6% U3 HUX
3aperucTpUpOBaHO OKMpeHue 1-i1 CTeleHu, TOrga Kak 3-s CTeleHb He BCTpe-
yajiach coBceM. CpennHme sHaueHust mHaekca macchl Tena (MMT) cocraBuin
27,6 = 4,5kr/m? (18,2-38,8 kr/m?). VY sKkeHIIMH OGHapyskeHa 06ojiee BbICOKAsI
IIOJIST SKMPOBOM TKaHM BO BCEX yuyacTKax Teja. Y MYKUMH COIepskaHue >KU-
POBOM TKAHM B BEPXHMX KOHEUHOCTSIX COCTaBMJIO 1,6 KT, Y >KeHIIMH — 2,2 KT
(p <0,0001), B HMsKHMX KOHeuHOCTSIX — 5,7 1 8,1 k1 coorBercTBeHHO (p < 0,0001).
OTHollIeHne XKMPOBOM TKAaHM B HIDKHUX KOHEYHOCTSIX K ODOIIEMY COmepsKaHMIO
skupa y skeHimH pocturanio 0,40, y myskund — 0,27 (p < 0,0001). CoortHorire-
HIe KMpa TYJOBMUIIA K OOILIEMY COIEpPsKaHMIO KMpa Y KeHIH coctaBmio 0,53,
aymyxxkunmH — 0,62 (p < 0,0001). CpegHue 3HaUeHMSI MUHEPATIbHOM TJIOTHOCTU
koctHoy TKauu (MIIKT) B iesiom cocraBmmm 1008 * 140 mr/cm®, T-kputepuit
mocturai -1,7SD. Haumensime suHauennst MITKT 3apeructpupoBaHbl B pedbpax
(626 mr/cm®). V skentuH Bce nokasatest MITKT 6pu1i CyliieCTBEHHO HIKE, YeM
Y MY>KUMH; Hanobosbliine pasanuus ormedeHbl 1yt MITKT HOKHUX 1 BepXHUX
rkoHeuyHocTel (p < 0,0001). Ob1ee comepskaHme TOIIEN TKAHM Y SKEHIIMH COCTa-
B0 38,4 kr, y my>kunH — 48,8 kr (p < 0,0001). CkesleTHO-MbIIIEUHbIN UHAEKC
OCTaBaJICSI B Ipeaesax HOpPMabHbIX 3HaueHui y 72,1% 6onbHbIX. CHUKEHME
JAHHOI'O MHIEKCa OTMeUeHO Y 25% skeHIyH 1 33% MyskunH. YCTaHOBJIEHA Ipsi-
Mast koppessitusg mexkny UMT u MIIKT Bo Bcex yuactkax ckenera (r = 0,5;
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p < 0,0001). O6HapyskeHa BbICOKO JOCTOBEpHas! MpsiMasi KOPPEJISIInS MeKIY CO-
Ieps>KaHMeM >KMPOBOJ TKaHM BO Bcex yuacTkax tesna u MITKT; nanbosnee mocro-
BepHbIe MOKa3are/i yCTaHOBIeHbI IJj1s1 Koppessiyu mexkay MITKT pebep u co-
oep>kaHueM KupoBoy TKauu B Tynosuite (r = 0,85; p < 0,0001). Ha6mromanach
BbIpayKeHHAas1 Koppessaiysi Mexxay comepskanuem Toiien tkauu u MIIKT; Hau-
6osee mocToBepHOi Obl1a B3aMMOCBsI3b Mexxny MITKT BepxHMX KOHEUHOCTe
M comepykaHMeM Tolllel TKaHu B BepxHMUX KoHeuHocTsx (r = 0,69; p < 0,0001).
3apeructprpoBaHa 0b6paTHasi KOppessiiys MeXAY COmepskaHueM JKUPOBOM U TO-
e TKaHU, HauboJsiee BhIPasKEHHAs [JIT B3aMMOCBSI3M B HIDKHUX KOHEYHOCTSIX
(r = -0,46; p < 0,0001). CapkoreHnuecKoe OKMpeHre o6Hapy>kKeHo y 5% maiiu-
€HTOB, OCTeOCapKOIIeHNnYecKoe oxkupenne — y 2%, KOMOMHAIMS OCTEONopo3a
c oxkupenuem — y 8,7%. Hopmanbhbie nokaszatenu MIIKT B couetanun c ot-
CYTCTBMEM CapKOTIEHMM U OSKMPEHMS 3aperncTpupoBanbl y 16,5% 6GONMbHbIX.
BbIBO/IbI. IlosyueHHble pes3ysabTaTbl CBUAETEILCTBYIOT 00 OCOOEHHOCTSX
KOMITIO3UI[MOHHOTO COCTaBa Tesia y gosroskutesnein. O6HapyskeHa AOCTATOYHO
BBICOKAsI JIOJIST OOJIbHBIX C M3OBITOUHOM MAaccCoi Tejla, HO C HOPMa/IbHbBIMMU IIO-
kasatensimu MITKT u comepskaHus ToIel TKaHM.

KinioueBble c/10Ba: COCTaB TeJla; MBbIIIEeYHasd MacCcCa, MMHepaJIbHas IIJIOTHOCTb
KOCTHOM TKaHU, >KMPOBAs TKaHb, JOJITO>KUTEJIN.
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Abstract

BACKGROUND. Studies onbody composition in long-living patients, especially
using dual-energy absorptiometry, are almost unknown.

AIM. To investigate body composition in patients over 90 years old (long-living
patients) with coronary artery disease (CAD).

MATERIALS AND METHODS. This work was a cross-sectional study that
enrolled 200 patients (140 women and 60 men, mean age 92.4 * 2.3 years) with
CAD. Body composition was analyzed using dual-energy X-ray absorptiometry.
RESULTS. Overweight or obesity were diagnosed in 69.5% of patients. Obesity
was reported in 29.0% of patients: 77.6% of them had class I obesity, while
class III obesity was not observed at all. Mean values of the body mass index
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(BMI) were 27.6 = 4.5 kg/m? (18.2-38.8 kg/m?). Women had a higher proportion
of fat in all areas of the body. The adipose tissue content in the upper limbs was
1.6 kg in men and 2.2 kg in women (p < 0.0001); in the lower limbs, these values
were 5.7 kg and 8.1 kg, respectively (p < 0.0001). The ratio of the adipose tissue
in the lower limbs to the total fat content reached 0.40 in women and 0.27 in men
(p < 0.0001). The ratio of trunk fat to total fat was 0.53 in women and 0.62 in
men (p < 0.0001). Mean values of bone mineral density (BMD) as a whole were
1,008 = 140 mg/cm® the T-score reached -1.7SD. The lowest BMD values were
registered in the ribs (626 mg/cm?®). In women, all BMD values were significantly
lower than in men; the greatest differences were noted for BMD of the lower
and upper extremities (p < 0.0001). The total lean tissue content was 38.4 kg in
women and 48.8 kg in men (p < 0.0001). The musculoskeletal index remained
within normal in 72.1% of patients. A decrease in this index was reported in 25%
of women and 33% of men. A direct correlation was established between BMI and
BMD in all areas of the skeleton (r = 0.5; p < 0.0001). A highly significant direct
correlation was found between the adipose tissue content in all areas of the body
and BMD; the most significant values were registered for the correlation between
BMD of the ribs and the fat mass in the trunk (r = 0.85; p < 0.0001). A significant
correlation was observed between the lean tissue and BMD; the most significant
relationship was registered for BMD of the upper limbs and the lean tissue in the
upper limbs (r = 0.69; p < 0.0001). An inverse correlation was recorded between
the adipose tissue and lean tissue; the most significant relationship was found in
the lower limbs (r = -0.46; p < 0.0001). Sarcopenic obesity was observed in 5%
of patients, osteosarcopenic obesity in 2%, and a combination of osteoporosis
with obesity in 8.7%. Normal BMD values in combination with the absence of
sarcopenia and obesity were registered in 16.5% of patients.

CONCLUSIONS. The study results indicate the specific features of body
composition in long-living patients A high proportion of patients with excess
body weight, but with normal BMD and lean tissue mass was found.

Keywords: body composition; lean tissue; bone mineral density; adipose tissue;
long-living patients.

For citation: Topolyanskaya S.V., Eliseeva T.A., Vakulenko O.N., Romanova
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lems of Geroscience: 2024; 4(8): 231-234. DOI: 10.37586/2949-4745-4-2024-
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Pe3iome
BBEJEHMUE. [lo mepe crapeHusi MOBbIIIAETCS COAepskaHue MPOBOCIIAIUTENb-
HBIX MeAMAaTOPOB, IaXke TP OTCYTCTBUM ITpu3HaKoB Bocnasenus (Inflammaging).
LHEJIb UCCJIEJOBAHMUS. Ormpenenenne CbIBOPOTOYHON KOHIIEHTPALIN
daxropa Hekposa onyxonu-ayibba (PHO-a) u untepneinkuna-6 (UJI-6) u ananms
B3aMMOCBSI3€li 3TUX ITPOBOCIAINTEIBHBIX IIUTOKMHOB C PSIAOM IAaTOJIOT MY CKUX
COCTOSIHMI y OONbHBIX uillemuueckon 6osesHbio cepana (MBC) B crapueckom
BO3pPACTe U JOJITOKUTEIEN.
MATEPUAJIbI U METO/BDI. B ucciemoBanuy mpuHUMa/IM ydacTue 60bHbIE
crapiue 75 net. B uccinenosanne no mnsyuennio ®HO-o Bkrouens! 130 60/IbHBIX
(102 ¢ UBC — B ocHOBHYIO rpymiy, 28 6e3 UBC — B kKoHTposibHYI0). CpenHuii
Bo3pacT 60sbHbIX — 89,3 + 4,6 roma (77-101 rom); 6osee monoBuHbI (56,2%)
6pun ctapiie 90 net. B uccinenosanme o usyyennto NJI-6 srirodyeHsl 128 6051b-
Hbix: 94 manuenta ¢ MBC — B ocHoBHylo rpymiy, 34 6e3 UBC — B rpymmy
koHTpOoss. Cpemuuii Bo3pacT 6osbHBIX mocturan 88,3 + 5,3 roga (76-98 ner);
49,2% 6pum crapiie 90 net. Konnenrpamuio @HO-o (N < 8,1 nr/mn) nu NJI-6
(N < 7,0 ir/Mmut) ornpenessiiv METOIOM MMMYHO(pEpPMEHTHOrO aHa/I13a.
PE3VJIBTATDI. Konuenrpauus @HO-a B cpentem cocrapisuia 9,2 + 4,7 nr/mn
(3,9-31,9 nir/mn). [ossienne ®HO-o HavigeHo y 54,6% 60/bHBIX. Y GOIBHBIX
NBC cpepusas konuentpauyss @HO-o mocturana 10,0 £ 4,9 nir/mn, B rpyimne
koHTposis — 6,1 = 1,8 nir/ma (p = 0,000001). BeposiTHOCTb OOHAPYsKEHMS TTOBbI-
meHHoro ypoBHst ®HO-a y 6onbabIX UBC yBenmunBanace B 16,6 pasa, 1mo cpas-
HeHMIo ¢ nanyeHtamu 6e3 MBC (orHomenne mancos (OI) = 16,6; p < 0,00001).
Copepykanne @HO-o 6sw10 BbImIe y nanyeHtoB ¢ XCH (p = 0,002). V 6051b-
HBIX C rumnepypuremmeii cpenanit yposenb ®HO-o cocrasist 10,9 + 5,3 nr/mu,
y MaIMEeHTOB C HOPMaJIbHbIM COflepsKaHMeM MOUeBOM KICJIOThl — 7,5 + 2,5 mr/mi
(p = 0,000006). BrpisiBieHbI IpsIMble KOPPESILIUM MEXKIY KOHIIEHTPAIMSIMU
®HO-a n moueBoit kuciorhl (r = 0,45; p < 0,000001), kpearuuuna (r = 0,26;
p = 0,002), moueBunsl (r = 0,37; p = 0,00004), mpogyKTOB Aerpagamyuu KoJjijaa-
rena I tumna (B-CrossLaps) (r = 0,53; p = 0,0001) u 1JI-6 (r = 0,39; p = 0,007).
YcraHoB/IeHbI 0OOpaTHble Koppessiyuu mexkny copepskannem @PHO-o u xo-
i oTpuTord socrya. 3 coomnercrait & mineneneit CC BY-NC-SA 4D (cAtiution NonCommercial SareATes), Kinopan paspeniaet Heorparentios HeKOMMEPIECKDG ICHOTLAONIThe, PenPOCTPAHENIC 1 oc.
NpOM3BeNienHe Ha JI0GOM HOCUTesIe TPU YCIOBUIA YKa3aHHs aBTOpa M UCTOUHIKA. UTOBbI O3HAKOMUTBCS € TIOMHBIMH YCIIOBHSIMM JIaHHOf JIMLIEHSHH HA PYCCKOM A3bIKe, IOCETHTe caiiT: https://creativecommons.org/licenses/

by-nc-sa/4.0/deed.ru
This is an open access article under the CC BY-NC-SA 4.0 (“Attribution-NonCommercial-ShareAlike”) license. Published by SSFIMT.
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necrepuna JIBIT (r = -0,38; p = 0,00005). Y 6osnbHbIx Mojioke 90 jieT cpenHsis
koHueHTpaimst ®HO-o mocturana 10,5 nr/mi, y monroskureneir — 8,1 mr/mi
(p = 0,003). IlobiiieHubit ypoBeHb WMJI-6 o6HapyskeH y 45,3% 60JbHBIX.
Cpennee comepskanme WJI-6 cocrasmuno 8,2 + 6,3 mr/mn (1,5-36,2 mr/min).
VY 6onbHbIx UBC cpennsist konnentpauys MJI-6 gocrurana 9,0 nr/mi, 6e3 UBC —
5,8 r/mi (p = 0,001). BepositHoCTh OOHapYsKEHMS ITOBBIIIIEHHONM KOHIIEHTpALNA
NJI-6 y naumentoB ¢ XCH yBesmumBaiach B 3,1 pasa, CpaBHUTENbHO C TPYII-
moit 6e3 XCH (OL = 3,1; p = 0,005). Cpenu 601bHBIX C 6€CCUMIITOMHON THM-
nepypukemuen cpepgnue 3Hauenust UJI-6 B kpoBu mocturanu 10,8 + 4,8 mir/mu,
y MalMeHTOB C HOPMaJIbHOM MOuYeBOM Kuciaotoir — 6,9 + 4,5 nr/mna (p = 0,001).
VY 60nbHBIX C TOBBIIIEHHBIM copepskaHuem WMJI-6 oTmeueHbl Gosiee HU3KME TIO-
Kazaremu 6a3oBOM (YHKIMOHAIBHONM aKTMBHOCTM MO uHAaekcy bapren (70,7
u 80,7, p = 0,003) 1 uHCTpYMEHTaIbHOI akTUBHOCTH 10 wwiKase IADL (3,4 u 5,0,
p = 0,0002).

BbIBO/IbI. [TonyuyeHHble pe3ysbTaThl CBUAETEIbCTBYIOT O YaCTOM IOBBIIIIe-
Hun cogepkaunsg @HO-o u WJI-6 B KpoBM OOJBHBIX CTapueCcKOro BO3pacTa
u ponroskutesient c UBC. Bonee Boicokue ypoBuu @HO-o. 1 1J1-6 acconmmpyrorcst
¢ XCH u runepypukeMuein.

KmoueBble coBa: dakrop Hekposa omnyxom-o (PHO-o); mHTepnenkuH-6
(WJI-6); cyGrIMHMYECKOe BOCTIalIeHIe; CTapueCKuil BO3PaCT; TOJTOXKUTEIN.

Ons uurupoBanmsi: TononsHckas C.B., EmmuceeBa T.A., Bakynenko O.H.,
PomanoBa M.A., byoman JI.W., JIeitkmaa K.A., Menkoustu I.I. Cyb6xmmHu-
yecKkoe BOCHajieHre y OOJbHBbIX MIIeMUYeCcKoM OOJe3HbIO cepAlla B CTapye-
CKOM BO3pacTe M mojaroxkuteneir. IIpobnemor zeponayku. 2024; 4(8):235-238.
DOI: 10.37586/2949-4745-4-2024-235-238
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Abstract

BACKGROUND. With aging, the concentration of proinflammatory mediators
increases even in the absence of signs of inflammation (“inflammaging”).

AIM. To determine the serum concentration of tumor necrosis factor-alpha
(TNF-0)) and interleukin-6 (IL-6) and to analyze the relationships of these proin-
flammatory cytokines with a number of pathological conditions in very old and
long-living patients with coronary artery disease (CAD).

MATERIALS AND METHODS. The study enrolled patients over 75 years
of age. The study on TNF-a enrolled 130 patients (102 with CAD in the main
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group, 28 without CAD in the control group). The mean age of patients was
89.3 = 4.6 years (77-101 years); more than half (56.2%) were over 90 years
old. The study on IL-6 enrolled 128 patients (94 patients with CAD in the main
group, 34 without CAD in the control group). The mean age of patients was
88.3 = 5.3 years (76-98 years); 49.2% were over 90 years old. The concentra-
tion of TNF-a (N < 8.1 pg/mL) and IL-6 (N < 7.0 pg/mL) was determined by
enzyme-linked immunosorbent assay.

RESULTS. The mean TNF-o concentration was 9.2 + 4.7 pg/mL (3.9-
31.9 pg/mL). Increased TNF-a was found in 54.6% of patients. In patients with
CAD, mean TNF-a concentration reached 10.0 + 4.9 pg/mL, while in the con-
trol group it was 6.1 £ 1.8 pg/mL (p = 0.000001). The probability of detecting
an elevated TNF-a level in patients with CAD increased by 16.6 times com-
pared with patients without CAD (odds ratio (OR) = 16.6; p < 0.00001). The
TNF-o concentration was higher in patients with chronic heart failure (CHF)
(p = 0.002). In patients with hyperuricemia, mean TNF-a level was 10.9 *
+ 5.3 pg/mL, while in patients with normal uric acid levels it was 7.5 = 2.5 pg/mL
(p = 0.000006). Direct correlations were found between the concentrations of
TNF-aanduricacid (r=0.45; p<0.000001), creatinine (r=0.26; p=0.002), urea (r =
=0.37; p=0.00004), type I collagen degradation products (-CrossLaps) (r = 0.53;
p = 0.0001) and IL-6 (r = 0.39; p = 0.007). Inverse correlations were found
between the concentration of TNF-a and HDL-cholesterol (r = -0.38;
p = 0.00005). In patients under 90 years of age, mean TNF-o concentration
reached 10.5 pg/mL, while in long-living patients it was 8.1 pg/mL (p = 0.003). El-
evated IL-6 levels were found in 45.3% of patients. Mean IL-6 concentration was
8.2 £ 6.3 pg/mL (1.5-36.2 pg/mL). In patients with CAD, mean IL-6 concentra-
tion reached 9.0 pg/mL, while in those without coronary artery disease it was
5.8 pg/mL (p = 0.001). The probability of detecting elevated IL.-6 concentrations
in patients with CHF increased by 3.1 times, compared with the group without
heart failure (OR = 3.1; p = 0.005). Among patients with asymptomatic hyper-
uricemia, mean blood concentration of IL-6 reached 10.8 £ 4.8 pg/mL, while in
patients with normal uric acid levels it comprised 6.9 + 4.5 pg/mL (p = 0.001).
Patients with elevated IL-6 levels had lower values of baseline functional activity
according to the Barthel index (70.7 and 80.7, p = 0.003) and instrumental activ-
ity according to the IADL scale (3.4 and 5.0, p = 0.0002).

CONCLUSIONS. The study results indicate a frequent increase in the blood
concentration of TNF-a and IL-6 in very old and long-living patients with CAD.
Higher levels of TNF-a and IL-6 are associated with CHF and hyperuricemia.

Keywords: tumor necrosis factor-o (TNF-a); interleukin-6 (IL-6); subclinical
inflammation; old age; long-living patients.
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M.A., Bubman L.I., Lytkina K.A., Melkonyan G.G. Subclinical inflammation in
very old and long-living patients with coronary artery disease. Problems of Gero-
science. 2024; 4(8):235-238. DOI: 10.37586/2949-4745-4-2024-235-238



JOITIOJTHUTEJIBbHASI UH®OPMALIUS /
ADDITIONAL INFORMATION

dunaucupoBaHue. VccieqoBaHne BBITTOJIHEHO 6e3
MCTOYHMKOB (DMHAHCUPOBAHMSI.

Funding source. This study was not supported by any
external funding sources.

KouduukT mHTEpecoB. ABTOpPHI IEKJIapUPYIOT OT-
CYTCTBME SIBHBIX U TIOTEHIMAIbHBIX KOHQIMKTOB MHTEPE-
COB, CBSI3aHHBIX C COIEP’KAaHMEM HACTOSIILIEN CTATbMU.

Conflict of Interests. The authors declare no explicit
or potential conflicts of interests associated with the con-
tents of this article.

ORCID ABTOPOB:

Tononsauckas C.B. — 0000-0002-4131-8432
Emuceena T.A. — 0000-0002-6921-0589
Bakynenxko O.H. — 0000-0002-4139-5075
Pomanosa M.A. — 0000-0001-5351-1996
By6man JI.M. — 0000-0002-4195-3188
JIprtkuaa K.A. — 0000-0001-9647-7492
Menxonss I.T. — 0000-0002-4021-5044

ORCID:

Topolyanskaya S.V.: 0000-0002-4131-8432
Eliseeva T.A.: 0000-0002-6921-0589
Vakulenko O.N.: 0000-0002-4139-5075
Romanova M.A.: 0000-0001-5351-1996
Bubman L.I.: 0000-0002-4195-3188
Lytkina K.A.: 0000-0001-9647-7492
Melkonyan G.G.: 0000-0002-4021-5044


https://orcid.org/0000-0002-4131-8432
https://orcid.org/0000-0002-6921-0589
https://orcid.org/0000-0002-4139-5075
https://orcid.org/0000-0001-5351-1996
https://orcid.org/0000-0002-4195-3188
https://orcid.org/0000-0001-9647-7492
https://orcid.org/0000-0002-4021-5044
https://orcid.org/0000-0002-4131-8432
https://orcid.org/0000-0002-6921-0589
https://orcid.org/0000-0002-4139-5075
https://orcid.org/0000-0001-5351-1996
https://orcid.org/0000-0002-4195-3188
https://orcid.org/0000-0001-9647-7492
https://orcid.org/0000-0002-4021-5044

AA9 SAMETOK

239



AA9 SAMETOK

240



