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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.
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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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