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BBenenme. bironornyeckuii Bo3pacT — 3TO IOKasareab (QYHKIMOHAIbHON CO-
XpaHHOCTU opranusMa. OH SIBJISIETCS JTYUIIMM MTPEAUKTOPOM COCTOSIHMS 3I0POBbBSI
¥ CMEPTHOCTM, YeM XPOHOJIOTMYECKMIA BO3PACT, a TaKyKe MOTEHIMaIbHO TTO3BOJIS-
eT OIeHUTb 3(DPEKTMBHOCTh TepOIPOTEKTUBHBIX MHTEPBEHIMI. bronormnueckmit
BO3PACT PacCUMUTHIBAETCS C MCITOIb30BaHMEM OMOMAapKepOB CTAPEHUsT — pasiind-
HbIX OMOXMMWYECKNX, TeHETUUECKIX, (DEHOTUTTMYECKUX U (PYHKIMOHATbHBIX OCO-
6eHHOCTEN opranusMa. [1jis1 usMepeHust 6110J10TMUeCKOro BO3pacTa UCIOJIb3YIOTCS
MeTOMbl CTAaTUCTUUECKOTO aHa/IM3a M HEeMPOHHbIE CEeTU C TITYOOKMM MalllMHHBIM
obyuennem. [ToryunBiimecss GopMyJibl ¥ METOIbI pacueTa Ha3bIBAIOTCST KaJIbKYJISI-
TOpaMy GMOJIOTMYECKOTO BO3pacTa, WM «4acamy CTapeHusI».

Lenb uccnegoBanus. M3yunthb CymiecTBYIOIIME KaJIbKY/ISITOPbI OMOIOTIYECKO-
ro BO3pacTa ¥ OMuCaTh MOTeHIMaIbHbIe CJIOKHOCTY UX TPAHC/ISAIUN B KJIMHUYE-
CKYIO MPAKTUKY.

Marepuansl u metoabl. [IpoBenen 0630p ysmreparypsl Ha mwiardopme PubMed
3a nocienHue 5 jet. TTouck BBITIOMHSJICS MO K/TIOUEBbIM cjioBaM «aging clocks,
ageing clock, age clock, biological age» 3a mepuog ¢ 2018 o 2023 rox. B momcko-
BbI 3aIIPOC OB BKITFOUEHBI 0030pbI, CHCTEMAaTHUeCKIe 0630pbI M METaaHa/IM3bI.
Bcero 6bu10 HangeHo 136 crareif, COOTBETCTBYIOIIMX ITOMCKOBOMY 3arIpocy.
PesynbraTsl uccaegoBanus. [1o pesynapraram aHaam3a JIMTEPaTypbl ObUIM TTO-
JTy4eHbI TaHHbIE O TOM, UTO CaMble TOUHbIE CYIIIECTBYIOIME B HACTOSIIIIee BpeMs
«Yachl CTapeHus» — ISMUTeHeTUUECKMe Yachl BTOpOro nokosieHus. OHM MO3BO-
JISTIOT OIIEHUTh KaK OMOJIOTUYECKUI BO3PACT, TaK M CMEPTHOCTb OT BCEX MPUUMH
(DNAm PhenoAge, DNAm GrimAge), a Takske IpMHSITb BO BHMMAaHMe TOTEH-
IMaJIbHBIN (DeHOTUN crapeHus. [JaHHbIe, HEOOXOAMMbIE AJIST YKa3aHHBIX SIIUTe-
HETUUYECKUX KaIbKY/SITOPOB OGMOJIOTMYECKOTO BO3PACcTa, BKIIOUAIOT HE TOJBKO
nHdopmaimio o metmympoBanuu [ITHK, HO Takke momosHuUTeIbHYIO MHPOpPMAa-
1IMI0: HeKOTOopble KanHnuYeckue rnokasaresn (PhenoAge, GrimAge), a Takske UH-
nekc kypenus (GrimAge).

OpHako MaJIOIOCTYITHOCTD OlleHKY MeTuapoBadust JTHK mMoskeT BbI3BaTh CIIOK-
HOCTY TIpY TIOTIBITKE TPAHC/ISILMY SMUTeHETUUYECKMX «UYacOB CTApEeHMSI» B KIIM-
HMYECKYIO TTPakTMKy. C 3TOM TOYKM 3peHMs OlleHKa O6MOJOTMUeCcKoro Bo3pacta
C TIOMOII[BIO CITEKTPOMETPUM ¥ XpoMarorpaduy Ha JaHHBIX MPOTEOMa WIN Me-
TabosI0Ma, a TakKe aHa/M3 (peKaJTbHOM MUKPOOMOTHI, aCCOLMUPOBAHHOM C OMO-
JIOTMYECKMM BO3PaCTOM UeJIOBEKa, MOIJIa Obl OKa3aThCsl O0JIee SKM3HECITOCOOHO
IJIS1 PYTMHHOM TTPaKTUKMA.

B TO ke Bpems CyIlIeCTBYIOIIME «Yachl CTAPEHMSI» He MO3BOJISIIOT OOBEKTUBHO
OIIEHMBATh OGMOJIOTMUECKMIA BO3PACT, TaK KakK JIMOO pacCMaTpMBalOT OrpaHNUEH-
HbIVi 00beM AaHHBIX (Kak, HalpMMep, IIyOOKMe MUKPOOMOTHUECKNe Jackl ['as-



KIHA), MO0 B TO BpeMs KaK M3BECTHO, UTO pa3Hble TUIIbI KJIETOK MMEIOT pas3HbIii
TEeMII CTapeHMsl, aHAIM3UPYIOT JaHHbIE OUeHb KPYIIHOro HeauddepeHLpoBaH-
HOTo MaccuBa 6momarepuasa (Kak MyJIbTUTKaHeBbIe SIIUIeHeTMUYeCKye Yachl XO-
BapTa Wi MeTaboJIOMHbIE Yachl Ha OCHOBE JAHHBIX KPOBM UM MOuyM MaHY3JIbI
Pucr). HakoHell, He O KOHIIA SICHO, KaKM€ MMEHHO MeXaHM3Mbl CTapeHus Jie-
KaT B OCHOBE TOJTyYaeMbIX TaHHBIX O OMOJIOrMYeCKOM BO3pacTe, CJIelOBaTeIbHO,
TOUKM [IJIS1 TePOIPOTEKTUBHBIX BMEIIATEeIbCTB OCTAIOTCSI HEOUEBUTHBIMIA.

Ha Halr B3risia, HeIOCTATOUYHO BBICOKASl IMPOTHOCTUMYECKAsT IEHHOCTb U CJIOXK-
HOCTb peaju3aliuy B HACTOsiee BpeMsi B HaubOJbIllell CTelleHM OrpaHuMuuBa-
IOT TPAHCJISILIMIO CYIIECTBYIOIINX «YacOB CTAPEHMSI» B KIVMHUYECKYIO ITPAKTHUKY.
TpebGyercs manbHeliinass paboTa Haf, CO3MaHMEM MHOMXKECTBA Y3KOCIeLaIn3u-
POBAHHBIX KaJIbKYJ/ISITOPOB, OLIEHMBAIOIINX OMOJIOTMUECKII BO3PACT Pas3/IMUHbIX
TKaHell OpraHyusMa ¥ He TPeOYIOIMX CJIOKHBIX MHBA3sMBHBIX METOZOB 3abopa
61oMaTeprasioB, ¥ MAllITHHOM MOJEIN, 0OyUeHHOM aHaIM3y O0JIbIIIOro MacCHBa
JAHHBIX JIS co3faHms 60jiee TOUHOTO MHTErPaTUMBHOTO ITOKa3arTesis B Buae 61o-
JIOTMYECKOTO BO3PacTa OT/IeJIbHOTO MHIMBU/IA.

3akiouenue. CylleCTBYIOIIME «Uachl CTAPEHMSI» TalOT OLEHKY (QYHKIMOHAJIb-
HOJM COXPaHHOCTM OpraHmsMa ¥ IPOTHO3UPYIOT ucxombl. OZHAKO HEBHICOKAS
TOYHOCTDb ¥ HM3Kas JOCTYIHOCTh CJIOXKHBIX METOHOB 0O6paboTKM MH(pOpMALIN
B HACTOsIIIIEe BpeMsI OrpPaHMUMBAIOT TPAHC/SLMIO 3TOTO MHCTPYMEHTA B KJIM-
HUYECKYIO MPAKTUKY, X TPeOyeTCsl COBEPILEHCTBOBAHME MMEIOIIMXCSI MOesiei
KaJIbKYJISITOPOB GMOJIOTMYECKOTO BO3pacTa.
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Introduction. Biological age is an indicator of the functional integrity of the
body. It is a more accurate predictor of health status and mortality compared
to chronological age, and also has the potential to evaluate the effectiveness of
geroprotective interventions. Biological age is calculated using biomarkers of
aging, which include various biochemical, genetic, phenotypic and functional
characteristics of the body. To measure biological age, statistical analysis methods
and neural networks with deep machine learning are used. The resulting formulas
and calculation methods are called biological age calculators or “ageing clocks”.
Purpose. Our study was aimed to examine existing biological age calculators and
describe the potential difficulties of translating them into clinical practice.



Materials and methods. A literature review was performed on the PubMed
platform spanning the last 5 years. The search was performed using the keywords
“aging clocks, ageing clock, age clock, biological age” for the period from 2018
to 2023. Reviews, systematic reviews, and meta-analyses were included in the
search query. A total of 136 articles matching the search query were found.
Research results. The results derived from the literature analysised, demonstrated
that the most accurate currently existing “ageing clock” is the second generation
epigenetic clock. They estimate both biological age and all-cause mortality (DNAmM
PhenoAge, DNAm GrimAge), as well as take into account the potential aging
phenotype. The data required for these epigenetic biological age calculators includes
not only DNA methylation information, but also additional information: some clinical
indicators (PhenoAge, GrimAge), as well as a smoking index (GrimAge).
However, the lack of availability of DNA methylation assessment may cause
difficulties when translating the epigenetic “aging clock” into clinical practice.
From this perspective, the assessment of biological age using spectrometry and
chromatography on proteome or metabolome data, as well as the analysis of
fecal microbiota associated with human biological age, might be more viable for
routine practice.

At the same time, the existing “ageing clocks” do not allow an objective assessment
of biological age, since they either consider a limited amount of data (such as
Galkin’s deep microbiotic clock), or while it is known that different types of cells
have different rates of aging, analyze data from a very large undifferentiated array
of biomaterial (like Howarth's multi-tissue epigenetic clock or Manuela Rist's
metabolomic clock based on blood and urine data). Finally, it is not entirely clear
which exact mechanisms of aging underlie the data obtained on biological age;
therefore, the points for geroprotective interventions remain unclear.

In our opinion, the limited predictive precision and challenging implementation
process are the primary hindrances to translating the existing "aging clock"
into clinical practice. Further studies are required to create a variety of highly
specialized calculators that estimate the biological age of various body tissues
and do not require complex invasive methods of collecting biomaterials, and a
machine model trained to analyze a large array of data to create a more accurate
integrative indicator in the form of the biological age of an individual.
Conclusion. The existing “aging clock” assesses the functional integrity of the
body and predicts outcomes. However, the low accuracy and low availability
of complex information processing methods currently limit the translation of
this tool into clinical practice and require improvement of existing models of
biological age calculators.
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