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was created for approximating biological age in view of blood test parameters and ECG signals
as input data. Morning HRV assessment was performed on empty stomach and after 10-minute
rest in horizontal position. ECG was recorded using Mawi Vital multisensor device. The following
statistical tests were used to reveal associations between different methods of biological age
estimation: 1. bivariate correlation, 2. mean absolute error (MAE), 3. qualitative binary age
estimation.

Results. All tested methods of BA evaluation were strongly correlated with the reference
method (physician-determined age). HRV based approach was superior in comparison with other
methods. In 9 out of 10 cases, the qualitative binary age assessment using HRV coincided with
the reference method. The HRV method was the most accurate for biological age estimation
(3.62 vs 12.62) based on MAE.

Conclusion. The method based on HRV is an affordable and convenient approach to biological
age estimation. This method offers opportunities for early stratification of individuals at risk of
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Bctyn. biomapkepu 6ionoriyHoro Biky (bB) Hag3Bu4anHO Bax-
NBI ANS @HTUENAXXNHIOBOI Ta NPEBEHTUBHOI MeanumHn, 60 Mo-
XXYTb AOMOMOITU Yy MPOrHO3yBaHHI TPUBAOCTI XUTTS NOAUHN,
BUSIB/IEHHI O3HaK nepea4yacHOro CTapiHHSA | MOHITOpUHIY edek-
TUBHOCTI @aHTUBIKOBMX Mporpam.

MeTa gocnig)keHHs — KNiHiYHa Banigauis MeToay BU3HAYEHHS
6ionoriyHoro BiKy NHOAWMHWM Ha OCHOBI aHanily BapiabenbHOCTI
cepueBoro putmy (BCP), TeXHOMOrIN WTYYHOro iHTeNnekTy Ta bi-
OMETPUYHOIr0 MOHITOPUHTY.

MeToamu pocnipgxkeHHA. Y 51 nauieHTa, ski nepebyBann Ha 03-
AOPOBUYNX MporpaMax MeamyHoro ueHTpy «Egem Megikan», 6yno
BM3HAYeHO 6ionoriyHmii Bik Ha ocHOBI aHanizy BCP 3a anroputma-
MW MaLUMHHOIO HaB4YaHHS. MpoBeaeHo MOro NOpPiBHSAHHS 3 iHWKMMK
BiAOMMMN MeTOAaMM po3paxyHKy bionoriyHoro Biky. PecdepeHTHUM
MeToaoM 6ynio 06paHoO BM3HAUYEHHS 6i0NoriyHoro Biky nikapsiMm Ha
niacrasi po3paxyHKy iHaekcy cnabkocti (Frailty Index). Apyrum
MeToaoM 6yno obpaHo Bik MmetuntoBaHHa IHK (DNAmM PhenoAge),
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Ao3Bin koMmicii 3 6ioeTukn wono
npoBeAeHHs aocnifgXkeHb: [aHe
AOCNIAXEHHS BiANOBIAAE NPMHLMNAM
lenbciHCbKOI Aeknapauii, cxsaneHe
KomiTeToM 3 eTnukn MeanyHoro LeHTpy
«Epem Mepikan» (npotokon N23 Big
1.08.2020). ¥Yci y4yacHWKM Haganu nucb-
MOBY iH(OpMOBaHy 3roAy Ha y4yacTb B
LOCNiAXEHHI.

®diHaHCyBaHHSA: aBTOPU AeKNapyoTb
BiACYTHICTb (biHAHCYBaHHS.

SIKUA NPOrHo3ye 6ionoriyHnii Bik Nt0OAMHN Ha OCHOBI 9 NapaMeTpiB aHanisdy Kposi (anbbyMiH, KpeaTu-
HiH, rntoko3a, C-peakTMBHUI npoTeiH, niMmdbountn (%), cepenHin o6’eM epuTpoumTiB, LWMPUHA PO3-
noainy eputpouunTi, Ny>Ha docdaTasa, KisbKiCTb nenkouunTie). KpiM TOro, 3 BUKOPUCTaHHAM «leave
one out» mMeToamku 6yno CTBOpeHO AO0AATKOBMW anropuTM arnpoKCMMauii ouiHku 6ionoriyHoro Biky
NIOANHW 3@ NapaMeTpaMn aHanisie Kposi, WO BUKOpUCTOBYBaB curHanu EKIN gak BxigHi gaHi. Jocni-
xeHHs BCP npoBoannin B paHKOBI roauHK, HaTwe, nicns 10 XBUIMHHOMO BiANOYMHKY B FOPU30OHTalb-
HOMY MOJIOXEHHI 3riAHO 3 3arafbHOMPUNHATMMM pekoMeHgauiamu. 3anuc EKI BMKOHyBanu 3a Ao-
MOMOrow MynbTUCEHCOPHOro npunaay Mawi Vital. [na BusiBneHHs acouiauin Mixk pisHMMKM MeToaaMu
po3paxyHKy 6ionoriyHoro Biky 6ynm BUKOPUCTaHI TaKi CTaTUCTUYHI TecTu: 1) 6iBapianbHa Kopensuis;
2) cepegHs apudmMeTmyHa nomunka (CAM); 3) sikicHa 6iHapHa ouiHKa BiKY.

Pe3ynbTaTtK. YCi NepeBipeHi MeToan BU3Ha4YeHHS BB y 3HauHin Mipi kopentoBanu 3 pedepeHTHUM
meToaoM (BB BM3HaueHuM nikapsiMn). MNpoTe meToa BM3Ha4vYeHHsA BB Ha ocHoBi BCP BusBMBCS Kpa-
WKWM MOPIBHSAHO 3 iHWKMK. Y 9 3 10 BMNaAKiB AKicHa 6iHapHa ouiHka Biky 3a gonomoroto BCP 36i-
ranacs 3 etasioHoM NopiBHAHHSA (BB BM3HadeHun nikapsamun). Ha ocHoBi o6umncnenHsa CAll, ouiHka
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accelerated aging. It combines well with the paradigm of 3 P medicine which is based on Preven-
tion, Prediction, and Personalized approach to each patient.

Keywords: biological age, chronological age, aging, heart rate variability, wearable electronic

devices.

Introduction

The concept of biological age is extensively
discussed in studies related to preventive and
anti-aging medicine. Determining biological
age allows detecting accelerated aging and
comparing individuals’ physiological reserve
and functional status with their chronological
age which is merely a time period. The as-
sessment of biological age is essential for
predicting life expectancy and coping with
various stressors. Its dynamic estimation
allows evaluating the efficiency of different
anti-aging treatments.

To date, there are no universally applicable
biomarkers of biological age. There are various
approaches to its determination, including
telomere length measurements [1], DNA
methylation (DNAmAge) [2, 3], microbiome
clock [4], and markers of cellular aging such as
p16INK4a [5]. However, it is unknown which
methods are the most accurate and relevant
for clinical practice.

Li X et al. compared nine different methods of
biological age estimation from molecular to func-
tional level of the whole organism, and followed
the lives of study participants over 20 years.
It was found that all methods except telomere
length may predict mortality risk independent-
ly of chronological age. The Frailty Index and
one of the methylation clocks (GrimAge) were
the most accurate mortality predictors. In joint
models, two methods for estimating biological
age by DNA methylation (Horvath and GrimAge)
and the Frailty Index proved prognostic, reflect-
ing their complementarity [6]. According to this
study, the most promising approaches to the as-
sessment of biological age were age estimation
by DNA methylation and the Frailty Index.

In the era of digitization and digital
transformation of the society, fundamentally
new approaches to health monitoring are
proposed. Artificial intelligence (Al), big data
science, and processing of personal mo-
bile devices (smartphones, smart watches,
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smart glasses, medical devices) facilitate
clinical thinking and improved decision mak-
ing. Numerous accurate tests are now avail-
able to monitor human bioparameters (ECG,
heart rate and respiration, oxygen saturation,
temperature, blood glucose levels, etc.).

Combining the use of mobile devices for reading
human biodata with artificial intelligence and
neural network models with machine learning
algorithms may open new avenues for explor-
ing biomarkers of biological age.

ECG parameters, particularly HRV indices
such as SDNN and RMSSD, differ across
different age groups by revealing various ag-
ing patterns. The HRV indices are corrected
for intervals between normal heartbeats (NN).
HRV patterns reflect autonomous regulation of
the cardiovascular system and the whole body.
HRV decreases with age independently of es-
tablished cardiovascular disease. According
to Russoniello C.V. et al., maximal variation in
heart rate is negatively correlated with age (r =
-0.67) [7]. Importantly, discrepancies between
ECG-based and chronological age estimates
may independently predict enhanced risk of
all-cause and cardiovascular mortality [8].

Based on available data, it is hypothesized
that HRV parameters in an individual may
point to characteristic age-related features
and discrepancies between HRV and chrono-
logical age estimates.

Using datasets of tens of thousands of daily
ECGs of all subject age and gender groups, the
Mawi Band team (https://mawi.band/) that
is specialized in the development of medical
devices with artificial intelligence conducted
a study of the relationship between ECG and
human age and created a number of algorithms
for estimating human biological age. Several
potential aging (bio)markers were tested,
including untreated ECG fiduciary markers
(QT variability), HRV-elated parameters such
as standard deviation of NN (SDNN) intervals,
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6ionoriyHoro Biky nauieHTiB 3a BCP anropyTMaMn MallMHHOIO HaB4YaHHS BUSBUIACb HAMTOYHILLIOK
3 yCiX anropuTtMiB obumncneHHs 6ionoriyHoro Biky (3.62 npotn 12.62).

BucHoBOK. MeToa BM3HadeHHs 6ionoriyHoro Biky Ha ocHoBi BCP — gocTynHuit i 3pydyHnin nigxia
Ao 6ionoriyHoro ouiHBaHHS Biky. Llelii MeToa BiAKpMBA€E MOXMBOCTI A1 CBOEYACHOIO BUSIB/IEH-
HS 0Ci6 3 BUCOKMM pU3MKOM MPUCKOPEHOro CTapiHHSA | obpe NOEAHYETLCSA 3 Napaanrmoto 3 1 mMe-
OVILIMHU, siKa OXOMJIKOE NpeBeHLito, NpeanKLito Ta NepcoHidikoBaHWM Nigxia A0 KOXHOro nauieHTa.

KnrouyoBi csioBa: 6i0n10riyHMin BiK, XpOHOMOTiYHWI BiK, CTapiHHSA, BapiabenbHICTb CepueBoro puTMy.

KoHuenuis 6ionoriyHoro Biky NoANHU LUMPOKO MM, WO CBiAYMUTb MNPO X B3AaEMOAOMOBHEHHS Y
OVCKYTYETbCA Y AOCIAXEHHAX, SKi MOB’A3aHi NporHo3yBaHHi cMepTi [6]. BignosigHo oo oTpu-
3 MPEBEHTUBHOK Ta aHTUENOXMUHI Meauuu- MaHUX pe3ynbTaTiB Y LUbOMYy AOC/IAXKEHHI Han-
HOl. BusHaueHHs 6ionoriyHoro BiKy ga€e 3Mo- OiNbll NepcnekTMBHUMK NiAXOoAaMM A0 OLiHKMK
ry BMMipsTU npuckopeHe 6ionoriyHe cTapiHHS 6ionoriyHoro BiKy BMSBUIWCb BU3HAYEHHS BiKYy
OpraHi3aMy, BKasye Ha Moro @isionoriyHnii pe- mMeTuntoBaHHa OHK Ta Frailty Index.
3epB i PyHKUIOHaNbHUI CTaTyC Ha BiAMIHY Bif
XPOHOJIOTYHOrO BiKY, KU 3yMOBIEHWNI Nnwle B enoxy gigxutanisauii Ta umdposoi TpaHchop-
NMJaMHOM 4acy. OuiHka 6ionoriyHoro BiKy BaX- Mauii cycninbcTBa copMyBaanUCA MPUHLIMMOBO
nvMBa An8 NPOrHO3yBaHHSA TPUBASOCTI XUTTS, HOBI NiAX0AWM A0 MOHITOPUHIY 340poB’A. Ha no-
CTIMKOCTI A0 Pi3HOMAHITHMX CTPECOBUX UMHHMN- Mi4 MUCMIEHHIO NiKapto NPUIALLOB LUTYYHWUIA iHTE-
KiB. A MOro BM3HAUYEHHS Yy AMHaMiUi gornoma- nekt (Al, artificial intelligence), Hayka npo aaHi
ra€e o6’eKTUBHO OUIHUTU e(DEeKTUBHICTb Pi3HUX (data science), sika onepye BeNUKMMWU OAHUMU
nporpamMm aHTUENAXXMHIOBOI MEAULINHN. (big data), siki MOXxHa oTpuMaTK Big pi3HMX Nep-
COHasIbHNX MOBINbHMX MNPUCTPOIB (CMapPTdOHIB,
CbOrofHi HeMae €AMHOro 3arasibHOBM3HAHOIo CMapT-roAMHHWKIB, CMapT-OKYynspiB, MeandHUX
yHiBepcanbHoro 6iomMapkepa 6ionoriyHoOro BikKy npunagis), Wo 34aTHi BiACTeXyBaTK pi3Hi 6iona-
noanHn. IcHyOTb pisHi migxoam Ao Moro BM3Ha- pameTpu noanum (EKI, yactoTy cepueBmux CKo-
UYeHHS, cepes SKMX OLiHKa 3MiH JOBXWHU TefloMep poOYeHb i AMXaHHS, KUCHEBY caTypaduito, TeMne-
xpomocoMm [1], metunoBaHHa OHK (DNAmAge) paTypy, piBEHb IOKO3M KPOBIi TOLLO).
[2, 3], MikpobiOMHUI TOAMHHUK [4], Mapkepwu
KNITUHHOIO CTapiHHS, 3okpeMa pl16INK4a [5] Ta MoegHaHHA noTeHuiany Mob6iNbHMX npunaais
6araTto iHwwnx. MNMpoTe HeBIAOMO, AKUIA 3 METOAIB WOoAO0 34YUTYBaHHSA pi3HUX 6iogaHUX NOANHU
BM3HA4YeHHs 6i0N1oriYHOro BiKy HAWMTOYHILIWMIA i 3 TEXHOJOrSAMU LWTYYHOro iHTENeKTy, 3acTo-
peneBaHTHUIM ANs KNiHIYHOT NPaKTUKK. CyBaHHSM MoAesfien HEMpPOHHUX Mepex Ta an-
rOpUTMIiB MALIMHHOIO HaBYaHHS, MOXe [aTu
Li X et all nopiBHtOBanu AeB’ATb pi3HMX MeTOAIB 3MOry CTBOPUTU MPUHLMIMOBO HOBi 6ioMapkepu
BU3Ha4yeHHs 6ionoriyHoro BiKy f0AWMHK, Bid MO- 6ionoriyHoro Biky.
JNIEKYNISIPHOr0 A0 OLUHKM (DYHKLiOHaNbHOro piB-
HS LiNIOro opraHiamy, 3 BiACTEXYBaHHAM XUTTS [ob6pe Bigomo, wo napametpu EKI nognHu, 30-
y4YacCHUKIB focnimgxeHHsa npoTtarom 20 pokis, WO Kpema iHgekcn BCP, Taki ak SDNN Tta RMSSD,
Aano iM 3Mory BMBYUTU XapaKTepucTukm 6io- BiPI3HAOTLCA MK Pi3HUMKW BIKOBMMW rpynamu
JIOriYHOro BiKY Ha piBHIi MONEKYNSAPHUX i PYHK- i MaloTb 4iTKi MaTtepHM 3MiH MOB'A3aHMX 3i CTa-
LioHanbHMX acnekTiB. byno 3'AcoBaHo, WO BCi piHHAM. IHAekcn BapiabenbHOCTI cepueBoro puT-
MeToAM, KpiM AOBXWHU Tenomep, MOXyTb Cly- My nigpaxoBytoTb 3a gaHnMm npo NN-iHTepBanu
rysatm nNpeankTopaMmm pusmnKy CMepTi He3anex- enekTpokapgiorpamMmm JNIIOAUHW - iHTepBasamu
HO BiA XpPOHOMOriYHOro BiKYy. Y LbOMY BUMNaAKy MiDK HOpMasibHUMW CepLEBUMU CKOPOYEHHSMU.
Frailty Index (IHaekc cnabkocTi) Ta oauH i3 ro- AHani3 xapaktepy BCP gae BaxxnumBy iHdopMaLito
ONHHUKIB MeTuntoBaHHS (GrimAge) 6ynu Hai- Mpo CTaH aBTOHOMHOI perynsuii cepueBo-CyanH-
TOYHIWKMMN NpeankKTopaMmn cMepTi. Y ChisibHUX HOi CUCTEMM 1 opraHi3my B LjiIOMy. 3 BiKOM, HaBiTb
MoAensx ABa MeToAM OUiHKM 6ionoriyHoro Biky 6e3 cepueBO-CYANHHMX 3aXBOPHOBaHb, CroCTepi-
3a mMetuntoBaHHaM OHK (Horvath ta GrimAge) raerbcs 3HMKeHHsa BCP. 3a maaHuMm Russoniello
Ta Frailty Index 3anuwanmca NpoOrHOCTUYHM- C.V. i cniBaBTOpiB, MakcKMMasibHa Bapiauis yacTto-
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low-frequency (LF), and high-frequency (HF)
components of the heart rate spectrum. The
analytical validation of these markers was
performed using long-term ECG recordings by
medical cardiographs and wearable devices
[9]. The resultant machine learning algorithms
which rely on large ECG data of diverse age
groups can be employed to non-invasively esti-
mate biological age of an individual recorded as
a convenient aggregate metric of body aging.

Any new biometric monitoring technology un-
dergoes three-component-phased examination
that includes verification and analytical and
clinical validation [9]. The aims of this study
were: 1. clinical validation of an algorithm for
determining biological age by ECG signals as
input data; 2. comparing it with existing meth-
ods, namely the calculation of biological age by
physicians based on the weakness index (Frail-
ty Index; reference method) and the biomark-
er of DNA methylation (DNAmM PhenoAge).

Material and Methods

We enrolled 51 patients who were on health
programs at the Medical Center «Edem Medical»
in September-October 2020. The inclusion cri-
teria were age above 18 years and availability of
informed consent. The exclusion criteria included
established coronary heart disease, arrhythmias

Figure 1. Distribution of patients by sex

and conduction disturbances, heart failure,
pregnancy, B-blocker therapy. The enrolled sub-
jects age and gender distribution is presented

222
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Figure 2. Distribution of the patient by age

in fig. 1 and fig. 2. ECG signals were recorded
using multisensory medical Mawi Vital device
(https://mawi.band/vital), European Medical
Device (CE) Conformity Assessment, with
simultaneous measurement of blood saturation
by oxygen, blood pressure and temperature by
means of this device. The HRV recording was
performed in the morning on an empty stomach
after 10-minute rest in horizontal position.

Bood sampling was performed to determine al-
bumin, creatinine, glucose, C-reactive protein,
lymphocytes (%), mean erythrocyte volume,
erythrocyte distribution width, alkaline phos-
phatase, leukocyte count. These 9 laboratory
parameters along with chronological age were
used to calculate the biomarker DNAmM Phe-
noAge which predicts the phenotypic age of
an individual. PhenoAge DNAm was calculated
according to a widely employed method [2].

The assessment of biological age by doctor was
based on the calculation of the weakness index
(42-item Rockwood-based frailty index) [11].

The following methods of biological age esti-

mation were compared:

1.The Frailty Index by doctors [11];

2.Machine learning algorithms
signals [9];

3.DNAmM PhenoAge by blood analyses [2];

4. Approximation of DNAm PhenoAge algorithm
by ECG signals by leave one out method.

by ECG

The following variables were used to compare
the above-listed algorithms:
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TN CepLEBNX CKOPOYEHb MAE HaMBULLY HeraTuB-
Hy kopensuito (r = -0,67) 3 Bikom [7].

ba 6inblwe, 3a AaHMMK AeAKUX [OCNIAXKEHb,
pizHMUA Mk EKT-BIKOM i XpOHONOMYHUM BiKOM
€ He3asieXXHUM NpeauKToOpoOM 3pOCTaHHS pPU3K-
Ky CMepTi Bif YCiX NpUYMNH Ta cepueBO-CYyANH-
Hoi cmepTi [8].

Ha niagcTaBi icHytoumx gocnigxeHb 6yna chop-
MOBaHa rinoTesa, WO 3a napameTtpamm BCP
KOHKPETHOI II0ANHN MOXHa OLUIHUTWU ABa BaX-
NMBi MOMeHTU: 1) ana nwoaen SKoro BiKy Us
BCP Halbinbw xapakTepHa; 2) 4m BignoBigae
BM3HaueHUM Bik Ha ocHoBi BCP ntoanHu ii xpo-
HONOrYHOMY BiKYy YM HaBMaku — cTapwuii abo
MOJIOALLNMA 3@ HbOTO.

3 BUKOPUCTaHHSAM BENUKOIro AaTaceTy 3 AeCAT-
KiB TMCsY fo60BMX KapaiorpaM ntoaemn pisHoro
BiKy Ta cTaTi, KOMaHAa KoMmnaHii Mawi Band
https://mawi.band/, ska cneuianisyetrbcsa Ha
po3pobui MeagnyHnx Npunagis Ha OCHOBI LWTYY-
HOro iHTenekTy, npoBefna AOC/iAXEeHHSA B3ae€-
MO3B'A3KiB Mix EKI i BikoM niognMHu, ctBopmna
HM3KY anropuTtMmiB Ans ouiHkm 6ionoriyHoro
BiKy ntoanHu. byno BepudikoBaHo Kinbka no-
TeHUinHnX 6ioMapKepiB CTapiHHS, BpaxoByouu
digyuiapHi Mapkepu HeobpobneHoro curHany
EKI (MinnmBicTe QT), xapakTepuCTUKU Bapi-
abenbHOCTi cepueBoro putMy, a came CTaH-
[apTHI BiaxuneHHs iHTepanieB NN (SDNN),
HM3bko4acToTHi (LF) Ta BucokouacTtoTHi (HF)
KOMMOHEHTWN CMNEeKTpa CEepLEeBOro puUTMy, SKi
NpoAeMOHCTPYBasiM BUCOKI KOopensuii 3 XpoOHO-
noriyHmMM BikoM. Byna npoBeaeHa aHaniTMyHa
Banijauis 3a3HayeHUX MapkepiB Ans OOBro-
TpuBanux 3anucis EKI 3a gonoMmoroto mMeany-
HMX KapaiorpadiB i KOPOTKOTPMBANIMX 3aNuUCIB
3 BUKOPUCTAHHSAM NEpPeHOCHUX NMpUCTpoiB [9].
Lli anropuTMn MawWmMHHOIro HaB4YaHHSA TpeHoBa-
Hi Ha AaHuX curHanie EKI Benukoi KinbKocCTi
pi3HMX Ntogen MoXHa BUKOPUCTOBYBATUM AO/14
BM3HAUEHHS 6ioNoriYyHOro BiKy NOAUHK K
3pYy4YHOI arperoBaHoi MeTPUKKN OLIHKU CTapiH-
HS opraHiamy. CTBOpeHUN MeToh OuiHKkK b6io-
JIOTiYHOro BiKy HeiHBasinHui, 6e3nedyHunin, oo-
CTYMHWMN | 3pYYHUNI Y BUKOHAHHI.

byab-sika HoBa TexHonorisa 6ioMeTpMYHOro Mo-
HITOPUHIY MA€E NPONTM TPUKOMMOHEHTHY eTan-
Hy eKcnepTu3y, sfKa OXOonawe Bepudikauito,
aHaniTM4Hy Banigauito, i HapewTi, KMiHIYHY Ba-
nigauito [9]. OTxXe, MeTa UbOro AOCNIAXEHHS:
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1) kniniyHa Banigauia anropnTMy BM3HAYEHHS
6ionoriyHoro BiKy NOAWHU, SIKWMIA BUKOPUCTO-
BYe curHann EKI sk BXigHi gaHi; 2) nopis-
HSIHHS MOro 3 iHWWMK iCHYOUYMMW MeTodaMu,
a came 3 po3paxyHkoM b6ionoriyHoro BiKy Jli-
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PucyHok 2. Po3noain nauieHTiB 3a BikoM

KapsiMM Ha OCHOBI iHaekcy cnabkocti (Frailty
Index), aknin 6yB BUbpaHuii ik eTaaoH nopise-
HSHHSA (pedepeHTHU MeToAa), Ta 6ioMmapkepoMm
meTunoBaHHa IHK (DNAmM PhenoAge).

Martepian Ta meToamn Aocnig>KeHHSs

Y ubOMYy AOCAIAXEHHI B3saM yyacTb 51 naui-
€HT, WO nepebyBanu Ha 0340pOBYNX Mporpa-
Max y MeAnM4YHOMY UeHTpi «EaeM Megikan» y
BepecHi-xo0BTHi 2020 poky. KputepisiMn BKJ1O-
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1.Bivariate correlation;
2.Mean absolute error (MAE);
3. Qualitative binary assessment of age.

This study complies with the principles of the
Declaration of Helsinki, and it is approved
by the Ethics Committee of the Medical
Center «<Edem Medical» (Minutes N23 from
1.08.2020). All subjects gave written
informed consent to participate in the study.

Results

A set of parameters for assessing biological

age was formed for each participant:

1.Assessment of biological age by a doctor
based on the calculation of the weakness
index - ARef

2.Estimation of biological age by an algorithm
using blood tests - Ablood

3. Estimation of biological age of the person on
an ECG - aECG

4. Estimation of biological age by an algorithm
that approximates an algorithm that uses
blood tests - aECGBlood

5.Two additional methods for assessing
biological age by ECG - aECG2 and aECG3

1. Analysis of the indicator using blood tests,
creating an indicator aECGBlood

The PhenoAge DNAm index from the well-
known study An epigenetic biomarker of aging
for lifespan and healthspan was selected for the
analysis of biological age by blood parameters
[2]. It was chosen for use because of the
significant scientific impact of this article and
its relative simplicity in calculation. For ease of
comparison, the value of this indicator for this
article will be called ABlood. The formula for
calculating the indicator can be represented
as a linear combination of values of blood
indicators and chronological age of the person:

ABlood = F (A * Blood + B * Age + C)
where A and Blood are the vectors of the
values of regression coefficients and values of
blood tests.

The components were labeled as follows:

ABlood = F (PC + AC)

where PC = A * Blood, Physical Condition, and
AC = B * Age + C, Age Coefficient
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When analyzing the data obtained in this study,
we concluded that the PC contains information
about an individual’s body, and one of the
methods for assessing biological age may be
the assessment of PC by ECG and subsequent
use of PCE (Physical Condition) ECG) to obtain
the AEB (Age ECG - Blood Estimation):

aECGBIlood = F (PCE + AC)

A prototype of this indicator was proposed using
the collected subjects’ data. The possibility of
using different types of algorithms was tested. In
order to avoid retraining the model on the data,
the calculation of PCE scores was performed
according to the method of Leave one out:
Some of the participants in the experiment
were recorded;

The fixed structure model was studied on
the data of other people;

The trained model was used to estimate the
value of PCE for a fixed person;

The data of the examined indivudual were
not used in training, and at the same time,
the use of all other data allowed to maximize
the accuracy of the algorithm.

The algorithm described above was applied
to each participant. The value of the indicator
aECGBIlood was formed.

According to the comparison of reference age
and age of the indicators, it is obvious that
the indicator ABlood is lower than the value of
Aref in all cases.

We analyzed how strongly the variability of this
indicator is influenced by blood tests. For each
subject, value of this indicator was calculated,
provided blood test parameters cease to be per-
sonalized and are replaced by an average value
of these parameters for the entire test group.
The purpose of this experiment is to create a
method for evaluating the aECGBlood method as
an approximation of ABlood. In the absence of a
reference (ABlood without blood tests), the re-
sults of comparing aECGBlood and ABlood would
be extremely difficult to evaluate qualitatively.

The indices were compared in more detail by cor-
relating them (Table 1). ABlood has been found
to have a number of disadvantages. It is highly
dependent on chronological age and always re-
sults in biological age values lower than chrono-



Mpaui HTLI MeanyHi Hayku
2021, Tom 65, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2021, Vol. 65, 2

OpwuriHanbHi 4OCAIAXEHHS:: KNIHIYHI HAyKN

UeHHS B AocnigxeHHs 6ynm Bik > 18 pokiB Ta
iHdbopMoBaHa 3roga nauieHTa. KpuTtepiamu
BUKOYEHHSA 6ynu iweMiyHa xBopoba cepus,
MOpYyLUEHHS CepLeBOro pUTMy Ta NpoBIAHOCTI,
cepueBa HeAOCTaTHICTb, BariTHICTb, MNpPUIAOM
B-6nokaTopiB. Po3noain nauieHTiB 3a CTaTTHO |
BiKOM 306paxeHuii Ha puc. 1 2.

CurHann EKI 6ynu 3anucaHi 3a A0OMNOMOroro
MYNbTUCEHCOPHOr0O Meau4yHoro gesancy Mawi
Vital https://mawi.band/vital, wo npoliwos
OUiHKY BiANOBIAHOCTI A0 CTaHAapTIiB MeANYHUX
npuctpoie €sponu (Medical CE), 3 ogHouvac-
HUM BUMIpPIOBAHHSAM caTypauii KpoBi KUCHEM,
KPOB'SIHOr0 TUCKY Ta TeMnepaTypw 3a AOMOMO-
roto uboro npunagy. docnigxeHHs BCP npo-
BOAWAM B pPaHKOBI roauHu, HaTwe, nicna 10
XBWIUHHOIO BiAMOYMHKY B FOPWU30HTAsIbHOMY
MOJIOXKEHHI 3rigHO 3 3arasibHOMPUNHATUMU pe-
KOMeHZauisamu.

Y KOXHOro naui€HTa nig Yac NocTynjaeHHs npo-
BeaeHun 3abip KpoBi ANs BM3HaYeHHs anbby-
MiHY, KpeaTuHiHy, rnKo3n, C-peakTUBHOMO
npoteiHy, nimdouunTtie (%), cepeaHboro o06’emy
EpUTPOLUTIB, LUMPUHWN PO3MOAINY epUTPOLUTIB,
Ny>XHoI pocdaTtasu, KinbkocTi nerkoumTie. Lli 9
nabopaTOpHMX NMOKA3HWKIB, @ TaKOX AECATUN —
XPOHOJOMYHMI BiK 6YNM BUKOPUCTaHI 415 po3-
paxyHKy 6iomapkepy DNAmM PhenoAge, sikui
NPOrHo3ye )eHoTMNOoBUIM BiK AN0ANHKU. Obumnc-
neHHa DNAm PhenoAge nposoaunu 3rigHoO 3
3arasibHOBIAOMOIO MeToauMKowo [2].

OuiHka 6ionorivyHoro Biky nikapem 6yna npose-
JeHa Ha OCHOBI po3paxyHKy iHAeKCY cnabkocTi
(42-item Rockwood-based frailty index) [11].

B OCHOBi AM3aMHy UbOro AOCAIAXEHHS 6yno
MOPIBHAHHSA TaKNMX METOAIB BU3HAUYeHHSs 6iono-
r4YHOro BiKY.

1. OuiHka 6ionoriyHoro Biky flikapsiMu 3a A0ONO-
Moroto iHgekcy cnabkocTi (frailty index) [11].
OuiHka 6ionoriyHoro BiKy Maui€HTIB 3a CUr-
Hanom EKI anropuntmMamMm MalMHHOIO HaB-
yaHHs [9].

.ANroputM Ans ouiHKKM 6ionoriyHoro BiKy 3a
aHanizom kposi DNAmM PhenoAge [2].

. Anpokcumadito anroputMvy DNAmM PhenoAge
3a curHanom EKI 3a leave one out MmeToaukoto.

2.

[Onsa NOpiBHAHHSA BULE3a3HAaYeHUX anropuTMiB
6ynn BUKOPUCTaHI TaKi METPUKMU.
1. biBapianbHa Kopensauig.
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2.CepegHsi apndmeTnyHa nomunka (CAI).
3. dkicHa 6iHapHa ouiHKa BiKy.

Take pocnigkKeHHsa Bignosigae npuHUMNaM
enbCiHCbKOT Aeknapadii, cxsaneHe KoMiTeToMm
3 €TUKN MegunyHoro ueHTpy «Epem Megikan»
(npotokon N3 Big 01.08.2020). Yci yyacHu-
KW Haganu nuMcbMoBY iHOpPMOBaHy 3roay Ha
Yy4acTb Y AOCIAXKEHHI.

Pe3ynbTatn

B pesynbTaTi A0CNiAXKEHHS 419 KOXHOro y4yac-
Huka 6yno cdopmoBaHO Habip napaMeTpiB
ouiHkKM 6ionoriyHoro Biky, a came:

1.ouiHka 6ionoriyHoro Biky nlikapeM Ha OCHOBI
po3paxyHKy iHaekcy cnabkocTi — ARef;
OLUiHKa 6ionoriyHoro BiKy anropmTMOM, LWO
BMKOPUCTOBYE aHanian kposi — Ablood;
.OUiHKa 6ionoriyHoro Biky noanHu 3a EKI -
akECG;

.ouiHka 6ionoriyHoro BiKy anropuTMoOM, LWO
arnpoOKCUMYE anropuTM, SKUN BUKOPUCTOBYE
aHanisn kpoBi — aECGBIlood;

.[Ba 00AaTKOBUX METOAM OLLiHKK BionoriyHo-
ro Biky 3a EKIN - aECG2 Ta aECG3.

2.

1. AHasi3 rnokasHuKa, Lo BUKOPUCTOBYE aHa-
J1i31 KpOBi, CTBOPEHHS rnokasHnka aECGBlood
[Ons aHanisy 6ionoriyHoro Biky 3a napameTpa-
MU KpoBi 6yno obpaHo iHaekc DNAmM PhenoAge
3 BigoMoro pgocnigpkeHHs An epigenetic
biomarker of aging for lifespan and healthspan
[2]. Bin 6yB 0bpaHuit AN BUKOPUCTAHHS 4e-
pe3 3HAa4YHUM HAYKOBWIM BMNAMB UI€i CcTaTTi Ta
BiAHOCHY MpPOCTOTY B 0ob4ncneHHi. Ansa 3pyy-
HOCTi NOPIBHAHHSA, 3HAYEHHS LbOro rnokasHmka
Ans uiei ctatTi HasuBaTMMemo ABlood. ®opmy-
Ny obuncneHHs nokasHWKa MOXHa 306pa3nTu
K NiHiNHY KOM6iHaUilo 3HayYeHb MNOKa3HMKIB
KpPOBi Ta XPOHONOMYHOrO BiKy NHOAUHN:

ABlood=F(A*Blood+B*Age+C),
ae A ta Blood - BekTopu 3HaueHb koedilieHTIB
perpecii Ta 3Ha4yeHb aHanisiB KpPOBi.
KoMnoHeHTn 6ynn no3HayeHi Tak:
ABlood=F(PC+AC).
Tyt PC=A*Blood, 3HauyeHHs Physical Condition,
a AC=B*Age+C, 3HaueHHs Age Coefficient.

Mig yac aHanisy gaHuX, OTPMMaHUX y LUbOMY
AOCNIAXEHHI, AIMWAN BUCHOBKY MNpo Te, LWO
came PC MictuTb iHdopMauito nNpo cTaH op-
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Table 1

Correlation analysis of ABlood

ABlood and chronological age 0.93 Quite a high value
ABlood without b_Iood tests 0.96 High value, which, _however, is not e_:qual to 1 due to the peculiarities of the
and chronological age calculation formula and is extremely close to ABlood
ABlood and ABlood without 0.93 Very high value, taking into account that one pf the indicators takes into
blood tests account only the chronological age
Accordingly, our approximation is correct - it correlates much more strongly
ABlood and aECGBlood 0.95 with ABlood than ABlood without blood tests, and therefore reflects the real
relationship between ECG parameters and blood tests

Reference Age & Blood Age

== ARef == ABlood

80
60
40
20

0

Figure 4. Comparison of aECGBlood and ABlood. Different participants of the study are placed
on the horizontal axis. Vertically - the corresponding values obtained for them in years
== ABlood == AECGBlood

80,00

60,00

40,00
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0,00

Figure 5. Comparison of the reference age and the ABlood indicator Different participants of the study
are placed on the horizontal axis. Vertically - the corresponding values obtained for them in years
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raHiamMy naui€eHTa, a OTXe, OA4HMM i3 MeToAiB
OUiHKM 6ioNoriYyHOro BiKy NHOANMHU MoXxe 6yTu
ouiHka PC 4epe3z EKI i noganbwe BUKOpWU-
CTaHHSA oTpuMMaHoro nokasHuka PCE (Physical
Condition ECG) pns OTpuMaHHS MNOKa3HMKa
AEB (Age ECG - Blood Estimation):

aECGBlood=F(PCE+AC)

MpoToTMn UbOro nokasHuka 6yno CTBOpPEHO

3 BUKOPUCTAHHAM 3i6paHnX AaHWX MaU€EHTIB.

Byno nepeBipeHO MOX/UBICTb BUKOPUCTAHHS

anropuTMiB pPi3HMX TUNMIB ANS BUPIWIEHHS Uil

3agadvi. 3agns BUKIIOYEHHSA MepeHaBYaHHS

MoZesni Ha AaHuxX nigpaxyHok ouiHok PCE Bu-

KOHYBaBCs 3a MeToAMKol Leave one out:

e (hikCyBaBCSa OEsKWUIA 3 y4YaCHWUKIB eKkcrnepu-
MEHTY;

e Mogenb iKCOBAHOI CTPYKTypu HaB4anacs
Ha AaHMX peLlTun naen;

e HaB4yeHa MoJeNlb BMKOPUCTOBYBasnacsa Ans
OLUiHKM 3HayeHHs PCE pnsa 3adikcoBaHoi
ocobu.

OTmxe, paHi 3adikcoBaHoi ocobu He 6ynn Bu-
KOPUCTaHi Yy HaB4YaHHi, NpoTe BUKOPUCTAHHS
BCiX iHWMX gaHUX gornoMarasao MakCuUMisyBaTu
TOYHICTb pOb60OTU aNropuTMy.

ANropuTM, onuMcaHui Buule, 6yno 3acTtocoBa-
HO A/18 KOXHOro y4yacHuka. OTtox 6yno cdop-
MOBAHO 3Ha4yeHHS noka3sHuka aECGBlood.

BignoBiaHO A0 nNOpIBHAHHA pedepeHTHOro
BiKy Ta BiKy 3a MNoOKa3HWKaMu O4YEBWUAHO, WO
nokasHmk ABlood y BCiX BUNaaKkax HMX4YMN 3@
3Ha4yeHHs ARef.

Mu npoBenu aHania, HacKilbKM CUIbHO Ha
BapiaTUBHICTb LbOro MNOKa3HWKa BMN/IMBAKOTb
aHanisy Kposi NauieHTiB. 19 UbOro Ans Kox-
HOro nauieHta 6yno nigpaxoBaHoO, SkKMM 6yno

Original research: Clinical sciences

6 3HayeHHsa LbOro MOKasHMKa 3a YMOBMU, LLUO
MOro napamMeTpu aHanisiB KpoBi MnepecTatoTb
OyTU NepcoHiiKOBaHMMM 1 3aMiHIOOTbCA Ha
cepefHeE 3HA4YeHHSA UMX NapaMeTpiB AN yciel
TecToBOI rpynu.

MeTa UbOro eKCNnepuMeHTy - CTBOPUTU Me-
Togonorito ansa ouiHkn metoay aECGBlood sk
anpokcumauii ABlood. 3a BigcyTHocTi pede-
peHcy (ABlood 6e3 aHaniziB KpoBi) oTpuMaHi
pe3ynbTtaTv nopiBHAHHA aECGBlood Ta ABlood
6yno 6 BKpal BaXKKO OLLiIHUTKU SKICHO.

IHpekcn 6yno nNOpiBHSAHO AeTanbHiwe, wnsa-
XOM NigpaxyHKy Kopensuii MiXX NoKasHMKaMmn
(tabn. 1).

byno 3’acoBaHo, wo nokasHuk ABlood m™ae
HU3KY HeaonikiB. BiH AgyXe CUIbHO 3anexwuTb
BiL XPOHOJOrMYHOro BiKY NIOAMHWU Ta 3aBXAau
MPOrHo3ye, wo 6ioNoriyHniA BiK HMXKXYMA 3a
XPOHOJIOTYHWIA, Ha BIAMIHY Bif YCiX iHWMX Me-
ToaiB Ta ouiHkn BRef.

MokasHnkun ABlood Ta aECGBIlood ay»xxe 6nm13b-
Ki, ToX nokasHuk aECGBlood € Bkpali ycniw-
HMM MeToAOM HeiHBa3WBHOI anpokcuMauii
ABlood.

Omxe, 6yno BUABAEHO TakKi 3aKOHOMIpPHOCTI

(puc. 4-6):

A) Anroputm ABlood ouiHmB 6ionoriyHnii BiK
BCiX YYaCHUKIB eKCNEePUMEHTY SK HMXYUN
3a peanbHUN.

B) Anpokcumauis anroputmy ABlood 3 BuMKO-
puctaHHaM EKIN (aECGBlood) 3HauHO cunb-
Hilwe no3nTMBHO Kopente 3 ABlood, Hix
ABlood 6e3 aHaniziB kpoBi. Lle cBiguntb
npo Te, WO Taka anpoKCcMMaLuis € Kopek-
THOIO.

Tabanys 1

KopensauiiHuii aHanis ABlood

Kopensuia mMix

: 3HaYeHHs
pi3HUMU MeToAaMMU

KomeHTap

ABlood Ta XpOHO/OriYHMM BiKOM 0,93

[JocuTb BUCOKE 3HaYeHHS

ABlood 6e3 aHanisiB KpoBi Ta

Bucoke 3HauyeHHs, sike NpoTe He AOoPiBHIE 1 yepe3 0cobmMBOCTI hopMynm

. ) 0,96 - o
XPOHOOrYHMUM BiKOM nigpaxyHkKy Ta € Bkpan 6nmsbkum go ABlood
ABlood Ta ABlood 6e3 aHanisis 093 [y>xe BUCOKe 3Ha4yeHHs, 6epyun A0 yBaru, Lo B OAHOMY 3 MOKa3HMKIB
KpOBi ! BPax0BaHO JMLLE XPOHOJIOTIYHUI Bik
BianoBiaHO 40 LbOro, Hawa anpoKCMMaLlisl € KOPEKTHOK — BOHA 3HAYHO
ABlood Ta aECGBIlood 0,95 cunbHiwe kopentoe 3 ABlood, Hixk ABlood 6e3 aHanisiB KpoBi, a 0TXe,

Bilo6paXxkae peanbHWM B3aEMO3B'A30K Mix napameTpamu EKI Ta aHanisiB KpoB.i
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Blood Method - Age Only
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Figure 6. Comparison of chronological age, ABlood index and modified Ablood index, which does not take
into account blood counts. Different participants of the study are placed on the horizontal axis. Vertically -
the corresponding values obtained for them in years

logical ones, unlike all other methods and esti-
mation of BRef. ABlood and aECGBlood are very
close, so aECGBIlood is a very successful method
of non-invasive approximation of ABlood.

To sum up, the following patterns were

identified (fig. 4-6):

A) The ABlood algorithm estimated the
biological age of all participants in the
experiment as lower than the real one.

B) Approximation of the ABlood algorithm
using ECG (aECGBlood) is more positively
correlated with ABlood than ABlood
without blood tests. This indicates that this
approximation is correct.

2. Analysis of ECG-based biological age indices
not related to ABlood

The three previously developed models of estimat-
ing biological age by ECG signal were tested on
the data collected in this study. For convenience,
they were named aECG, aECG2 and aECG3.

Analysis of the graphs shown in Figures 7-9
suggests that they are quite close to the as-
sessment of biological age by physician. Also,
after a visual comparison, we can assume
that the first method is more accurate than
the others.

228

3. Comparison of biological age indices

This section is the most important for the in-
terpretation of the results of the study, be-
cause it compares different methods of as-
sessing biological age. In all cases, the results
for ABlood and its evaluation of aECGBlood
were very close, so aECGBlood was not sin-
gled out in the comparisons.

Biological age assessment methods were com-
pared by constructing correlations between them
and the target value of ARef. According to it, we
see that all algorithms are quite close in terms
of the values of this indicator, but the leaders are
still the evaluation of blood tests ABlood and the
method of evaluation by ECG aECG (Table 2).

Table 2

Correlation analysis of different
methods of determining the biological
age of a person with the assessment
of biological age by a doctor

Method Correlation
ABlood 0.911
aECGBIlood 0.906
aECG 0.902
aECG2 0.877
aECG3 0.885
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Reference Age & Blood Age

= ARef
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PucyHok4. MNopiBHSIHHA noka3Huka aECGBlood Ta nokasHuka ABlood. 3a ropM3oHTasIbHOK BICCIO pO3MilleHi
Pi3HI YYaCHMKKW AOCNIAXKEHHS. 3a BepPTMKaNbHOK — BIiAMNOBIAHI OTPMMaHi AN HUX 3HAYEeHHS B pokax
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PucyHok5. MopiBHAHHSA pedepeHCHOro Biky Ta nokasHuka ABlood. 3a ropn3oHTanbHOK BiCCHO PO3MilleHi
Pi3Hi YHaCHUKW AOCHIIKEHHSA. 3@ BEPTUKASIbHOI — BiAMNOBiIAHI OTPUMaHi ANS HUX 3HAYEHHS B poKax

2. AHani3 iHaekciB 6ios10riYHOro BiKY, 3acHO-
BaHux Ha EKT, wo He noB’s3aHi 3 ABlood

Tpy HanKpalli CTBOPEHi paHiwe moaeni ouiH-
kn 6ionoriyHoro Biky 3a curHanom EKIT 6yno
nepesipeHo Ha AaHux, 3ibpaHMX y UbOMY A0-
cnigxeHHi. 4na 3py4yHocTi iXx Hassanu akECG,
aECG2 T1a aECG3.

AHani3 rpadikis, 306paxeHux Ha puc. 7-9,
[a€ niactaBuM NpPUMNyCTUTU, WO BOHU [O0OCUTb
6nu13bki A0 oOuiHKKM 6ionoriyHoro BiKy nika-
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psMU. TakoX Micnga Bi3yanbHOro MOPiBHAHHS
MOXHa MpUMNYyCTUTK, WO NEepLInii MeTod TOou-
HiWMA 33 iHWi.

3. lopiBHSIHHS iHAEKCIB 6i0/10riYHOro BiKYy

Llein po3ain HanBaxnmeilwKWh ans iHTepnpeTta-
uii pe3ynbTaTiB AOCNIAXEHHS, agXe B HbOMY
HaBeAEeHO MOPIBHAHHSA Pi3HUX METOAIB OLiHKMK
6ionoriyHoro Biky. B ycix BuMnagkax pe3ysib-
TaTu Ansa nokasHuka ABlood Ta Moro ouiHkM
aECGBIlood Buasunucb gyxxe 6/1M3bKMMK, TOMY
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= AECG

Figure 7. Comparison of the operation of the aECG method with Reference data ARef. Different participants
of the study are placed on the horizontal axis. Vertically - the corresponding values obtained for them in years
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Figure 8. Comparison of the aECG2 method with Reference data ARef. Different participants of the study
are placed on the horizontal axis. Vertically - the corresponding values obtained for them in years

However, correlation cannot be used as the
main quantitative metric in this analysis. In-
stead, the most common average error used
to analyze the regression (approximation) of
medical indicators was chosen as the main
metric. It helps to understand how strong the
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discrepancy between the estimate and the
actual value is without taking into account
the direction of the discrepancy. It is calcu-
lated as the average value of the deviation
of the parameter estimate and its real value
taken modulo.
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Blood Method - Age Only

PucyHok 6. MopiBHSAHHSA XPOHOOriYHOroO Biky, NokasHuka ABlood Ta MmoaudikoBaHoro nokasHuka Ablood,
Lo He bepe A0 yBarm NokasHMKM KpoB. 3a FOPU30OHTasIbHOK BiCCHO PO3MillleHi Pi3Hi YYaCHUKW AOCNIAXKEHHS.
3a BepTMKasibHOK — BiANOBIAHI OTPUMaHIi ANS HUX 3HAaYeHHS B pokax

aECGBIlood He 6yB okpeMo BUAINEHWI Yy NopiB-
HAHHSAX.

MeToan ouiHku 6ionoriyHOro BiKy mMOPIiBHIO-
Ba/N WISXOM NobyaoBM KOpensuin Mixk HUMK
Ta UiNboBUM 3HadeHHsaM ARef. BignoBigHo Ao
Hei Mn 6aymMmo, WO YyCi anropuTMM AOCUTb
61M3bKi 3a 3HAUYEHHSMM UbOro MNOKa3HMKa,
oAHakK nigepaMu BCe X € OUiHKa 3a aHanizamu
kpoBi ABlood Ta MeTop ouiHku 3a EKIN aECG
(Tabn. 2).

Tabnnysa 2

KopensuiHui aHanis pisHux meTtofiB
BU3HaA4YeHHA 6ionoriyHoro Biky JIlOAWUHMU 3
ouiHkolo 6ionoriuHOro BiKky nikapem

Ky, 6yno obpaHo Hahbinbw 4acTo BXWBaAHY
ON9 aHanisy 3agad perpecii (anpokcuMmadii)
MeaAMYHUX MOKA3HWUKIB cepeaHio abConoTHy
noMmnky. BoHa ponomara€e 3po3yMiTu, Ha-
CKiNNbKN CUNBbHOI € PO36iXKHICTb MiX OLiHKO
Ta peasibHUM 3HayeHHAM 6e3 ypaxyBaHHS
HanpsaMy po36iXKHOCTI Ta BMKOPUCTOBYETbLCS
noBCOAHO. BOHa po3paXxoOBYETLCH K cepea-
HE 3HAYEeHHs BiAXWMIEHHS OUiHKM MapameTpa
Ta NOro peanbHOro 3Ha4YeHHs B3ATOrO 3a MO-
aynem.

OTpuMaHi pesynbTaTh CBig4aTb Npo Te caMme,
npo Wo ¥ aHanis rpadikie 3 nonepegHix pos-
ainie. Metoau aHanizy gaHux 3a EKI geMoH-
CTPYIOTb 3HAYHO HWXKYi 3HaYeHHs cepenHboi
noMusnkmn, Hixx ABlood (Tabn.3).

MeToa Kopensuis
ABlood 0,911
aECGBlood 0,906
aECG 0,902
aECG2 0,877
aECG3 0,885

OaHak kopensuisa Sk MeTpuka He € penpe-
3eHTaTUBHOLO, il HE MOXHa BUKOpPUCTOBYBA-
TU 9K OCHOBHY KiIbKiCHY METPUKY Y LbOMY
aHanisi. 3aMicTb UbOro, sK OCHOBHY MeTpu-

Tabanysa 3

MAE gnsa ouiHok 6ionoriuHoOro Biky
Ta reference 3HaueHb

MeTon MAE
ABlood 12,62
aECGBlood 12,43
aECG 3,62
aECG2 4,70
aECG3 3,90
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Figure 9. Comparison of the aECG3 method with Reference data ARef. Different participants of the study
are placed on the horizontal axis. Vertically - the corresponding values obtained for them in years

The obtained results testify to the same as the
analysis of graphs from the previous sections.
ECG data analysis methods show significantly
lower mean error values than ABlood (Table 3).

It is important to separately analyze not only
the magnitude of errors and the correlation
(quantitative indicators) but also the Table 3.

MAE for estimates
of biological age and reference values

Method MAE
ABlood 12.62
aECGBIlood 12.43
aECG 3.62
aECG2 4.70
aECG3 3.90

«direction» of the deviation between real age
and the assessment of biological age. Such a
consistency analysis will help to understand
how often the algorithm and the doctor agree
with each other. For each method, the sign of
the deviation between the assessment of the
biological age by the doctor and the chronolog-
ical age was calculated (an indivudal is biolog-
ically older or younger than the chronological
age). Similarly, the deviation sign was calcu-
lated for each method for assessing biological
age. And the following metric was calculated:
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Consistency =
(TPA + TNA) / (TPA + TNA + FPA + FNA)

where Consistency is a metric between 0 and
1 and corresponds to complete agreement
between the doctor and the algorithm, TPA
(TNA) - the number of cases where the algo-
rithm and the doctor simultaneously identified
a person as younger (older) than biological
age, FPA (FNA) - the number of cases when
the algorithm and the doctor evaluated the
patient differently, the algorithm defined the
individual as younger than the chronological
age, and vice versa.

Analysis of the algorithms consistency shows
that aECG is better compared to other algo-
rithms (Table 4). This algorithm results in cor-
rect values in 9 out of 10 cases.

Table 4

Consistency of biological age estimates
and reference values

Method Consistency
ABlood 40,00%
aECGBIlood 40,00%
aECG 88,57%
aECG2 77,14%
aECG3 77,14%
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= AECG

PucyHok 7. MopiBHsAAHHS pob6oTn MeToay aECG 3 Reference aaHumMn ARef. 3a ropM3oHTaNbHOK BICCIO pO3MilLleHi
Pi3HI Y4aCHUKWN AOCNIAXKEHHS. 3a BepTMKaNbHOK — BiAMNOBIAHI OTPMMaHi AN HUX 3HAYEeHHS B pokax
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PucyHok 8. MopiBHAHHSA poboTn MeToay aECG2 3 Reference naHumum ARef. 3a ropnaoHTanbHOK BiCCHO PO3MilleHi
Pi3Hi YHaCHUKW AOCHIIXKEHHSA. 3@ BEPTUKAIbHOI — BiAMNOBiIAHI OTPUMaHi ANS HUX 3HAYEHHS B poKax

BaxfIMBO OKpeMO npoaHanisyBaTu He TisibKK
BE/IMYMHY NOMUIIOK i Kopensauito (KisbKiCHI no-
Ka3HWKK), @ M «HanNpsaAM» BiAXWIEHHS MiX pe-
anbHMM BIKOM Ta OLiHKON 6i0noriyHoro BiKy.
Takuin aHani3 y3roAXXeHoCTi A0MoMoXxe 3po-

233

3YMIiTK, 3 SGKOK 4acTOTOK anropuTt™ i nikap
Mnoroa)kytTbCs OAMH 3 OAHMM WOAO TOro, LWO
nauieHT € monoawmMm abo cTapwuMm 3a MOro
XPOHOMOTiIYHUI BiK. 33415 LUbOro A1 KOXHOro
3 MeToAiB 6yno nigpaxoBaHO 3HaK BiAXWUIEHHS
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We also compare the operation of the ABlood
and aECGBlood algorithms. In accordance
with the correlation with the reference val-
ues as metrics of the quality of algorithms,
these methods are close with a slight ad-
vantage (0.005) of the ABlood algorithm.
According to the consistency metric, the
quality of these two algorithms is the same.
According to the MAE metric, the aECGBlood
algorithm is 0.19 years more accurate than
the ABlood algorithm. However, in all three
cases, the aECGBIlood algorithm is the clos-
est in metric value to the ABlood algorithm.
Given this fact and the strong correlation
between them, aECGBIlood is an approxima-
tion of ABlood.

Discussion
Chronological age is a common indicator
of aging. However, there are significant

differences in the life expectancy of people
of the same age due to the diversity of their
genotypes and lifestyles. A 50-year-old indi-
vidual may have functional reserves similar
to those of a 60-year-old one and vice ver-
sa. Many subjects look older or younger than
those of the same age (even twins). Appar-
ently, chronological age is not an optimal and
objective indicator for assessing the course of
aging and for searching reliable markers of
biological age.

The optimal methods for determining biolog-
ical age should focus on early signs of aging,
distinguishing healthy and unhealthy aging
independently of background diseases. Re-
producibility, safety, technical simplicity, and
availability are other features of these meth-
ods [12]. The assessment of cognitive aspects
of maintaining functional independence for
socially active life could also be an important
feature [12].

Since aging is a multidirectional process,
markers that characterize its separate mech-
anisms such as telomere length of leukocytes
and marker of cellular aging p16 cannot re-
flect on the complexity [13].

In the era of personalized medicine, individual
health assessments and risk predictions are im-
portant and should be based on comprehensive
assessment of molecular, cellular, and function-
al indicators of an individual’s health [6].
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A valuable addition to existing methods of
determining biological age can be a method
based on HRV which allows not only assess-
ing the state of sympathetic, parasympathet-
ic, and humoral regulation of human body,
but also its quality. The HRV spectrum is a
reflection of human regulatory systems, and
HRV technology is a «window» into the world
of human regulatory systems. With age, HRV
decreases along with disturbances in auto-
nomic regulation with sympathetic activation.
One of the possible mechanisms of the HRV
declinewith age is cellular aging across the
autonomic nervous system, namely in the
hypothalamus, brainstem, autonomic gan-
glia, and receptors of the cardiovascular sys-
tem. The telomere length, which is a marker
of human biological age, has a significant re-
lationship with HRV parameters, namely the
standard deviation of the mean values for all
selected RR intervals for every 5 minutes of
24-hour recording (SDANN), the power of the
high-frequency component of the spectrum
(HF), the ratio of low- and high-frequency
waves (L / H) waves (B = 0.36, p = 0.006;
B =0.39, p=0.004; B =-0, 32, p=0.02,
respectively) [14].

The HRV method for determining biologi-
cal age was proposed using machine-learn-
ing algorithms based on a dataset of tens of
thousands of daily cardiograms of subjects
of different age and gender [9]. The meth-
od was also based on the results of studies
pointing to the presence of specific patterns of
ECG changes associated with aging. The ma-
chine-learning algorithms relying on ECG data
of a large number of different individuals may
determine biological age and serve as a con-
venient aggregate metric for assessing body

aging.

The current study provided preliminary ev-
idence on the reliability of biological age
assessmentusing HRV compared to other
methods (Table 5). The study suggested the
feasibility of the method for calculating bio-
logical age and combining ECG signals with
DNA methylation DNAmM PhenoAge to predict-
biological age in view of blood albumin, cre-
atinine, glucose, C-reactive protein, lympho-
cytes (%), average volume of erythrocytes,
width of erythrotcytes distribution, alkaline
phosphatase, and number of leukocytes. The
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== AECG3

PucyHok 9. MopiBHsIHHA po6oTn MeToay aECG3 3 Reference gaHumu ARef. 3a ropnsoHTanbHO BicClo
pPO3MilleHi pi3Hi yYaCHMKN AOCIAXKEHHS. 3@ BEPTUKAIbHOK — BiANOBIAHI OTPUMaHi ANS HUX 3HAYEHHS B pOKax

MiX oLiHKOM 6ioforiyHoro Biky nikapem i xpo-
HOJMI0TiYHMM BikOM (ntogmHa € 6ionoriyHo crap-
WO YM MOJSIOALUOK 3@ XPOHOJSOMYHUNA BIK).
AHanoriyHo 3Hak BiaxuneHHs 6yno nigpaxo-
BAHO A/19 KOXHOro 3 MeToAiB OLiHKK 6ionoriy-
Horo Biky. licns UbOro Ass8 KOXHOro Mertoay
nigpaxyBanu Taky MeETPUKY:

y3roaxeHictb (Consistency) =
(TPA+TNA)/(TPA+TNA+FPA+FNA),
ne Consistency - MeTpuka, sika HabyBae
3HadeHb Mixx 0 Ta 1, I BianMoBigaEe MNOBHIN
Y3roAXeHOCTi MK fikapeM Ta anaroputMom;
TPA (TNA) - KinbKicTb Bunagkis, Konu anro-
pUTM i Nikap OAHOYACHO BU3HAYMNW NIOANHY
sk monoalwy (crtapuwy) 3a 6ionoriyHnii Bik; FPA
(FNA) - KinbKiCcTb BMNaaKiB, KO anropuTM i
nikap no-pisHOMy OUiHMNM MauieHTa, alropmuTMm
BM3HA4YMB JIIOAMHY SIK MOMIOALWY 3@ XPOHOJ0-
riYHM BiK, a Nnikap — HaBnaku (i HaBnaku).

AHania y3roaXeHocTi anropuTtMmiB CBiAYNTb
npo Te, wWo aECG 3Ha4yHO Kpalun 3a pewTy
anroputmiB (Tabn. 4). AKwWo po3uiHoBaTN BU-
CHOBOK Mpo Te, Wo NtoanHa € monoawoto abo
CTapLUOO 3a XPOHONOrYHWUI BiK K «aiarHO3»,
TO TaKMN anropuTM CTaBWUTb LIeil diarHo3 npa-
BMNbHO ¥ 9 BMnagkax i3 10.
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Tabanys 4

Y3roa)keHicTb OuiHOK 6iosoriuHOro Biky
Ta reference 3HaueHb

MeToa Y3roaxeHictb
ABlood 40,00%
aECGBIlood 40,00%
aECG 88,57%
aECG2 77,14%
aECG3 77,14%

MopiBHAEMO Takox poboTy anropmutmie ABlood
Ta aECGBlood. BianoBigHo o kopensuii 3 pe-
depeHC 3HaYeHHAMU K METPUKM SKOCTi pobo-
TN anropuTMmiB, Ui MeToam 6IM3bKi 3 HeBenu-
kot nepeBaroto (0,005) anroputmy ABlood.
3a METPUKOK Y3roAXXeHOCTi, SKiCTb poboTwn
UMX ABOX anropuTMiB ogHakoBa. 3a METPUKOIO
MAE, anroputm aECGBIlood € To4YHiWKMM 3a an-
roput™ ABlood Ha 0,19 poky. OgHak B ycCiX
TpbOX BunNagkax anroputM aECGBlood Hali-
61MXKYNIA 3@ 3HAUYEHHAM METPUK A0 aNroOpuUTMy
ABlood. ToMy, BpaxoBytoun Lien pakT Ta BUCO-
KY KOpensuito MK HUMU, MU AiALWAN BUCHOBKY
npo Te, wo aECGBlood cnpaBai € anpokcmma-
uieto ABlood, Ta wo noganvlia pobota Hag no-
Ka3HWKOM gouinbHa. Kpim Toro, BBa)aemo, Lo
nokasHmnk aECGBlood pouinbHO BUKOPUCTOBY-
BaTW AN aHanisy AaHUX peanibHUX NaLuieHTIB Y
TECTOBOMY PEXUMI.
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algorithm of approximating biological age by
blood tests (ABlood) only resulted in much
lower values than the assessment of biologi-
cal age by doctor, and also strongly correlat-
ed with chronological age.

Table 5

Comparison of methods for determining
biological age by different metrics

Correlation MAE Consistency
ABlood 0.911 12.62 40,00%
aECGBIlood 0.906 12.43 40,00%
aECG 0.902 3.62 88,57%
aECG2 0.877 4.70 77,14%
aECG3 0.885 3.90 77,14%

The HRV method is non-invasive, safe, easy to
perform, and convenient for subjects. It uses
mobile medical devices with smart sensors
that can measure the ECG on demand (in the
form of bracelets or smart watches), or long-
term patch monitor in the form of a patch that
is fixed to the skin of the chest and allows ECG
monitoring for 72 -120 hours). The mobile ap-
plication that an individual can download from
the App Store or Google Play allows recording
ECG data and transferring via the Internet for
uploading in a cloud-based platform moni-
toned by IT specialists and doctors.

The current study opens avenues for early de-
tection of preventable aging disorders. This
affordable and convenient method of tracking
biological age of the heart and the individual
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meets the requirements of the modern para-
digm of 4 P medicine (personalization, predic-
tion, prevention, and participation).

The study has some limitations. Firstly, due
to the lack of a generally accepted method
for determining biological age (the «gold»
standard), the assessment of biological
age by physicians using the «Frailty Index»
calculation was chosen as the reference
method. This method is more studied in the
elderly [15], and its applicability to those un-
der 65 is unclear. However, there are studies
that suggest that the weakness index is a
powerful predictor of death regardless of
chronological age, especially in young sub-
jects [11]. A comparison was also made with
another well-known method, namely DNAmM
PhenoAge, relying on blood tests. Secondly,
there was a relatively small number of subjects
in the current study; studies with large cohorts
are warranted for better implementation of
this method in clinical practice. Finally, the
lack of coronary angiography data, the main
method to detect coronary artery disease
and rule out coronary heart disease, could be
also viewed as a limitation. In conclusion, the
HRV method for determining biological age is
an affordable alternative to other methods,
and it holds promise for clinical practice.
The method can be employed in preventive
medicine in view of its ability to distinguish
trajectories of healthy and unhealthy aging
among individual of the same chronological
age.
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O6roBopeHHs

XPOHOJOriYHMI BiK € 3arasbHOBXMBAHMUM MO-
Ka3HMKOM CcTapiHHA. OAHaK iCHYHTb 3HauHi
BiAMIHHOCTI Y TPMBANOCTI XXUTTS Nt0Aen 0gHOro
BiKY Y 3B'I3KY 3 pPi3HOMaHITHICTIO iX reHoTMniB,
CTUJIIO XXUTTHA Ta cepefoBULLA NMPOXMBAHHSA. Y
50-pi4yHOi 0ocobu Moxe 6yTn DyHKUiOHANbHWUI
CTaH opraHiamy sk y 60-pidHoi, i 6araTo noaen
BUrNs4atoTb ctapwe abo Monolie MNopiBHSAHO
3 N1OAbMW aHanoriyHoro Biky (HaBiTb 6/1M3HIO-
Kkun). OTXKe, 04EBMAHO, WO XPOHOOMYHMIA BiK
He € ONTUMaNbHUM i 06’EKTUBHMUM MOKA3HUKOM
OLiHKM Nporpecy CTapiHHS, a NoWYyK HaZinHMX
MapkepiB 6iosoriyHoro Biky TpuBae Bxe 6inb-
we n'aTn gecaTuniTob.

B ineani, MeToam BU3Ha4YeHHS 6ioN0riyHOro Biky
MaloTb BUSBAATU paHHi O3HaKW CTapiHHSA, 6yTu
30aTHUMWU BiApi3HUTK 340pOBe Ta He 340poBe
CTapiHHA, BigobpaxaTu CTaH CTapiHHSA He3a-
JIEXXHO BiA HAsIBHOCTI XBOpO6 y NOAWHM, MaTU
BWCOKY BiATBOPIOBaHICTb, 6€3neyYHicTb, TEXHIY-
HY NPOCTOTY BMKOHAHHSA i AOCTynHicTb [12]. ba
6inblle, OCKiflbKM CTapiHHSA Le 6araTtopiBHeBWUI
npouec, To MapKepu, sIKi XxapakTepusyoTb 0ro
OKpeMi MexaHi3Mu, 30KpeMa BU3HAYEeHHS A0B-
XXWHW Tenomep nerkoumnTiB abo piBHS Mapkepa
KNITUHHOIO CTapiHHA pl6, HEe MOXYTb OXOMu-
T BCiX noro acnekTie [13]. Kpim Toro, metopa
OLiHKM 6i0N0OriYHOro BiKy TaKOX Ma€E BpaxoBy-
BaTW OLIHKY KOFHITUBHMX acnekTiB 36epexeHHs
dyHKUiOHaNbHOI HEe3aneXxHoCTi AN couianbHO
AKTUBHOIO XUTTS, WO € BaX/IMBOK YaCTUHOK
deHoTMNy 340p0oBOro ctapiHHg [12].

B enoxy nepcoHanizoBaHoi MeanuMHN BaXK/UBI
iHAMBIAyanbHI OLHKM CTaHy 340pOB’S Ta Mpo-
rHO3yBaHHS pU3MKY, BOHM MalOTb ONMPATUCS Ha
HaWKpalli MeToam, B OCHOBI AKMX € KOMMJIEKCHA
OUiHKA MOJIEKYNAPHUX, KNITUHHUX i yHKLUiO-
Ha/IbHMX NOKAa3HMKIB 340poB’s iHAMBIAa [6].

LiHHAM [OOMOBHEHHSIM A0 iCHYHOUMX MeToAdiB
BU3HAUeHHs 6i0n0riyHoro Biky Moxe ctaTu Me-
To4, B OCHOBI SIKOr0o 3aKjafeHo aHasni3 Bapia-
6enbHocTi cepuesoro putMmy (BCP), akmin gae
3MOry He MpoCTO OUiHMUTW CTaH CUMMATUYHOI,
rnapacMMnaTU4YHOI Ta ryMopasbHOi perynsuii Ha-
LIOro opraHiamy, ane rnoro sikictb. Cnektp BCP
MOPTPET perynsTopHUX CUCTEM NOAMHU, a
TexHosoris BCP — «BiKHO» y CBIT perynsatopHux
CUCTEM NOAVHK. 3 BiKOM BifOyBa€ETbCSA 3HMXEH-
Hs BapiabenbHOCTI CepLeBOro puTMy, BUHUKAE
avcbanaHc aBTOHOMHOI perynsuii 3 BiAHOCHUM
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rnepeBa)aHHAM CMMMNaTUYHOIo BiAAiNy, WO npu-
3BOAMTb OO0 CepueBO-CYAUMHHMX nopylleHb. Ha
AyMKy Streltsova, L.I. et al., ogHMM 3 MOXNNBUX
MeXaHi3MiB 3HmxeHHs BCP, acouinoBaHoro 3 Bi-
KOM, MOXe 6yTn K/iTUHHe CTapiHHS, 30KpeMa B
pi3HMX Bigainax aBTOHOMHOI HEPBOBOI CUCTEMMU,
a came B rinotanamyci, ctoBbypi Mo3Ky, Bere-
TaTUBHUX TaHrnigx, peuentopax cepueBo-Cy-
OVHHOI cucTeMn. Ha niaTBepa)XeHHS IXHbOI ri-
noTesu, AOCNIAHWKK 3'cyBanu, WO A[OBXWHA
TenoMep, sika € BiAOMUM MapkepoM bionoriy-
HOro BiKy JIlOAWMHW, MA€E AOCTOBIPHWI 3B'A30K 3
napametpammn BCP, a came 3i cTaHA4apTHUM Bia-
XW/IEHHAM cepefHixX 3HavyeHb Ans BCix 0bpaHmnx
RR-iHTepBaniB 3a KOXHi 5 XB 24-rogMHHOro 3a-
nmcy (SDANN), NOTY>XHICTHO BUCOKOYaCTOTHOIO
KoMnoHeHTa crnekTpa (HF), cniBBigHOWEHHAM
HM3bKO- i BUCOKOYACTOTHMX XBuNb (L / H) xBunb
(B=0,36,p=0,006; B=0,39, p=0,004; B =
-0,32, p = 0,02, BianosigHo) [14].

MeToa, BM3HaUYeHHs 6i010rYHOro BiKy Ha OCHOBI
aHaniszy BCP 6yB cTBOpeHuii 3a ONOMOroL0 anro-
pUTMIB MalUMHHOIO HaBYaHHSA Ha niacTasi Ben-
KOro AaTaceTy 3 AeCsTKiB Tucad AoboBux Kapaio-
rpam nogen pisHoro Biky Ta ctaTi [9]. OcHoBoto
CTBOPEHHS LBbOro MeTo4y CTanu pesynbtatu
AOCNIAXEeHb, WO CBiAYaTb MPO HAsIBHICTb YiTKUX
naTtepHiB EKI-3MiH NoB’a3aHuX 3i CTapiHHAM. An-
roOpuTMKM MaLLIMHHOIO HaBYaHHS TPeHOBaHi Ha Aa-
HUX curHanie EKI BennKoi KiflbKOCTi pi3HUX JTt0-
Oe MOXHa BMKOPUCTOBYBATU AN BU3HAYEHHS
6ionoriyHoro BiKy Nt0AVHM K 3pyYHOi arperosa-
HOI METPUKM OLLIHKM CTapiHHSA OpraHi3my.

Y uboMy AoChiaXeHHi 6yno npoBeaeHO KAiHiy-
Hy Banigauito MeToay BM3HadeHHs 6ionoriyHo-
ro BiKy /t0AWMHM Ha OCHOBI aHanisy BCP, TexHO-
JIOTiN WITYYHOro iHTenekTy Ta 6ioMeTpuyHOro
MOHITOPUHIY Yy KOropTi MNauieHTIB, MOPIBHIOKOUN
MOro 3 iHWWMM MeToAaMM BU3HAYEHHS 6iono-
rYHOro BiKY.

Byno 3’scoBaHo, WO ouiHKa 6ionoriYyHoro Biky
rnauienTie 3a BCP 3HauyHO nepeBaxae€ 3a sKic-
TiO ouiHKK BionoriyHoro Biky ycCi iHWIi anropuT-
Mu (Tabn. 5).

Lle cBiguMTb NpoO AOUiINbHICT BUKOPUCTAHHS
Takoro MeToay po3paxyHKy 6ionoriyHoro BiKy,
a TaKoX KOMOGIHOBaAHOro MeToay 3 MOEAHAH-
HaM EKI-curHanis i metunyBaHHsa OHK DNAmM
PhenoAge, sKkmii NporHo3ye 6iosoriYHniA  BiK
JIOAMHN Ha OCHOBI BM3HA4YeHHs B KPOBi alb-
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6yMiHy, KpeaTuHiHy, rioko3n, C-peakTUMBHOIO
npoteiny, niMmdoumntie (%), cepeaHboro ob6’emy
epuUTPOUMTIB, WMPUHMN PO3NOAINTY epuUTpouMmTIB,
Ny>xHoi docdaTasn, KiIbKOCTi NenkoumTiB Ta
obuncnioeTbcs 3a dopmynoto. BogHovac anro-
PUTM, LLO anpoKCMMyeE 6ionoriyHni Bik nue 3a
aHanizamm kposi (ABlood), y BCix Bunagkax Ha-
BOAMB anpoKcMMallii, Wo 3HAYHO HMXKYi 3@ OLLiH-
Ky 6ionoriyHoro Biky ntogMHKN NikapeM, a TakoX
CWJTbHO KOpPEoBaB 3 XPOHOOMYHUM BiKOM.

Tabauys 5

MopiBHAHHSA MeTOAIB BU3HA4YeHHNA 6iono-
riyHoOro BiKy 3a pPi3HUMM MeTpUKaMm

Kopensuis MAE Y3roaxeHicTb
ABlood 0,911 12,62 40,00%
aECGBlood 0,906 12,43 40,00%
aECG 0,902 3,62 88,57%
aECG2 0,877 4,70 77,14%
aECG3 0,885 3,90 77,14%

MeToa BM3Ha4YeHHs 6ioNoriYyHOro Biky Ha OCHOBI
aHanizy BCP HeiHBasiiHui, 6e3ne4yHuin, npo-
CTUI Y BUKOHAHHI Ta 3pyYHuiA onsa nauieHta. ans
MOro BWKOHAHHS BWKOPUCTOBYHOTbLCS MOOINbHI
MeaM4Hi aeBalcu 3i cMapT-ceHCcopaMun, siki Mo-
XXyTb BuMiptoBaT EKI™ Ha Bumory (y dpopmi 6pa-
cnetiB abo po3yMHMX roagMHHKKIB), abo TpmBasno
(naTy-MoOHITOp Yy BUMASAi NnacTupa, SKun gik-
CYETbCA [0 WKipU rpyaHOI KNiTKW i fae 3Mmory
BUKOHYyBaTW EKI MoOHiTOpuHI npoTarom 72-120
roavH). Yepes MobinbHUI goaaToK, KU naui-
€HT MOXe 3aBaHTaxuTh 3 App Store abo Google
Play, 3anucaHi EKI gaHi 3a monomoroto IHTep-
HETY 3aBaHTaXYTbCS Y XMapy 3BiAKM MOXYTb
6yTn oTpmumaHi IT-cneuianictom i nikapem.

Take [ocnigXeHHs, wo 6a3yeTbcsa Ha TexHOo-
Norigx WTYYHOro iHTeneKTy, BiAKPUBAE HU3KY
MOX/INBOCTEN AO/19 BYACHOrO BUSBNEHHS TUX
MauieHTiB, XTO Hambinbwe noTpebye npodi-
NaKTUYHUX CTpaTeriin y 3B’A3Ky 3 npuLIBMuaLLe-
HWUM CTapiHHSAM | pU3NKOM nepeayacHol CMepTi.
JocTynHui i 3py4yHuin cnocib BigctexeHHs 6i-
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0/10Ti4YHOro BiKy cepus i 6ionoriyHmin Bik camoi
JOONHN 3 BUKOPUCTAHHSAM CyYacHUX TEXHOS0-
rim umdpoBOro 340pOB’A MNOBHICTIO BignoBigae
BMMOraM cy4dacHoi napaaurmm 4 1 MegmunHu,
B OCHOBI §IKOi nepcoHanisauisa, npeaukuis,
MPEeBEHTUBHICTb | NAapTUCUMNATUBHICTb.

MpoBeaneHe pocnigxeHHs Mae barato obme-
XeHb. [lo-nepuwe, y 3B'A3Ky 3 BIiACYTHICTIO
3aranbHOMNPUIHATOrO MeToay BM3HaueHHs 6i-
0/10Ti4YHOro BiKy («30/10TOrO» CTaHAApPTY), K
pedepeHTHUIA MeTohd AN MNOPIBHAHHSA 6yno
BM6paHO ouiHKYy 6ionoriyHOro BiKy nikapsmMu
3a [OOMOMOrok po3paxyHKy «Frailty Index»
(Inpekc cnabkocTi). Lle meTton 6inbll BUBYe-
HMIM y oci6 cTtapworo Biky [15], i BignoBiaHO
MOXJIMBOCTiI MOro 3aCTOCyBaHHSA B 0Cib Monoa-
Wwe 65 pokiB MeHLW 3po3yMini. NpoTe € gocni-
OXKEHHS, SKi BUSIBUN, WO iHAeKC cnabkocTi €
MOTY)XHUM NpPeauKTOPOM CMepTi, He3anexHo
Bif, XpOHONOriYHOro Biky, 0CobMBO cepea Mo-
nogmx nwogen [11]. Takox nopiBHAHHSA 6yno
npoBeAeHe 3 iHWKWM aAobpe BiAOMUM Y CBIiTi Me-
TOAOM, @ came 3 DNAmM PhenoAge, ae po3paxy-
HOK 6i0/10riYHOro Biky NMpOBOANTLCS HA OCHOBI
AaHUX obcTexeHHs KpoBi. [pyre obMexeHHs
— MOPIBHAHO HEeBENMWKa KiNbKiCTb MaUIEHTIB, i
6e3yMOBHO AO0CAIAXEHHSA Ha 6inblIMX KOrop-
Tax € HeobXiAHMMKM ANs Kpawoi iMnaeMeHTa-
Uil LbOro MeToAy Y KAiHiYHY NpakTUKy. Takox
e oaHMM obmexeHHsM byna BiACYTHICTb Aa-
HMX KOpOHaporpadii, OCHOBHOIro MeToAy, SKUi
[OMNOMara€e BUSABUTU YpaXKeHHS KOPOHapHWUX
apTepil i BUKIHOUYNTY ieMiyHy XxBopoby cep-
us. NigcymoBytoum, TakMin MeTon BU3HAYEHHS
6ionoriyHoro BiKy NHOAWMHW Ha OCHOBI aHani-
3y BCP Ta TeXHONOorin WTy4YHOro iHTeneKTy €
OOCTYMHOK anbTepHaTMBOK iHWMM MeTodaM
i noTpebye aKTMBHOIO BMNPOBAaAXEHHS B Kili-
HiYHY nNpakTuKy. BiH MOXe 3acTocoByBaTUCS
B NMPEBEHTMBHI MeAULWHI, BpaXxoBYyO4YN MOro
NOTEHUINHY 34aTHICTb PO3PI3HATM TpaEKTOPIi
300pOBOro Ta HEe340pOBOro CTapiHHS cepen
0Ci6 3 04HaKOBMM XPOHOJOMYHMM BiKOM.
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