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AKTya/nbHOCTD. V3BeCTHO, UTO XPOHOJIOTMYECKUI BO3PACT MOYKET OTIMYATHCS
OT 61mosiornueckoro. B oTyimume oT XpOHOJOTMYECKOTO BO3pacTa, KOTOPbIN J10-
CTaTOYHO JIETKO OIpEeIe/INTh, OMOJOTMYECKMIA BO3PACT SIBJISIETCS CKOpPEe COOT-
BETCTBMEM BO3PACTy COCTOSIHUSI 3JOPOBbSI 10 COBOKYITHOM OlieHKe MOp(dOJIoru-
YeCKMX, QU3MOIOTUUECKUX U OMOXMMUYECKUX COCTOSIHMII MHOKECTBA CUCTEM
opraHusma uyejioBeka. B 6mosornueckuit BO3pacT 3aK/JII0YEHbI KaKk reHeTnJecKasl,
TaK ¥ OHTOJIOTMYECKasT KOMIIOHEHTA, YUNTHIBAIOINIAsl 00pa3 JKMU3HM KOHKPETHOTO
yesioBeKa ¥ aMOPTM3AIMIO ero opraHusMa. BbiumciieHne 61MOJIOrmyeckoro BO3-
pacrTa siBjsieTcsl 6oJiee CJIOSKHBIM M B TO JKe BpeMsl ITepCOHUMUIIMPOBAHHBIM ITOJI-
XOIOM [IJISI OLIEHKY COCTOSIHMSI OpraHM3Ma 0 CPaBHEHMIO C XPOHOJOTUMYECKUM
Bo3pacToM. [0 cuMX TOp He CYIIEeCTBYET eIuHON (OPMYJIbI [IJIS OIpeneseHus
610JIOrMYeCKOTO BO3PacTa uesIoBeKa, OHAKO MPEeIIIPUHSITHI TTOMBITKYU AJIST CO3-
IaHMSI JIOKIbHBIX OIIEHOK, OOBIUHO YUUTHIBAIOIIMX COCTOSIHME KAaKOTO-JIMOO Op-
raHa MM CUCTEMbI B OpraHu3me.

OpHOV 13 TaKMX JIOKAJIBHBIX OIIEHOK MOXKET OBbITh MCCJIENOBaHME CEepIeUuHO-CO-
CYOMCTOM CUCTEMBI MaleHTa, U OOHUM M3 Haubosiee MHGOPMATUBHBIX MHCTPY-
MEHTa/IbHbIX IMArHOCTUK siBjsieTcst axokapauorpadus (OxoKI'). Kak mpasuio,
nipu nposenennn IxoKI' oneHnBaioTcst Mmopdosiornueckue M QPyHKIMOHATbHbIE
M3MEeHeHMs Ccepfilla, pacCUMTHIBAIOTCS MTOKa3aTesau, OTpaxkalolye pa3Mepbl CTe-
HOK, 0O0BbeMbI Kamep, CKOPOCTY KPOBOTOKA M T. [I.

Ilenbio paboOThI SIBMJIOCH CO3[aHMe M OOyuyeHMe MPEeIUKTUBHOM MOMEN C UC-
MI0JTb30BaHMEM aJITOPUTMA HEMPOHHBIX CETel JIJIsI OIIEHKM OMOJIOrMYeCcKOro BO3-
pacTa Ha ocHOBe JaHHbIX DX0KI.

Marepuasnbl u metoabl. B mccienoBanme Boiiu ganHbie OxoKI' 303 matmeH-
toB PI'HKL] (PI'AOY BO PHUMY wum. H.W. ITuporosa Munsapaa Poccun),
He MMEIOIIMX XPOHNYEeCKNX 3aboseBaHmii. Bo3pacT maimeHTOB cOCTaBui OT 23
10 82 et y sKeHIIH 1 oT 25 10 72 7eT y My>KUMH.

CraructTMueckmii aHaJIM3 TpousBeneH B cratuctuueckon cpeme R. Ilokasare-
JI1, MMeIoll[ie HeHOPMMPOBAHHYIO Ha pa3mephbl Tejia OlleHKY (CM, MM, JI, MJ),
rozJieXkajii HOpMUPOBKe Ha pocT (cM). B KauecTBe HemapameTpuyecKkoro Tecta
IIpUMeHeH KOppeJISIMOHHbIM aHam3 CrupMeHa [Jis pacueTa CUibl B3aMMOCBSI-
3 Mexxay nepeMmeHHbIMU (orleHKamyu IOx0KI') u Bospactom. Mccnenmyemasi Bbi-
6opKa ImaHHBIX ObLIa pasiesieHa Ha OOydYalolluifi M TeCTOBbIM HAOOPbI TAHHbIX.
B kauectBe Momes 6pl1a CO3/IaHa apXUTEKTYPa IMTOTHOCBSI3HON HEMIPOHHOM CeT
(FCNN) npu ucnonbzoBanuu 6mbnmoreku Keras. ApxutekTypa Momein sBJsi-
eTcsl TyOOKOM ceTbio, comepskaiein 10 cKpbIThIX cjioeB. MeTpukaMu KauecTBa
Mozesin Bo Bpemst ooyueHust siBisiich MAE (Cpennsist abcosoTHasT olmobKa),
MSE (CpennexBagpatnysas ommbkra), RMSE (KopeHb 13 cpemHeKkBagpaTMIHON
omm6kn), R2 (Koapdbuument nerepmuuanuym R-kBaapar) u € acc (€-TOUHOCTh



WJIM STICUJIOH TOYHOCTD, IIe € = 10, T. e. = 10 JieT sIB/sIeTCS CIIPEAOM IIPU OIIeHKe
TOYHOCTH).

Pesynbrarbl. [lepBbiM 3Tariom Obljia Mpou3BefeHa OlleHKa CIIOCOOHOCTY HaH-
Hbix DXOKI' onucekiBaTh Bo3pacT yenoBeka. [y 3TOro npoBefeH HemapaMeTpu-
YeCKUIM KOPPEJISIMOHHBIM aHaau3 OJIs1 TPYII MY>KUMH U SKEHIIMH IO OTAesb-
Hoctu. M3 48 omnpenesnen Tor-15 mokasaresieii, KOTOpble IIPOLEMOHCTPUPOBAIIN
KOppeJIsiinio ¢ Bo3pacTom 6ojiee uem |0,55|. M3 Hux B HanboJjiee pacpoCTpaHeH-
HBIN ITpOoTOKON uccaegoBanus sxomar 8: E_A, IVS, LV_PW, LV_CO, LV_EDYV,
RWT. A taxxke H RWT u L. E_A, koropsie Bbiuncisitorcst u3 RWT u E_A co-
OTBETCTBEHHO.

[TockobKy KOppessiliisl OTOOpaHHBIX ITapaMeTpoOB IO CBOEN Cujie BapbUpyeT
B 3aBMCUMOCTM OT ToJIa (OJHAKO COXpaHseT HallpaB/ieHe 3aBUCMMOCTH), ObLIN
ITOCTPOEHDI B MO/ — AJIsSI MY>KUMH U JIJIs JKeHIIYH. B pe3ysibTare Ha OCHOBe
3TUX TTapaMeTPOB MbI OMTPEAEIVIIV BO3MOKHbIE KOMOVHALIMY ¥ OOYUMIT MO
Ha MX OCHOBE B TpeX peskumax: obIas, AJjsl MY>KUMH, 1)1 skeHIMH. [1o pe3ysb-
TaTam 00y4YeHMsT HeCKOJIbKO MOIeJIei MPOIeMOHCTPUPOBa/I HanboJsiee BbICOKYIO
TOYHOCTb OLIeHKM Bo3pacTa. JIyuiime momenyu Obliv oObeauHEHbI B IB€ UTOTO-
BbIe KOMIIEKCHbIE MOAEIV JIJIs1 KaskKIOTO I0JIa.

B pesysbrare npenuKTHBHbIE MOIEM BO3pacTa IpeayCcMaTpMBalOT B KaUueCTBe BXO/-
HbIX JaHHBIX 5 oreHok DxoKI': LV _CO (cepmeunsbni BoiGpoc, i/muH), E_A (E/A,
OTHOIIIEH/ € MaKCUMMaJIbHbIX CKOPOCTel MOTOKOB B 1-10 1 2-10 ¢asbl), RWT (oTHO-
IIIeHVe TOJIIIMHBI CTEHOK), [VS (TosmHa MesKKeTyIoYKOBOM MePEropoaKi, CM),
LV_PW (TomiiuHa 3agHel CTEHKM JIEBOTO SKeTyI0UKa, CM) U UX IBYX ITPOU3BOIHbBIX
H RWT (RWT >042)u L. E A (E_A< 1); poct (cM) 1 1o 1CCJieqyeMoro.
Mopnenb, npemHasHaueHHasl )11 ITpencKasaHMs BO3pacTa y MYKUMH, MMEeT
cienytonve nokasareyin kadectsa: MAE = 4,92, MSE = 38,33, RMSE = 6,16,
R2=0,78, ¢_acc = 0,88; g skenwmu: MAE = 5,09, MSE = 39,42, RMSE = 6,28,
R2 =0,77, ¢ _acc = 0,89.

BoiBoabl. Takum 06pa3oM, ITOCTPOEHbI M OOyUeHbI ABe MOIEN IJis MpecKasa-
HMSI BO3pacTa Y MY>KUMH U SKEHIIVH, VICIIOJIb3YIOIIJie B KaueCTBe MPEeIUKTOPOB 5
oneHok JxoKT.
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Introduction. It is known that chronological age may differ from biological age.
Unlike chronological age, which is quite easy to determine, biological age is rather



a cumulative assessment of the morphological, physiological and biochemical
states of many systems of the human body. The biological age includes both
a genetic component and an ontological one, considering the lifestyle of a person
and the amortization of his body. The calculation of biological age is a more
complex and, at the same time, a personalized approach for assessing the state
of an organism compared to chronological age. There is still no single formula
for determining the biological age of a person, however, attempts have been
made to create local estimates, usually considering the state of an organ or system
in the body. One of such local assessments may be a study of the patient's
cardiovascular system, and one of the most informative instrumental diagnostics
is Echocardiography. As a rule, during Echocardiography, morphological and
functional changes of the heart are evaluated, indicators reflecting wall thicknesses,
the volume of chambers, velocity blood flow, etc. are calculated.

The aim of the work was to create and train a predictive model using a neural
network algorithm to estimate biological age based on Echocardiography data.
Material & Methods. The study included Echocardiography data from
300 patients of The Russian Clinical Research Center for Gerontology (Pirogov
Russian National Research Medical University) who do not have chronic diseases.
The age of patients ranged from 23-82 years in women, and 25-72 in men.
Statistical analysis was performed in the statistical environment R.
Echocardiography marks that have a native estimate (cm, mm, 1, ml) were subject
to normalization for height (cm). Spearman's correlation analysis was used as a
nonparametric test to calculate the strength of the association between variables
(Echocardiography marks) and age. The studied dataset was divided into training
and testing sets. As a model, the architecture of a fully connected neural network
(FCNN) was created using the Keras library. The architecture of the model is a
deep network containing 10 hidden layers. The metrics of model quality during
training were MAE (Mean Absolute Error), MSE (Mean Square Error), RMSE
(Root Mean Square Error), R2 (R-squared coefficient of determination), and
€_acc (g-accuracy — epsilon accuracy, where € = 10, i.e. * 10 years is the spread
at accuracy assessment).

Results. The first step was an assessment of the ability of the Echocardiography
data to describe an age. For this purpose, a nonparametric correlation analysis
was carried out for groups of men and women separately. Out of 48 indicators,
the top 15 were determined, which demonstrated a correlation with age of more
than 0.55 (in abs value). Of these, the most common study protocol includes 8:
E A/ IVS, LV_PW, LV _CO, LV_EDV, RWT. As well as H RWT and L. E A,
which are calculated from RWT and E_A, respectively.

Since the correlation of the selected parameters varies in its strength depending
on gender (however, it retains the direction of dependence), two models
were built — for men and for women. As a result, based on these parameters,
we identified possible combinations and trained models based on them in three
modes: general, for men, for women. According to the training results, several
models demonstrated the highest accuracy of age assessment. The best models
were combined into 2 two final complex models for each sex.

As a result, predictive age models provide five Echocardiography marks as input
data: LV_CO (cardiac output, I/min), E_A (E/A ratio of maximum flow rates
in the 1st and 2nd phases), RWT (wall thickness ratio), IVS (interventricular



septum thickness, cm), LV_PW (posterior wall thickness of the left ventricle,
cm), and their two derivatives H RWT (RWT > 0.42) and L_E A (E_A < 1);
height (cm) and sex of the patient.

The models intended for age forecasting have the following qualities:
MAE = 4.92, MSE = 38.33, RMSE = 6.16, R2 = 0.78, ¢ _acc = 0.88, in men;
MAE = 5.09, MSE = 39.42, RMSE = 6.28, R2 = 0.77, ¢_acc = 0.89, in women.

Conclusions. Thus, two models for predicting age in men and women were
created and trained, using five Echocardiography marks as predictors.

Keywords: biological age; echocardiography; neural network.

For citation: KobelyatskayaA.A., Guvatova Z.G., Strazhesko I.D., MoskalevA.A.
Echocardiography marks forecasting biological age. Problems of Geroscience.
2023; 4: 215-218.



