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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-

© 2024, 3axapuyk C. A., Muponos H. A., Iliuciok A. T, Opiosa 1. A. [lannas crarbs usgaHa AHO «OCO UTEM» u pacnpocTpaHsieTcs Ha YCJIOBHMSIX OTKPBITOrO 0CTYIIa, B cooTBeTcTBiy ¢ mtensueit CC BY-NC-SA 4.0
(«Attribution- NonCommerc:al ShareAlnl(e »), Ko'ropaﬂ T HEOTp: 0 HEKC )yecKoe MCIIOIb30BaHMe, PacTipoCTpaHe e U BOCIIPOV3Be/IeHHe Ha II060M HOCHTeJIe ITPY YCIIOBUM YKa3aHMs aBTOPa M UCTOUHMKA.
YUT06bI 03HAKOMUTHCS € Ha PyCCKOM SI3bIKe, IIOCeTHTe caifT: 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- NonCommerc!al ShareAlike”) license. Published by SSFIMT.



https://orcid.org/0009-0008-8220-351X
https://orcid.org/0000-0001-6729-4371
https://orcid.org/0000-0003-2015-4712
https://orcid.org/0000-0002-8160-5612

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

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