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ABSTRACT

Background. Early identification of risk factors (RF) associated with cardiovascular diseases
(CVD) is essential for the prevention of CVDs and their complications. CVD risk factors can be
identified using Artificial Intelligence (Al) systems, which are capable of learning, analyzing and
drawing conclusions. The advantage of Al systems consists in their capacity to process large
amounts of data over a short period of time and produce ready-made information.

Objectives. Evaluation of the efficiency of implementing an Al software application by a gen-
eral practitioner for identifying CVD risk factors.

Methods. The study included data from 1778 electronic medical histories of patients aged
over 18, assigned to an outpatient and polyclinic department of Muravlenkovskaya Gorodskaya
Bolnitsa (Muravlenko municipal hospital), Yamalo-Nenets Autonomous Okrug (Russia). The
study was conducted in four stages. The first stage involved a preliminary training of the Arti-
ficial Intelligence (Al) system under study using numerous CVD risk assessment scales. The
Webiomed predictive analytics and risk management software by K-SkAl, Russia, was se-
lected as a platform for this purpose. The second stage included an analysis of medical data
to identify CVD risk factors according to the relative risk scale for patients under 40 and the
SCORE scale for patients over 40. At the third stage, a specialist analyzed the previous and
new information received about each patient. According to the results of the third stage, four
risk groups for CVD (low, medium, high and very high) were formed. At the fourth stage, newly
diagnosed patients with a high risk of CVD, who had not been previously subject to regular
medical check-up, were directed for additional clinical, laboratory and instrumental follow-up
examination and consultations of relevant specialists. Statistical data in absolute terms and as
a percentage were obtained. Statistical processing of the results was carried out by a computer
program aimed at medical decision support. Content visualization was performed in spread-
sheets and charts.

Results. Based on the data obtained, the Al system under study divided all patients into CVD
risk groups and identified uncounted factors. The Al system confirmed a high and very high risk
of CVD according to SCORE (Systematic COronary Risk Evaluation) in 623 people, who were
already receiving appropriate cardiological assistance. The RFs that had not previously been
taken into account in the diagnosis were recorded in 41 (11.5%) patients from the very high-
risk group and in 37 (12.7%) high-risk patients. The Al system identified a high risk of CVD in
29 people who had not been previously under care of a general practitioner or other specialists
due to their infrequent visits to health care facilities. These patients were detected by the Al
system following periodic and preliminary medical check-ups (35%), full in-patient treatment for
other diseases (31%), when seeking help of other specialists (17%), as well as when obtaining
a medical certificate for a driving license (12%), admission to a swimming pool (3%) or pos-
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sessing a weapon (2%). In a group with the newly diagnosed patients at a high risk of CVD,
men dominated (24 persons, 82%) and women comprised only 8% (5 persons). All these peo-
ple were of working age between 40 and 50. In order to confirm the information received, the
supervising physician subsequently referred patients for a follow-up examination, as a result of
which only 1 person (3%) was not diagnosed with a somatic pathology.

Conclusion. The efficiency of the Al system under study comprised 97%. Permanent mon-
itoring of all parameters of electronic medical histories and outpatient records is an efficient
method for timely identification of RF at any visit of a person to a health care facility (preventive
and periodic medical examinations, regular check-ups, specialist consultations, etc.) and their
assignment to respective CVD risk groups. Such monitoring ensures an effective medical su-
pervision of able-bodied populations.
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AHHOTALMUA

BBepeHue. PaHHee BbisiBNeHne akTopoB pucka (PP) cepaeyvHo-cocyancTbix 3aboneBaHumi
(CCR3) nmeeT BaxHeLwee 3Ha4YeHne Ansa npodunakTnkm Bo3HmkHoBeHust CC3 n pa3Butns nx
ocnoxHeHun. [Ans soigsBneHns aktopoB pucka CC3 MOXHO MCNONb30BaTb CUCTEMbI UCKYC-
cTBeHHoro nHtennekta (MWN), cnocobHble k 0b6yyeHmnto, 06o6wweHnto n Boieogy. I 3a kopoT-
Kunii cpok obpabaTtbiBaeT OrpoMHble MacCyBbl JaHHbIX U BblAAET roTOBY MHpopMaLuio.

Llenb nccnepoBaHna — OUEHUTb 3(PPEKTUBHOCTb UCMONb30BaHUA nporpammbl MW ona
BblsiBNneHus aktopoB pucka CC3 y naumMeHTOB B NpakTUKe y4acTKOBOro Bpaya-TepanesTa.

MeToabl. B nccnegoBaHuve BktodeHbl faHHble 1778 aneKTpoHHbIX amOynaTopHbIX KapT nauum-
€HTOB cTapLue 18 net, NpUKpeneHHbIX K OOHOMY y4acTKy ambynaTopHOro-nosiMKIIMHUYECKOrO
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OTAEeNeHUs rocyaAapCTBEHHOIO OO4XKETHOMO yUYpeXXaeHusi 3apaBooxpaHeHns Amano-HeHewko-
ro aBTOHOMHOro okpyra «MypaBrneHkoBcKkas ropogckas 6onbHuUax». MiccrnegoBaHue npoeeae-
HO B YeTblpe aTana. [epBbiM 3Tanom BbINOSTHEHO NpeaBapUTeNbHOE «0bydeHne» NporpamMmmbi
«/CKYCCTBEHHbIN MHTEMNMNEKT» MHOFOYMCIEHHBbIMK LiKanaMmu oueHkn pucka CC3. MNMnatdop-
MOl Onsa ee paboTbl siBUNAcb MporpaMmma MpPOrHO3HOW aHaNUTUKU U YMpaBIieHUsT pUckamm
Webiomed (komnaHnusa «K-Ckany, Poccusi). Bropoi aTan: aHanvM3 meguumMHCKOM MHopmaumm
0115 BbIsIBIieHUs pakTopoB pucka CC3 no wkarne oTHOCUTENbHOrO pyUcka A4sisi nauueHToB Mnag-
we 40 net un wkansl SCORE ans nauneHToB cTapule 40 net. TpeTuii aTan: cneumanncT npoa-
HanM3nMpoBar MMELLYHOCS paHee N NMosTy4YeHHY0 HOBYHO MHGAOPMAaLMIO O KaXXgoM NaumeHTe.
Mo pe3ynbTatam TpeTbero atana nccnegoBanunsa ooinn coopmmpoBaHsbl 4 rpynnbl pucka CC3
(HW3KUIN, cpeaHnin, BLICOKUA N OYEHb BbLICOKMIA). YeTBepTbiM 3TanoM BrepBble BbiIBIIEHHbIE
naumneHTbl ¢ BbICOKMM puckoMm CC3, paHee He COCTOSIBLUME Ha OUCMAHCEPHOM yyeTe, Hanpas-
NeHbl Ha OOMNOSNTHUTENBHOE KIMHUKO-NTabopaTOPHOE M MHCTPYMEHTanbHoe AoobcrnenoBaHme,
KOHCYMbTaLmu crneumanncToB. [NonyyeHbl ctaTucTuieckne gaHHble B abCOMOTHOM M NMPOLIEHT-
HOM OTHoLlleHusx. CtatucTuieckas obpaboTka pe3ynbTaToB OCYLLIECTBIIEHA KOMMbIOTEPHOM
NporpamMmmMoN CUCTEMbI NOAAEPKKM NPUHATUSA BpavyeOHbIX pellueHnid. Busyanusaumnsa KoOHTeHTa
OCYLLECTBIIANACH B 3NIEKTPOHHbIX Tabnuuax u gnarpammMax.

Pe3ynbTaTtbl. Ha 0OCHOBaHMM BbISIBMEHHbIX AaHHbIX VI pa3genvn Bcex nauueHToB Ha rpyn-
nbl pucka no CC3, a Takxe ykasan Ha HeyYTeHHble bakTopbl. MM noaTBepamnn o4eHb BbICO-
knn n Boicokmnn puck CC3 no SCORE (Systematic Coronary Risk Evaluation) y 623 yenosek,
KOTOpble ye COCTOANN Ha QUCNaHCepHOM yyeTe y TepanesTa, KapAauornora v nosyvanu co-
oTBeTCTBYOLLY0 Tepanuio. PP, KoTopble paHee He BbiNu yyYTeHbl NpU NOCTaHOBKE AWarHo-
3a, 6binn 3adukcuposarbl y 41 (11,5%) naumeHTa U3 rpynnbl O4eHb BbICOKOrO pucka u 37
(12,7%) naumeHTOB C BbICOKMM puckom. Cuctema VW Bnepsble BbisiBUna Boicokunin puck CC3
y 29 yenosek, KOTOPbIN paHee He Habngancs y4acTkoBbIM TepanesToM 1 APYruMu Y3KUMU
cneumanuctTaMmy no NpuyYnHe penkoro obpalleHms B MeEAULMHCKUE yupexaeHns. 3Tu nauu-
€HTbl BbInn 0bHapyxeHbl cuctemon MW no pesynstatam nepuogmnyecknx U npegBaputernb-
HbIX MeanunHckux ocMoTpoB (35%), nocne Kypca Tepanuun apyrnx 3abonesaHuin B yCrnoBu-
AX KPYrnocyTo4Horo ctaumoHapa (31%), npu obpaweHun kK y3kum cneumnanuctam (17%), npu
0POpMAEHNN MEANLMHCKOrO 3aKkmyYeHUs Ha BOXAeHue TpaHcnopTHoro cpeactea (12%),
npv nony4veHumn cnpasku B 6accenH (3%) unu Ha opyxue (2%). Cpeamn BnepBble BbISIBIEH-
HbIX NauMeHTOB C BbICOKMM puckoM CC3 OCHOBHYIO rpynny COCTaBUNN MyX4YMHbl — 24 ye-
noseka (82%) v Tonbko 5 xeHwwuH (8%). Bce atn nuua 6binm TpyaocnocobHoro Bo3pacTa
oT 40 go 50 net. C uenbto NoATBEPXKAEHNS NONYyYEHHON MHOPMaLMM BPa4YOM-KypaTopoM
BMOCNeACTBMM HasHadeHo oobcnefoBaHve NauMeHToB, B pesynbTaTe KOTOPOro TOMbKO
y 1 yenoBeka (3%) Gbina UCKNYEeHa comaTmyeckas naTonorus.

3akntoyeHue. 3PPHeKTUBHOCTb UCMNONb30oBaHUSA nporpaMmmbl I coctaBuna 97%. MNocTtosk-
HbIi MOHUTOPWHI BCEX MNApaMeTPOB 3NIEKTPOHHbLIX UCTOPUIN Bone3Hn n amOynaTopHbIX KapT
B KOPOTKOE BpPeMSI NO3BONSAET BbIABUTb Hannyne ®P npu niobom obpalleHnmn yenoseka B me-
ONUMHCKOE yypexaeHue (MpodunakTuyeckme n nepuoguyeckne MeauumMHCKME OCMOTPbI,
nnaHoBasi AucnaHcepusauus, obpalleHne K y3kum cneymanuctam u T.4.) 1 dopMupoBaTtb
rpynnbl pucka no CC3. [aHHbIi MOHUTOPUHT AaeT BO3MOXHOCTb 3 EKTUBHOIO MeULMH-
CKOro KOHTpOMS 3a TPy40CNOCOOHBIM KOHTUHIEHTOM.

KnioueBble cnoBa: CbaKTOpr pucKka, rpynnbl pucka, cepgevyHo-cocygucTble 3aboneBaHus,
I/ICKyCCTBeHHbIIZ WHTENNEKT B MegunuunHe, I'IpOCbI/IJ'IaKTMKa cepaeyHo-cocyancCTblX 3aboneBaHun

KOH(*)HMKT UHTEepeCcOoB: aBTOPbI 3aABNAKOT 00 OTCYyTCTBUUA KOHCbJ'H/IKTa NHTEpPEeCOB.

Ona untnpoBanusa: KpgaHoea E.B., Py6buosa E.B. OnbIT BHegpeHUSA NUMIOTHOrO NpoekTa
«/cKyCcCTBEHHBIV MHTENNEKT» B paboTe y4aCcTKOBOro TepanesTa Ha Tepputopun Amano-He-
HeLKoro aBTOHOMHOIO OKpyra: NMIOTHOE OAHOMOMEHTHOE CKPUHWHIoBoe obcepBaLMOHHOE
nccnepoBaHue. KybaHckuli Hay4YHbll MeQuUyUuHCKUU eecmHuk. 2022; 29(4): 14-31. https://doi.
0rg/10.25207/1608-6228-2022-29-4-14-31
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INTRODUCTION

The development and implementation of Atrtificial
Intelligence (Al) technologies is a priority for many
countries [1, 2]. The growing interest in Al is being
driven by the following trends: the emergence of
powerful graphics processing units, the increasing
capacity of modern computers, the development
of cloud computing and the expansion of big data.
These technologies support automated machine
learning and produce highly accurate models, thus
providing opportunity for successful automation and
digitalization of various processes, including those
in healthcare systems.

In the Russian Healthcare National Project, digi-
tal transformation of healthcare is defined as one of
its core tasks, approved by the Presidential Decree
No. 490 enshrined 10.10.2019. The National Strate-
gy for the Development of Atrtificial Intelligence (Al)
throughout the Russian Federation for the period up
to 2030 is aimed at establishing the Russian Fed-
eration as one of the leading countries in the field
of Al. In comparison with simple computer-based
algorithms, Al systems are capable of learning, an-
alyzing large amounts of information and drawing
conclusions over a fairly short period of time. Al sys-
tems have been successfully applied for cancer di-
agnosis [3-5]. Al carries out preliminary processing
of images, performs their segmentation to highlight
the studied objects of diagnosis and classifies these
objects for differentiation of malignant or benign
neoplasms. The prognosis assessment and treat-
ment adjustments can be carried out via monitoring
of various vital parameters of patients in intensive
care units [6, 7].

Currently, Russia is in urgent need for implemen-
tation of innovative technologies in cardiology, since
the prevalence of cardiovascular morbidity (CVM)
as the main cause of mortality in the Russian Fed-
eration grows every year, as well as throughout
the world [8, 9]. According to statistical data, about
40% of people in Russia die in their prime working
years (25-64 years)' [10, 11]. Available methods for
treating cardiovascular diseases (medical, endo-
vascular and surgical) fail to ensure a full recovery
of such patients. The mortality rate of able-to-work

men caused by coronary heart disease (CHD) in
Russia is more than 10 times higher [11] than, e.g.,
in France [4, 6]. The low detection of diseases at
early stages and the reluctance of patients to follow
the medical recommendations for the prevention
of CVD are the reasons behind the high mortality
rate. Many globally recognized guidelines clearly
describe the sequence of the doctor’s actions: as-
sessing objective data, identifying risk factors (RF)
in a particular patient and only then solving the issue
of reducing the risk of CVD [12, 13].

There are serious obstacles to implementing
these recommendations in Russia. Firstly, the
presence of over 40 different scales for CVD risk
assessment impedes their application by a general
practitioner during a regular consultation. Moreover,
every modern doctor is overloaded with work: 70%
of doctors experience an increase in the volume
of work, and the amount of medical staff remains
the same. 50% of the interviewed doctors complain
about the amount of work not related to treatment
of patients [14, 15]. A doctor is not capable to fully
assess the risk of CVD during a routine, 15-minute
or shorter, visit of a patient seeking medical care.
A doctor spends a tremendous amount of time on
paperwork, which takes up to 80% of the entire time
of a patient visit [16, 17].

Al can be used to prevent the development of
cardiovascular morbidity (CVM) and its negative
consequences, as well as to improve the overall
health prognosis by early detection and correction
of CVD risk factors [18-20]. An Atrtificial Intelligence
(Al)? system was developed within the framework
of the national projects “Development of a network
of national medical research centers and the imple-
mentation of innovative medical technologies” and
“Creation of a single digital contour in health care on
the basis of a common state information system of
health care (EGISZ)” to improve the effectiveness of
pre-nosological diagnostics, primary and secondary
prevention of CVDs.

The developer of the first Al pilot project in Russia
is the Webiomed predictive analytics and risk man-
agement platform by K-SkAl Company (Webiomed
Clinical Decision Support System, CDSS), Skolkovo

' The Demographic Yearbook of Russia. 2017: Stat. dig. Ed. by G.K. Oxenoit. M.: Rosstat. 2017. 263 p.

2 Machine-assisted predictive analytics and healthcare risk management platform. Available at:
https://files.sk.ru/navigator/company _files/1122678/1595485799 Webiomed.pdf

3 Webiomed machine-assisted predictive analytics and healthcare risk management platform. Available at: https://leader.orgzdrav.
com/storage/app/uploads/public/626/534/bb9/626534bb93cd8859825910.pdf
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Innovation Center, Skolkovo Institute of Science and
Technology, 2019. The project was registered by
Roszdravnadzor as a software medical application®.
Al CDSS Webiomed is a cloud-based system capa-
ble of integrating all medical information systems in
a city, including electronic outpatient records, medi-
cal histories of all inpatient departments, as well as
all data of clinical and diagnostic departments of a
city hospital. Next, anonymized medical information
obtained at any visit of a patient to a health care fa-
cility is processed. The system derives information
from electronic medical histories in automatic mode,
including unstructured data, analyzes the informa-
tion using Al methods (electronic analytical systems
and machine learning). The program independently
analyzes patient health data using various analyt-
ical methods, including risk scales and artificial in-
telligence methods. The two approaches employed
for data processing — algorithms and neural net-
works — allow large amounts of information to be
timely processed [23, 24]. The Al system forwards
the collected information to a project supervisor. The
specialist compares the previously available data
and the new information received for each patient
and inputs feedback to the Al. The system analyzes
the patient’s electronic medical history automati-
cally and sends a package of anonymized data to
Webiomed via open APIs (Application Programming
Interface). Based on the processed information, the
system identifies CVD risk factors, automatically di-
viding patients into groups, makes an assumption
about certain diseases and an overall risk assess-
ment for each patient according to enlarged noso-
logical groups [21-23].

In this study, we evaluate the efficiency of imple-
menting the Al system under study for identifying
CVD risk factors in patients by a general practitioner.

METHODS

Research design

A pilot cross-sectional screening observational
study of 1778 people from one district covered by a
physician of one municipal health care facility was
conducted.

Research conditions

An analysis of the obtained data was carried out
on the basis of an outpatient and polyclinic depart-
ment of Muravlenkovskaya Gorodskaya Bolnitsa
(Muravlenko municipal hospital). This study covered
the period from February to May, 2019.

18
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Compliance criteria
Eligibility criteria

According to the main eligibility criterion, in order
to be included in the study, adults had to be from
one district covered by a therapist of one munici-
pal health care facility. Other criteria were electronic

medical history; age over 18; signing of a voluntary
informed consent.

Exclusion criteria
Exclusion criteria: age under 18.

Description of compliance criteria
(diagnostic criteria)

The Al system analyzed data from electronic
medical histories and outpatient records made at
any request of a patient for medical care at the
health care facility during the previous two years.
The Al derived information from the computer net-
work about the potential CVD risk factors: medi-
cal history data (hypodynamia, smoking, alcohol
abuse, hereditary tainted CVD and DM history);
clinically proven CVDs (previous myocardial infarc-
tion (MI) or acute coronary syndrome (ACS), cor-
onary and other artery revascularization surgery,
brain stroke or transient ischemic attack, aortic an-
eurysm, peripheral arterial diseases, chronic heart
failure; data of physical examination with measure-
ment of anthropometric and clinical parameters;
data from standard general clinical blood and urine
tests, biochemical profile (glucose level and lipid
profile indicators (total cholesterol, HDL, LDL, tri-
glycerides).

Selection of participants

The sample was formed by a continuous method
based on the analysis of outpatient medical records
in accordance with the specified criteria.

Study Targets

Main study target

The final study target was to determine, by means
of the Al system under study, statistically signifi-
cant results of calculating the risk of cardiovascu-
lar events over the subsequent 10 years using the
SCORE (Systematic COronary Risk Evaluation)
scale in patients over 40. A relative risk scale was
used for people under 40. According to the risk fac-
tors obtained by the Al, the supervisor matched this
information with the previously available medical in-
formation for each of their patients.
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Additional study targets

In cases where a risk factor for CVD was first de-
tected, the patient was additionally subjected to an
instrumental study (echocardiogram, ultrasound of
lower extremities) followed by a consultation of rel-
evant specialists.

Methods for measuring target indicators

The first stage involved a preliminary training of
the Atrtificial Intelligence (Al) system using numer-
ous scales of CVD risk assessment. To this end, the
Webiomed predictive analytics and risk manage-
ment program, K-SkAI (Webiomed Clinical Decision
Support System, CDSS), Skolkovo Innovation Cen-
ter, Skolkovo Institute of Science and Technology,
2019, was used.

At the second stage, the Al analyzed all medical
information about the patient, recorded at any visit to
the health care facility over the previous two years.
Deriving data on suspected CVD factors from the
computer network, integration, processing of ano-
nymized medical information and sending the pack-
age of anonymized data to Webiomed via open API
(application programming interface) systems to the
pilot project supervisor were performed automatical-
ly using two approaches: algorithms and neural net-
works, which allowed large amounts of information
to be timely processed.

For each patient, cardiovascular risk criteria were
verified using the SCORE (Systematic COronary
Risk Evaluation) and relative risk scales. The exam-
ination was conducted in accordance with the 2017
Russian Guidelines for Cardiovascular Prevention
[17]. The criteria were: age (men over 45 years old,
women over 55 years old), hereditary predisposition,
smoking, alcohol abuse, arterial hypertension, ex-
cess body weight (body mass index over 30 kg/m?,
waist circumference over 102 cm in men, over 88 cm
in women); changes in biochemical blood test: total
cholesterol level over 5.2 mmol/l, low-density lipo-
proteins over 4.1 mmol/l, glucose over 5.5 mmol/I.

At the third stage, a specialist analyzed the pre-
vious and new information received about each pa-
tient. Feedback was forwarded to the Al in the form
of confirmation or denial of the revealed CVD risk
factors. According to the results of the third stage
of the study, four risk groups for CVD (low, medium,
high and very high) were formed.

At the fourth stage, newly diagnosed patients with
a high risk of CVD were directed for additional clini-
cal, laboratory and instrumental follow-up examina-
tion and consultations of specialists.

Variables (predictors, confounders, effect
modifiers)

In order to adjust the results of the study by strat-
ification prior to the study, all the indicators of the
general computer database of the health care facili-
ty for patients from the same district were used. The
parameters of patients at risk of CVD who sought
medical help at the outpatient and hospital stages
were analyzed.

Statistical procedures
Principles of sample size calculation

The study was carried out by a continuous
method based on the study of the general popula-
tion by deriving information about cardiovascular
risk factors in patients assigned to a health care
district from common EMH database by CDSS
Webiomed Al.

Statistical methods

Statistical processing of the obtained results
was carried out by the CDSS Webiomed Al com-
puter program. The analysis was performed us-
ing a software package for working with Micro-
soft Excel tables (Microsoft Office, USA). The Al
software used anonymized general data from the
electronic medical histories of patients according
to risk group, gender, age, uncounted factors,
etc. The system derived all the medical informa-
tion obtained at any visit of a patient to a health
care facility from the entire available computer
database. The revealed CVD risk factors were
calculated and risk groups were formed accord-
ing to SCORE and relative risk scales. The result
was obtained in absolute terms and as a percent-
age. Based on the statistical data, we calculat-
ed the extensive indices (El) of probable mor-
bidity and possible complications, visibility (VI)
and correlation (Cl) indices, and assessed the
reliability of differences in statistical values. Pri-
mary information was accumulated, processed,
and the content was visualized on the basis of
the results in spreadsheets, followed by drawing
charts.
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Creation of a unified information system of electronic medical records of the healthcare facility of the city

Main group: adult population assigned to a district covered by a therapist (n = 1778)

Identification of risk factors by the Al computer program through extracting information from the general computer database
of the entire healthcare facility: data of complaints, medical history, physical examination, clinical and laboratory examination

N

Calculation of the risk of cardiovascular events for the next 10 years using the SCORE scale.
Grouping patients according to CVD risk via SCORE scale

Very high risk
(n=357)
¥

J |

High risk
(n = 295)
¥

¥
Low risk
(n =993)
|

Medium risk
(n=133)
I

Analysis of the obtained Al data (a therapist compares the information on all CVD risk factors identified
by the computer program with the available data for each patient)

! !

Analysis of groups with very high and high CVD risk,
SCORE scale (n = 652)

A ‘ l J
Confirmation of the risk Newly diagnosed patients )
level (n = 623) (n = 29) with a high
for patients subject CVD risk

N

s

\_to regular medical check-up according to SCORE )

! !

The study completed The study completed
(n=133) (n =993)

Conducting additional clinical,

examination and consultations
of relevant specialists

laboratory, instrumental follow-up

[ Identification of uncounted risk factors according
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Fig. 1. Schematic diagram of the research design.

Note: CVD — cardiovascular diseases. SCORE — Systematic COronary Risk Evaluation scale.
Puc. 1. bnok-cxema du3aliHa npo8edeHH020 uccried0o8aHUs.
lMpumeyaHue: CC3 — cepdeyHo- cocyducmele 3abonegaHus; SCORE — wkana SCORE (Systematic COronary

Risk Evaluation).

RESULTS

Formation of the study sample

Figure 1 presents the principles of sampling and
research design.

Characteristics of the study sample (groups)

The patients were divided into four groups de-
pending on cardiovascular risk factors:

Very High CVD Risk Group included 357 patients
with confirmed cardiovascular morbidity (CVM): MI,
ACS, percutaneous coronary intervention, coronary
artery bypass grafting, acute cerebrovascular dis-
order, transient ischaemic attack, aortic aneurysm,
peripheral atherosclerosis, confirmed atheroma
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according to coronary angiography or Doppler Ul-
trasound Carotid Examination; diabetes mellitus
with target organ disease; chronic kidney diseases
(CKD) with glomerular filtration rate (GFR) <30 ml/
min/1.73 m?; SCORE risk 210%.

High CVD risk group included 295 patients with
significant hypercholesterolemia (total cholester-
ol> 8 mmol/l), familial hypercholesterolemia, blood
pressure 2180/ 110 mm Hg; Diabetes without target
organ disease (excluding young people with type
1 diabetes); CKD with GFR 30-59 ml/min/1,73 m?;
SCORE risk 25 and <10%.

Medium CVD risk group included 133 patients
with a slight increase in total cholesterol (>5, but
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<8 mmol/l), blood pressure <180/110 mm Hg; no his-
tory of diabetes and CKD; SCORE risk 21 and <5%.

Low CVD risk group included 993 young people
without CVD RF; SCORE risk <1.

The main clinical data and laboratory findings are
shown in Table 1.

Particular attention is paid to groups of very high
and high CVD risk.

Main research results

According to the data obtained, the gender and
age composition of the groups was comparable.
The CVD risk levels among patients according to
the Al analysis are shown in Table 2.

A very high risk of CVM was found in 357 peo-
ple (20%): 254 men (71%) and 103 women (29%)
(Fig. 2).

One half (185 people) of these patients were aged
61-70 years (Fig. 3).

All patients included in this group had previous-
ly been clinically diagnosed with CVD and were all
under the supervision of a therapist. However, in
41 patients (11.5%) from this group, the Al system
identified RFs that had not previously been con-
sidered when making a diagnosis (due to a lack of
information): in 21 patients (51%) with diabetes in
combination with hypertension and hypercholester-
olemia, the software application discovered a he-
reditary predisposition to CVS lesions. In 11 patients
(26%) with DM, AH and CHD, the Al additionally re-
vealed signs of nephropathy, while 9 (22%) patients
with DM and AH combined with hypercholesterol-
emia reported smoking (Fig. 4).

A high risk of CVM was revealed in 295 people
(Fig. 2). This risk was confirmed in 266 patients who
had already been under care of a therapist or cardiol-
ogist. At the same time, the Al system additionally de-
tected RFs, which were not taken into account when
making a diagnosis in 37 patients (12.7%) previously
observed by specialists: in 12 of them (32%) with pre-
viously diagnosed hypertension, metabolic syndrome
(MS) was noted for the first time; in 10 patients (27 %),
against the background of hypercholesterolemia and
obesity, hyperglycemia was first detected. The com-
bination of hypercholesterolemia and hyperglycemia
was first recorded in 6 people (16%). In the presence
of AH and MS, smoking was first registered in 6 peo-

ple (16%). Against the background of AH and diabe-
tes, a combination of smoking and alcohol abuse was
recorded in 3 people (8%) for the first time (Fig. 5).

The Webiomed system identified a high risk of
CVM in 29 people who had not previously been
under care of a general practitioner or other spe-
cialists due to their infrequent visits to health care
facilities. These patients were detected by the Al
system following periodic and preliminary medical
check-ups (35%), full in-patient treatment for other
non-cardiac diseases (31%), when seeking help of
other specialists (17%), when obtaining a medical
certificate for a driving license (12%), when ob-
taining admission to a swimming pool (3%) or pos-
sessing a weapon (2%).

There were more men (24 or 82%) than women
(5 or 18%) among newly diagnosed patients at high
risk of CVD. Most of them were of working age be-
tween 40 and 50 (Fig. 6).

Additional research results

The SCORE scale was not used, and the risk
was considered high or very high in the presence
of CVDs based on vascular sclerosis, type | and Il
diabetes, very high levels of blood pressure and/or
total cholesterol, CKD.

All patients with a high risk of SSP first identified
by the Al system underwent clinical follow-up exam-
inations: determination of glycosylated haemoglobin
(HbA1), glucose tolerance test, assessment of lipid
profile, as well as instrumental examinations: ECG,
echocardiogram, daily monitoring of ECG, 24-hour
blood pressure monitoring, USDG of brachiocephal-
ic vessels, USDG of the lower extremities and con-
sultations of specialists (endocrinologist, cardiolo-
gist, angiosurgeon). As a result, combinations of risk
factors were confirmed in 28 patients: AH + smok-
ing in 8 people (27%); MPS + smoking in 7 people
(24%); AH + obesity in 4 people (13%); hyperglyce-
mia + smoking in 3 people (10%); AH + diabetes in
2 people (7%); MBS was diagnosed in 4 patients
(13%) for the first time. All patients received recom-
mendations concerning the correction of risk factors
with follow-up examinations, and 14 patients (48%)
were enrolled in care of a general practitioner. Only
in 1 person (3%), a man aged 29 years, any somatic
pathology was excluded (Fig. 7). His inclusion in the
CVD risk group may have been caused by a failure
in the computer system.
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Table 1. Main clinical and laboratory findings of patients included in the analysis (n = 1778)
Tabnuya 1. OcHOBHbIE KITUHUYECKUE OaHHbIe U pe3yribmamabl 1abopamopHbIx uccriedogaHuli nayueHmos,
8KITIOYEHHbIX 8 aHanu3 (n = 1778)

age, years 34.25+7.70 49.25 +10.00 65.73 £ 11.70 69.25 +7.40 0.3

BMI (kg/m?) 2760 £ 4.15 29.61+£6.22 32.77 £ 13.82 31.82+4.24 0.34
Waist (cm) 99.57 £ 7.72 102.41 £ 12.56 107.92 + 14.30 100.47 + 7.42 0.80
CBP (mm Hg) 123.83+11.66 | 132.63 + 18.88 148.28 + 17.35 120.75 + 13.56 0.04
DBP (mm Hg) 73.75+7.44 89.33 + 11.55 93.43 + 10.97 72.75+7.44 0.01

Total cholesterol (mmol/L) 4.91+1.50 577 +1.25 6.76 + 1.39 6.25 + 1.69 0.36
Triglycerides (mmol/L) 1.10 £ 0.21 1.68 + 1.42 1.89+£0.72 1.90+0.23 0.35
LDL (mmol/L) 3.65+0.69 475+ 1.21 5.95 + 1.07 5.94 + 0.69 0.462

Note: BMI — Body Mass Index, SBP — Systolic Blood Pressure, DBP — Diastolic Blood Pressure, LDL — Low Density

Lipoproteins.

[Ipumeuanue: UMT — uHAekc Maccel Teaa, CAA — CUCTOAMYECKOe apTepuaAbHOe AaBAeHUe, AAA — AnacToAnYe-
ckoe apTepuaabHoe AaBAaeHUe, AITHIT — aunonpoTernAbl HU3KOH IAOTHOCTH.

Table 2. CVD risk levels among the patients according to the Al analysis

Tabnuuya 2. CmeneHu pucka CC3 cpedu rnpukpernieHHo20 K y4acmky HacesleHusi o pesynbmamam aHanusa M

Very high risk
(=10%)

357 (20%)

254

103

20-30 years: 0
31-40 years: 17 (4.7%)
41-50 years: 69 (19.3%)
51-60 years: 67 (18.8%)
61-70 years: 185 (51.8%)
71+: 19 (5.3%)

High risk
(=5 and <10%)

295
(266+ 29)
(17%)

168

127

20-30 years: 1 (0.4 %)
31-40 years: 34 (11.5%)
41-50 years: 68 (23%)
51-60 years: 97 (32%)
61-70 years: 87 (29%)
71+: 8 (3%)

Medium risk
(=1 and <5%)

133
(7%)

20-30 years: 14 (11%)
31-40 years: 31 (23%)
41-50 years: 72 (54%)
51-60 years: 11 (8%)
61-70 years: 5 (4%)
71+:0

Low risk
(<1%)

993
(56%)

491

502

20-30 years: 679 (68%)

31-40 years: 206 (21%)
41-50 years: 104 (10%)
51-60 years: 4 (0.4%)
61-70 years: 0
71+:0

Note: CVD — cardiovascular diseases. SCORE — Systematic COronary Risk Evaluation scale used for estimating
a person’s risk of death from a cardiovascular disease (CVD) within the subsequent 10 years.

[Mpumeuanue: CC3 — cepAedHO- coCyAUCThIe 3a6oaeBanus. SCORE — mkaaa SCORE (Systematic COronary Risk
Evaluation), mo3BoAsIioIIasi OLEHUTh PUCK CMEPTH YEAOBEKA OT CEPAEYHO-COCYAUCTOTO 3a60AEBAHUS B TEUEHHUE

OAmpkanmux 10 Aer.
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Low risk (<1%)

Medium risk (21 1 <5%)
. Women
. Men
High risk (25 n <10%
g ( °) B Tota
Very high risk (210%)
\ \
0 200 400 600 800 1000
Fig. 2. CVD risk levels in the patients included in the study.
Puc. 2. CmeneHu pucka CC3 cpedu npukpensieHHo20 K y4acmkKy HacefleHUs..
=71 years
61-70 years
51-60 years
41-50 years
31-40 years
20-30 years
0 100 200 300 400 500 600 700 800
M Very high risk 210% M High risk 25 1 <10% B Medium risk 21 1 <5% Low risk <1%

Fig. 3. Age distribution of CVD risk levels in the patients included in the study.
Puc. 3. BospacmHoe pacrnipedesneHue cmeneHel pucka CC3 cpedu rnpukpenneHHo2o HaceneHus.
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DM, AH, hypercholesterolemia
+ hereditary factor

DM, AH, ishemic heart disease
+ nephropathy

DM, AH, hypercholesterolemia
+ smoking

0% 10% 20% 30% 40% 50% 60%

Fig. 4. Combinations of risk factors not previously considered in the diagnosis of very high risk of CVD.

Note: DM — diabetes mellitus, AH — arterial hypertension.

Puc. 4. CoyemaHusi ghakmopos pucka, paHee He y4dumbigaeMble npu rnocmaHoske duazHo3a 8 2pyrirne O4YeHb
8bICOK020 pucka CC3.

lNpumeyarue: CL] — caxapHbili Ouabem, AT — apmepuarnbHasi 2urnepmoHuUs.

AH + MS

Hypercholesterolemia+ obesity
+ hyperglycemia

Hypercholesterolemia+ hyperglycemia

AH, MS + smoking

AH, DM + smoking, alcohol

‘II|E

0% 5% 10% 15% 20% 25% 30% 35%

Fig. 5. Combination of risk factors not previously considered in the diagnosis of high risk of CVD.

Note: DM — diabetes mellitus, AH — arterial hypertension, MS — metabolic syndrome.

Puc. 5. CoyemaHusi chakmopoe pucka, paHee He ydyumbigaeMble Mpu MocmaHoske OuaesHo3a, 8 epyrnrne
8bIcok020 pucka CC3. lpumevaHue: C[ — caxapHbili duabem, AT — apmepuanbHas aurnepmoHus, MC —
memabonu4yeckuli CUHOPOM.
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40-50 years

30-40 years

20-30 years

18-20 years
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Fig. 6. Age composition of newly diagnosed patients at high risk of CVM.
Puc. 6. BoapacmHol cocmas 8repebie 8bIsI8/1eHHbIX NauueHmMoes ¢ 8bICOKUM puckom CCI1.

AH + smoking
MPS + smoking
MPS
AH + obesity
Hyperglycemia + smoking
AH + DM
Healthy
I | i

% 0% 5% 10% 15% 20% 25% 30%

Fig. 7. Results of clinical examination of newly diagnosed patients at high risk of CVD.

Note: DM — diabetes mellitus, AH — arterial hypertension, MS — metabolic syndrome.

Puc. 7. Pesynbmambi KnuHu4eckoeo obcredosaHust 8nepsable 8bisi8/1eHHbIX MayueHmos 8bicokoz2o pucka CC3.
lNMpumeyvarue: CL— caxapHbil Ouabem, AIT— apmepuansbHas aunepmoHusi, MC — memabonuyeckuli CUHOPOM.
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DISCUSSION

Summary of the main research results

The use of the Al system under study for a rapid
monitoring of electronic medical histories and out-
patient records allowed a therapist to timely notice
the presence of RFs, which were recorded at any
visit of a patient to a health care facility (preventive
and periodic medical examinations, routine check-
ups, specialists’ consultations, etc.), and to form, on
this basis, CVD risk groups. Such a monitoring ap-
proach can be used to implement regular medical
control over able-bodied populations [24, 25]. Time-
ly detection and correction of RFs at the pre-noso-
logical stage can minimize the risk of cardiovascular
diseases and, if present, reduce the complication
rate.

Study limitations

The Al system was trained on the basis of exist-
ing medical records of patients, which might have
been incomplete, inaccurate or incorrect. Naturally,
the use of information containing inaccuracies or
even errors for Al training will reduce the quality of
monitoring. Al systems operate on a black-box ba-
sis; thus, it is almost impossible to identify a reason
for incorrect solutions. The development and im-
plementation of Al systems requires significant ex-
penses associated with the need to train the system
and to adjust its work to the data accumulated in a
particular medical institution. In addition, such sys-
tems require special maintenance and, therefore,
a qualified and motivated team. Forming a unified
digital database for all medical institutions in a city
increases the informative value of Al systems.

Interpretation of study results

The Al system under study was used to analyze
the data of electronic medical histories and outpa-
tient records of 1778 people assigned to one district
of a health care facility.

Among all those examined, men predominated
with a slight difference (n = 972; 55%). The study fo-
cused on detecting patients of health groups Il and
lll. These are the patients who require continuous
monitoring of the RFs of CVM to prevent the onset
of the disease or the development of its complica-
tions [8, 10].

A comparative analysis of CVD risk groups
showed significantly higher values in the group of
patients with very high CVD risk (=210%) (n = 357).
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Statistically significant differences were found in
gender composition in this group, with men (n = 254;
71%) aged 61-70 being prevalent (n = 185; 51.8%).
The statistical values in the high CVD risk group (=5
and <10%) (n = 295) differ from the first CVD risk
group: 56% (n = 168) of men in the high-risk group
were aged 51-60 (n = 97; 32%). Medium CVD risk
(21 and <5%) was found in 7% (n = 133), mainly in
women (n = 74; 56%) aged 41-50 (n = 72; 54%).
The statistically most significant CVD risk group is
the low CVD risk group (<1%) (n = 993; 56%), with
approximately equal gender ratio. The main age
group was 20-30 years old (n = 679; 68%).

The Al system fully confirmed the presence of risk
factors in patients in all age groups. In addition, new,
previously uncounted risk factors were detected at
short intervals (n = 37; 12.7%).

Patient information may be stored in many differ-
ent clinics and medical records, which complicates
history taking and diagnosing [20]. At the same time,
Al systems are capable of analyzing unstructured
data from different sources and, on this basis, form
groups of patients with different levels of CVM risk
[14, 15]. Al rapidly extracts relevant factors from the
vast amount of information, thereby facilitating the
work of a specialist. When a physician and Al work
together, the probability of errors is reduced to al-
most the level of statistical error.

Risk assessment of a particular patient is neces-
sary for the subsequent organization of therapeutic
and preventive measures [25] in a health care facil-
ity: clinical examination according to the standards
of specialized medical care; enrolment in care and
case follow-up; referral for consultation with special-
ists; modification of the existing CVD risk factors at
an early stage of their formation; prescription of the
necessary drug therapy [16]. An individualized ap-
proach to preventing and early diagnosis of CVD will
increase the life expectancy of patients at high risk
of CVD [25].

The use of Al systems for monitoring electron-
ic medical histories and outpatient records allows
therapists to timely detect RFs, which are recorded
at any visit of a patient to a health care facility (pre-
ventive and periodic medical examinations, routine
check-ups, specialists’ consultations, etc.), and to
form CVD risk groups. Such systems ensure effec-
tive medical control over the health of able-bodied
populations [24].
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An assessment of the patient’s total cardiovascu-
lar risk is instrumental in the development of tac-
tics to improve health prognosis by modifying all
the available RFs, as well as in health promotion
to maintain a low risk of CVD in patients with a low
probability of developing the disease.

CONCLUSION

The use of the Al system under study allowed a
high and very high risk of CVD to be confirmed in
652 people. In addition, the system was instrumen-
tal in detecting the uncounted RFs in patients.

The Al system under study is particularly useful
for identifying RFs in patients who have not been
previously subject to any medical check-up. A high
risk of CVD was detected in 29 patients for the first
time and was clinically confirmed in 28 cases. The
conclusion of Al was refuted in a clinical laboratory
study only in one case, which indicates the need to
verify data by healthcare professionals. Despite this
failure, the Al showed a high level of efficiency in the
pre-nosological diagnosis of CVD.
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BKITIAQ ABTOPOB

XXpaHoBa E.B.

PaspaboTka koHuenuun — cbopmupoBaHune ngen; gop-
MYIMPOBKa M pa3BUTUE KMHOYEBBIX LiENe 1 3ajay.

MpoBeaeHve nuccneqoBaHns — aHanmMa U MHTepnpeTaums
NOony4YeHHbIX OaHHbIX. OueHka aKTyalrnibHOCTU nccrnegoBaHnA.

MoaroToBka M pefakTMpoBaHUE TeKCTa — KPUTUHECKUIA
nepecMoTp PYKOMUCU C BHECEHUEM LEHHbIX 3aMeyaHun
WHTENNeKTyanesHoro cogepxaHus. NMoarotoeka n cosgaHune
onyo6nmkoBaHHOM paboTbl. Y4YacTue B Hay4HOM AU3anHe.

YTBepXAeHMe OKOHYaTeNbHOro BapmaHTa ctatb — npu-
HATUE OTBETCTBEHHOCTU 3a BCE acCneKThbl pa60T|:|, LenocT-
HOCTb BCEX YacTen CTaTbl U €€ OKOHYaTEeNbHbIN BapuaHT.

I'IpOBe,u,eHme CTaTUCTN4YEeCKOro aHanmsa — rMnpumMeHe-
HUe CTaTUCTUYEeCKUX MEeTodoB AOJid aHanm3a U CUHTEe3a
AaHHbIX MNccneaoBaHUA. anHﬂTVIe OTBETCTBEHHOCTU
3a BCe acCneKThbl paGOTbI, LLeNIOCTHOCTb BCEX YacTeun cTa-
TbU 1 €€ OKOHYaTErbHbIN BapWaHT.

Koppekuusi maTepuana nepen nybnvkauver paboToi.

Py6uoBa E.B.

Paspabotka koHuenuun — hopmmpoBaHue naewn; op-
MyrMpOBKa M pasBUTUE KIOYEBBIX LieNen 1 3agau.

MpoBegeHve uccrnedoBaHUs — HeNnocpencTBEHHOe
nposemeHne akcnepumeHta «MW». CBoOp nomnyyYeHHbIx
JAaHHbIX. AHanu3 nosyyeHHbIX AaHHbIX. MoaseaeHne UTo-
roB uccnefoBaHusi. CoctaBneHne Tabnul, U PUCYHKOB.
AHanM3 nonyyeHHbIX AaHHbIX.

MoprotoBka n penakTnupoBaHUe TeKCTa — COCTaBlieHne
YepHOoBKKa pykonucu, y4actme B Hay4HOM ounsanHe. Mog-
roToBKa n co3gaHune 0I'Iy6J'IVIKOBaHHOl7I pa60TbI.

YTBEpXKAeHNe OKOHYaTeNbHOrO BapwaHTa cTaTtb —
NpuUHATNE OTBETCTBEHHOCTU 3a BCE acCMeKThbl paﬁOTbl,
LLeNOCTHOCTb BCEX YacTel CTaTbl U ee OKOHYaTerbHbIN
BapuaHT.

PecypcHoe obGecneveHne cTatbu — MpenocTaBneHne
nauuMeHToB AnA aHanuaa.

INFORMATION ABOUT THE AUTHORS / CBEAEHUA OB ABTOPAX

Ekaterina V. Zhdanova — Dr. Sci. (Med.), Prof.; Head
of the Department of Pathological Physiology, Tyumen
State Medical University, Ministry of Healthcare of the
Russian Federation.

https://orcid.org/0000-0002-7938-5470

Elena V. Rubtsova* — Freelance Academic Rese-

archer, Research Assistant of the Department of
Pathological Physiology, Tyumen State Medical
University, Ministry of Healthcare of the Russian

Federation.
https://orcid.org/0000-0001-5644-8021
Contact information: e-mail: relena1976@rambler.ru;

Odesskaya str., 54, Tyumen, 625023, Russia

XXnpnaHoBa ExkatepnHa BacunbeBHa — [OKTOp Me-
OUUMHCKMX HayK, npodeccop; 3aBeaytoLasn kadenpon
narornoruyeckoun duauonornu pegeparnbHOro rocyaap-
CTBEHHOro OtoaxeTHoro obpasoBaTenbHOro yypexae-
HUS BbicLlero obpasoBaHuA «THOMEHCKMIA rocygapcT-
BEHHbI MeAWUMHCKUIA yHMBepcuTeT» MwuHucTepcTBa
3apaBooxpaHeHus Poccuiickon Pegepaunn.

https://orcid.org/0000-0002-7938-5470

Py6uoBa EneHa BukTtopoBHa* — BHeLUTaTHLIN CO-
TPYOHUK, aCCUCTEHT Kadbepbl NaTonormyeckon uamno-
noruv cdoegepanbHOro rocyaapCcTBEHHOro GHOXETHOTO
obpa3oBaTenbHOro y4ypexaeHus Bbiclwero obpaso-
BaHUA «TIOMEHCKUI FOCYAapCTBEHHbI MeAULNHCKUI
yHuBepcuTeT»  MuHucCTepcTBa  34paBOOXpaHeHUs
Poccunckon ®epgepaumn.

https://orcid.org/0000-0001-5644-8021

KoHTakTHasa
rambler.ru;

nHpopmaumsa: e-mail:  relena1976@

yn. Opgecckas, o. 54, r. TiomeHb, 625023, Poccus

* Corresponding author / ABTOp, OTBETCTBEHHbIN 32 NEPENUCKY

Ky6aHckun Hay4HbIi MeauumHcknin BecTHuK / Kuban Scientific Medical Bulletin
2022 | Tom 29 | Ne 4 | 14-31

31




