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APPLYING NEURAL NETWORK FOR PREDICTING
CARDIOVASCULAR DISEASE RISK

Abstract. This article concerns the problem of the prevalence of cardiovascular disease in economically
developed countries. The purpose of this article is to create a neural network to determine the risk of cardiovascular
disease based on the individual characteristics of the patient. In order to predict the risk of cardiovascular disease a
neural network has been developed. The model was built in the Python programming language using the open-source
library for building neural networks Keras. Data containing patient information for model building were taken from
Kaggle.com. The accuracy of the neural network is 82%. With the help of neural network it will be possible to
analyze the changes and the development of diseases in the future by changing the patient's input parameters, for
instance, age, increase in blood pressure and etc. Also it would be possible to change the predictive diagnosis for the
better if follow the parameters such as refusal from addictions, regular sleep, a healthy lifestyle and proper nutrition.

Key worlds: Neural network, cardiovascular system diseases, predicting models, supervised learning, activation
function, Keras.

Introduction. Cardiovascular system diseases, in particular chronic heart failure, cardiac ischemia
and arterial hypertension are a public health problem in economically developed countries. One of the
obvious and main reasons is the complexity of the initial diagnosis and the reluctance of people to visit
clinics and hospitals when the first symptoms appear. A fast pace of life, poor nutrition, a sedentary
lifestyle, addictions, and a lack of proper sleep all negatively affect the cardiovascular system. According
to World Health Organization in 2016, more than 17.9 million people died from coronary heart disease,
which amounted to 31% of all deaths[l]. Given the prevalence of cardiovascular diseases in developed
countries, there is an urgent need to create a tool for the diagnosis of cardiovascular disease in the early
stages of development. A neural network can be one of solutions to the problem due to its accessibility
and ease of use.

The first attempts to create diagnostic neural networks date back to the 40-50s of the XX century,
after the publication of the fundamental works of W. McCallock, W. Pitts and F. Rosenblatt, who laid the
theoretical foundations of neural networks[2].

The list of medical spheres where neural networks have begun to be applied for diagnosing diseases
are very long, and it is increasing from year to year. The accessibility of the neural networks courses,
electronic patient records, a large number of articles about implementing of neural networks, the ability to
create neural networks on ordinary laptops contributes to the development and application of neural
networks not only in medicine, but also in other areas of human activities[3].
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Neural networks largely borrow their structure and principles of work from the cerebral cortex. Like
the brain, they learn from life examples, extract and encode this knowledge in the form of synoptic neural
connections. After training and testing, neural networks become mathematical models. This means that
you can experiment with them, solve practical problems, predict behavior in the subject area (predicting
the development of the disease), and diagnose the state ofthe subject area[4].

The selection of input parameters with high information value, in other words parameters that affect
the result of the model, is of great importance. The choice of parameters that have significant impact on
the diagnosis of cardiovascular disease is not obvious. Therefore, as the input parameters for the neural
network, all provided parameters should be selected that characterize the patient and are able to influence
the result. On the other hand, in order to create a neural network accessible for mass use, the most
accessible data were used, which did not require complex analyzes in hospitals.

Neural network. A neural network is a mathematical model and its software embodiment, which
operates on the principle of a biological neural network, where each neuron is connected to another neuron
from the previous layer. Each neuron receives and sends signals to other neurons, which provides a
connection between them by synapses.

Input layer i Hidden layers ! Qutput layer
i \ ht hs h, i 0

Figure 1- General structure of neural network

A neuron is a computing unit that receives information, performs simple calculations on it, and passes
the changed information on. Neurons are mainly divided into 3 groups: input, hidden and output as shown
in Figure 1. There is also a displacement neuron and a contextual neuron. In the case when the number of
neurons is large, the term layer is used. Each neuron has input and output data. In the case of an input
neuron, income data is equivalent to output. In other cases, the income data is a summary of data from all
previous layers. Further, this input information is normalized using the activation function, usually written
f(x). Neurons operate with numbers in the range of [0,1] or [-1,1]. Therefore, it is necessary to carry out
the normalization process.

A synapse is a connection between two neurons that has a weight, usually denoted by w. Due to this
weight, the input information changes during transmission from one neuron to another. The higher the
weight of one neuron, the more significant the information transmitted to the next neuron will be. Thanks
to these scales, the input information is processed and turned into a result. During the initialization of the
neural network, weights are randomly distributed.

The activation function is a way to normalize input data, in other words, if you have a large number at
the input, going through the activation function, this number will be reduced in the required range. The
most commonly used activation functions are: linear, sigmoid (logistic) and hyperbolic tangent. The linear
function (1) is used in cases where it is necessary to transmit information without changes or to test a
neural network. The sigmoid (2), also called the logistic function, takes values in the range [0,1] and is the
most common activation function. It makes sense to use hyperbolic tangent (3) when the values can be
negative and positive. It has a range of [-1.1]. Using hyperbolic tangent, when the values are only positive,
will adversely affect the accuracy of the neural network.
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Neural network training is divided into two large clusters: supervised learning and unsupervised
learning. Supervised learning is a method of building a neural network, in which the results of
observations from dataset, which is used for training the model, are already known initially and the neural
network learns to correctly determine the future results using examples. Supervised learning is used for
problems such as regression and classification. In unsupervised learning, the result of observation in the
dataset is not initially known. Most often, this approach is used when it is necessary to group data by
certain parameters or to create a recommendation system.

Model building. For building any predicting model. As the dataset on which the neural network was
built, the file heart.csv[y was used. The file contains information about 303 patients and 14 significant
variables, among which:

1) age;

2) sex;

3) cp: chest pain type (value 1: typical angina, value 2: atypical angina, value 3: non-anginal pain,
value 4: asymptomatic);

4) trestbps: resting blood pressure (in mm Hg on admission to the hospital);

5) chol: serum cholestoral (in mg/dl);

6) fbs: fasting blood sugar > 120 mg/dl (1 = true; 0 = false);

7) restecg: resting electrocardiographic result (value 0: normal, value 1. having ST-T wave
abnormality [T wave inversions and/or ST elevation or depression of > 0.05 mV], value 2: showing
probable or definite left ventricular hypertrophy by Estes' criteria);

8) thalach: maximum heart rate achieved;

9) exang: exercise induced angina (1 = yes; 0 = no);

10) oldpeak = ST depression induced by exercise relative to rest;

11) slope: the slope of the peak exercise ST segment (value 1. upsloping, value 2: flat, value 3:
downsloping);

12) ca: number of major vessels (0-3) colored by fluoroscopy;

13) thal: 3 = normal; 6 = fixed defect; 7 = reversible defect;

14) num: diagnosis of heart disease or angiographic disease status (value 0: < 50% diameter
narrowing, value 1: > 50% diameter narrowing).

In [3]: data.head(10)

out[3]:

age sex cp trestbps chol fbs restecg thalach exang oldpeak

Q B3 13 145 233 1 0 150 0 23 0 0

37 ' 2 130 250 0 ! 187 0 3.5 0 0

2 41 0 1 130 204 0 0 172 0 14 O
3 56 ' ! 120 236 0 ! 178 0 0.B
4 57 0 0 120 354 0 1 163 1 0.6
5 57 ' 0 140 192 0 ! 148 0 0.4
6 56 0 1 140 294 0 0 153 0 1.3
7 44 ' ! 120 263 0 ! 173 0 0.0
8 52 1 2 172 199 1 1 162 0 0.5
S 57 - 2 150 168 0 - 174 0 1.6

Figure 2 - Dataset for predicting cardiovascular disease risk
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data.corr()

age sex cp trestbps chol fbs restecg thalach exang  oldpeak slope ca thal target

age 1.000000 -0.098447 -0.068653 0.279351 0.213678 0.121308 -0.116211 -0.398522 0.096801 0.210013 -0.168814 0.276326 0.068001 -0.225439
sex -0.098447 1.000000 -0.049353 -0.056769 -0.197912 0.045032 -0.058196 -0.044020 0.141664 0.096093 -0.030711 0.118261 0.210041 -0.280937

cp -0.068653 -0.049353 1.000000 0.047608 -0.076904 0.094444 0.044421 0.295762 -0.394280 -0.149230 0.119717 -0.181053 -0.161736 0.433798
trestbps  0.279351 -0.056769 0.047608 1.000000 0.123174 0.177531 -0.114103 -0.046698 0.067616 0.193216 -0.121475 0.101389 0.062210 -0.144931
chol  0.213678 -0.197912 -0.076904 0.123174 1.000000 0.013294 -0.151040 -0.009940 0.067023 0.053952 -0.004038 0.070511 0.098803 -0.085239
fbs 0.121308 0.045032 0.094444 0.177531 0.013294 1.000000 -0.084189 -0.008567 0.025665 0.005747 -0.059894 0.137979 -0.032019 -0.028046
restecg -0.116211 -0.058196 0.044421 -0.114103 -0.151040 -0.084189 1.000000 0.044123 -0.070733 -0.058770 0.093045 -0.072042 -0.011981 0.137230
thalach -0.398522 -0.044020 0.295762 -0.046698 -0.009940 -0.008567 0.044123 1.000000 -0.378812 -0.344187 0.386784 -0.213177 -0.096439 0.421741
exang 0.096801 0.141664 -0.394280 0.067616 0.067023 0.025665 -0.070733 -0.378812 1.000000 0.288223 -0.257748 0.115739 0.206754 -0.436757
oldpeak 0.210013 0.096093 -0.149230 0.193216 0.053952 0005747 -0058770 -0344187 0.288223 1.000000 -0577537 0222682 0.210244 -0.430696
slope -0.168814 -0.030711 0.119717 -0.121475 -0.004038 -0059894 0093045 0386784 -0.257748 -0.577537 1.000000 -0 080155 -0.104764 0.345877
ca 0276326 0118261 -0181053 0.101389 0070511 0137979 -0072042 -0.213177 0115739 0.222682 -0.080155 1000000 0.151832 -0.391724

thal 0.068001 0.210041 -0 161736 0.062210 0.098803 -0032019 -0.011981 -0096439 0.206754 0.210244 -0.104764 0151832 1.000000 -0.344029
target -0.225439 -0280937 0433798 -0.144931 -0.085239 -0.028046 0 137230 0421741 -0.436757 -0.430696 0345877 -0391724 -0.344029 1.000000

Figure 3- Correlation matrix of the dataset

The model was built with open-source neural network library Keras written in Python[6]. Keras is
designed for building deep neural networks. It is user-friendly and modular library, which includes blocks
such as layers, optimizers, activation functions, objectives and host of tools to work with image and text
data. Keras supports standard, convolutional and recurrent neural networks.

Results. The neural network, after training and optimization, was tested on data that was not involved
in the learning process of the model. As a result, the neural network has an accuracy of 82% and a
standard deviation of 0.026. The most valuable variables were chest pain type, maximum heart rate
achieved, exercise induced angina, ST depression induced by exercise relative to rest and number of major
vessels (0-3) colored by fluoroscopy.

variance = accuracies.buu)

Tumuz i=s=========================0S 3013/3nep - ioss: v.taiz - accuracy: w.ay”i
Epoch 9992710000
162/162 | N 0s 56usistep - loss: 0.2394 - accuracy; 0.8889
Epoch 9993710000
162/162 f ] - Os 43us/step - loss: 0.2358 - accuracy: 0.8889
Epoch 9994/10000
162/162 [s===z=z=z==z==zzz==z=z=z==zz=z==zz==z==:z] . 0s 56us/step - loss: 0.2457 - accuracy: 0.8704
Epoch 9995/10000
162/162 | N 0s 49usistep - loss: 0.2373 - accuracy: 0.8827
Epoch 9996/10000
162/162 f ] - Os 43us/step - loss: 0.2423 - accuracy: 0.8827
Epoch 9997/10000
162/162 ([s=====z=z=z===zz==z=zz==zz===z===2==] - 0s 49us/step - loss: 0.2463 - accuracy: 0.9012
Epoch 9998710000
162/162 | N Os 43usistep - loss: 0.2510 - accuracy: 0.9012
Epoch 9999/10000
162/162 f ] - Os 49us/step - loss: 0.2430 - accuracy: 0.8704
Epoch 10000/10000
162/162 [=== ==] - 0s 86us/step - loss: 0.2369 - accuracy: 0.8765

80/80 | - 0s 313usistep

in [8]: print("Accuracy mean: "+ str(mean))
print(“Accuracy variance: "+ str(variance))

Accuracy mean: 0.8221707940101624
Accuracy variance: 9.026507396106117874

Figure 4 - Results of the neural network model and part oftraining algorithm

Conclusion. A neural network has been developed to predict the risk of cardiovascular disease. The
standard deviation was 0.026, which allows us to state that the model is stable and can be used to identify
patterns in this area of medicine, including those pattern that are not explicit. Such patterns can be
revealed by experiments. By changing the patient's input parameters, for example, age, increase in blood
pressure, it will be possible to analyze changes and the development of diseases in the future. You can try
to improve the predictive diagnosis of the patient by changing the input parameters. Refusal from
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addictions, a healthy lifestyle, proper nutrition, physical activity - all these parameters can change the
predictive diagnosis for the better. By observing changes in input parameters and predicted results, it is
possible to identify the dependence, on the basis of which you can develop an individual patient treatment
plan.

Although the neural network has high predictive power, it is still the primary diagnosis of
cardiovascular disease. And more accurate and complete analysis requires visiting the hospital.

Mapat HypTtacl, XX.[. bainwemnpos 23 B. Llalii ],
M. TacTtaHoB 1 XK. XXaHabekos 1

AanblKapaniblK aKknaparTbiK TeXHonorusanap yHusepcutet!, Anmarbl, KasakcTtaH,
2A\6aii aTblHAArbl Kasak ynTTbiK negarormkanbik yHUBepcuteT Anmartsbl, KasaxcTaH,
3AKNapaTTbIK X3He ecenTeyLl TexHonoruanap UHCTUTYThl, Anmatsl, KasakcTaH

XXYPEK-"AH TAMbIP/IAPbI AYPYTAPbIHbLL, LLAY L EO/IXXAY YmiH
HEMPOHAbL, XXEN1H1 MAVAANAHY

AHHOTauuma. byn Makanaza sKOHOMUKabIK famblraH enfepae XXypek-KkaH TaMblpnapbl aypynapblHbIH Tapanybl
Typanbl aiTbinagbl. OCbl MakanaHblH MakCaTbl MaLMEHTTIH )XEKe epeKLUe/DKTepLle Heri3feNnreH, Xypek-KaH
Tamblpnapbl aypynapbiHblH KayTH aHblKTay YLWiH HEeAPOHABLIK XXeni Kypy 60nbin Tabblnagsl. Mogens Python-ga
XasbliraH Keras HeMpoHAbIK Xenifik wranxaHaHblH KemerimeH >acanfgbl. Kepac TepeH HelipoHAbIK >xeninepai
Kypyra apHanraH. byn naiiganaHylibira blHrainbl >3He Mogynbfi KlTanxaHa, OHbIH KypaMblHa KabatTtap,
onTUMM3aTopnap, akTUBTEHAIPY (YHKUMANAapbl, MakcaTtTap, KecKiHAepPMeH >3He MITIHAIK AepeKTepMeH XYMbIC
icTeyre apHanraH Kypangap >WbIHTbITbl Kipegi. Kepac cTaHAapTTbl, YWIpTKiNi X3He PeKYpPeHTN HenpoHabIK
Xeninepai Konganasl. YAriHi kypy YLWiH KaXeT nauneHTTep Typanbl mManimeTTep Kaggle.com caiiTbiHaH anblHAbI.
HelipoHAabIK Xenwiw, 4anairi 82% kypaiigbl.

XKY pek-KaHTaMbIp XYleciHiH aypynapbl, aTan aiiTkaHaa co3binManbl XY peK eTicneywwiniri, XYpeK UeMnschbl
X3IHEe apTepusasbiK TMNepTeH3ns, 3KOHOMMUKa/bIK AaMblraH enfepie KoramiblK feHcay/blK caktay Maceneci 60nbin
Tabblnagbl. byn xargaingblH 6acTbl X3He aHblKTanraH cebenTepiHiH 6ipi - anrawkbl gnarHo3gbiH KYPgeniniri xaHe
[ie anrawkbl 6enrwep naiifa 60nraH Kesge agamaapiblH eMxaHanap MeH aypyxaHanapra 6aproicbl kenmeyr 0 MipAiH
XbINAaM KapKblHbl, ypbIC TaMakTaH6ay, OTbIPbIKLLIbI eMip CanTbl, XamaH 34eTTep X3He AypbiC YHKbIHbIH 601Maybl
XY pek-KaHTambIp XY eciHe Kepi acepiH Turisesi.

LOYHMexY3inik geHcaynblK cakTay YWbIMbIHbIH M3niMeTrepi 6olibiHWA, 2016 >Xbifbl XYPEKTIH ULWEMUSANbIK
aypybliHaH 17,9 MUAIMOHHaH acTam afjaM KailTbic 6ongbl, 6yn 6apnbik enimHiH 31% Kypagbl [1]. OambiraH engepae
XY peK-KaHTambIp aypynapbiHblH KeH TapaiyblH €eCKepe OTbipbiM, AamyblH anralikbl Ke3eHAepiHAe XYpek-
KaHTaMblp aypynapblHblH AMArHO3blH aHbIKTANTbIH Kypan KaxeT. O 3Ll KO XeTiMAiniri MeH KongaHbU1ybIHbIH
KapananbIMablfibITbiHA 6aiNaHbICTbl HEMPOHABIK Xeni 0Cbl Maceniel wWewyaiH 6ip Xonbl 601ybl MYMKiH. XKypek-
KaHTaMblp aypynapbiHblH KayTH 60/mKayra apHanraH HempoHabIK Xeni 3sipneHai. XeniHiH cTaHAapTThl aybITKYbl
0.026 «kypagbl, 6yn Mofenbfl, TypaKTblIbIrbIH >X3He MeAUUMHAHBIH OCbl CanacblHAarbl, OHbIH iWiHAae
aHbIKTaNIManTblH MOfeNbAepai aHblKTay YLWiH naifanaHbliybl MyMKIH eKeHZAIriH nabiMgayra MyMKiHAIK Gepegi.
MyHgain 3aHAbinblKTapabl Tax1lpubenep apkbiibl aHblkTayra 6onafbl. OKbITY MeH OHTalnaHablpyfaH KeliH
HePOHAbIK Xeni MOAeNnbAiK OKbITY NpOLEeciHe KaTbICNalTblH M3niMeTrep HerisiHge Tekcepingi. EH KyHAbl
aybicnanblnapra Keyfegeri ayblpcbiHy TYprepi, Makcumangbl XXYpeK corybl, Quankanblk 6enCeHinikTeH TyblHAaraH
CTeHOKapAus, [AeManbiCneH canbiCTbipraHga (u3nKanblk 0OeNCceHAWKTL, HITUXeciHge naiga 6onraH ST
fenpeccusachl XaHe (aoopockonusMeH 6oanraH ipi TaMbipnapablH caHbl (0-3) Kipai.

MaumneHTTiH eHn3y napaMeTprepiH, MbiCasibl, XacblH, KaH KbICbIMbIHbIH XXOrapbliayblH e3repty, 6onawakra
aypynapiblH e3repyi MeH gamyblH Tangayra MY MKiHAIK 6epegun MauneHTTiH eHri3y napameTp/epiH e3repTy apKbibl
OHbIH 60/mKambl ANarHo3bIH XakcapTyra MyMKLL 601afbl.

XamaH ageTTepaeH 6ac TapTy, canayaTTbl eMip caiTbl, AypbIC TaMakKTaHy, (M3MKanblK 6e/CeHAiNIK CUAKTDI
napametpnep 6o/mkamibl AWArHO34bl XXAaKCbl >Kakka esrepte anafbl. EHrisy napameTpnepiHiH e3repyiH X3He
6omkambl HATV>KenepAai 6aiikay apKbifbl TAYenAinikTi aHbikTayra 60n1afbl, COHbIH Heri3iHAe MauMeHTTriH >XeKe
emfiey XocnapblH xacayra 6onagbl.

TYLWH ce3fep: HEMPOHAbIK Xeni, XypeK-TaMblp XYliea aypynapbl, 60/mkay Mogenbaepi, 6akbliaHaTbliH OKbITY,
akTmBauma yHkumscel, Keras.
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Mapat HypTacl, X.[. baiwemupos 23 B. Llai 1,
M. TacTtaHoB 1, )XX. >XaHabekoB 1

IMeXayHapoHbIl/i YHUBEPCUTET MH(OPMALMOHHbIX TeEXHONOrniA, AnMaTbl, KasaxcTaH;
2Ka3axCKuWil HauMoHaNbHbIN NegarormMyecknii yHuBepcuTeT umeHn Abas, AnmaTtbl, KasaxcraH;
NHCTUTYT MHGOPMALMOHHBIX U BbIYUCANTENbHBIX TexHonormii KH MOH PK, Anmatsl, KasaxcTaH

MPUMEHEHWE HEMPOHHOW CETW ANA MPOTHO3UPOBAHWA PUCKA
CEPAEYHO-COCYAUCTbIX 3ABEONEBAHUM

AHHOTauua. [laHHas cTaTbsl KacaeTcsi Mpo6iaeMbl PacnpoCTpaHeHUs CepAevyHO-COCYAMCThbIX 3a60neBaHuii B
3KOHOMUYECKM Pa3BUTbIX CTpaHax. Llenb 3Toli cTaTbM 3aK/0YaeTca B CO3AaHUM HEMPOHHOI CeTu ANs onpeaeneHus
prcKa CepAeyHo-CoCyAMCTbIX 3a60MeBaHMn Ha OCHOBE MHAMBUAYabHbLIX XapaKTepuUCTUK nauueHTa. Mogenb 6bina
MOCTPOEHA C OTKPbITbIM UCXOAHbLIM KOAOM HEMpPOHHOW ceTeBoin 6mnbnnoTekn Keras, HanucaHHoi Ha Python. Keras
paspaboTaH AN MOCTPOEHUS TFNYyBOKUX HEWpPOHHbIX ceTeil. ITO yAaoGHas ANns nonb3oBaTens U MoAy/bHas
6mbnnoTeka, KoTopas BK/KOYaeT Takue 6/10KWM, Kak CMou, ONTUMU3ATOPbl, (YHKLMWM aKTUBaLWMW, Lenm u Habop
WHCTPYMEHTOB 18 paboTbl C U306paKeHWEeM W TeKCTOBbIMW faHHbIMKU. Keras noggepXuBaeT CTaHAAPTHbIE,
CBEPTOUHbIE M PEKYPPEHTHbIE HEMPOHHbIEe CeTW. [laHHble, coAepXaline UHHOPMaLMIO O MaLueHTe ANns NOCTPOeHUS
mogenu, 6binm B3aThl ¢ caiita Kaggle.com. TOYHOCTb HEPOHHOI ceTh cocTaBnsieT 82%.

3aboneBaHnsi CepAeYHO-COCYAUCTON CUCTEMbI, B 4YaCTHOCTU XPOHUYECKas CepfevHas HejoCTaTOYHOCTb,
UwemMus cepilua M apTepuasibHas TUNEPTOHWS SBASKOTCA NPO6MEMOI OOLLECTBEHHOrO0 34paBOOXPAHEHUs B
3KOHOMMYECKM pa3BMTbIX cTpaHax. OfHOM U3 0YEBUAHLIX W OCHOBHBIX TMPUYUH ABASETCA CNOXHOCTb
MepBOHAYa/bHOrO AMAarHo3a M HeXenaHwe nofeil nocewiatb KAMHUKU M 6OMbHULBI, KOrAa MOSBAAIOTCS MEpPBble
CUMNTOMbI. BbICTpbIA TEMM XWU3HKU, NA0X0Ee MUTaHWE, CUASAUUI 06pa3 XW3HW, BPeAHble MPUBBLIYKM WU OTCYTCTBUE
Haa/ieXkallero cHa HeraTUBHO BAUAIOT Ha CEPAEYHO-COCYANCTYHO CUCTEMY.

Mo gaHHbIM BceMupHOl opraHu3auuy 3gpaBooxpaHeHus B 2016 rogy, OT MLLIeMUYecKoi 60/e3HU cephua
ymepno 6onee 17,9 MManMoHa YenoBek, Y4To coctaBuno 31% oT Bcex cmepTelt [1]. YunTbiBas pacnpocTpaHeHHOCTb
CepAevYHO-COCYANCTbIX 3ab0neBaHUA B pasBUTbIX CTpaHax, CYLLECTBYeT OCTpasi Heob6X0AMMOCTb B CO3[aHWK
WHCTPYMEHTA 418 JMarHOCTUKN CepAeUYHO-COCYANCTbIX 3a60/1eBaHMIA Ha paHHMX 3Tanax passuTus. HelipoHHasa ceTb
MOXET 6blTb OfHWM M3 pPeLleHnin NpobaeMbl M3-3a ee AOCTYMHOCTU M NPOCTOTHI UCMOMb30BaHWA. HelipoHHas ceTb
6bina paspaboTaHa 415 NPOrHO3MPOBaHWUS puUCKa CepAevHO-COCYyAMCTbIX 3aboneBaHuii. CTaH4apTHOE OTK/OHEHWe
coctaBuio 0,026, 4TO MO3BONSAET HaM YTBEPXAaTb, UTO MOAEeNb CTabuibHAa U MOXET ObiTb MCNO/Mb30BaHa ANA
NAeHTUQMKaLUM 3aKOHOMEPHOCTel B 3TOW 061aCTV MeAULUHbI, BK/HOYas Te, KOTOPbIe He ABNSIOTCS ABHbIMU. Takue
3aKOHOMEPHOCTU MOTYT 6bITb BbISIBIEHbI B X0/ 3KCMEPUMEHTOB. HelipoHHasa ceTb mocne 06yyYeHUs v onTUMU3aLun
Oblna NpOTECTMPOBaHa Ha OCHOBe AaHHbIX, KOTOpble He OblIM 3aAelicTBOBaHbl B MpOLECCe 06YyYeHUs Mogenu.
Haunbonee LEeHHbIMW NepeMeHHbIMU 6blIM TUMbl 60K B TPYAN, MakCMMaslbHas 4yacTtoTa CepAeUHbIX COKpaLleHUi,
CTEHOKapAWsi, Bbl3BaHHas (WM3MYECKOW Harpyskoi, penpeccmsi ST, Bbl3BaHHas (M3NYECKOW Harpyskoi, no
CPaBHEHUIO C OTABIXOM, U KONNYECTBO KPYMHbIX cocyoB (0-3), OKpaLleHHbIX C MOMOLLbI0 H0OPOCKONUK.

VI3MeHeHMe BXOAHbIX MapaMeTpoB NalMeHTa, HanprmMep, BO3pacT, MOBbILUEHWE KPOBSHOTO AaB/EHNs, NO3BOUT
aHaM3nMpoBaTb M3MEHEHWs W pa3BUTMe 3aboneBaHMn B ByayuieM. MOXHO MOMbITATbCA YAYyYLIUTb MPOFHO3HYH
AVarHoCTUKY NauueHTa, MU3MEHUB BXOAHbIE MapameTpsbl.

OTKa3 0T BpefHbIX NMPUBbIYEK, 3L0POBbIA 06pa3 XM3HW, NPaBUILHOE NUTaHWe, (PU3nYecKast akTUBHOCTb - BCE
3TV MapameTpbl MOTYT U3MEHWUTb MPOTHO3MPYIOLWNIA AUarHO3 B NyYlly0 CTOPOHY. Habnwogas usmMeHeHNst BXOAHbIX
napameTpoB W MPOrHO3MPYEMbIX PEe3ynbTaTOB, MOXHO OMpeAenuTb 3aBUCUMOCTb, Ha OCHOBE KOTOPO/ MOXHO
paspaboTaTb MHAMBUAYa/bHbIV MAaH NevyeHns nalneHTa.

KntoueBble cnoBa: HelpoOHHas ceTb, 3a60/1eBaHUS CEPAEYHO-COCYAUCTON CUCTEMbl, MOAENN NPOrHO3Mpo-
BaHUS, KOHTPO/IMpYyeMOoe 0ByyeHue, yHKLUA akTuBaumu, Keras.
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