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ABSTRACT
Due to the rapid development of economy, science and
technology, the pace of life of people has accelerated and
their standard of living has increased. At the same time, the
number of various chronic diseases, such as cardiovascular,
cerebrovascular and chronic heart diseases, is increasing.
These problems seriously affect people's quality of life.
Therefore, the problem of predicting cardiovascular diseases
has become extremely urgent. The article compares several
models for predicting heart disease and evaluates quality of
their prognosis.
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INTRODUCTION
According to the World Health Organization,
“Cardiovascular disease (CVD) is the leading cause of death
worldwide – more people die from CVD every year than
from any other disease. In 2030, about 23.6 million people
will die from CVD, mainly from heart disease and stroke.
These diseases are projected to remain the main single cause
of death”[2].
This shows that predicting cardiovascular disease has
become extremely important. In the field of disease predic
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tion: S. M. K. Chaitanya et al. [3] proposed the use of arti
ficial neural networks and gravity search algorithms to
detect chronic kidney disease. Maryam Tayefi et al. [4] used
a decision tree algorithm to create a predictive model of
coronary heart disease to identify risk factors associated
with coronary heart disease. Ms S. Kalaiarasi et al. [5] pro
posed using a mobile phone camera to collect facial data
from the human body and create an application that can
help diagnose and predict skin diseases using the device's
image processing and machine learning functions.
Pronevska and Claudia [6] use a random forest algorithm to
classify biomedical signals, which increases the reliability of
medical diagnostics. Patil et al. [7] presented a KMeans
cluster algorithm for retrieving data suitable for heart attack
from a data warehouse. Resul et al. [8] proposed forecasting
using a set of neural networks that combine existing meth
ods to create new models for predicting diseases.
At the Department of Intelligent Systems in Control and
Automation of MTUCI, a large scientific and methodolog
ical work is being carried out on the use of modern methods
of data mining in the educational process within different
disciplines, which allows to form the competencies of bach
elors and undergraduates in accordance with the challenges
of Industria4.0. At the same time, classical approaches are
combined and replenished with new methods. Big Data and
databases [9], [10], research methods and models for pre
dicting diseases [11], social adaptation of people with dis
abilities using computer vision [12].
In this paper, we compared several models for predicting
cardiovascular disease based on decision trees, random
forests, knearest neighbors, naive Bayesian classifiers, and
artificial neural networks, and evaluated their predictive
effects.
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Table 1

I. Data set
The biomedical dataset used in this study was created
by Svetlana Ulyanova, Department of Data Science,
Ryerson University, Toronto, Canada [13]:

Partial initial data from the set [13]

https://www.kaggle.com/sulianova/cardiovasculardisease-dataset
The dataset contains 70,000 data records, including 11
characteristics such as age (age), gender (gender), height
(height, cm), weight (weight, kg), systolic blood pressure
(ap_hi), diastolic blood pressure (ap_io) , cholesterol
(cholesterol, with values of 1: normal; 2: higher than
normal; 3: much higher than normal), glucose (gluc, with
values of 1: normal; 2: higher than normal; 3: much
higher than normal), smoking (smoke), alcohol
consumption (alco), and amount of exercise (active). two
target outcome classes (cardio), 0: healthy and 1:
suffering from cardiovascular disease.
Table 1 shows 21 records from the dataset [13].
Figure 2 shows the correlation between attributes.
From the correlation map, it can be seen that cholesterol,
blood pressure (ap_hi and ap_low both) and age are
closely associated with cardiovascular disease. Glucogen
and cholesterol are also closely related. Patients with
cardiovascular disease have higher levels of cholesterol
and blood sugar, and generally less exercise.

II. Data preprocessing
Before performing data operations, you must cleanse
and preprocess the data. Detecting and processing outliers
can improve the estimation of forecast accuracy.
To compare the properties (age), (height), (weight),
(ap_hi), (ap_lo) on the same scale, they must first be
standardized. And let's use min-max normalization.
X norm

X  X min
X max  X min

(1)

where X is the data, Xmin is minimum value of data
sample, Xmax is the maximum value of data sample.
We randomly select 80% of data records in dataset as
the training set for training model, and remaining 20% of
data records as test case for testing model.
III. Designing and comparing multiple predictive
models

Figure 2. The relationship between every two properties
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In this work, we mainly use the Scikit-learn library
[14] to complete model building based on decision trees,
random forests, k-nearest neighbors, naive Bayesian
classifiers, and artificial neural networks. Scikit-learn
provides a variety of algorithms for Supervised Learning
and Unsupervised Learning through an interface to the
Python programming language.
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• Decision tre
The decision tree adopts a greedy top-down algorithm
that classifies the samples by choosing the best
classification attribute at each node, and then continues
the process until the tree can accurately classify the
training samples or all properties have been used.
Listing 1. A snippet of program code
from sklearn.tree import DecisionTreeClassifier
dec = DecisionTreeClassifier()
dec.fit(x_train, y_train)
//training
scores["Decision tree"] = dec.score(x_test, y_test)
• Random for st

Figure 4. Method of k-nearest neighbors

Listing 3. A snippet of program code
from sklearn.neighbors import KNeighborsClassifier
knn = KNeighborsClassifier(n_neighbors=100)
knn .fit(x_train, y_train) // training
scores["KNN"] = knn .score(x_test, y_test)
• Naive Bayesian Classifier
Assumption – The Naive Bayesian model assumes
that all characteristics of each data point are independent:
P( x | y)

P( x1 , x 2 ,... | y)

P( x1 | y)...

n

 P( x | y)
i

i 1

(2)

Solutions – The maximum log likelihood gives the
following solutions with k {0, 1} , l  >1, L@
Figure 3. Simplified random forest

P ( x | y)
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(3)

and
The random forest belongs to the bagging algorithm in
Ensemble Learning. It is a technique for distinguishing
and classifying data using multiple decision trees. Its
main unit is a decision tree. He can assess the importance
of each variable in categorical data, as well as assess the
role of each variable in categorization.

Listing 2. A snippet of program code
from sklearn.ensemble import
RandomForestClassifier
ran = RandomForestClassifier(n_estimators=100)
ran .fit(x_train, y_train) //training
scores["Random forest"] = ran .score(x_test, y_test)

P ( x | y)

#{ j | y ( j ) k and x i( j )
#{ j | y ( j ) k }

l}

(4)

Listing 4. A snippet of program code
from sklearn.naive_bayes import GaussianNB
naive = GaussianNB()
naive.fit(x_train, y_train)
//training
scores["Naive bayes"] = naive.score(x_test, y_test)
• Artificial eural network

• K-nearest neighbors method
The k-nearest neighbors method is a nonparametric
approach in which the response of a data point is
determined by the nature of its k neighbors from the
training set. It can be used in both classification settings
and regression.

Figure 5. Simplified artificial neural network
Neural networks are a class of models built with
layers. Marking the i-th layer of the network and the j-th
hidden unit of the level, we get:

z ji
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where w-weight, b-bias, z-output respectively.
Examples of the use of neural network modeling in
medical problems [16], [17].
Cross entropy loss. In the context of neural networks,
cross-entropy loss L(z, y) is usually used, which is defined
as follows:

L(z, y)

 [ y log( z)  (1  y)log(1  z)]

(6)

Learning rate – the rate of learning, often referred to
Į, and sometimes Ș, indicates how fast the weights are
updated. This can be corrected or modified adaptively.
We first use the training set separately to train models
based on Decision tree, Random forest, k-nearest
neighbors (KNN) method, naive bayes classifiers (Naive
bayes), and then use the test set to validate these models.
The test results are shown in Fig. 6:

random forest model parameter using a grid search
algorithm to get the best prediction accuracy.

Next, we evaluate the effect of predicting an artificial
neural network model on this dataset. First, we set the
serialization model, set the number of neural network
layers, select the activation functions sigmod (Logistic),
ReLU (Linear Rectifier) and set the learning rate to 0.002.
Listing 6. A snippet of program code
model = tf.keras.models.Sequential()
model.add(tf.keras.layers.Dense(6, input_dim=12,
activation='relu'))
model.add(tf.keras.layers.Dense(1, activation='sigmoid'))
optimizer = RMSprop(learning_rate=0.002)
model.compile(loss='binary_crossentropy',
metrics=['accuracy'], optimizer=optimizer)
model.fit(x=x_train, y=y_train.values,
batch_size=1024,epochs=1500,
verbose=0,validation_data=(x_test,y_test.values),
callbacks=[learning_rate_reduction,es],
shuffle=True)

The accuracy of testing the trained model reaches
0.7226.Figure 7 shows that the accuracy increases with
the number of training iterations. When the number of
iterations reaches 1200, the accuracy does not increase
significantly. Figure 8 shows that the loss function
decreases with the number of training iterations. When
the number of iterations reaches 1200, the loss function
decreases slightly.
Figure 6. Accuracy test results for multiple models
From the above comparison, it can be concluded that
among these models, the random forest model has the
highest test accuracy.
Listing 5. A snippet of the program code
from sklearn.model_selection import GridSearchCV
grid = {"n_estimators" : np.arange(10,150,10)}
ran_cv = GridSearchCV(ran, grid, cv=3)
ran_cv.fit(x_train,y_train)
print("Tuned hyperparameter n_estimators:
{}".format(ran_cv.best_params_))
print("Best score: {}".format(ran_cv.best_score_))
Since we used the default parameters in the above
model, next we need to determine the optimal value of
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Figure 7. Accuracy changes with the number of
training iterations
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Figure 8. The loss function changes with the number of
training iterations

IV. Test results
Table 2
Test result
Model types

Ɍɨɱɧɨɫɬɶ

Artificial neural network

0.7226

Random forest

0.7160

K-nearest neighbors method

0.7130

Naive Bayesian Classifier

0.6308

Decision tree

0.6302

Table 2 shows the test results of several models, of
which models based on the artificial neural network,
random forest, and k-nearest neighbors method have good
prediction accuracy, of which artificial neural networks
are slightly better than the other two.
Conclusion
This article describes the construction and comparison
of several different prediction models applied to a dataset
of cardiovascular disease. The forecasting accuracy of the
model based on the artificial neural network reached 72%,
which was slightly better than in other models. The
authors believe that improving the quality of results is
advisable to complicate the structure of neural network,
improve the training set, and use methods to speed up
computations.
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