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Abstract - In the digital era, there are abundant data created and are stored in repositories.
Health sector is no exception from it. But these data are not analyzed with proper techniques
in order to extract the hidden information from it. In recent days, Data mining has wide
wings in its application. Medical field is one of the application areas of data mining
techniques. Although there are number of diseases that affect human, not all are life
threatening in nature. Heart disease being one of the serious diseases has to be predicted and
treated at the earliest to avoid death rate. Every year millions of people are affected with this
disease. More than one third of the world’s population affected by this disease. If not treated
on proper time it will lead to deaths in people under 70 years of age. Early diagnosis of
cardiovascular disease are challenging task, and computer aided methods has been proposed
to overcome the disease. Revealing facts about the disease supports the physician in decision
making. It can be achieved by KDD (Knowledge Discovery in Databases) process using data
mining techniques. The objective of this study is to carry out empirical analysis on various
applications of data mining and machine learning techniques. Some of the techniques used
worldwide by the researchers for the diagnosis of heart disease are support vector machine,
neural network, naive Bayes, conventional neural network, k-Nearest Neighbor, Decision tree
and so on.
Keywords:Heart Disease, Data Mining, KDD, Prediction.

1.INTRODUCTION
In a human system heart is the primary organ which plays a vital role. The functions of
heart are pumping oxygenated blood to the other body parts, pumpinghormones and
other vital substances to different parts of the body, receiving deoxygenatedblood and
carrying metabolic waste products from the body and pumping it to the lungs for
oxygenation and to maintain blood pressure [10]. The heart and its blood vessels are
knownas the cardiovascular system [10]. Smooth function cardiovascular system is
very importantfor healthy life of person. In recent times it is very common to see that
heart disease being the main cause fordeath. The death rates of recent days are alarming
to find the causes for heart disease and toobtain the prevention measures at the earliest.
At present, there are so many diseases like diabetes, dengue, thyroid, breast cancer,
lung cancer, cardiovascular disease and so on., which affects the human worldwide.
According to the World Health Organization (WHO) report more than 17.9 million
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people die due to cardio vascular disease every single year around the world
[11].Especially in India, more than 3 million Indians die from cardio vascular disease
every year and are expected to surpass 4 million by 2030 [11]. The medical
practitioners and the researchers has found that the attributes like blood pressure,
cholesterol, and pulse rate are the prime factors that influence heart disease. On the
other hand, it is noticed that the elements that are irreversible like intake of nicotine in
any form, excessive alcohol consumption induces heart diseases. Another factor which
is found common among people is family history. In recent times medical data has
gained attention of research throughout the world, which has led to number of
developments in healthcare sector. The current paper, discusses the contributions of
researchers worldwide in analyzing the cardio vascular disease using data mining
techniques.

1.1 The Heart and its Functions
Heart is a muscular organ which operates like a pump in the human system. Heart
is located slightly left side of the center chest. The organ is divided into two sides as right
and left. It does the task of collecting and releasing blood to all parts of the body. The
heart has four chambers: two atria and two ventricles. The right atrium receives oxygenpoor blood from the body and pumps it to the right ventricle. The right ventricle pumps
the oxygen-poor blood to the lungs. The left atrium receives oxygen-rich blood from the
lungs and pumps it to the left ventricle. The left ventricle is one of the four chambers of
the heart. It pumps oxygen-rich blood out to the rest of the body. Blood leaves the left
ventricle through the aortic valve and enters the aorta, the largest artery in the body. The
following figure shows the image of heart along with the chambers and other valves in
it[10].

Figure1. Chambers and Valves of Heart

1.2 Causes for Heart Disease
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Blood vessels are affected due the various factors like cholesterol, age, poor diet,
and tobacco intake in any form, excessive alcohol consumption and family history too.
Higher blood pressure results in heart diseases. Blood pressure readings are made up of
two values namely Systolic and Diastolic blood pressure. Systolic blood pressure is the
pressure when the heart beats that is while the heart muscle is contracting (squeezing) and
pumping oxygen-rich blood into the blood vessels. Diastolic blood pressure is the
pressure on the blood vessels when the heart muscle relaxes. Increase in lipids in blood
also becomes cause for heart disease. Lipids are the fats like substances in blood. Two
major lipids in blood are cholesterol and triglycerides. Among these two lipids,
cholesterol is the primary cause for heart disease. Sediments of high cholesterol blood
transported through arteries narrows the arteries which reduce the blood flow and
increase the risk of heart disease. Other non-reversible factors that cause heart disease are
age and family history. Among these factors smoking causes heart disease for 40% of
people and sometimes leads to death [40].

1.3 Symptoms of Heart Disease
The Symptoms of coronary artery disease may vary for both the genders. For
example, common symptoms for men are chest pain, whereas, women may have
symptoms like chest discomfort, difficulty in breathing, nausea and extreme fatigue. The
common symptoms for cardiovascular disease include, Chest tightness or pressure,
Difficulty in breathing, Dizziness or fainting, Fatigue, Fluid buildup, Heart palpitations
(heart pounding or racing), Pain or numbness in legs or arms and abdominal pain, nausea
and vomiting [40].

1.4 Types of Heart diseases
Heart diseases are due to various reasons and it is of different types. Any
discomfort which affects the functioning of heart is considered to be heart disease and
also the components that affect the functioning of heart are considered to be heart disease.
All the heart disease can be called in common term as cardiovascular disease. Some of
the types of heart disease are Coronary heart disease, Arrhythmias, Congestive heart
failure, Congenital heart disease, Cardiomyopathy, Angina pectoris, Myocarditis.
Coronary heart disease (CHD) is usually caused by a build-up of fatty deposits
(atheroma) on the walls of the arteries around the heart (coronary arteries). The build-up
of atheroma makes the arteries narrower, restricting the flow of blood to the heart muscle.
This process is called atherosclerosis. An arrhythmia is a problem with the rate or rhythm
of your heartbeat. It means that your heart beats too quickly, too slowly, or with an
irregular pattern. When the heart beats faster than normal, it is called tachycardia. When
the heart beats too slowly, it is called bradycardia the most common causes of dilated
cardiomyopathy are Heart disease caused by a narrowing or blockage in the coronary
arteries. Poorly controlled high blood pressure. Angina pectoris is the medical term for
chest pain or discomfort due to coronary heart disease. It occurs when the heart muscle
doesn't get as much blood as it needs. This usually happens because one or more of the
heart's arteries is narrowed or blocked, also called ischemia [ 40].

1.5 Risk factors for Heart Disease
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Risk factors for developing heart disease are discussed in the following chart:

Figure 2. Risk Factors of Heart Disease

1.6 Diagnosis Methods
Though heart disease being a life-threatening disease it can be diagnosed and
cured when treated in right time and with diagnosis methods. Physician examines the
person with heart problems and suggests a few diagnosis options as listed below based on
the health condition of the person.










Electrocardiogram (ECG or EKG)
Holter monitoring
Echocardiogram
Stress tes
Cardiac catheterization
Cardiac computerized tomography (CT) scan
Cardiac magnetic resonance imaging (MRI)
X-ray
Blood tests

In the last few years, medical industry has been used the technological advancements to
enhance the quality of health care. This paper explores various data mining and machine
learning techniques to analyse and predicts the cardio vascular disease. By the use of data
mining and machine learning techniques, it also gives a second opinion to doctors for
faster diagnosing the disease.
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2.DATA MINING AND KDD PROCESS
Data mining is the process of extracting hidden information from large dataset.
The dataset can be of any form such as structured or unstructured. The extracted hidden
information form the datasets can be used for analyzing various facts about the data. It
also supports in decision making and forecasting the future changes. Data mining being a
powerful tool has wide scope of implementation, in recent days it is commonly in fields
like agriculture, market analysis, medical field, education sector and many more.The
methodology used in data mining is Knowledge Discovery Database (KDD). The KDD
process includes different stages like Data Cleaning, Data Integration, Data Selection,
Data Transformation, Data Mining, Pattern Evaluation and Knowledge Presentation. Data
mining is applied in building a model for heart disease prediction using UCI and Stalog
dataset. This helps in forecasting the possibilities of getting affected by heart disease and
to take precautionary measures at the earliest.

3.LITERATURESURVEY
Heart disease is a term that includes all the abnormalities related to heart.
In seen that around 32% of deaths worldwide are due to Cardiovascular Disease (CVD)
according the reports of WHO in year 2019 [11]. Hence, heart disease being a major
cause for deaths it is important to analyse the medical dataset and take necessary steps to
prevent deaths. This paper focuses in making a survey on various data mining techniques
that are used by different researchers worldwide for diagnosis of heart disease in people.
Amin UI Haq et al [1] the author has been used sequential backward selection
(SBS) algorithm were used to select more appropriate features to increase the
classification accuracy and reduced the computational time of predictive system. The
proposed KNN has shown better accuracy (90%) rate. Amin UI Haq et al [2] In this
paper, they have been used three feature selection algorithms Relief, MRMR and Lasso
used to select the important features and compared on seven well known machine
learning algorithms such as Logistic Regression, KNN, ANN, SVM, Naïve Bayes,
Decision Tree and Random forest. From this result, it shows that the performance of
classifiers with Relief FS algorithm is excellent as compared to mRmR and Lasso.
AminM. S et al [3] prediction model has proposed by the author using data mining
algorithms like KNN, Decision Tree, Naive Bayes, Logistic Regression (LR), Support
Vector Machine (SVM), Neural Network and Vote (a hybrid technique with Naïve Bayes
and Logistic Regression). The paper also discloses the experimental result of various
algorithms that are used in the research. The model that is proposed with the selected
features has shown good performance with the accuracy rate of 87.4%.
AnithaS., & Sridevi, N. [4]has proposed a supervised machine learning algorithm
for prediction of heart disease using data mining techniques. Implementation of data
mining techniques in medical data analysis is very common in recent days. The author
has used SVM, KNN and Naive Bayes algorithms implemented in R-programming
language. Accuracy of the proposed models is commendable.
Babu. S. et al [5] has analyzed medical data using data mining techniques has the
potential to reveal many hidden information. These collected data can be used to perform
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clinical study. The author has used 14 attributes like age, sex, blood pressure and blood
sugar etc., for the study. The attributes were given as input to the algorithms like Kmeans algorithms, MAFIA algorithm and Decision tree classification. The purpose of this
study was to detect the disease at the earliest and provide better treatment at the
affordable cost. The proposed model has produced 91% of accuracy.
Dinesh Kumar G et al [7] the author has been used five different datamining
techniques such as SVM, Gradient Boosting, Random forest, Naïve Bayes classifier and
logistic regression. The proposed results has better accuracy rate. Garima Choudhary et al
[8] the author has been used three datamining techniques such as naïve Bayes, random
tree and REP Tree algorithms. the proposed model has better accuracy rates. Gomathi.K
et al [9] the author has used three different algorithms used in this paper such as Naïve
Bayes, ANN and J48. The proposed Naïve Bayes model has produced 79.9%% of
accuracy.
Komal Kumar.N et al [13] the author has been used five different machine
learning classifiers such as Random forest, Decision tree, Logistic Regression, Support
vector machine. The proposed model has highest accuracy than others. Kumar.S et al [14]
the author has proposed feature selection techniques have been used with PCA, ReliefSequential Forward Floating search (SFFS), SBFS and Genetic Algorithm for reducing
the dimension. The proposed hybrid classification of Genetic Algorithm-RF model has
produced 93.20% of accuracy. Maji, S., &
Arora.S[15] author has collected heart disease dataset from UCI repository and
made a clear study about the various data mining techniques in heart disease perdition.
The collected dataset is analyzed using WEKA, an effective data mining tool for data
analysis. The dataset is validated using ten-fold test. The performance of the proposed
model is analyzed using the performance analysis parameters like accuracy, sensitivity,
and specificity. The proposed hybrid model gives better results when compared with
other classifiers. The proposed model has produced 80.4% of accuracy.
Makumba, D. O et al [16] has proposed to support system for prediction in
decision making about the presence of heart disease in a patient. The model is developed
using data mining techniques like decision tree, naïve Bayes, KNN (K-Nearest
Neighbors) using WEKA tool. The model takes 13 attributes like blood pressure, sex,
age, cholesterol, blood sugar and so on. The dataset of 740 records were collected open
access repository. Among these datasets around 296 records were used for testing and
remaining are used for training. Performance of the proposed model is compared with the
existing models for performance analysis purpose. The proposed method has shown
better accuracy rates.Masih, N., & Ahuja, S.[17] author has taken up a complete analysis
on the FHS (Framingham Heart Study) using various data mining techniques such as
Decision tree, Naïve Bayes, Support vector machine (SVM) and Artificial neural
network (ANN) Among these algorithms ANN has showed better results than any other
classification algorithms. The results gathered from the models helps in finding the
prominent feature that effects the health of a person.
Mirza, I et al [18] author has used machine learning algorithms in analyzing the
medical dataset of patients which helps I finding the pattern between the data that are
collected. It helps in accurate prediction of heart disease presence. The author has
considered including 13 medical attributes of a person so as to identify the presence of
heart disease. These attributes are given as input to RBF SVM and Linear SVM along
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with KNN and Naive Bayes classifiers to classify the patient with disease and patient
good health condition. MoloudAbdar et al [19] The proposed system applied
preprocessing for both categorial and numerical attributes with a normalization
techniques and feature selection, redundant features were eliminated using GA and PSO
algorithm. The proposed model has shown better accuracy 93.08% rates. Mukesh Kumar
et al [20] the author has used four different classification algorithm such as Naïve Bayes,
MLP, Random forest and Decision tree. The proposed naïve Bayes has shown better
accuracy (87.20%) rate. Muktevi
Srivenkatesh [21] has come up with prediction model in finding the person has
cardiovascular disease or not and to provide awareness to people. The author has
collected dataset from Kaggle. The collected dataset is given as input to various data
mining algorithms like Support Vector Machine, Random forest, Naive Bayes classifier
and logistic regression. Accuracy of these algorithms are 58.71% and 77.06%
respectively. It is found that Logistic Regression has better Accuracy (77.06 %) when
compared to different Machine-learning Algorithms.
Nalluri.S. et al [24] has discussed about the cardiovascular disease called chronic
heart disease (CHD). The author has proposed a model using data mining techniques
namely XGBoost algorithm and logistic regression algorithm to predict the CHD
presence in a person. The proposed algorithm takes in various parameters blood pressure,
cholesterol level, heart rate and glucose level, number of cigarettes smoked per day and
BMI of a person. The proposed algorithm has shown good performance result with
87.4%. accuracy. Pavithra et al [25] has proposed a methodology using data mining
techniques for predicting the heart disease at the earliest using data mining and artificial
intelligence techniques. The application was developed by collecting the required data
from the patients. Data includes the attributes like age, Chest Pain Type, Blood Sugar
level and family history and so on. The collected data is classified to identify the disease
and has been produced the accuracy of 90%
Radhimeenakshi, S. [27] the author has used Support Vector Machine (SVM) as
well as Artificial Neural Network (ANN) for foreseeing the presence of Heart Disease in
a person in order to safe the life of a person. The dataset for the study is collected from
Cleveland Heart Database and Stalog Database taken from UCI repository. The dataset is
fed into both SVM and ANN for performance analysis in which ANN shows betters
results over SVM. The proposed model has produced 91% of accuracy. Rahman, M et al
[28] author has discussed about different heart disease like coronary aorta syndrome,
arrhythmias, congenital heart defects in detail. Medical data when analyzed gives a better
view in early prediction of heart disease in a patient. Thus, the author has used an
effective data mining technique called decision tree for finding the presence of heart
disease in a person. Decision tree provides better accuracy rates in classifying the dataset
when compared with other classifiers. The proposed model has produced 80% of
accuracy.
Rairikar, A et al [29] author has proposed an effective model for detecting the
presence of heart disease by employing data mining techniques. The author has used
genetic algorithm with the back-propagation technique. The model is trained using 13
different attributes like Gender, blood pressure, cholesterol and so on. The proposed
model detests the chances of a person affected by heart disease in future. The proposed
model has produced 89% of accuracy.
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Repaka,A.N. et al [30] author has developed a system for prediction of heart
disease by considering medical data and information. Author has proposed a model
named SHDP (Smart Heart Disease Prediction) a mobile application using Navies
Bayesian algorithm. And the data are transferred using AES (Advanced Encryption
Standard). The results of the proposed model is discussed and compared with the other
existing algorithms. The proposed model has produced 89.77% of accuracy.Ritika
Chadha et al [31] the author has been used various feature selection methods like PCA,
Chi-square testing, Relief and Symmetrical uncertainty and also compared a variety of
classification algorithm. The proposed model has produced 85% of accuracy.
Saiful islam et al [33] the author has been used logistic Regression, decisiontree,
SVM and Naïve Bayes classification algorithms applied to predict heart disease. the
proposed model has better accuracy rates. SenthilKumar Mohan et al [35] the author has
been used novel method for applying machine learning algorithm. The proposed model
shows that the Hybrid random forest with a linear model (HRLFM) achieved 88.7%
accuracy.
Shaji,S.P.[36] author aims in providing, diagnostic system for different heart
disease and the precautionary measures at the earliest in affordable cost. The model is
developed using data mining techniques by feeding the collected attributes into SVM,
Random forest, KNN, and ANN classification algorithms. The results of the proposed
model gives better results when compared with other data mining algorithms. The
proposed model has produced 80.4% of accuracy.
Sharmila.S et al [37] In this paper they have compared two algorithm such as
Naïve Bayes and Decision tree. From this result, it shows the result is to improve the
accuracy of Naïve Bayes (83.7%) Algorithm. Uma N Dulhare et al [38] the author has
been used particle swarm optimization (PSO) feature selection with Naïve Bayes
classifier. The proposed model has shown better accuracy level.
Vanitha.S e t al [39] has proposed to two different algorithms used in this paper
such as ANN and SVM. The proposed Neural Network model has produced 85.52%% of
accuracy.Viren Viraj Shankar et al [40] the author has been used CNN, Naive Bayes,
KNN etc. From this result, it shows that the CNN algorithm obtained the highest accuracy
80% than others.

4.METHODOLOGY
This study focuses the various phases to predict the heart disease. To build
the heart disease model the machine learning process starts with Preprocessing
phase, Normalization phase, Feature selection and Extraction Phase and the
classification phase. The overview of the heart disease model is shown in Figure
2.

Data Collection
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Pre-processing Data

Normalization

Feature Extraction / Feature selection

Feature

Feature Selection

Extraction

Classification

Treatment Suggestion

Normal

Abnormal

Figure 2. Framework

4.1 Dataset Description
The dataset is taken from publicly available repositories such as UCI repository
and Kaggle websites. This database contains four datasets such as (Cleveland data,
Hungarian data, Long-beach vs data, Switzerland data, Stalog data). Most of the
researcher’s commonly used in medical domain are Cleveland and Stalog datasets.
Cleveland dataset has 76 attributes and 303 patient records, in which only the 14
attributes are suggested and used. The features of heart disease datasets are shown in
Table 1.
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Table 1. Features of heart disease datasets

Datasets
Stalog project

No of Instances No of Attributes
270
14

Cleveland

303

14

Hungarian

294

14

V.A. Long Beach

200

14

Switzerland

123

14

4.2 Data Preprocessing
The preprocessing of data is a significant role in the data mining process. One of
the challenges that face of most health care data contains eliminate unwanted noise,
missing value, incomplete, inconsistent and redundant data present in the original input
data and improve the quality of mining in it. The preprocessing steps includes data
cleaning, data integration, data transformation, data reduction and data discretization. The
problem of missing data, noisy data posses difficulty in the analysis and decision-making
processes. The main objectives of preprocessing are cleaning of noise, filling up of
missing values, reduce the redundancy and normalize the data. In preprocessing step,
some statistical techniques are used as to find out mean, mode and median value to
replace missing values [22]. To remove unwanted noise Hybrid Denoising algorithm has
been used in preprocessing step to identify the breast cancer in mammogram images [6].

4.3 Normalization
After preprocessing reduce the redundancy features using normalization process
to carried out for selected attributes. Data normalization can be used to scale the data in
the some of values for each input features in order to minimize bias with one feature to
another. There are so many existing techniques used for this method such as min-max, Zscore and decimal scaling so on [23].

4.4 Feature Extraction and Feature Selection
Feature extraction can be designed as extracting significant data from the given
input. Feature selection simply tells the significance of each of the original features.
There are many techniques for extracting the features such as ICA, LDA, LLE, t-SNE,
Autoencoders and select the most relevant features. Some of the techniques used in this
method are PCA, Chi-Square and k means clustering [12,16,32].

4.5 Classification
After extracting the appropriate features classification process is carried out. In
recent days most of the existing reviews shows that classification task in datamining has
plays a major role in cardiovascular disease prediction and compared with many other
techniques of health care sector. This step achieves data to classify as normal, abnormal
and chances for abnormality and assign it to a particular class [25]. There are so many
existing techniques in data mining used for classification, some are Support Vector
Machine and KNN [26,34], Decision Tree, ANN, Naïve Bayes are used.
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5.CONCLUSION
Heart disease being the common problem worldwide affecting the health of the human. It
is important to predict the disease at the earliest stage to avoid death rate. This paper
discusses on the prediction of heart disease using data mining techniques. It helps to
locate out the existing algorithms like Neural Networks, Naive Bayes, ANN, SVM, KNN
and so on., This paper also discusses about the various datasets that are available in
repositories such as Stalog, Cleveland and so on., Study of these algorithms and their
implementation in different datasets helps in developing better model for heart disease
prediction. This study paper helps to develop in future to improve the accuracy rate and
also suggest the treatment opinion with the help of like datamining techniques. Hence,
this study helps to know about the machine learning techniques and deep neural network
techniques for prediction and classification of cardiovascular disease for further process.
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