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Abstract
The mortality rate of the person affected by heart disease is kept on increasing day by day to a
greater extent. Also, the survival rate of approximately 50% of the patient suffering from heart
disease is approximately less than 10 years [9].The exponential growth rate of high-dimensional
data in the medical domain needs automation for analysing the data. Hence it is necessary to have
an effective computational intelligent system to detect and predict heart disease in advance.
Angiography is an imaging test taken for predicting heart disease. It incurs high cost and severe
side effects to the patients. Also, it requires experts to diagnose the patient data [4]. To facilitate
the process, we proposed an effective computational intelligent system that integrates Principal
Component Analysis (PCA) and machine learning classifier models such as k-Nearest Neighbour
(k-NN), Support Vector Machine (SVM) and Logistic Regression (LR) to predict the person is
affected by heart disease or not [6]. To validate the performance of model, performance measures
such as accuracy, specificity, sensitivity, error rate, and Mathews Correlation Coefficient are used.
These performance measures of our proposed system provide promising results in heart disease
prediction. Among the three classifier models, LR outperforms in all aspects of performance
measures and provides comparatively similar results when compared to the SVM. Our proposed
system efficiently provides remarkable results in predicting coronary heart disease. In the future,
we are focusing to gather and investigate real-world datasets and apply diverse mixture of machine
learning techniques[2].
Keywords: Machine Learning, Coronary Heart Disease, Support Vector Machine, K-Nearest
Neighbour, Logistic Regression, Principal Component Analysis.

1. Introduction
According to WHO, cardiovascular disease is the first non-communicable disease causes
numerous death in the world. In all over the world, 17.9millions of people lost their lives because of
heart disease [4].The survey also conveys the importance of safeguarding the life of people from heart
disease. With the emerging trends of Artificial Intelligence (AI) and Machine Learning techniques
(ML) in the medical domain, heart disease can be predicted efficiently with great accuracy [1][18-20].
The conventional method for detecting heart disease requires costly lab tests and severe side effects.
Moreover, it is a complex and time-consuming task for medical experts to analyze the patient data and
provide the result [5]. Also, it involves some medical expertise and their intuitions to confirm the
disease. To overcome these limitations, an automated machine learning system acts as a diagnosing
tool for performing the task. The machine itself learns from the real-life parameters and builds a
classifier model to check whether the person is affected by heart disease or not.
Some of the Cardio Vascular Diseases (CVD) are Coronary Heart Disease (CHD), Arrhythmias,
Stroke, Myocarditis, Cardiomyopathy, Congestive heart failure, etc.[5][15]. The proposed work is
particularly focussing on Coronary Heart Disease (CHD). The reason for the cause of CHD is due to
blockage of bad cholesterol in the coronary arteries. It leads to an insufficient supply of oxygen and
blood to the heart results in heart failure [4]. The early symptoms of the CVD are irregular heartbeats,
shortness of breath, pain or pressure in the chest, fainting, fatigue, etc. [5]. Cleveland dataset lists
nearly 76 risk factors that are responsible for heart disease. Among them, 13 are considered as major
risk factors contributing the heart disease. These risk factors are broadly classified into two categories,
mutable and non-mutable factors. Non-mutable risk factors are age, gender, and family medical
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history. Mutable risk factors are dynamic because physical changes occur in the body such as BMI,
blood pressure, cholesterol level, maximum heart rate, etc. [3]. Physical activity such as regular
exercise and proper diet keep these risk factors like cholesterol level and blood pressure in a
controlled fashion and reduce the risk of causing heart disease. Research highlights smoking, drinking
and obesity are also risk factors for heart disease [1]. The proposed system is the combination of
feature reduction technique and machine learning classifier models to obtain accurate heart disease
prediction. It is a cost-effective and speedy computational intelligent system that provides results with
good accuracy. The machine learning models learn from the inputted data and fit a model by
analyzing the characteristics of data and get converge with the model by reducing the error in the data
instances. The correlated features in the data and its level of degree are identified by the Pearson
correlation coefficient. The degree of correlation of the value -1 represents negatively correlated and 1
represents positively correlated features [9]. Machine learning is a cognitive task that replicates the
human learning system. It is an eminent field that has a great scope in the medical domain. It is
defined as some class of tasks T learns the task by experience and shows its improvement in
performance P [10]. It is broadly classified as three categories supervised learning, unsupervised
learning, and reinforcement learning [6][19-20]. The proposed work is to predict heart disease that
comes under the category of supervised learning.
Nowadays lots of data are generated at an extremely high speed in the medical domain. Data are
available in a digitalized format that requires an expert system to efficiently store and access the data.
In addition to that, it also requires some computational intelligent system to analyze and diagnose
those high-dimensional data. Cardiovascular disease is a life-threatening disease that requires such an
effective computational intelligent system to predict the CVD. The proposed system concentrates on
CHD prediction. It uses the PCA technique and machine learning classifier models to predict the
likelihood of the person having the heart disease.

2. Related Works
Considerable experimentation and researches have been performed in predicting the heart disease.
Though the utilization of data mining techniques in the CHD prediction able to extract the hidden
pattern from the data, it requires human intervention to analyze the data and interpret the results [5].
The exponential growth rate of data in the medical domain needs automation for handling and
reporting the data. The exploration of AI and machine learning (ML) techniques in the medical
domain provides remarkable results to predict CHD. Many works are carried out to find the
association of the risk factors causing heart disease through structural equation modelling. Research
finds factors like BMI, obesity, drinking, hypertension, and smoking increase the chance of getting
heart disease. It also reveals that the hypertension is strongly associated with CHD .The mortality rate
due to CHD is 2.3 times greater if the person has hypertension [1].The working environment is yet
another factor to be considered for heart disease. People working in iron and steel manufacturing unit
have an abnormality in blood lipid due to high temperature and noise in their surroundings [2]. By
considering the cost constraints many handy tool kits are available in the markets for monitoring the
real-life parameters of the heart patients[3].Mostly the research work has been conducted to find
optimal features that are responsible for heart disease .The feature extraction technique helps to find
optimal features further improvises the prediction accuracy of heart disease [4] [9] [14]
.Experimenting with different classifier models Naïve Bayes(NB), Decision Tree(DT), Support
Vector Machine(SVM), k Nearest Neighbour(k-NN), Logistic Regression(LR) helps to predict heart
disease with good accuracy[6][8][11].

3. Methodology
The proposed system consists of data collection, feature standardization, feature reduction, and
classifier model. Figure .1 represents the block diagram of the proposed system.
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Fig 1. Block Diagram of The Proposed System

Data Collection
The proposed system uses the Cleveland dataset consists of the data from the UCI repository. Dataset
consists of 303 data instances of both healthy subjects and heart patient details. It contains 76 features
out of which 13 features are important. It contains both numerical and categorical data .
3.1 Pre-processing Techniques
3.1.1 Feature Standardization
The Cleveland dataset contains numerical features such as age, blood pressure, maximum heart
rate, etc. with a different unit of measurements. Feature standardization is bringing the numeric
features to the same unit of measurement with zero mean and unit standard deviation [9]. It also
consists of categorical features

Table 1. Heart Disease Features of Cleveland Dataset

Sno
1
2

Features
Age
Sex

Feature Description
Age in years
Sex

3

Cp

4
5

Trestbpss
Chol

Chest Pain Type
Resting blood pressure in
mm Hg on admission to the
hospital
Serum Cholesterol in mg/dl

FBS
6

7
8

Restecg
Thalach

Fasting blood sugar>120
mg/dl

Resting electrocardiographic
results
Maximum heart rate

Feature
Type
Numeric
Binary

Nominal

Numeric
Numeric

Feature Data
Range
[29-77]
0=female 1=male
1=typical angina
2=atypical angina
3=non-anginal pain
4=asymptomatic

[94,200]
[126,564]
1=true 0=false

Binary

Nominal
Numeric

0=normal 1=STT wave
abnormality 2=left
ventricular
hypertrophy
[71,202]
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9

Exang

10

Oldpeak

11

Slope

12

Ca

achieved
Exercise induced angina
ST depression induced by
exercise relative to rest
The slope of the peak
exercise ST segment
Number of major vessels
coloured by fluoroscopy

13

Thal

Defect type

Nominal

14

Num

Diagnosis of heart disease

Binary

Binary

0=no 1=yes

Numeric

[0,6.2]
1=up sloping 2=flat
3=down sloping

Nominal
Nominal

0-3
3=normal 6=fixed
defect 7=reversible
defect
0=less than
50%diameter
narrowing
(Normal) 1=greater
than 50%diameter
narrowing (Patient)

such as sex, chest pain type, blood sugar, etc. are transformed into a one-hot encoding mechanism
[14]. Feature normalization is the necessary pre-processing step in the heart disease prediction system
[4]. Our dataset has no missing values and wrong interpretation of data. If it exists, that has to be
taken into an account as a first pre-processing step to fill the missing entry, verifying the data format
and correcting the wrong interpretation of the data.
3.1.2 Feature Reduction
The proposed system uses PCA as a feature reduction technique. It eliminates redundant and
irrelevant features by preserving significant features. PCA transforms the features into a new set of
features known as principal components that are orthogonal to each other. It ranked principal
components according to its variance. The features and their relationships in the dataset are identified
by the Pearson correlation coefficient. Features are categorized as positively correlated, negatively
correlated and uncorrelated. As the number of features increases, it is hard to visualize it. Hence PCA
finds the uncorrelated or independent features from the dataset. It identifies the principal components
that are the eigenvectors of a correlation matrix, and they are orthogonal to each other [9]. Using
PCA, 7 independent principal components are identified that maximizes the results of the classifiers.
The proposed system enhances its performance with a minimal set of features.
Av = ƛv
Where A is a correlation matrix,
v is the eigenvectors
ƛ is the eigenvalues associated with v
3.3. Coronary Heart Disease classifier model
The classifier model uses a machine learning technique to predict the likelihood of a person
affected by heart disease. The proposed heart disease prediction system consists of two phases. They
are the training phase and the testing phase. In the training phase, sampled data with its labels are
given as an input to the system. The proposed system uses the learning algorithm to derive a fitting
function by concerning the characteristics of the data. At the testing phase, the unseen data with no
labels are provided to the system. The system predicts the correct label of the unseen data by
experience. More the sampled data you provided during the training phase, the higher the accuracy in
prediction at the testing phase you arrived[10].In the proposed system, three classifier models such as
kNN, SVM and LR are used[7].
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3.3.1. K-Nearest Neighbour Classifier
It is a supervised ML model used both for regression and classification. It is simple and easy to
implement. It predicts the label of unseen data based on distance and proximity of the neighbourhood
classes of data. The popular measure for calculating the distance is Euclidean distance. The trial and
error method is used to find k value. k is the number of neighbours to be considered. The data instance
is categorized into a specific class based on the majority votes of its neighbour data instance's classes.
In our proposed system, k is assigned with a value 12 using trial and error method. We incrementally
assign the value for k starting from 1, up to a certain limit it gives similar results. When k value
exceeds 12, the performance of the proposed system degrades. Hence we fix the k values as 12.
3.3.2. Logistic Regression classifier
LR classifier is used both for regression and classification. It is also used when the target variable
is of categorical type. It depends on the linear combination of multivariate features and perform
logistic function (sigmoid) to classify data instances. The hypothesis function is given by,
hΘ(x) = sigmoid (Z)
hΘ(x) =P(Y=1|X;theta)
Probability that Y=1 given X which is parameterized by theta
P(Y=1|X; theta) +P(Y=0|X;theta)=1
P(Y=0|; theta) =1-P(Y=1|X; theta)
The logistic function uses Z values ranges between -theta and theta. Its value is 0.5 at the origin. Given
the input variable X, if the Z value goes to negative infinity then the output of the target variable is
Y=0. If the Z value goes to infinity, then the output of the target variable is Y=1.
3.3.3.Support Vector Machine
SVM is the supervised model also used for both classification and linear regression. It is used to
fit a hyperplane in an N-dimensional data that distinctly classifies the data instances. Where N is the
number of features and hyperplane is usually the linear decision boundary to separate the classes.
There are n number of hyperplanes can be drawn to separate the classes. Finding the optimal
hyperplane that maximizes the margin is necessary to separate the two classes. The maximum margin
is the distance between data instances of the two classes. The kernel function in SVM is of two types
linear and radial basis function which is a non-linear function. Our proposed uses linear SVM to
classify the heart patient from healthy subjects.
Consider the training data is of the form {(x1,y1),(x2,y2),….(xn,yn)}
x1, x2…xn are the data instances
y1, y2 …yn are the labels of the given data instances
In testing data, no labels are provided only the data instances are given
Based on the linear hyperplane, the fitting function is given by
yi=w.xi + b
If yi >=1, the data points belong to class 1
If yi <1, the data points belong to class 2

4. Experimental Setup
All computations are performed on Intel (R) Core (TM) i5-8250U CPU @1.80GHz with 64bit
windows 10 as the operating system. All the experimentsare performed using the Python software
package. The proposed system uses the Cleveland dataset obtained from the UCI repository. It
consists of 165 instances of heart patients and 138 instances of healthy subjects [9]. The data are
partitioned into 80:20.80% of data are used as the training dataset and the remaining 20% of data are
used for the test phase. During the testing phase, it validates the performance of the classifier model
[5]. The following are the performance measures conducted to evaluate the potential of our proposed
system.
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4.1.Performance measure
The performance of the classifier model is evaluated by using the confusion matrix. It is of 2*2
confusion matrix. It consists of True Positive (TP), False Positive (FP), True Negative (TN), and False
Negative (FN) values [12].
True Positive is a measure that defines the number of instances has CHD and it is also correctly
predicted by the classifier model
True Negative is a measure that defines the number of instances has no CHD disease and it is also
correctly predicted by the classifier model
False Positive is a measure that defines the number of instances has CHD but it is predicted as normal
by the classifier model
False Negative is a measure that defines the number of instances has no CHD but it is predicted as
patients by the classifier model
Sensitivity, specificity and accuracy are described in terms of TP, TN, FN, and FP.
Accuracy is defined as the number of correct predictions made by classifier out of the total number of
predictions.
Accuracy = (TN + TP)/(TN+TP+FN+FP)
Error rate is defined as the number of incorrect predictions made by the classifier out of the total
number of predictions
Sensitivity is defined as the number of positive predictions made by the classifier out of the total
number of positive predictions. It is also known as True Positive Rate or Recall.
Sensitivity = TP/(TP + FN)
Specificity is defined as the number of negative predictions made by the classifier out of the total
number of actually negative predictions. It is also known as True Negative Rate.
Specificity = TN/(TN + FP)
Mathews Correlation Coefficient (MCC) is the measure used to predict the classifier score ranges
between [-1, 1]. It returns the values -1, +1, 0 for a completely wrong, correct and random class
prediction respectively [6][8][9].
4.2.Result
The following table2 describes the characteristics of data. It is observed from the sample data, that
the person on an average of age 55 years with an average of blood pressure 132 mmHg, serum
cholesterol 246 mg/dl, depression induced by exercise related to rest as 1 and maximum heart rate
achieved as 150 tends to be affected by CHD. The percentage of male count in the dataset is 68% out
of which 45% of them are affected by CHD. The percentage of female count in the dataset is 32% out
of which 75% of them are affected by CHD. It is also found that most females have high cholesterol
and males are suffering from high BP and maximum heart rate from the dataset.
Table 2. Characteristics of Data In the Cleveland Dataset
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Table 3 represents the correlation matrix of all the features in the data and its relationship using the
Pearson correlation coefficient. The correlation matrix represents the strength of the relationship that
exists between features in the data. The value +1 represents features are perfect positively correlated,1 represents the features are perfect negatively correlated and 0 represents features are uncorrelated.
Table 3. Pearson Correlation Coefficient Considering All Features of Cleveland
Dataset

Table 4 consists of the reduced feature set after implementing PCA. Large numbers of features are
hard to visualize. PCA can capture the relationship of features in lower-dimensional representation.
The red colour indicates the principal components(pc) are negatively correlated to the features and
blue colour indicates the pc is negatively correlated to the features.
Table 4.Reduced Feature Set after Implementing PCA On Cleveland Dataset
Features
Sex
Trestbps

PC1

PC2 PC3
PC4 PC5
PC6
PC7
0.552
0.322
0.263
0.050
0.464
0.224 0.504
0.164 0.366
0.471 0.263 0.201 0.375 0.606
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Chol
Fbs

0.266 0.560
0.243 0.153

Restecg

0.333 0.216

thalach

0.464

oldpeak

0.317
0.566

0.377

0.285 0.247

0.110

0.642 0.378
0.284
0.738
0.030
0.336
0.241
0.080

0.562
0.041
0.470
0.178

0.664
0.134
0.450
0.192
0.145

0.144
0.172
0.117
0.520
0.680

Table 5 consists of principal components and their variance. Upon implementing the PCA, it can
pertain to the features with high variance with a new set of principal components that are ranked in
descending order. The first principal component (PC) is the linear combination of original features
with preserving high variance in data. Subsequently, the principal components explain the remaining
variances in the data under the condition the principal component are orthogonal to the previous one.
According to the table.5, the first four principal components capture the 70% proportion of data with
unit variance.
Table 5. Principal Components and Its Variances
PC
PC1
PC2
PC3
PC4
PC5
PC6
PC7

Variance
1.514
1.278
1.113
0.967
0.805
0.729
0.595

Proportion
0.216
0.183
0.159
0.138
0.115
0.104
0.085

Cumulative
proportion
0.216
0.399
0.558
0.696
0.811
0.915
1.000

In the proposed system, three classifier models are used [7]. Table 6 represents the performance
measures of the three proposed classifier models. Since data distribution is linear in the dataset, the
multivariate linear combination of variables in LR classifier and SVM classifier gives comparatively
similar results in all aspects of performance measures. The performance of KNN classifier is low
when compared to SVM and LR classifiers. MCC represents the test accuracy of the prediction and
approximately nearer to the correct prediction[11].
Table.6 Performance Measures of the Proposed System
Model

SVM

LR

kNN=12

Sensitivity

82%

85%

62%

Specificity
Accuracy
MCC

87%
85%
0.7

88%
87%
0.73

78%
69%
0.4

Error Rate

15%

13%

31%

Fig.1.represents the plot show selecting the number of principal components as 7, PCA preserves
100% of the total variance of the data. It indicates the best 7 principal components that are the linear
combination of the original features and are orthogonal each other.Fig.2 represents the plot that
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captures performance measures such as accuracy, error rate, sensitivity, specificity and MCC of the
proposed classifier models of the kNN, SVM and LR[11].

100
80
60
40
20
0

SVM
LR
kNN=12

Fig.2.The Performance Measure of the Proposed System

5. Conclusion and Future Enhancement
Cardiovascular disease becomes one of the primary concerns to be taken care for safeguarding the
people. Particularly South Asian people are greatly affected by CHD. Despite the conventional risk
factors, prenatal, early life exposure and long working hours also play an important role in the excess
of CHD in South Asian people[16][17]. Hence with proper diet control, lifestyle and exercises help to
control CVD. Our contribution towards CVD is to implement a cost-effective system that predicts the
disease with precise results. We restrict our experimentation with three classifiers namely LR, SVM,
KNN, and its performance are assessed by the evaluation metrics such as accuracy, error rate,
sensitivity and specificity, and MCC. Among the three classifiers, LR and SVM outperform the kNN
classifier. The sensitivity, specificity, accuracy, MCC and error rate of LR classifier are
85%,88%,87%,0.73,13% respectively .Also, the SVM provides similar results in terms of sensitivity,
specificity, accuracy, MCC and error rate are 82%,87%,85%,0.7 and 15% respectively. The k-NN
classifier provides lower performance in all aspects of evaluation metrics.
The proposed system can upgrade its performance by using different feature extraction
techniques, feature optimization techniques and diverse mixture of machine learning techniques [4]
[7]. The application of Deep Neural Network (DNN) in the field of natural language processing,
image processing, and sentiment analysis and video recognition has shown tremendous improvement
in performance. Hence our future work is to implement deep neural networks in predicting the CHD
which will further enhance the results [2]. Also, we are concentrating on working with real-world
datasets.
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