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Abstract 

Nowadays, heart illness is somewhat common truth. Both the death rate and frequency are rising daily. In this study, 
three models-a simple logistic model using linear regression, K-Nearest Neighbors (K-NN), and Support Vector Machine 
(SVM)-are used for training and testing data in order to accurately predict heart disease. Following preprocessing, a ratio 
was used to divide the data into train and test sets. The results showed that the Support Vector Machine (SVM) approach 
was the most accurate model in terms of prediction accuracy, while the K-Nearest Neighbors (K-NN) and Logistic model 
with linear regression were relatively lesser accurate with respect to the same value of all parameters. To put it succinctly, 
these three prediction models were able to accurately forecast heart disease and exceeded accuracy. These findings 
suggest that these models are very practical and effective, and they can give physicians valuable information to help them 
identify and treat patients with heart disease more accurately. 
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I.  Introduction 

Heart disease is an extremely prevalent condition, and each 
year more people die from it. Recent studies on heart disease 
have focused on early diagnosis, therapy, and prediction1,2. 
Among these, algorithms for machine learning (ML) have 
emerged as a promising technique for heart disease prediction. 
Large-scale data processing and analysis, sampling, model 
building, and future prediction are all possible using machine 
learning algorithms3. By examining clinical, physiological, 
and imaging data, machine learning algorithms can create 
prediction models and determine a patient's risk or hazard4. 
To forecast improved outcomes, algorithms like SVM, K-NN, 
and regression models with sigmoid functions have been 
employed. 

The appeal of ML algorithms in heart disease prediction is in 
great importance. Firstly, it can help physician to assess risk 
of patients more correctly and providing treatments.  

Second, it can increase diagnosis efficiency and accuracy. 
Lastly, it can lower the heart disease death rate9.  

In recent times, there have been some studies done on 
predictive modeling in cardiovascular diseases prediction12,13. 
We used our own codes to review some of these works to 
acquire better results. We used three robust machine learning 
algorithms which are Logistic Regression, K-Nearest Neighbor 
(KNN) and Support Vector Machine (SVM) to predict the 
presence of heart disease in a patient and compared their 
accuracies, precision, recall and F1 score to find the best 
method among them. 

 
Even though machine learning algorithms are used to detect 
cardiac problems, they still require clarifications and 
enhancements. We used a set of data in this research that may 
contain noise. The accuracy of models will increase as data 
quality continues to improve9. 

II. Data Sources 

The dataset utilized in this work comes from the publicly 
accessible Kaggle platform7. It consists of 303 patients’ data 
along with 14 features. These features are age, gender, chest 
pain, resting blood pressure, cholesterol, fasting blood 
pressure, resting electrocardiographic results, maximum 
heart rate, exercise induced angina (1 = yes; 0 = no), old peak 
(ST depression induced by exercise relative to rest), slope 
(the slope of the peak exercise ST segment), number of major 
vessels, thalassemia and target. Target 1 denotes a person 
with heart disease, while target 0 denotes a person with a 
normal heart. There were no missing values in the dataset. 13 
of the 14 features’ values are in integer format and the 
remaining one is in decimal format. We have shown the data 
of 5 patients along with 10 features in Table 1. 

Table 1. Partial data 
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63 M 145 233 Yes 150 No 2.3 0 1 
44 M 130 233 No 179 Yes 0.4 2 1 
54 F 135 304 Yes 170 No 0 2 1 
55 F 128 205 No 130 Yes 2 1 0 
38 M 138 175 No 173 No 0 2 1 
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III. Statistical Analysis of Data 

Each feature was statistically analyzed and maximum, 
minimum, average, standard deviation and median of each 
feature were calculated firstly. 

Table 2. Feature List 
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Age 77 29 54.36634 9.08210 55 
Resting BP 200 94 131.6238 17.5381 130 
Cholesterol 564 126 246.264 51.8307 240 
Fasting BS 1 0 0.148515 0.35619 0 
Old Peak 6.2 0 1.039604 1.16107 0.8 
Max HR 202 71 149.6469 22.9051 153 

Heart Disease 1 0 0.544554 0.49883 1 
 

IV. Model Introduction 

Logistic model with simple Linear regression 

The goal of logistic model is to estimate the probability of 
occurrence. The value range for the prediction should 
therefore be between 0  and 1 . This method is used for 
classification problem only. 

In linear regression model we have regression equation as 
1 1 2 2 0...... k ky b x b x b x b     . Here y  is the dependent 

variable and ),....,,( 21 kxxx are the independent variables 
and 𝑏𝑏𝑖𝑖’s are the regression coefficients. The sigmoid function 

is given by ze
zf 


1
1)( . We can observe that the 

functional value approaches 1 as 𝑧𝑧 tends to ∞ and 0 as z tends 
to −∞. So, for any real value of  𝑧𝑧, the functional value will 
be in between 0 and 1. Now we will infuse the linear 
regression equation into the sigmoid function as follows.  

)......( 022111
1)( bxbxbxb kke

bf 



. Determining the 

optimal b


coefficients will help us to get a better result. 
Usually, 0.5 is considered as the threshold value. If y is 
greater than 0.5, the target variable is predicted to be 1 and if 
y  is less than 0.5, the target variable is predicted to be 0. 

Thus, we can use a continuous model to find the target value 
which is either 0 or 1 in a classification problem.10. 

 

 

                      Fig. 1. Sigmoid function. 

K-Nearest Neighbors (K-NN) Algorithm 

A straightforward yet incredibly effective classification 
algorithm is K-Nearest Neighbors (KNN). It uses a distance 
metric to classify. Additionally, the algorithm is non-
parametric. Finding the number of nearest neighbors is the 
first step in the K-NN approach. The distance between each 
training example and the query instance is then determined. 
Once the distance has been sorted, the minimum distance is 
used to identify the closest neighbors. The prediction is then 
made using the query instance's prediction value to be the 
simple majority of the nearest neighbor category10. 

 

 

 

 

Fig. 2. K-NN algorithm. 

Support Vector Machine Algorithm 

One of the most often used supervised learning algorithms for 
both regression and classification problems is the Support 
Vector Machine (SVM). But it's mostly applied to machine 
learning classification problems. 

 
In order to make it simple to classify fresh data points in the 
future, the SVM method aims to draw the best line or decision 
boundary that can divide n-dimensional space into classes. A 
hyperplane is the optimal choice boundary.  

In order to create the hyperplane, SVM selects the extreme 
points and vectors. These are the points lying closest to the 
decision boundary or the hyperplane. The algorithm is known 
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as a Support Vector Machine (SVM) because these extreme 
situations are referred to as support vectors10. 

 

 

 

 

Fig. 3. SVM algorithm. 

V. Results and Analysis 

We separated our data set into two sections using a ratio 1: 1 
after first preparing the data. In other words, 50% of the data 
are used to test the model, and the remaining 50% are used 
to train the model. Parameters including precision, recall, F1 
score, confusion matrix, and accuracy are used to assess the 
models.  

The confusion matrix consists of True Positive (TP), True 
Negative (TN), False Positive (FP) and False Negative (FN). 
Here, ‘Positive’ denotes the prediction of the presence of 
heart disease and ‘Negative’ denotes the absence of it and 
‘True’ implies the prediction is correct whereas ‘False’ 
implies it is incorrect. The confusion matrix for the logistic 
model with the simple linear regression model, the K-NN 
model, and the SVM model, are shown in Figures 4, 5 and 6, 
respectively.  
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Fig. 4. Logistic regression model. 
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Fig. 5. K-NN model. 
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Fig. 6. SVM model. 

Table 3. Modelling Evaluation 
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Logistic 
Regression 

80.921% 78 90 84 

K-NN 
model 

82.236% 83 84 84 

SVM 
model 

83.552% 82 90 86 

 

Precision, Recall, F1 score and Accuracy of the models are 
defined as follows: 

 Precision = 𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹 

 
 Recall = 𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹 
 

 F1 Score = 2∗𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃∗𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃+𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  
 

 Accuracy = 𝑇𝑇𝑇𝑇+𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹+𝑇𝑇𝑇𝑇+𝐹𝐹𝐹𝐹 

From the above confusion matrix and model evaluation 
indexes the best performance in terms of accuracy of heart 
disease prediction was obtained by Support Vector Machine 
(SVM) method with accuracy 83.55% whereas the Logistic 
model with linear regression and K-nearest Neighbors 
methods have obtained the accuracy 82.24% and 80.92% 
respectively. All the above ML algorithms have accuracy 
more than 80%  and can predict the heart disease of the 
patients fairly accurately. Fig.7 shows the accuracies of the 
models. 
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Fig. 7. Bar chart of the accuracy of the model. 

We also performed 10-fold cross validation technique in 
order to prevent the issue of overfitting and bias. The mean 
accuracies of Logistic Regression, K-NN and SVM were 
respectively 84.4%, 79.6% and 85.7%. This shows that the 
SVM model is better than the other models in diagnosing 
heart diseases. 

 
Fig. 8: Bar chart of the accuracy of the model after 10-fold cross 

validation. 

VI. Conclusion 

All over the world heart disease has become very common 
fatal disease [11]. Many people die from heart disease 
nowadays for not proper identification of disease. In this 
paper we have tried to employ three ML algorithms to 
identify heart disease. Among them the best performer was 
Support Vector Machine (SVM) model with accuracy 
83.55% and recall 90%. This model has better result 
compared with the others if we consider both accuracy and 
recall. For medical diagnosis cases, recall parameter is 
essential since it shows the measure of all people who really 
have heart disease, how many the model actually detected. 
Considering these two parameters, we can be sure that the 
SVM is model is superior than the others. 

The entire data set was divided into two categories in this 
paper: train and test sets, respectively, based on the ratio 1: 1. 

We trained our models using the train data set and evaluated 
them using the test data set. 

The confusion matrix helps us to observe the classification of 
the test set. We observed that in SVM method, both true 
positive (TP) and true negative (TN) are high while false 
positive (FP) and false negative (FN) are low. This means that 
this model is able to correctly predict whether a patient has 
heart disease or not. 

In summary, we can say that all the three ML models are able 
to predict the heart disease. Among them the Support Vector 
Machine (SVM) method with accuracy 83.55% is more 
accurate than Logistic with Linear Regression and KNN 
methods with accuracy 80.92% and 80.24% respectively. 
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