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ABSTRACT 

Diagnosing heart disease is a medical problem that is both critical and has a time factor which has to be taken 

into consideration in order to be treated. This project looks into the performance analysis of four machine 

learning models which are SVM, KNN, Logistic Regression and XGBoost, with and without parameter tuning 

via GridSearchCV. The analysis set up is based on Hungarians Cleveland data set which has attributes for 

predicting whether the patient is likely to have heart problems. XGBoost computes higher accuracy among the 

algorithms but had prolonged computation time. The study therefore extends with Random Forest in that regard 

which parallels the accuracy of XGboost but decreased computation time. This project underlines the 

importance of parameter tuning in the improvement of model performance and identifies Random Forest as a 

low cost method which will result in faster and more accurate predictions for heart diseases. 

Keywords: XGBoost, KNN, SVM 

INTRODUCTION: 

The phenomenon of medical data availability brought into discussion the means and methods for improving the 

performance of life-saving health care on a larger scale. Cardiovascular disease (CVD) has been and still is one 

of the leading causes of global mortality, where myocardial infarction and strokes are common contributors. 

The WHO has reported that CVD caused 31% of all global deaths in the year of 2016, that figure is predicted to 

increase to 23.3 million deaths by 2030. Prevention is essential given the rise in high blood pressure, cholesterol 

and stress, and associated lifestyle habits. With growing data an enriched view of specific outcomes can be 

made. By helping find patterns in data, such models can facilitate the diagnostic process and be more proactive. 
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Heart disease has been detected using both supervised and unsupervised machine learning algorithms– which is 

a remarkable advantage for healthcare solutions focusing on reducing the mortality rate and economic 

efficiency of healthcare operations. 

GAP IDENTIFIED BASED ON LITERATURE SURVEY: 

Given the discrepancy of patient data, and modeling algorithms, an accurate and a quick diagnosis of a heart 

ailment is complex. While there are logistic regression, KNN, SVM, and XGBoost as machine learning 

algorithms for possible classification tasks, there appear to be a handful of possible limitations. 

Parameter tuning is a challenge many models faced, it is evident in previous research. GridSearchCV has 

become a way to improve algorithms based on its hyperparameters. Yet, XGBoost models have been shown to 

be accurate, they are also very slow, rendering them less useful for real-world situations. 

Another gap is also related to the narrow search of different models which would be both accurate and fast 

enough. High accuracy comes at a cost, most of the research mentioned above does not take into account the 

time and resources needed. 

This project addresses these gaps by systematically comparing algorithms with and without tuning using the 

datasets from Hungary Cleveland database. It also proposes Random Forest as a suitable substitute for XGBoost 

which yields the same prediction accuracy but is less costly in terms of computations. By providing 

improvements that are both accurate and time efficient, this study helps improve the heart disease diagnosis 

process. 

PROBLEM STATEMENT: 

For heart disease prediction, timeliness and accuracy of the ML models used are crucial, but many current ML 

models have issues with performance and time efficiency. 

Key Challenges: 

1. High accuracy of heart disease prediction on different patient databases. 

2. Parameter tuning approaches in the form of GridSearchCV for machine learning optimizations. 

3. The time cost of running such models such as XGBoost. 

4. Finding good enough and fast enough solutions which can be used in practical situations. 

PROPOSED METHOD: 

Logistic Regression, KNN, SVM, and XGBoost are implemented on the Hungary Cleveland heart disease 

dataset in this phase of the project. Such algorithms are tuned for optimal classification performance both with 

and without GridSearchCV parameter tuning. However, its time taken for computation stays unreasonable 

despite XGBoost attaining a high level accuracy of 100% as mentioned. 
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On the other hand, Random Forest is said to provide the same accuracy but takes a longer time. This problem is 

addressed by Random Forest. The stages include dataset cleaning , feature selection, model building , testing 

and evaluation. Measures like accuracy , precision, recall and computation time could be considered. This way 

there is always a trade-off between accuracy and speed, which provides a good alternative for diagnosing heart 

disease. 

ARCHITECTURE: 

11

SYSTEM MODEL

 

DATASET: 

Heart disease prediction is possible using the Hungary Cleveland dataset which was obtained from the UCI 

repository. It includes features such as age, sex, cholesterol levels, blood pressure, and ECG results. It involves 

normalizing values and missing data and also transforming the categorical variables to numerical variables. 

This classification encases healthy patients and sick patients suffering with heart disease. Due to the detailed 

nature of the attributes, the dataset is ideal to conduct tests with the machine learning algorithms, allowing for 

greater assessment of model performance when parameters are set and altered. This guarantees solid 

observations on how effective algorithms are in predicting one's cardio health. 

METHODOLOGY: 

Data Preprocessing: 

Load and preprocess the Hungary Cleveland dataset. 

Rescale numerical variables and encode the categorical features. 

Impute all necessary variables to complete the dataset in the best manner. 

Baseline Model Training: 

Apply the data to the Logistic Regression, KNN, SVM and XGBoost, and make predictions. 

Make evaluation of performance and accuracy parameters without tuning the parameters. 
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Parameter Tuning with GridSearchCV: 

Fine-tune every model using combinations of parameters using GridSearchCV including for instance max_iter, 

distances, and the type of kernel. 

Each model’s performance and the computation time are each recorded. 

Performance Evaluation: 

Investigate the computations that were performed aside from tuning that include time, accuracy, precision, and 

recall. 

Argue how parameter tuning affected the performance metrics of the model. 

Introduction of Random Forest: 

A farmer can use Random Forest instead of XGBoost when there is computational load. 

Fine tune Random Farm and fit it along with oters and without it. 

Comparison and Visualization: 

Provide the performance measurements of all algorithms, accuracy and computation time of the fastest one are 

the primary goals. 

Include graphical information depicting bar plots and confusion matrices for understanding. 

Validation on Test Data: 

Utilize the trained Random Forest model on the able data and check its validity on the predicted answers. 

Lastly, prediction results made earlier should be put against reality in order to check validity. 

EVALUATION: 

Precision: 

 

Recall (Sensitivity): 

 

F1 Score: 
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Accuracy: 

 

RESULTS: 

 

In above graph x-axis represents 0 as Healthy and 1 as Non healthy and y-axis represents count 

 

In above screen we are training logistic regression without tuning and we got its accuracy as 82% 

 

Logistic regression with Tuning parameters but we got same 82% accuracy 
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KNN without tuning and we got accuracy as 80% 

 

KNN with tuning parameters and we got increased accuracy as 83% 

 

SVM without tuning and we got accuracy as 95% 
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SVM with tuning and we got same accuracy as 95% 

 

XGBOOST without tuning got 100% accuracy 

 

In above screen XGBOOST with tuning also got 100% accuracy computation time is 18 seconds 
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Random Forest without tuning and got accuracy as 100% 

 

Random Forest computation time is 16 seconds and XGBOOST took 18 seconds 

 

We can see XGBOOST and extension Random Forest got high accuracy 
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Displaying all algorithms performance 

 

Computation time comparison between XGBOOST and Random Forest 

Prediction: 

 

Predicted output as ‘Heart Disease or No Heart Disease’ 

CONCLUSION 

This research shows that the XGBoost classifier, despite attaining very high responsiveness in predicting heart 

disease, can be very expensive to use. The Random Forest does not require much time and is able to give 

similar accuracy. GridSearchCV improves the performance of the model significantly, but also increases the 

time of execution. The results highlight the tradeoffs between accuracy and efficiency in the machine learning 

application for medical problems. Through more efficient algorithms such as Random Forest, this research 
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enhances the efficiency of heart disease diagnosis enabling better healthcare delivery and real-time diagnosis 

systems. 
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