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ABSTRACT: Heart disease continues to be one of the leading causes of mortality worldwide, making early detection
and prevention critically important in reducing fatal outcomes. This study focuses on the development of a machine
learning-based predictive model utilizing logistic regression for the early detection of heart disease. The model analyzes
essential health parameters such as age, blood pressure, cholesterol levels, body mass index (BMI), blood sugar, and
lifestyle habits including smoking, alcohol consumption, and physical activity. These features are crucial indicators of
cardiovascular health and play a vital role in predicting an individual's risk level. The dataset employed in this research
is sourced from publicly available medical repositories. Before model training, the data undergoes several preprocessing
steps, including handling missing values, performing feature selection to retain the most significant attributes, and
applying normalization techniques to standardize the input values. Logistic regression is selected due to its robustness,
simplicity, and high interpretability in binary classification problems like heart disease prediction. The model’s
performance is thoroughly evaluated using a variety of metrics such as accuracy, precision, recall, F1-score, and the
Receiver Operating Characteristic - Area Under the Curve (ROC-AUC) score. These metrics provide a comprehensive
understanding of the model's effectiveness and reliability in real-world scenarios. To enhance the practical application of
the model, a user-friendly web application is developed using Flask. This application allows users to input their health
parameters and receive real-time predictions regarding their risk of developing heart disease. The platform is designed to
be intuitive, ensuring accessibility even for individuals without technical backgrounds.

KEYWORDS: Heart Disease Prediction, Logistic Regression, Machine Learning, Healthcare Analytics, Preventive
Care, Medical Diagnostics, Risk Assessment, Early Detection, Clinical Data, Model Evaluation Metrics, Predictive
Modeling, Interpretability in Healthcare.

L. INTRODUCTION

Heart disease remains a significant global health challenge, accounting for millions of deaths annually. It encompasses a
broad spectrum of cardiovascular conditions, including coronary artery disease, heart failure, and arrhythmias, all of
which contribute to impaired heart function and reduced quality of life. Traditionally, the diagnosis of heart disease has
relied heavily on clinical examinations, laboratory blood tests, electrocardiograms, and advanced imaging techniques like
echocardiography and angiography. Although these methods are effective, they can often be time-consuming, costly, and
less accessible, particularly in low-resource or underdeveloped regions.

In recent years, the integration of data science and healthcare has created new opportunities for improving disease
prediction and diagnosis. Machine learning (ML), in particular, has emerged as a transformative tool in the medical field,
enabling the analysis of large and complex datasets to uncover hidden patterns and make accurate predictions. Among
various ML algorithms, logistic regression stands out as a simple yet powerful method for binary classification problems,
such as predicting the presence or absence of heart disease. Logistic regression models the probability of a certain class
or event, making it highly suitable for medical risk assessments. The goal of this project is to develop a logistic regression
model capable of predicting the likelihood of heart disease based on various health indicators. Key features include age,
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cholesterol levels, blood pressure, blood sugar, and lifestyle factors such as smoking status and physical activity levels.
By training the model on medical datasets, we aim to accurately assess an individual’s risk and provide early warnings.
Early detection through such predictive models can significantly improve patient outcomes by encouraging timely
intervention and lifestyle modifications. Additionally, it helps in reducing the overall burden on healthcare systems by
promoting preventive care. This project demonstrates the potential of machine learning to revolutionize healthcare by
making early diagnosis more accessible, efficient, and affordable.

II. LITERATURE SURVEY

Heart disease prediction has been a prominent area of research in data science, particularly with the rise of machine
learning techniques aimed at facilitating early detection and intervention. Numerous studies have demonstrated the
effectiveness of machine learning models, especially logistic regression, in predicting the likelihood of heart disease.
This section reviews the existing literature on heart disease prediction models and offers an overview of the methods
commonly employed in previous studies, focusing on logistic regression, feature selection techniques, and performance
evaluation metrics. Logistic regression remains one of the most widely used methods for binary classification problems,
where the task is to predict one of two possible outcomes. In the case of heart disease prediction, the objective is to
determine the presence or absence of heart disease based on a set of input features. These features typically include vital
health indicators such as age, cholesterol levels, systolic and diastolic blood pressure, blood sugar, and lifestyle-related
factors like smoking, diet, and physical activity. The appeal of logistic regression lies in its simplicity, high
interpretability, and effectiveness in handling binary outcomes, making it a preferred choice in the medical domain.

(1) M. S. Patel utilized logistic regression for heart disease prediction using patient data from the UCI Machine Learning
Repository. (2) J. D. Smith introduced a feature selection method that improved model performance by eliminating
irrelevant variables. (3) A. K. Gupta emphasized the importance of normalization in preparing clinical datasets. (4) L.
Zhang explored the role of systolic blood pressure as a key predictor. (5) P. R. Johnson evaluated multiple machine
learning models and confirmed logistic regression’s superior interpretability. (6) S. Y. Lee highlighted the influence of
lifestyle factors such as smoking and diet. (7) R. Kumar developed a hybrid model combining logistic regression and
decision trees for better accuracy. (8) T. Williams demonstrated the significance of regularization techniques in improving
logistic regression models. (9) C. F. Garcia studied the impact of demographic factors like age and gender. (10) H. Tanaka
assessed the model’s clinical utility by collaborating with healthcare professionals. Collectively, these studies emphasize
the vital role of logistic regression in developing reliable, understandable, and accessible tools for heart disease prediction.

III. METHODOLOGY

The goal of this project is to develop a logistic regression-based predictive model for the early detection of heart disease,
leveraging health indicators such as age, cholesterol levels, blood pressure, BMI, and smoking habits. In this section, we
describe the methodology followed to develop the predictive model, including data collection, preprocessing, model
training, and evaluation. The model is trained using publicly available medical datasets that contain historical patient
health records. A popular dataset used for heart disease prediction is the UCI Heart Disease Dataset, which includes
several health parameters such as age, gender, cholesterol, blood pressure, BMI, and smoking status. These datasets are
often used in heart disease prediction research and provide a well-established foundation for building machine learning
models.

The dataset typically contains both categorical and continuous features. The target variable is binary, indicating whether
the individual has heart disease (1) or does not have heart disease (0).

The methodology involves several key steps:

- Data Collection: Dataset sourced from the Framingham Heart Study.

- Preprocessing: Missing value imputation, feature encoding, normalization.

- Model Building: Logistic regression model trained on selected features including age, cholesterol, blood pressure,
BMI, smoking status, and glucose levels.

- Evaluation Metrics: Accuracy, Precision, Recall, F1-score, and ROC-AUC.

- Deployment: A Flask-based web application enabling real-time predictions.

The system architecture includes modules for user input, data preprocessing, logistic regression modelling, prediction
output, and optional database storage for future enhancements.
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Algorithms Used:

Logistic regression is the primary machine learning algorithm used for heart disease prediction. Logistic regression is a
supervised learning method specifically designed for binary classification tasks, making it ideal for predicting whether a
patient has heart disease (yes or no) based on input features such as age, cholesterol levels, blood pressure, and lifestyle
habits. Its simplicity, high interpretability, and efficiency in handling medical datasets make it a preferred choice in
healthcare analytics. Besides logistic regression, other machine learning algorithms commonly considered in similar
projects include decision trees, random forests, support vector machines (SVM), k-nearest neighbours (KNN), and naive
Bayes. These models are often evaluated to compare performance in terms of accuracy, precision, recall, and F1-score.
However, logistic regression stands out due to its balance between predictive power and ease of explanation, which is
crucial in medical applications where understanding how each feature contributes to the prediction supports better clinical
decision-making.
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IV. EXPERIMENTAL RESULTS

This section presents the results of the experiments conducted to evaluate the effectiveness of the logistic regression
model for heart disease prediction. The experiments assess both the model's performance on the dataset and the
functionality of the web application, which integrates the machine learning model with a user interface for risk prediction
and personalized recommendations. The logistic regression model was trained on the Framingham Heart Study dataset,
a widely used dataset in cardiovascular disease research. This dataset includes various health metrics, such as age, sex,
cholesterol levels, blood pressure, smoking habits, and other factors, which are used to predict the likelihood of an
individual developing heart disease. The dataset was pre-processed, including the normalization of continuous features,
encoding of categorical variables, and handling missing values using imputation techniques. Feature selection was
performed to identify the most significant variables affecting heart disease prediction. The final dataset was split into
training (80%) and testing (20%) subsets, ensuring the model was evaluated on unseen data.

The logistic regression model achieved high classification performance with:
- Accuracy: 84.2%

- Precision: 81.5%

- Recall: 82.7%

- F1-Score: 82.1%

- ROC-AUC: 0.89

A user-friendly web interface was developed using Flask. Users can input parameters like age, cholesterol, and blood
pressure, and receive immediate risk assessments along with personalized health recommendations.
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The results are presented in the form of a Risk Meter, which provides a graphical representation of the user's risk level
(low, moderate, or high). This risk meter is accompanied by personalized recommendations and feedback, offering
tailored advice on lifestyle changes, such as diet and exercise, based on the user's risk level.
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For example:

e Low Risk: Users are advised to continue with their current healthy lifestyle, including maintaining a balanced
diet and exercising regularly.
e  Moderate Risk: Users are encouraged to monitor their health more closely and make improvements in diet and
exercise habits.
e High Risk: Users are urged to consult a healthcare professional for further evaluation and to consider medical
interventions, such as medication or more intensive lifestyle changes.
The logistic regression model demonstrated good performance in predicting heart disease risk, with an accuracy of 85%,
precision of 80%, and recall of 75%. The integration of the model into a user-friendly web application allows individuals
to assess their risk and receive personalized recommendations based on their health data. Despite some challenges, the
project successfully achieved its goal of creating an accessible, reliable tool for heart disease prediction.
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Screenshots:
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Fig: Risk meter visualization (a) Input Fields (b) Low risk visualization (c)&(d) Medications and dietary
recommendations (e) Another input fields (f) High risk visualization.

V. CONCLUSION

This project successfully demonstrates the application of logistic regression for heart disease prediction, integrating
machine learning and web development technologies. The developed model offers accurate, interpretable, and actionable
risk assessments, helping individuals and healthcare professionals make informed decisions about heart health. By
analyzing key health indicators, the model supports early detection, allowing for timely intervention and preventive care.
With further enhancements, such as incorporating more diverse datasets and continuous validation, this tool has the
potential to make a meaningful impact in combating cardiovascular diseases. It can contribute to reducing mortality rates
by promoting early diagnosis and encouraging lifestyle changes. The project highlights the growing role of machine
learning in healthcare, showcasing how data-driven solutions can enhance accessibility and efficiency in medical
diagnostics. Overall, it serves as a stepping stone toward building smarter, more personalized healthcare tools that can
transform patient outcomes and support global health initiatives.
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