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Abstract

This study investigates the effectiveness of three machine learning algorithms—Naive Bayes, Decision Tree, and
Random Forest—for stroke detection based on patient data. We utilize a publicly available dataset from Kaggle that
includes clinical features such as age, gender, hypertension, and heart disease history. Each model is evaluated on its
Area under the Receiver Operating Characteristics (AUROC), accuracy, precision, recall, and F1-score to determine the
best performer in predicting stroke risk.
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1. Introduction

A stroke is a critical medical condition characterized by a disruption in blood flow to the brain, resulting in brain cell
damage[1-4]. The two primary types of strokes are ischemic, which occur when blood vessels are blocked, and
hemorrhagic, which arises from bleeding into or around the brain[3-6]. Symptoms can manifest quickly and may include
weakness on one side of the body, difficulties with speech, dizziness, and vision impairment. A transient ischemic attack
(TIA), or mini stroke, presents similar symptoms but lasts for a shorter duration. Several factors increase the risk of
experiencing a stroke, with high blood pressure being the most significant. Additional risk factors include elevated
cholesterol levels, obesity, diabetes, smoking, and a history of TIAs or heart conditions like atrial fibrillation. Diagnosis
often involves a thorough physical examination alongside imaging tests such as CT or MRI scans, which help determine
the type of stroke and its severity. Prompt diagnosis and treatment are essential for minimizing potential long-term
complications, including mobility issues and loss of cognitive functions.

Stroke is a leading cause of morbidity and mortality worldwide, making early detection critical for effective intervention
and improved patient outcomes. With the increasing availability of healthcare data, machine learning techniques have
emerged as valuable tools for predicting stroke risk based on clinical and demographic features. Based on Mondal et
al.’s work which discusses the prediction of aneurysm occlusion using neural networks, we design our study where we
take into account different demographic features and predict brain stroke[7]. This paper explores the performance of
three prominent algorithms—Naive Bayes, Decision Tree, and Random Forest—in detection of stroke using a dataset
comprising various patient characteristics[5, 8, 9]. By comparing these algorithms, we aim to identify the most effective
method for stroke detection, ultimately contributing to better clinical decision-making and enhanced patient care.

2. Material and Methods

The study utilizes a publicly available dataset from Kaggle containing various clinical features related to stroke risk,
including demographic information, medical history, and lifestyle factors.
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We use three classical machine learning models for detection of stroke and do a comparative study.

Naive Bayes: This probabilistic classifier applies Bayes' theorem with the assumption that the features are independent
given the class label. It calculates the posterior probability of each class based on the likelihood of the observed features,
making it particularly effective for large datasets.

Decision Tree: This model uses a tree-like structure to make decisions based on feature values. Each node represents a
feature, branches represent decision rules, and leaves represent outcomes. Decision Trees are intuitive and easy to
interpret, making them useful for understanding the factors influencing stroke risk.

Random Forest: An ensemble method that combines multiple Decision Trees to improve predictive accuracy. It operates
by constructing numerous trees during training and outputs the mode of their predictions. Random Forest mitigates
overfitting issues associated with individual Decision Trees and enhances robustness.

Each model is implemented using the Python library scikit-learn. The dataset is split into training and testing subsets,
allowing model training and validation. Performance metrics such as accuracy, precision, recall, and F1-score are used
to evaluate each model's effectiveness in detecting stroke risk[10]. Cross-validation techniques are applied to ensure
the reliability of the results. Figure 1 describes the dataset and Figure 2 gives the workflow for the study.
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Figure 1 Demonstrates the dataset.

— | Precision

-
—. Neural Network —_— Prediction ——| Metric Analysis |—
L,

/ 1 N — (Accuracy |

—| AUROC
Random Forest
Decision Tree : ]

Figure 2 Demonstrates the workflow for the study.

3. Results

Figure 3 gives the AUROC for different neural networks. Table 1 shows the performance evaluation metrics for different
neural networks.
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AUROC Curves for Naive Bayes, Decision Tree, and Random Forest
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Figure 3 Demonstrates the AUROC for (A) Naive Bayes (B) Decision Tree and (C) Random Forest respectively

Table 1 Demonstrates performance evaluation metrics.

Neural network | Accuracy | Precision | Recall | F1 score | AUROC

Naive Bayes 0.88 0.75 0.70 0.72 0.83
Decision Tree 0.89 0.69 0.60 0.66 0.57
Random Forest 0.93 0.84 0.82 0.80 0.77

4. Conclusion

In conclusion, this study highlights the effectiveness of machine learning algorithms in stroke detection, comparing
Naive Bayes, Decision Tree, and Random Forest models. These findings underscore the potential of leveraging data-
driven approaches to enhance early stroke detection and inform timely medical interventions, ultimately improving
patient outcomes. Future work may focus on incorporating additional features and refining these models to further
enhance their predictive capabilities
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