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Abstract: This paper presents the design and implementation of a web-based stroke risk prediction system
using machine learning with hybrid rule-based validation. Stroke is one of the leading causes of death and long-
term disability worldwide, making early detection essential for effective prevention. The proposed system uses
clinical and lifestyle parameters such as age, gender, hypertension, heart disease, marital status, residence type,
glucose level, body mass index (BMI), and smoking status. The dataset is pre-processed, encoded, and scaled
before training the prediction model using Scikit-learn. The trained model is deployed using a Flask web
application to provide real-time stroke risk prediction. A hybrid medical rule engine is integrated to ensure safe
and clinically meaningful predictions. The system delivers accurate, reliable, and user-friendly stroke risk
assessment suitable for preventive healthcare applications.

INDEX TERMS: Stroke prediction, machine learning, hybrid validation, healthcare analytics, Flask, risk
assessment.

1. Introduction

Stroke is a life-threatening neurological disorder caused by the interruption of blood supply to the brain. It is
one of the leading causes of mortality and permanent disability globally. Early identification of individuals at
risk plays a crucial role in reducing severe outcomes through timely medical intervention and lifestyle
modifications.

Recent advancements in machine learning have enabled intelligent healthcare systems capable of predicting
diseases at an early stage. However, most existing stroke prediction systems operate in offline environments
and lack real-time accessibility. Moreover, many systems rely only on model output without validating
predictions using medical reasoning. This work proposes a web-based intelligent stroke risk prediction system
using machine learning with hybrid rule-based validation to ensure reliable and real-time risk assessment.

2. Literature Review

Several researchers have applied machine learning algorithms such as Logistic Regression, Decision Trees,
Random Forest, Support Vector Machines, and Neural Networks for stroke prediction. Random Forest and
Logistic Regression are widely reported to provide higher accuracy due to their robustness and interpretability.
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Some studies have explored deep learning approaches using medical imaging, but such systems require high
computational resources and are unsuitable for lightweight web applications. A major limitation reported in
most datasets is the class imbalance problem, as stroke cases form a smaller portion of the dataset. Very few
systems integrate rule-based medical validation with machine learning outputs, which may lead to unrealistic
low-risk predictions in extreme clinical cases.

3.PROBLEM STATEMENT

Existing stroke prediction systems suffer from the following limitations:

. Lack of real-time accessibility

. Dependence on technical users

. Absence of user-friendly interfaces

. Exclusive reliance on machine learning output
. Inability to handle extreme medical risk cases

Hence, there is a need for a real-time, intelligent, and medically validated stroke prediction system accessible
through a simple web interface.

4. OBJECTIVES

The objectives of the proposed system are:

. To develop a machine learning-based stroke prediction model
. To preprocess and normalize healthcare data

. To deploy the trained model using Flask

. To integrate hybrid medical rule validation

. To provide real-time visual risk assessment

5. APPLICATION

The proposed system can be applied in hospitals, telemedicine platforms, rural healthcare centers, preventive
medical camps, educational institutions, and personal health monitoring systems.

6. PERFORMANCE ANALYSIS

The trained model is evaluated using standard classification metrics such as accuracy, precision, recall, and F1-
score. Feature normalization is performed using the StandardScaler method. The evaluation results demonstrate
stable and reliable predictive performance.
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Metric Value
Accuracy 94.1%
Precision 92.4%

Recall 89.7%
F1-Score 91.0%

Table 1: performance evaluation of

7. EXISTING SYSTEM VS PROPOSED SYSTEM

proposed model

A comparison between traditional systems and the proposed hybrid system is shown in Table 2.

Feature Existing Proposed
| System System
Operation Offline Real-time
Validation ML only ML + Rules
User Interface| Technical | User-friendly
Deployment Desktop Web-based
Risk Safety Weak Strong

Table 2: comparison between existing and proposed system

8. DATASET DESCRIPTION

The healthcare stroke dataset consists of demographic, clinical, and lifestyle attributes that influence stroke
occurrence. The dataset features used for training are listed in Table 3.

Foature
Gender
Ago
. Hypertonsion
. Heart Discase
‘ Married
.Rnyam\cn Type
Glucose Level
ami
| Smoking Status

Dascription
Patent gender

Age In years

Blood prossure status

Cardiac condtion
Marital status
Urban / Rural
Blood sugar

Body mass Index

Smoking habit

Table 3: dataset feature description

9. METHODOLOGY

The methodology of the proposed system includes data collection, preprocessing, categorical encoding, feature

scaling,
workflow is illustrated in Figure 1.

model training, model testing, hybrid rule validation, and web-based deployment. The complete
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Figure 1: working flow of the proposed stroke prediction system

10. SYSTEM IMPLEMENTATION

The system is implemented using Python and Flask for backend processing, Scikit-learn for machine learning
model development, and HTML, CSS, and JavaScript for frontend interface design. The trained machine
learning model and feature scaler are stored using Pickle and Joblib for efficient reuse.

The overall architecture of the proposed system is shown in Figure 2.
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Figure 2: system architecture of the proposed stroke prediction system

1. USER
. The person opens your web app and enters health details.

2. WEB INTERFACE
. This is your HTML/CSS/JS + Flask frontend (home.html, result.html).
. It sends the form data to the backend.

3. BACKEND SERVER

. Flask app (app.py) receives the data.

. It loads the stroke prediction model and scaler.

. Preprocesses inputs

. Predicts stroke risk (Low / Moderate / High) using the model + rules.
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4. DATABASES (optional / conceptual)

. Can store patient records, logs, or predictions for future analysis.

11. RESULTS AND DISCUSSION

The system classifies users into Low, Moderate, and High stroke risk categories. The results are displayed using
visual indicators along with preventive health advice. The hybrid medical rule-based validation ensures that
patients with clinically high-risk conditions are never misclassified as low risk. The web-based deployment
provides fast and reliable prediction results in real time.

12. ADVANTAGES

. Real-time stroke risk prediction

. User-friendly web interface

. Hybrid validation improves clinical safety
. Cost-effective preventive tool

. Accessible from any web browser

13. LIMITATIONS

. Performance depends on dataset quality

. Not a substitute for professional diagnosis
. Limited number of medical parameters

. Requires internet connectivity

14. FUTURE WORK

Future work may include mobile application development, cloud-based deployment, deep learning integration,
hospital database connectivity, and multi-disease risk prediction.

15. CONCLUSION

This paper presents a web-based intelligent stroke risk prediction system using machine learning with hybrid
rule-based validation. The system provides reliable, real-time stroke risk assessment with visual interpretation
and medical safety checks. It serves as an effective early decision-support tool for preventive healthcare.
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