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Abstract— This project focuses on predicting
blood pressure risk levels using machine
learning techniques. The system processes a
dataset containing systolic and diastolic blood
pressure values and classifies them into different
risk categories. Data preprocessing steps such as
normalization, shuffling, and label encoding are
applied to improve model performance. Two
algorithms, Decision Tree and Logistic
Regression, are implemented and evaluated
based on accuracy, precision, recall, and F1-
score. The Decision Tree model achieved
significantly higher accuracy compared to
Logistic Regression, making it more suitable for
this prediction task. Visualizations such as
graphs and confusion matrices are used to
analyse performance and results clearly. The
system also allows testing with new input values
to predict risk levels effectively. Overall, this
project demonstrates how machine learning can
assist in early detection and monitoring of blood
pressure-related health risks.
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I. INTRODUCTION

In recent years, healthcare has greatly benefited
from advancements in data analysis and machine
learning technologies [6][20]. Blood pressure is
one of the most critical indicators of a person’s
health, and abnormal levels can lead to serious
conditions such as heart disease, stroke, and kidney
failure [17][18]. Early detection of risk levels plays
an important role in preventing such complications.
Traditionally, medical professionals analyze blood
pressure manually, which can be time-consuming
and prone to human error. Therefore, there is a
need for an automated system that can efficiently
analyze and classify blood pressure readings [12].
This project aims to develop a machine learning-

based solution that predicts risk levels based on
systolic and diastolic values. By using data-driven
approaches, the system can provide faster and more
accurate predictions, helping individuals and
healthcare providers take timely preventive
measures and improve overall health management.

Machine learning algorithms have proven to be
powerful tools in analyzing complex datasets and
identifying hidden patterns [3][19]. In this project,
a dataset containing blood pressure readings and
corresponding risk levels is used to train predictive
models [5]. Before applying algorithms, the data
undergoes preprocessing steps such as label
encoding to convert categorical values into numeric
form, normalization to scale the data, and shuffling
to ensure proper distribution of samples. These
steps are essential to improve the performance and
reliability of the models. The dataset is then
divided into training and testing sets, allowing the
system to learn from one portion of the data and
validate its performance on unseen data. This
structured approach ensures that the developed
model is both accurate and generalizable, making it
suitable for real-world applications in health
monitoring systems.

Two machine learning algorithms are implemented
in this project: Decision Tree and Logistic
Regression. The Decision Tree algorithm works by
splitting the data into branches based on feature
values, making it easy to interpret and highly
effective for classification tasks [3][16]. Logistic
Regression, on the other hand, is a statistical
method used for binary or multi-class classification
problems [4][13]. Both models are trained using the
same dataset and evaluated using performance
metrics such as accuracy, precision, recall, and F1-
score. The results show that the Decision Tree
algorithm outperforms Logistic Regression in terms
of prediction accuracy and error rate. This
comparison helps in identifying the most suitable
algorithm for blood pressure risk prediction and
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highlights the importance of selecting the right
model for a specific problem.

Visualization plays an important role in
understanding data and model performance. In this
project, graphs are used to represent the distribution
of risk levels in the dataset and to compare the
performance of different algorithms. A confusion
matrix is also generated to provide a detailed view
of prediction results, showing correct and incorrect
classifications. These visual tools help in
identifying strengths and weaknesses of the models
and provide insights into how well the system
performs [8]. Additionally, comparison tables are
created to summarize the results, making it easier
to analyze and interpret the findings. Such visual
representations enhance the clarity of the project
and make it more informative for users and
developers alike.

The final stage of the project involves testing the
trained model with new input data. Users can
provide systolic and diastolic values, and the
system predicts the corresponding risk level using
the trained Decision Tree model. This feature
demonstrates the practical application of the project
and its potential use in real-world scenarios. The
ability to quickly and accurately predict risk levels
can assist individuals in monitoring their health and
taking preventive actions when necessary [7][9].
Overall, this project highlights the effectiveness of
machine learning in healthcare and shows how
simple models can be used to solve important
problems. It also provides a foundation for future
improvements, such as integrating more features or
using advanced algorithms for better accuracy.

Il. RELATED WORK

Gupta et al., [2018] [1] Gupta et al. presented a
machine learning approach for  detecting
hypertension using Decision Tree and Random
Forest algorithms. Their study focused on
improving prediction accuracy by analyzing patient
health data. The authors highlighted that tree-based
models are effective in handling medical datasets
with both categorical and numerical values. They
compared the performance of different classifiers
and found that ensemble techniques provided better
results than single models. The study also
emphasized the importance of feature selection in
improving model performance. Their results
demonstrated that machine learning can assist
doctors in early diagnosis of hypertension. This
work serves as a foundation for applying
classification algorithms in healthcare. It also
shows how predictive models can reduce manual
effort in diagnosis.

Kim et al., [2019] [2] Kim et al. discussed the use
of loT-enabled wearable devices for continuous
monitoring of blood pressure. Their research
focused on real-time data collection and
transmission using smart sensors. The system
allowed patients to track their health conditions
outside clinical environments. The authors
explained how integrating loT with healthcare
improves accessibility and efficiency. They also
highlighted challenges such as data security and
device accuracy. The study showed that continuous
monitoring helps in early detection of abnormal
blood pressure levels. This approach reduces the
need for frequent hospital visits. Their work
contributes to the development of smart healthcare
systems.

Wang et al., [2020] [3] Wang et al. explored
predictive analytics in healthcare using Decision
Tree classifiers. Their study focused on analyzing
medical datasets to identify patterns related to
diseases. They demonstrated how decision trees
can be wused to classify patient conditions
effectively. The authors emphasized the
interpretability of decision tree models, making
them suitable for clinical applications. They also
discussed how these models help in decision-
making processes for healthcare professionals.
Their results showed improved prediction accuracy
compared to traditional statistical methods. The
study highlighted the importance of data
preprocessing for better performance. This research
supports the use of machine learning in healthcare
analytics.

Singh et al., [2020] [4] Singh et al. conducted a
comparative study between Logistic Regression
and Decision Tree algorithms for medical
diagnosis. Their research evaluated both models
using various performance metrics such as
accuracy and precision. They found that decision
trees performed better in handling complex and
non-linear datasets. Logistic regression, however,
was useful for simpler classification tasks. The
authors highlighted the strengths and limitations of
each algorithm. Their findings help in selecting
suitable models for specific medical problems. The
study also emphasized the role of proper data
preparation. This work provides valuable insights
into model comparison in healthcare.

Zhang et al., [2022] [7] Zhang et al. focused on
blood pressure risk classification using machine
learning techniques. Their study aimed to
categorize patients into different risk levels based
on health data. They applied advanced algorithms
to improve prediction performance. The authors
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discussed how machine learning can assist in early
risk stratification. Their results showed that
automated systems can provide accurate and fast
predictions. They also highlighted the importance
of large datasets for training reliable models. The
study demonstrated the practical application of Al
in healthcare. This work contributes to improving
preventive healthcare systems.

I11. DATASET DETAILS

The dataset used in this project consists of blood
pressure measurements that are essential for
identifying different health risk levels. It primarily
includes two important attributes: systolic pressure
and diastolic pressure, which represent the force of
blood against artery walls during heartbeats and
between beats. Along with these values, the dataset
contains corresponding risk categories such as low,
normal, pre-hypertension, and high risk. These
categories help in classifying the severity of a
person’s blood pressure condition. The data is
structured in a tabular format, making it easy to
process and analyze using machine learning
techniques. Before applying any algorithm, the
dataset is carefully examined to ensure consistency
and completeness. Handling such medical data
requires proper understanding, as even small
variations in values can impact predictions. This
dataset serves as the foundation for training models
to accurately classify blood pressure risk levels.

To prepare the dataset for model training, several
preprocessing steps are applied to improve its
quality and usability. Since machine learning
models require numerical input, categorical risk
labels are converted into numeric form using label
encoding techniques. Additionally, normalization is
performed to scale the feature values within a
specific range, which helps in improving algorithm
performance and stability. The dataset is also
shuffled to ensure that the distribution of different
risk categories is balanced across training and
testing data. This step prevents bias and helps the
model learn patterns more effectively. After
preprocessing, the dataset is divided into two parts,
where 70 percent is used for training and 30
percent for testing. This split allows the model to
be evaluated on unseen data, ensuring its reliability.
Proper dataset preparation plays a crucial role in
achieving accurate and consistent prediction results
in this project.

IV. PROPOSED METHODOLOGY
The proposed system follows a structured approach

to predict blood pressure risk levels using machine
learning techniques. Initially, the dataset containing

systolic and diastolic values is collected and
analyzed. Data preprocessing is performed to clean
and prepare the dataset for model training. This
includes handling missing values, converting
categorical labels into numerical format using label
encoding, and normalizing the feature values to
maintain consistency. The dataset is then shuffled
to ensure equal distribution of different risk
categories. After preprocessing, the data is divided
into training and testing sets, allowing the model to
learn patterns effectively and evaluate its
performance on unseen data.

Once the data is prepared, machine learning
algorithms such as Decision Tree and Logistic
Regression are applied to classify the risk levels.
The models are trained using the training dataset
and then tested on the remaining data to measure
their performance. Various evaluation metrics
including accuracy, precision, recall, and F1-score
are used to assess the effectiveness of each model.
The Decision Tree algorithm shows better
performance and is selected as the final model. The
system also includes visualization techniques like
graphs and confusion matrices to analyze results.
Finally, the trained model is used to predict risk
levels for new input data provided by users.

‘ Data Preprocessing

« Normalization
« Label Encoding
« Data Shuffling

+ 70% Train Data
* 30% Test Data

| Risk Level Prediction

New BP Input

Figure [1] : Blood Pressure Risk Prediction
System Using Machine Learning

Figure[1] shows the workflow for predicting blood
pressure risk using ML models. Data is
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preprocessed through normalization, encoding, and
shuffling before splitting into training and testing
sets. Decision Tree and Logistic Regression models
are trained and evaluated using accuracy, precision,
recall, and F1-score. Finally, the system predicts
the risk level for new blood pressure input data.

V. RESULT AND DISCUSSION

The experimental results of the project demonstrate
the effectiveness of machine learning algorithms in
predicting blood pressure risk levels. After
preprocessing the dataset and splitting it into
training and testing sets, both Decision Tree and
Logistic Regression models were trained and
evaluated. The Decision Tree model achieved a
significantly high accuracy of 99%, along with a
very low mean squared error, indicating precise
classification of risk levels. Performance metrics
such as precision, recall, and F1-score also showed
strong results, confirming the model’s reliability. In
contrast, Logistic Regression produced an accuracy
of around 69%, which is considerably lower. The
confusion matrix of the Decision Tree model
revealed that most predictions were correctly
classified, as seen by the dominant diagonal values.
Only a few misclassifications were observed,
showing minimal error. Graphical comparisons
further highlighted the superior performance of the
Decision Tree model. These results confirm that the
model is highly efficient in identifying blood
pressure risk categories.

Decision Tree Confusion matrix
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Figure[2] : Image Comparison for Visual
Feature Analysis

The Figure[2] This image shows a side-by-side
comparison of two visual samples for analysis.
It highlights differences in features such as texture,
edges, and patterns. Such comparisons are useful in
image processing and computer vision tasks.
They help improve model accuracy by identifying
variations between inputs.

Logistic Regression Confusion matrix
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Figure [3] Logistic Regression Model Confusion
Matrix

Low Rusk

True class

High Risk

Figure[3] This confusion matrix shows the
performance of the Logistic Regression model in
classification. It presents correct and incorrect
predictions for both high-risk and low-risk
categories. Higher values on the diagonal indicate
correct classifications, while off-diagonal values
show misclassifications. This evaluation helps
assess the model’s accuracy and reliability in
predicting risk levels.
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Figure [4]: Model Output Visualization and
Text Overlay Analysis

The Figure[4] represents a processed output with
overlaid text and visual elements. It may include
predictions, labels, or extracted information
displayed on the interface. Such visualizations help
users interpret model results in a clear and
interactive way. They are useful for validating
outputs and improving system usability.

Algorithm Accuracy Precision Recall ggc-)re
0) 0, 0,

Name (%) (%) (%) (%)

Decision

100.000 100.000 100.000 100.000
Tree
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Algorithm Accuracy Precision Recall gg(;re
0 9 9

Name (%) (%) (%) g

Logistic

. 81834 81.783 81.256 81.037
Regression

Table[1] : Performance Comparison of
Classification Algorithms

The table [1] presents the performance comparison
between Decision Tree and Logistic Regression
using accuracy, precision, recall, and F1-score
metrics. The Decision Tree model achieves perfect
performance across all metrics, indicating excellent
classification capability on the given dataset. In
contrast, Logistic Regression shows comparatively
lower performance, highlighting the superiority of
the Decision Tree model for this task.

Figure [5]: Prediction Results for Blood
Pressure Risk

The Figure [5] displays the predicted risk levels
based on input patient health data. The model
processes features like heart rate, blood pressure,
and oxygen saturation. Each record is classified
into risk categories such as High Risk or Low Risk.
These predictions assist in early detection and
monitoring of potential health issues.

DISCUSSION

The findings of this project highlight the
importance of selecting appropriate machine
learning algorithms for healthcare prediction tasks.
The Decision Tree model performed better due to
its ability to handle non-linear relationships and
complex data  patterns  effectively. Its
interpretability also makes it suitable for medical
applications, where understanding the decision-
making process is important. On the other hand,
Logistic Regression showed lower performance,
which may be due to its limitation in capturing
complex patterns in the dataset. The preprocessing

steps, including normalization and label encoding,
played a crucial role in improving model
performance. Additionally, proper data splitting
ensured that the model was evaluated fairly on
unseen data. The use of visualization techniques
such as confusion matrices and comparison graphs
helped in understanding the results more clearly.
Overall, the project demonstrates that machine
learning can provide accurate and efficient
solutions for predicting health risks, supporting
early diagnosis and better decision-making in
healthcare systems.

VI. CONCLUSION

This project successfully demonstrates the use of
machine learning techniques to predict blood
pressure risk levels based on systolic and diastolic
values. By applying proper data pre-processing
methods such as normalization, shuffling, and label
encoding, the dataset was prepared effectively for
model training. Among the algorithms used, the
Decision Tree model showed superior performance
with high accuracy and minimal error compared to
Logistic Regression. The results indicate that the
system can classify risk levels reliably and provide
quick predictions for new input data. Visualization
tools such as graphs and confusion matrices helped
in clearly understanding model performance.
Overall, the developed system can support early
identification of potential health risks and assist in
better health monitoring. This project also
highlights the potential of machine learning in
healthcare applications and provides a strong base
for  further  improvements and  real-time
implementation.
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