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Abstract- In today’s healthcare system, there is a clear shift from reactive treatment toward preventive and
predictive care. Early detection of diseases and continuous monitoring of health conditions are becoming
increasingly important for improving patient outcomes, reducing mortality rates, and lowering overall
healthcare costs. With the rapid growth of digital medical records and advancements in artificial intelligence,
machine learning has emerged as a powerful approach for analysing healthcare data and supporting medical
decision-making. This dissertation, titled “Heart Health Prediction Using Machine Learning,” proposes an
intelligent computational model designed to predict an individual’s overall health status and potential risk
of diseases based on clinical and physiological parameters. The main goal of this work is to bridge the gap
between traditional medical diagnosis and modern data-driven technologies by developing an automated
system capable of efficiently analysing complex healthcare datasets. The proposed system utilizes a dataset
containing important health indicators such as age, blood pressure, heart rate, glucose level, body mass
index (BMI), cholesterol level, lifestyle factors, and other relevant medical attributes. To improve data quality
and model performance, several preprocessing techniques were applied, including handling missing values,
removing inconsistencies, feature selection, feature engineering, normalization, and dataset balancing. In
addition, exploratory data analysis (EDA) was performed to identify patterns, correlations, and meaningful
trends within the data. For prediction and classification, multiple supervised machine learning algorithms
were implemented, including Logistic Regression, Decision Tree, Random Forest, Support Vector Machine
(SVM), and K-Nearest Neighbour (KNN). These models were trained and evaluated using standard
performance metrics such as accuracy, precision, recall, F1-score, and confusion matrix analysis. A
comparative study was conducted to identify the most effective model for heart health prediction. Among
all the tested algorithms, the Random Forest model showed the best performance due to its high accuracy,
robustness, and ability to reduce overfitting through ensemble learning. The developed system acts as a
decision-support tool that provides users with preliminary health assessments through a simple and user-
friendly interface. By entering basic health information, users can receive insights into their current health
condition and potential risk levels. This approach can be especially useful in remote or underserved areas
where access to medical professionals is limited, thereby improving the accessibility of healthcare services.
Furthermore, this study highlights the growing importance of artificial intelligence and machine learning in
transforming healthcare systems. While the proposed model is not intended to replace professional medical
diagnosis, it can assist healthcare providers by offering data-driven insights and supporting early decision-
making processes. In conclusion, this dissertation demonstrates the successful application of machine
learning techniques in healthcare for accurate health prediction and early disease detection. It also opens
the door for future enhancements such as deep learning integration, real-time monitoring using loT devices,

and cloud-based deployment for large-scale healthcare solutions.
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I. INTRODUCTION

As human beings, we are considered the most
advanced beings in the hierarchy of life, and we
continuously expand our knowledge through a
challenging yet rewarding process known as
learning. In simple terms, learning can be described
as gaining understanding or skill through study,
experience, observation, or instruction. However,
learning is not something that can be fully captured
in a strict definition, as it is a dynamic process that
varies from person to person.

Machine learning focuses on enabling computers to
learn in a similar way by recognizing patterns in data.
It works by extracting useful information from the
data that is provided as input. In essence, machine
learning is a field that deals with designing
algorithms capable of learning from data and
making predictions based on it. It lies at the
intersection of mathematics, which provides the
tools and theories; statistics, which helps in drawing
conclusions and making predictions from data; and
artificial intelligence, which enables machines to
perform tasks that typically require human
intelligence.

Today, machine learning has become an integral part
of daily life. Whether it is recommending movies or
TV shows, powering chatbots, or assisting users with
technical problems, machine learning systems are
widely used across many applications. Its influence
can be seen in various fields such as transportation,
gaming, environmental protection, cybersecurity,
media, and especially healthcare. One of the most
significant impacts has been in the medical field,
where Al-driven systems are transforming how
diseases are detected and treated. According to a
study by Frost & Sullivan, the use of artificial
intelligence in healthcare is expected to reach 6.16
billion dollars, growing at an annual rate of 68.55%
between 2018 and 2022. Applications such as
automated diagnosis through image recognition,
disease detection using pattern analysis, and
personalized treatment planning based on patient
data highlight the growing importance of Al in
healthcare.

In this context, the authors explore predictive models
in machine learning in detail, focusing on their types,
applications, and limitations. Predicting diseases at
an early stage is far more effective than treating
them after they progress, and artificial intelligence
has proven to be a valuable tool in achieving this
goal. These predictive models have significantly
improved accuracy in diagnosis and have become an
important asset in the healthcare industry.

Research Objective

The primary objective of this research is to develop
an intelligent and reliable machine learning-based
system for predicting heart health conditions at an
early stage. With the growing importance of
preventive healthcare, the study focuses on using
clinical and physiological data to support accurate
disease  prediction and assist  healthcare
professionals in decision-making. The research also
aims to compare different machine learning
algorithms to identify the most effective model for
heart disease prediction and improve the overall
efficiency of healthcare systems.

The specific objectives of this research are as follows:
e To develop an intelligent machine learning-
based system for predicting heart health
conditions using clinical and physiological data.

e To analyse various health parameters such as
age, blood pressure, cholesterol level, heart rate,
glucose level, BMI, and lifestyle factors for
identifying potential heart disease risks.

e To perform data preprocessing techniques
including handling missing values, feature
selection, normalization, and dataset balancing
in order to improve prediction accuracy.

e To implement and compare different supervised
machine learning algorithms such as Logistic
Regression, Decision Tree, Random Forest,
Support Vector Machine (SVM), and K-Nearest
Neighbour (KNN) for heart disease prediction.

e To evaluate the performance of different
machine learning models using performance
metrics such as accuracy, precision, recall, F1-
score, and confusion matrix.

e To identify the most efficient and accurate
machine learning algorithm for heart health
prediction through comparative analysis.
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e To design a user-friendly predictive system that
can assist users and healthcare professionals in
early detection and preliminary assessment of
heart-related diseases.

e To explore the role of artificial intelligence and
machine learning in improving preventive
healthcare and supporting medical decision-
making systems.

e To reduce the risk of late diagnosis by enabling
early prediction of cardiovascular diseases
through data-driven healthcare solutions.

e To provide a foundation for future
enhancements such as deep learning
integration, loT-based real-time monitoring, and
cloud-based healthcare applications.

Il. LITERATURE REVIEW

Heart disease remains one of the leading causes of
mortality worldwide, creating a significant demand
for intelligent healthcare systems capable of
supporting early diagnosis and preventive
treatment. In recent years, Machine Learning (ML)
and Artificial Intelligence (Al) technologies have
gained substantial attention in the healthcare sector
due to their ability to analyse large medical datasets,
identify hidden patterns, and improve disease
prediction accuracy. Researchers have explored
various machine learning algorithms for heart
disease prediction, aiming to enhance clinical
decision-making and reduce the risk of late
diagnosis. Existing literature demonstrates that
predictive healthcare systems can effectively assist
medical professionals by providing fast, accurate,
and data-driven diagnostic support.

Evolution of Machine Learning in Healthcare

The integration of machine learning into healthcare
has transformed traditional medical diagnosis
systems into intelligent predictive frameworks
capable of analysing patient health conditions more
efficiently. Early healthcare systems primarily
depended on manual analysis and physician
expertise, which often required considerable time
and were vulnerable to human error. However, with
advancements in data science and computational
intelligence, researchers began applying supervised
and unsupervised machine learning techniques to

medical datasets for disease classification and
prediction.

Machine learning models are capable of processing
large volumes of clinical information, including age,
cholesterol level, blood pressure, heart rate, ECG
results, glucose level, and other physiological
parameters. These systems can identify complex
relationships among healthcare variables that are
difficult to recognize through conventional
diagnostic methods. As a result, Al-based healthcare
systems have become increasingly important in
predictive medicine and preventive healthcare.

Heart Disease Prediction Using Neural Networks
Patil (2014) proposed a Heart Disease Prediction
System using a Multilayer Perceptron Neural
Network trained through the back-propagation
algorithm. The study utilized clinical attributes from
the Cleveland Heart Disease dataset to predict
cardiovascular disorders. The research demonstrated
that Artificial Neural Networks (ANNs) are highly
effective in handling nonlinear medical data and
improving prediction accuracy in healthcare
applications.

Similarly, Raihan (2019) applied Artificial Neural
Networks for ischemic heart disease prediction and
analysis. The study emphasized the capability of
ANN models to analyse complex medical patterns
and assist healthcare professionals in disease
diagnosis. The results indicated that neural network-
based approaches provide reliable prediction
performance for cardiovascular disease detection.
Keralan (2017) also developed a predictive
healthcare framework using ANN back-propagation
techniques. The proposed system focused on
improving medical diagnosis by utilizing patient
clinical data and machine learning algorithms. The
study highlighted that neural network-based
systems can efficiently support decision-making in
healthcare environments.

I1l. COMPARATIVE ANALYSIS OF
MACHINE LEARNING ALGORITHMS

Several researchers have conducted comparative
studies to identify the most efficient machine
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learning algorithms for heart disease prediction.
Dinesh Kumar G. (2018) compared multiple
algorithms including Logistic Regression, Random
Forest, Support Vector Machine (SVM), Naive Bayes,
and Gradient Boosting techniques. The study
concluded that ensemble-based methods and
Random Forest classifiers achieved higher prediction
accuracy due to their robustness and capability to
manage complex healthcare datasets.

Mahboob (2018) implemented a voting-based
machine learning approach by combining SVM,
KNN, and ANN classifiers for coronary heart disease
prediction. The ensemble learning model
demonstrated improved performance compared to
individual classifiers, indicating that hybrid machine
learning techniques can enhance prediction
reliability and reduce classification errors.

Sharmila (2018) proposed an improved Naive Bayes
algorithm for heart disease prediction. The study
aimed to increase prediction efficiency while
reducing computational complexity. Experimental
results showed that optimized probabilistic models
can provide fast and accurate healthcare predictions
suitable for real-time applications.

Pattern Recognition and Feature Optimization
Techniques

Researchers have also focused on pattern
recognition and optimization techniques to improve
disease prediction systems. Ghazanfari (2017)
utilized multiple pattern recognition algorithms such
as Decision Tree, Naive Bayes, Support Vector
Machine, and Neural Networks for cardiovascular
disease detection. The research highlighted that
selecting appropriate features and classification
techniques significantly impacts prediction accuracy.
Indu Mekala (2017) proposed an ensemble learning
approach integrated  with  Particle  Swarm
Optimization (PSO) for feature selection. The study
combined Bagging, Random Forest, and AdaBoost
algorithms to improve classification accuracy and
reduce  overfitting problems. The results
demonstrated that feature optimization plays a
critical role in developing efficient healthcare
prediction systems.

Kamra (2016) introduced an associative learning
framework for heart disease prediction and early
diagnosis. The system utilized pattern analysis
techniques to identify hidden medical relationships
within healthcare datasets. The study confirmed that
data mining and associative learning approaches can
significantly support disease detection processes.

Logistic Regression in Healthcare Prediction
Logistic Regression is one of the most widely used
supervised machine learning algorithms in medical
prediction systems because of its simplicity,
efficiency, and interpretability. Several healthcare
studies have demonstrated that Logistic Regression
performs effectively in binary classification problems
such as identifying whether a patient is healthy or
suffering from heart disease.

The current research also utilizes Logistic Regression
for heart health prediction. The model is trained
using clinical parameters from the heart disease
dataset and evaluated using accuracy metrics. The
algorithm provides reliable prediction performance
while maintaining computational efficiency, making
it suitable for practical healthcare applications.

Challenges in Existing Healthcare Prediction Systems
Although  machine learning-based healthcare
systems have shown promising results, several
limitations still exist. One major challenge is the
quality and availability of healthcare datasets.
Missing values, imbalanced data distribution, and
noisy medical records can negatively affect
prediction accuracy. Another important issue is
model interpretability, as some advanced Al models
function as black-box systems, making medical
decisions difficult to explain.

Additionally, many prediction systems are limited to
specific datasets and may not generalize effectively

across different populations and healthcare
environments. Researchers also highlight the
importance of feature selection, real-time
monitoring, and integration with loT-based

healthcare devices for future healthcare systems.
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Role of Al in Preventive Healthcare

The literature strongly indicates that Al and machine
learning technologies have the potential to
revolutionize preventive healthcare by enabling early
disease  prediction and continuous health
monitoring. Intelligent healthcare systems can assist
doctors in making faster and more accurate
decisions while reducing diagnostic errors and
healthcare costs.

Machine learning algorithms such as Logistic
Regression, Decision Tree, Random Forest, Support
Vector Machine, K-Nearest Neighbour, and Artificial
Neural Networks have demonstrated substantial
effectiveness in disease prediction applications.
Among these techniques, ensemble learning
methods and optimized classification models often
provide higher prediction accuracy and better
reliability.

IV. METHODOLOGY

The methodology adopted in this research focuses
on developing an intelligent Heart Health Prediction
System using Machine Learning techniques. The
proposed system is designed to analyse patient
clinical data, identify important health parameters,
and predict the possibility of heart disease with
improved accuracy. The methodology includes

several stages such as data collection, data
preprocessing, feature selection, model
development, training, testing, evaluation, and

prediction generation. Each stage plays an essential
role in improving the reliability and effectiveness of
the predictive healthcare system.

Data Collection

The dataset used in this research was collected from
a publicly available healthcare dataset containing
clinical and physiological information related to
heart disease patients. The dataset consists of
multiple health-related attributes including age,
gender, chest pain type, resting blood pressure,
cholesterol level, fasting blood sugar,
electrocardiographic results, maximum heart rate
achieved, exercise-induced angina, old peak, slope,
number of major vessels, thalassemia, and target
value.

The target variable in the dataset represents whether
the patient is healthy or affected by heart disease:

e 0 — Healthy Person

e 1 — Heart Disease Detected

These healthcare attributes are used as input
parameters for training and testing the machine
learning model.

Data Preprocessing

Data preprocessing is one of the most important
stages in machine learning because healthcare
datasets often contain missing values, inconsistent
records, and redundant information. In this research,
preprocessing techniques were applied to improve
data quality and model performance.

The preprocessing steps include:

e Checking dataset structure and information
e Handling missing or null values

e Removing duplicate records

e Statistical analysis of healthcare parameters
e Data normalization and formatting

e Splitting features and target variables

The dataset was loaded into a Pandas Data Frame
using Python libraries, and statistical measures such
as mean, standard deviation, minimum value, and
maximum value were analysed to understand the
dataset distribution.

Feature Selection

Feature selection is performed to identify the most
important healthcare attributes affecting heart
disease prediction. Relevant features improve model
accuracy and reduce computational complexity.
Clinical parameters such as cholesterol level, blood
pressure, chest pain type, heart rate, fasting blood
sugar, and ECG results were considered significant
predictors in the system.

Data Splitting

The dataset was divided into training data and
testing data using the train-test split technique.
Approximately 80% of the dataset was used for
training the machine learning model, while 20% was
reserved for testing and evaluation purposes.
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The dataset splitting process ensures that the model
can generalize effectively to unseen data and
prevents overfitting.

Machine Learning Model

In this research, the Logistic Regression algorithm
was used for heart health prediction. Logistic
Regression is a supervised machine learning
algorithm commonly used for binary classification
problems where the output contains two possible
classes.

The algorithm analyses relationships between
healthcare variables and predicts whether a patient
is healthy or likely to suffer from heart disease.
Logistic Regression was selected because of its
simplicity, computational efficiency, interpretability,
and strong performance in medical prediction
systems.

The model was initialized and trained using the
training dataset.

Model Training

The training phase involves feeding the training
dataset into the Logistic Regression model so that it
can learn patterns and relationships between input
healthcare attributes and output disease conditions.
During training, the model adjusts internal
parameters to minimize prediction errors and
improve classification performance. The trained
model can then predict heart disease risk for new
patient data.

Model Evaluation

After training, the performance of the machine
learning model was evaluated using accuracy metrics
on both training data and testing data.

The evaluation process helps determine how
effectively the model predicts heart disease
conditions. Accuracy Score was used as the primary
evaluation metric in this research.

The evaluation process measures:
e Training Accuracy

e Testing Accuracy

e Prediction Reliability

e C(Classification Performance

Higher accuracy values indicate better prediction
capability and improved model efficiency.

Predictive System Development

A predictive healthcare system was developed to test
real-time patient data and generate prediction
results. Input values representing patient clinical
parameters are converted into a NumPy array and
reshaped before being passed to the trained model.
The system predicts whether the patient is healthy or
may have heart disease based on the provided
medical parameters.

Output
e "The Person is healthy”
e "The Person may not be healthy”

Tools and Technologies Used

The following tools and technologies were used for
implementing the research work:

e Programming Language: Python

e Development Environment: Jupyter Notebook /

Google Colab
e Libraries Used:
e NumPy
e Pandas

e Scikit-learn
o Matplotlib (for visualization if required)

Proposed System Workflow

The overall workflow of the proposed Heart Health
Prediction System is summarized below:
e Data Collection

e Data Preprocessing

e Feature Selection

e Dataset Splitting

e Model Selection

e Logistic Regression Training

e Model Evaluation

e Prediction Generation

Logistic Regression Model

Logistic Regression is one of the most commonly
used supervised machine learning algorithms for
solving classification problems. Even though the
term “regression” appears in its name, Logistic
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Regression is mainly used for classification tasks
rather than predicting continuous numerical values.
It is especially effective for binary classification
problems, where the output belongs to one of two
categories, such as “Healthy” or "Diseased”.

In healthcare applications, Logistic Regression is
widely preferred because it is simple, efficient, easy
to interpret, and capable of producing reliable
predictions. The algorithm helps in estimating the
probability that a patient may have a particular
disease based on different medical and clinical
parameters.

In Linear Regression, the hypothesis function is

represented as:
Hp(X) = 07X

Where:

0 =[6,,6,,0,,...,0,] represents the parameters or
weights of the model.

X = [x0, %1, X3,..., X, ] represents the feature vector
of the dataset.

X, = lis known as the bias term.

X1,X3,...,X%,_nare the independent variables or
features used for prediction.

These parameters are learned automatically from the
training dataset during the learning process. In
Linear Regression, the predicted output can take any
value from negative infinity to positive infinity.
Because of this unrestricted range, Linear Regression
is not suitable for classification problems where the
output must belong to a limited range.

To solve this problem, Logistic Regression applies a
mathematical function called the Sigmoid Function
to the linear hypothesis. The Logistic Regression
hypothesis function is represented as:

Ho(X) = g(87X)

Here, g(67X)X)is the Sigmoid Function, which is
defined as:

T —
90™%) =

The general form of the Sigmoid Function is:

9 =1 .=
The Sigmoid Function converts the output into a
probability value that always lies between 0 and 1.
This makes Logistic Regression highly suitable for
classification tasks because the predicted value can
be interpreted as the probability of a particular
outcome.

For instance:

e If the predicted probability is greater than or
equal to 0.5, the patient is classified as having a
higher risk of heart disease.

o If the predicted probability is less than 0.5, the
patient is classified as healthy or at lower risk.

Unsupervised Machine Learning
The Unsupervised learning subsumes all kinds of
machine learning where no known output is
provided to the algorithm. Input data is given to the
learning algorithm and asked to extract knowledge
from this given data. There are many successful
applications for these methods but they are usually
harder to understand and evaluate. There are two
types of  unsupervised learning, namely,
transformations of dataset and clustering.

e Transformations of a dataset creates a new
representation for the given data, so that
humans or machine learning algorithms can
easily understand them.

e Clustering algorithms partition the dataset into
distinct groups of similar items.

Diseases Considered

Cancer

Cancer can be described as the uncontrolled growth
and division of abnormal cells anywhere in the body.
There are around 200 known types of cancer in
humans. Some cancers grow and spread very
quickly, while others develop more slowly over time.
A tumour refers to the visible mass formed by
cancerous cells, although in some cases, such as
leukaemia, there may be no obvious tumour because
the disease affects blood cells instead of forming a
solid lump.

In a healthy body, cells follow a regulated life cycle.
They grow, perform their functions, and then die

7



Patanjal Singh, International Journal of Science, Engineering and Technology,

2026, 14:3

when their job is complete, allowing new cells to take
their place. In cancer, however, this natural control
system breaks down. Cancer cells lose the signals
that tell them to stop dividing or to die, which leads
to their continuous and uncontrolled multiplication.
Several risk factors for cancer can be prevented, such
as smoking, excessive alcohol consumption, obesity,
and poor diet. However, some risk factors cannot be
controlled. Age is the most significant of these, as
the risk of developing cancer increases significantly
after 50. In fact, according to the American Cancer
Society, about 87% of cancer cases in the United
States are diagnosed in people over the age of 50.
Genetics also plays an important role. Inherited
genetic mutations can affect how cells grow and
divide, contributing to roughly 5-10% of cancer
cases worldwide.

Cancer treatment is not the same for everyone. It
varies depending on the type of cancer, where it
originated, how far it has spread, and the patient’s
overall health condition. Because of this, treatment is
highly personalized. Cancers are generally classified
based on the organ or tissue where they first begin
and the type of cells involved.

Table 1 presents different types of cancer along
with estimated annual cases and related mortality
rates.

No. Of
Cases

Estimated
Deaths

Description of the
Disease

Cancer
Type

This type of cancer
occurs in the
prostate gland in
men, responsible for
the secretion of
seminal fluid and
transports sperm
. Causes include
mutations in cells’
DNA. It doesn’t show
any signs or
symptoms in its early
stages, but trouble
while urinating,
blood in semen,
bone pain,

Prostate
cancer

174,650|| 31,620

Cancer
Type

No. Of
Cases

Estimated
Deaths

Description of the
Disease

discomfort in the
pelvic region is
common in the later
stages.

Lung
cancer

228,150

142,670

This type of cancer
develops in the
lungs. It is the most
common type of
cancer and a major
cause of deaths
around the globe.
The major causes
include both active
and passive
smoking, exposure
to radon gas, diesel
exhaust and
asbestos fibre or
silicate fibre.
Symptoms include
persistent and
worsening cough,
chest pain,
bronchitis, abrupt
weight loss, fatigue,
shortness of breath
and blood in
sputum.

Ovarian
cancer

22,530

13,980

This type of cancer
begins in the ovaries
of the female.
Ovarian cancer often
goes undetected
until it has spread to
the pelvic region. At
an early stage,
symptoms are not
visible, but advanced
stage symptoms
include abdominal
bloating, weight loss,
discomfort in pelvis
area, bowel
dysfunction and a
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Cancer || No. Of ||Estimated|| Description of the Cancer || No. Of ||Estimated|| Description of the
Type || Cases || Deaths Disease Type || Cases || Deaths Disease
continual need to This type of cancer
urinate. develops in the
This type of cancer rectum, which is the
develops in the cells last several inches of
of the cervix, the the large intestine.
lower part of the As the rectum is
uterus that goes all present at a C‘?mpact
the way to the place, SE”g'C?'
vagina of the female Rectal 145,600 're'moval is quite
reproductive system. cancer d|ff|cult. Symptoms
Usually, a sexually include bgwel
Cervical transmitted infection dia?:/tf:;r;czlzrlé o
13,170 || 4,250 causes this. Signs !
cancer and symptoms at an bloody stool, mucus
advanced stage in stool, painful
include watery, bowel movements,
bloody vaginal fatigue, weighjc loss
discharge having and anaemia.
foul Odor and pelvic
pain. Human Heart Diseases
papillomavirus (HPV)| Heart disease is a broad term used to describe a
is also believed to be| variety of conditions related to the heart. The term
one of the causes. “cardiovascular disease” is often used in the same
This type of cancer context and mainly refers to conditio.ns involving
develops inside any narrowed gr blocked blood vessels, which may lead
part that constitutes to chest pain, heart attack, Qr stroke. These .prc.)blems
the oral cavity of the usua!ly occur due to 'Fhe bwldgp of plaque inside the
body, for e.g., gums, arterial walls. Plaqueis a wa.x—llke substance made up
tongue, inner lining of fat, cholesterol, and minerals that obstruct the
of cheeks, roof and normal flow of blood. In severe cases, blood clots
floor of mouth etc. | ™aY completely block the arteries and cause heart
Symptoms may attacks or strokes.
Oral 53000 |l 10860 w::(l)uucil[f] 202?'75:)2? Some of the major risk factors for heart disease
cancer ' ' ' include increasing high blood pressure,

teeth, a lump inside
the oral cavity,
painful swallowing, a
white or reddish
patch on the insides
of the mouth.
Tobacco of any kind
and heavy alcohol
consumption are the
major risk factors.

age,
smoking or tobacco use, high cholesterol levels,
diabetes, obesity, and unhealthy lifestyle habits.

Different types of heart diseases affect the heart in
different ways and produce different symptoms.

Atherosclerotic diseases occur when plaque builds
up inside the arteries, causing narrowing and
reduced blood flow. Common symptoms include
chest pain, chest tightness, shortness of breath,
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numbness in the legs, and pain in the jaw, neck,
upper abdomen, or back.

Arrhythmias refer to abnormal heart rhythms where
the heartbeat may become too slow, too fast, or
irregular. Symptoms may include fluttering in the
chest, rapid heartbeat, dizziness, chest discomfort,
shortness of breath, and fainting.

Congenital heart defects are structural abnormalities
in the heart that are present from birth. These
defects may cause pale or bluish skin colour, swelling
around the eyes or legs, and breathing difficulties.
Dilated cardiomyopathy occurs when the chambers
of the heart enlarge due to weak heart muscles,
reducing the heart's ability to pump blood
effectively. Symptoms include fatigue, swelling in the
legs and feet, irregular heartbeat, dizziness, and
shortness of breath.

Endocarditis is an infection of the inner lining of the
heart caused by bacteria, fungi, or other germs
entering the bloodstream. Common symptoms
include fever, fatigue, dry cough, swelling in the legs,
changes in heart rhythm, and shortness of breath.

Diabetes

A collection of diseases that affect how our body
uses the blood sugar is called ‘Diabetes Mellitus’. The
causes of diabetes vary according to the types, which
are four major types: type 1, type 2, prediabetes and
gestational. The presence of excessive sugar in the
blood can lead to severe health issues.

Gestational diabetes is caused during pregnancy.
The placenta produces hormones to sustain
pregnancy, which make the cells more resistant to
insulin. The pancreas produces extra insulin to
overcome this resistance, but sometimes the
pancreas can't keep up. When this happens, the
sugar gets dissolved in the blood, rather than going
in the cells, which causes gestational diabetes.

Some common symptoms of type 1 and type 2
diabetes are increased thirst, frequent need to
urinate, extreme hunger, unexplained weight loss,
fatigue, blurred vision, slow healing of wounds,
frequent infections and presence of ketones in urine.

Type 1 diabetes can’t be prevented. Some of the
basic prevention steps for other types include eating
healthy and balanced diets, getting more physical
exercise and losing extra weight.

Table 3 enlists the types of diabetes and their
respective risk factors.

Type of o .
; Description Risk Factors
Diabetes P
Also called insulin-
dependent
diabetes. Often
starts to show up || Family History,
in childhood. Itis || Environmental
an autoimmune factors like
Tvoe 1 condition in which || being exposed
YP the body attacks its to a viral
diabetes . . :
own pancreas with infection,
antibodies. Thus, [|presence of cells
insulin is not that damage the
produced by the |[immune system.
pancreas and
glucose doesn't get
absorbed in cells.
The most common
type of diabetes,
called as adult-
onset diabetes. It is
. Weight,
the milder form of inactivitg farnil
type 1 diabetes. In A y
history, race,
type 2, the .
ancreas produces age, gestational
Type 2 P . . .|| diabetes, high
. some insulin, but it
diabetes ||. . . blood pressure,
is rather insufficient
abnormal
or the cells become
. . cholesterol and
resistant to it. Can trilvceride
be controlled by gy
. levels.
weight
management,
nutrition and
exercise.
Conditi h .
ondition where Weight,
blood sugar levels ||. . .
. inactivity, family
. are higher than .
Prediabetes history, race,
normal but not ade. gestational
alarmingly high g¢ g
diabetes.
enough to be

10



Patanjal Singh, International Journal of Science, Engineering and Technology,

2026, 14:3
Type of . .
Diabetes Description Risk Factors
called type 2
diabetes.
Diabetes which is
triggered during
. f Age, famil
Gestational || 0 E o || history, weight
diabetes preg Y . Y, Weight,
some extent it race.
leads to insulin
resistance.

Brain Diseases

Brain diseases or disorders refer to conditions that
cause damage, disruption, or abnormalities in the
brain. These disorders may occur due to several
reasons such as trauma from accidents or falls, lack
of oxygen supply, alcohol abuse, infections,
degenerative diseases, brain tumours, strokes, and
neurological disorders like Alzheimer's disease and
Parkinson'’s disease. Although brain disorders do not
usually affect a person’s intelligence directly, they
can significantly impact memory, concentration,
attention, movement, and overall brain function.

Brain disorders can be classified into different
categories such as infections, trauma-related
disorders, strokes, seizures, and degenerative
diseases including Alzheimer’s disease, Parkinson's
disease, and dementia.

Meningitis is an inflammation of the membranes
surrounding the brain and spinal cord. It is
commonly caused by viral, bacterial, fungal, or
parasitic infections. Symptoms may include sudden
high fever, stiff neck, severe headache, nausea,
vomiting, dizziness, sensitivity to light, seizures,
difficulty concentrating, skin rashes, and trouble
waking up.

Concussion is a traumatic brain injury caused by a
strong blow to the head or neck. It forces the brain
to move rapidly inside the skull. Common symptoms
include headaches, pressure in the head, dizziness,
nausea, vomiting, fatigue, ringing in the ears, slurred
speech, delayed responses, and temporary loss of
consciousness.

Brain Tumour refers to the abnormal growth of cells
inside the brain, often caused by genetic mutations
or DNA abnormalities. Symptoms may include
frequent headaches, nausea, vomiting, difficulty in
movement or speech, loss of sensation, and
personality changes.

Stroke occurs when the blood supply to the brain is
reduced or completely blocked, depriving brain
tissues of oxygen and nutrients. This can lead to the
death of brain cells within minutes. Common
symptoms include difficulty speaking, numbness or
paralysis of the face or limbs, vision problems, severe
headaches, and difficulty walking.

Brain Aneurysm is the bulging of a blood vessel in
the brain that may rupture and cause internal
bleeding. A ruptured aneurysm can be life-
threatening. Symptoms may include sudden severe
headache, blurred vision, stiff neck, nausea, seizures,
and sensitivity to light. Unruptured aneurysms may
cause facial numbness, vision changes, and dilated

pupils.

Alzheimer's Disease is a progressive neurological
disorder that causes degeneration and death of
brain cells. It is one of the most common causes of
dementia and currently has no complete cure.
Symptoms include memory loss, difficulty in thinking
and  decision-making,  personality  changes,
depression, mood swings, and social withdrawal.

Parkinson's Disease is a nervous system disorder that
mainly affects body movement. Symptoms usually
begin gradually and worsen over time. Common
symptoms include tremors, slowed movement,
muscle stiffness, poor balance, posture problems,
and changes in speech and handwriting.

Predictive Models & Approaches Used So Far

An extensive survey was conducted on various
predictive models developed using different
machine learning algorithms for the prediction and
diagnosis of multiple diseases. Several research
papers, journals, and related studies were analysed
to understand the effectiveness of machine learning
techniques in the healthcare domain. The survey
includes a comparative study of different predictive
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models, algorithms, methodologies, and datasets
used by researchers for disease prediction. A brief
summary of the reviewed research papers along with
the datasets utilized by the respective authors has
also been discussed. For better understanding and
systematic  analysis, this section has been
categorized based on the different types of diseases
selected for study.

Cancer

Aditya Singh (2017) proposed a novel Error Guided
Artificial Bee Colony (EABC) algorithm based on the
traditional Artificial Bee Colony (ABC) optimization
technique for the prediction of ovarian cancer. The
study utilized a dataset obtained from the National
Cancer Institute, USA, which consisted of mass
spectrometry reports from 216 patients. The
proposed model aimed to improve prediction
accuracy and optimize cancer classification
performance.

Saba Bashir et al. implemented several machine
learning algorithms including Support Vector
Machine (SVM), Naive Bayes, Decision Tree, Neural
Network, Auto Multi-Layer Perceptron (MLP),
Gradient Boosted Tree, Random Forest, and Majority
Voting techniques for lung cancer prediction. The
researchers used the “Lung Cancer” dataset from the
UCI Machine Learning Repository, which contained
32 instances and 57 attributes. Their work focused
on comparing the effectiveness of different machine
learning approaches for accurate lung cancer
detection..

Andres M. Bur proposed a machine learning-based
approach for oral cancer prediction by comparing
the DOI (Depth of Invasion) model with different
machine learning algorithms including Kernel SVM,
Gradient Boosting, Logistic Regression, and Decision
Forest. Sunil Kumar Prabhakar conducted a
comparative analysis for oral cancer prediction using
Gaussian  Mixture Measures and Multi-Layer
Perceptron  (MLP) techniques to evaluate
classification accuracy based on the TNM staging
system. In another study, D. Padmini Pragna
developed a health alert system for early oral cancer
detection using Computerized Tomography (CT)
scan images. The proposed system applied the

Support Vector Machine algorithm to classify oral
cancer cases as malignant or benign.

Heart Diseases

D. R Patil (2014) developed a heart disease
prediction system using a Multilayer Perceptron
(MLP) Neural Network trained with the back-
propagation algorithm. The model wused 13
important clinical parameters as input features for
prediction. The Cleveland Heart Disease dataset
obtained from the UCI Machine Learning Repository
was used for training and testing the system. The
study demonstrated the effectiveness of neural
networks in predicting heart-related diseases with
improved accuracy.

Ismaeel (2015) proposed a heart disease prediction
system based on the Extreme Learning Machine
(ELM) algorithm. The Cleveland Clinic Foundation
database was used in this study to evaluate the
prediction performance of the proposed model. The
research highlighted the efficiency and faster
learning capability of ELM for healthcare prediction
systems.

Kamra (2016) developed a framework for the early
prediction of heart diseases using an Associative
Learning Technique. The proposed system utilized
the Cleveland Heart Disease dataset from the UCI
repository and focused on improving early diagnosis
and disease prediction accuracy.

Keralan (2017) proposed a predictive healthcare
system using the Artificial Neural Network back-
propagation algorithm for heart disease prediction.
The model aimed to improve diagnostic support and
provide accurate prediction results using patient
clinical data.

Indu Mekala (2017) introduced a heart disease
prediction model based on ensemble learning
techniques such as Bagged Tree, Random Forest,
and AdaBoost combined with a feature selection
method known as Particle Swarm Optimization
(PSO). The proposed system improved prediction

performance by selecting the most relevant
healthcare features and combining multiple
classifiers.

12



Patanjal Singh, International Journal of Science, Engineering and Technology,

2026, 14:3

Morteza Ghazanfari proposed a cardiovascular
disease detection system using various pattern
recognition algorithms including Decision Tree,
Neural Network, Rough Set, Naive Bayes, and
Support Vector Machine (SVM). The study focused
on comparing the effectiveness of different machine
learning techniques in detecting cardiovascular
diseases.

S. Sharmila proposed an improved version of the
Naive Bayes algorithm for heart disease prediction.
The research focused on enhancing the traditional
Naive Bayes classifier to achieve better classification
accuracy in healthcare datasets.

Dinesh Kumar G applied several machine learning
algorithms including Support Vector Machine (SVM),
Gradient Boosting, Random Forest, Naive Bayes, and
Logistic Regression for heart disease prediction. The
comparative analysis helped identify the most
suitable algorithm for cardiovascular disease
diagnosis.

Raji Wall (2018) used predictive algorithms such as
Neural Network, Support Vector Machine, Naive
Bayes, Bagging, K-Nearest Neighbour, Ensemble
methods, and Logistic Regression for cardiovascular
disease prediction on fuzzy datasets. The study
aimed to handle uncertainty in medical data and
improve prediction efficiency.

Diabetes

Rachita Mishra conducted a comparative study on
diabetes mellitus prediction using Back-Propagation
Neural Network and Extreme Learning Machine
(ELM) algorithms. The research utilized the Pima
Indians Diabetes Dataset and focused on evaluating
the prediction performance of both machine
learning techniques. The study demonstrated the
effectiveness of neural network-based approaches in
diabetes diagnosis.

Lin Li proposed a diabetes prediction system by
combining three different classifiers: Support Vector
Machine (SVM), Artificial Neural Network (ANN), and
Naive Bayes. A new voting-based decision method
was introduced to combine the outputs of these

classifiers and improve overall prediction accuracy
and reliability.

Suharto implemented the Extreme Learning Machine
(ELM) algorithm for predicting diabetes mellitus
using datasets obtained from the UCI Machine
Learning Repository. The research emphasized the
fast-learning capability and efficient classification
performance of ELM in healthcare prediction
systems.

Ayush  Anand  applied the  Chi-Squared
Independence Test along with the Classification and
Regression Trees (CART) algorithm to study the
relationship between diabetes occurrence and daily
lifestyle habits. The proposed approach aimed to
identify significant risk factors associated with
diabetes.

Anjali C proposed the use of the Decision Stump
algorithm combined with AdaBoost for diabetes
prediction. In addition to this, machine learning
algorithms such as Support Vector Machine (SVM),
Naive Bayes, and Decision Tree were also
implemented and compared to evaluate their
prediction performance.

Hilbert Tafa (2015) proposed a hybrid approach
combining Support Vector Machine (SVM) and Naive
Bayes algorithms for diabetes prediction. The study
focused on improving classification accuracy
through the integration of multiple machine learning
techniques.

Aparimita Swain (2016) proposed the use of Artificial
Neural Networks (ANN) and a hybrid Adaptive
Neuro-Fuzzy Inference System (ANFIS) for diabetes
prediction and classification. The research
highlighted the effectiveness of combining neural
networks with fuzzy logic systems for medical
diagnosis.

S. Pranavi conducted a comparative analysis of
several machine learning algorithms including
Random Forest (RF), Support Vector Machine (SVM),
K-Nearest Neighbour (KNN), Classification and
Regression Trees (CART), and Latent Dirichlet
Allocation (LDA) for diabetes prediction. The study
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aimed to identify the most suitable algorithm for
accurate disease classification.

Brain Diseases

Adrien Payan applied deep learning techniques and
3D Convolutional Neural Networks (3D-CNN) for the
prediction of Alzheimer's disease using Magnetic
Resonance Imaging (MRI) scans. The study focused
on extracting important brain features from MRI
images to improve the early diagnosis of Alzheimer's
disease. The proposed deep learning model
demonstrated promising results in identifying
disease patterns from medical imaging data.

Pan Zhou also used deep learning techniques for
Alzheimer's disease diagnosis based on MRI scan
analysis. The research highlighted the capability of
deep learning models in automatically learning
complex brain patterns associated with Alzheimer's
disease and improving prediction accuracy.

Xiao Zheng (2017) developed a novel predictive
model for Alzheimer's disease using the Learning
Using Privileged Information (LUPI) framework
combined with Support Vector Machine (SVM) and
Restricted Boltzmann Machines (RBM). The
proposed approach aimed to improve classification
performance by incorporating additional privileged
information during the training phase.

Ammarah Farooq proposed a Deep Convolutional
Neural Network (Deep CNN) based pipeline for
Alzheimer's disease prediction using MRI scans. The
study demonstrated the effectiveness of
convolutional neural networks in extracting
meaningful features from brain images for accurate
disease classification.

P. J. Moore (2019) implemented the Random Forest
algorithm for Alzheimer's disease prediction using
pairwise feature selection from time-series
healthcare data. The research focused on improving
predictive performance by selecting the most
relevant temporal features for disease diagnosis.

Srishti Grover used Deep Neural Networks (DNN) to
predict the severity of Parkinson's disease using the
Parkinson’'s Tele-monitoring Voice Dataset. The

proposed model analysed voice signal patterns to
identify disease severity and progression.

V. CONCLUSION

Heart Health Prediction using Machine Learning
demonstrates the potential of artificial intelligence in
supporting the early detection of cardiovascular
diseases. By analyzing patient health data such as
age, blood pressure, cholesterol levels, heart rate,
and other medical parameters, machine learning
models can accurately predict the likelihood of heart
disease. Among various algorithms, models such as
Random Forest, Decision Tree, Support Vector
Machine, and Logistic Regression often provide high
prediction accuracy when trained on quality
datasets.

This project highlights how machine learning can
assist healthcare professionals in making faster and
more informed decisions, leading to early diagnosis
and timely treatment. Although these models are not
a replacement for clinical expertise, they serve as
valuable decision-support tools that can improve
patient outcomes and reduce healthcare costs.

In the future, the system can be enhanced by
incorporating larger and more diverse datasets, real-
time patient monitoring through wearable devices,
and deep learning techniques to further improve
prediction accuracy and reliability. Overall, heart
health prediction using machine learning represents
a significant step toward smarter, data-driven
healthcare and preventive medicine.
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