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AND PREDICTION OF CARDIOMYOPATHY

1. Vaishnavi Shetty Mogilipally, 2.Ajmeera Preethi, 3.G Venkanna

Abstract: Cardiomyopathy is a dangerous disease of
the heart muscles that can cause heart failure and other
problems that can be life-threatening. It refers to a
group of heart conditions that change the heart's
structure and make it harder for it to work. It can be
caused by genes, diseases, or things in the
surroundings. Cardiomyopathy must be found early on
so that therapy can begin on time and patient results
are improved. Traditional ways of diagnosing diseases
might not be sensitive enough to pick up on small signs
of illness, which would mean that treatment would
have to be put off. So, this paper suggests a new way
of doing things that is called the Ensemble Model for
Exploratory Data Analysis and Prediction of
Cardiomyopathy (EMEDAPC). The suggested
EMEDAPC offers a complete way to look at various
kinds of statistics about cardiomyopathy. This model
can accurately find important traits linked to the
disease, which leads to better prediction. It also greatly
lowers the chance of fake positives and blanks, giving
more accurate results for diagnosing cardiomyopathy
and figuring out the risk of it. The study could change
cardiology by giving doctors more information to help
them make better choices, allowing early treatments,
and eventually making the lives of people with

cardiomyopathy better.

venkannag@sreenidhi.edu.in

Index terms — Cardiomyopathy, Exploratory Data

Analysis, Prediction.

1. INTRODUCTION

CVD Kills one American every 36 seconds. It kills
over 665 million people—one in four. Heart disease
and stroke are expensive for US healthcare. Medicine,
medical treatment, and death-related lost work time
cost $219 billion in 2014 and 2015. Early treatment
may prevent fatal heart failure. Many believe
angiography is the greatest approach to anticipate
coronary artery disease (CAD), yet it's costly and
difficult for low-income households to afford.

Diabetes, high blood pressure, high cholesterol,
irregular heartbeat, and other risk factors make heart
disease hard to detect. Heart disease involves the heart
and veins. Different types of heart disease have
different symptoms. A competent and experienced

person can find and diagnose arterial disease.

Age, diabetes, smoking, obesity, junk food, and other
factors contribute. Several factors may cause or
worsen heart disease. Management software monitors
patient and professional data at most hospitals. It's
popular, and these instruments generate plenty of
patient data. These information seldom influence

physicians' judgments. These data are valuable and
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hold a lot of unused information. Much clinical data
has to be transformed into useful information to allow
smart technologies aid healthcare practitioners make
choices. Medical data processing was studied since
there weren't enough professionals and many instances
were misidentified. A fast, precise automated
detecting system was required. The major objective is
to utilize the classifier model to categorize crucial
medical data and produce early heart disease

predictions.

WHO claims heart illnesses Kkill most people
worldwide. Many factors may cause cardiovascular
disease (CVD), including excessive blood pressure,
cholesterol, diabetes, irregular heartbeat, and more.
This makes CVD diagnosis difficult. Men and women
may have distinct CVD symptoms. Men are more
likely to experience chest discomfort, while women
are more likely to have other symptoms including
feeling unwell, being exhausted, and having
difficulties breathing. Researchers have been looking
into a lot of different ways to predict heart diseases.
However, predicting diseases early on is not very
useful because of a number of factors, such as the
approach's complexity, execution time, and accuracy.
So, getting the right care and evaluation can save a lot

of lives.

The heart muscle has problems with its structure and
function, which make cardiomyopathy a complicated
and diverse medical disease. Cardiomyopathy is a
major public health issue around the world. It can
cause problems with the heart that can kill you, like
heart failure and irregular heartbeats. It is very
important to understand the reasons, processes, and

possible solutions for cardiomyopathy in order to
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improve the health and well-being of people who have

it and make healthcare systems less busy.

Cardiomyopathy can be caused by many things, such
as changes in genes, infections, autoimmune diseases,
metabolic disorders, and being exposed to drugs or
toxins. Researchers are interested in these different
causes because they want to create methods and
treatments that are more effective based on the
underlying factors. Some types of cardiomyopathy,
like hypertrophic cardiomyopathy and enlarged
cardiomyopathy, are strongly linked to genes. Finding
the DNA changes that cause these conditions could
help with figuring out the risks, diagnosing them early,
and maybe even coming up with gene-based
treatments. We can better identify and keep an eye on
cardiomyopathy thanks to progress in medical
imaging, genetics, and molecular biology. Researchers
want to see how these tools can be used to improve

early identification and individual treatment plans.

One of the main goals is to improve the quality of life
for people who have cardiomyopathy. Not only does
this kind of research look into the physical effects of
the disease, but it also looks into the mental and
emotional effects it has on patients and their families.
It is wvery important to know what causes
cardiomyopathy and how to avoid getting it.
Cardiomyopathy risk can be lowered by making
changes to your lifestyle, like what you eat and how
much you exercise, as well as by taking medicine.
Researchers want to find successful ways to stop this

from happening.

Cardiomyopathy affects people of all ages and walks
of life around the world. A big reason why people are

researching cardiomyopathy is because of the work of
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groups that help patients and caregivers. These groups
help people who have the disease by spreading
information about it, giving them support, and funding
study projects that aim to make their lives better. Even
though there has been a lot of work in treating
cardiomyopathy, there are still some areas where more
research is needed, especially for some forms or later
stages of the disease. Researchers want to come up
with new ways to treat illnesses, such as drug
therapies, gene therapies, and stem cell-based

treatments.

A lot of different types of people could benefit from
research in this area, which could lead to better health
results and fewer differences in health care. Some
interesting new developments in regenerative
medicine, like using stem cells and tissue engineering,
may help fix heart tissue that has been harmed in
people with cardiomyopathy. The goal of this research

is to bring these new ideas into practical practice.

2. LITERATURE SURVEY

Heart disease is still one of the main reasons people
die around the world, so we need good prediction
models to help find and treat it early. Recently,
methods called machine learning (ML) and deep
learning (DL) have gotten a lot of attention because
they might be able to correctly identify heart disease.
This review of the literature looks at different studies
and methods for using ML and DL models to identify
heart disease.

Bakar et al. [1] give a thorough look at how ML and
DL methods can be used to identify heart disease. The
writers talk about how important it is to choose the

right features, prepare the data, and choose the right
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model when making good prediction models. Their
review shows the wide range of methods that were
used, such as decision trees, support vector machines
(SVMs), artificial neural networks (ANNS), and
convolutional neural networks (CNNSs).

A group of researchers, led by Dileep, [2], have come
up with a way to automatically identify heart disease
using a cluster-based bidirectional LSTM algorithm.
By using the fact that LSTMs can work in both
directions and grouping methods, the model does a
good job of predicting heart disease, as shown by test

results on large datasets.

Mishra et al. [3] talk about visual analysis methods for
predicting cardiac arrest. They stress how important it
is to raise knowledge and teach people about health.
Their work shows that visual tools can help healthcare
workers and the public understand complicated
predictive information, which can lead to more
preventative steps to avoid heart disease.
Guo et al. [4] describe a motion-based analysis method
for figuring out how long heart failure patients will
live. The suggested model provides unique predictive
ratings by looking at motion data. This lets healthcare

workers make decisions that are best for each patient.

Nandy et al. [5] describe a swarm-artificial neural
network (ANN)-based smart system for predicting
heart disease. The model is more accurate at making
predictions because it combines swarm intelligence
with ANN design. This has been shown by a lot of

testing on clinical datasets.

Pant et al. [6] suggest a new way to predict heart
disease that uses picture segmentation with a CNN

model. The CNN model accurately diagnoses and
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predicts heart disease by separating cardiac photos into
segments and pulling relevant features. This is a quick

and painless way to solve the problem.

Saranya and Pravin [7] describe a way to choose
features that uses both feature sensitivity and
association analysis to make heart disease predictions
more accurate. Their method makes it possible to find
useful features while reducing the effects of redundant
and unimportant factors. This makes prediction

models more solid and easier to understand.

In conclusion, the literature review shows the wide
range of ML and DL methods used to predict heart
disease, from basic algorithms to advanced deep
learning frameworks. These studies show how
important it is to choose the right features, prepare the
data, and make sure the model works best so that the
predictions are correct and easy to understand. In
addition, the use of motion-based observations, visual
analysis, and new feature selection methods shows that
research in predicting heart health is multidisciplinary,
which has important effects for clinical practice and

public health efforts.

3. METHODOLOGY

i) Proposed Work:

Through an interdisciplinary study method, the
suggested system aims to improve how we understand
and treat cardiomyopathy. The first step is to get an
accurate collection with relevant traits and goal factors
that show the presence of cardiomyopathy.
Exploratory Data Analysis (EDA) shows how data is
distributed, what values are missing, and how they are

related. After that, data preparation gets the data ready
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for models by dealing with missing values, scaling
features, and storing category variables. The system
then uses Decision Tree and Random Forest
algorithms that are already in place, setting their
performance through hyperparameters. It also includes
a K-Nearest Neighbors (KNN) algorithm that tries out
different neighbor numbers to find the best one for
performance. To rate and contrast the performance of
the models, evaluation measures like accuracy,
precision, recall, and F1-score are used. The goal of
this complete system is to help researchers come up
with  better ways to diagnose and treat
cardiomyopathy, which will eventually improve the

lives of people who have it.

ii) System Architecture:

There are a few important steps in the system design
for cardiomyopathy research. First, a cardiomyopathy
dataset is gathered. Next, it is preprocessed to deal
with missing values, scale features, and store category
factors. After that, the data is split into training and
testing sets to make evaluating the model easier. K-
Nearest Neighbors (KNN), the Random Forest
Classifier (RFC), and the Decision Tree Classifier
(DTC) are the three classifiers that are used.
Performance measures like accuracy, precision, recall,
and F1-score are used to judge how well each model
did after being taught on the training data. This method
makes sure that a thorough review of the algorithms'
ability to diagnose cardiomyopathy. The design makes
it possible to create accurate and reliable detection
tools for this difficult heart disease within a short time
frame by carefully looking at the dataset, training

models, and testing their performance.

Vol 13 Issue 04, Apr 2024

ISSN 2456 — 5083

Page 548



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

Cardiomyopathy Dataset

Null values
Checking

g

- Column analysis
:té Counting of
= _Labels

= Correlation
£ Matrix

Standard Scaler

I

I Train-Testing Splitting I
KINN [ REFC l DTC
Model Building

[ Performance Evaluation I

Fig 1 Proposed Architecture
iii) Dataset:

The collection comprises key heart health indicators.
Since aging increases heart disease risk and males are
more likely to have it, it starts with age and gender.
Second, resting blood pressure, serum cholesterol, and
fasting blood sugar are measured. All of these are
crucial for heart health assessment. Additionally,
clinical indications like chest pain (cp) and exercise-
induced angina (exang) reveal patient complaints. The
sleeping electrocardiogram (restecg), the greatest heart
rate during exercise (thalach), and exercise-induced
ST segment modifications (oldpeak, slope) are also
crucial for diagnosis. Data on thalassemia (thal) and
fluoroscopy-colored main blood vessels is also
included. We learn more about the patient's heart. The
aim variable (target) reveals if cardiac disease is
present and is the major focus of forecasts. This

strategy for gathering massive information helps us
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understand cardiomyopathy in various ways and

develop effective diagnosis and treatment methods.
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Fig 2 Dataset
iv) EDA:

Exploratory Data Analysis (EDA) was used to learn
more about the cardiomyopathy dataset in this work. It
was possible to see how the numbers were distributed
by making histogram plots, which showed the range
and frequency of values in each variable. The EDA
gave a full picture of the dataset's numerical features
by making a 15x15 figure and developing histograms
for each number feature in the DataFrame "df."

A countplot was used to look at how the goal variable,
which showed whether heart disease was present or
not, was distributed. This image made it possible to see
how balanced or skewed the information was toward
different classes, which is very important for

classification tasks.

In addition, an association image was made to show
how the pairs of different traits are related. The
heatmap showed possible connections between
variables by finding the correlation matrix for each
feature in the dataset and then picking the ones with
the strongest correlations. The 'annot=True' option
added numbers to the grid cells, which made it easier
to see the size and direction of relationships. This
made it easier to choose features and understand the

model. Overall, this EDA method laid a solid basis for
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further research and model building to deal with

cardiomyopathy.

v) Data Processing:

Data pre-processing is an important first step in
building a machine learning model, especially when
working with real-world data that has noise, missing
values, and different forms that machine learning
algorithms can't understand. One-hot encoding is an
important pre-processing method that turns category
factors into a number format that machine learning
models can use. This change, made easier by methods
like pd.get_dummies(), makes binary columns for
each group in categorical variables. This lets programs

use categorical data effectively.

Standardization is another important step in pre-
processing that can be done with tools like the
Standard Scaler from scikit-learn. This step makes
sure that the numbers are scaled so that the mean is 0
and the standard deviation is 1. Standardization has
several benefits: it equalizes scaling across features,
centers data around zero by taking away the mean,
normalizes data by scaling with the standard deviation,
and makes data easier to understand by putting
features on the same scale, which makes it easier to
compare how important different features are. By
using one-hot encoding and standards to prepare the
data, machine learning models can be more accurate
and efficient, which makes their forecasting skills

stronger and more reliable.

vi) Training & Testing:

Data pre-processing for machine learning involves

separating the dataset into a training and test set to
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increase model performance and generalizability. We
may test the model on a different data set after training

it on the training set.

The machine learning model was taught using the
training set. The input characteristics and output
names are linked. This named data helps the model
identify patterns, relationships, and links between

input qualities and the objective variable.

The test set is a distinct dataset used to evaluate the
model's performance and generalization. It gives the
model new data to assess its future prediction abilities.
By hiding this data during training, we make it seem
that the model will encounter fresh data in real life.

Separating data into training and test sets tests the
model's performance on new data. This shows its
ability to foresee new scenarios better. This prevents
overfitting and ensures the model can adjust to fresh

data, improving its real-world reliability.

vii) Algorithms:

1. K-Nearest Neighbors (KNN):

Simple learning approach K-Nearest Neighbors
(KNN) is used for classification and regression. A
KNN-classified data point is the majority class.
Regression uses the average of its k closest feature
space neighbors. Set the hyperparameter k to inform
the algorithm how many neighbors to look at. Projects
may utilize KNN with Python tools like scikit-learn.
Pre-processing comprises classifying characteristics
size and encoding variables. Next, the KNN model is
built up using factors like k neighbors. The model is

taught from the training set. Finally, the model's test
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set performance is assessed using F1-score, accuracy,

precision, and recall.

KNelghborsClassifier_Confusion Matrix

2. Random Forest (RF):

The Random Forest (RF) ensemble learning approach
is used for regression and classification. It trains
numerous decision trees and displays their mode
(classification) or mean (regression) forecasts.
Bootstrapping the training data and selecting a random
set of features gives Random Forest its randomization.
This reduces overfitting and improves generalization.
Python's scikit-learn can utilize Random Forest. After
cleaning the data, the Random Forest model is
configured with hyperparameters like greatest depth
and number of trees. Then, the training set instructs the
model. After that, the model's test set performance is

evaluated using the correct criteria.

RandamForestClassilier_Confusion Matrix

Trse Label

Predicted Label

3. Decision Tree (DT):
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Decision Tree (DT) directed learning may be used for
classification and regression. Using input feature
values, it recursively splits the feature space. A tree
node represents each division. The decision tree
chooses from the root node to a leaf node, where the
outcome (class name or regression value) is. Decision
Tree may be utilized with scikit-learn in Python. After
preprocessing the data, the Decision Tree model is
built up using hyperparameters like maximum depth
and splitting rule. Then, the training set instructs the
model. Finally, the model's test set performance is

assessed using appropriate criteria.

DecisionTreeClassifier Confusion Matrix

ot Labe

4. EXPERIMENTAL RESULTS

Correlation Matrix:

A correlation matrix is a way to look at two factors in
a data set and figure out how they are related. Every
cell in the matrix has a correlation value, with 1
meaning there is a strong relationship between the
variables and 0 meaning there is no relationship at all

and -1 meaning there is not a strong relationship.
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Precision = True positives) (True posttives + Falze

positives) = TR TP + FF)

True Positive

Precision = — —
True Positive+False Positive

Recall: In machine learning, recall is a parameter that
shows how well a model can find all the important
cases of a certain class. It shows how well a model
captures cases of a certain class. It is calculated by
dividing the number of correctly predicted positive

observations by the total number of real positives.

TP
Fig 3 Correlation Matrix Recall - TP + EN

Accuracy: How well a test can tell the difference

between sick and healthy people is called its accuracy. F1-Score: The F1 score is a way to rate the correctness

To get an idea of how accurate a test is, we should of a machine learning model. It takes a model's

figure out what percentage of cases are true positives accuracy and memory scores and adds them together.

and true negatives. In terms of math, this can be The accuracy measure counts how many times, across

the whole collection, a model made a correct guess.

written as
2
Accuracy = TP+ TN TP + TN + FP + FN. F1 Score =
(o + )
Precision Recall
TP+ TN F1 Score 2 X Precision X Recall
Accuracy = =

Precision + Recall

TP + TN + FP + FN

Class Accuracy | Precision | Recall | F1-Score | Support
Precision: Precision is the percentage of correctly 0 ] 0.0 | 0.0 | 0.0 2
. 1 - 0.91 0.91 0.91 32
classified cases or samples compared to those that
Macro Avg - 0.90 0.90 0.90 61
were correctly classified as hits. So, here is the method Weighted Avg| 0,90 050 o0 | o090 el

to figure out the precision:
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Fig 4 KNN Classification report

Metric | Class 0 | Class 1 | Macro Avg | Weighted Avg
Precision | 0.83 0.87 0.85 0.85

Recall 0.86 0.84 0.85 0.85
F1-Score | 0.85 0.86 0.85 0.85
Support 29 32 61 61
Accuracy | 85.25% | 85.25% | 85.25% 85.25%

Fig 5 Decision tree Classification report

Metric - Precision | Recall | F1-Score | Support
Class 0 0.83 0.86 0.85 29
Class 1 0.87 0.84 0.86 32
Macro Avg 0.85 0.85 0.85 61
Weighted Avg 0.85 0.85 0.85 61
Accuracy 0.85 0.85 0.85

Fig 6 RFC Classification report

5. CONCLUSION

To sum up, this study's multifaceted analysis—which
included detailed Exploratory Data Analysis (EDA),
careful data preprocessing, and a full evaluation of the
Decision Tree Classifier (DTC), the Random Forest
Classifier (RFC), and the new k-Nearest Neighbors
(KNN) Classifier—helped figure out how complicated
the cardiomyopathy dataset was. This all-
encompassing method taught us a lot about the
dataset's natural properties, the complex ways each
predictor worked, and their own strengths and
weaknesses. The results of this study not only helped

us learn more about how these machine learning
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models can be used to classify cardiomyopathy, but
they also showed us possible areas for more research
and improvement. These results could change the way
heart health is diagnosed in the future by helping to
make earlier diagnosis and treatment tools for
cardiomyopathy more accurate and useful. This will
eventually lead to better patient outcomes and better

healthcare practices in this important area.

6. FUTURE SCOPE

The Future prospects for cardiomyopathy study and
diagnosis are bright, and they include a wide range of
new and improved areas. Magnetic resonance imaging
(MRI) and ultrasound will continue to get better,
giving us more accurate and detailed information
about how the heart works. This will help in early
diagnosis and personalized treatment plans. Heart
muscle problems can be better diagnosed and treated
based on a person's unique genetic background if we

learn more about the genes that cause these problems.

Combining Al and machine learning techniques will
make it more accurate to diagnose cardiomyopathy,
predict risk, and suggest treatments by looking at large
amounts of complicated data. New signs are being
studied all the time so that cardiomyopathy can be
found early and without surgery. This could lead to

more effective treatments.

New discoveries in stem cells and tissue engineering
could lead to regenerative therapies that can fix
damaged heart muscle, which could reverse the effects
of cardiomyopathy. Personalized treatment plans that
take into account genetic, lifestyle, and external
factors for each patient will lead to better therapy

results and fewer side effects. As genetic tests and
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technology get better, the laws and ethics that protect
patient data privacy, genetic therapy, and informed
consent will need to change too.

Cardiomyopathy studies and tests have a lot of room
to grow in the future to make patient care, early
diagnosis, and treatment results better. Researchers,
healthcare workers, and people who are creating new
technologies will need to keep working together to
make these improvements happen and make sure they
help patients all over the world.
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