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Abstract
The intervention of Machine Learning (ML) techniques is inevitable, as almost all walks of life have
been observing its power and significance. The field of healthcare and medical science have all the
more reason to promote the effectuation of ML algorithms. Out of various sub-domains of Artificial
Intelligence (AI), the models developed using ML algorithms have been implemented widely at
present. Based on the clinical data, ML algorithms help to perform classification of the patients’ status
of suffering from a disease or not. There are many ML algorithms available and being used for various
experiments on different kinds of data set, as they provide different outcomes with desirable metrics.
Implementation of such algorithms not only allow to detect the current status, but also the possibility
of a patient having a specific disease or symptoms that would lead to severe conditions in future.
Apart from the algorithms, the sample collection methodology and the correct attribute selection is
also very important for the purpose. The presented work focuses to devise a model that classify the
patient’s status to predict accurately whether a patient is suffering from cardiovascular diseases or is
fit, using dimensionality reduction with Artificial Neural Network. A multilayer perceptron model (MLP)
on top of principal component analysis (PCA) technique is being implemented. The proposed work has
put emphasis on the significant effect of PCA in enhancing the throughput of the ANN and that model
proposed here, produces super accurate results on multiple datasets.

Keywords: Artificial Intelligence, Artificial Neural Network, Cardiovascular Disease Detection;
Dimensionality Reduction; Deep Learning

Introduction
Heart is amongst the most important body organs that makes the body of a human to perform all
other functions. To understand broadly, pumping the blood is the only task performed by this organ
but in fact it eventually helps to circulate all the necessary supplies to other body parts like nutrients
and oxygen [1]. The pulmonary veins take the oxygen-rich blood from the lungs and help it to reach
the heart, where it travels to the left atrium and to the left ventricle as well. Blood enters the aorta as
a result of the left ventricle’s muscles contracting. During contraction, the mitral valve stops blood
from returning to the left atrium. From the aorta, several arteries diverge, supplying blood to the
other organs of the body. Blood that has no or very less oxygen (as it gets consumed by various body
parts) drains from the human body into the superior and then the inferior vena cava and then passes
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via the tricuspid valve in the right atrium through the right ventricle. Oxygen-poor blood travels
through pulmonary valve and reaches pulmonary arteries, moving finally to the lungs to receive
oxygen from contraction of the right ventricle [1,2]. Plus, blood delivers carbon dioxide to the lungs so
that an individual can exhale it. The right direction of blood flow is maintained by valves inside the
heart. The tissue that builds up the heart is composed of many layers. The circulatory system is at its
centre. A networked system of blood vessels, including the arteries, the veins, and the capillaries, are
comprised in this system, which transports blood Figure 1, to and from every part of the human body.
Heartbeat’s rhythm and rate of heartbeats are controlled by an electrical system inside the human
heart. The proper amount of blood is delivered to the body at the proper rate by a healthy heart. If
the heart becomes weak due to illness or trauma, the organs won’t function normally as they don’t
receive sufficient amount of blood required [2] any form of heart problem or heart related disease
could result in that. With 17.9 million deaths per year, heart

Figure 1: Anatomy of Human Heart

related diseases also known as the cardiovascular diseases (CVDs), contributes to the major cause of
deaths around the globe [3]. The cerebrovascular disease, the coronary heart disease, the rheumatic
heart disease and other such illnesses are among the different classes of heart related and blood
vessel disorders collectively termed as CVDs. Heart attacks and heart-strokes account for more than 4
out of every 5 deaths caused by CVDs, and 1 out of these 3 CVDs deaths come off before the age of
70 years [3]. Premature deaths of such patients can be avoided by identifying the illness in early
stages for those who are at high-level risk for CVDs and making sure that they are provided with
proper treatment.

To make sure that people in need receive timely care and counselling, access to necessary
medications and other fundamental health related technological aids, is crucial and that is where
Machine Learning (ML)comes into play. Making the programs and machines Artificial Intelligence (AI)
enabled is bound to produce positive results. Whether we talk about prediction of diseases at an early
stage or with higher accuracy, ML algorithms answers both of these queries [4]. Detection of various
types of diseases can easily and promptly be detected or predicted as per need, the with help of
various ML tools and techniques [5-12]. ML algorithms are quite well suited for the processing over
the medical datasets. The various machine learning sub-domains are well versed when it comes to
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such kind of implementations, it has never let down the community.

The Machine Learning domain is broadly categorized into four categories, as follows:

Supervised learning: A kind of machine learning called supervised learning uses labelled data to train
an algorithm. Using examples of the right input-output pairings, this method teaches the algorithm
how to map inputs (also known as features) to outputs. The training and the testing set of data are
generally two components of the labelled data. The validation set is used to assess the algorithm’s
performance on untrained data, whereas the other part, the training set is used for training the
algorithm. The aim of supervised learning mechanism is to define a function that correctly forecasts
the outcome for unknown inputs that have never been seen by the algorithm. Classification and
regression are only a couple of the many tasks that supervised learning may be utilized for. In
classification, the objective is to predict a discrete output variable from input data, such as the
existence or absence of a specific condition. Regression is the process of using input factors to make
predictions about a continuous output variable, such as the cost of a house. The Decision-Trees (DTs),
the Logistic Regressors (LRs), the Support-Vector Machines (SVMs) and the Neural Networks (NNs) are
some popular examples of the supervised learning techniques. These algorithms vary in terms of
complexity, effectiveness, and applicability for various kinds of data. Overall, supervised learning is a
potent and popular machine learning strategy that enables the development of precise and
trustworthy prediction models for a range of applications.

Unsupervised learning: Unsupervised learning technique is listed under the domain of machine
learning, which deals in the algorithms that discover links and patterns in a given dataset without
having access to the output or labels beforehand. So, when a dataset lacks any predetermined target
variables or target class names required for the algorithm to predict, unsupervised learning is used.
Finding hidden structures, correlations, or patterns in the data is the aim of unsupervised learning.
This is accomplished by analyzing the data using statistical methods and functions to find patterns or
distinctions between various data points. One of the methods most frequently employed in
unsupervised learning is clustering. Based on their characteristics or traits, clustering algorithms bring
together related data items. Clustering, for instance, is suitable for making groups of clients according
to their purchasing patterns or photographs according to visual similarities. Dimensionality reduction
is a frequent method used in unsupervised learning. To minimize the count of features or independent
variables used in the available data while keeping the most crucial data, dimensionality reduction
strategies are implemented. When working on datasets having a large number of dimensions, where
it could be challenging to visualize or analyze the data, this might be helpful. However, because there
is no rule of thumb or right response to direct the algorithm, it may be more difficult than supervised
learning. In order to get meaningful results from unsupervised learning, careful preparation and
algorithm adjustment are necessary because here the model detects and groups the data points
based on their features and associated values, as done in case of algorithms like k-means clustering,
DBSCAN, Principal Component Analysis (PCA) etc.

Reinforcement learning: A branch of artificial intelligence called reinforcement learning is concerned
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with how an agent might learn to choose actions that will minimize or maximize a predefined
numerical penalty or reward metric. In this machine learning technique where the agent interacts with
the surroundings and gains knowledge through the penalty as well as rewards it gets. The
reinforcement learning agent is envisioned as a system that performs decision-making tasks in order
to interact with the environment in accordance with its present state and receives the feedbacks from
environment, it is acting inside, in form of rewards or penalties. The objective of the agent is mainly to
discover a policy or a kind of mapping between states and action that helps to maximize the overall
reward at the end. Examples of commonly used reinforcement learning algorithms are namely the Q-
learning mechanism, the State-Action-Reward-State-Action (SARSA) algorithm etc.

Deep learning: The Deep learning mechanism is a type of machine learning approach that uses
multiple-layered ANNs to simulate intricate connections between the provided input and the output
thus generated. Deep learning algorithms are especially helpful for applications like natural language
processing, audio recognition, image recognition and autonomous systems because they can handle
vast volumes of data and automatically extract pertinent characteristics from raw data. The utilization
of deep neural networks, which include numerous layers of linked nodes and each layer is in charge of
learning a distinct element of the input data, is the core component of deep learning. The network’s
initial layer takes the raw input data, and later layers extract higher-level features using the features
that had been learnt by earlier levels. The weights of the nodes as well as the biases of the network
are changed throughout the training of a deep learning model so that the discrepancy between the
expected output and the actual output can be reduced. This is often accomplished using a form of
stochastic gradient descent. Until the model achieves an acceptable degree of accuracy, the
procedure is repeated over a number of iterations. The Convolutional Neural Nets (CNNs), the
Multilayer perceptron, the Recurrent Neural Nets (RNNs) are few commonly used examples of the
deep learning mechanism. These designs are suitable for various jobs and have diverse
characteristics.

In the presented work, we have used and experimented over various supervised learning techniques
followed by Bagging and Boosting algorithms besides a Multilayer Perceptron model for classification
of CVDs as per recorded data of patients, taken at the Cleveland, the Hungary, the Switzerland, and
the VA Long Beach medical facilities and stored on the Kaggle’s website [13,14]. The two main
techniques emphasized in the presented work are PCA and MLP models.

PCA, an unsupervised ML technique as well as a statistical technique, is used to find trends and
connections in a dataset. It is a method used in pattern recognition, machine learning, and data
analysis to simplify a dataset while retaining as much crucial data as feasible. Finding the directions
of highest variance in the data allows PCA to determine the underlying pattern in the dataset. In other
words, it is a technique that reduces the complexity by decreasing the number of dimensions in a
dataset with high dimensionality by locating its most crucial properties. The direction with the highest
variance in the dataset is represented through the first selected principal component and following
components are orthogonal to the first and have the maximum possible variance within that
constraint. The data is transformed linearly to produce these components, which groups the
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independent variables present in the original dataset into a separate collection of variables known as
primary components. PCA is frequently applied to data compression, data visualization, and
exploratory data analysis. It may be simpler to see and interpret the data by lowering its
dimensionality. By minimizing the noise and redundancy in the data, PCA plays a very important role
for other machine learning techniques, such clustering and classification.

Talking about other techniques, an MLP model is comprised of numerous layers each having linked
nodes, or what is known as neurons. A mathematical function, each neuron executes a weighted sum
of its input values, followed by a nonlinear activation function. After that neurons present in the next
layer receive each neuron’s output as input. While the output layer of an MLP creates the network’s
ultimate output, the input layer, designed to initiate the process, of an MLP is made up of neurons
that take input data. The majority of the computational activity is located in the hidden layers, which
are levels that are situated in between the two layers, one on either side, namely the input and the
output layer. To get the desired output from an MLP, it must be fed with input data and then the
corresponding weights of the connections must be changed amongst the neurons present in each
layer. Backpropagation, a technique commonly used for this, includes calculation of the error between
the network’s predicted output and the actual produced output, then modifying the weights metric to
reduce the error. MLPs are often used in machine learning and may be utilized for many different
tasks including speech recognition, picture recognition and other complex tasks.

The presented work is focused to establish and advocate an innovative approach for the use of a
combination of supervised and unsupervised ML algorithms, for detection of cardiovascular diseases /
heart diseases in the patients in order to save millions of lives.

Literature Review
The presented work is backed by study of literature in related domain, where ML as a worthy sub-
domain of AI has proved its worth in the field of medical science [4-12].

Out of various classes of cardiovascular diseases, some are very significant. As per the structure of
the organ, the major reason is the lack of uniformity of the flow of the blood through the system.
Unhealthy habits of eating, inactivity for longer time periods, frequent usage of tobacco products and
by-products, and regular abusive use of alcohol are the prime behavioural risk factors for CVDs [1-3].
One may observe high blood pressure, high level of blood glucose, high readings for blood lipids, as
well as obesity as a result. Such “intermediate risk variables” can be easily estimated at the primary
healthcare centers and intimated to the patients about their high risk of resulting in serious CVDs.
Various scientists have devised multiple way outs, even in the field of AI, multiple sub-domains have
been explored for the same [15-19]. From Fuzzy models to Neural Networks and Deep Learning tools
as well have been suggested in various works by analysts and researchers. Out of all these
implementations, Machine Learning models have shown a very good response in diagnosis of
diseases at early stages to save large number of lives [20-21].
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Heart related diseases have appeared as a big contributor in case of death tolls all over the globe in
past years. There are mainly 4 categories of the patients complaining about heart related issues.
Symptoms were based on the exposure of physical activities and discomfort therewith [22-24]. A
comparative study of the referred texts is presented below in Table 1.

Table 1:Comparative Analysis of Literature

Ref. Methodology Datasets Findings Remarks /
Research Gap

[4] LR Classifier, NB Classifier,
SVM Classifier

Wisconsin
Diagnostic
Breast Cancer
Dataset

Accuracy,
precision, recall, f1-
score

Simple and
effective, but work
done on only a
single dataset; For
Breast Cancer

[6] NBC, SVM, Bi-clustering
and AdaBoost, RCNN,
Bidirectional RNN

MGCHRI, India
Dataset

Accuracy,
precision, recall

For Breast Cancer
Detection; Based
on image
processing; Design
complexity

[12] Decision Tree(DT),
Gradient Boosting, RF,
MLP, NB, LR

Heart Disease
Dataset – UCI

Accuracy, f1-score,
recall

Excellent results,
but only able to
perform the
classification on
Cleveland and
Hungry datasets

[21] Ensemble technique (K
nearest neighbor, RF, DT)

Heart disease
Dataset – UCI

Accuracy, f1-score,
precision

Multiple techniques
use, but lesser
accuracy as
compared to our
work

[22] RF, NB, DT, SVM classifier UCI Heart
disease Dataset

Accuracy Simple and
straight-forward
implementation.
Lesser accuracy as
compared to our
work
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[27] Feature Scaling, SVM
classifier

Wisconsin
Diagnostic
Breast Cancer
Dataset

Accuracy Small dataset;
Single Dataset;
Emphasis on only
on technique

[29] Ensemble Technique (SVM,
NB, RF, DT, LR)

UCI Heart
disease Dataset

Accuracy A variety of
techniques were
used, but attained
lesser accuracy as
compared to our
work

[30] K-means, Outlier Detection Kaggle
Healthcare
Fraud Detection
database

F1-score,Accuracy,
AUC

The work was
focused on
unsupervised
technique; Overall
performance by the
proposed model is
good

[31] ExtraTrees, Lightgbm,
SGDC, Nu SVM, Adaboost,
XGBoost and Gradient
Boosting

UCI Heart
disease Dataset

F1-score,Accuracy,
AUC

A variety of
techniques were
used, but attained
lesser accuracy as
compared to our
work

[32] DT, NB, K-NN, RF UCI Heart
disease Dataset

Accuracy Very simple and
direct
implementation of
ML techniques;
lesser accuracy as
compared to our
work
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[34] LR, NB, SVM, KNN, DT, RF,
ANN, DNN, MLP

UCI Heart
disease Dataset

Accuracy The work is
comprised of a
comparative
analysis of a bunch
of ML Techniques,
but none of them
surpassed the
accuracy achieved
by the model
proposed in our
work

[35] DT, SVM, NB, LR, RF Samples
collected from
KT Hospital and
Lady Reading
Hospital,
Pakistan

Accuracy Experiments were
carried out on a
firsthand collected
samples and
various ML
techniques were
used, but attained
lesser accuracy as
compared to our
work in all cases

[37] DT, RF, NB, K-Nearest
Neighbor, LR, And SVM

UCI Heart
disease Dataset

Accuracy and f1-
score

A variety of
techniques were
used by the author

A lot of studies referring to heart disease detection using ML techniques are done in past. Many
researchers have tried different tools, techniques and algorithms for the fulfillment of their objectives.
Out of which several algorithms received higher accuracy, while a few scored comparatively low with
same or other algorithms [25-36]. The work presented in the paper has a chosen set of ML algorithms
to perform the prediction for the case of heart related disease in patients. This paper targets to
solidify the notion of implementation of ML algorithms in the field of healthcare and medical science
[37-45]. After going through the various works done by different researchers on various algorithms,
we picked up a set of selected algorithms to find and establish the feasibility for predicting the status
of organ inefficiency in early stages of heart related disease.

This paper, thus deals in the area of finding the better performance of ML algorithms by implementing
parallel and complementing techniques, as well as to focus the importance of other significant metrics
such as sensitivity or precision, recall etc. to make double sure that the model proposed works fine
enough when predicting targets for unknown dataset. A handful of concepts related to different
machine learning techniques were studied and experimented over to make sure the selected
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algorithm or set of algorithms fit properly and produce favorable output during the final prediction on
the patient’s records.

Dataset

In this paper, experiments were carried out on two datasets based on the Cleveland, Hungary,
Switzerland, Long Beach combined, that we have used by the name Dataset-1[13] and Dataset-2[14].
Out of these two datasets, Dataset-1 had total 75 features as recorded, but later on analysts found
over time, that 14 of them are the most useful and thus the processed dataset contains the selected
features only. The other one consists of a total of 12 features. During the preprocessing stage, the
dataset has been checked for discrepancies (if any). For example, we checked for the correlation
amongst all features and the heatmap is presented as Figure 2 and Figure 3.

The Dataset-1 contains various measures recorded from the patients, significant of all, the following
features are considered for the final set of data for experiments: –

age: patient’s age.

sex: patient’s gender.

cp: type of chest-pain.

trestbps: reading of blood pressure in rest.

chol: level of cholesterol.

fbs: blood-sugar level during fast.

restecg: ECG readings during rest.

thalach: max. reading for heartbeat.

exang: exercise causing angina in patient.

oldpeak: ST depression due to exercise / rest.

slope: ST segment peak exercise slope.

ca: no. of major vessels colored during fluoroscopy.

thal: probably thalassemia, no details given.

target: the output class for prediction.

The target feature is used as the output class for prediction of heart disease in the presented work.
The field holds a value ‘0’ to represent ‘No Heart disease’ or value ‘1’ to represent heart disease in
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order to perform binary classification. However, in the original dataset the target field was named as
“num” and held values = {0,1,2,3,4} to represent the patient status as follows: –

0 = No risk of heart disease

{1,2,3,4} = different categories of heart disease

The values then transformed for binary classification during the data preprocessing stage.

Figure 2:Heatmap of correlation of the dimensions in the Dataset-1

Figure 3: Heatmap of correlation of the dimensions in the Dataset-2

The Dataset-2 is comprised of a total of 12 features as follows: –

Age (ranging from 27 years to 77years)
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Sex (Male and Female)

ChestPainType (ASY, ATA, NAP, TA)

RestingBP (as per reading)

Cholesterol (as per reading)

FastingBS (Y/N)

RestingECG (LVH, Normal, ST)

MaxHR (as per reading)

ExcerciseAngina(Y/N)

Oldpeak (as per reading)

ST_Slope (Down, Flat, Up)

HeartDisease (Y/N)

These features are basically extracted from the original and unprocessed dataset from the medical
facilities of Cleveland, Long Beach, VA and Switzerland but with reduced dimensions and different set
of records as compared to the Dataset-1. Further both the datasets have been processed for desired
features before experimenting with the proposed model. Data-preprocessing methods used in the
presented work are addressed further in the following section.

Methodology
The presented work focuses on the notion of using ML tools and techniques to predict heart disease
risk in a patient. Various experiments have been done in related field, for different disease categories
at different stages of infection, more or less aimed to promote the implementation of ML algorithms
for all plausible applications in the field of healthcare and medical science. The workflow of proposed
model is depicted here Figure 4. First of all, the dataset [13] was selected for the experiment and
then all required preprocessing tasks were carried out. To name a few, missing data records were
identified and removed, some values and datatypes were transformed to suit the nature of
experiments viz. the feature “ca” and the feature “thal” were defined in the original dataset as object
type, which were then transformed into “float64” datatype of Python environment, without any loss of
data. The feature “target” having multiple output classes was then dealt with and all different heart
diseases categories were consolidated as one single category to be represented by “1” while the no
disease category remains same and represented by “0”.
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Figure 4: Workflow of the proposed model

Similarly, Dataset-2 was also prepared for the experiments and for further comparative analysis
before drawing any conclusion. Features like, “ChestPainType”, “RestingECG”, “ST_Slope” were
having non-numeric values those were categorized and transformed to be used for the
implementation of ML algorithms. Initially, only twelve features were extracted from the set of a large
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number of unimportant features and also the missing values from the recorded dataset were simply
removed, so that they could not offer any deviation from the attempted estimations with high
accuracy.

Further working on the correlation and other obvious measures, the task of data preprocessing was
finished. The next step was to prepare data frames for the various algorithms. Using the “sklearn”
library of Python, the training and the testing data frames were created in the ration of 75:25 with a
“random state” value 10 units for both the datasets. Multiple algorithms were then tested, over the so
data frames so obtained, one after the other. In order to enhance the prediction of the output class,
bagging and boosting techniques were implemented in form of the Random Forest algorithms and the
Adaptive Boosting (AdaBoost) algorithm respectively and a Multilayer Perceptron model was also used
on both the datasets.

As represented in the Figure 4, the workflow is comprised of two separate ways of implementing
these algorithms over the datasets. A special emphasis was to observe the effect of using the
Principal Component Analysis technique before using the supervised ML algorithms for classification
of data. The algorithms were synthesized with various combinations of parameters and optimum
value has been included for the next stage, i.e. the comparative analysis of accuracies, precision and
similar measures for a final verdict of the predicted outcome After the preprocessing stage was
completed, the “countplot” was created for the output class Figure 5 & Figure 6 . The count of
patients recorded for No-disease category is represented by output class “0” and that of for the
Disease category is the output class “1” .

Using the pandas, numpy, sklearn, pyplot and seaborn libraries of Python, all the experiments were
carried out. Various classification and ensemble modules were used for the purpose. Different charts
were rendered to visualize the significance of various features over the output data, as Figure 7 &
Figure 8 represent the distribution of “age” feature against the output classes “Disease” (1) and “No-
disease” (0).

Figure 5: Disease (1) – No-disease (0) count for Dataset-1
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Figure 5: Disease (1) – No-disease (0) count for Dataset-2

Figure 6: Age distribution for “Disease” and “No-disease” Dataset-1
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Figure 7: Age distribution for “Disease” and “No-disease” Dataset-2

Broadly speaking, the patients of age range between 45 -55 years in Dataset-1 and age range[50,65]
in Dataset-2 were seen to be suffering the most with CVDs as shown in Fig. 5(a) & Fig. 5(b)
respectively.. Both datasets were prepared for similar statistical renders for a broader overview on
different features. While working on Dataset-2, feature transformation was a major processing task as
a number of features were comprising of data not suitable for numerical models. At the same time
many records with missing or unknown values were removed.

Further, the model was trained with 75% of the data separately from both the datasets and the
remaining were kept for the purpose of testing. Usually an 80:20 ratio is used for the split purpose,
here in the presented work we kept the bar a little high and worked with comparatively less trained
model to identify the actual capability of the model. Once the different algorithms predicted the
target values, a detailed comparison was carried out not only on the basis of the accuracy score but
drilling down into the various metrics for the effectiveness of the proposed model. A total of six
different algorithms were used to reach the final conclusion and at each step we found the increasing
accuracy of the experimented models. We worked on SVM classifier, LR Classifier, NB Classifier, RF
Classifier, Adaptive Boosting – SAMME and a Multilayer Perceptron model at last. Another aspect, the
presented work focused on, was the use of scaled data and implementation of Principal Component
Analysis on each of the algorithms one-by-one. The idea was to formulate an effective combination of
supervised and unsupervised ML techniques for a better result while making predictions.

The dimensionality reduction mechanism is implemented with help of the Principal Component
Analysis (PCA) technique. It was found that, after reduction in dimensionality the performance of the
various algorithm fluctuated in both positive as well as negative direction. The reduction in
dimensionality improved the overall performance and the execution time. And the best algorithm thus
selected after implementation of PCA and averaging the attained accuracy over both datasets.

PCA is used here to transform the set of potentially correlated features into uncorrelated features
termed as the principal components as per the following steps:

Data Centering is done first by subtracting the mean from each variable to center the data around the
origin. Say, X be the centered data matrix with dimensions n x p, where n represents the no. of
observations while p is the no. of variables.

Covariance Matrix C is computed of the centered data matrix X. This covariance matrix C is a
symmetric p x p matrix, where the element in the row no. i and column no. j is the covariance
between the i-th & j-th variables. Covariance between 2 variables xi and xj can be calculated as:

(1)

where the summation is over all n observations.
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Eigenvalue decomposition is done after that, on the covariance matrix C. Here matrix C can be
decomposed as C = VDV^T, where V is a p x p matrix of eigenvectors and D represents a diagonal
matrix of the same. So, the eigenvectors in V represent the directions of the principal components
and the corresponding eigenvalues in D represent the amount of variance explained by each principal
component.

Principal Components are then selected as a subset of the eigenvectors based on the desired number
of dimensions or the amount of variance explained. Let k be the desired number of principal
components. Choose the k eigenvectors representing the k largest values. Let P be a matrix of
dimension p x k, consisting of these selected eigenvectors.

Dimensionality Reduction is done finally by projecting the centered data matrix X onto the selected
principal components. The transformed matrix Y is obtained as Y = XP, where Y has dimensions n x k.
This resulting transformed data matrix Y contains the principal components, which are uncorrelated
variables that capture the most significant variation in the original data.

Figure 8: Multilayer Perceptron model

Further, an MLP model is used as an ANN with 8 layers, including an input layer, 6 hidden layers
having an optimized number of neurons, and the output layer Fig. 6 . Input to network’s fit () function
is denoted as xtrain and ytrain. The MLP works as follows:

Weighted input is calculated first of all. For each neuron j in layer l, the weighted input is calculated
by taking a weighted sum of the outputs of the previous layer (l-1) and adding a bias term
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represented as:

(2)

where w_ij^l represents the weight between neuron I in layer (l-1) and neuron j in layer l, a_i^(l-1) is
the output of neuron I in layer (l-1), and b_j^l is the bias term for neuron j in layer l.

Activation Function is then implemented, our model uses the default Rectified Linear Unit (ReLU)
function. Here the weighted input is passed through the ReLU activation function to introduce non-
linearity. Other available and common activation functions include sigmoid, tanh and softmax, but the
performance of the ReLU function was found optimum in this case. The processed output of the
activation function thus used, is denoted as a_j^l. Thus, we represent the relation between the input
and the output produced as follows:

(3)

where f is the chosen activation function.

The next step is called the ‘Forward Propagation’ in which the outputs of each layer from the input to
the output layer is computed. It is represented as follows:

For the input layer (l = 0):

(4)

For hidden layers (1 ≤ l ≤ L-2):

(5)

(6)

For the output layer (l = L-1):

(7)

(8)

Next, we measured the difference of predicted output (a_j^(L-1)) i.e., ytest and the true output
(ypred). The loss function depends on the specific problem being solved, here we used the default
Mean Square Error (MSE) function for the proposed model.

Finally, the ‘Backpropagation’ is utilised to update weights & biases to minimize the loss function. It
involves calculating the gradients of the loss function w.r.t. weights & biases and using the gradient
descent algorithm to update the parameters.
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On the basis of the above-mentioned method, proposed algorithm is presented as Algorithm 1, below.

Algorithm 1

Input: Heart_Disease.csv as dataset_1, Heart_Failure_Prediction.csv as dataset_2

Output: Heart Disease prediction algorithm

Begin

Read Heart_Disease.csv as dataset_1, Heart_Failure_Prediction.csv as dataset_2, r1[ ] as empty, r2[ ]
as empty, pro_algo as empty, avg_accuracy = 0 , max_accuracy = 0

Clean dataset_1, dataset_2

Check for correlations

Transform the dataset_1, dataset_2

Delete and fill unknown and missing value

Spilt dataset_1, dataset_2 in trainset and testset

Prepare scaled data through StandardScaler ()

Fit the model using PCA ()

For I in range (1, 2)

Call SVC (), Insert svc_acc at ri [1]

Call NBC (), Insert nbc_acc at ri [2]

Call LRC (), Insert lrc_acc at ri [3]

Call Random_Forest (), Insert rfc_acc at ri [4]

Call Ada_Boost (), Insert nbc_acc at ri [5]

Call MLP (), Insert lrc_acc at ri [6]

End For

For i in range (1 ,6)

avg_accuracy = (r1[i]+r2[i]) / 2
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If avg_accuracy is greater than max_accuracy

Then max_accuracy = avg_accuracy

End For

Update the best algorithm having max_accuracy

End

ANALYSIS & DISCUSSIONS

Various algorithms and their parameters in various combinations yield result on the given datasets.
As represented below, Table 2 and Table 3 represents the attained accuracy of proposed model is
highest at 86% for Dataset-1 and 99% for Dataset-2.

For Dataset-1, the SVC model, the NBC model, the Random Forest classifier and the MLP model
attains the highest accuracy overall. The NBC model and the Random classifier model attained the
highest accuracy of 84% without PCA same as the MLP model, while the MLP classifier attained the
same highest accuracy of 86% upon PCA as shown in Table 2.

For Dataset-2, the MLP classifier attained the highest value for accuracy of 99% amongst all
algorithms. The RF classifier attained highest accuracy metric without using PCA, while the MLP model
attained the highest value for accuracy after implementation of the PCA technique as depicted in
Table 3.

Table 2: Results on Dataset-1

Comparative Analysis of accuracy for Dataset-1

Classifiers Accuracy (without PCA) Accuracy (with PCA)

SVC 0.70 0.84

NB 0.84 0.83

LR 0.83 0.83

Random Forest 0.84 0.83
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AdaBoost 0.82 0.81

MLP 0.84 0.86

Table 3: Results on Dataset-2

Comparative Analysis of accuracy for Dataset-2

Classifiers Accuracy (without PCA) Accuracy (with PCA)

SVC 0.70 0.91

NB 0.84 0.84

LR 0.87 0.87

Random Forest 0.97 0.97

AdaBoost 0.86 0.80

MLP 0.85 0.99

The most interesting observation is the improvement in performance of the Multilayer Perceptron
model upon implementation of the Principal Component Analysis technique. In both the datasets, it is
clearly seen that there is a very positive significant change in the attained value of accuracy.

Table 4: Finding the best algorithm for the model

Cumulative Analysis of accuracies for Dataset-1 and Dataset-2

Classifiers Accuracy (D1 – with PCA) Accuracy (D2 – with PCA) Avg. of Accuracies (Max
accuracy)

SVC 0.84 0.91 0.88
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NB 0.83 0.84 0.84

LR 0.83 0.87 0.85

Random Forest 0.83 0.97 0.90

AdaBoost 0.81 0.80 0.81

MLP 0.86 0.99 0.93

To analyze the performance of the used algorithms and to decide which works better on varying
datasets, we compared the attained accuracies of all algorithms used on both datasets by summing
up their values as presented in Table 4. We found that reducing dimensionality of the available data
in both the datasets, the model implementing MLP performs the best, with the cumulative average
accuracy = 93% termed as the max accuracy of proposed model.

Figure 9: Confusion matrix of MLP model without PCA for Dataset-1
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Figure 10: Confusion matrix of MLP model with PCA for Dataset-1

Figure 11: ROC-AUC of MLP model with PCA for Dataset-1

For Dataset-1, the accuracy of the MLP model has increased to 86% from 84%, as shown in Table 2,
after PCA integration and for Dataset-2, accuracy has increased from 85% to 99%, as shown in Table
3.

Further, a notable change is observed for the SVC model before and after using the PCA on both
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datasets. the accuracy of the LR classifier remained same in both cases. Another interesting
observation is the slight negative impact of the PCA technique over the NB classifier for Dataset-1, but
no change in case of Dataset-2 and the same impact is observed for the Random Forest classifier as
well. The adaptive boosting mechanism however reflected only decreased accuracy when
implemented with the PCA technique.

The results were verified with corresponding confusion matrixes figure 9 & 10 for Dataset-1. Before
and after implementation of the PCA technique, there is a positive change. Now the result has
improved and there are predictions with 86% accuracy, which is acceptable. Further, if we consider
another metric, Receiver Operating Characteristic (ROC) we find the model working quite well. Area
Under the ROC Curve (AUC) plotted in Figure 11 shows that the 92% area is covered under the ROC
curve, i.e., the efficacy of the model has a worth to be considered.

Figure 12: Confusion matrix for MLP model without PCA for Dataset-2
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Figure 13: Confusion matrix for MLP model with PCA for Dataset-2

Figure 14: ROC-AUC of MLP model with PCA for Dataset-2

For Dataset-2, the results were similar to that of Dataset-1. As represented in Figure 12 & Figure 13
are the corresponding confusion matrixes for the predictions done by the MLP model before and after
the use of PCA over Dataset-2. Implementation of the Principal Component Analysis before using the
MLP model brings the accuracy up to over 99% as compared to the previous case where we get from
MLP without PCA an accuracy of 85% and more importantly it can make correct predictions almost
every time out of hundred patients. Now the result has improved and there are only three (3) FP
values and only seven (7) FN values, which is clearly acceptable. The same is depicted with help of
the AUC plotted in Figure 14. Here the area under the curve is almost 100%, which nearly to predict
the correct value for disease and no-disease every single time, however we highlight the case that
with increase in number of patients / data this accuracy needs to be further enhanced.

Therefore, we observe that the proposed PCA integrated MLP model is suitable for making predictions
for the patients and promises to save millions of lives with its implementation at medical facilities
round the globe. If we talk about the limitations of the presented work, the major is that the datasets
used belong to a certain part of the globe only and thus may not represent the other regions and
habitats in that well manner. Other than that, we may further try to enhance the accuracy because
with even a 99% accuracy in prediction, there will be thousands of cases per million of population
wrongly detected. So, we say that definitely the proposed model assists to reduce the risk of death, at
the same time further improvements are welcomed.
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Conclusion
Machine Learning has evolved as one of the strongest sub-domains of AI for the field of medical
science. Different algorithms have proven to aid specific applications to increase the throughput
significantly. The presented work adds on to the notion of applying ML algorithm for diagnosing
patients having disease that are difficult to be detected in early stages or accurately detected with
arrangements available earlier. Thus, we can state that implementing ML tools and techniques are
very promising for various mundane tasks as well as the field of medical science. To be specific, out of
the several models used for the experiment over different datasets, the Multilayer Perceptron model
performed the best upon using the Principal Component Analysis. It is clearly assertible that the ANN
model yields very accurate predictions. Thus, we conclude that using innovative ANN models are
suitable and effective technique for classification purpose.
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