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Heart failure, a leading cause of global mortality with approximately
17.9 million deaths annually, arises from impaired myocardial function
that hinders the heart's ability to pump oxygen- and nutrient-rich blood
effectively. Current risk prediction methods are limited by their reliance
on traditional statistical approaches, which fail to capture complex
interactions in large, multidimensional datasets. This study aims to
enhance survival analysis and mortality prediction for heart failure
patients using machine learning techniques. A dataset of 1,000 patients
with 12 key features was analyzed using supervised learning
algorithms, including Naive Bayes, decision trees, K-nearest neighbors
(KNN), and random forests. The results revealed that KNN provided the
highest predictive accuracy, effectively identifying significant patient
characteristics associated with mortality risk. This approach
demonstrates the potential of machine learning in improving prognosis
accuracy and guiding early interventions. Future work should explore
the inclusion of larger datasets, real-time applications, and advanced
deep learning models to further refine predictive capabilities and
support clinical decision-making. the integration of machine learning
into heart failure prognosis enhances predictive accuracy and provides
a scalable framework for leveraging multidimensional patient data.
Future research should explore the inclusion of larger and more diverse
datasets, real-time monitoring capabilities, and the application of deep
learning models to further refine prediction efficacy and support clinical
decision-making.
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1. INTRODUCTION

Heart failure is an incurable illness. a dangerous condition when the heart's low cardiac output
is the result of its inability to pump blood as effectively as it should. The ability of the heart to pump
blood and supply the cells with oxygenated, nutrient-rich blood is crucial to the body's ability to operate
properly[1]. Heart failure is divided into three categories based on how much blood is pumped out with
each beat. Heart failure caused by left ventricular systolic dysfunction, or HFrEF, is represented by an
EF < 40% and is referred to as type 1 heart failure. Type 2 heart failure is defined as having an EF
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between 40 and 49 percent and a mid-range ejection fraction (HfmrEF). Heart failure type 3 is defined
as diastolic heart failure with an EF of at least 50%, or heart failure with preserved ejection fraction, or
HFpEF[2]. High blood pressure, smoking, obesity, diabetes, ischemic heart disease, and increased
cholesterol are the main risk factors for developing the failing condition[3]. Depending on the age,
gender, race, and ethnicity, heart failure can present with different characteristics.

The evaluation of the patient's medical history, physical examination report, and analysis of
concerning symptoms by medical professionals form the basis of invasive-based approaches for
detecting heart disease. Because human error can lead to delays in diagnosis outcomes, all of these
procedures typically result in erroneous diagnoses. Not only that, but it requires extra time and money
for examinations and is computationally demanding[4]. According to studies, many HF patients receive
the wrong diagnosis for a variety of causes. Early patient diagnosis also presents additional challenges.
Patients' therapy is hampered by the low rate of early HF diagnosis. Optimizing treatment therefore
requires improving the HF diagnosis, particularly in the early stages[5].

Medical organizations worldwide gather information on a range of health-related matters.
Various machine learning algorithms can be applied to these data to obtain valuable insights. However,
a lot of noisy data is frequently included in the vast amount of data that has been gathered. Several
machine learning approaches can be used to easily examine these datasets, which are too large for
human minds to process. As a result, these algorithms have developed into highly valuable tools for
precisely predicting the existence or absence of heart-related disorders in recent times[6]. Heart failure
(HF) has complicated origins, symptoms, and surgical and medicinal therapy. Therefore, heart failure
(HF) still presents a challenge to the health care system even after several studies, recommendations,
and innovative medicines have been implemented. This area may serve as an excellent example of how
Machine Learning (ML) approaches can be used to find potential correlations that traditional research
methods have not been able to find[7]. Among the data mining approaches that have drawn attention
from research groups are classification algorithms. Treatments and interventions can be administered
effectively and specifically when disease stage, etiology, or subtypes are accurately classified. This also
makes it possible to evaluate the patient's progress. A variety of data mining techniques have been used
to focus on heart failure (HF) in order to distinguish HF patients from controls, identify various HF
subtypes, and calculate the severity of HF (NYHA class) (Fig. 1).

Furthermore, data mining techniques can be helpful even in cases of late-stage heart failure
(HF), when the chances of survival and treatment advantages are reduced. This is because they enable
prompt prediction of readmission risk, morbidity, and death[8]. With the use of different machine
learning models and a range of inputs, machine learning techniques may be able to predict and classify
individuals who have cardiac disease. But it's been claimed that sophisticated systems that build
databases of these patients and help doctors predict how serious a patient's condition would be are
needed in hospitals all around the world. The goal of the current project is to increase the examining
physician's confidence by assessing the illness using an intelligent system that offers an evaluation based
on multiple independent tools running on an embedded system. The next paragraph provides a
comprehensive overview of the literature to demonstrate the current level of interest in this area[9].

Our goal in this study is to use the patient's data to forecast whether or not he is suffering from
heart disease. The data contains the patient's personal information, including age, sex, cholesterol,
resting electrocardiogram, etc. Because illness prediction can, in the worst situation, potentially result
in death, it is an extremely delicate undertaking. As a result, we will analyze the algorithms' accuracy
alongside the forecasts and then provide the optimal algorithm for the prediction. To find out if they are
predisposed to heart disease or not, people can keep these prediction APIs on their home desktop
computers or the computers in the hospital reception area[10].

2. METHOD

Researchers have suggested a number of machine learning-based diagnosis methods for HD in
the literature. In order to highlight the significance of the suggested work, this research study presents
a few Machine learning-based diagnosis strategies that are now in use [11]. Classification is a crucial
technique for making decisions in the medical sciences. This topic has been the focus of numerous
studies. Numerous studies have been conducted on the Pima Indian diabetes database, according to a
survey of related literature. Michie et al. [12] study is the most thorough of them all. For classification
and risk prediction of heart failure survival, numerous studies have used machine learning algorithms
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such as ensemble learning approaches, boosting algorithms, Random Forest, Artificial Neural Networks,
Support Vector Machines, Logistic Regression, Multi-Layer Perceptrons,and Random Forests. In order
to forecast hospital readmissions, numerous studies have also been carried out. We talk about
comparable research that have recently conducted in this area. Heart failure is a critical global health
challenge, responsible for approximately 17.9 million deaths annually, making it one of the leading
causes of mortality worldwide. The condition arises when the heart cannot pump blood effectively,
depriving the body's tissues and organs of essential oxygen and nutrients, which are crucial for
maintaining physiological balance. Despite advancements in medical diagnostics and treatment
strategies, accurately predicting and analyzing heart failure outcomes remains a significant challenge.
Existing risk prediction models predominantly rely on conventional statistical techniques, which are
often limited in their ability to handle the complex, multidimensional nature of healthcare datasets.
These methods typically fail to capture intricate relationships between diverse patient attributes,
leading to moderate prediction accuracy and suboptimal decision support for clinicians.

Heart Failure Management

Diagnosis of Heart Failure Prediction of adverse events
Detection Destabilizations

Subtypes recognition Re-Hospitalizations

Severity estimation Mortality

Data mining techniques

*  k Nearest Neighbors +  Random Forests +  Decision trees
* Self Organizing Maps * Support Vector Machines  *  Clustering
* Multi Layer Perceptron +  Neural Networks + Fuzzy - Genetic

* Classification and Regression Tree Logistic Regression Neuro-Fuzzy Expert System

Input data
Demographic / Clinical History / Physical examination / Presenting symptoms / Laboratory data / ECG (short and long
term heart rate variability measures)

Figure. 1. Overview of studies on heart failure management[8].

An expert medical diagnosis approach for HF identification was proposed by Palaniappan et al.
[11]. Artificial Neural Networks (ANN), Decision Trees (DT), and Navies Bays (NB) are a few examples
of the predictive machine learning models that were employed in the system's development. NB
achieved 86.12% accuracy, ANN achieved 88.12% accuracy, and the DT classifier achieved 80.4%
accuracy.In order to diagnose heart failure with maintained ejection fraction, Tabassian et al. [13]
developed a framework by examining the spatiotemporal patterns of echocardiograph curves using
statistical modeling and machine learning techniques. The ML model with an area under the curve of
0.89 was based on the distance-weighted k-nearest neighbors. In Vosough et al.'s study [14], six different
algorithms were compared for their ability to predict hospital readmission for patients with heart
failure: SVM, least-square SVM, random forest, bagging classifiers, ada-boost, and naive bayes. Of these,
random forest demonstrated the best performance. Tang et al. [15] created granular support vector
machines, a novel learning model for data classification issues. The idea behind granular support vector
machines is to formally and methodically integrate the ideas of granular computing theory and statistical
learning theory. SVM and GSVM have accuracy rates of 83.04% and 84.04% [15]. suggest a machine
learning classification method for diagnosing cardiac disease in the context of e-healthcare. A variety of
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categorization strategies are employed in the study to improve identification accuracy. With an accuracy
rate of 90.47%, precision value of 0.909, and recall value of 0.912, the Random Forest classifier performs
admirably. This approach focuses a lot of emphasis on applying machine learning methods to the field
of e-healthcare, particularly to correctly diagnose heart disease patients. A complex machine-learning
approach was presented by Alsafi et al. to identify coronary heart disease [11]. This method efficiently
uses patient features to provide accurate diagnoses by analyzing patient data using machine learning
techniques. A remarkable degree of accuracy 97.4% is shown by the simulation findings. This indicates
how their methods can help in the diagnosis of coronary heart disease. Ren Y. created a hybrid neural
network that combines self-encoding network with two-way long-term memory. The model was used to
predict renal illness in hypertensive patients, with an accuracy of 89.7% using data from 35,332
individuals [16].

Heart disease can be predicted using certain characteristics that are obtained from the patient;
in order to do so, medical records and prior patient histories are also gathered [17]. They made
advantage of pictures from electronic medical records. Hospital, doctor, and diagnostic patient records
are all included in the electronic health record (EHR). They obtained some output in the form of
unstructured visual data based on the EHR records, and by locating and examining the connections
between the events, they are eventually able to forecast the date of a patient's diagnosis. Data from
electronic health records are few, thus we are unable to forecast or analyze them. Unstructured and non-
standardized data are extracted from electronic health records. Because the available data are scarce,
using them directly will be challenging. In order to identify cardiac disease, Gudadhe et al. presented a
system that combines multilayer perceptron neural network architecture and Support Vector Machine.
Using the Support Vector Machine to indicate if cardiac disease was present or absent, they separated
the database into two groups. While the artificial neural network classifies the heart disease data into 5
with an accuracy of 97.5%, they only achieved 80.41% accuracy [18].

A hybrid strategy was presented by Kanika Pahwa and Ravinder Kumar to choose features from
a dataset on heart disease for predictive purposes. The SVM-RFE and gain ratio were used by the author
in their feature selection technique to eliminate superfluous and unnecessary features. Determining the
characteristics is crucial for forecasting. To categorize the data set as having heart disease or not, they
applied Random Forest and Naive Bayes to a subset of the features. When they used specific traits, they
were able to obtain findings with more precision. Naive Bayes reached 84.15% accuracy, whereas
Random Forest achieved 84.16%. Both approaches produced results that were comparable in terms of
accuracy.When predicting short-term time series data, the auto regressive integral moving average
model performs better and is appropriate for numerical sequences. but a neural network can be used to
solve problems for non-numerical time series, this approach is not very efficient, but it can produce
correct results [19]. Various results obtained from these studies suggest that machine learning methods
could be well equipped to provide meaningful, accurate, and explainable risk prediction techniques
which could not only save time but also increase the patient outcomes and satisfaction levels. We require
a system which can predict the possibility more accurately.

2.1. DATASET

The dataset consists of 918 actual examples of data with 12 different attributes (11 predictors;
1 class) such as Age, Sex, Chest Pain Type, RestingBP, Cholesterol, FastingBS, RestingECG and so on
(Table 1). This project helps to predict whether the patient has heart disease or not. This prediction is
made using the clinical data of patients[20]. The main research process of this study included Six parts:
data collection, EDA (Exploratory Data Analysis), Data Preprocessing, construction of classification
model, transfer study and visualization. To obtain the causes of heart disease and build a model with the
highest level of accuracy, we have employed Five Classification algorithms in this study.

Table 1. Attributes and details of dataset of heart disease

Content Should be Fulfilled
Age Age of a patient [years]
Sex Gender of the patient [M: Male, F: Female]
ChestPain Chest pain type [TA: Typical Angina, ATA: Atypical Angina, NAP: Non-Anginal Pain, ASY:
Asymptomatic]
RestingECG Resting electrocardiogram results [Normal: Normal, ST: having ST-T wave abnormality (T wave

inversions and/or ST elevation or depression of > 0.05 mV), LVH: showing probable or definite left
ventricular hypertrophy by Estes' criteria].

MaxHR Maximum heart rate achieved [Numeric value between 60 and 202]

ExerciseAngina Exercise-induced angina [Y: Yes, N: No]
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Content Should be Fulfilled
Oldpeak oldpeak = ST [Numeric value measured in depression]
ST_Slope The slope of the peak exercise ST segment [Up: upsloping, Flat: flat, Down: downsloping]
HeartDisease Output class [1: heart disease, 0: Normal]

2.2. DATA PREPROCESSING

Preprocessing of the data is required for data to be represented efficiently and for machine
learning classifiers to be trained and tested effectively. The dataset has undergone preprocessing
methods like standard scalar, MinMax Scalar, and missing value removal in order to make it suitable for
use in classifiers. By ensuring that each feature has a mean of 0 and a variance of 1, the standard scalar
brings all features to the same coefficient. Similar to this, MinMax Scalar adjusts the data so that every
feature falls between 0 and 1 .Real-world data comprises noisy and high amounts of missing data. These
data have been preprocessed to get around these problems and produce accurate forecasts. The
sequential chart of our suggested model is described in Figure 2. Noise and missing values are typically
present in cleaned data. The data must be cleaned up of noise and any missing values must be filled in in
order to get an accurate and useful output. Transformation is the process of converting data from one
format to another so that it can be understood better. It involves duties related to aggregation,
standardization, and smoothing. Integration: The data must be integrated before processing because it
may come from a variety of sources rather than just one. Decrease Acquiring complex data necessitates
formatting in order to produce meaningful outcomes. After the data have been categorized, they are
divided into training and test sets, which are then subjected to a variety of algorithms to produce
accuracy score figures.

Import Patient
Documents

v

Import Database

>

(Fill the missing data> Yes

Data Missing?

Yes

Analyze the dataset

Train Data ‘
Machine Learning
Algorithm Proposed Model
Check Accuracy score

Figure. 2 Sequential charts of proposed model.

Prediction and Analysis of Heart Failure using Machine Learning Techniques 228
Mehr Ali Qasimil




JESII | Volume 02 No. 02 | December 2024: 02

2.3. MODEL DEVLOPMENT

The most crucial aspect of machine learning techniques was the model generation process,
wherein various approaches took into account the nature of the problem and the properties of the
dataset. The following machine learning algorithms were applied, and their performance analyzed on
the dataset for a comparative study for the best classifier to predict the existence of Heart Disease based
on the various health parameters being considered [1]. These characteristics of the dataset led to the
decision that using classification techniques in the study was appropriate. By examining the patterns in
the training set of data, classification algorithms trained the model. This allowed it to classify the test
data in a highly accurate way that had never been seen before. In this study, the Python 3 programming
language was used to model Heart Failure kernels using the following classifiers: Naive Bais (NV),
Support Vector Classifier (SVC), Random Forest (RF), Decision Tree (DT) and K Nearest Neighbors (k-
NN). These are machine learning techniques that are commonly applied to challenges involving
classification.

2.3.1. Support Vector Classifier (SVC): To start with, a basic version of SVC with Radial Basis
Function (RBF) kernel was implemented[1].

2.3.2. Naive Bayes: The NB is a supervised learning technique for classification. The conditional
probability theorem provides the foundation for figuring out a new feature vector's class. the NB
determines the conditional probability value of vectors for a particular class using the training dataset.
Each vector's probability conditional value is calculated first, and then the new vector class is
determined using the conditionality probability of each vector. For the classification of text-related
problems, NB is employed [4].

2.3.3. Decision Tree: Decision Tree is a type of supervised machine learning algorithm. A tree with
each node acting as a decision or leaf node is called a decision tree shape. When making decisions, the
decision tree's techniques are straightforward and simple to comprehend. Both exterior and internal
nodes were connected to one another in a decision tree. The child node that visits the subsequent nodes
and the decision-making portion of the system are known as the internal nodes. In contrast, the leaf node
is connected to a label and lacks any offspring nodes [21].

2.3.4. Random Forest: A decision tree-based supervised learning approach. Each tree is constructed
using a distinct sample and evaluates each one according to the majority vote for classification [1].

2.3.5. K-Nearest Neighbor: K-NN is a classification technique for supervised learning. The K-NN
algorithm uses the new input's similarity to its input samples in the training set to predict the class label
of a new input. if the training set's samples and the new input are identical. The classification
performance of K-NN is subpar. Given an observation x, h(x) can identify the value of y. Let (%, y) be the
training observations and h: X—Y be the learning function [21].

3. RESULT AND DISCUSSION

This section of the report covered the classification models and results from several models.
Initially, we evaluated the effectiveness of several machine learning methods on the Heart Failure
dataset using all features. Performance evaluation indicators were used to assess the effectiveness of the
classifiers. On an Intel(R) Core(TM) i7-8665U CPU running at 1.90GHz (8 CPUs), approximately 2.1GHz,
all calculations were done using Python, with the aim to build a model that will be applied further to
make prediction and analysis of a test dataset. At first we have analyzed the data to found the null values
(as show in figure 3), duplicate values, unnamed columns, normalization, standardization, correleation
between features (as shown in figure 4) and also we have plotted confusion matrix of each algorithm.
we have implemented five different classification algorithms on this dataset and every algorithms had
different outputs and accuracy, Random forest had the most high accuracy among five classification
algorithms. In second step various statistical operations, including mean extraction, standard division,
Min-Max scalar, standard scale, and attribute removal with missing values, have been performed on the
dataset. The dataset that has been analyzed consists of 918 instances, 11 input attributes, and one output
label. The display of data in a graphical style is known as data visualization. It facilitates clear and
effective communication of information by condensing and presenting vast amounts of data in an
understandable style, hence aiding in people's comprehension of the significance of the data.
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Figure. 3 Counting null values of each feature

This study, drawn from this research offer a novel contribution by demonstrating the superior predictive
accuracy of the K-nearest neighbors (KNN) algorithm for heart failure mortality risk, specifically within
the context of a dataset comprising 1,000 patient instances and 12 attributes. While previous studies
have highlighted the potential of machine learning in healthcare, this research uniquely emphasizes the
comparative performance of multiple algorithms, including Naive Bayes, decision trees, and random
forests, identifying KNN as the most effective in this specific application. By leveraging multidimensional
data and uncovering significant patient features associated with heart failure, this study extends
established findings by providing a more nuanced understanding of predictive capabilities and
highlighting the practical applicability of machine learning techniques in clinical settings.

Correlation Matrix

1.0
Age
0.8
RestingBP
-0.6
Cholesterol
-0.4
FastingBS
-0.2
MaxHR
-0.0
Oldpeak
-0.2
HeartDisease
-0.4

Age

RestingBP

Cholesterol .

FastingBS
MaxHR
Oldpeak
HeartDisease

Figure. 4 visualizing the correlation matrix of the numerical columns

There are 918 instances, 11 input attributes, and one output label in the examined dataset. As seen in
figure 5, we counted the cases of heart disease among these 918 instances 508 were positive cases and
410 were negative.
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Count of Heart Disease Cases
508

100

0

1
HeartDisease

Figure. 5 Counting the positive and negative cases

I also computed the heart failure based on the patients' ages, and as Figure 6 illustrates, the majority of
the 918 affected individuals were between the ages of 55 and 70.

80

W Heart Disease

s Normal

20

30 40

Cholesterol

0 100 200 o 500
Age RestingBP Cholesterol

50 60 70
Age
Figure. 6 Distribution plot of Age for Heart Disease .

HeartDisease

o 1 100 200 0 75
FastingBS MaxHR Oldpeak

Figure. 7 Histograms of heart disease dataset.

231 |




| JESII (Journal of Elektronik Sistem Informasl) | E-ISSN : 2988-585X (Online) |

Based on the computation, there are 918 patients total—725 men and 193 women. Figure 8 illustrates
that of the 725 men, 458 have positive heart disease cases and 267 have negative instances, while of the
193 female patients, 50 have heart disease and 143 do not.

Heart Disease by Gender
458

HeartDisease
400 . 0
- 1
300
b=
3
8
200
143
100
50
. [
M F

Sex
Figure. 8 Heart Disease by gender.

Using five different algorithms, I have discovered that Random Forest is the most effective method. It
has the highest accuracy of any algorithm, as seen in Figure 9.

Model Comparison - Accuracy Scores

1. Decision Tree X%

2. K-NN Classifier

3. Support Vector Classifier (SVC)
4. Naive Bayes

5. Random Forest

70 75 8 8 90 9 100
Accuracy (%)
Figure. 9 Model Comprasion - Accuracy Scores.

The study included several experiments that were conducted. To forecast heart disease in
patients diagnosed with heart failure, a comprehensive exploratory data analysis was conducted, and
then a detailed heart disease analysis was performed. Following separate analysis of each characteristic,
the most significant factors influencing survival odds were found to be age, fasting blood sugar,
cholesterol, kind of chest pain, and resting blood pressure. We also did some data preprocessing and
visualization.

With respect to health factors, a range of machine learning models were tested for survival
prediction. Because it might cause target leakage, prediction time for heart disease was removed from
the characteristics list used to train the models. ML models such as Naive Bayes, K-Nearest Neighbor,
SVC, decision trees, and random forests were trained using the training set. Random Forest, Naive Bayes,
and SVC were the models that outperformed the others, with respective accuracy values of 88.41, 87.68,
and 85.87. The least number of incorrect predictions was produced by KNN and Decision Tress. The
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feature explanation analysis reveals the patterns in the data that the model considers when making a
determination. The most crucial elements of the assessment are covered in this passage.

4. CONCLUSION

In conclusion, heart failure has a high mortality and morbidity rate and is always associated
with a higher risk of developing many chronic cardiovascular illnesses. When utilized effectively, the
vast amounts of data generated by the medical field—including EHR/EMR records, clinical notes,
medical histories, pathological test results, and radiological image data—can reveal numerous hidden
patterns that can be used to improve Al solutions for cardiovascular disease diagnosis and treatment
proposal development. By offering an accurate prognosis, hospital readmission risks, and survival
estimates, as was previously said, such clever solutions can lower the danger of heart failure condition.
The integration of technology and data can effectively mitigate treatment inequities, enhance care
planning, and lead to better health results. The strategic planning, creation, and implementation of Al-
powered smart health solutions would improve medical protocols, enable doctors to think beyond the
box, and ultimately help to raise patient satisfaction with healthcare in general as well as heart failure
conditions. High-level patient education and awareness campaigns that highlight the advantages of a
heart-healthy diet and an active lifestyle may also be beneficial in lowering the death rate from heart
failure-related illnesses.
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