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Abstract 
One essential organ crucial to preserving general human health is the heart. Modern lifestyle and a host of associated 

factors have led to an increase in the number of people having cardiovascular disease. Nowadays, in comparison to 

Cancer-related deaths, more people die from cardiovascular diseases (CVDs), thereby making it a major global health 

concern. To lower morbidity and mortality, early detection and precise prediction of CVDs are essential. In this regard, 

medical professionals can identify a variety of cardiac conditions, such as heart failure and valve disorders, with the 

help of computer-aided diagnostic systems. The enormous amount of data generated every day provides ample scope to 

utilize tools such as data mining to gather valuable insights in this field, particularly when we are well-equipped for big 

data analysis. Further, examining a variety of risk factors, Deep learning techniques can help us to use a large number 

of parameters to predict various kinds of heart diseases well in advance. The present paper seeks to evaluate and 

compare the predictive performance of different deep learning models for the early diagnosis of cardiovascular 

conditions. These models include convolutional neural networks (CNNs), Intermittent neural networks (RNNs), 

Transformers, Generative Adversarial Networks (GANs), and Auto Encoders. The paper would highlight how efficiently 

these models predict heart disease. This would further open the scope for the creation of ‘sophisticated clinical decision 

support system’ that focuses on early detection and prevention of cardiovascular disease. 
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1. Introduction 

According to the World Health Organization, heart-

related diseases claim about 20.5 million lives every 

year. More importantly, 80 per cent of these deaths 

are due to heart failure and strokes, and one-third of 

these occur before the age of seventy. It is believed 

that unhealthy diet, sedentary lifestyle, smoking, 

excessive use of alcohol, obesity, and stress etc., are 

some of the key factors leading to cardiovascular 

diseases. Interestingly, early diagnosis and treatment 

can save a precious life in the majority of cases. We 

can classify the heart related diseases according to the 

cause of origin. The main types include Coronary 

Circulatory Disorder, Congenital Defect in the Heart, 

Rheumatic Heart Disease, Hypertensive Heart 

Disease, Conditions of Cardiomyopathies, Heart 

diseases arising due to infections and defective 

valves. A detailed analysis of various types throws 

open host of factors or parameters that can be fed into 

database to understand and predict the heart stroke.  

1.1. Coronary Circulatory Disorder 

This condition arises when the coronary arteries, 

which nourish the heart with blood, become narrowed 

or blocked, interrupting the heart's blood supply. The 

condition arises mainly because of deposits of fat in 

the inner walls of the blood vessels, which ultimately 

results in a heart attack. 

1.2. Role of Deep Learning and Artificial 

Neural Networks 

Deep Learning is a subset of Machine Learning, 

which in turn is a subset of Artificial Intelligence 

(AI). The Artificial Neural Networks mimic brain 

neurons and are capable of constructing a simplified 

model based on typical parameters and thereby help 

to predict heart attacks. [26]  

 

 
Figure 1 Network Diagram of Artificial Neural 

Network (ANN) 
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Figure 2 Types of Deep Learning Models 

 

1.3. Importance of Convolutional Neural 

Networks (CNNs) 

The Convolutional Neural Networks (CNNs) help us 

to learn complex patterns from large dataset and 

analyses them accurately in the build-up of a 

predictive model. CNN can easily incorporate data 

from MRI, CT scans, and echocardiograms and 

tabulate the dataset as per the objectives. In addition 

to these patients’ data and medical history (age, 

hypertension, glucose levels, BMI, smoking status). 

Can also be fed to make the analysis more 

comprehensive. There are various layers of CNN. 

Each layer may play a specific role in predicting a 

heart attack, shown in Figure 1 & Figure 2 . 

1.4. Recurrent Neural Networks (RNNs) 

The purpose of recurrent neural networks(RNNs) is 

to identify patterns in sequential data such as 

linguistic content. Information from previous inputs 

is stored in a hidden state, which functions similarly 

to memory.  

Hidden State: At each time interval, the hidden state 

is updated using both the current input and the 

preceding hidden state. This allows prior data to be 

retained and processed across the sequence. 

Output: The output is derived based on both the 

current input and the hidden state from the previous 

time step. This structure allows RNNs to maintain 

memory of prior inputs, which is essential for 

processing sequential data (text, time series, or audio, 

etc.). This method, known as ‘Back propagation 

through Time’ (BPTT), is used to train the network 

to reduce prediction error. 

1.5. Generative Adversarial Networks (GANs) 

GANs create realistic data by training two neural 

networks in opposition to each other. This adversarial 

setup has been used to generate lifelike images, 

videos, and audio [26]. The generator network creates 

fake data using random noise. Discriminator Network 

evaluates the authenticity of data and distinguishes 

between real and fake data. 

Training Procedure: The generator and discriminator 

are trained simultaneously. While the generator tries 

to fool the discriminator by producing better false 

data, the discriminator aims to increase its capacity to 

recognize bogus data. This adversarial process results 

in more realistic data from the generator. [26] 

1.6. Transformer Networks 

Transformers constitute the basis of many modern 

NLP models. They handle incoming data via self-

attention, which makes parallelization possible and 

improves long-range dependency management.[27] 

Self-Attention Mechanism: By determining the 

relative relevance of each input component to all 

other components, this mechanism enables the model 

to evaluate the significance of distinct words in a 

phrase in different ways.[27] 

Since self-attention does not automatically record 

sequence order, positional encoding adds information 

about the words' positions inside the sequence. 

An encoder that ‘processes the input sequence’ and a 

decoder that ‘creates the output sequence’ make up 

the ‘encoder-decoder architecture’. Each is made up 

of several feed-forward and self-attentional network 

layers. [27]. 

1.7. Autoencoders 

Autoencoders are unsupervised learning models 

widely applied in data compression, denoising, and 

extracting meaningful features from input data. They 

learn to transform data into a compact, lower-

dimensional form and then accurately reconstruct it 

back to its original state. 

Encoder: Transforms the input data into a compact 

representation within a lower-dimensional latent 

space. 

Latent Space: Represents the compressed or 

encoded version of the input, capturing its most 

essential features. 

Decoder: Reconstructs the original input from its 

latent (compressed) representation. 

Training: The model is ‘optimized to minimize the 

difference between the original input and the 

reconstructed output’, ensuring accurate data 

https://irjaeh.com/
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recovery. 

2. A Brief Review of Existing Literature 

In their 2023 study, Abdulwahab Ali Almazroi and 

colleagues introduced a Clinical Decision Support 

System (CDSS) powered by deep learning techniques 

to enhance heart disease prediction. Highlighting the 

increasing rates of heart-related illnesses and the 

importance of timely, accurate diagnosis, the authors 

point out the limitations of traditional approaches, 

which often depend on manual assessments and less 

effective machine learning algorithms. Their 

proposed system leverages advanced architectures 

like convolutional neural networks (CNNs) and 

recurrent neural networks (RNNs) to process 

electronic health records (EHRs), medical images, 

and other patient data. After training on publicly 

accessible datasets, the system achieves higher 

accuracy, sensitivity, and specificity than 

conventional methods. [1]. In their 2024 study, 

Adebimpe Esan et.al present the design and 

assessment of a heart disease prediction model built 

on Convolutional Neural Networks (CNNs). The 

central aim of the study is to develop and evaluate a 

CNN-driven prediction model for heart disease using 

these performance metrics. The research focuses on 

improving diagnostic precision through deep learning 

applied to clinical datasets. The model was trained and 

validated on relevant data, demonstrating high 

performance in terms of accuracy, sensitivity, and 

specificity. The authors underscore the potential of 

CNN-based approaches to support early diagnosis and 

enhance clinical decision-making in cardiovascular 

care. [2]. Ahmed Almulihi et al. (2022) propose an 

ensemble learning approach that integrates multiple 

deep learning models within a unified framework to 

enhance early heart disease detection. By leveraging 

the strengths of architectures such as Convolutional 

Neural Networks (CNNs) and Recurrent Neural 

Networks (RNNs), their hybrid model achieves 

greater accuracy and robustness compared to 

standalone models. Trained on clinical datasets, this 

combined system demonstrates superior performance 

across critical evaluation metrics, underscoring its 

potential for delivering timely and reliable heart 

disease diagnoses. [3]. Aishwarya Mishra and 

Dayashankar Singh (2022) propose a dynamic LSTM-

based framework integrated with various 

classification algorithms—CART, SVM, Logistic 

Regression, KNN, and Naïve Bayes—for heart 

disease prediction. The study primarily aims to 

develop and evaluate a robust LSTM-based system 

enhanced by multiple classification techniques to 

improve diagnostic performance. The model is trained 

and tested using the UCI Heart Disease Dataset, which 

includes 14 standard features along with additional 

blood glucose-related attributes. Experimental results 

demonstrate that the proposed approach outperforms 

existing methods in both accuracy and computational 

efficiency. [4]. Avinash L. Golande and T. 

Pavankumar (2023) introduced a ‘hybrid deep 

learning approach’ that uses optical electrocardiogram 

(ECG) signals to predict heart disease. The model 

efficiently extracts and evaluates important features 

from ECG data to increase diagnostic accuracy by 

combining several deep learning architectures. By 

combining cutting-edge deep learning techniques 

with optical ECG technology, the suggested system 

shows promise for ‘early and accurate detection of 

heart disease’. It also performs well in predicting heart 

conditions. [5] Awais Mehmood et al. (2021) 

proposed a deep learning approach for heart disease 

prediction using Convolutional Neural Networks 

(CNNs), leveraging data from ECGs, 

echocardiograms, and other clinical sources. The 

primary objective of the research is to develop and 

evaluate a CNN-driven model capable of delivering 

precise and timely heart disease predictions. Designed 

for integration into clinical decision support systems, 

the CNN model demonstrates strong potential for real-

time diagnosis, enabling early detection and improved 

patient outcomes. The study also reports that the 

CNN-based method outperforms traditional machine 

learning techniques in terms of accuracy. [6] An 

optimized Deep Neural Network (DNN) approach is 

suggested by Dr. C.N. Vanitha et al. (2022) to increase 

the precision of heart disease detection. The UCI 

Heart Disease Dataset is used in the study, and the 

improved DNN model is contrasted with more 

conventional machine learning techniques like ANN, 

SVM, and Decision Trees. The model's predictive 

efficiency, feature extraction, and accuracy all 

increased. But it also draws attention to possible 

problems like overfitting with small datasets and 

computational complexity. [7] Emily S. Lau et al. 
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(2023) explore the use of deep learning models 

applied to echocardiographic imaging for predicting 

cardiovascular outcomes. Their approach enhances 

the accuracy of detecting abnormalities in left heart 

structure and function, outperforming traditional 

echocardiographic assessment methods. By 

leveraging high-quality imaging data, the model 

significantly improves the prediction of 

cardiovascular events. However, challenges such as 

computational demands and dependence on data 

quality are acknowledged. The study's primary 

objective is to develop and evaluate a deep learning-

based method for assessing left heart function, aiming 

to advance diagnostic precision and outcome 

prediction in cardiovascular care.[8] Farman Ali et. al. 

(2020), suggested an important monitoring system for 

healthcare which could be used to predict heart 

disease. Their approach sought to combine ‘fusion 

techniques with an ensemble deep learning model’. In 

‘comparison to conventional ML/DL models’, the 

system achieves high-tech accuracy and enhanced 

robustness by utilizing data from the Cleveland and 

Hungarian datasets. The method depends on high-

quality datasets and demands a substantial amount of 

computational power, despite providing improved 

predictive performance [9]. Hai Van Pham et. al. 

(2019) said that- This paper sought to present a 

diagnostic system for heart disease using Deep Neural 

Networks (DNN) in combination with Fuzzy Logic 

for improved decision-making. The system improved 

support for medical professionals and increased 

diagnostic accuracy using the ‘UCI Heart Disease 

Dataset’. Although it requires high-quality data and 

substantial computational resources, it provides better 

interpretability and predictive performance than 

conventional rule-based systems. By doing so, it 

hopes to improve healthcare professionals' decision 

support by increasing diagnostic accuracy, 

interpretability, and reliability in comparison to 

conventional rule-based and machine learning 

systems. [10] Liaqat Ali et al. (2019) proposed a 

hybrid approach that combines a Chi-square (χ²) 

statistical model for feature selection with an 

optimally configured Deep Neural Network (DNN), 

fine-tuned using exhaustive search. This model 

significantly outperforms traditional methods, 

including standard ANN, DNN, and other machine 

learning techniques, achieving a high prediction 

accuracy of 93.33% on the Cleveland Heart Disease 

dataset. The primary objective of the study is to 

enhance diagnostic accuracy and efficiency in heart 

disease prediction beyond what conventional models 

offer. [11]. Manasaleh Al Reshan et. al. (2023) 

proposed a ‘hybrid deep learning model’ (HDNN) that 

combines ANN, CNN, and LSTM architectures to 

improve heart disease prediction. With a high 

accuracy of 98.86%, the model was found superior to 

other models and, performs exceptionally well in 

terms of sensitivity, precision, F1-score, specificity, 

and MCC. The study emphasizes that the hybrid deep 

learning model works very efficiently for medical 

diagnosis [12]. Nahian Ibn Hasan and Arnab 

Bhattacharjee (2019) present a method for classifying 

cardiovascular diseases by processing ECG signals 

using Empirical Mode Decomposition (EMD). The 

decomposed signals, which better capture the non-

stationary and non-linear characteristics of ECG data, 

are then input into a deep learning model for accurate 

classification. This approach enhances feature 

extraction and significantly improves the diagnostic 

precision of cardiovascular conditions. [13]. P. 

Ramprakash et al (2020) introduced a Deep Learning 

model aimed to enhance classification accuracy. The 

dataset is partitioned into training and testing sets. The 

training set is utilized to train the neural 

network. Their network architecture consists of 

multiple layers utilizing the sigmoid activation 

function. In their model ‘input features are first fed 

into the network through the input layer and then these 

features are passed to the hidden layer, where core 

computation occurs via weighted connections. The 

output layer is ‘connected to the hidden layer to 

produce the final predictions. [14]. The research work 

of Peng Lu et al (2018) proposed a cardiovascular 

disease prediction model based on an ‘improved 

Deep Belief Network’ (DBN). The model achieved 

its primary objective of improved prediction of 

cardiovascular diseases by combining supervised 

fine-tuning and unsupervised pre-training to 

maximize network depth using reconstruction error. 

The model used UCI Machine Learning Repository's 

Statlog and Cleveland datasets for evaluation, and the 

results showed prediction accuracies of 91.26% and 

89.78%, respectively.[15]. Rohit Bharti et al. (2021) 
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proposed a hybrid framework that combines machine 

learning (ML) and deep learning (DL) techniques to 

improve the accuracy of heart disease prediction. The 

model leverages deep neural networks alongside 

traditional ML algorithms such as Support Vector 

Machines (SVM) and Decision Trees to analyze 

patient health data. By integrating these 

complementary approaches, the system achieves 

superior classification performance and more accurate 

predictions. The study demonstrates that the hybrid 

model outperforms individual techniques across key 

metrics—accuracy, precision, and recall—

highlighting its potential as a powerful tool for early 

detection of heart disease. [16].  S. Deepa et al. (2023) 

focused on developing an AI-driven system for heart 

disease prediction using deep learning techniques. 

Their primary goal was to design, implement, and 

evaluate a deep neural network (DNN) model capable 

of identifying key patterns within medical datasets 

associated with heart conditions. The study 

demonstrated that the DNN achieved high predictive 

accuracy through experimental validation, 

highlighting its effectiveness in processing complex 

healthcare data. The findings underscore the potential 

of AI-assisted diagnostic systems to enhance clinical 

decision-making by enabling faster, more accurate, 

and efficient detection of cardiac disorders. [17]. 

Sadia Arooj et al (2022) proposed ‘a deep learning-

based approach using Convolutional Neural 

Networks (CNNs)’ to detect heart disease at an early 

stage. The model automatically extracts and learns 

significant features from patient health data without 

the need for manual feature engineering. By 

leveraging the hierarchical learning capabilities of 

CNNs, the system achieves high prediction accuracy. 

The study highlights the effectiveness of 

convolutional neural networks (CNNs) in processing 

complex medical data, facilitating early diagnosis and 

‘potentially enhancing patient outcomes through 

timely medical intervention’ [18]. Samiul Based 

Shuvo et al (2021) studied CardioXNet- an 

innovative and efficient Convolutional Recurrent 

Neural Network (CRNN) for the automated 

detection of five heart conditions — ‘normal, aortic 

stenosis, mitral stenosis, mitral regurgitation, and 

mitral valve prolapse’ — based on unprocessed 

Phonocardiogram (PCG) recordings. CardioXNet 

deep learning model is found to be lightweight and 

effective for the automatic classification of heart 

sound recordings. To capture both coarse and fine-

grained features, the model employs a two-phase 

learning process that includes a representation 

learning phase with three parallel 2D-CNN squeeze-

expansion pathways. The model's effectiveness for 

classifying heart sounds was demonstrated by its 

remarkable 88.09% accuracy when tested on the PCG 

and PhysioNet datasets. [19]. Sarita Charkha et al. 

(2023) proposed a deep learning-based approach for 

accurately predicting the presence of cardiovascular 

diseases. The study employs deep neural networks 

(DNNs) to analyze patient health data and identify key 

risk factors associated with heart disease. By 

automatically uncovering complex patterns and 

relationships within the dataset, the model 

significantly outperforms traditional methods in 

prediction accuracy. The results underscore the 

potential of deep learning algorithms in risk 

assessment, early detection, and clinical decision 

support for cardiovascular disease prediction. [20]. 

Shivalila Hangarag et al (2025) combined 

Electrocardiogram (ECG) and Phonocardiogram 

(PCG) signals for the multi-class classification of 

heart diseases. The method utilizes a deep hybrid 

neural network, integrating both convolutional and 

recurrent layers to extract and fuse temporal and 

spatial features from both signal types. This fusion 

approach significantly improves classification 

performance by leveraging complementary 

information from ECG and PCG signals. The model 

achieves high accuracy and robustness, making it a 

promising solution for comprehensive and reliable 

heart disease diagnosis. The authors could achieve 

their primary objective of developing and designing a 

deep hybrid neural network architecture that 

combines convolutional and recurrent layers to 

extract rich spatial and temporal features from both 

signal types [21]. Simanta Shekhar Sarmah (2020) 

presents an integrated system that combines Internet 

of Things (IoT) technology with deep learning for 

continuous patient monitoring and accurate heart 

disease prediction. The system collects real-time 

physiological data through IoT sensors and processes 

it using a modified deep neural network (DNN) to 

detect potential heart conditions. This approach 
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enhances remote healthcare monitoring, enables early 

diagnosis, and supports timely medical interventions. 

The proposed model demonstrates high prediction 

accuracy, making it a cost-effective and reliable 

solution for smart healthcare systems [22]. Sumit 

Sharma and Mahesh Parmar (2020) concentrated on 

improving the accuracy of heart disease prediction by 

using Deep Learning Neural Networks (DNN). They 

trained the model on clinical heart disease data (UCI 

Heart Disease Dataset), and demonstrated that deep 

learning models outperform conventional machine 

learning algorithms like Decision Trees and SVM’ in 

predictive accuracy. Nevertheless, the method 

presents difficulties like overfitting risks and 

computational complexity. [23]. Hemantha Kumar 

Kalluri and Tulasi Krishna Sajja (2020) explored a 

deep learning approach utilizing Convolutional 

Neural Networks (CNNs) to predict cardiovascular 

conditions. Using the Cleveland Heart Disease 

Dataset, the study focuses on leveraging CNNs for 

both effective feature extraction and accurate 

classification of heart disease. The results indicate that 

the CNN model achieves higher prediction accuracy 

compared to traditional machine learning algorithms 

such as Decision Trees, Support Vector Machines 

(SVM), and Artificial Neural Networks (ANN). 

However, the approach is computationally intensive 

and highly reliant on the quality and size of the 

dataset. Overall, the study demonstrates the potential 

of CNN-based deep learning methods to enhance 

cardiovascular disease prediction while highlighting 

the trade-offs in computational complexity. [24]. The 

primary goal of Yuan Jin et. al. (2025) was to integrate 

the ‘Ruzzo-Tompa algorithm’ and the ‘Seagull 

Optimization Algorithm’ to create and assess an 

optimized deep learning model (ID-DTN) for the 

prediction of heart disease. They achieved this 

objective by successfully integrating the Seagull 

Optimization Algorithm (SOA) for network 

optimization and the Ruzzo-Tompa algorithm for 

effective feature selection. It outperformed models 

such as the Restricted Boltzmann Machine (RBM) 

and achieved 97.11% accuracy when tested on the 

UCI Heart Disease Dataset. Combining several 

optimization methods improves the accuracy and 

resilience of the model, but it also adds computational 

complexity and reproducibility issues because of the 

limited dataset specification. [25]. 

2.1. Overview 

In the above discussion, we sought to bring forth 

several studies dedicated to heart disease prediction. 

These studies explored the application of deep 

learning (DL) and hybrid models to predict heart 

disease with greater accuracy, reliability, and 

efficiency. These studies utilize various DL 

architectures such as Convolutional Neural Networks 

(CNNs), Recurrent Neural Networks (RNNs), Long 

Short-Term Memory (LSTM), Deep Neural 

Networks (DNNs), and ensemble or hybrid models. 

They aim to improve diagnostic accuracy, automate 

feature extraction, support clinical decision-making, 

and enable early detection of cardiovascular 

conditions using diverse datasets, particularly the 

UCI Heart Disease Dataset and physiological signals 

like ECG and PCG. The Key Techniques used in the 

models studied are CNNs [2], [6], [18]), 

RNNs/LSTMs [1], [5], [13], [19], [21])., DNNs [7], 

[17], [23]). and Hybrid Models [3], [12], [16], [25]. 

UCI Heart Disease Dataset was found to be most 

commonly used benchmark dataset. Other data 

sources used in the models are ECG/PCG [5], [8], 

[19], [21], and IoT-enabled systems, which bring 

real-time, continuous monitoring for prediction 

([22]). Most of the models sought to evaluate and 

improve accuracy, sensitivity, specificity, precision, 

and F1-score, MCC (Matthews Correlation 

Coefficient) for computational efficiency and 

robustness. 

3. Limitations  

Despite promising results, the existing literature 

reveals several limitations: 

1. Over-Reliance on Limited Datasets: Heavy 

dependence on the ‘UCI Cleveland dataset’ 

limits generalizability. Many models are not 

validated on large-scale, diverse, or real-world 

clinical data ([7], [23], [25]). 

2. Lack of Real-Time Deployment: Very few 

studies incorporate models into live clinical 

settings or real-time systems. Exceptions include 

some IoT-based approaches [22]. 

3. Computational Complexity: Many deep and 

hybrid models demand high computational 

power, which hinders their deployment in 

resource-constrained environments ([5], [7], 

https://irjaeh.com/
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[25]). 

4. Data Quality and Preprocessing: Several 

models’ success depends on the quality and 

volume of input data, which may not always be 

available in clinical settings ([1], [8], [24]). 

5. Issues of Interpretation: deep learning models 

lack explanation, making it difficult for 

researchers to trust and understand model 

predictions ([10]). 

6. Reproducibility and Standardization: A lack of 

standardized frameworks and detailed 

documentation hinders reproducibility across 

different datasets and clinical environments 

4. Future Scope of Study 

The study has identified some important gaps and 

limitations in the field of heart disease prediction and 

opens scope for further study. The future works may 

use a kind of ‘Cross-Modality Fusion’ to combine 

various data types—ECG, EHR, PCG, imaging, and 

genomics—for multi-modal learning, which can 

boost predictive performance as suggested by 

Shivalila Hangarag et al (2025). Another important 

aspect to incorporate model interpretability 

techniques to improve transparency and clinician 

adoption. Further explore federated learning 

approaches to train models on decentralized data 

while ensuring data privacy and security. It is 

expected that future studies will use multi-

institutional, real-world datasets including different 

demographics, comorbidities, and geographic 

distributions. To evaluate the practical usefulness and 

efficacy of Deep Learning models, future research 

should also give priority to their validation and 

implementation in actual clinical settings. 

Conclusion 

The reviewed literature shows consistent 

advancements in heart disease prediction using deep 

learning, with several studies achieving high 

accuracy. However, challenges remain in terms of 

data diversity, real-time deployment, interpretability, 

and computational efficiency. Addressing these gaps 

will be crucial for transitioning from academic 

research to real-world clinical impact. Future work 

must move toward explainable, scalable, and privacy-

aware AI systems that can be practically 

implemented in diverse healthcare settings. 
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