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Disease Detection using Artificial Neural Network
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Abstract: Artificial Neural Networks (ANNs) have emerged as a transformative technology in
the field of medical diagnostics, demonstrating significant potential in disease detection. This
study highlights the application of ANNs in identifying complex diseases such as cancer,
diabetes, and cardiovascular disorders. By analysing diverse datasets comprising clinical,
demographic, and imaging data, ANNs effectively detect disease patterns and predict severity,
aiding early diagnosis and treatment planning. Advanced methodologies, including feature
extraction, image analysis, and cross-validation, were employed to optimize model accuracy
and generalizability. Despite achieving high accuracy rates, challenges such as data quality,
interpretability, and computational demands persist, necessitating further research. The
findings underscore the importance of ANNs in modern healthcare, offering a promising
pathway for improved diagnostic precision and patient outcomes while emphasizing the need
for advancements in data management, ethical considerations, and model interpretability.
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1. Introduction: Detection of medical  brain. These networks consist of
ailment has been an important topic in  interconnected nodes, or neurons, organized
present day research. Disease is usually  in layers. Each neuron receives input,
caused by micro-organisms like bacteria, processes it, and then passes the result to the
virus, etc. hence detection and intensity of  next layer of neurons. ANNs have shown
the disease has to be measured to take  remarkable capability in pattern recognition
preventive and corrective action against the and classification tasks, making them
disease. valuable tools in medical research and

di .
Cancer is generally caused by abnormal iagnosis [1]

growth of cell in human body. Early Inthe contextof disease detection, ANNs can
detection and measurement of intensity helps analyze complex medical data such as
in taking medical assistance for curing from imaging scans, genetic information, or
it. Analysis of image of human cell extract  patient records to identify patterns indicative
relevant features. These features are checked  of various diseases. By training ANNs on
with features of un-diseased human cell to large datasets containing both healthy and
get into the conclusion. diseased samples, researchers can develop
models capable of accurately detecting
diseases at early stages, aiding in timely
Artificial Neural Networks (ANNs) are  interventions and improving  patient
computational models inspired by the outcomes. The ongoing advancements in
biological neural networks of the human  ANNSs and their applications in healthcare
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1.1. Artificial Neural Network
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underscore their potential to revolutionize
disease diagnosis and treatment [2,4].
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as cough and breath sounds, to diagnose
conditions like COPD and asthma with high

Figure 1. Architecture of Artificial Neural Network (ANN) (Source: 8 Best Deep Learning Tools and

Applications in 2024)

Currently, data driven Al assisted system
helps in extraction of features that are fed to
neural network to predict the disease and its
intensity. Predictive and prescriptive data
analytic are playing in vital role these days in
medical treatment. These help medical
practitioners to take decision of treatment
based on the result of Al assisted system.

Artificial Neural Networks (ANNs) have
emerged as powerful tools for disease
detection across various medical fields,
significantly enhancing diagnostic accuracy
and efficiency. By leveraging their ability to
learn complex patterns from diverse datasets,
ANNs can assist in early diagnosis and
treatment, ultimately improving patient
outcomes. The following sections outline the
key applications of ANNs in disease
detection. ANNs can analyze complex data
patterns to identify heart disease risk factors,
improving early diagnosis [4]. Integration of
multimodal data sources, including ECG

analysis, enhances the accuracy of
predictions [4]. ANNs have demonstrated
superior performance over traditional

diagnostic methods, achieving high accuracy
in liver disease detection [13]. The use of
optimized ANN models has shown
significant improvements in sensitivity and
specificity, aiding clinical decision-making
[13]. ANNs can process audio signals, such
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accuracy [2]. his innovative approach
complements image-based  diagnostics,
providing a multifaceted diagnostic tool [2].

ANNSs can analyze vast amounts of medical
data to identify disease patterns and predict
outbreaks, enhancing public health responses
[3]. Their ability to integrate diverse data
sources allows for comprehensive disease
risk assessments [3]. Al tools have emerged
as pivotal assets in disease detection,
enhancing the accuracy and speed of
diagnoses across various medical fields.
These tools leverage advanced algorithms
and machine learning techniques to analyze
vast datasets, enabling early identification of
diseases such as cancer, Alzheimer's, and
infectious diseases. The following sections
outline key AI applications in disease
detection.

1.2. Different AI tool used to analysis
disease status

1.2.1. Deep Learning Algorithms: Al
systems utilize deep learning to analyze
medical records and genetic data, identifying
individuals at risk for cancer [5].

1.2.2. Image Analysis: Al enhances image-
based diagnostics through techniques like
segmentation and feature  extraction,



improving decision-making accuracy for
complex diseases [6].

1.2.3. Hippocampus Analysis: Utilizing the
VGG16 model, Al can classify patients into
categories based on hippocampal imaging,
achieving high accuracy in early detection

[7].

1.2.4. Image Analysis Techniques: Al-
driven methods refine medical imaging,
facilitating accurate diagnoses of infectious
diseases and enabling tailored treatment
plans [8].

1.2.5. Real-Time Data Monitoring: Al
analyzes diverse data sources to predict and
monitor disease outbreaks, significantly
improving public health responses [9].

1.3. Limitations of Using Artificial Neural
Networks (ANNSs) in Disease Detection

1.3.1. Data Quality and Quantity

Challenge: ANN performance heavily
depends on the quality and size of the dataset.
Medical datasets are often small, noisy, or
imbalanced due to the difficulty of collecting
labelled data, particularly for rare diseases.
Insufficient or poor-quality data can lead to
inaccurate predictions and limit the
generalizability of models. Detecting rare
conditions like certain genetic disorders may
require data from a very small patient
population.

1.3.2. Overfitting and Generalization

Challenge: ANNSs, particularly deep learning
models, are prone to overfitting, where the
model memorizes the training data rather
than learning general patterns. This reduces
the model's ability to perform well on unseen
data, especially when the training data lacks
diversity. An ANN trained on data from a
single hospital might fail to generalize to
patients from different demographics or
healthcare systems.

1.3.3. Model Interpretability (Black-Box
Nature)
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Challenge: ANNs are often criticized for
their lack of transparency in decision-
making. Clinicians and patients may be
reluctant to trust a '"black-box" system
without clear explanations of how diagnoses
are made. Limited interpretability can hinder
clinical adoption and regulatory approval.
Explaining why an ANN flagged a specific
MRI scan as indicative of cancer remains
difficult.

1.3.4. Computational
Resource Requirements

Complexity and

Challenge: Training and deploying large
ANN models require significant
computational resources, including GPUs
and memory, which may not be available in
resource-constrained settings. Impact: Limits
the applicability of ANN solutions in rural or
low-income regions. Deploying ANN-
powered diagnostics in remote clinics with
limited computational infrastructure can be
infeasible.

1.3.5. Bias in Data and Algorithms

Challenge: Training data often reflects
societal biases, such as underrepresentation
of certain groups. These biases can be
inadvertently learned by the ANN. Can lead
to unequal performance across different
demographic  groups, raising ethical
concerns. An ANN trained predominantly on
data from male patients might perform
poorly for female patients.

1.3.6. Ethical and Legal Concerns

Challenge: Handling sensitive medical data
raises concerns about patient privacy, data
security, and compliance with regulations
like GDPR and HIPAA. Non-compliance can
result in legal penalties and loss of patient
trust. A breach in an ANN-powered
diagnostic system could expose sensitive
health information.

1.3.7. Variability in Data Sources

Challenge: Medical data varies significantly
across regions and healthcare systems due to
differences in equipment, protocols, and



demographics. ANN models trained on data
from one region or system may not perform
well in others. An ANN trained on MRI scans
from one manufacturer might struggle to
interpret scans from another.

1.3.8. Requirement for Domain Expertise

Challenge: Designing and training ANNs for
disease detection often requires collaboration
between Al  experts and medical
professionals. Misaligned objectives or
misinterpretation of medical data can lead to
flawed models. Increases the complexity and
cost of developing ANN solutions. Incorrect
preprocessing of imaging data could lead to
suboptimal model performance. While these
limitations present obstacles, they also
highlight areas where innovation can drive
significant improvements in healthcare Al
applications.

ANNs show great promise in disease
detection, challenges such as model
interpretability and the need for extensive
training data remain. Addressing these issues
is crucial for the broader adoption of ANNs
in clinical settings. In this work we try to
implement AI wvalidation protocols for
improvement of different disease detection.

2. Methodology

Most of the cases the work flow going on by
these mentioned processes:
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A compilation of a comprehensive dataset
containing diverse samples of both healthy
individuals and those afflicted with the target
disease. The dataset includes various
demographic, clinical, and diagnostic
parameters relevant to the disease under
study.

Next, it was preprocessed the data to remove
noise, handle missing values, and normalize
features to ensure uniformity across the
dataset. then design and train the ANN
model, configuring its architecture, such as
the number of layers and neurons, based on
the complexity of the disease and the
characteristics of the dataset. During the
training process, we employ techniques like
cross-validation to optimize hyperparameters
and prevent overfitting. Finally, it was
evaluating the performance of our model
using metrics like accuracy, sensitivity,
specificity, and area under the ROC curve to
assess its effectiveness in disease detection.

3. Key findings from recent studies

In the realm of disease detection, Artificial
Neural Networks (ANNs) have emerged as a
potent tool, revolutionizing the landscape of
medical diagnostics.

The accuracy of disease detection using
Artificial Neural Networks (ANNs) has
shown significant promise across various
medical conditions. Research indicates that
ANNs can achieve high accuracy rates,
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(Cancerous or Non-cancerous) (KSVM) (CNN Algorithm)

Figure 2. Work flow as prepared
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making them valuable tools for early
diagnosis and treatment planning. The
following sections highlight key findings
from recent studies on ANN applications in
disease detection.

3.1. Congenital Heart Disease Detection:
An ANN model developed for detecting
Congenital Heart Disease (CHD) achieved
an impressive accuracy of 97.44%,
outperforming Logistic Regression (95.00%)
and Extreme Gradient Boosting (92.00%)
[10]. This model utilized data preprocessing
techniques such as imputation and Principal
Component Analysis (PCA) to enhance
performance.

3.2. Cardiovascular Disorders: Another
study reported an ANN model achieving
94.15% accuracy in predicting heart disease,
significantly  surpassing the Logistic
Regression baseline of 85.71% [11]. The
methodology included comprehensive data
preprocessing and evaluation techniques,
underscoring the ANN's effectiveness in this
domain.

3.3. Broader Applications: ANNSs have also
been applied to various diseases, including
liver disease and COVID-19, with models
achieving accuracies above 97% [12,13].
These models demonstrate the versatility of
ANNs in handling complex datasets and
improving diagnostic precision.

Input image data
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While ANNs show remarkable accuracy in
disease detection, challenges such as data
privacy, algorithm complexity, and the need
for large datasets remain critical
considerations for future research.

4. Challenges and Limitations

4.1. Data Quality and Quantity: The
performance of ANNs heavily relies on the
quality and quantity of the input data.
Challenges may arise if the dataset is small,
imbalanced, or noisy. Moreover, acquiring
labeled data for training can be expensive and
time-consuming, especially for rare diseases.

4.2. Feature Selection and Extraction:
Identifying relevant features from the input
data is crucial for the effectiveness of ANNS.
However, selecting appropriate features and
extracting meaningful information from raw
data can be challenging, especially in
complex datasets with high dimensionality.

4.3. Overfitting and Generalization: ANNs
are prone to overfitting, where the model
learns to memorize the training data instead
of capturing underlying patterns. Achieving
good generalization performance on unseen
data is crucial for real-world disease
detection applications.

4.4. Interpretability: ANNs are often

considered as black- box models, making it
interpret the underlying
process.

challenging to
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Figure 3. Feature extraction process (Source: https://www.frontiersin.org)
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interpretability may hinder the trust and
acceptance of these models by healthcare
professionals and patients.

4.5. Model Complexity and
Computational  Resources:  Training
complex ANN architectures requires
significant computational resources and

time. Deploying such models in real-world
settings, especially in resource-constrained
environments like clinics or remote areas,
can be challenging.

4.6. Robustness to Variability: ANNs may
struggle to generalize well in the presence of
variability in data due to factors such as
demographic differences, environmental
factors, or technological variations. Ensuring
robustness to such variability is crucial for
reliable disease detection.
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5. Conclusions

Artificial Neural Networks (ANNs) hold
immense promise in transforming the
landscape of disease detection and medical
diagnostics. Their ability to process complex
and diverse datasets has enabled accurate
identification of various diseases, such as
cancer, cardiovascular disorders, and
diabetes, at early stages, thereby improving
the chances of successful treatment and
better patient outcomes. The study
demonstrated that ANNs achieve high
accuracy and robust performance when
trained on comprehensive and high-quality
datasets, showcasing their versatility across
medical domains.

However, several challenges persist that need
to be addressed for wider adoption of ANNs

Imnge pre- G Ima e skufl
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Figure 4. Disease detection using unsupervised learning (Source: https://www.semanticscholar.org)

4.7. Ethical and Legal Considerations:
Implementing ANNs for disease detection
raises ethical concerns related to patient
privacy, data security, and potential biases in
the algorithm. Compliance with regulations
such as GDPR and HIPAA is essential to
safeguard  patient rights and data
confidentiality.

4.8. Validation and Benchmarking: Proper
validation and benchmarking of ANN

models is necessary to assess their
performance accurately. However, selecting
appropriate  evaluation  metrics  and

comparison methods can be challenging due
to the lack of standardized protocols in the
field.
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in clinical practice. These include the "black-
box" nature of ANN models, which limits
interpretability, the reliance on large, high-
quality datasets, and the computational
resources required for training and
deployment. Ethical considerations, such as
data privacy, fairness, and compliance with
regulations like GDPR and HIPAA, are
equally crucial to ensuring responsible
implementation in healthcare.

To fully realize the potential of ANNs in
disease detection, future research should
focus on improving model interpretability,
developing standardized validation
protocols, addressing data-related biases, and
optimizing models for resource-constrained
environments.  Additionally, fostering
collaboration between Al experts and



medical professionals is essential to align
technical innovations with clinical needs.

By overcoming these challenges, ANNs can
become a cornerstone of precision medicine,
significantly enhancing the efficiency and
accuracy of disease detection and paving the
way for more proactive and patient-centered
healthcare systems.

NO confliction between all authors.
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