Early Detection and Prevention of Chronic Diseases:

A Comprehensive Review
Snehlata Kapil Wankhade', Ganesh Khekare?
Lincoln University College, 47301, Petaling Jaya, Selangor Darul Ehsan, Malaysia; 2Vellore Institute of
Technology, Vellore, Tamil Nadu, India
Email ID dongre.sneha@gmail.com, khekare.123@gmail.com

Abstract: Chronic disease early prevention is of vital importance in enhancing patient outcomes,
healthcare expenses, and proactive clinical interventions. As the chronic disorders like diabetes,
cardiovascular disorders, cancer and neurological disorders continue to rise, the traditional modes of
diagnosis may not always give a solution in real-time and at a large scale. Recent improvements in machine
learning have tremendously improved the ability of healthcare systems to identify chronic diseases at an
early stage. This paper will provide an overview of the current practices to detect chronic diseases in early
stages, specifically based on clinical data, electronic health records, medical radiographs, wearable
sensors, and genome data. The systematic review presents classical statistical models and contemporary
machine learning methods, which are Random Forest, Support Vector Machines, Gradient Boosting, and
neural networks as disease risk prediction and classification. Moreover, Convolutional Neural Networks
are also discussed as potential deep learning architectures. The major issues are heterogeneity of data,
imbalance in classes, privacy, interpretability of the model and model generalization to varied population,
which are critically evaluated. This review has a purpose to ensure that researchers and healthcare
practitioners gain a systematic insight into the existing methods and novel tendencies in chronic disease
detection using ML.
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Introduction

Chronic diseases are one of the significant health challenges that have a high contribution to long-term
morbidity, mortality and health-care cost in the world. Such illnesses as cardio-vascular diseases, diabetes,
cancer, and chronic respiratory illnesses tend to advance without any clinical manifestations, and the
symptoms arise only in the late stages. Intensive screening and preventive measures have also been a
common concept that is widely recognized in the control of chronic diseases. Research has revealed that
promptly diagnosing the risk factors and early-stage diseases, can significantly reduce the severity of the
disease and mortality rates as well as healthcare expenditures [2], [6]. Nevertheless, the traditional
diagnostic and screening approaches have been generally constrained by the delay in detection, manual
analysis, unsuitability to scale effectively within a large population. According to the recent studies,
machine learning and deep learning methods prove to be effective in identifying early disease trends
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based on high-dimensional, heterogeneous healthcare data [3], [5]. Specifically, new paradigms like edge
and cloud-based Al systems allow real-time analysis and enhanced privacy, as well as scalable
implementation due to the early disease detection [1]. In addition, the combination of early diagnosis and
prevention and long-term disease management measures are needed to achieve effective chronic disease
management[4]. These issues must be tackled to promote the successful implementation of Al-based
healthcare systems in practice. This paper is planned to be organized as follows: in Section Il, the
background on the use of available methods to detect chronic diseases early is discussed, with the
traditional statistical methods, machine learning, deep learning and edge and cloud-based healthcare
frameworks. At last, Section Il will give a conclusion of the paper and a future research path.

Related work

This part summarizes existing literature on the topic of early detection of chronic disease, with emphasis
on the statistical, machine learning, deep learning, and data-driven healthcare systems employed in
predictive diagnosis.

A. General Early Detection of Chronic Diseases

The recent literature indicates the increasing importance of artificial intelligence and the opportunity to
diagnose chronic conditions early in the presence of various sources of healthcare data and smart
predictive algorithms. Priya et al. [7] performed a systematic review of Al-driven methods to predict
chronic diseases and showed that the machine learning and deep learning algorithms are highly more
effective compared to the traditional method in terms of accuracy and scalability. Equally, Rashid et al.
[8] introduced an advanced Al framework which combines various learning models to enhance the
accuracy of the prediction of chronic conditions, emphasizing the power of hybrid and ensemble methods
in general to understand the non-linear patterns of diseases using heterogeneous clinical data. In addition
to broad prediction, Al has already demonstrated high potential in the initial detection of particular
chronic and neurological conditions and in healthcare management optimization. Freja et al. [9] studied
the clinical usability of Al-based early diagnosis in neurodegenerative diseases and found that they detect
subtle physiological and cognitive changes in the earlier stages of the disease better. Besides that, Bulut
et al. [10] also wrote about the bigger effect of Al implementation in healthcare systems, its application
in the early recognition of diseases and savings in costs through the effective allocation of resources.
Collectively, these works point to the fact that Al-based early detection systems do not only increase
diagnostic accuracy but also make healthcare delivery sustainable and cost-effective.

B. Machine Learning Models for Chronic Disease Detection

The challenges have been addressed using machine learning (ML) techniques that are effective in
detecting chronic diseases at an early stage of development as they are able to capture complex non-
linear relationships in healthcare data. Singh et al. [11] gave an in-depth description of the most popular
ML algorithms to predict chronic diseases, such as Logistic Regression, Support Vector Machines (SVM),
k-Nearest Neighbors (KNN), Decision Trees, and Random Forests (RF). They pointed out in their research
that RF and SVM models are always more predictive because of their resistance to noise and the ability
to operate with high-dimensional clinical data. Equally, Muthukumarasamy et al. [14] established that the
ML-based diagnostic systems are highly superior to the rule-based systems due to its ability to discover
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the unspoken patterns of diseases through structured and unstructured medical data. Some of the
research works devoted particular attention to implementing ML models in the early detection of diseases
in vulnerable groups and healthcare settings specific to domains. Bhumireddy et al. [12] explore the idea
of early chronic disease detection in old age populations through the application of the ML predictive
model and used classifiers like KNN, SVM, and Random Forest. They found that the stability and
generalization of ensemble-based models, especially Random Forest, were better than that of individual
classifiers. Furthermore, Kavi Priya et al. [13] proposed a multi-objective optimization-based Random
Forest model based on the firefly optimization algorithm to choose the best features and enhance the
effectiveness of classification.

Table 1. General Machine Learning workflow For Early Detection of chronic Diseases

Stage Description

Data Collection Acquisition of clinical data, electronic health records(EHRs), laboratory results,
demographic attributes, and physiological measurements

Data Handling missing values, normalization, noise removal, and balancing imbalanced
Preprocessing disease classes

Feature Selection | Selection of relevant medical indicators using statistical methods or optimization
algorithms

Model Training Training machine learning models such as Support Vector Machines (SVM), K-
Nearest Neighbors (KNN), Random Forest, Logistic Regression, and ensemble
classifiers

Model Evaluation | Performance assessment using accuracy, precision, recall, F1-score, ROC-AUC,
and confusion matrix

Prediction & Classification of patients into healthy or disease-risk categories to support early
Decision clinical intervention

Table 1 demonstrates the generic machine learning pipeline in order to detect chronic diseases at an early
stage. It brings to attention the conversion of raw healthcare data into processed and feature-selected
data before analysis by ML classifiers. The piece of work shows how the supervised learning models are
used to classify the risk of diseases and facilitate data-driven clinical decision-making in a timely manner.

C. Deep Learning Approaches

Deep learning (DL) has demonstrated to be a paradigm shift in the detection of chronic diseases because
it can automatically acquire hierarchical feature representations across the complex and high dimensional
healthcare data. In contrast to traditional machine learning models, which typically make significant use
of handcrafted features, deep neural networks (DNNs) are able to directly represent nonlinear
associations found in clinical records, time-series health data, and medical images. Akhi et al. [15] put
forward a comparative analysis of Long Short-Term Memory (LSTM) networks and traditional machine
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learning models and showed that the LSTM-based models are superior to the classical ones in predicting
chronic diseases at an early stage. The paper underscores the effectiveness of recurrent neural networks
(RNNs) in the modeling of long-term transitions of patient health records, including disease trajectories
and sequential biomarker changes. Ma and Yang [16] suggested a smart model of medical diagnosis using
an integrated deep neural network, which is a combination of multilayer perceptrons with optimistic
learning approaches. These integrated DL models provide better generalization, noise resistance and
flexibility to various types of diseases, thus fit well in the real world medical decision support systems.
Deep learning-based medical imaging analysis has been a major breakthrough as far as early disease
detection is concerned. Ahmed et al. [17] greatly explained how convolutional neural networks (CNNs)
can be used with medical imaging systems, including X-ray, MRI, CT scanning, and ultrasound to detect
early disease in their initial stages. These types of imaging oriented DL models have demonstrated
remarkable success in the identification of chronic diseases like cardiovascular diseases, neurological
disorders, cancer and diabetic complications at an early stage.

Conclusions

In this paper, the author has provided the extensive overview of artificial intelligence-driven treatment to
the early detection and prevention of chronic illnesses. The existing literature proves that machine
learning and deep learning methods, when used with heterogeneous healthcare data including clinical
records, EHRs, medical imaging, and wearable sensors data, have a strong positive impact on the accuracy
of early diagnosis and allow making a clinical decision in advance. The review points out that ensemble
machine-learning models and deep-learning architectures, especially CNN and LSTM-based networks, are
superior to traditional statistical models because they can model complex and nonlinear disease patterns.
Moreover, streamlined Edge Al and cloud-based healthcare systems can improve scalability,
responsiveness in real-time, and privacy-conscious implementation of intelligent diagnostic systems.

In spite of these developments, a number of challenges exist which restrict their use in reality. Further
studies would be required to improve model generalization in various population groups and healthcare
environments, deal with data imbalance and bias, and improve interpretability with the help of
explainable Al methods.
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