
 Global Journal of Emerging AI and 

Computing 
ISSN : XXXX-XXXX 

Volume 1, Number 1, January, 2025  
 

 

1 
  

The Role of Artificial Intelligence in Early Disease Detection: Current 

Applications and Future Prospects 

Ahmad Bacha1, Heta Hemang Shah2, Noman Abid*3 

1 Washington University of Science and Technology, Virginia, United States of America 
2 Independent Researcher, United States of America 
3 American National University, Virginia, United States of America  

  

 

 

 

Corresponding Author 

 

Noman Abid 
nomanabid12345@gmail.co

m  

   

 

ABSTRACT 

Artificial intelligence (AI) has evolved as an innovative technology 

in the field of health care and the diagnosis of diseases at an early 

stage. AI systems employ large data sets, including medical images, 

patient history, and continuous real-time tracking, to diagnose 

diseases at early stages and thus learn how to act and bring about a 

healthier change. This paper focuses on the current uses of AI in 

early disease detection, its efficiency, and its drawbacks. The paper 

also attempts to conceptualize the future application of AI 

technologies for enhancing diagnostic precision, customizing 

treatment regimens, and providing economical solutions to 

healthcare organizations globally. Yet, there are certain drawbacks, 

such as data privacy, the issue of algorithm bias, and the problem of 

regulative efficiency in health care with the help of AI. The further 

advancement and evolution of AI applications in disease diagnosis 

are in machine learning and deep learning technologies, including 

establishing guidelines as prerequisites for making diagnostic AI 

services safe and effective in healthcare. 
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INTRODUCTION 

The healthcare industry is experiencing a major shift, and AI is becoming one of the main drivers of 

change. But that is where AI technologies are now exhibiting the unique capability to diagnose 

diseases at an early stage than ever before, thus providing an adequate opportunity for early 

intercessions, better treatments, and better patient results [1]. Diseases like cancer, cardiovascular 

diseases, and neurological diseases can only be treated easily if diagnosed in their initial stages 

because, in most cases, when the diseases become severe, treatment becomes very expensive, and 
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patients' quality of life is affected. Through AI, enhanced with cortical computing and ML systems, 

huge volumes of healthcare data, including medical images, patient records, or even genomics, can 

be processed quickly and are often more accurate than manual input. Using Through all these 

technologies, healthcare providers can find concealed relationships between medical information for 

better diagnosis and forecasting risks.  

Focusing on routine diagnostic tasks and clinicians' decision support, AI is now underlining the 

effectiveness of the providers themselves as well as the general effectiveness of the healthcare system. 

But, as is evident in the introduction of any new innovative technology type, the application of AI in 

clinical practice also comes with certain drawbacks [2]. Even though the generalization of AI for 

quickly identifying early signs of potential diseases has its benefits, several issues need to be resolved 

before AI can become a mainstream instrument in Healthcare. Such areas are data protection and 

security, fairness and transparency of the AI systems used, and other legal or ethical competencies.  

Furthermore, implementing AI technologies in healthcare involves acquiring new resources, 

developing human capital and a new organizational culture to support the deployment of AI 

technologies. This paper provides a current review of AI in early disease diagnosis, emphasising on 

how machine and deep learning ang used to enhance diagnostic precision and consequent health 

outcomes [3]. It also offers a brief on how AI improves healthcare systems, including diagnostic 

accuracy, individualized care and timely diagnosis that can, ultimately, lead to improved patient 

outcomes and the healthy use of resources. In this paper, the benefits of AI integration will also be 

explored, and potential risks such as data privacy, algorithm bias, and ethical use of AI in patient care 

will also be discussed.  

The future possibilities of utilizing AI within the realm of healthcare are almost endless, and AI 

instruments will dramatically change the approaches to the early diagnostics of a disease. When better 

algorithms continue to be created, the efficiency and performance of these systems should increase 

faster. It is not just making a diagnosis more accurate [4]. It is suggesting what disease risk factors 

are, what can be prevented, and what treatments and drugs would work best for certain patients based 

on their genetics or previous medical ailments. Of course, with the help of AI, healthcare can become 

not only a system that treats diseases but also a system that prevents them from happening. The 

subsequent parts of this paper will explore contemporary usages of AI in early disease diagnosis. 

 AI has achieved much progress in a somewhat long-time task, specifically in enhancing the 

analysis of X-rays, CT scans, MRI scans, and mammography. It has also proved its capabilities in 

detecting diseases like tumours, lesions and fractures at very initial stages than the conventional 

diagnostic techniques [5]. This is well illustrated in the application of AI integrations in radiology, 
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where mistakes made by man have been greatly eliminated. Apart from diagnosis through images, AI 

is applied in big data analytics for risk assessment on the propensity of patients to develop specific 

diseases such as cardiac diseases and diabetes. Such predictive tools are already implemented in some 

healthcare systems to act as early warning systems to detect patients at greater risk and perform 

interventions to halt the disease before it advances. One of AI's most promising applications in 

healthcare is genomics; agents here are learning how to identify hereditary illnesses in their early 

stages [6]. 

 By machine learning algorithms, new genetic sources associated with diseases, including cancer, 

cardiovascular diseases, neurological disorders, etc., can be discovered, and a patient's profile 

provides effective diagnosis and treatment protocols. There is more to AI integration in healthcare, 

than the differential diagnostic accuracy; there is a definite advantage in healthcare costs. AI systems 

can perform sophisticated analyses that could generally take days using traditional diagnostic 

methods and tests that can, in many instances, be expensive and lead to prolonged hospital admission 

of the patient [7]. In addition, leaning on AI for early screening and diagnosis of diseases means 

getting conditions spotted before they worsen, requiring drastic therapies. 

 When it comes to the identifying issues and initial AI-based treatment, this approach yields 

substantial financial benefits, while patients receive individualized early on. Nonetheless, several 

challenges can be identified that need to be solved to make full use of the opportunities that AI 

provides for enhancing the state of health care. I believe that one of the most important and burning 

topics is the problem of data privacy and protection. Healthcare data, in general, is very sensitive, and 

AI systems need large data a lot of this healthcare data for refining their algorithm. Some questions 

need to be answered regarding the management, storage and security of patient information [8]. AI 

that is adopted in healthcare systems is bound by strict guidelines concerning data privacy; this 

includes the HIPAA of the United States and the GDPR of the European Union. Further, there are 

questions regarding the superiority and fairness of algorithms used in AI and their fairness and non-

implementation of bias.  

Machine learning and AI models are only as strong as the data sets that feed them. If these datasets 

are weeks, months, years, or completely lacking, or contain brokers' bias, then the resultant models 

and output will be similarly dubious. Machine learning models e.g., Chat Gpt is being used in health 

care sector [9], farming [10] and Education [11]. This could result in disparities in access to and 

quality of care experienced by members of several minority populations. It will be crucial to demand 

that AI algorithms have been tested for fairness and transparency to gain trust from patients, 

regulators, and medical providers. However, there are some important technical issues, or one must 
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consider AI's regulatory and ethical aspects in the healthcare sector. One of the issues is who is to 

blame for it: if an AI system identifies a patient's condition incorrectly or suggests an improper 

treatment regimen.  

These ethical issues will need to be solved with specific regulatory measures and ethical standards 

for the application of AI in the healthcare industry that will protect patients’ rights while allowing AI 

applications AI has an auspicious future in early disease diagnosis. In the future, as AI technologies 

advance, diagnosing these diseases will be done even earlier, eliminating, the loss of many lives. 

Write the purpose or benefits expected to come with integrating Artificial intelligence in the health 

care systems to include efficiency, effectiveness and cost, and timely and quality patient care. 

However, these require questions on data privacy, algorithm bias problems, and regulation issues to 

be tackled if AI is to be used effectively, responsibly, and ethically. Therefore, it is important that 

future work involves the cooperation of computer scientists and engineers, doctors, politicians and 

ethicists so that the future of healthcare can be at its best so that patients all over the world will get 

the maximum benefits of AI. 

I. CURRENT APPLICATIONS OF AI IN EARLY DISEASE DETECTION 

AI technologies are gradually replacing traditional methods of disease diagnosis across several fields 

of medicine and are offering greater precision and efficiency, not to mention the timely nature with 

which various diseases can and are being diagnosed [12]. These innovations have credited the ML 

and DL methods and are now showing unprecedented advancements to diagnose diseases in their 

nascent stages, sometimes even before the clinical signs begin to show. Below are some of the primary 

applications of AI in early disease detection: 

i. AI in Cancer Detection 

 Cancer is a global health problem; it is ranked as the second leading cause of death, and early 

diagnosis reduces mortality rates among patients. With the help of AI algorithms, it became much 

easier to identify different types of cancer in its initial stages, presumably easier to treat. Deep 

learning, a kind of AI, has been practised in screening possible cancers in modalities like 

mammography, CT scans, and MRI, among others [13].  

 Deep Learning for Cancer Detection: Specific to image data, one of the most popular deep 

learning algorithms is known as the Convolutional Neural Networks or CNN. CNN are 

inherently(seq) used for understanding hierarchal visual patterns like detecting cancerous 

tissues from medical images. 

              These models can be trained on a large image database of medical images, and without 



 Global Journal of Emerging AI and 

Computing 
ISSN : XXXX-XXXX 

Volume 1, Number 1, January, 2025  
 

 

5 
  

requiring a human to label the images, the models can detect signs of cancer that could be unnoticed 

by the human eye [14]. Specifically, in breast cancer detection, for example, AI systems' efficiency is 

higher than traditional methods. Some recent studies have demonstrated that the AI-based analysis of 

mammoses can decrease the number of false-negative and false-positive screens and can be beneficial 

for diagnosis. Likewise, in lung cancer detection, AI has applications in CT scans, where a radiologist 

scans early signs of cancer to better understand early cancer and intervene before tumours are visible. 

The parking of cases under the new AI system has not only enhanced the efficiency of diagnosis but 

has also eased the burden on radiation specialists in handling numerous inconsequential ones. 

ii. AI in Cardiovascular Disease Detection 

Non-communicable diseases such as CVDs, coronary diseases, heart attack, stroke, and irregular 

heartbeat are among the leading and fatal diseases in the world. One of the priorities is the 

identification of developing cases and the beginning of interventions since such cases might have 

more critical outcomes; AI can also help establish diagnostics for CVDs at their early stages.  

 AI for Predicting Heart Disease: The existing AI technologies, but primarily predictive 

analytics, are now used to estimate an individual's likelihood of developing CVD based on 

information from EHRs and genetics, as well as lifestyle data [15]. 

             Machine learning models can analyse massive data processing to recognize illness's main 

signs and risky factors. For example, you may be able to anticipate the probability of the next 

cardiovascular episode in a patient by combining recorded history, cholesterol level, blood pressure, 

and family history of such related disorders [16]. These predictions help healthcare providers to step 

in earlier for changes in behaviour or administration of drugs and more frequent follow-ups. The 

diagnosis of the problem, like arrhythmias or coronary artery disease, suggests possible preventive 

measures to prevent the occurrence of heart attacks and strokes. AI has also been incorporated into 

testing techniques that identify abnormal physiology in the form of arrhythmias through ECG 

interpretation [17]. 

 

iii. AI in Neurological Disease Detection 

While Cognitive disorders, including Alzheimer’s, Parkinson’s, and multiple sclerosis, are making 

their early manifestation challenging to diagnose due to apparent signs of the disorders that are not 

easily associated with an illness. However, AI is showing great potential to help diagnose these 

illnesses earlier using sophisticated information like MRI scans and other patient records.  
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 Brain Imaging and Disease Detection: There are algorithms used in brain imaging, and 

these assist developers in identifying early signs of neurological disorders such as 

Alzheimer’s disease. For example, artificial intelligence algorithms can parse MRI scans 

and positron emission tomography (PET) scans of the brain to trace structural patterns 

linked with the first stages of Alzheimer’s disease [18].  

Such modifications may be hippocampal shrinkage or a decrease in the brain’s activity in certain 

areas, which may point to the development of the disease even before such signs as impairments in 

memory, attention, or concentration. AI is also applied to diagnose the initial stages of Parkinson’s 

disease. There are now algorithms used by doctors that can diagnose Parkinson’s even with no clinical 

manifestations by analysing lost and distorted patterns of brain scans and motor skills [19]. Further, 

AI technologies can presume speech and handwriting data because they are initial manifestations of 

Parkinson’s generally. Using AI approaches to analyse patient’s ability to speak and write, clinicians 

can identify signs of the start of neurological diseases in time to try to reduce the progression of the 

selected disease. In multiple sclerosis (MS), AI is used to analyse MRI images to identify brain and 

spinal cord lesions typical for the disease. These AI systems can even distinguish tender lesions 

toward the start of the disease, and often, the symptoms are negligible [20]. Therefore, the ailments 

can be detected at a very early stage. 

A. BENEFITS OF AI IN EARLY DISEASE DETECTION 

The use of AI particularly in early disease diagnosis is a plus to both the health care systems and the 

patients as it changes the way diseases should be diagnosed and handled. Some of the key benefits 

include: 

i. Enhanced Diagnostic Accuracy 

The applications of AI technologies in handling data include the ability to discharge large volumes of 

data within a short duration and accurately diagnose patterns and irregularities in medical data 

clinicians. For example, in medical imaging, AI algorithms such as Convolutional Neural Networks 

(CNN’s) can detect slight variations in the medical images like X-rays, CT scans and MRI that can 

be symptoms of diseases at their preliminary stages, such as cancer and cardiovascular diseases . This 

increases diagnostic accuracy, decreases human error during treatment, especially in difficult cases, 

and guarantees that ongoing treatment is adequate for patients’ needs. In some instances, it has already 

been seen that AI performs better than the medical profession in diagnosing certain conditions, thus 

emphasizing the importance of AI in enhancing healthcare [21, 22]. 
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ii. Faster Diagnosis and Intervention 

The time taken to reach a diagnosis is minimal since artificial intelligence can scan, analyse, and offer 

insights quickly, such as real-time data processing. In many cases, this is an incredibly rapid 

diagnostic approach that can be extremely helpful in an emergency or a time-sensitive situation, like 

a cancer or cardiovascular event, where timely detection may be life-saving [23]. Timely diagnosis 

means that the required types of treatment can be begun sooner, which raises the likelihood of a cure. 

For example, in oncology, early detection of cancer results in better management of the condition and 

decreased use of highly interventional procedures. 

iii. Cost-Effectiveness 

The use of AI in diagnosing diseases results in lower diagnostic errors and costs more time and 

accuracy, reducing the overall cost of healthcare. Screening for diseases is usually cheaper than 

screening for diseases that have reached an advanced stage, especially when screening for specific 

conditions such as cancer. Through early detection of ailments, AI helps reduce costs on both the side 

of healthcare and individual people, increasing spending productivity [24]. 

iv. Personalized Treatment Plans 

AI allows for developing individualized care approaches by considering the patient’s genetic makeup, 

medical history, and social background. Due to the analysis of such datasets, it becomes possible for 

AI systems to recommend more effective sorts of intervention as specifically relevant to the patient 

in question, thus increasing the chances of a disease-curing process and reducing the risk of such 

things as adverse side effects from medication or unnecessary treatments [25]. Personalized care is 

intended to provide different care depending on the current heath state of individual patients, 

improving the quality of care and patient satisfaction. 

B. CHALLENGES IN THE IMPLEMENTATION OF AI IN EARLY DISEASE 

DETECTION 

 However, there are several issues that need to be resolved so that the use of AI in the early 

diagnosis of diseases is effective in healthcare systems. These challenges include data privacy and 

protection, the problem of fairness in machine learning algorithms, regulatory and ethical barriers, 

and interface with the current state of healthcare systems. 

i. Data Privacy and Security 

 In healthcare, AI systems must process large volumes of highly personal, often protected, 
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patient treatment data from medical records, images, and genetic tests. This is a significant issue in 

protecting this data against unauthorized examination or breach. Information such as data protection 

laws like the Health Insurance Portability and Accountability Act (HIPAA) in the United States or the 

General Data Protection Regulation (GDPR) in the European Union outlines how healthcare data 

must be processed [26]. Failure to adhere to these regulations puts the patient's rights at risk, and the 

patient's personal health information may be abused. Any AI system should be deployed with 

substantial security assets for protecting the data, such as encryption, data storage and control to 

access for making unauthorized entries. 

ii. Algorithmic Bias 

 AI systems deploy GANs trained on large datasets, and the data quality influences the models’ 

effectiveness. Consequently, if the data used in developing AI models and systems is either biased or 

lacks sufficient information, then the outcome from an AI system will be either inaccurate or inclined 

towards a specific point of view [27]. This remains a significant worry in healthcare because a biased 

AI model means a wrong diagnosis or different treatments for different individuals based on their 

demographic data. For instance, if an AI model is trained from one ethnic group's data, its 

performance will likely be poor when handling issues about other ethnic groups. To this concern, 

great emphasis should be placed upon training samples being unbiased and inclusive of as many 

realistic scenarios as possible [28]. Further research is still required to design algorithms that 

recognize the bias and make the proper adjustments to treat all patients fairly. 

iii. Regulatory and Ethical Concerns 

 Since practically all spheres of health care are looking to implement AI systems, proper 

regulatory structures should be in place to govern the usage of AI. How AI can determine candidates 

that human recruiters cannot retain is a discussion that brings forward this critical concern: how 

transparent are those processes? AI systems and intense learning models are often called ‘black 

boxes’, making it hard to understand why a particular decision was made or that specific diagnosis 

was concluded. Such opacity damages trust between caregivers and consumers of health care and can 

negatively impact health care delivery [29]. Moreover, responsibility for the mistakes made by robots 

and AI should also be determined unambiguously. For every case in which an AI model produces a 

wrong diagnosis or recommends a bad treatment, it must be determined who is at fault: the AI 

developers, the healthcare providers, or the healthcare institution. 
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C. Integration with Existing Healthcare Systems 

 The prospect of deploying AI in alignment with current prescribing infrastructures forms both 

technical and operational difficulties not only in the integration of AI into a complex and diverse 

ecosystem but also the practicalities of working with large existing databases. AI systems are not only 

costly but require the healthcare organization to modify their operations in order to incorporate the 

technology [30]. For example, built-in AI applications have to be embedded into the EHR systems in 

order to provide real-time extraction and analysis of patient data. This means there must be a direct 

investment in information technology and the education of health care workers. Also, AI systems 

should be integrated into various devices and software that are employed in numerous healthcare 

settings making integration a more challenging process. These impositions have to be surmounted so 

as to facilitate the enhancement of AI prospects in actual healthcare platforms [31]. 

 

D. THE FUTURE OF AI IN EARLY DISEASE DETECTION 

 The prospects of AI in early disease detection are bright, with more adaptive progress in the 

field and broader utilization of the technology, which is soon seen to improve health care immensely. 

With the further development of AI, a primary diagnostic tool for diseases at an early stage will be 

provided in the future, and more personalized, accurate, and diverse health care will be provided. 

Here are several significant concepts that will define the further evolution of AI in healthcare. 

 

i. Advancements in AI Technologies 

 Today, AI heavily relies on machine learning (ML) and deep learning (DL) algorithms to scan 

for early diseases. However, as these algorithms continue to enhance, AI systems will improve 

precision and depth for diagnosing other diseases [32]. One of the most promising developments for 

the future is reinforcement learning, where AI systems can gradually learn from the flow of data 

feeding it. Future advancements in this technique will only make such AI-driven diagnostic tools 

more accurate and adaptable since we are dealing with a real-time learning model that can consider 

updated research findings, new disease patterns, or individual patient data. The future models will be 

extended beyond diagnosing disease and will also be able to forecast trends of disease changes, giving 

specific data to different patients. 

a) AI in Preventive Healthcare 
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In the future, AI will be used to identify diseases and act as an identifier of diseases before 

they occur in the body. Based on big data from patients’ histories, personal behaviors, 

genetics, and environments, AI systems can forecast with certainty that a patient will be at 

risk for developing chronic diseases such as heart disease, diabetes, cancers, etc. [33]. These 

predictions will enable one to avoid the onset of symptoms or progression of diseases 

through early intervention, lifestyle changes and individualized health care plans. Preventive 

healthcare supported through artificial intelligence will shift from traditional curative to 

preventive care, enhance patients’ well-being, and mitigate the load on the healthcare system 

because of expensive cures [34]. 

b) Global Health Impact 

Perhaps the most impactful part of AI’s future in healthcare is its ability to close the current 

global health gap, especially in developing and rural regions. Digital diagnostic technologies 

like mobile Apps and portable diagnostic tools could enable physicians to diagnose and 

manage patients over a distance in a context that may have even the bare minimum 

infrastructure for health facilities. As the possibilities of owning a mobile phone and accessing 

the internet increase, AI can potentially deliver diagnoses and consultations at the patient’s 

doorstep a reality, thus increasing health access for people who cannot easily access health 

facilities [35]. These tools will not only help diagnose diseases but also help in early diagnosis; 

hence, these will gradually try to eliminate the health gaps worldwide. 

c) Ethical and Regulatory Frameworks 

This has given rise to the need for better ethical standards and principles and ratification of AI 

applications in healthcare. They will prescribe how AI is used in healthcare facilities and 

whether the AI systems are accurate, equitable, and transparent. To ensure that modern society 

continues to trust AI decision-making, the above concerns, such as algorithmic bias and patient 

consent, should be addressed, too [36]. The slow pace with which the regulatory authorities 

follow means they will always be chasing the emerging trends in AI developments while 

keeping ethical issues in mind. In addition, patient privacy and data security will still be 

necessary as patient health information will continue to be a target for wrong-doers who seek 

to exploit it for their benefit. When there are well-articulated ethical principles guiding the use 

of AI, it becomes possible to make significant advances in the field since it supports better 

management of health care while protecting patients' best interests. 

Conclusion 
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AI has the potential to transform early disease diagnosis through improving diagnosis and speed of 

diagnosis, as well as giving tailored care. They can also predict the onset of diseases, enhance the 

quality of their treatment, and optimize the medical management process. Nevertheless, there are still 

issues, for example, regarding data protection, machine learning models’ bias, and the IM partnership 

with the current architectures of the healthcare systems. Ethical concerns in using these technologies, 

patient data privacy, and biases in AI models are some of the challenges that need to be reclaimed for 

its successful adoption. However, interoperability with existing healthcare IT systems is critical for 

achieving this potential. Thus, it can be concluded that the future of AI in healthcare depends on 

removing these barriers and developing solutions further. In the future, with the development of more 

advanced technologies, AI will be the key element in enhancing the quality of people’s health and 

making the healthcare system more effective, available for everyone and as individualized as possible. 

Future growth of ethical frameworks and rules regarding AI will be a significant factor for sustainable 

AI in the healthcare system. 
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