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ABSTRACT 

The application of AI in personalized medicine is enhancing 

advanced treatment solutions with respect to every patient’s 

uniqueness manifested in genetic makeup, life style factors, and 

clinical background among others. Precision medicine or 

individualized medicine aims for more effective treatment, fewer 

side effects of drugs and better utilization of resources in a health 

care setting. Machine learning (ML) and deep learning (DL) are 

subsets of AI technologies that assess a tremendous number of 

factors, including genomics, patients’ EHRs, and lifestyle 

indicators, to determine which patients will respond better to 

treatments and which patients are most vulnerable to adverse 

outcomes. They enhance healthcare practitioners’ ability to provide 

tailored care to patients to get better results that are less costly in the 

healthcare system. The purpose of this paper is to review how 

artificial intelligence will work towards enabling personalized 

medicine, the issues that exist, and the prospects in the pipeline. 

Challenges like data privacy, algorithmic bias, and integration into 

the current healthcare systems are presented, and prospects of the 

AI –driven personalized medicine in the future improvement of 

patient care and the development of medical research are examined. 
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INTRODUCTION  

AI adoption in personalized medicine has become revolutionary in the modern healthcare segment 

during the last few years as it has advanced the capacity to deliver remedies that are unique to patients 

significantly [1]. This change of process is fluid from the previous general verdicts and leads to more 

specific and personalized therapeutic measures. Personalized medicine system also titled as precision 

medicine, takes in to account genetic traits, patient’s behavior, surroundings and medical history to 

provide effective treatments with less risk [2]. Deep learning determines this by using large datasets 

like genomes, EHRs, and patient lifestyle to deliver the toolkit that healthcare professionals require 

to individualize treatment and estimate outcome probabilities. Traditionally, cures and drugs have 

been synthesized depending on averages that are obtained from large sample populations [3].  

However, such an approach usually results in suboptimal patient outcomes, as it failed to account for 

patient variation. Personalized medicine, on the other hand, considers the difference in genes, 

environment as well as the lifestyle of the patient, to develop treatment plans that are more efficient 

and have fewer side effects of a particular drug [4]. In this regard AI driven systems are exceedingly 

central to this change in trend as immense and complex data arrangements can now be used to 

advantage and provide previously unobtainable insight. Machine learning (ML) and deep learning 

(DL) algorithms remain at the heart of AI when it comes to delivering better, patient-sensitive 

treatment [5].  

These AI techniques enable the determination of masses of patients’ data from genetics to the 

environment they live in. AI processing and analyzing various streams of information, thus allowing 

for the determination of an individual’s prognosis to specific treatments, as well as revealing patient 

populations most at risk for developing a certain disease, or recommending effective therapeutic 

management plans [6]. The application of AI in that sense is a step up, as it takes healthcare from the 

disease-oriented model where treatment is given post an ailment has occurred to a preventative model 

where care is given forecasting risk factors affecting an individual. Without doubt, one of the most 

attractive features of employing AI in personalized medicine is the possibility of identifying the 

probability of response to specific treatments in the context of individual patients [7].  

For instance, in the treatment of cancer, AI models can be used to identify genetics of patient’s DNA 

as well as tumor, depending on which specific genetics correspond to specific treatment plans. 

Likewise in cardiovascular diseases, Information systems with artificial intelligence can use a 

patient’s medical history, his lifestyle and genetic tendencies to identify potential development of 

ailments like heart failure or a stroke [8]. Unlike conventional genetic data, this system is capable of 

personalizing the care given to patients based on a variety of factors including their diet, exercise and 
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social activities that have an impact on the effectiveness of their treatment [9]. However, adopting AI 

in personalized medicine can be advantageous apart from enhancing the patient outcomes; it can 

simultaneously decrease adverse drug reactions that are prevalent in the current healthcare systems. 

Contrary to expected therapeutic benefits, adverse drug reactions are manifestations of drugs that 

produce unintended and sometimes serious harm in patients leading to drug withdrawal, 

hospitalization, or death [10].  

These reactions are generally sporadic and differ with variations of participants. AI can learn from 

the genetic data in a patient and determine how the person’s genes will react to a specific medicine, 

allowing caregivers to select specific drugs most effective for the patients. This precise dovetailing 

of specific drugs not only enhances the safety of patients but also the overall cost of their care by 

diminishing the possibility of initial guesswork by their doctors [11]. Two considerable benefits 

related to AI in PM can be identified, one of these is the ability to improve the utilization of scarce 

healthcare resources. This paper will seek to discuss various ways we can augment health care 

delivery with special emphasis on the effective and efficient use of resources [12].  

The expenditure on treatment can be greatly optimized even when using artificial neural networks to 

rank patients according to their risk factors. For instance, by stating what patient type is most likely 

to suffer from certain complications such as a patient who has a viral infection, diabetes or a 

predisposed genetic disorder then the healthcare solution can direct most of its resources towards such 

patients [13]. Its customers not only enhance the quality of the delivery of health care services but 

also ensures the costs of delivery of health care services are affordable by eliminating the costs of 

inefficient delivery of services [14]. 

Nevertheless, the incorporation of AI in personalized medicine has some factors that were elaborated 

below as its challenges. One of the main of the challenges is the legal-ethological aspect connected 

to the application of personal health data. AI is based on enormous amount of data, tend to involves 

confidential genetic and health records which has an issue on privacy, security of data and improper 

use of data [15]. Of key importance is the protection of patient information through compliance with 

the privacy laws and regulations including Health Insurance Portability and Accountability Act 

(HIPAA) and the General Data Protection Regulation (GDPR) and use of data responsibly. Moreover, 

algorithmic bias is among the issues that scientists face.  

This is right, and the general idea to bear in mind is that as good as the AI models could be, they are 

only able to perform as well as the data fed into them – could be, depending on the quality of the data 

fed into the systems [16]. This means should the training data be biased or even skewed in terms of 

the demographics of the data set used then the AIs predictions/recommendations yielded will be 
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similarly skewed and will have a biased effect on certain populations. For instance, if data used to 

train a model belongs to one ethnic group only, then it becomes very hard to predict the correct 

treatment based on data from a different ethnic group [17]. 

To overcome this problem, it is necessary to guarantee that AI models use datasets that contain 

samples considering demographic disparities between people. Another implication of the use of AI in 

personalized medicine is the need for cooperation between the different members of this industry 

[18]. It is now incumbent upon healthcare practitioners, data scientists, regulatory agencies and AI 

developers to build systems that not only work, but work well, in terms of [ethics] and [access]. This 

involves creating interfaces that will can be easily incorporated into practice without the need to 

overhaul the system or undertake a complete training of the practitioners [19]. Just as with predicting 

behavior, applications of the current and future role of AI in medicine are still rapidly ever expanding 

and including personalized medicine.  

Future enhancement in algorithms of AI such as deep learning and reinforcement learning 

consequently, the accuracy and efficiency of a predictive model will increase [20]. These models will 

then be able to process even larger datasets including other physical and social environment data to 

deliver more- timely and highly-tailored care. In addition, the advancement of AI in cooperating with 

genomic and gene editing technologies will open a new page in the development of treatment, 

especially in inherited and cancer diseases, as well as diseases requiring personalized approaches to 

treatment [21]. Another field in which impressive advancements is Personalized AI based drug 

development. It asserts that with AI being future central to the discovery of new drugs, to the best 

clinical trial setups and to predicting how various patients’ populations would react to some forms of 

medication. This will fast track the development of specific therapies and enhance other parameters 

of drug discovery and development.  

It is important to argue that AI is definitely changing the approaches to treatment, and those changes 

make possible to provide a patient-tailored therapy [22]. Currently, through the inclusion of genetic 

data, clinical history, and life experience, the application of AI systems involves the use of numerous 

sources of data whose analysis helps to obtain the following fundamental benefits: an increase in the 

quality of treatment; a decrease in the number of expanding negative effects due to medication; and 

a more efficient use of available resources in the sphere of medicine [23]. Still, broader use of AI in 

personalized medicine is difficult to achieve because of the issues of data protection, algorithmic 

preconceptions, and system interconnections. Modern AI technology does and will play a significant 

role in the development of the future health care needs greater precision in treatment methods 

especially for patient and enhanced patient care delivery. 
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RESEARCH FINDINGS 

The Role of AI in Personalized Medicine: Precision or individualized medicine is a management 

concept of diseases with respect to individual variation in genes, environment and personalized 

lifestyles. AI has greatly improved this field by assisting healthcare providers to combine incredibly 

large and diverse data sets to provide even better treatments [24]. Machine learning and deep learning 

algorithms are quite beneficial for managing patient’s data and predicting or finding patterns relating 

to response of patients to different treatments or even suggesting the right kind of treatment. The 

subsequent sections outline important approaches in which artificial intelligence is improving 

personalization of medication in terms of genomic data analysis, responding to treatment intentions, 

and a life style and environmental data. 

AI in Genomic Medicine: Precision or individualized medicine is a management concept of diseases 

with respect to individual variation in genes, environment and personalized lifestyles. AI has greatly 

improved this field by assisting healthcare providers to combine incredibly large and diverse data sets 

to provide even better treatments [25]. The most utilized kinds of AI are machine learning (ML) and 

deep learning (DL), which are extensively used to diagnose patients, interpret multiple data values, 

and estimate the outcomes of treatments and choosing the most appropriate one. The subsequent 

sections outline important approaches in which artificial intelligence is improving personalization of 

medication in terms of genomic data analysis, responding to treatment intentions, and a life style and 

environmental data. 

Genetic Sequencing and Mutation Detection: Many clinical findings indicate that genetic 

mutations are closely related to certain diseases, while other findings denote patterns of tropism for 

specific diseases, expressed through the genome’s potentially complex rather than orderly, structure. 

Clinicians familiar with this analysis can tell which genetic disorders are likely to affect the patient 

and advice on possible prevention measures or treatment [26]. 

AI in Predicting Treatment Responses: Another major area where AI is being incorporated in 

personalized medicine is in being able to forecast how the patient will react to particular therapies. 

This is especially the case with diseases like cancer where treatments may include many which are 

very effective in certain cases and very ineffective in others depending on the genetic makeup of the 

tumor and the general biology of the patient [27]. 

Oncology and AI in Treatment Prediction: Artificial intelligence is becoming popular in cancer 

care because it can determine how a tumor will likely react to a given treatment. For instance, AI 

systems in cancer care examine genetic information derived from the biopsies of tumors to determine 

mutations that can be overcome by particular medications. Artificial intelligence has been applied 
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when it comes to determining the course of treatment since it takes into account the nature of the 

tumor and the patient’s genetic signature [28]. The application of AI models in cancer diagnosis 

enable identify patients suitable for immunotherapy or chemotherapy thus promoting favorable 

clinical results with reduced side effects. 

Pharmacogenomics in AI Models: In pharmacogenomics, AI is significant in determining if a 

patient will respond or metabolize a drug in a certain way because of genes. Through studying 

genotype contributions in the code for drug metabolism, AI-based systems suggest the most potent 

treatments with the least chance of causing negative side effects on patients. 

AI IN INTEGRATING LIFESTYLE AND ENVIRONMENTAL FACTORS 

As critical as genomic data is in creating individualized patient medicine, other aspects like the 

patient’s lifestyle, the environment in which they live, and other social determinants contribute 

significantly to the patient’s health status and treatment regime. All these factors can be incorporated 

into the AI systems making the treatments more personal and adaptive [29]. 

Wearables and AI for Monitoring Health: Smart watches, fitness trackers, and CGMs are just a 

few examples of devices that gather large quantities of real-time health data. AI models analyse this 

data to control the rate and health standard of the heart, blood pressure, physical activity, sleep, and 

glucose level [30]. Using this kind of data AI can assist physicians in the management of chronic 

illnesses including diabetes, hypertension and cardiovascular disease by providing real-time insight 

into the course of the disease process and thereby allowing for timely intervention. For example, AI 

may offer a different type of life changes such as change of diet or other changes involving physical 

activity in relation to the patient’s daily routine [31]. 

Environmental Influences on Health: Physical characteristics of the environment including the 

quality of air, pollution and climatic conditions can also affect the disease process and response to 

management. The environmental factors of patients are now easily understandable by AI models 

along with the clinical data of the patient to decide the chance of getting the particular ailments [32]. 

For instance, an AI algorithm can forecast the probability of developing respiratory diseases such as 

asthma or even COPD conditioned on the exposure of the patient to environmental irritants, and 

suggest the relevant protective treatments or therapeutic solutions [33]. 

Integrating Social Determinants of Health: AI systems make it possible to incorporate SDOH like 

income, education, and health care that influence health. Such data can be readily analysed by AI to 

allow healthcare givers to fashion out better care plans that take into consideration other factors 

affecting a patient. It means that, in addition to, clinical and genetic parameters the treatments and 

care plans concern the patient’s lifestyle and social context, which will enhance the outcomes of 
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individualized health management [34]. 

APPLICATIONS OF AI IN PERSONALIZED MEDICINE 

The use of AI in personalized medicine can be applied to many areas like chronic diseases, cancer, 

mental health, and cardiovascular diseases. Implementations of AI technologies in the practice of 

healthcare make it possible for the doctors to learn and understand the various facets of patients’ 

health and thus prescribe the right treatment to patients with distinctive characteristics [35]. 

AI in Chronic Disease Management: Lifestyle diseases like diabetes, hypertension, and 

cardiovascular diseases are conditions that are managed for years and often require adjustments in 

treatment plans. The application of AI helps to predict further development of these conditions, 

individualize treatment, as well as avoidance of complications [36]. 

Predictive Modelling for Chronic Conditions: Machine learning algorithms can capture great 

volumes of data, such as medical histories, test results, and habits, to forecast the onset of the adverse 

outcomes in patients with the chronic diseases. For instance, artificial intelligence can determine the 

probability of any diabetic patient developing retinopathy or kidney disease and in process, provide 

required early treatment thus ensuring appropriate attention is taken [37]. 

Personalized Medication Plans: Another aspect of health informatics is to individualize the 

medication schedule for CHD counterparts. With the response data of patients, AI systems can also 

assist to modify the dosages or even suggest other proper treatments that are harmless and effective. 

AI in Oncology: One of the most commonly implemented fields of AI is the treatment of cancer and 

the concept of personalized medicine. AI help oncologists for their patients’ data and genetic profiles 

to identify the right treatments and also estimate treatment outcomes [38]. 

AI FOR TUMOUR CLASSIFICATION AND TREATMENT PREDICTION: 

Current forms of AI models are being trained to categorize tumors according to the genetic makeup, 

thus knowing the right treatment to offer the patient. For instance, deep learning models can scan 

genomics data and medical images to estimate the probability of tumor to respond to certain kinds of 

chemotherapy or immunotherapy in order to make oncologists decide which treatment is optimal 

[39]. 

AI in Radiation Therapy:  Artificial intelligent techniques are being innovatively used in the field 

of Radiation Oncology for effective planning of treatments. AI systems assist in creating accurate 

radiation therapy plans regarding the tumor’s position and size, and genetic profile, to avoid the 

impact on healthy tissues [40]. 

AI in Cardiology: Among the specialties, cardiac disease and the response of the clinical treatment 

management is one of the main areas, which benefits from application of AI in terms of the forecasts 



 

Global Trends in Science and 

Technology 
ISSN : XXXX-XXXX 

Volume 1, Number 1, January, 2025  
 

 

22 
  

of the disease evolution. The number one killer disease in the world is heart disease, therefore, patients 

diagnosed with this disease need close supervision and early follow-up in case the disease produces 

complications [41]. 

Personalized Cardiac Risk Stratification: It becomes possible for the AI models to interpret the 

risk probability of a heart attack or stroke more than a decade in advance with an evaluation of clinical 

factors, gene mapping, and lifestyle. This way, the AI algorithm can provide bespoke suggestions to 

the physician, regarding probabilities of an adverse event, and what changes in medication or lifestyle 

can help avert a major cardiovascular incident [42]. 

AI in Heart Failure Prediction: It has also been stated how AI models can help estimate the risk of 

developing heart failure on the basis of biomarkers, medical history and genetics. These predictions 

contribute to the definition of the necessary interventions’ time and, therefore, contribute to patients’ 

better outcomes [43]. 

CHALLENGES IN IMPLEMENTING AI FOR PERSONALIZED MEDICINE 

Despite the huge benefits for AI in personalized medicine, there are several barriers that need to be 

considered to facilitate its widespread use in the healthcare sector. These are challenges such as 

privacy and security of data, issues such as biased algorithms, and integration issues all matters the 

need to handle with best solutions in mind. This section elaborates on these as follows while stressing 

on having to tackle them to make full use of AI in healthcare [44]. 

Financial Performance Review of the Healthcare Industry: Environmental, Social, and 

Governance factors are widely recognized as crucial drivers for financial performance, especially 

among healthcare organizations. Most studies indicate that companies that score high in ESG 

practices are better positioned to eliminate risks, gain stakeholder trust, and enjoy long-term 

profitability. For healthcare-related organizations that primarily operate on moral grounds and involve 

public confidence, ESG integration holds a critical value in making financial outcomes and 

facilitating investment opportunities [45]. 

Environmental Practices and Cost Efficiency: Research shows that environmentally friendly 

practices result in significant cost savings in healthcare. For instance, hospitals using energy-efficient 

technologies and reducing waste in the hospital settings will reduce the cost of operations.  A study 

by Health Affairs estimated that if U.S. hospitals were to adopt green building practices, they could 

save more than $5 billion a year. Pharmaceutical companies that streamline their supply chains to 

reduce waste and energy use also enjoy improved margins due to decreased resource dependency 

[46]. Businesses' health equity, diversity, and community engagement priorities also lead to higher 

patient loyalty and reputations with which to win market shares: revenue growth. Firms that care for 
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culturally competent patients enjoy a diversified client population, as do pharmaceutical companies, 

when providing essential medications to needy populations on an affordable basis, improving their 

market shares and reputation. A study by Deloitte suggests that healthcare organizations with strong 

social initiatives perform best in revenue growth of around 6% a year. Customer loyalty and decreased 

probability of reputational damage account for this performance [47]. 

DECODING THE FUTURE OF MEDICINE: AI AND THE PROMISE OF CUSTOM-

TAILORED THERAPIES 

The efficiency of medical treatments in the future depends on the identification of the patient’s profile. 

Predictive tools and genomic analysis, as part of AI systems, create the condition where patients have 

more control over their health. Any advances in the field of AI systems will enable the decoding of 

the human body and its functioning to help doctors implement individual treatment approaches. 

Whether it is through molecular profiling, biomarker discovery or analyzing a patient’s life style 

databases, AI makes it possible to literally tailor solutions that not only manage diseases more 

effectively but also improve a patient’s quality of life [48]. 

Transforming Personalized Medicine with Chatgpt and AI: Chatgpt and AI-driven technologies 

are transforming applications in personalized medicine by combining advanced natural language 

processing with powerful data analytics to deliver tailored healthcare solutions. Chatgpt ability to 

understand and generate human-like responses enables it to assist in patient triage, provide accessible 

explanations of medical information, and streamline communication between patients and healthcare 

providers. When integrated with AI models for personalized medicine, these systems can analyze 

patient histories, genomics, and biomarkers to predict disease risks, recommend targeted therapies, 

and optimize treatment plans. Together, these innovations are creating a more interactive, precise, 

and patient-centered approach to healthcare, enhancing outcomes while reducing costs [49]. 

From Genomics to Lifestyle: Integrating Multi-Dimensional Data for Better Health: 

Personalized medicine is not only about genomics but rather about the individuality of consumers, 

their genetic predispositions, daily routines, and exposure. Modern AI systems are still growing in 

their ability to incorporate all of these kinds of data in order to create a more comprehensive view of 

the patient [50]. Additionally, through genomic sequencing, lifestyle information, and environmental 

factors, AI can forecast diseases, recommend precautions and identify better treatment strategies for 

the diseases. For example, machine learning can use data from the clip-on health monitoring gadgets 

to track and alert a patient’s physical activity, sleep, and eating habits to change for the better [51]. 

AI and the Promise of Predictive Medicine: Revolutionizing Diagnosis and Treatment: AI is 

bringing significant change to the diagnostic and therapeutic process by offering models to estimate 
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the disease course and its treatment outcomes. Application of AI in the diagnosis of diseases aims at 

accurately determining patient’s susceptibility in order to receive compulsory intervention before the 

disease reaches an advanced stage [52]. Underlying AI models can then process genomic data or 

clinical histories or patient behaviors to forecast the likelihood of developing more common and 

deadly diseases like diabetes, heart disease and we are seeing cancer being forecasted already. When 

risks are detected earlier, individual treatments can be applied sooner resulting in better patient care 

and overall lowered costs in the long run [53]. 

Navigating Complex Data: How AI Is Simplifying Personalized Care: One of the greatest 

challenges posed by the current healthcare systems in countries around the globe is the sheer volume 

of data. This relieves the complexity involved by categorizing, sorting, and analyzing the information 

then making it usable. With the help of certain computational techniques, AI can interpret multiple 

interfaces of information – from electronic medical records and radiology to DNA – and provide care 

professionals with simple, usable suggestions [54]. Introducing AI to this particular process helps 

clinicians to work more on patient care, as well as to make decisions without wasting much time on 

data handling. This is especially for personalized medicine where information must be perfect and 

timely in formulation of health solutions [55]. 

CONCLUSION 

It becomes helpful to understand how Artificial Intelligence (AI) is transforming personalized 

medicine as the medication and treatment processes in the healthcare sector becomes better, accurate, 

effective, and patient-sensitive solutions. If applied to the health sector, AI can consider personal 

genetic code and clinical histories, predispositions, and symptoms, as well as external factors patient’s 

lives, which means that the healthcare system could change dramatically: from a concentrated 

approach to an individualized process. This shift is bound to improve the efficiency of treatment 

delivery, decrease instances of ADR, and ultimately cut on the costs of care delivery. Within the 

continued upward thrust of AI, uses in prescriptive analytics, treatment, and even individual drug 

advancement will prove indispensable in attaining better patient results across numerous medical 

conditions. Chronic diseases, oncology, cardiology, and mental health are good examples of how AI 

interventions in healthcare improve short-term care, as well as long-term patient care.  
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