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ABSTRACT 

Artificial intelligence (AI) and data analytics are changing the 

nature of healthcare by providing opportunities to predict 

diagnostics, personalized treatment, and the efficiency of work. In 

this review, present-day applications are examined such as machine 

learning model to detect diseases, support clinical decision-making 

and monitor patients, and the importance of the big data in 

enhancing quality and accuracy. It also looks at ethical, legal, and 

social factors, like bias, transparency, and privacy of data, and 

issues, such as interoperability, regulatory obstacles, and model 

generalizability. Future trends are focused on federated learning, 

multimodal AI, digital twins, and AI-robotics integration, which are 

in the direction of intelligent and patient-centered healthcare 

systems. Deployment is a crucial responsibility that should be 

deployed to get the maximum. 

 

Article History: 

Submitted:  07-11-2025 

Accepted:   03-11-2025 

Published: 08-12-2025 

Keywords: 

AI, healthcare, data 

analytics, machine learning, 

predictive diagnostics, 

patient privacy, ethical 

considerations. 

Global Insights in 

Artificial Intelligence and 

Computing is licensed 

under a Creative Commons 

Attribution-Noncommercial 

4.0 International (CC BY-

NC 4.0). 

 

INTRODUCTION 

Over recent years, healthcare has been experiencing a dramatic change due to the growing 

accessibility of digital information and the quick development of sophisticated computing solutions. 
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The healthcare systems of the world are producing vast amounts of information, including electronic 

records and medical images, genomic sequences and nonstop data created by wearable devices. The 

handling, interpretation, and response to such big and intricate data has exceeded the ability of 

conventional methods of analysis [1]. Consequently, AI and data analytics have become disruptive 

instruments that can limit this avalanche of information and deliver insights that can be used to 

positively influence patient care.  

Machine learning and deep learning, in particular, AI, has demonstrated amazing potential in 

identifying trends, foreseeing results, and aiding decision-making in a range of medical fields [2]. In 

comparison to traditional statistical methods, AI systems are able to work with large scale datasets, 

detect relationships that people might struggle to discern, and provide results in a very short amount 

of time. These abilities are transforming clinical practice by improving the accuracy of the diagnosis, 

facilitating earlier disease identification, and aiding clinicians to make more informed choices [3]. 

Meanwhile, the data analytics has come to be a part of the contemporary healthcare infrastructure. 

Data analytics helps healthcare providers to know trends among a population of patients, streamline 

work processes, and enhance resource utilization through approaches like predictive modeling, data 

mining, and real-time monitoring [4]. Data analytics is further enhanced by AI: the raw data can be 

converted into actionable knowledge, which justifies individual patient care, as well as overall 

improvements in the health system. 

 Although the potential is enormous, there are challenges related to the implementation of AI-based 

analytics in healthcare [5]. Such problems as data privacy, fairness in the algorithm, interoperability, 

and strict clinical validation present a serious challenge. Ethical aspects also arise, especially when it 

comes to transparency of AI decision-making, effects of automated systems on clinical responsibility. 

These complications acknowledge the importance of considerate implementation in order to make 

sure that technological advantages do not undermine the trust and the safety of patients [6]. 

This review will set out to understand the current position of AI in healthcare by the prism of data 

analytics, focusing on its major applications, the underlying technology, practical examples and 

innovations in the area. It also talks about key challenges and some inputs on what lies ahead in the 

future that can influence the development of the next generation of intelligent healthcare systems [7]. 

In the end, it is hoped that a full-fledged picture of the way AI-enabled data analytics will transform 

healthcare and what it will hold in several years will be presented. 
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ARTIFICIAL INTELLIGENCE AND DATA MINING IN HEALTHCARE 

Artificial intelligence and data analytics in healthcare rest on the basis of the convergence between 

sophisticated computational techniques and the variety of medical information produced in clinical 

settings. These foundations are crucial to the realization of the understanding of how AI systems are 

developed, trained, and implemented into actual healthcare environments. Machine learning and deep 

learning strategies are the main aspects of AI in healthcare [8]. Machine learning algorithms are able 

to learn based on data patterns and apply it to make predictions, classify information or direct clinical 

decisions.  

A more sophisticated subdivision is known as deep learning and deploys layered neural networks that 

are able to identify complex features of data, including subtle abnormalities in medical images or 

more complex genomic patterns. A degree of analytical depth and speed, unattainable in traditional 

methods, is offered by these technologies, which makes them suitable to high volume and high 

complexity tasks in healthcare [9]. One of the main aspects of this ecosystem is the vast diversity of 

healthcare data. Electronic health records have clinical information about the histories of the patients, 

laboratory findings, diagnoses, and treatment plans. The imaging information, including that of MRI, 

CT, X-ray, and ultrasound, provides in-depth visual data that is vital to the diagnostic AI systems. 

 Genomic and molecular data will give information on personalized medicine, where algorithms can 

analyze the DNA and determine the possible risk factor or reactions [10]. Moreover, wearable sensors 

and remote monitoring technology of the present-day continuously continues to create real-time 

physiological data, opening up new possibilities of early prevention and proactive treatment. This 

data has to be processed with a structured data pipeline in order to use it [11]. This consists of data 

collection, cleaning, preprocessing, normalization and feature engineering. The data is of high quality 

as AI models are based on the fact that information is accurate, consistent, and not biased. The lack 

of values, redundants or poorly annotated datasets may undermine the model performance and restrict 

the clinical reliability [12]. 
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Figure: 1 showing AI role in data mining 

Another requirement is interoperability, which is the capability of various systems and devices to 

communicate with each other without difficulties. Healthcare data is frequently available on more 

than one platform, and is usually scattered within numerous institutions, and thus integration is 

difficult. HL7 and FHIR are standard formats, medical ontologies, and frameworks that are used to 

enhance the exchange of data, as well as minimize barriers [13]. AI systems rely on the rigorous 

validation to be reliable. This consists of training models using heterogeneous datasets, evaluating 

them on data that is not seen, and making sure that their predictions are clinical and generalizable. 

Even high-level models can fail in real life environment unless they are properly validated. The 

combination of these key elements, including AI technologies, multiple data sources, robust data 

pipelines, interoperability, and powerful validation, is the basis of AI-driven healthcare [14]. 

CLINICAL DECISION SUPPORT ARTIFICIAL INTELLIGENCE 

The use of artificial intelligence has emerged as a strong part of the contemporary Clinical Decision 

support Systems (CDSS), which provides a clinician with the help of the system in diagnosing 

conditions, predicting patient outcomes, and choosing the right treatment. These systems are created 

to support and not to substitute clinical judgment with providing evidence-based information based 

on multifaceted datasets that human beings would also find hard to analyze fast or in a consistent way 
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[15]. AI-based CDSS systems can generally act by analyzing data in electronic health records, 

laboratory testing outcomes, radiographic evidence, and other individualized variables to find 

patterns of some conditions. Machine learning models have the capacity to identify subtle clinical 

signals that could be missed e.g. early signs of sepsis or unusual combinations of symptoms of rare 

diseases. With the help of AI, it is possible to identify possible issues in a timely manner and make 

timely interventions that can greatly enhance patient outcomes [16]. 

Risk prediction is one more significant input of AI-driven decision support. Predictive models are 

models which are based on historical and real-time data by estimating the probability of an event e.g. 

hospital readmission, disease progression or complications occurring during surgery. These risk 

assessments assist clinicians in the tailoring of monitoring strategies, preventive measure choices and 

the improvement of risk communication with the families and patients. Resource planning in 

healthcare institutions is also facilitated by the capacity to predict the future health situation [17]. 

Triage systems involving AI are becoming more frequent in telehealth systems and emergency 

departments. These systems classify patients according to severity of their symptoms, medical history, 

and vital signs and enable the healthcare provider to attend to those who require urgent care. Although 

conventional triage depends on clinical experience, AI provides another wave of precision as it 

examines vast data and gets trained doing it based on historical trends of presenting disease [18]. 

The CDSS tools also come in handy in treatment planning by providing evidence-based 

recommendations that are consistent with the existing clinical guidelines. As an example, AI can 

prescribe the appropriate doses of medications, identify possible interactions or prescribe 

personalized courses of therapy depending on patient characteristics. The abilities enhance safer 

prescribing habits and more of uniform care [19]. Regardless of the advantages, one should consider 

integrating AI in clinical decision support. Concerns like model transparency, clinician trust and 

compatibility with clinical workflows should be resolved so that it can be adopted safely. In 

conclusion, AI-enhanced CDSS can provide greater power to the healthcare delivery process by 

ensuring the clinical information is more accessible, actionable, and reliable in a broad spectrum of 

medical situations [20]. 

ARTIFICIAL INTELLIGENCE IN HEALTH AND MEDICINE 

The use of artificial intelligence has taken place in areas of medical imaging and diagnostic medicine 

among some of the most significant influence areas. These fields are dependent on the interpretation 

of visual information, including X-rays, CT scans, MRIs, ultrasounds, and digital pathology slides, 

and these types of information data are usually complicated and time-consuming to interpret 

manually. The speed, consistency, and precision that AI, particularly deep learning, has brought about 



 
Global Insights in Artificial Intelligence 

and Computing 

ISSN : 3079-6830 

Volume 1, Number 4, 2025  
https://doi.org/10.70445/giaic.1.4.2025.34-53   

 
 

39 
  

is changing the clinical process of identifying and diagnosing diseases [21]. The main tenet of AI-

based imaging is that neural networks can be used to classify, segment, and detect anomalies in images 

with amazing precision. Deep learning models have the potential to detect subtle abnormalities that 

a human eye may not easily detect such as faint nodules in the lungs, early tumors, microfractures, or 

irregular tissue texture. These functionalities help in ensuring that patient outcomes are improved by 

allowing earlier diagnosis in ailments such as cancer, heart disease and neurological illnesses [22]. 

AI-based tools used in imaging are becoming part of radiology processes. An example is a scan where, 

with algorithms, suspicious areas can be automatically marked, the most urgent cases given priority 

to radiologists, or the new images compared with previous scans to trace the disease development. 

This saves the imaging specialists who are usually overwhelmed with work and helps in ensuring that 

urgent discoveries get urgent attention [23]. Another fast developing field is digital pathology. Whole-

slide imaging with AI allows investigating the tissue samples in a very detailed way. Cell patterns and 

the detection of malignancies, as well as the classification of tissues, can be measured with algorithms 

and can also be quantified among various human observers with reduced variability. These advances 

improve the levels of diagnostic reliability and promote the use of precision medicine [24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 2 showing applications of AI in healthcare 

Despite impressive performance shown by AI, there are still a number of challenges that should be 

addressed. A significant issue is the inconsistency of imaging data in various hospitals, machines, and 

patient groups. Models of AI that are trained on a small dataset are likely not to be generalizable in 

different clinical environments. Thus, to make sure about safe deployment, strong validation of large 
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and diverse datasets is required. Clinical integration and regulatory approval should also be given a 

second thought [25]. The AI tools should be compatible with the current imaging systems, meet the 

current professional standards, and be transparent enough to allow clinicians to interpret and rely on 

the findings. AI in medical diagnostics and medical imaging is a major move towards quicker, more 

correct, and more uniform clinical assessments. Technology is currently evolving and there is 

propensity that it may have an even greater influence in assisting diagnostic medicine as it advances 

[26]. 

ARTIFICIAL INTELLIGENCE IN CUSTOMIZED AND PRECISE MEDICINE 

Personalized and precision medicine is one of the key changes in the sphere of healthcare as it implies 

substituting the generalized treatment methods with the methods that address the specifics of each 

patient. The artificial intelligence has served as a catalyst to this change because it has allowed the 

analysis of complex biological, clinical and behavioral data at a scale that could not be managed 

manually [27]. The analytics of genomic data is one of the most important contributions of AI to 

precision medicine. The current sequencing technologies produce a lot of genetic data, and AI 

algorithms assist in its interpretation by detecting patterns associated with a risk of disease, inherited 

conditions, or individual biological mechanisms [28]. These have been found to enhance accurate 

diagnoses and enable clinicians to know why some people react differently to same treatments. In the 

oncology field, AI can predict the genetic makeup of tumors to be used in the selection of targeted 

treatment that has higher chances of being effective to a given patient [29]. 

AI is also essential in forecasting the reaction of the patients to medications. This field is also referred 

to as pharmacogenomics and it makes use of genetic markers to predict the effectiveness of drugs, 

possible side effects as well as the optimal doses. With the combination of the genomic data with both 

clinical records and lifestyle data, AI models can be used to provide personalized treatment advice. 

This minimizes the risks of adverse reactions and prevents the classic system of trial and error in the 

prescription of drugs [30]. The other emerging area is the integration of multimodal data, including 

imaging outcomes, lab results, wearable sensor data, and patient-reported symptoms, with the help of 

AI to make a complex and personalized health profile. Such integrated models are able to predict the 

disease course, detect early warning signs and assist a clinician to develop prevention strategies that 

fit the unique risk factors of the patient [31]. 

AI can be used in chronic disease treatment to facilitate individualized treatment plans via the 

continuous evaluation of the data of smart devices and remote monitoring systems. These devices 

have the ability of identifying the slight changes in the health condition and automatically changing 

the recommendations to stabilize the patient on the optimized course of care. Although the 
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possibilities of AI-based precision medicine are enormous, there are still difficulties [32]. The key to 

safe and ethical implementation of genomic interpretations is to ensure the accuracy of the genomic 

interpretation, privacy of the data, and avoidance of biases in predictive models. However, with 

further development of data integration and algorithm complexity, AI will take a much more central 

role in providing real personalized healthcare [33].  

ARTIFICIAL INTELLIGENCE IN HEALTHCARE OPERATIONS AND MANAGEMENT 

Artificial intelligence is also altering clinical care as well as redefining the operational and 

administrative foundation of healthcare systems. Hospitals and clinics are intricate systems where 

performance, resource distribution, workflow management, and the promptness of decision-making 

are needed. The central point of significance to AI-driven analytics is the way it helps improve these 

processes and functions in the end improving the experience and performance of patients and the 

institutions. Resource management predictive analytics is one of the most powerful healthcare 

operation applications of AI.  

The hospitals must predict the patient admission rates, emergency department overflows, seasonal 

disease trends, and bed occupancy trends [34]. AI models are based on the analysis of historical data 

and real-time indicators to predict the volumes of patients with high precision. The predictions assist 

facilities to plan staff shifts, bed bed availability and to plan the utilization of the important resources 

like ICU units, operating rooms and the Diagnostic equipment. By doing so, AI will facilitate the 

easier operations and decrease the overcrowding of the work which is a widespread problem in most 

hospitals [35]. 

Another enhancement of workflow made through AI is the finding of bottlenecks in both 

administrative and clinical workflow. To illustrate, machine learning algorithms can be used to 

evaluate the movement of patients across different departments of the hospital and propose the most 

efficient methods to decrease the waiting time or redirect patients. AI-assisted automated scheduling 

systems make sure that the scheduling process, appointments and staff rotation are scheduled in a 

balanced way, to reduce delays and enhance productivity in general. In the imaging departments, AI 

will be able to plan scan prioritization where urgent cases will be taken care of promptly and 

efficiency maintained in routine scans [36]. 

Moreover, AI also can improve the management of population health, which is another important 

aspect of healthcare planning in the modern situation. With a combination of data on the electronic 

health record, community health databases, and other sources of public health, AI reveals patterns 

and risk factors in the large population. These findings contribute to building specific outreach 

interventions, controlling the population of chronic diseases in healthcare organizations, and resource 
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distribution to the neediest communities [37]. These kinds of population-level analytics would be 

particularly applicable to problems of public health, such as outbreaks, trends of chronic diseases, 

and disparities in healthcare [38]. 

The AI automation is also beneficial in administrative processes. Application Natural language 

processing can be used to help clinicians simplify documentation and may help in coding and billing 

tasks, as well as lessen the administrative burden on clinicians. This enables the medical personnel to 

devote more of their time to direct patient care. Although it is promising, the implementation of AI 

into operational management should pay attention to the quality of data, its interoperability, and 

employee training [39]. It is important to make AI tools user-friendly and compatible with the current 

workflows to implement them successfully. Operational support based on AI is becoming one of the 

determinants of the ability to create efficient, responsive, and patient-centered healthcare systems 

[40]. 

AI-EMPOWERED WEARABLES AND REMOTE HEALTH MONITORING 

Remote monitoring technologies and AI-powered wearables have become indispensable elements of 

the modern healthcare system and provide a continuous and real-time view of the health condition of 

an individual. These gadgets include not only smartwatches and fitness trackers but also more 

medical-level sensors, which can be used to analyze and identify patterns, predict risks, and facilitate 

proactive treatment. The significant benefit of AI in wearable technology is that it allows interpreting 

large amounts of data which would have been overwhelming to clinicians otherwise [41].  

Sensors are widely used to monitor the heart rate and sleep cycles, the level of activity, blood oxygen 

saturation, and even electrocardiogram. These signals are processed using AI algorithms to identify 

the early and hidden signs of health problems like arrhythmias, breathing difficulties, stress indicators 

or a sudden change in physical activity. The regular checkups associated with this type of monitoring 

will enable early diagnosis of diseases and early warnings on time before the diseases become serious 

[42]. 

Remote health monitoring would be of particular importance to people with chronic conditions. AI 

assists in continuous monitoring of diseases such as diabetes, hypertension, asthma, and heart failure 

through daily health data analysis and detection of trends that signal the deterioration of the state. To 

illustrate, AI may sense increased heart rates or irregular beating of a patient with heart issues or warn 

an individual with diabetes about abnormal changes in glucose rates. These insights in time save on 

the hospital visits, and patients feel more confident to control their conditions at home. Another use 

of AI is in the context of telemedicine, which can synchronize wearable information into a computer-

mediated consultation [43]. During the appointment, clinicians would be able to examine real-time 
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metrics and make more informed decisions and provide personalized recommendations. This 

develops a more comprehensive perception of the health of the patient particularly people who might 

not be able to attend clinics on a regular basis [44]. 

Wearable aggregated data is valuable in population health by monitoring trends in population 

wellness. AI will be able to use the information about the community on a wide level to recognize the 

signs of the future outbreaks, health issues, or effects of the environment on health. Although the data 

of this kind should be treated with responsibility and ethical standards, it can be useful in the 

preventative healthcare measures [45]. In spite of the numerous benefits, there are still issues in 

making sure the data is accurate, battery efficient, privacy guaranteed, and the device can be smoothly 

integrated. 

 The communication between clinicians and devices and healthcare systems must be interoperable in 

order to access and interpret data reliably. Further, the users should be assured that their data is safe 

and is not misapplied. Wearable and remote-monitoring technologies powered by AI are radically 

changing the field of healthcare by providing constant, personalized, and proactive health care, 

introducing medical knowledge into the daily life of individuals [46]. 

ETHICAL, LEGAL AND SOCIAL CONSIDERATIONS 

The adoption of artificial intelligence (AI) in healthcare has offered such opportunities that are 

enormous, yet also comes with immense ethical, legal, and social issues that need to be approached 

with caution to allow responsible and fair usage. Bias and fairness in the AI models is considered one 

of the most immediate issues [47]. The training of AI systems is being based on historical and real-

world healthcare data, which may indicate the existing disparities in patient populations, disease 

prevalence, and clinical decision-making. 

 Unless these biases are detected and addressed, AI may help reinforce inequities, resulting into an 

unequal level of treatment advice or misdiagnosis of underrepresented groups. The need to improve 

equity and accountability in AI-assisted care is gaining the attention of researchers and healthcare 

providers who are focusing on the need to rigorously audit, use varied datasets, and use fairness-

conscious algorithms [48]. 

The other important ethical dimension is accountability. With the onset of AI in the diagnostic and 

treatment decision-making process, it is necessary to establish specific roles of developers, clinicians, 

and healthcare providers. The question then comes on who is held accountable in case an AI system 

gives a wrong recommendation; the software developers, the medical workers who used the system, 

or the organization that implemented the system. It is important to develop a strong system of 

governance, standard operating procedures, and clinical oversight systems to ensure trust and safety. 
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Another legal and social issue is patient privacy and the security of data [49]. AI is based on massive 

amounts of health data which can contain sensitive personal data. 

 The data protection laws, including the HIPAA, GDPR, and other local regulations, should be 

followed so that patient confidentiality can be maintained. Also, ethical issues are not only limited to 

compliance: the patients have to be told how their information is being utilized, and consent 

procedures need to be clear and useful. Privacy preserving machine learning, such as federated 

learning, anonymization, and de-identification are some of the techniques that are currently being 

investigated to balance innovation with patient rights [50]. 

It is important in clinical settings that there is transparency and explain ability. To make the right 

decision, clinicians and patients must know how AI makes its conclusions. Black box models may 

produce barriers to trust and reduce adoption especially in high stakes situations such as surgery, 

oncology or intensive care [51]. Explainable AI (XAI) methods propose to present clarifiable 

information on model reasoning, which enable healthcare professionals to justify the advice and 

combine it with clinical judgment. 

 Transparency is also conducive to ethical accountability, whereby the stakeholders are able to detect 

and correct the possible mistakes or biases. The AI ethical, legal, and social issues in medical practice 

are complex and intertwined. Their solution will include united actions of technologists, clinicians, 

policymakers, and even ethicists to establish AI systems that are equitable, accountable, transparent, 

and socially oriented to encourage trust and encourage responsible development of AI-enabled 

solutions to healthcare [52]. 

OBSTACLES TO THE AI IMPLEMENTATION 

Although artificial intelligence (AI) has a massive potential to change the healthcare industry, there 

are various factors that restrict its use and proper implementation. The problem of lack of 

interoperability and data silos is one of the main challenges. The data related to healthcare can be 

dispersed across numerous systems, such as electronic health records (EHRs), laboratory databases, 

and imaging repositories, as well as wearable devices [53]. These data are often stored in non-

compatible formats or even under the various institutional policies, and thus may be hard to combine 

and normalize information to train AI models. The absence of a smooth integration of data hinders 

the accessibility of a complete dataset on patients by AI systems, which may diminish the accuracy 

of the models, limit the ability to make predictions, and inhibit real-life clinical implementation. The 

attempts to use standard data protocols and interoperability standards, including HL7 FHIR are 

essential in dealing with these barriers [54]. 

The other major problem is the model generalizability and clinical validation. The AI models that 
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have been trained in a single clinical institution or a particular group of patients might not be reliable 

to be used in other hospitals, geographic regions, or demographic groups. This invalidity to an 

external setting is both a danger to patient safety and it diminishes the trust among clinicians. Strict 

tests in different segments of people and constant monitoring of the models will be required to provide 

assurance that AI systems will be able to withstand different conditions and provide the necessary 

accuracy. Furthermore, before the wide-scale implementation, it is necessary to conduct clinical trials 

and research on the efficacy and safety of AI tools using real-world evidence [55]. 

AI adoption challenges such as regulatory barriers and challenges with adoption also limit the 

implementation of AI in healthcare. The regulatory frameworks of AI-based medical devices and 

decision support tools are in the early developmental stages, thus causing uncertainty to developers 

and healthcare providers. The FDA and EMA are actively developing approval guidelines, however, 

the rate of regulation does not keep up with technological innovation. Adherence to these standards 

may be time-intensive and expensive and make the translation of AI studies into clinical practice 

slower. In addition, medical workers might be reluctant to implement AI solutions because they fear 

that this technology will disrupt the workflow, they do not have the necessary training, or they are 

unclear about who is liable [56]. 

The other practical issues are data quality and completeness, compatibility with the existing clinical 

processes, and cost, which all influence the scalability and sustainability of AI. The solution to these 

limitations is a joint effort of healthcare institutions, policymakers, technology developers, and 

clinicians to develop an operating, standardized, and valid AI solution [57]. Although AI has the 

potential to transform the way health care is provided, these deployment issues need to be overcome 

to reach the full potential. Representing one of the most important steps towards a safe and effective 

integration of AI into regular healthcare practice will be addressing data fragmentation, making sure 

that the model can be generalized, simplifying regulatory compliance, and gaining the acceptance of 

clinicians [58]. 

FUTURE DIRECTIONS 

The future of AI in health care is associated with revolutionary progress, brought by data analytics 

development, machine learning, and system integration. The federated learning and privacy-

preserving AI development is one of the most important directions. Federated learning enables AI 

models to be trained on many decentralized sources of data without the need to transfer patient data 

out of its native environment [59]. This methodology will not only result in improved data privacy 

and protection but also allow developing more generalizable models that will use a wide range of data 

provided by different healthcare centers. Together with encryption and differential privacy, the 
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techniques are designed to ensure that innovation and high patient confidentiality are balanced, which 

is one of the most critical obstacles to the adoption of AI [60]. 

Multimodal AI and digital twins is another area that is exciting. Multimodal AI combines different 

sources of healthcare information, including clinical notes, medical imaging, genomic data, and 

outputs of wearable devices, in order to offer more detailed information on the health of the patient. 

On the basis of this combined data, virtual representations of individual patients, the so-called digital 

twins, are used to model the disease progression, forecast the response to treatment, and personalize 

the care. Such methods have enormous potential of precision medicine whereby clinicians make 

highly informed decisions in accordance to the needs of individual patients [61]. The combination of 

AI and robotics, as well as sophisticated sensors, is also bound to transform the medical practice. The 

examples of technologies that could be used to increase accuracy, decrease the number of procedural 

errors, and improve patient outcomes include robotic-assisted surgery, AI-guided diagnostics, and 

real-time monitoring with the help of smart sensors. Making AI analytics work together with physical 

devices would give rise to synergistic systems that could make decisions and take actions, broadening 

the healthcare delivery field [62]. 

The way to achieve complete intelligent healthcare systems is the development of interconnected 

systems in which AI works closely with human providers in clinical, administrative, and research 

areas. They might automate routine, reduce workflow, and offer proactive health interventions, and 

eventually enhance efficiency, accessibility, and quality of care. To realize this vision, the company 

will need on-going innovation, strong ethical standards, regulatory encouragement and 

interdisciplinary cooperation. The future of AI in healthcare is not only on more sophisticated 

algorithms but the development of the integrated, secure and patient-oriented systems. As research 

and technology continue, AI can radically transform medical practice to enable healthcare to be more 

predictive, precise, and personalized than ever before [63]. 

CONCLUSION 

The future of modern healthcare is changing fast, with artificial intelligence (AI) and data analytics 

presenting the best opportunities in medical history to transform patient outcomes, streamline clinical 

operations, and provide precision medicine. AI has proved to not only improve the quality and 

accessibility of care through a wide variety of applications: predictive analytics and diagnostics, 

personalized treatment planning and operational efficiency. The updated literature analysis and 

continuous advances indicate that AI is not a simple add-on but a groundbreaking technology that can 

reinvent the whole concept of healthcare provision. One of the key lessons of this discovery is the 

importance of data to the success of AI. Quality, variety, and high-quality, well-selected datasets are 
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the foundations of machine learning model performance as they enable them to determine patterns, 

forecast, and aid evidence-based clinical judgments. The combination of structured and unstructured 

information, including electronic health records, imaging studies, genomic, and wearable device 

metrics are critical to the development of powerful AI systems. With the more sophisticated methods 

of data analytics such as natural language analysis and multimodal education, AI is becoming capable 

of deriving actionable information out of the complexity of healthcare data to bridge the gap between 

raw data and clinical usefulness. 

Although the opportunities of AI in healthcare are enormous, the ethical, legal, and social implications 

it raises are also discussed in this review as the factors that should be used to inform its 

implementation. Such issues as the bias of the algorithm, fairness, accountability, transparency and 

patient privacy are also impossible to ignore. Unless these issues are considered carefully, AI may 

reinforce the health disparities in the past or cause a loss of trust in healthcare institutions. The 

compliance with the regulations, explainable AI models, and clear governance structures are thus 

essential to make sure the AI technologies are implemented in a responsible and fair way. 

Furthermore, there are still practical challenges that are the major obstacles to the extensive use of 

AI. The challenges to the application of AI in real-world clinical practice are data silos, system 

interoperability problems, model generalizability, and regulatory uncertainty. These problems need 

the collaboration of technology developers, healthcare providers, policymakers, and patients to 

overcome. It is necessary to standardize data formats, test AI models on a wide range of population 

groups, and offer clinicians sufficient training and resources to implement AI solutions in the long 

term. 

The future of AI in healthcare is innovative, integrated and personalized. The privacy-preserving and 

federated learning will allow expanding the range of data cooperation without violating the 

confidentiality of the patient. Multimodal AI and digital twins will also help bring precision medicine 

to the forefront since they can model disease progression and optimize treatment plans. AI, combined 

with robotics and advanced sensors, is set to increase the accuracy and decrease the number of errors 

in procedures and lead to better patient outcomes. Finally, the future of the direction towards full 

intelligent healthcare systems envisions an effective and smooth cooperation between AI and human 

knowledge, in which the technology assists clinicians and guarantees patient-centered care. 

AI can transform the healthcare system as it can be more predictive, precise, efficient, and accessible. 

To fulfill this potential, however, a balance needs to be created between innovation and ethical 

responsibility, compliance with regulation and trust in their care. With an approach to challenges and 

development of technological potential, the sphere of healthcare will be able to make use of AI to 
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achieve better outcomes, decrease disparities, and revolutionize the process of providing care to the 

advantage of millions of patients all over the globe. The path to the AI-driven healthcare is not the 

only one of embracing the new tools, but it is rather an opportunity to create the future where smart 

systems can empower clinicians, support decision-making, and eventually improve the health of 

people on the global scale. 

REFERENCES 

[1]. Badawy M. Integrating artificial intelligence and big data into smart healthcare systems: A 

comprehensive review of current practices and future directions. Artificial Intelligence 

Evolution. 2023 Aug 18:133-53. 

[2]. Mullankandy S, Kazmi I, Islam T, Phia WJ. Emerging trends in ai-driven health tech: a 

comprehensive review and future prospects. European Journal of Technology. 2024; 8(2):25-

40. 

[3]. Fahim YA, Hasani IW, Kabba S, Ragab WM. Artificial intelligence in healthcare and 

medicine: clinical applications, therapeutic advances, and future perspectives. European 

Journal of Medical Research. 2025 Sep 23;30(1):848. 

[4]. Aravazhi PS, Gunasekaran P, Benjamin NZ, Thai A, Chandrasekar KK, Kolanu ND, Prajjwal 

P, Tekuru Y, Brito LV, Inban P. The integration of artificial intelligence into clinical 

medicine: trends, challenges, and future directions. Disease-a-Month. 2025 Mar 25:101882. 

[5]. Chong PL, Vaigeshwari V, Mohammed Reyasudin BK, Noor Hidayah BR, Tatchanaamoorti 

P, Yeow JA, Kong FY. Integrating artificial intelligence in healthcare: applications, 

challenges, and future directions. Future Science OA. 2025 Dec 31;11(1):2527505. 

[6]. Ifty SM, Irin F, Shovon MS, Amjad MH, Bhowmik PK, Ahmed R, Ashakin MR, Hossain B, 

Sattar A, Chowdhury R, Sunny AR. Advancements, Applications, and Future Directions of 

Artificial Intelligence in Healthcare. Journal of Angiotherapy. 2024 Aug 5;8(8):1-8. 

[7]. Alhuwaydi AM. Exploring the role of artificial intelligence in mental healthcare: current 

trends and future directions–a narrative review for a comprehensive insight. Risk management 

and healthcare policy. 2024 Dec 31:1339-48. 

[8]. Agrawal S, Vagha S. A comprehensive review of artificial intelligence in prostate cancer care: 

state-of-the-art diagnostic tools and future outlook. Cureus. 2024 Aug 5;16(8):e66225. 

[9]. Balakrishna S, Solanki VK. A comprehensive review on ai-driven healthcare transformation. 

Ingeniería Solidaria. 2024 Oct 15;20(2):1-30. 

[10]. E. Alsentzer, J. R. Murphy, W. Boag, W.-H. Weng, D. Jin, T. Naumann, and M. B. A. 

McDermott, ‘‘Publicly available clinical BERT embeddings,’’ 2019, arXiv: 1904.03323 



 
Global Insights in Artificial Intelligence 

and Computing 

ISSN : 3079-6830 

Volume 1, Number 4, 2025  
https://doi.org/10.70445/giaic.1.4.2025.34-53   

 
 

49 
  

[11]. M. Spruit and M. Lytras, ‘‘Applied data science in patient-centric healthcare: Adaptive 

analytic systems for empowering physicians and patients,’’ Telematics Inform., vol. 35, no. 

4, pp. 643–653, 2018.  

[12]. W. Zheng, Y.-C.-J. Wu, and L. Chen, ‘‘Business intelligence for patientcenteredness: A 

systematic review,’’ Telematics Informat., vol. 35, no. 4, pp. 665–676, Jul. 2018.  

[13]. P. Singh, N. R. Pradhan, A. K. Luhach, S. Agnihotri, N. Z. Jhanjhi, S. Verma, U. Ghosh, and 

D. S. Roy, ‘‘A novel patient-centric architectural framework for blockchain-enabled 

healthcare applications,’’ IEEE Trans. Ind. Informat., vol. 17, no. 8, pp. 5779–5789, Aug. 

2021.  

[14]. M. Squires, X. Tao, S. Elangovan, R. Gururajan, X. Zhou, and U. R. Acharya, ‘‘A novel 

genetic algorithm based system for the scheduling of medical treatments,’’ Exp. Syst. Appl., 

vol. 195, Jun. 2022, Art. no. 116464.  

[15]. M. Shahin, S. A. Peious, R. Sharma, M. Kaushik, S. B. Yahia, S. A. Shah, and D. Draheim, 

‘‘Big data analytics in association rule mining: A systematic literature review,’’ in Proc. 3rd 

Int. Conf. Big Data Eng. Technol. (BDET), Jan. 2021, pp. 40–49.  

[16]. S. Sakr and A. Elgammal, ‘‘towards a comprehensive data analytics framework for smart 

healthcare services,’’ Big Data Res., vol. 4, pp. 44–58, Jun. 2016.  

[17]. Chandra, B. Handel, and J. Schwartzstein, ‘‘Behavioral economics and health-care markets,’’ 

in Handbook of Behavioral Economics: Applications and Foundations 1, vol. 2. Amsterdam, 

The Netherlands: Elsevier, 2019, pp. 459–502.  

[18]. H. Harutyunyan, H. Khachatrian, D. C. Kale, G. Ver Steeg, and A. Galstyan, ‘‘Multitask 

learning and benchmarking with clinical time series data,’’ Sci. Data, vol. 6, no. 1, pp. 1–18, 

Jun. 2019.  

[19]. S. Purushotham, C. Meng, Z. Che, and Y. Liu, ‘‘Benchmarking deep learning models on large 

healthcare datasets,’’ J. Biomed. Informat., vol. 83, pp. 112–134, Jul. 2018.  

[20]. H. Cai, Z. Yuan, Y. Gao, S. Sun, N. Li, F. Tian, H. Xiao, J. Li, Z. Yang, X. Li, and Q. Zhao, 

‘‘A multi-modal open dataset for mental-disorder analysis,’’ Sci. Data, vol. 9, no. 1, p. 178, 

Apr. 2022.  

[21]. T. J. Pollard, A. E. W. Johnson, J. D. Raffa, L. A. Celi, R. G. Mark, and O. Badawi, ‘‘The 

eICU collaborative research database, a freely available multi-center database for critical care 

research,’’ Sci. Data, vol. 5, no. 1, pp. 1–13, Sep. 2018.  

[22]. Dispenzieri, J. Zonder, J. Hoffman, S. W. Wong, M. Liedtke, R. Abonour, A. D’Souza, C. 

Lee, S. Cote, R. Potluri, E. Ammann, N. Tran, A. Lam, and S. Nair, ‘‘Real-world treatment 



 
Global Insights in Artificial Intelligence 

and Computing 

ISSN : 3079-6830 

Volume 1, Number 4, 2025  
https://doi.org/10.70445/giaic.1.4.2025.34-53   

 
 

50 
  

patterns, costs, and outcomes in patients with AL amyloidosis: Analysis of the optum EHR 

and commercial claims databases,’’ Amyloid, vol. 30, no. 2, pp. 161–168, Apr. 2023.  

[23]. M. Varshney, B. Bhushan, and A. B. Haque, ‘‘Big data analytics and data mining for 

healthcare informatics (HCI),’’ in Multimedia Technologies in the Internet of Things 

Environment, vol. 3. Berlin, Germany: Springer, 2022, pp. 167–195.  

[24]. C. Guo and J. Chen, ‘‘Big data analytics in healthcare,’’ in Knowledge Technology and 

Systems: Toward Establishing Knowledge Systems Science. Berlin, Germany: Springer, 

2023, pp. 27–70.  

[25]. R. Hodson, ‘‘Precision medicine,’’ Nature, vol. 537, no. 7619, p. 49, 2016. [169] F. S. Collins 

and H. Varmus, ‘‘A new initiative on precision medicine,’’ New England J. Med., vol. 372, 

no. 9, pp. 793–795, Feb. 2015.  

[26]. Q. Zhao and Z. Zheng, ‘‘Computational and mathematical methods in medicine prediction of 

COVID-19 in BRICS countries: An integrated deep learning model of CEEMDAN-R-

ILSTM-Elman,’’ Comput. Math. Methods Med., vol. 2022, pp. 1–34, Apr. 2022.  

[27]. T. Hulsen, S. S. Jamuar, A. R. Moody, J. H. Karnes, O. Varga, S. Hedensted, R. Spreafico, D. 

A. Hafler, and E. F. McKinney, ‘‘From big data to precision medicine,’’ Frontiers Med., vol. 

6, p. 34, Mar. 2019.  

[28]. B. Koopman, T. Wright, N. Omer, V. McCabe, and G. Zuccon, ‘‘Precision medicine search 

for paediatric oncology,’’ in Proc. 44th Int. ACM SIGIR Conf. Res. Develop. Inf. Retr., Jul. 

2021, pp. 2536–2540.  

[29]. Senthil R, Anand T, Somala CS, Saravanan KM. Bibliometric analysis of artificial 

intelligence in healthcare research: Trends and future directions. Future Healthcare Journal. 

2024 Sep 1;11(3):100182. 

[30]. E. Wong, N. Bertin, M. Hebrard, R. Tirado-Magallanes, C. Bellis, W. K. Lim, C. Y. Chua, P. 

M. L. Tong, R. Chua, and K. Mak, ‘‘The Singapore national precision medicine strategy,’’ 

Nature Genet., vol. 55, no. 2, pp. 178–186, 2023.  

[31]. Umapathi K. Non-Invasive Biochemical Sensing with AI-Driven Analytics: A 

Comprehensive Review of Technologies, Applications, and Future Directions. Analytical 

Methods. 2025. 

[32]. E. O. Aboagye, T. D. Barwick, and U. Haberkorn, ‘‘Radiotheranostics in oncology: Making 

precision medicine possible,’’ CA, A Cancer J. Clinicians, vol. 73, no. 3, pp. 255–274, May 

2023.  



 
Global Insights in Artificial Intelligence 

and Computing 

ISSN : 3079-6830 

Volume 1, Number 4, 2025  
https://doi.org/10.70445/giaic.1.4.2025.34-53   

 
 

51 
  

[33]. D. M. Korngiebel and S. D. Mooney, ‘‘Considering the possibilities and pitfalls of generative 

pre-trained transformer 3 (GPT-3) in healthcare delivery,’’ npj Digit. Med., vol. 4, no. 1, p. 

93, Jun. 2021.  

[34]. H. Wang, J. Li, H. Wu, E. Hovy, and Y. Sun, ‘‘Pre-trained language models and their 

applications,’’ Engineering, vol. 25, pp. 51–65, Jun. 2023.  

[35]. J. Lee, W. Yoon, S. Kim, D. Kim, S. Kim, C. H. So, and J. Kang, ‘‘BioBERT: A pre-trained 

biomedical language representation model for biomedical text mining,’’ Bioinformatics, vol. 

36, no. 4, pp. 1234–1240, Feb. 2020.  

[36]. E. W. Johnson, T. J. Pollard, S. J. Berkowitz, N. R. Greenbaum, M. P. Lungren, C.-Y. Deng, 

R. G. Mark, and S. Horng, ‘‘MIMIC-CXR, a de-identified publicly available database of chest 

radiographs with freetext reports,’’ Sci. Data, vol. 6, no. 1, p. 317, Dec. 2019.  

[37]. J. Bullock, C. Cuesta-Lazaro, and A. Quera-Bofarull, ‘‘XNet: A convolutional neural network 

(CNN) implementation for medical Xray image segmentation suitable for small datasets,’’ in 

Proc. SPIE, vol. 10953, pp. 453–463, Mar. 2019 

[38]. J. Lakshmi, ‘‘Deep learning on medical image analysis on COVID-19 X-ray dataset using an 

X-Net architecture,’’ in Deep Learning for Medical Applications With Unique Data. 

Amsterdam, The Netherlands: Elsevier, 2022, pp. 71–106.  

[39]. Thacharodi A, Singh P, Meenatchi R, Tawfeeq Ahmed ZH, Kumar RR, V N, Kavish S, 

Maqbool M, Hassan S. Revolutionizing healthcare and medicine: The impact of modern 

technologies for a healthier future—A comprehensive review. Health Care Science. 2024 

Oct;3(5):329-49. 

[40]. O. Ronneberger, P. Fischer, and T. Brox, ‘‘U-Net: Convolutional networks for biomedical 

image segmentation,’’ in Medical Image Computing and Computer-Assisted Intervention—

MICCAI. Munich, Germany: Springer, 2015, pp. 234–241.  

[41]. Agrawal K, Goktas P, Kumar N, Leung MF. Artificial intelligence in personalized nutrition 

and food manufacturing: a comprehensive review of methods, applications, and future 

directions. Frontiers in Nutrition. 2025 Jul 23;12:1636980. 

[42]. B. Abacha, S. A. Hasan, V. V. Datla, J. Liu, D. Demner-Fushman, and H. Müller, ‘‘VQA-

MED: Overview of the medical visual question answering task at ImageCLEF 2019,’’ in Proc. 

CLEF, 2019, vol. 2, no. 6, pp. 1–11.  

[43]. S. I. H. Shah, V. Peristeras, and I. Magnisalis, ‘‘Government big data ecosystem: Definitions, 

types of data, actors, and roles and the impact in public administrations,’’ J. Data Inf. Qual., 

vol. 13, no. 2, pp. 1–25, Jun. 2021.  



 
Global Insights in Artificial Intelligence 

and Computing 

ISSN : 3079-6830 

Volume 1, Number 4, 2025  
https://doi.org/10.70445/giaic.1.4.2025.34-53   

 
 

52 
  

[44]. M. Rashid, H. Singh, V. Goyal, S. A. Parah, and A. R. Wani, ‘‘Big data based hybrid machine 

learning model for improving performance of medical Internet of Things data in healthcare 

systems,’’ in Healthcare Paradigms in the Internet of Things Ecosystem. Amsterdam, The 

Netherlands: Elsevier, 2021, pp. 47–62 

[45]. M. K. Hassan, A. I. El Desouky, S. M. Elghamrawy, and A. M. Sarhan, ‘‘Big data challenges 

and opportunities in healthcare informatics and smart hospitals,’’ in Security in Smart Cities: 

Models, Applications, and Challenges, A. E. Hassanien, M. Elhoseny, S. H. Ahmed, and A. 

K. Singh, Eds. Cham, Switzerland: Springer, 2019, pp. 3–26, doi: 10.1007/978-3- 030-01560-

2_1 

[46]. Vaidya R, Kulkarni S, Gaikwad T, Jadhav S. Advancing Healthcare Through Artificial 

Intelligence: Opportunities, Challenges and Future Directions. International Research Journal 

on Advanced Engineering and Management (IRJAEM). 2024;2(05):1302-8. 

[47]. Kasula BY. AI applications in healthcare a comprehensive review of advancements and 

challenges. International Journal of Managment Education for Sustainable Development. 

2023 Dec 30;6(6):2023. 

[48]. Swaminathan U, Daigavane S. Unveiling the potential: a comprehensive review of artificial 

intelligence applications in ophthalmology and future prospects. Cureus. 2024 Jun 6;16(6). 

[49]. Chen T, Keravnou-Papailiou E, Antoniou G. Medical analytics for healthcare intelligence–

Recent advances and future directions. Artificial Intelligence in Medicine. 2021 Feb 

1;112:102009. 

[50]. Alsabah M, Naser MA, Albahri AS, Albahri OS, Alamoodi AH, Abdulhussain SH, Alzubaidi 

L. A comprehensive review on key technologies toward smart healthcare systems based IoT: 

technical aspects, challenges and future directions. Artificial Intelligence Review. 2025 

Nov;58(11):1-22. 

[51]. Thayyib PV, Mamilla R, Khan M, Fatima H, Asim M, Anwar I, Shamsudheen MK, Khan 

MA. State-of-the-art of artificial intelligence and big data analytics reviews in five different 

domains: a bibliometric summary. Sustainability. 2023 Feb 22;15(5):4026. 

[52]. Arowoogun JO, Babawarun O, Chidi R, Adeniyi AO, Okolo CA. A comprehensive review of 

data analytics in healthcare management: Leveraging big data for decision-making. World 

Journal of Advanced Research and Reviews. 2024;21(2):1810-21. 

[53]. Mizna S, Arora S, Saluja P, Das G, Alanesi WA. An analytic research and review of the 

literature on practice of artificial intelligence in healthcare. European Journal of Medical 

Research. 2025 May 14;30(1):382. 



 
Global Insights in Artificial Intelligence 

and Computing 

ISSN : 3079-6830 

Volume 1, Number 4, 2025  
https://doi.org/10.70445/giaic.1.4.2025.34-53   

 
 

53 
  

[54]. Shrivaastava A. Artificial Intelligence in Healthcare: Applications, Challenges, and Future 

Directions. Challenges, and Future Directions (October 01, 2024). 2024 Oct 1. 

[55]. Shetty S, Ananthanarayana VS, Mahale A. Comprehensive Review of Multimodal Medical 

data Analysis: open issues and future research Directions. Acta Informatica Pragensia. 2022 

Dec 26;11(3):423-57. 

[56]. Khan MN. Artificial Intelligence Driven Big Data and Business Analytics: A Comprehensive 

Review of Multi-Sectoral Applications in Healthcare, Finance, Supply Chain, and 

Organizational Innovation. Pacific Journal of Business Innovation and Strategy. 2025 Nov 

15;2(4):122-37. 

[57]. Anton N, Doroftei B, Curteanu S, Catalin L, Ilie OD, Târcoveanu F, Bogdănici CM. 

Comprehensive review on the use of artificial intelligence in ophthalmology and future 

research directions. Diagnostics. 2022 Dec 29;13(1):100.  

[58]. Deivayanai VC, Swaminaathanan P, Vickram AS, Saravanan A, Bibi S, Aggarwal N, Kumar 

V, Alhadrami AH, Mohammedsaleh ZM, Altalhi R, Bin-Jumah MN. Transforming 

healthcare: the impact of artificial intelligence on diagnostics, pharmaceuticals, and ethical 

considerations–a comprehensive review. International Journal of Surgery. 2025 Jul 

1;111(7):4666-93. 

[59]. Rauniyar A, Hagos DH, Jha D, Håkegård JE, Bagci U, Rawat DB, Vlassov V. Federated 

learning for medical applications: A taxonomy, current trends, challenges, and future research 

directions. IEEE Internet of Things Journal. 2023 Nov 1;11(5):7374-98. 

[60]. Charfare RH, Desai AU, Keni NN, Nambiar AS, Cherian MM. IoT-AI in Healthcare: A 

Comprehensive Survey of Current Applications and Innovations. International Journal of 

Robotics & Control Systems. 2024 Jul 1;4(3). 

[61]. Tafat W, Budka M, David McDonald MB, Wainwright TW. Artificial intelligence in 

orthopaedic surgery: a comprehensive review of current innovations and future directions. 

Computational and Structural Biotechnology Reports. 2024 Dec 1;1:100006. 

[62]. Kadhim DA, Mohammed MA. A comprehensive review of artificial intelligence approaches 

in kidney cancer medical images diagnosis, datasets, challenges and issues and future 

directions. International Journal of Mathematics, Statistics, and Computer Science. 2024 May 

8;2:199-243. 

[63]. Gala D, Behl H, Shah M, Makaryus AN. The role of artificial intelligence in improving patient 

outcomes and future of healthcare delivery in cardiology: a narrative review of the literature. 

InHealthcare 2024 Feb 16 (Vol. 12, No. 4, p. 481). MDPI. 


