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Abstract

Artificial intelligence (Al) is becoming increasingly integral to healthcare, offering unparalleled opportunities for patient-centered care while
simultaneously presenting complex challenges. This manuscript provides a narrative review of Al applications in healthcare systems, with
particular emphasis on policy frameworks, ethical considerations, and technological barriers. Key challenges include the complexity of
diagnostic tasks, opaque Al-driven processes and models, data security concerns, and user interface design issues. Additional concerns
such as performance anxiety and communication difficulties highlight the importance of careful implementation strategies. The review
underscores that Al can alleviate workloads, streamline operations, and enhance service delivery, but consistently emphasizes that
physicians cannot be replaced by Al and should instead be augmented by it. Ethical concerns, privacy safeguards, and equitable access
remain central to responsible adoption. The paper further calls for the establishment of robust regulatory frameworks, interpretable Al
models, and continuous education to prepare healthcare providers and patients for collaboration with Al systems. Looking ahead, long-
term studies should explore the impact of Al in healthcare on patient attitudes, comparative efficacy across medical domains, and the
moral frameworks guiding its use. Rather than supplanting human medical expertise, Al should complement it to create a more efficient,

equitable, and responsive healthcare system.
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1. INTRODUCTION

Artificial Intelligence (AI) is increasingly recognized as a
transformative force in healthcare, with the potential to improve
efficiency, reduce costs, and enhance patient outcomes [1]. Recent
studies highlight that the global AI healthcare market, valued at
$29.01 billion in 2024, is projected to grow to $504.17 billion by
2032, reflecting a compound annual growth rate of 44% [2]. This
study evaluates the possible effects of AI on healthcare from a cost-
effectiveness standpoint, supported by past performance, recent
technological developments, and an examination of the expenses
related to developing and deploying machine learning (ML) in
both healthcare and pharmaceutical sectors.

Healthcare remains one of the largest industries in the global
economy, and Al applications are now visible across multiple
domains. In the pharmaceutical sector, Al is being used to
accelerate drug discovery and marketing, with generative Al
projected to expand at a Compound Annual Growth Rate (CAGR)
of 36-38% over the next five years [3]. In oncology, Al supports
imaging and cell analysis, while in healthcare administration,
Al-driven data analytics are enhancing patient care delivery [4].

For example, in India’s healthcare system in 2025, Al tools for
diagnostics, telemedicine, and public health planning have begun
to move from pilot projects into everyday practice, improving
speed and access while raising important questions around equity
and data privacy [5].

Generative Al is also reshaping workflows by automating
repetitive tasks, minimizing errors, and reducing operational
costs [6]. These advances are not limited to clinical care; they
extend to administrative efficiency, where Al reduces burdens on
healthcare staff and optimizes resource allocation [7]. Although
its application in healthcare institutions is relatively new, Al has
already demonstrated effectiveness in simple tasks such as triage
and imaging analysis, leading to significant cost reductions and
improved patient throughput [8].

Modern healthcare innovations have a profound influence on
human well-being [9]. Startups are increasingly investing in
medical technology, with ambitious projects such as Neuralink
aiming to integrate human brains with digital environments,
enabling direct communication with AI systems [10]. Such
developments highlight the growing interest in expanding
human-machine interaction beyond traditional interfaces.
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Despite these advances, inefficiencies remain a major challenge.
The Organization for Economic Cooperation and Development
(OECD) reported in 2017 that nearly 20% of healthcare budgets
in member countries were either inadequate or misappropriated,
underscoring systemic waste in healthcare systems [11]. The
World Health Organization (WHO) further estimates that
healthcare costs account for an average of 10% of GDP
worldwide, with waste often outpacing expenditure growth.
Rising government spending on healthcare, while intended as
investment, frequently coincides with increased inefficiency.
This scenario necessitates a fundamental redesign of healthcare
systems to improve sustainability and effectiveness.

Digitalization has emerged as a promising strategy to address
these challenges. Innovative technologies such as telemedicine,
blockchain, augmented and virtual reality (AR/VR), digital
twins, and AI are reshaping healthcare delivery models
[12]. These approaches offer cost-effective solutions while
improving accessibility, transparency, and patient-centered
care. For instance, telemedicine reduces reliance on in-
person consultations, blockchain streamlines medical record
management, and AR/VR enhances both surgical training
and patient rehabilitation. Digital twins, combined with Al,
enable physicians to simulate treatment strategies in risk-free
environments, reducing costs and improving decision-making
[13].

In summary, the introduction of AI into healthcare is not
merely a technological upgrade but a systemic transformation.
By addressing inefficiencies, reducing costs, and enabling
personalized care, Al has the potential to redefine healthcare
delivery. However, this transition requires careful consideration
of ethical, social, and policy implications, which will be explored
in subsequent sections.

2. POLICIES REGARDING HEALTHCARE

The World Health Organization (WHO) defines a healthcare
framework as a deeply embedded system that encompasses not
only hospitals and clinics but also families caring for patients,
private providers, preventive programs, and occupational health
regulations [14]. Reconstructing such a system requires a radical
shift in how basic healthcare is conceptualized and delivered,
particularly in light of rising costs and widespread inefficiencies.
Four primary policy domains are identified as critical for reform.

2.1. Checking of Regulations

The first step in addressing waste and inefficiency is to examine
and modify the regulations governing healthcare systems.
Administrative reviews can improve overall quality of care while
reducing costs. When the public sector holds the majority
of financial responsibility, reforms can be implemented more
effectively, whereas private sector dominance often complicates
regulatory enforcement [15].

2.2. Insurance of Health

Health insurance contracts provide coverage for medical expenses
in exchange for regular payments. However, access to adequate
coverage is often tied to wealth, creating inequities in healthcare
delivery [16]. Al-driven actuarial models can reduce inequities
by predicting risk more accurately, allowing insurers to design
inclusive policies that balance affordability with sustainability.

2.3. Hybrid Healthcare System

A hybrid system, combining public and private funding, offers
a balanced approach to healthcare delivery. France provides a
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notable example, where life expectancy has exceeded 80 years due
to the effectiveness of its hybrid model [17]. Such systems promote
equity by ensuring universal access to care while leveraging
private sector efficiency and innovation.

2.4. Digital Transformation

Digitalization represents a modern strategy for healthcare reform,
offering efficiency and cost-effectiveness while improving patient
outcomes. Key innovations include telemedicine, blockchain,
AR/VR, and digital twins [13, 18]. Aurtificial intelligence, in
particular, has the potential to revolutionize healthcare by
reducing costs, improving diagnostic accuracy, and enabling
personalized treatment.

» Telemedicine + AI triage — Expands rural access, reduces
systemic inequities.

» Blockchain + AI anomaly detection — Strengthens
regulatory compliance and fraud prevention.

+ AR/VR + AI surgical guidance — Improves training
outcomes, reduces medical errors.

« Digital twins + Al predictive analytics — Enables proactive
policy interventions.

2.5. Determinants of Healthcare System

Healthcare systems can be analyzed from multiple perspectives,
but digitalization is expected to be the most influential
determinant in the coming years. By integrating advanced
technologies, healthcare frameworks can achieve greater
efficiency, transparency, and patient-centered care. Al adoption
is not merely a technological upgrade but a determinant of policy
success, shaping equity, efficiency, and sustainability.

3. ARTIFICIAL INTELLIGENCE

Artificial Intelligence (AI) can be broadly defined as the creation
of intelligent machines programmed to perform calculations
or decision-making processes that resemble human cognitive
functions such as learning, reasoning, and problem-solving. Al
systems are particularly powerful because they can identify
patterns and relationships in massive, multifaceted datasets,
enabling them to anticipate problems or address them as they
arise [19]. For example, Al frameworks are capable of converting a
patient’s entire medical history into a single logical output, thereby
assisting physicians in making evidence-based decisions.

Al is not a single invention but rather a collection of subfields
and techniques. Among the most prominent are supervised
learning, unsupervised learning, reinforcement learning (RL),
and deep learning (DL). Each of these approaches contributes
uniquely to healthcare applications:

+ Supervised learning: Uses labeled data, such as annotated
X-ray images, to train algorithms that can identify
malignancies in new scans.

+ Unsupervised learning: Groups patient symptoms or
aggregates anonymous data to uncover hidden patterns or
common causes.

» Reinforcement learning (RL): Algorithms learn through
experimentation, improving outcomes by maximizing
rewards in simulated environments.

+ Deep learning (DL): Employs multi-layered neural
networks to process complex data, advancing domains
such as speech recognition, image analysis, and diagnostic
imaging.
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Table 1. Comparative Regulatory Models and AI Outcomes

Model Strengths

Weaknesses

Al-Enabled Outcomes

Public-sectorled  Easier enforcement, standardized care

Private-sector led Innovation, competition

Bureaucratic delays
Fragmented oversight, inequities

Automated compliance, reporting
Fraud detection, optimized billing

Table 2. Comparative Healthcare Systems and AI Contributions

System Type Example Equity Outcomes Al Contribution

Fully public UK NHS  Universal access, resource strain Al triage reduces wait times

Fully private ~ US High innovation, inequities Al diagnostics improve outcomes but access unequal
Hybrid France Balanced equity and efficiency Al enhances preventive care, resource allocation

Recent advancements in RL and DL have driven significant
breakthroughs in AI, making these techniques particularly
relevant for healthcare innovation. For instance, DL has enabled
progress in clinical imaging, speech recognition, and predictive
analytics, while RL provides a foundation for adaptive decision-
making in dynamic clinical environments.

3.1. AI SOCIETY

The adoption of Al is not only a technological challenge but also
a societal one. Reports from the United States, United Kingdom,
and European Union emphasize accountability, openness, and
positive societal impact as essential characteristics of an AI-driven
society [20, 21]. While the U.S. views Al as a foundation for
economic growth and job creation, the EU focuses on regulating
robotics and Al through ethical guidelines, and the UK highlights
transparency and protection standards. These perspectives reflect
global interest in AI development alongside concerns about
fairness, opportunity, and security.

Startups and organizations face significant hurdles in
integrating Al into their operations. Garbuio and Lin [13]
argue that companies must carefully evaluate whether AI is
critical to their challenges, determine the type of intelligence
required (independent, assisted, or augmented), and establish
clear accountability frameworks. Alyoubi et al. [22] and Alam
[23] further emphasize that AT adoption requires a fundamental
shift in how professionals and managers perceive their roles,
paralleling the transition from open surgery to minimally invasive
techniques.

3.2. Big Data

AT’s effectiveness is closely tied to the availability of big data.
Large volumes of structured and unstructured data—ranging
from genomic information and brain imaging to wearable sensor
outputs and social media activity—enable Al systems to uncover
patterns and generate insights [24-26]. For example, search
engine queries during flu season can predict outbreaks before
clinical data becomes available.

Data mining techniques, often integrated with machine
learning, allow healthcare systems to identify trends, optimize
resource allocation, and personalize treatment strategies [27]. By
combining statistical analysis with linear algebra, Al systems can
automatically refine algorithms based on new data, making them
adaptive and increasingly accurate over time.

Thus, Al represents a convergence of computational techniques
and societal considerations. Its integration into healthcare
requires not only technological innovation but also ethical
frameworks, regulatory oversight, and cultural adaptation to

Applied Mathematical Biosystems

52

ensure that its benefits are realized responsibly.

4. APPLICATIONS OF Al
RESEARCH

Artificial Intelligence (AI) has demonstrated significant potential
in transforming healthcare delivery, research, and clinical practice.
Its applications span organizational management, pharmaceutical
innovation, and direct patient care, offering both efficiency gains
and improvements in treatment outcomes.

4.1. HEALTHCARE ORGANIZATION

Al can be applied to the planning and resource allocation of health
and social care services. For example, the Harrow Committee has
piloted the IBM Watson Care Manager system, which optimizes
cost administration by helping patients select care providers
within their financial plans. It also generates personalized
care plans and guides administrators in resource distribution.
Similarly, AI-driven applications are being developed to improve
patient experience, such as the collaboration between IBM Watson
and the Birch Hello Kids’ Clinic in Liverpool, which uses Al to
facilitate patient interaction and provide physicians with relevant
information prior to consultations [28].

4.2. RESEARCH IN HEALTHCARE

Al enhances research by analyzing large-scale, complex datasets
with greater precision and speed than traditional methods. It can
integrate diverse data types, such as clinical records and genomic
information, to accelerate drug discovery and identify novel
therapeutic targets. The Foundation of Malignant Growth’s Jars
AR data collection project exemplifies this integration, combining
clinical and genetic data with AI analysis to support treatment
recommendations. Additionally, the AI-powered “robot scientist”
Eve has been developed to streamline pharmaceutical research,
improving efficiency and reducing costs in drug development [29].

4.3. CLINICAL CARE SYSTEMS

Al is increasingly being deployed in clinical settings to support
diagnosis and treatment. Applications include:

IN HEALTHCARE AND

+ Clinical imaging: AI algorithms trained on large datasets
of medical scans can detect conditions such as pneumonia,
breast cancer, skin cancer, and eye diseases, reducing
diagnostic time and cost.

« Echocardiography: The Ultromics system, developed
at Oxford’s John Radcliffe Hospital, uses Al to interpret
echocardiograms, identifying cardiac abnormalities with
high accuracy.
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« Neurological assessment: Al models are being refined to
analyze speech patterns, enabling early detection of manic
episodes and monitoring of conditions such as Parkinson’s
disease.

« Robotic surgery: Al-powered mechanical devices are being
tested for tasks in minimally invasive surgery, such as knot-
tying and wound closure, improving precision and reducing
recovery times.

These applications highlight AT’s ability to augment clinical
expertise, reduce workload, and deliver more personalized care.
By integrating Al into healthcare organizations, research, and
clinical practice, the industry can achieve greater efficiency and
improved patient outcomes.

5. ISSUES RELATING TO ETHICS AND SOCIETY

The integration of Artificial Intelligence (AI) into healthcare
raises a number of ethical and societal challenges. These
concerns overlap with broader issues of data usage, automation,
dependence on technology, and the implications of assistive tools
such as telemedicine. Ensuring that AI systems are reliable,
transparent, and aligned with patient safety is critical to their
acceptance and long-term success.

5.1. RESPONSIBILITY AND RELIABILITY

One of the foremost ethical concerns is responsibility. When Al
systems are used to operate medical equipment, provide care,
or make clinical judgments, it becomes essential to determine
accountability in the event of an error. Questions arise as to
whether responsibility lies with the physician, the developer,
or the AI system itself. Reliability and safety are therefore
paramount, as patients must trust that Al-driven decisions
are accurate and beneficial. Establishing clear accountability
frameworks and regulatory oversight is necessary to mitigate risks
[20, 21].

5.2. TRANSPARENCY AND TRUST

Al systems often function as “black boxes,” making decisions
based on complex algorithms that are not easily interpretable by
clinicians or patients. This lack of transparency can undermine
trust in Al applications. Ethical frameworks emphasize the
need for Explainable AT (XAI), where decision-making processes
are accessible and understandable. Transparency ensures that
patients and healthcare providers can evaluate the rationale
behind AI-driven recommendations, thereby fostering trust and
acceptance [13, 22].

5.3. DATA PRIVACY AND SECURITY

Healthcare data is highly sensitive, and the use of Al requires
access to vast amounts of personal information. Protecting
patient privacy and ensuring data security are critical ethical
imperatives. = Breaches of medical data can have severe
consequences, including discrimination, stigmatization, or
misuse of information. Blockchain and advanced encryption
technologies have been proposed as solutions to safeguard patient
records while enabling efficient data sharing [18].

5.4. EQUITY AND ACCESSIBILITY

AI has the potential to reduce disparities in healthcare by
improving access to diagnostic and treatment services. However,
inequities may arise if Al technologies are only available to
wealthier populations or institutions. Insurance frameworks and
hybrid healthcare systems must ensure that Al-driven innovations
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are accessible to all patients, regardless of socioeconomic status
[16, 17]. Ethical adoption of Al requires policies that promote
inclusivity and prevent the widening of healthcare gaps.

5.5. SOCIETAL IMPACT

Beyond clinical settings, AI adoption influences broader societal
structures. It may alter employment patterns, requiring
healthcare professionals to adapt to new roles and workflows.
As Fox and Aranko [17] argue, professionals must reconsider
their responsibilities in light of AI integration, while patients
must adapt to new modes of care delivery. Ethical considerations
therefore extend beyond individual patient interactions to
encompass the societal implications of automation, workforce
transformation, and cultural adaptation.

Therefore, the ethical and societal challenges of AI in
healthcare revolve around responsibility, transparency, privacy,
equity, and societal impact. Addressing these issues requires not
only technological innovation but also robust ethical frameworks,
regulatory policies, and cultural readiness. By proactively
engaging with these concerns, healthcare systems can harness
the benefits of AI while safeguarding patient rights and societal
values.

6. CONCLUSION

Artificial Intelligence (AI) is rapidly transforming the healthcare
landscape by providing transformative opportunities in
organizational management, clinical practice, and biomedical
research. By reducing costs and increasing efficiency through
advances in diagnostic and treatment technologies, Al has
demonstrated its effectiveness in delivering accuracy and
individualized care. It has proved valuable in addressing
numerous challenges faced by healthcare systems worldwide.
Applications such as telemedicine, blockchain-based medical
record management, augmented and virtual reality, digital twins,
and sophisticated machine learning algorithms highlight the
breadth of innovation available to practitioners and policymakers.

However, the integration of Al into healthcare also presents
significant challenges. These include ethical concerns, privacy
violations, and security risks. Issues related to responsibility,
transparency, data privacy, and equitable access must be addressed
to ensure the responsible use of AI in society. The risk of
worsening healthcare disparities, combined with the "black box"
nature of many Al systems, underscores the need for strong
regulatory frameworks and interpretable AI models. Additionally,
healthcare professionals must adapt their workflows to function
effectively in Al-supported environments, while patients must
learn to trust and interact with these technologies.

Evidence suggests that AI will not replace physicians but will
instead serve as a powerful tool to augment their capabilities.
By reducing workloads, streamlining operations, and enhancing
services, Al can enable doctors to focus more on patient-centered
care. Nevertheless, successful implementation requires the
integration of technological innovation with ethical frameworks,
inclusive policies, and continuous education for both healthcare
providers and patients.

Looking ahead, research should investigate the future
implications of AI in healthcare, including patient attitudes,
effectiveness across medical domains, and the moral frameworks
guiding its use. Educational initiatives will be essential to prepare
the next generation of healthcare professionals to collaborate
effectively with Al systems. Ultimately, the power of Al lies not in
replacing human expertise but in complementing it—creating a
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healthcare system that is more efficient, equitable, and responsive
to society’s needs.
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