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ABSTRACT

Artificial intelligence (Al) is progressively revolutionizing healthcare via its applications in clinical decision
assistance, medical diagnostics, individualized treatment, patient surveillance, and administrative functions. In
Malaysia, the implementation of Al is hindered by issues related to digital infrastructure, data integrity and
interoperability, workforce skills, governance, privacy concerns, cybersecurity threats, algorithmic bias, and
ethical responsibility. Despite the increasing research on Al in healthcare, existing studies tend to explore these
concerns independently, with inadequate integration of Malaysian and worldwide evidence into a theoretically
grounded framework defining the circumstances required for responsible Al adoption in Malaysia. This
conceptual paper addresses this gap through a structured literature review and conceptual synthesis of literature
published between 2020 and 2026. The synthesis recognizes Al preparedness, digital infrastructure, workforce
competence, governance, and ethical protections as interconnected factors affecting AI implementation and
healthcare results. Using the Technology-Organization-Environment (TOE) framework, the study develops a
Malaysia-specific conceptual framework and proposes a stakeholder-based implementation roadmap involving
government, regulators, healthcare organizations, healthcare professionals, technology developers, and patients.
The paper makes a theoretical contribution by integrating technological, organizational, environmental, and
ethical factors into a framework for understanding Al adoption in healthcare, as well as a practical contribution
by identifying measurable Malaysian implementation priorities. The results indicate that the deployment of
sustainable Al necessitates technological preparedness alongside robust governance, workforce enhancement,
ethical protections, stakeholder involvement, and ongoing assessment.

Keywords: Artificial Intelligence, Healthcare, Machine Learning, Digital Health, Clinical Decision Support,
Ethics, Healthcare Innovation

INTRODUCTION

Global healthcare systems are under escalating strain from aging populations (Jakobsen & Christiansen, 2024;
World Health Organization, 2025), the rising incidence of chronic diseases, increasing healthcare expenditures,
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and a deficit of healthcare personnel (McPake et al., 2024; World Health Organization [WHO], 2025). These
problems have prompted healthcare firms to use cutting-edge technology that improve efficiency while
providing high-quality patient care. Among these technologies, artificial intelligence (AI) has emerged as one of

the most promising advancements for altering healthcare delivery (Alsehani, 2026; Razaki, 2026; Chan et al.,
2026; Garg, 2025; Dhar et al., 2024; Mahusin et al., 2024; Ali, 2023).

Artificial intelligence includes computational frameworks that can execute functions usually necessitating
human intellect, like data analysis, pattern recognition, predictive modelling, natural language comprehension,
and facilitating intricate decision-making (Irene, 2025; Chong et al., 2025; Fahim et al., 2025; Maity & Saikia,
2025; Koo et al., 2024; Wang & Zhang, 2024). In other words, Al refers to the use of technology to create systems
that resemble human cognition and intelligence (Lee & Mohamad, 2026; Mishra & Kumar, 2024). Artificial
intelligence comprises various technologies, such as machine learning, deep learning, natural language
processing, computer vision, robotics, and predictive analytics.

These technologies empower healthcare organizations to swiftly and precisely interpret substantial quantities o
f medical data, yielding significant insights that facilitate clinical decision-making and patient management.

In today's quickly developing technology, the number of innovations is increasing (Bhowmik & Sanyal, 2025;
Mohd Hashim et al., 2025; Hasim et al., 2025; Nasir et al., 2024; Zhang, 2024). Al usage has accelerated across
a variety of healthcare settings. Al algorithms help radiologists evaluate medical pictures, forecast disease
progression, identify patients at risk for problems, support tailored treatment planning, enable robotic-assisted
procedures, and automate administrative tasks (Wenderott et al., 2024; Knudsen et al., 2024; Buijs et al., 2024).
During the COVID-19 pandemic, Al was effective in disease surveillance, vaccine research, patient triage, and
resource allocation, demonstrating its ability to boost healthcare systems during public health emergencies
(Tahernejad et al., 2024; Wang et al., 2024).

Malaysia has proactively adopted digital transformation as a component of its national development strategy.
Government programs advocating for digital health, electronic health records, telemedicine, big data analysis,
and artificial intelligence advancements have facilitated the incorporation of intelligent technologies into
healthcare services. Public and private healthcare organizations are progressively investigating the utilization of
Al'in imaging, pathology, predictive analytics, hospital administration, and patient interaction (Lee & Mohamad,
2026; Chan et al., 2026; Fahim et al., 2025; Faiyazuddin et al., 2025; Karrar et al., 2025). The insights acquired
during the COVID-19 pandemic underscored the significance of digital technology, such as Al, in disease
monitoring, contact tracing, telemedicine, healthcare resource allocation, and public health policymaking.

Notwithstanding these encouraging advancements, the integration of Al in Malaysian healthcare is still at a
nascent phase when juxtaposed with more digitally sophisticated healthcare systems. The application of Al is
fraught with various technological, ethical, legal, and organizational obstacles (Abdelwanis et al., 2026; Khattak
et al.,, 2025; Pruski, 2025). Healthcare organizations frequently face issues pertaining to patient privacy,
cybersecurity, algorithmic bias, transparency, accountability, and regulatory compliance.

Numerous obstacles persist that hinder extensive adoption, such as disjointed healthcare data, variable
interoperability among health information systems, scarcity of high-quality clinical datasets, apprehensions
regarding patient privacy and cybersecurity, ethical and legal ambiguities, inadequate Al proficiency among
healthcare practitioners, financial limitations, and disparate digital infrastructure across various regions of the
nation.

The successful integration of Al into Malaysia's healthcare system requires not only technological advancement
but also comprehensive governance, supportive regulatory frameworks, interdisciplinary collaboration,
workforce development, and public engagement. Investments in digital infrastructure, standardized health data
management, ethical Al governance, and capacity building will be essential to maximize Al's benefits while
minimizing associated risks.
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Furthermore, healthcare professionals may be reluctant to depend on Al systems due to apprehensions about
accuracy, explainability, and the possible obsolescence of human expertise. These difficulties necessitate
meticulous deliberation to guarantee the responsible and equitable implementation of Al technologies.

Due to the swift progress of Al technologies and their increasing integration in healthcare, it is essential to
consolidate existing knowledge about the advantages and drawbacks of Al. The purpose of this conceptual paper
is to analyze existing literature on Al in healthcare, identify potential and difficulties, and discuss future research,
policy, and practice approaches. Accordingly, this study aims to critically synthesise Malaysian and international
literature on Al adoption in healthcare, identify the technological, organisational, workforce, governance, and
ethical factors influencing Al readiness and adoption in Malaysia, develop a theoretically grounded conceptual
framework explaining the relationships among Al readiness, Al adoption, and healthcare outcomes and propose
a Malaysia-specific implementation roadmap with stakeholder responsibilities and measurable policy and
performance indicators.

Despite the growing body of literature on artificial intelligence (Al) in healthcare, several gaps remain. First,
existing international studies have predominantly examined AI adoption from technological, clinical, or
organisational perspectives, while Malaysian studies remain relatively fragmented across issues such as digital
infrastructure, ethics, governance, workforce readiness, and specific Al applications. Consequently, there is
limited integration of these dimensions into a single framework that explains how they collectively influence Al
adoption and healthcare outcomes in the Malaysian context. Second, much of the existing literature focuses on
the potential benefits and challenges of Al without sufficiently examining the contextual conditions that
determine whether Al can be implemented responsibly and sustainably within Malaysia's healthcare system.
Third, limited attention has been given to translating theoretical insights into a practical implementation pathway
involving the key stakeholders responsible for Al adoption.

To address these gaps, this study develops a Malaysia-specific, theoretically grounded conceptual framework
that integrates organisational Al readiness, digital infrastructure, workforce capability, governance, and ethical
safeguards as interrelated determinants of AI adoption and healthcare outcomes. The study synthesises
Malaysian and international literature to identify contextual barriers and enabling conditions and translates these
findings into a stakeholder-based implementation roadmap with measurable policy and performance indicators.
In doing so, the study contributes not only to the theoretical understanding of Al adoption in healthcare but also
provides practical guidance for responsible and sustainable Al implementation in Malaysia.

LITERATURE REVIEW

Artificial Intelligence in Healthcare

Artificial Intelligence has emerged as a crucial element in the digital transformation of healthcare. Al
technologies empower healthcare providers to rapidly analyze extensive datasets, enhance diagnostic precision,
forecast disease outcomes, and manage healthcare operations (Bhatt et al., 2025; El Arab & Al Moosa, 2025;
Chinta et al., 2025). Machine learning algorithms discern patterns from clinical data, whereas deep learning
methodologies have considerably enhanced the interpretation of medical images. Natural language processing
improves the extraction of useful information from electronic health records, allowing for more informed
therapeutic decisions.

Healthcare organizations are progressively employing Al in radiology, pathology, cardiology, cancer,
ophthalmology, and primary care. Al-powered clinical decision support systems help doctors by suggesting
evidence-based diagnosis and treatment alternatives (Nojomi et al., 2025; Lee et al., 2025; Sutton et al., 2024).
Al enhances hospital management through the optimization of scheduling, resource allocation, and workflow
efficiency. Existing research suggests that Al can help healthcare workers with disease diagnosis, treatment
planning, predictive analytics, medical imaging interpretation, medication discovery, and administrative process
optimization (Aldosari, 2026; Chong et al., 2025; Sadr et al., 2025).

Research from advanced nations indicates that Al-driven diagnostic tools attain significant precision in
identifying ailments including breast cancer, diabetic retinopathy, cardiovascular disorders, and lung cancer
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(Bhatt et al., 2025; Alshammari et al., 2025; Kanan et al., 2024; McGenity et al., 2024). Artificial intelligence
further enhances precision medicine by amalgamating genomic, clinical, and lifestyle information to propose
individualized therapeutic approaches. Furthermore, Al-powered telemedicine and remote patient monitoring
have increased healthcare accessible, especially since the COVID-19 epidemic.

International studies have demonstrated substantial improvements in diagnostic performance through Al-assisted
medical imaging. However, evidence from high-income healthcare systems cannot be directly generalised to
Malaysia because Al performance depends partly on the availability, quality, diversity, and interoperability of
clinical datasets. Malaysian healthcare institutions operate within a more heterogeneous digital environment,
with differences in infrastructure and health information systems between public and private facilities and
between urban and rural settings. Therefore, high reported accuracy in international studies does not necessarily
guarantee equivalent clinical performance or implementation feasibility in Malaysia.

In the Malaysian landscape, the implementation of Al has progressively risen due to national digital
transformation efforts and investments in healthcare advancements. Public and private healthcare facilities have
commenced the integration of Al-enhanced imaging, predictive analytics, electronic health records, and
telemedicine services (Fahim et al., 2025; Faiyazuddin et al., 2025). Research organizations and academic
institutions have also created Al applications for disease forecasting, medical imaging analysis, and healthcare
resource administration.

Notwithstanding these advancements, the literature uniformly highlights numerous obstacles to the adoption of
Al in Malaysia (Chan et al., 2026; Lee & Mohamad, 2026; Chong et al., 2025; Phang et al., 2024). These
encompass disjointed healthcare information systems, restricted interoperability, inadequate high-quality clinical
datasets, apprehensions about patient privacy and cybersecurity, ambiguous legal and ethical frameworks, a
deficit of Al-proficient healthcare practitioners, and disparities in digital infrastructure between urban and rural
healthcare establishments.

Contemporary studies underscore the significance of explicable Al, transparent governance, human-centric Al
design, and interdisciplinary collaboration to facilitate responsible Al implementation (Kim et al., 2025; Ridley
etal., 2025; Roy et al., 2026). Although Malaysia has launched various national digital projects, additional policy
advancement, regulatory enhancement, and investment in digital health infrastructure are essential to expedite
the integration of Al into healthcare.

Previous research indicate that Al has significant potential to improve healthcare quality, efficiency, and
accessibility (Koo et al., 2024; El Arab & Al Moosa, 2025; Alzghoul et al., 2024). Nonetheless, optimizing these
advantages necessitates collaborative endeavours among governmental bodies, healthcare organizations,
technology suppliers, academic scholars, and medical practitioners.

Besides that, other prospects of artificial intelligence in healthcare are enhanced diagnostic precision. Al has
shown amazing accuracy in interpreting medical pictures such as X-rays, CT scans, MRI scans, and retinal
imaging (Sabri et al., 2025; Eskandar, 2025). Machine learning algorithms can detect nuanced irregularities that
might be missed in manual assessments, resulting in earlier diagnoses and enhanced therapeutic results
(Rajpurkar et al., 2024; Topol, 2025).

The subsequent prospects of artificial intelligence encompass tailored medicine. Artificial intelligence facilitates
customized healthcare by examining individuals' genetic data, lifestyle elements, medical backgrounds, and
clinical information to propose tailored treatment strategies (Liu et al., 2025; Maity & Saikia, 2025).
Personalized medicine minimizes needless treatments while increasing clinical efficacy. Next is clinical decision
support. Al-powered decision support systems deliver evidence-based suggestions to healthcare providers,
enhancing diagnostic uniformity and treatment planning (Ouanes & Farhah, 2024; Kim et al., 2024; Elhaddad et
al., 2024). These solutions minimize human error and help professionals manage complex medical problems.

Subsequently is remote patient monitoring. Wearable technology infused with artificial intelligence facilitates
ongoing surveillance of those suffering from chronic illnesses (Jafleh et al., 2024; Sameh et al., 2025; Liu et al.,
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2025). Artificial intelligence evaluates physiological data instantaneously, enabling healthcare professionals to
identify preliminary indicators and take action prior to the onset of difficulties. Apart of that, artificial
intelligence is also giving administrative efficiency. Healthcare firms are rapidly using Al to automate
scheduling, paperwork, invoicing, and patient data management (Aldosari, 2026; Bracken et al., 2025; Kunze et
al., 2025). Automation alleviates administrative responsibilities and enables healthcare practitioners to dedicate
more time to direct patient care.

Barriers to AI Adoption in Healthcare
Data Privacy and Security

Artificial intelligence systems necessitate a substantial amount of patient information for their training and
functionality. The aggregation, retention, and dissemination of confidential medical data provoke apprehensions
about privacy violations and cybersecurity risks. Adherence to national and international data protection laws is
crucial.

Algorithmic Bias and Equity

Al'models may produce biased outcomes if training datasets are not representative of diverse patient populations.
Biased algorithms can contribute to healthcare inequalities by generating less accurate predictions for certain
demographic groups.

Transparency and Explainability

Numerous Al models function as "black boxes," complicating healthcare workers' comprehension of the
suggestion generation process. Restricted elucidation diminishes healthcare professionals' trust in Al-supported
determinations.

Ethical and Legal Accountability

The growing independence of Al systems prompts inquiries about responsibility in the event of diagnostic or
treatment mistakes. Informed consent, patient autonomy, justice, and equitable access to Al technologies are all
examples of ethical concerns.

Workforce Capability and Professional Trust

Effective Al integration necessitates that healthcare practitioners cultivate digital skills and comprehend Al-
enhanced decision-making processes. Opposition to technological advancement and insufficient Al proficiency
persist as obstacles in numerous healthcare institutions.

Malaysian and International Evidence: A Critical Synthesis

Dimension International Evidence | Malaysian Context Implication for
Malaysian Al
Adoption
Digital Infrastructure | Higher maturity in Uneven infrastructure Adoption requires
some high-income infrastructure
systems readiness

Data Large datasets and Fragmentation/interoperability Data governance is
established systems challenges essential
Workforce Increasing Al literacy | Skills remain uneven Training is necessary
programmes
Governance Developing regulatory | Healthcare-specific governance | Regulatory clarity is
frameworks needs strengthening important
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Ethics Increasing attention to | Similar issues with local Ethical safeguards
fairness and contextual concerns required
explainability

Adoption More mature Adoption remains emerging Phased
implementation in implementation is
some systems appropriate

The comparison indicates that Al adoption cannot be transferred directly from international healthcare systems
to Malaysia without considering contextual differences. International evidence demonstrates the potential of Al
to improve clinical and operational performance; however, these outcomes are often supported by mature digital
infrastructure, established data ecosystems, specialised workforce capabilities, and developed governance
mechanisms. In Malaysia, differences in digital maturity, data interoperability, workforce preparedness, and
regulatory capacity may affect the feasibility, scalability, and reliability of AI implementation. Therefore, Al
adoption in Malaysia requires a context-sensitive approach that integrates technological readiness with
organisational capability, governance, ethical safeguards, and stakeholder engagement.

Theoretical Foundation and Conceptual Framework
Theoretical foundation

The Technology-Organization-Environment (TOE) framework provides the theoretical basis for understanding
the deployment of artificial intelligence (Al) in healthcare. The TOE framework proposes that the adoption of
technological innovation is influenced by three interrelated contexts: technological, organisational, and
environmental factors. This viewpoint is suitable for analysing Al integration in healthcare, as effective
execution relies on both the accessibility and proficiency of Al technologies and the readiness of organizations,
along with the overarching regulatory and institutional context in which healthcare entity’s function.

In Malaysian healthcare, the technological context includes digital infrastructure, data quality, interoperability,
information systems, and the technical capabilities needed to implement and integrate Al technology. The
development, validation, and implementation of Al systems require adequate infrastructure as well as reliable,
accessible, and interoperable healthcare data. Consequently, technological preparedness serves as a crucial basis
for successful Al implementation.

The organizational context refers to healthcare organizations' internal capacities and readiness to embrace and
apply Al This encompasses organization preparation, workforce competency, leadership support, financial
resources, institutional capacity, and healthcare professionals' ability to operate effectively with Al-supported
systems. The proficiency of the workforce is crucial as healthcare practitioners need adequate digital and Al
literacy to comprehend, assess, and effectively implement Al-generated suggestions. Thus, the preparedness of
the organization and the proficiency of the workforce are anticipated to affect the degree to which healthcare
entities can convert technology possibilities into tangible AI implementation.

The environmental context encompasses external elements that influence technology adoption, such as
government laws, regulatory requirements, professional standards, market conditions, and stakeholder
expectations. Governance and regulatory structures are particularly critical in healthcare since Al applications
deal with sensitive patient information, clinical decision-making, accountability, and patient safety. Efficient
governance may establish frameworks for data safeguarding, cybersecurity, transparency, accountability, and
adherence to regulations, thus fostering an atmosphere conducive to responsible Al deployment.

While the TOE paradigm offers a valuable foundation for elucidating Al adoption, the integration of Al in
healthcare encompasses ethical factors that surpass traditional technology adoption. The suggested framework
incorporates ethical precautions, such as fairness, openness, explainability, privacy, accountability, informed
consent, and protection against algorithmic bias, as cross-cutting requirements for responsible Al deployment.
These protections are especially pertinent to the healthcare sector, since the assessment of technological
integration must consider not just efficiency and organizational advantages but also its effects on patient safety,
equity, autonomy, and trust.
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According to the TOE paradigm, this study defines Al ready as an integrated condition moulded by
technological, organizational, and environmental elements. Digital infrastructure and data preparedness serve as
crucial technology facilitators, whilst workforce competency and organizational preparedness act as
organizational facilitators. Governance and regulatory systems represent environmental circumstances, while
ethical protections serve as a cross-cutting factor that enables responsible implementation. These elements are
suggested to affect the adoption of Al, which may subsequently lead to enhanced clinical results, operational
efficiencies, and overall healthcare improvements. The proposed framework therefore extends the TOE
perspective by incorporating ethical safeguards as a cross-cutting dimension particularly relevant to the
responsible adoption of Al within the Malaysian healthcare context.

Proposed Conceptual Framework

AOTEE] Intell!gence Opportunities Barriers Future Directions Expected Outcomes
Technologies

*Machine Learning eImproved eData Privacy and eExplainable Al eImproved
oDeep Learning Diagnostic Security oStrong Governance Healthcare Quality
eNatural Language Accuracy e Algorithmic Bias and Policies eBetter Patient
Processing ePersonalized and Equity o|nterdiscip|inary Outcomes
eRobotics Medicine eTransparency and Collaboration eIncreased
«Computer Vision Clinical Decision Explainability oAl Education and Hegljchcare
Support eEthical and Legal Workforce Training Efficiency
eDrug Discovery Accountability eResponsible and eSustainable Al
eRemote Patient *Workforce patient-centered Al Adoption
Monitoring Capability and Implementation eEnhances Patient
eAdministrative Professional Trust Trust
Efficiency

This framework demonstrates that healthcare organizations can achieve successful Al implementation by
balancing technological innovation with ethical responsibility, regulatory compliance, and organizational
preparedness.

Development of the Conceptual Framework

Drawing on the TOE framework and the critical synthesis of Malaysian and international literature, this study
develops a conceptual framework for responsible Al adoption in Malaysian healthcare. The framework proposes
that Al adoption is influenced by the interaction of technological, organisational, and environmental conditions.
Digital infrastructure and data readiness represent key technological foundations, while workforce capability
and organisational readiness represent internal organisational conditions. Governance and regulatory
arrangements represent environmental conditions that shape the institutional context for AI implementation.
Ethical safeguards are incorporated as a cross-cutting condition because responsible healthcare Al requires
attention to transparency, explainability, fairness, privacy, accountability, and patient autonomy.

Digital infrastructure and data readiness represent key technological foundations, while workforce capability
and organisational readiness represent internal organisational conditions. Governance and regulatory
arrangements represent environmental conditions. The framework therefore moves beyond viewing Al adoption
as a purely technological process and conceptualises adoption as an organisational and institutional process
requiring technological readiness, human capability, governance, and ethical responsibility. Ethical safeguards
are positioned as a cross-cutting condition that influences the responsible implementation of Al across all stages
of adoption, rather than as a standalone TOE dimension.
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METHODOLOGY

This study adopts a conceptual paper methodology based on a structured literature review and conceptual
synthesis of existing literature. In contrast to empirical research, conceptual studies do not gather primary data;
rather, they synthesize existing information to formulate theoretical insights and suggest conceptual connections
among variables.

The examined literature encompasses peer-reviewed journal articles, conference proceedings, books, policy
papers, and publications from global entities including the World Health Organization (WHO) and the
Organisation for Economic Co-operation and Development (OECD). Sources published between 2020 and 2026
were chosen to ensure that the conversation reflects current breakthroughs in Al and healthcare.

The search strategy was conducted separately for Malaysian and international literature to enable contextual
comparison. Malaysia-focused search "artificial intelligence" OR "machine learning" OR "deep learning" OR
"generative AI" AND "healthcare" OR "health care" OR "hospital*" OR "clinical" AND "Malaysia" OR
"Malaysian" AND "adoption" OR "implementation" OR "readiness" OR "governance" OR "ethics". Meanwhile,
for international search "artificial intelligence" OR "machine learning" OR "deep learning" OR "generative Al"
AND "healthcare" OR "health care" OR "hospital*" OR "clinical" AND "adoption" OR "implementation" OR
"readiness" OR "governance" OR "ethics". The retrieved literature was subsequently compared thematically to
identify similarities, differences, contextual variations, and gaps between Malaysian and international evidence.

The selected literature was subjected to thematic synthesis through four stages. First, relevant findings were
extracted according to the study objectives. Second, recurring concepts relating to Al applications, readiness,
infrastructure, workforce capability, governance, ethics, adoption, and healthcare outcomes were coded. Third,
related codes were grouped into higher-order themes. Finally, the themes were compared across Malaysian and
international literature to identify areas of convergence, divergence, contextual differences, and research gaps.
These themes subsequently informed the development of the conceptual framework.

The inclusion criteria are publications from 2020-2026, healthcare-related Al research, Malaysian and relevant
international studies, peer-reviewed articles and relevant policy reports, and studies addressing Al adoption,
readiness, governance, ethics, infrastructure, workforce, or outcomes. Meanwhile, the exclusion criteria are
publications outside the selected period, Al research unrelated to healthcare, studies with no relevance to the
research objectives, duplicate records, and sources lacking substantive relevance to the conceptual framework.

The literature-selection process involved identification, screening, eligibility assessment, and final inclusion.
Retrieved records were first screened for relevance based on titles and abstracts, followed by full-text assessment
of potentially relevant publications. Duplicate records were removed before the final screening stage.
Publications were included when they met the predefined inclusion criteria and contributed evidence relevant to
Al adoption, readiness, infrastructure, workforce capability, governance, ethics, or healthcare outcomes. The
final literature set was then organised thematically for synthesis.

DISCUSSION

The literature suggests that Al readiness cannot be understood solely as the availability of technological
infrastructure. While international research shows that AI may deliver high diagnostic performance, its
deployment in Malaysia depends on the intersection of infrastructure, workforce capability, governance, and
organizational readiness. This implies that technological proficiency is a requisite yet inadequate criterion for
implementation. Specifically, deficiencies in interoperability and data integrity could restrict the applicability of
Al models created in extensively digitized healthcare settings.

Ethical considerations like transparency, accountability, informed consent, and explainability sway public and
professional adoption of Al technologies. Healthcare workers are more likely to believe Al advice when the
underlying reasoning is clear and practically applicable. Overall, artificial intelligence should augment rather
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than replace healthcare professionals. Human proficiency, compassion, moral judgment, and effective patient

interaction remain essential elements of superior healthcare that AI cannot completely replicate.

Malaysia-Specific Ai Healthcare Implementation Roadmap

Stakeholder Responsibility Implementation priority | Indicator
Government National Al-health Establish national National Al-health strategy
strategy and funding implementation implementation rate
priorities
Regulators Safety, privacy, Governance standards | % of Al systems meeting
accountability regulatory requirements
Hospitals Infrastructure and Pilot and evaluate Al Number/% of validated Al
implementation systems systems implemented
Healthcare Clinical oversight and | Training and human-Al | % of relevant professionals
Professionals Al literacy collaboration completing Al training
Technology Developers | Safe and interoperable | Validation, % of systems meeting
systems explainability and validation/interoperability
interoperability requirements
Patients Consent, participation | Patient-centred Patient trust/satisfaction
and feedback implementation

The proposed implementation roadmap consists of four sequential phases. Phase 1 focuses on readiness,
including the development of digital infrastructure, data governance, workforce capability, and regulatory
arrangements. Phase 2 involves controlled pilot implementation in selected healthcare settings, accompanied by
clinical validation, safety assessment, and stakeholder feedback. Phase 3 focuses on scaling validated Al
applications across appropriate healthcare institutions while strengthening interoperability and workforce
capacity. Phase 4 involves continuous monitoring and governance, including performance auditing, safety
surveillance, equity assessment, cybersecurity monitoring, and evaluation of clinical and operational outcomes.

CONCLUSION

This conceptual paper contributes to the literature by proposing an integrated framework in which Al readiness,
digital infrastructure, workforce capability, governance, and ethical safeguards jointly shape Al adoption and
subsequent healthcare outcomes. The synthesis also suggests that the Malaysian context demands an
implementation approach that accommodates for differences in digital development, workforce preparedness,
regulatory capability, and stakeholder trust. Consequently, the adoption of responsible Al should advance
through a staged deployment that includes government entities, regulatory bodies, healthcare organizations,
medical experts, technology creators, and patients.

In theory, the framework broadens the TOE perspective by including ethical protections as a cross-cutting
concern in healthcare Al deployment. Practically, the proposed implementation roadmap provides a coordinated
approach for government, regulators, healthcare organisations, healthcare professionals, technology developers,
and patients. Future empirical research should test the proposed relationships and examine whether the identified
factors predict Al adoption and healthcare outcomes across different Malaysian healthcare settings.

REFERENCES

1. Abdelwanis, M., Simsekler, M. C. E., Gabor, A. F., Sleptchenko, A., & Omar, M. (2026). Artificial
intelligence adoption challenges from healthcare providers’ perspectives: A comprehensive review and
future directions. Safety Science, 193, 107028. https://doi.org/10.1016/j.ss¢1.2025.107028

2. Aldosari, H. (2026). Artificial intelligence in healthcare administration and clinical informatics: A critical
review and governance roadmap. Healthcare, 14(11), 1497. https://doi.org/10.3390/healthcare14111497

3. Ali, M. (2023). A comprehensive review of Al's impact on healthcare: Revolutionizing diagnostics and
patient care. BULLET: Jurnal Multidisiplin llmu, 2(4), 1163—1173.

Page 2780
www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.1016/j.ssci.2025.107028
https://doi.org/10.3390/healthcare14111497

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume X Issue VIII August 2026

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Alsehani, F. N. (2026). Harnessing artificial intelligence and digital technologies for sustainable healthcare
delivery in Saudi Arabia: A comprehensive review, issues, and future perspectives. Sustainability, 18(3),
Article 1461. https://doi.org/10.3390/sul8031461

. Alshammari, R. D., Abu Haliga, W. M., & Majzoub, R. Y. (2025). Diagnostic accuracy of Al or DL-

enhanced technologies in the diagnosis of diabetic retinopathy: A systematic review. Journal of Medical
Imaging and Interventional Radiology, 12, Article 39. https://doi.org/10.1007/s44326-025-00083-w
Alzghoul, B. (2024). Impact of artificial intelligence on healthcare quality: A systematic review and meta-
analysis. The Open Public Health Journal, 17, Article e18749445181059.
https://doi.org/10.2174/0118749445181059240201054546

Bhatt, J., Jain, S., & Bhatia, D. D. (2025). Artificial intelligence (Al) in healthcare diagnosis: Evidence-
based recent advances and clinical implications. Sensors & Diagnostics, 4, 1047-1059.
https://doi.org/10.1039/D5SD00146C

Bhowmik, T & Sanyal, C. (2025). The Role of Al in Enhancing Human Creativity and Productivity.
Brainwave: A Multidisciplinary Journal, 6(2), 1050—1062.

Bracken, A., Reilly, C., Feeley, A., Sheehan, E., Merghani, K., & Feeley, L. (2025). Artificial Intelligence
(AD)-powered documentation systems in healthcare: A systematic review. Journal of Medical Systems, 49,
Article 28. https://doi.org/10.1007/s10916-025-02157-4

Buijs, E., Maggioni, E., Mazziotta, F., Lega, F., & Carrafiello, G. (2024). Clinical impact of artificial
intelligence in radiology department management: A systematic review. La Radiologia Medica, 129, 1656—
1666. https://doi.org/10.1007/s11547-024-01880-1

Chan, T. W. Y., Chu, S. Y., Wong, J. E., Chai, S. C., Smith, G., Garraffa, M., & Unicomb, R. (2026).
Artificial intelligence in Malaysian health practice: Perspectives from allied health professionals.
DIGITAL HEALTH, 12, 1-10. https://doi.org/10.1177/20552076261430227

Chinta, S. V., Wang, Z., Palikhe, A., Zhang, X., Kashif, A., Smith, M. A., Liu, J., & Zhang, W. (2025). Al-
driven healthcare: A review on ensuring fairness and mitigating bias. PLOS Digital Health, 4(5),
€0000864. https://doi.org/10.1371/journal.pdig.0000864

Chong, P. L., Vaigeshwari, V., Reyasudin, B. K. M., Noor Hidayah, R. A., Tatchanaamoorti, P., Yeow, J.
A., & Kong, F. Y. (2025). Integrating artificial intelligence in healthcare: Applications, challenges, and
future directions. Digital Health. Advance online publication.
https://doi.org/10.1080/20565623.2025.2527505

Dhar, S. K., Navya, K., Seth, K., Sharma, D., Singh, S. K., & Patil, S. (2024). Enhancing clinical decision
support systems with big data and Al in medical informatics. Seminars in Medical Writing and Education,
3, 503. https://doi.org/10.56294/mw2024503

El Arab, R. A., & Al Moosa, O. A. (2025). Systematic review of cost effectiveness and budget impact of
artificial intelligence in healthcare. npj Digital Medicine, 8, Article 548. https://doi.org/10.1038/s41746-
025-01722-y

Elhaddad, M., Hamam, S., & others. (2024). Al-driven clinical decision support systems: An ongoing
pursuit of potential. Cureus, 16(4), e57964. https://doi.org/10.7759/cureus.57964

Eskandar, K. (2025). Artificial intelligence in CT imaging: A systematic review of diagnostic accuracy,
clinical decision-support impact, and integration pathways. iRADIOLOGY, 3(6), 434-445.
https://doi.org/10.1002/ird3.70046

Fahim, Y. A., Hasani, I. W., Kabba, S., & Ragab, W. M. (2025). Artificial intelligence in healthcare and
medicine: Clinical applications, opportunities, challenges, and future directions. Military Medical
Research, 12. https://doi.org/10.1186/s40001-025-03196-w

Fahim, Y. A., Hasani, I. W., Kabba, S., & Ragab, W. M. (2025). Artificial intelligence in healthcare and
medicine: Clinical applications, therapeutic advances, and future perspectives. European Journal of
Medical Research, 30, Article 848. https://doi.org/10.1186/s40001-025-03196-w

Faiyazuddin, M., et al. (2025). The impact of artificial intelligence on healthcare. Cureus.
https://pme.ncbi.nlm.nih.gov/articles/PMC11702416/

Garg, H. R. (2025). The use of artificial intelligence in clinical decision making: A comprehensive analysis
of current applications, challenges, and future directions. Journal of Emerging Technologies and
Innovative Research, 12(8), g206.

Page 2781

www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.3390/su18031461
https://doi.org/10.1007/s44326-025-00083-w
https://doi.org/10.2174/0118749445181059240201054546
https://doi.org/10.1039/D5SD00146C
https://doi.org/10.1007/s10916-025-02157-4
https://doi.org/10.1007/s11547-024-01880-1
https://doi.org/10.1177/20552076261430227
https://doi.org/10.1371/journal.pdig.0000864
https://doi.org/10.1080/20565623.2025.2527505
https://doi.org/10.56294/mw2024503
https://doi.org/10.1038/s41746-025-01722-y
https://doi.org/10.1038/s41746-025-01722-y
https://doi.org/10.7759/cureus.57964
https://doi.org/10.1002/ird3.70046
https://doi.org/10.1186/s40001-025-03196-w
https://doi.org/10.1186/s40001-025-03196-w
https://pmc.ncbi.nlm.nih.gov/articles/PMC11702416/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume X Issue VIII August 2026

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hasim, M. A., Jabar, J., Md Isa, N. A., Vijayakumaran, N., & Huat, S. Y. (2025). Exploring the challenges
of e-learning in the post-pandemic educational landscape: A qualitative approach. International Journal of
Academic  Research in  Progressive  Education and  Development,  14(3), 764-776.
https://doi.org/10.6007/IJARPED/v14-13/26066

Irene, N. J. (2025). Artificial intelligence in predictive healthcare analytics. IAA Journal of Biological
Sciences, 13(1), 67—74. https://doi.org/10.59298/IAAJB/2025/1316774

Jafleh, E. A., Alnagbi, F. A., Almaeeni, H. A., Fageeh, S., Alzaabi, M., & Al Zaman, K. (2024). The role
of wearable devices in chronic disease monitoring and patient care: A comprehensive review. Cureus,
16(9), €68921. https://doi.org/10.7759/cureus.68921

Jakobsen, M., & Christiansen, T. (2024). Aging populations and expenditures on health. Journal of the
Economics of Ageing, 29, 100518. https://doi.org/10.1016/j.je0a.2024.100518

Kanan, M., Alharbi, H., Alotaibi, N., Almasuood, L., Aljoaid, S., Albraik, L., Alothman, W., Aljohani, H.,
& Mufti, A. (2024). Al-driven models for diagnosing and predicting outcomes in lung cancer: A systematic
review and meta-analysis. Cancers, 16(3), 674. https://doi.org/10.3390/cancers16030674

Karrar, H. R., Nouh, M. L., Kufyah, M. T., Alshehri, A. M., Zuhair, R. M., Alanazi, A. H., Alahmari, F. A.,
Alqgarni, M. Y. B., Alzahrani, S. J. S., Ghzwani, A. G., Almugqati, A. O., Ghzwani, A. G., Aldhuwayhi, M.
I., & Alharbi, T. O. A. (2025). The role of artificial intelligence in advancing hospital management
information systems: Review article. Saudi Journal of Clinical Pharmacy, 4(1), 15-23.
https://doi.org/10.4103/sjcp.sjcp_42 24

Khattak, M., Bowness, J. S., Yonis, R., Kierkegaard, P., McGregor, A., & Perry, D. C. (2025). Navigating
the barriers and facilitators to implementation of Al in healthcare: A scoping review. The Bone & Joint
Journal, 107-B(7), 666—672.

Kim, C., Gadgil, S. U., & Lee, S.-1. (2025). Transparency of medical artificial intelligence systems. Nature
Reviews Bioengineering, 4, 11-29. https://doi.org/10.1038/s44222-025-00363-w

Kim, S. Y., Kim, D. H., Kim, M. J., Ko, H. J., & Jeong, O. R. (2024). XAl-based clinical decision support
systems: A systematic review. Applied Sciences, 14(15), 6638. https://doi.org/10.3390/app14156638
Knudsen, J. E., Ghaffar, U., Ma, R., & Hung, A. J. (2024). Clinical applications of artificial intelligence in
robotic surgery. Journal of Robotic Surgery, 18, Article 102. https://doi.org/10.1007/s11701-024-01867-0
Koo, T. H., Zakaria, A. D., Ng, J. K., & Leong, X. B. (2024). Systematic review of the application of
artificial intelligence in healthcare and nursing care. Malaysian Journal of Medical Sciences, 31(5), 135—
142. https://doi.org/10.21315/mjms2024.31.5.9

Kunze, K. N., Bepple, J., Bedi, A., Ramkumar, P. N., & Pean, C. A. (2025). Commercial products using
generative artificial intelligence include ambient scribes, automated documentation and scheduling,
revenue cycle management, patient engagement and education, and prior authorization platforms.
Arthroscopy: The Journal of Arthroscopic & Related Surgery. https://doi.org/10.1016/j.arthro.2025.05.021
Lee, P., Bubeck, S., & Petro, J. (2025). Benefits, limits, and risks of GPT-4 as an Al chatbot for medicine.
New England Journal of Medicine, 392, 102—105. https://doi.org/10.1056/NEJMsr2306745

Lee, S.-H., & Mohamad, 1. (2026). Artificial intelligence foundation models in healthcare: A Malaysian
perspective. Medical Journal of Malaysia, 81(1), 1-5.

Liu, Y., Chen, Y., Zhang, J., & Wang, X. (2025). Artificial intelligence in precision medicine: Transforming
personalised healthcare through data-driven approaches. Journal of Translational Medicine, 23, Article
156. https://doi.org/10.1186/5s12967-025-06200-5

Liu, Y., Wu, Y., Ren, H.-X., Wu, S., Hong, J., Du, J., Sun, M., Lin, Z.-H., & Miao, Y.-B. (2025). Integrating
wearable devices with Al to explore a disease world spanning time and space. Nano Energy, 128, 111481.
https://doi.org/10.1016/j.nanoen.2025.111481

Mahusin, N., Sallehudin, H., & Mohd Satar, N. S. (2024). Malaysia public sector challenges of
implementation  of  artificial  intelligence = (Al). [EEE  Access, 12, 121035-121051.
https://doi.org/10.1109/ACCESS.2024.3448311

Maity, S., & Saikia, M. J. (2025). Large language models in healthcare and medical applications: A review.
Bioengineering, 12(6), 631. https://doi.org/10.3390/bioengineering12060631

McGenity, C., Clarke, E. L., Jennings, C., Matthews, G., Cartlidge, C., Freduah-Agyemang, H., & others.
(2024). Artificial intelligence in digital pathology: A systematic review and meta-analysis of diagnostic
test accuracy. npj Digital Medicine, 7, Article 114. https://doi.org/10.1038/s41746-024-01106-8

Page 2782

www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.6007/IJARPED/v14-i3/26066
https://doi.org/10.59298/IAAJB/2025/1316774
https://doi.org/10.7759/cureus.68921
https://doi.org/10.1016/j.jeoa.2024.100518
https://doi.org/10.3390/cancers16030674
https://doi.org/10.4103/sjcp.sjcp_42_24
https://doi.org/10.1038/s44222-025-00363-w
https://doi.org/10.3390/app14156638
https://doi.org/10.1007/s11701-024-01867-0
https://doi.org/10.21315/mjms2024.31.5.9
https://doi.org/10.1016/j.arthro.2025.05.021
https://doi.org/10.1056/NEJMsr2306745
https://doi.org/10.1186/s12967-025-06200-5
https://doi.org/10.1016/j.nanoen.2025.111481
https://doi.org/10.1109/ACCESS.2024.3448311
https://doi.org/10.3390/bioengineering12060631
https://doi.org/10.1038/s41746-024-01106-8

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume X Issue VIII August 2026

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

. McPake, B., Dayal, P., Zimmermann, J., & Williams, G. A. (2024). How can countries respond to the
health and care workforce crisis? Insights from international evidence. International Journal of Health
Planning and Management, 39(3), 879—887. https://doi.org/10.1002/hpm.3766

Mishra, P., & Kumar, A. (2024). Adoption of Al technologies in hospitals: Effects on consumer behaviour
and health outcomes. Journal of Medicinal and Pharmaceutical Chemistry Research.
https://doi.org/10.48309/JMPCR.2025.474077.1396

Mohd Hashim, S. H., Nasir, N. F. B., & Jyn, S. T. H. (2025). Adopting virtual reality learning in higher
education institution: Reviewing literature from the past studies. Journal of Information Systems
Engineering and Management, 10(6s), 301-304. https://doi.org/10.52783/jisem.v10i6s.723

Nasir, M. N. F,, Jaapar, 1., Effendi, W. M. S., Sharif, F. M., Mamat, K., & Nasir, N. F. (2024). Client
happiness through enhanced quality and maintained human ingenuity: The part artificial intelligence can
play in the design industry. International Journal of Research and Innovation in Social Science, 8(3).
https://dx.doi.org/10.47772/1JRISS.2024.803331S

Nojomi M, Babaee E, Rampisheh Z, Roohravan Benis M, Soheyli M, Rady Raz N. (2025). AI-Powered
Clinical Decision Support Systems in Disease Diagnosis, Treatment Planning, and Prognosis: A Systematic
Review. Med J Islam Repub Iran, 16, 39:81. https://dx.doi.org/10.47176/myjiri.39.81

Ouanes, K., & Farhah, N. (2024). Effectiveness of artificial intelligence (Al) in clinical decision support
systems and care delivery. Journal of Medical Systems, 48, Article 74. https://doi.org/10.1007/s10916-
024-02098-4

Sabri, O., Al-Shargabi, B., & Abuarqoub, A. (2025). The role of artificial intelligence in improving
diagnostic accuracy in medical imaging: A review. Computers, Materials & Continua, 85(2), 2443-2486.
https://doi.org/10.32604/cmc.2025.066987

Sadr, H., Nazari, M., Khodaverdian, Z., Farzan, R., Yousefzadeh-Chabok, S., Ashoobi, M. T., Hemmati,
H., Hendi, A., Ashraf, A., Pedram, M. M., Hasannejad-Bibalan, M., & Yamaghani, M. R. (2025). Unveiling
the potential of artificial intelligence in revolutionizing disease diagnosis and prediction: A comprehensive
review of machine learning and deep learning approaches. European Journal of Medical Research, 30,
Article 418. https://doi.org/10.1186/s40001-025-02680-7

Sameh, A., Rostami, M., Oussalah, M., Korpelainen, R., & Farrahi, V. (2025). Digital phenotypes and
digital biomarkers for health and diseases: A systematic review of machine learning approaches utilizing
passive non-invasive signals collected via wearable devices and smartphones. Artificial Intelligence
Review, 58, Article 66. https://doi.org/10.1007/s10462-024-11009-5

Sutton, R. T., Pincock, D., Baumgart, D. C., Sadowski, D. C., Fedorak, R. N., & Kroeker, K. I. (2024). An
overview of clinical decision support systems: Benefits, risks, and strategies for success. npj Digital
Medicine, 7, Article 156. https://doi.org/10.1038/s41746-024-01100-4

Phang, K. C., Ng, T. C., Singh, S. K. G., Voo, T. C., & Alvis, W. A. (2024). Navigating artificial intelligence
in Malaysian healthcare: Research developments, ethical dilemmas, and governance strategies. Asian
Bioethics Review. https://doi.org/10.1007/s41649-025-00329-7

Pruski, M. (2025). Ethical challenges to the adoption of Al in healthcare: A review. The New Bioethics,
30(4), 251-267. https://doi.org/10.1080/20502877.2025.2541438

Rajpurkar, P., Chen, E., Banerjee, O., & Topol, E. J. (2024). Al in health and medicine. Nature Medicine,
30, 31-39. https://doi.org/10.1038/s41591-023-02731-0

Razaki, W. F. (2026). Artificial intelligence in healthcare management: Clinical applications, evidence,
governance, and implementation challenges. Health Economics Insights Journal, 1(1), 52-63.
https://doi.org/10.55942/heij.v1il.1861

Ridley, M., & Library, M. (2025). Human-centered explainable artificial intelligence: An Annual Review
of Information Science and Technology (ARIST) paper. Journal of the Association for Information Science
and Technology, 76, 98-120. https://doi.org/10.1002/as1.24889

Roy, R., Rani, M. B., Hordofa, D. F., & Mukherjee, S. (2026). Bridging human-Al collaboration in
healthcare: A systematic review of explainable Al applications. Discover Applied Sciences, 8, Article 154.
https://doi.org/10.1007/s42452-025-08176-7

Tahernejad, A., Sahebi, A., Abadi, A.S.S., & Safari, M. (2024). Application of artificial intelligence in
triage in emergencies and disasters: A systematic review. BMC Public Health, 24, 3203.
https://doi.org/10.1186/s12889-024-20447-3

Page 2783

www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.1002/hpm.3766
https://doi.org/10.48309/JMPCR.2025.474077.1396
https://doi.org/10.52783/jisem.v10i6s.723
https://dx.doi.org/10.47772/IJRISS.2024.803331S
https://dx.doi.org/10.47176/mjiri.39.81
https://doi.org/10.32604/cmc.2025.066987
https://doi.org/10.1186/s40001-025-02680-7
https://doi.org/10.1007/s10462-024-11009-5
https://doi.org/10.1038/s41746-024-01100-4
https://doi.org/10.1007/s41649-025-00329-7
https://doi.org/10.1080/20502877.2025.2541438
https://doi.org/10.1038/s41591-023-02731-0
https://doi.org/10.55942/heij.v1i1.1861
https://doi.org/10.1002/asi.24889
https://doi.org/10.1007/s42452-025-08176-7
https://doi.org/10.1186/s12889-024-20447-3

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (I1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume X Issue VIII August 2026

60.

61.

62.

63.

64.

. Topol, E. J. (2025). High-performance medicine: The convergence of human and artificial intelligence.
Nature Medicine. Advance online publication. https://doi.org/10.1038/s41591-025-03600-2

. Wang, Y.-Y., Zhang, W.-W., Lu, Z.-X., Sun, J.-L., & Jing, M-.X. (2024). Optimal resource allocation model

for COVID-19: A systematic review and meta-analysis. BMC Infectious Diseases, 24, Article 200.

https://doi.org/10.1186/s12879-024-09007-7

Wang, D., & Zhang, S. (2024). Large language models in medical and healthcare fields: Applications,

advances, and challenges. Artificial Intelligence Review, 57, Article 299. https://doi.org/10.1007/s10462-

024-10921-0

Wenderott, K., Krups, J., Zaruchas, F., & Weigl, M. (2024). Effects of artificial intelligence implementation

on efficiency in medical imaging—A systematic literature review and meta-analysis. npj Digital Medicine,
7, Article 265. https://doi.org/10.1038/s41746-024-01248-9

World Health Organization. (2021). Ethics and governance of artificial intelligence for health. World

Health Organization.

World Health Organization. (2025). Health workforce. https://www.who.int/health-topics/health-

workforce

Zhang, H. (2024). The impact of technological innovation on economic growth: A study based on relevant

cases. Advances in Economics, Management and Political Sciences, 139, 130-136.

https://doi.org/10.54254/2754-1169/2024.19289

65.

Page 2784

www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.1038/s41591-025-03600-2
https://doi.org/10.1186/s12879-024-09007-7
https://doi.org/10.1007/s10462-024-10921-0
https://doi.org/10.1007/s10462-024-10921-0
https://doi.org/10.1038/s41746-024-01248-9
https://doi.org/10.54254/2754-1169/2024.19289

