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Abstract

Digital healthcare signifies a groundbreaking shift in the way we access and manage medical services. 
This exciting new phase marries healthcare with state-of-the-art digital technologies, creating a vibrant 
era of patient-centered, data-driven care. Imagine a world where mobile health apps, telemedicine, 
electronic health records (EHRs), artificial intelligence (AI), machine learning (ML), cloud computing, 
and the Internet of Medical Things (IoMT) come together to redefine our health journeys. At its core, 
precision healthcare thrives on the synergy of varied biological and clinical data. The power behind this 
movement is fueled by key advancements like genomic sequencing, molecular imaging, electronic health 
records (EHRs), and artificial intelligence (AI) algorithms. Healthcare 5.0 adopts a comprehensive view 
of health, recognizing the crucial connections between mental, physical, and emotional wellness. With 
the help of wearable sensors tracking vital signs and virtual health coaches guiding personal wellness 
journeys, patients enjoy continuous support tailored to their specific lifestyles and needs. This Paper is 
about Digital Healthcare systems and specially focused on applications of ICT in healthcare domain, paper 
highlighted some of the emerging aspects viz. AI based Healthcare, Precision Healthcare, Healthcare 5.0, 
Virtual Health Assistant, and so on.

Keywords: Digital Healthcare, Healthcare Informatics, ICT in Healthcare, EHRs, Precision Healthcare, 
Sustainable Healthcare, AI in Healthcare, VHAs
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In our increasingly digital environment, this innovative approach leads to swifter diagnoses, more timely 
treatments, and greater access to healthcare—an absolute game-changer for individuals in remote or 
underserved areas. The blend of digital technology with traditional healthcare practices not only promises 
to elevate the quality of care we receive but also empowers us as patients to take charge of our own health 
journeys[2],[22]. Core Components of the Digital Healthcare Ecosystem are include—

�� Electronic Health Records (EHRs)-EHRs play a pivotal role in streamlining data sharing among 
healthcare providers, making coordinated care smoother and minimizing administrative hiccups. 
With real-time access to vital information like medical histories, prescriptions, allergies, and lab 
results, clinicians can make informed and precise decisions for your care[3],[13].

�� Telemedicine and Remote Consultations—Telemedicine stands out as one of the most 
transformative innovations, breaking down barriers between doctors and patients through virtual 
consultations. This is especially crucial for those in rural or isolated regions, where access to 
medical facilities can be a significant challenge.

�� Wearable Devices and the Internet of Medical Things (IoMT)—Think of smartwatches, fitness 
trackers, and connected health monitors—they’re not just gadgets; they continually gather crucial 
health metrics such as heart rates, blood oxygen levels, and sleep patterns. These devices form the 
backbone of the IoMT, relaying real-time health data to doctors, which allows for timely detection 
of potential issues and proactive intervention[5],[12],[26].

�� Artificial Intelligence and Machine Learning—AI and ML are revolutionizing the interpretation 
of complex medical data—from analyzing X-rays to predicting potential disease outbreaks. 
These groundbreaking technologies significantly enhance personalized medicine, facilitate early 
diagnoses, and accelerate drug development, improving both the speed and accuracy of medical 
decision-making.

�� Patient Engagement Platforms—With digital portals at our fingertips, managing appointments, 
accessing test results, receiving reminders, and even consulting with mental health professionals 
has never been easier! These platforms nurture a sense of ownership and engagement, which is 
vital for effective long-term health management and positive behavior change[10],[51].

Digital healthcare is here to transform our lives for the better and there are many beneficiaries as depicted 
in Fig. 1, making the journey towards wellness an exciting adventure!

Objective

The Paper entitled ‘Emerging Healthcare Systems with AI based Medicine, EHRs, VHAs, & Precision 
Healthcare: A Scientific Study’ is carried with the following aim and objective—

1.	 To know about the basics of Emerging aspects of Healthcare Sciences in respect of Information 
and Communication Technology.

2.	 To learn about the existing works on Health Informatics leading to AI based Medicine, VHAs, 
EHRs & Precision Healthcare including sustainable healthcare systems.
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3.	 To learn about the Artificial Intelligence applications in Healthcare and Medical Science domain 
and allied fields.

4.	 To know about the Electronic Health Record and Virtual Health Assistant in contemporary 
Healthcare Scenario.

5.	 To learn about the challenges and issues of Latest Healthcare Informatics practices specially above 
mentioned topics.

Fig. 1: Major benefeciaries of Digital Healthcare (Source: Hitachi Health)

Methods

This study, ‘Emerging Healthcare Systems with AI based Medicine, EHRs, VHAs, & Precision Healthcare: 
A Scientific Study’ is conceptual and entirely theoretical in nature and thus entirely prepared based on 
existing works appeared in books, journals, edited volumes, conference proceedings, and so on. All the 
works scientifically analyzed and reported here in different sections.

Existing Works

There are several work related to the topic ‘Emerging Healthcare Systems with AI based Medicine, EHRs, 
VHAs, & Precision Healthcare: A Scientific Study’ already been conducted and here some of them are 
listed alphabetically as under:
Alami, H. et al. (2022),[6] The report advocates for legislative measures to rectify these gaps, highlighting 
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the necessity for inclusive digital health policies that emphasize underprivileged communities. The 
authors assert that virtual care must be integrated judiciously to prevent exacerbating social disparities 
in healthcare access. 
Al-Assaf, K., Bahroun, Z., & Ahmed, V. (2024),[7] However, obstacles such as cybersecurity risks, data 
privacy concerns, and interoperability issues among different healthcare systems are highlighted. The 
report underlines the necessity for solid regulatory frameworks to ensure ethical and secure deployment. 
The authors conclude that while Healthcare 4.0 has enormous potential, its success depends on addressing 
technical, ethical, and policy-related hurdles. 
Cambaza, E. (2023),[16] A significant focus is on how microfinance solutions help low-income populations 
afford healthcare services. Challenges such as legislative loopholes, cybersecurity threats, and digital 
literacy restrictions are mentioned. The study indicates that while FinTech offers considerable potential 
to improve healthcare accessibility and sustainability, coordinated policy initiatives are important to 
achieve equal adoption and long-term impact. 
Chengoden, R. et al. (2023),[17] The paper suggests prospective research opportunities, including AI-
driven avatars for individualized patient care and decentralized data management. The authors conclude 
that while the metaverse holds enormous promise for healthcare, important infrastructural and ethical 
problems must be addressed for widespread use. 
Gagnon, R.J. (2022),[23] The author considers crucial issues such as financial management, personnel 
development, and technological adoption as critical to the success of home-based care models. The report 
identifies problems including staff shortages, regulatory compliance issues, and limited reimbursement 
methods for home healthcare services. Case studies highlight successful techniques, such as the 
incorporation of telemedicine to save costs and enhance patient outcomes. The study indicates that home 
healthcare sustainability depends on balancing cost effectiveness with high-quality patient-centered care, 
underlining the need for creative business models and regulatory assistance.
Hossain, Z. et al. (2024),[30] A important discussion is the change from fee-for-service models to 
outcome-based reimbursement systems, which promote quality over quantity. Challenges such as high 
implementation costs, data privacy concerns, and regulatory hurdles are addressed. The study indicates 
that sustainable healthcare expansion involves a balance between technology advancements and ethical 
issues, pushing for coordinated efforts among stakeholders. 
Ibrahim, M. et al. (2025),[31] the report underlines the necessity of encryption, blockchain, and AI-driven 
threat detection in securing patient data. Challenges like as resistance to change, high implementation 
costs, and compatibility concerns are mentioned. The report indicates that a comprehensive cybersecurity 
framework is crucial for sustainable EHR adoption, arguing for continued developments in security 
technologies. 
Krahe, M.A., Larkins, S.L. & Adams, N. (2024),[41] the study also underlines the impact of government 
policies in creating digital health strategy. The authors conclude that while Australia has achieved 
substantial progress in digital health adoption, continuous research and policy refinement are necessary 
to address accessibility and ethical concerns. 
Malviya, R. et al. (2025),[44] Digital Blockchain: Big Data, Artificial Intelligence, and Virtual Reality 
in Healthcare Ecosystem. This book analyzes the convergence of blockchain, big data, AI, and virtual 
reality (VR) in healthcare, stressing their cumulative potential to boost security, efficiency, and patient 
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involvement. The authors explore blockchain’s function in maintaining data integrity, AI’s applications in 
predictive diagnostics, and VR’s impact on medical training and remote patient care. The paper highlights 
important issues such as data interoperability, ethical considerations, and the high cost of deployment. 
The authors suggest that a well-integrated digital ecosystem can increase healthcare accessibility and 
efficiency, but underline the need for regulatory control and ethical frameworks to avoid dangers.
Mathura, P. et al. (2024),[46] The authors conclude that virtual home hospitals have the potential to 
change healthcare delivery, but require careful planning, investment, and policy alignment for successful 
deployment. 
Mishra, P. & Singh, G. (2023),[50] Internet of Medical Things Healthcare for Sustainable Smart Cities: 
Current Status and Future Prospects. Key obstacles include data security hazards, interoperability issues, 
and regulatory concerns. The paper identifies various solutions, including blockchain for safe data exchange 
and AI for predictive healthcare analytics. The authors suggest that IoMT can considerably enhance 
urban healthcare systems but requires sufficient infrastructure and legal frameworks for widespread use. 
Yenduri, G. et al. (2023),[73] Key concerns include high implementation costs, regulatory uncertainties, 
and cybersecurity threats. The survey highlights new research fields such as AI-powered virtual health 
assistants and blockchain-secured medical records. The authors conclude that while the metaverse has the 
potential to better healthcare delivery, its widespread acceptance depends on technology advancements, 
ethical considerations, and legislative development. 
Zeng, Y. et al. (2024),[75] The paper highlights problems such as computer literacy among older persons, 
accessibility limitations, and ethical concerns with AI-driven healthcare. The authors propose legislative 
solutions, including government subsidies for digital health devices and tailored educational initiatives 
for senior folks. The study finds that digital healthcare technologies can considerably increase geriatric 
care but require a patient-centered strategy to achieve inclusivity and efficacy.

AI Based Practices in Healthcare Systems

AI is transforming both vaccine development and predictive analytics in healthcare, making processes 
faster, more efficient, and data-driven. And there are several health benefits of AI based Healthcare as 
depicted in Fig. 2 (Source: TechTarget).

AI-Driven Vaccine Development

�� Accelerated Drug Discovery: AI models analyze vast datasets to identify potential vaccine 
candidates, significantly reducing development time.

�� Optimized Clinical Trials: AI helps design smarter trials by predicting patient responses and 
optimizing participant selection[4],[25].

�� Real-Time Monitoring: AI tracks clinical trial data, ensuring safety and efficacy while expediting 
regulatory approvals.

�� Vaccine Distribution Strategies: AI-powered models optimize logistics, ensuring equitable vaccine 
distribution.
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Predictive Analytics in Healthcare

�� Early Disease Detection: AI analyzes electronic health records (EHRs), medical imaging, and 
wearable device data to predict diseases before symptoms appear.

�� Personalized Treatment Plans: AI tailors treatments based on genetic profiles, improving patient 
outcomes.

�� Hospital Resource Optimization: AI forecasts patient surges, helping hospitals allocate resources 
efficiently[9],[37].

�� Epidemiological Surveillance: AI tracks infection patterns, predicts outbreak hotspots, and assists 
in vaccine planning.

Fig. 2: Some of the application zones of AI based Healthcare

AI Applications areas in Healthcare

AI is revolutionizing healthcare by making it more proactive and precise and there are other areas also 
opening up (as mentioned in Fig. 3, source Datafalir).

Breast Density Classification

Breast density classification is an important aspect of mammography, as it helps assess the amount of 
fibroglandular tissue relative to fat in the breast. The BI-RADS (Breast Imaging Reporting and Data 
System) classifies breast density into four categories:

�� Almost entirely fatty – The breast consists mostly of fat, making abnormalities easier to detect.

�� Scattered areas of fibroglandular density – Some dense tissue is present, but it does not 
significantly obscure mammographic findings.
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�� Heterogeneously dense – A considerable amount of dense tissue is present, which may obscure 
small masses.

�� Extremely dense – The breast is predominantly dense, reducing the sensitivity of mammography 
and making cancer detection more challenging[11],[28].

Dense breast tissue is common and can be influenced by factors such as genetics, age, and hormone 
therapy. Women with dense breasts may require additional screening methods, such as ultrasound or 
MRI, to improve cancer detection. Breast density is a significant factor in breast cancer risk and screening 
effectiveness. Women with dense breasts have a higher proportion of fibroglandular tissue, which can 
make it harder to detect tumors on mammograms. Studies indicate that the denser the breast, the greater 
the risk of developing breast cancer[1],[7]. Impact on Cancer Risk is as follows—

�� Increased Risk: Women with extremely dense breasts have a 1.83 times higher risk of developing 
breast cancer compared to those with low-density breasts.

�� Challenges in Detection: Dense tissue can obscure tumors, making mammograms less effective 
in detecting early-stage cancer.

Screening Recommendations regarding AI based Healthcare Systems are as follows for effective healthcare 
systems—

�� Mammography: Still the standard screening method, but its sensitivity decreases with increasing 
breast density[14],[29],[36].

�� Supplemental Screening: Women with dense breasts may benefit from breast MRI or ultrasound, 
which can detect cancers missed by mammograms.

�� Early Screening for High-Risk Groups: The American College of Radiology (ACR) recommends 
early screening for women with dense breasts and additional risk factors, such as genetic 
predisposition.

Given the complexities of breast density and cancer detection, personalized screening strategies are 
crucial. AI-driven breast cancer detection is transforming diagnostics by improving accuracy, efficiency, 
and accessibility[15],[21],[52]. Here are some emerging methods:

1. AI-Powered Mammography Analysis

AI models, such as those developed by ScreenPoint Medical, MIRAI, and iCAD, enhance mammogram 
interpretation by detecting calcifications, masses, and architectural distortions. These systems help 
radiologists identify subtle abnormalities that might be missed in traditional screenings.

2. Risk Assessment Models

AI integrates imaging data with genetic and lifestyle factors to predict long-term breast cancer risks. This 
enables personalized screening strategies, ensuring high-risk individuals receive early interventions[24],[27].



140

Paul et al.

Print ISSN : 2321-0745 Online ISSN : 2322-0465

3. AI-Enhanced Imaging Technologies

Advancements in digital breast tomosynthesis (3D mammography) and deep learning algorithms have 
improved detection rates while reducing false positives. AI-assisted imaging is becoming a standard in 
modern breast cancer diagnostics.

Fig. 3: AI based new age services in Healthcare

4. Chromosomal Analysis for Cancer Detection

Recent research suggests that chromosomal instability plays a role in breast cancer progression. AI-
powered analysis of chromosome properties could refine early detection and treatment strategies. AI 
is revolutionizing breast cancer detection, making screenings more precise and accessible. India faces 
a growing breast cancer burden, and AI integration is being explored to improve early detection and 
patient outcomes. AI-driven screening tools could help address disparities in healthcare access[18],[19],[54].

Medical imaging in Healthcare

Medical imaging is a crucial field in healthcare that enables the visualization of internal body structures 
for diagnosis, treatment planning, and research. It encompasses various techniques, including. Key 
Medical Imaging Modalities

�� X-ray Radiography – Uses X-rays to produce images of bones and tissues, commonly used for 
detecting fractures and infections.

�� Computed Tomography (CT) – Combines X-rays with computer processing to generate detailed 
cross-sectional images of organs and tissues.

�� Magnetic Resonance Imaging (MRI) – Utilizes strong magnetic fields and radio waves to create 
detailed images of soft tissues, such as the brain and muscles.

�� Ultrasound Imaging – Employs high-frequency sound waves to visualize organs, commonly used 
in prenatal screenings and cardiac assessments[20],[33].
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�� Positron Emission Tomography (PET) – Uses radioactive tracers to assess metabolic activity, 
aiding in cancer detection and neurological studies.

�� Fluoroscopy – Provides real-time moving images of internal structures, often used in procedures 
like angiography.

�� Hybrid Imaging (PET-CT, PET-MRI) – Combines multiple imaging techniques to enhance 
diagnostic accuracy.

Medical imaging plays a vital role in early disease detection, treatment monitoring, and surgical planning. 
Advances in AI and machine learning are further improving image analysis and interpretation. AI-driven 
medical imaging is transforming diagnostics and treatment planning by enhancing accuracy, efficiency, 
and accessibility[32],[39],[43]. Here are some key advancements:

1. AI-Powered Image Analysis

AI models, particularly deep learning algorithms, improve medical image interpretation by detecting 
subtle abnormalities that might be missed by human radiologists. These systems enhance diagnostic 
precision in detecting conditions such as cancer, neurological disorders, and cardiovascular diseases.

2. Automated Image Segmentation

AI assists in segmenting medical images, identifying structures like tumors, blood vessels, and organs 
with high precision. This capability is crucial for surgical planning and targeted therapies. AI is integrated 
into various imaging techniques, including MRI, CT, PET, and ultrasound, to improve image clarity and 
resolution. AI-driven enhancements help reduce noise and artefacts, leading to more reliable diagnoses.

AI in Radiomics & AI for Workflow Optimization

Radiomics, an emerging field, uses AI to extract quantitative features from medical images, aiding 
in disease characterization and prognosis. AI-driven radiomics is particularly useful in oncology for 
predicting tumour behavior and treatment response. AI streamlines radiology workflows by automating 
routine tasks, reducing interpretation time, and minimizing errors. This efficiency allows radiologists 
to focus on complex cases and improves overall healthcare delivery[34],[38]. AI is revolutionizing medical 
imaging, making diagnostics more precise and accessible.

AI based Electronic Health Record

An Electronic Health Record (EHR) is a digital version of a patient’s medical history, designed to 
streamline healthcare delivery by storing and sharing health information electronically. EHRs contain 
demographics, medical history, medications, allergies, immunization records, lab results, radiology 
images, and billing information. Key Benefits of EHRs:

�� Improved Accessibility – Healthcare providers can access patient records instantly, reducing 
paperwork and enhancing efficiency.
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�� Enhanced Coordination – EHRs facilitate seamless communication between different healthcare 
providers, improving patient care.

�� Data Security & Privacy – Modern EHR systems incorporate encryption and access controls to 
protect sensitive patient data.

�� Reduced Errors – Digital records minimize prescription errors and improve diagnostic 
accuracy[40],[42].

�� Population Health Insights – EHRs enable data-driven healthcare decisions, helping identify 
disease trends and improve public health strategies.

Challenges in EHR Implementation

�� Interoperability Issues – Different healthcare systems may struggle to exchange data efficiently.

�� Data Privacy Concerns – Ensuring compliance with regulations like HIPAA and GDPR is critical.

�� High Implementation Costs – Transitioning from paper records to EHRs requires significant 
investment.

EHRs are transforming healthcare by making patient data more accessible, secure, and actionable. AI-
driven advancements in Electronic Health Records (EHRs) are transforming healthcare by improving 
efficiency, interoperability, and patient care[35],[55].

AI-Driven EHR Advancements

�� Automated Data Entry & Documentation – AI-powered systems reduce administrative burdens 
by automatically transcribing physician notes and updating patient records.

�� Predictive Analytics for Patient Care – AI analyzes EHR data to predict disease progression, 
enabling early interventions and personalized treatment plans.

�� Interoperability Improvements – AI enhances data exchange between different healthcare systems, 
ensuring seamless access to patient records across institutions.

�� Enhanced Security & Privacy – AI-driven cybersecurity measures protect sensitive patient data 
from breaches and unauthorized access[45],[56].

�� Clinical Decision Support – AI integrates with EHRs to provide real-time recommendations, 
assisting physicians in making informed treatment decisions.

Regulatory Frameworks for AI in EHRs are include HIPAA (USA) – Ensures patient data privacy and 
security in AI-powered EHR systems, GDPR (EU) – Regulates AI-driven healthcare data processing to 
protect patient rights. FDA & EMA Guidelines i.e. Oversee AI-based medical applications are to ensure 
compliance and ethical use. AI is revolutionizing EHRs by making healthcare more efficient, secure, 
and data-driven.
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Precision Healthcare: Embracing Precision Healthcare: A 
Transformative Leap in Modern Medicine

Precision healthcare, often known as precision medicine, marks an exciting new chapter in the world of 
clinical practice. This innovative approach aims to customize medical care based on the distinct genetic, 
environmental, and lifestyle factors specific to each patient. Moving away from the outdated “one-size-
fits-all” approach that has long been prevalent, precision healthcare harnesses cutting-edge technologies 
to craft personalized preventive, diagnostic, and treatment strategies. This not only elevates clinical 
outcomes but also helps minimize potential side effects[18].

Core Principles and Technological Foundations

There are many reasons for the development of Precision Healthcare and these essential tools empower 
healthcare professionals to create comprehensive patient profiles. As a result, clinicians can better 
predict disease risk, tailor treatment plans, and closely monitor how effective those treatments are with 
unprecedented accuracy[10]. One of the most remarkable advancements can be seen in the oncology sector. 
With the advent of tumor genome profiling, cancer specialists can pinpoint specific genetic mutations and 
select targeted therapies that are more likely to lead to positive treatment outcomes[47],[58]. This personalized 
approach significantly reduces reliance on the traditional trial-and-error methods in cancer treatment, 
ultimately enhancing patient survival rates[24].

Emerging Applications: From Pharmacogenomics to Wearable Technologies

Pharmacogenomics plays a crucial role in precision healthcare by studying how genetic differences 
influence drug metabolism and effectiveness. This insight enables the development of medication plans 
that are not only safer but also more effective, thereby reducing harmful drug reactions and improving 
patient adherence to treatment[66]. Moreover, the rise of wearable biosensors and remote monitoring 
technologies has revolutionized health tracking in real-time[48],[62]. These advancements allow for timely 
interventions and foster an ongoing feedback mechanism that can adapt treatment paths dynamically[70]. 
AI-driven predictive models are also becoming a staple in routine healthcare. By sifting through vast 
amounts of data, these models can predict an individual’s risk of developing chronic conditions such as 
diabetes or heart disease, often years before any clinical signs appear. This remarkable predictive power 
highlights the preventive potential of precision healthcare and emphasizes the shift towards proactive 
care methodologies[60]. By embracing these innovations, the healthcare landscape is on the cusp of a 
thrilling transformation—one that promises to enhance patient care and redefine how medical treatments 
are delivered in the future.

Challenges and Considerations

Precision healthcare holds immense promise for transforming the way we approach medicine, but it 
also brings with it a slew of practical and ethical hurdles that we must navigate carefully. The high costs 
linked to genetic testing and data analysis stand as a major obstacle to how widely we can implement 
these groundbreaking advancements, especially in areas with limited resources[49],[64],[65]. There are also 
pressing concerns about data privacy and the ethical implications of using genetic information that could 
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lead to discrimination based on genetic risk factors. These issues require immediate attention to ensure we 
move forward responsibly [38]. Additionally, the healthcare community needs to develop standardized 
protocols for interpreting and utilizing complex biological data. This is crucial to guarantee that our 
clinical applications are both consistent and reliable.

Understanding Healthcare 5.0 & VHAs: The Human-
Technology Symbiosis in Future Healthcare

Healthcare 5.0 is ushering in an exciting era of change in the medical domain—an era where human 
compassion meets cutting-edge technology in a brilliant collaboration. Building on the foundations laid 
by Healthcare 4.0, which focused on digital transformation, automation, and harnessing vast amounts of 
data, Healthcare 5.0 takes a giant leap forward. It moves beyond mere efficiency to foster a healthcare 
system that is not only more personal and caring but also more resilient. At the heart of this groundbreaking 
shift is the spirit of Industry 5.0, which champions the synergy between human insight and technological 
prowess[59],[62].
Imagine a future where a smart healthcare ecosystem thrives, seamlessly integrating Artificial Intelligence 
(AI), the Internet of Things (IoT), 5G connectivity, robotics, blockchain technology, and immersive 
experiences through augmented and virtual reality (AR/VR). In this innovative landscape, healthcare 
professionals gain unparalleled access to real-time data and intelligent tools, empowering them to provide 
care that is finely tuned to the unique needs of each patient. This means patients will receive highly 
personalized care experiences that prioritize both their physical health and emotional well-being. Picture 
a hospital operating under the principles of Healthcare 5.0. Here, advanced predictive AI algorithms can 
anticipate the needs of the intensive care unit (ICU), robotic systems handle repetitive nursing tasks, and 
AR-enhanced surgeries improve precision in treatment—all of this allowing doctors to focus on what 
truly matters: engaging with their patients on a human level. With digital twin technologies simulating 
health trajectories, patients and clinicians can collaborate more effectively on treatment plans[61],[71]. 
One of the most remarkable aspects of Healthcare 5.0 is its emphasis on predictive and preventive care. 
AI-driven analytics can foresee disease outbreaks, assess individual health risks, and optimize resource 
distribution within healthcare networks. This proactive approach transforms healthcare from a reactive 
model into one that not only treats conditions but actively works to prevent them, leading to a healthier 
and more sustainable system. Moreover, this model is committed to increasing access to healthcare[63],[76]. 
Through sophisticated telemedicine platforms and AI support, individuals in remote or underserved areas 
can receive cutting-edge diagnostics and expert consultations, aligning perfectly with the global mission 
for equitable and inclusive healthcare for all.

Virtual Health Assistant: Basics with Applications

Virtual Health Assistant are applicable in wide range of activities and these areas are emerging (may also 
refer Fig. 4, Source: Narola Infotech) and this include as follows—

�� Appointment Management: With the help of chatbots, patients can schedule an appointment, or 
even cancel and move dates, easily on chatbots.
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�� Symptom Checkers: They provide preliminary assessments based on symptoms and suggest 
further action.

�� Chronic Disease Support: These chatbots remind patients to take their medication or schedule 
follow-up visits.

�� Mental Health Support: Such chatbots listen to the emotional issues of a user to encourage that user 
to discuss more serious issues, such as depression or anxiety, without any fear of judgment[66],[74].

�� Health Education: They give the user concise and exact information on diseases and preventive 
measures, helping them be empowered in the knowledge-making process.

Fig. 4: Advantages of VHAs in Healthcare Systems

Challenges and Limitations of Digital and Emerging 
Healthcare Systems

In times of global emergencies like the COVID-19 pandemic, we witnessed the remarkable value of digital 
healthcare tools. Telemedicine, AI-powered triage systems, and remote monitoring not only alleviated the 
pressure on hospitals but also ensured that patients continued to receive the care they needed. Additionally, 
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public health surveillance systems harnessed the power of big data analytics to track the spread of the 
virus, providing crucial insights that informed policy decisions. Despite their advantages, chatbots face 
several challenges[68],[70]:

�� Limited Medical Expertise: Programming algorithms do not feature the fine-tuned judgment of 
a human specialist and, therefore, give inappropriate diagnoses and ill-fitted recommendations.

�� Lack of Empathy: The arrangements made by chatbots imitate human interaction, but they cannot 
provide the type of emotional bond that is provided by a real person. This deficiency is amplified 
while dealing with sensitive and life-threatening health issues.

�� Data Privacy Concerns: Handling sensitive patient information raises issues with security and 
compliance with relevant legislation such as HIPAA. Data security must be fully established as 
the cornerstone of winning consumer trust.

�� Technological Constraints: Natural language processing (NLP) errors may cause failure in the 
understanding of medical queries thus restricting their applicability for chatbots in the most 
difficult situations[53],[57].

Future Trajectory and Global Outlook

As we look ahead, the horizon is brightly lit by innovations like single-cell sequencing, liquid biopsy 
diagnostics, and the fascinating integration of multi-omics—bringing together genomics, proteomics, 
metabolomics, and transcriptomics. These advancements are set to propel the accessibility and effectiveness 
of precision healthcare to new heights[28]. Moreover, the emergence of AI-driven diagnostic tools will 
undoubtedly simplify clinical decision-making processes and sharpen our early detection capabilities. As 
healthcare systems around the world begin to embrace more personalized, predictive, and participatory 
models, precision healthcare is not just an idea to aspire to; it is becoming a tangible reality woven into 
the fabric of modern medical practice. We are on the cusp of a transformative era—one characterized by 
individualized, data-driven care focused on achieving optimal outcomes for every patient. Let’s embrace 
this new landscape with enthusiasm and commitment, ready to redefine healthcare as we know it!

Concluding Remarks

Deepening contextual understanding, better NLP models, and electronic health records (EHRs) integration 
to create newer personalized care applications will address a lot of limitations that future chatbots would 
face. Furthermore, ethical frameworks and regulatory guidelines will be primary for providing safe 
deployment. In conclusion, there is a lot of capacity for chatbots as virtual health assistants to transform 
how healthcare gets delivered in many dimensions, including access, efficiency, and patient engagement. 
Of course, limiting their capabilities should also be relevant to any planned maximization of their impact 
on the modern healthcare system. Digital healthcare is not merely a technological upgrade; it represents 
a transformational movement that redefines the dynamics between patients, providers, and data. By 
merging innovation with genuine empathy, this new healthcare paradigm has the potential to provide 
personalized, secure, and universally accessible health solutions. As we address challenges through 
thoughtful policy, education, and technology, digital healthcare is poised to become a vital foundation 
of global health progress for years to come.



147

Emerging Healthcare Systems with AI based Medicine, EHRs, VHAs, & Precision Healthcare

Print ISSN : 2321-0745 Online ISSN : 2322-0465

References

1.	  Hasselgren, A., Kralevska, K., Gligoroski, D., Pedersen, S.A. and Faxvaag, A. 2020. “Blockchain in 
Healthcare and Health Sciences—A Scoping Review,” International Journal of Medical Informatics, 
134: 104040.

2.	 Aasheim, C.L., Williams, S., Rutner, P. and Gardiner, A. 2015. Data analytics vs. data science: A study 
of similarities and differences in undergraduate programs based on course descriptions. Journal of 
Information Systems Education, 26(2): 103.

3.	 Addo, A. and Senyo, P.K. 2021. Advancing E-governance for development: Digital identification and its 
link to socioeconomic inclusion. Government Information Quarterly, 38(2): 101568.

4.	 Agarwal, S. and Verma, D. 2019. Artificial intelligence (AI) and predictive analytics in the healthcare 
sector. Journal of Healthcare Informatics, 12(3): 215-230.

5.	 Aguirre, F., Maida, J., González, V., Bachelet, V.C. and Villarroel, L. 2019. Electronic health records: 
More than just a digital medical file. Journal of Medical Systems, 43(6): 145. 

6.	 Alami, H., Lehoux, P., Shaw, S.E., Papoutsi, C., Rybczynska-Bunt, S. and Fortin, J.P. 2022. Virtual care 
and the inverse care law: implications for policy, practice, research, public and patients. International 
journal of environmental research and public health, 19(17): 10591.

7.	 Al-Assaf, K., Bahroun, Z. and Ahmed, V. 2024. Transforming service quality in healthcare: A 
comprehensive review of healthcare 4.0 and its impact on healthcare service quality. In Informatics (Vol. 
11, No. 4, p. 96). Multidisciplinary Digital Publishing Institute.

8.	 Ali, M. 2023. E-governance and E-democracy: a Digital Revolution. Available at SSRN 4623414.

9.	 Alpay, L.L., Overberg, R.I. and Zwetsloot-Schonk, B. 2007. Empowering citizens in assessing health 
related websites: a driving factor for healthcare governance. International journal of healthcare technology 
and management, 8(1-2): 141-160.

10.	 Ashley, E.A. 2016. The precision medicine initiative: A new national effort. JAMA, 315(7): 713–714.

11.	 Bartley, M. and Kelly-Irving, M. 2024. Health inequality: an introduction to concepts, theories and 
methods. John Wiley & Sons.

12.	 Behkami, N.A. and Daim, T.U. 2012. Research forecasting for health information technology (HIT), using 
technology intelligence. Technological Forecasting and Social Change, 79(3): 498-508.

13.	 Benedict, M. and Schlieter, H. 2015. Governance guidelines for digital healthcare ecosystems. 
In eHealth2015–Health Informatics Meets eHealth (pp. 233-240). IOS Press.

14.	 Bhambere, H.S.S., Abhishek, B. and Sumit, H. 2021. Rapid digitisation of healthcare: a review of 
COVID-19 impact on our health systems. Int. J. All Res. Educ. Sci. Methods, 9: 1457-1459.

15.	 Brougham, D. and Haar, J. 2018. Smart technology, artificial intelligence, robotics, and algorithms 
(STARA): Employees’ perceptions of our future workplace. Journal of Management & Organization, 
24(2): 239–257. https://doi.org/10.1017/jmo.2016.55

https://doi.org/10.1017/jmo.2016.55


148

Paul et al.

Print ISSN : 2321-0745 Online ISSN : 2322-0465

16.	 Cambaza, E. 2023. The role of FinTech in sustainable healthcare development in sub-Saharan Africa: a 
narrative review. FinTech, 2(3): 444-460.

17.	 Chengoden, R., Victor, N., Huynh-The, T., Yenduri, G., Jhaveri, R.H., Alazab, M. ... and Gadekallu, T.R. 
2023. Metaverse for healthcare: a survey on potential applications, challenges and future directions. Ieee 
Access, 11: 12765-12795.

18.	 Collins, F.S. and Varmus, H. 2015. A new initiative on precision medicine. New England Journal of 
Medicine, 372(9): 793–795. 

19.	 Dash, S.P. 2020. The Impact of IoT in Healthcare: Global Technological Change & The Roadmap to a 
Networked Architecture in India. Journal of the Indian Institute of Science, pp. 1-13.

20.	 Davenport, T. and Kalakota, R. 2019. The potential for artificial intelligence in healthcare. Future 
Healthcare Journal, 6(2): 94–98. 

21.	 Dey, A., Nandi, S. and Sarkar, M. 2018. Security measures in IOT based 5G networks. In 2018 3rd 
International Conference on Inventive Computation Technologies (ICICT), pp. 561-566, IEEE.

22.	 European Commission. 2021. Industry 5.0: Towards a sustainable, human-centric and resilient European 
industry. Publications Office of the European Union. https://doi.org/10.2777/308407

23.	 Gagnon, R.J. 2022. Strategies for Achieving Sustainability of Home Healthcare Agencies (Doctoral 
dissertation, Walden University).

24.	 Garraway, L.A., Verweij, J. and Ballman, K.V. 2013. Precision oncology: An overview. Journal of Clinical 
Oncology, 31(15): 1803–1805. 

25.	 Ghadi, Y.Y., Mazhar, T., Shahzad, T., Amir khan, M., Abd-Alrazaq, A., Ahmed, A. and Hamam, H. 2024. 
The role of blockchain to secure internet of medical things. Scientific Reports, 14(1): 18422.

26.	 Gopalakrishnan, A. and Katta, S. 2022. Healthcare 5.0: Integrating Industry 5.0 concepts into healthcare 
ecosystem for personalized and human-centric care. Health and Technology, 12: 1347–1358. 

27.	 Habes, M., Alghizzawi, M., Ali, S., SalihAlnaser, A. and Salloum, S.A. 2020. The Relation among 
Marketing ads, via Digital Media and mitigate (COVID-19) pandemic in Jordan. International Journal 
of Advanced Science and Technology, 29(7): 12326-12348.

28.	 Hasin, Y., Seldin, M. and Lusis, A. 2017. Multi-omics approaches to disease. Genome Biology, 18: 83.

29.	 HealthIT.gov. 2020. Privacy and security concerns in health IT. U.S. Department of Health and Human 
Services. https://www.healthit.gov

30.	 Hossain, Z., Chowdhury, S.S., Rana, M.S., Hossain, A., Faisal, M.H., Al Wahid, S.A. and Pranto, M.N. 
2024. Business Innovations in Healthcare: Emerging Models for Sustainable Growth. AIJMR-Advanced 
International Journal of Multidisciplinary Research, 2(5).

31.	 Ibrahim, M., Al-Sharafi, M.A., Albashrawi, M. and Mahmoud, M.A. 2025. A Cybersecurity-Centric 
Model for Predicting Electronic Health Records System Adoption for Sustainable Healthcare: A SEM-
ANN Approach.

https://doi.org/10.2777/308407
https://www.healthit.gov


149

Emerging Healthcare Systems with AI based Medicine, EHRs, VHAs, & Precision Healthcare

Print ISSN : 2321-0745 Online ISSN : 2322-0465

32.	 Itumalla, R. 2012. Information Technology and Service Quality in HealthCare: An Empirical Study of 
Private Hospital in India. International Journal of Innovation, Management and Technology, 3(4): 433.

33.	 Jiang, F., Jiang, Y., Zhi, H., Dong, Y., Li, H., Ma, S. ... and Wang, Y. 2017. Artificial intelligence in 
healthcare: Past, present and future. Stroke and Vascular Neurology, 2(4): 230–243. 

34.	 Kakkar, A., Naushad, S. and Khatri, S.K. 2017. Telemedicine and EHR integrated approach for an 
effective E-Governance Healthcare Framework. International Journal of Medical Research and Health 
Sciences, 6(5): 108-114.

35.	 Kang, H. 2021. The era of healthcare 5.0: Opportunities and challenges in digital transformation. Journal 
of Digital Convergence, 19(6): 205–212. 

36.	 Kar, S.K., Saxena, S.K. and Kabir, R. 2020. The relevance of digital mental healthcare during COVID-19: 
Need for innovations. Nepal Journal of Epidemiology, 10(4): 928.

37.	 Karthikeyan, N. and Sukanesh, R. 2012. Cloud based emergency health care information service in India. 
Journal of medical systems, 36(6): 4031-4036.

38.	 Khoury, M.J., Iademarco, M.F. and Riley, W.T. 2016. Precision public health for the era of precision 
medicine. American Journal of Preventive Medicine, 50(3): 398–401. 

39.	 Kichloo, A., Albosta, M., Dettloff, K., Wani, F., El-Amir, Z., Singh, J. ... and Chugh, S. 2020. Telemedicine, 
the current COVID-19 pandemic and the future: A narrative review and perspectives moving forward in 
the USA. Family Medicine and Community Health, 8(3): e000530. 

40.	 King, J.L., Gurbaxani, V., Kraemer, K.L., McFarlan, F.W., Raman, K.S. and Yap, C.S. 1994. Institutional 
factors in information technology innovation. Information Systems Research, 5(2): 139-169.

41.	 Krahe, M.A., Larkins, S.L. and Adams, N. 2024. Digital health implementation in Australia: A 
scientometric review of the research. Digital Health, 10, 20552076241297729.

42.	 Kvedar, J., Coye, M.J. and Everett, W. 2016. Connected health: A review of technologies and strategies 
to improve patient care with telemedicine and telehealth. Health Affairs, 33(2): 194–199. 

43.	 Madon, S., Sahay, S. and Sudan, R. 2007. E-government policy and health information systems 
implementation in Andhra Pradesh, India: need for articulation of linkages between the macro and the 
micro. The Information Society, 23(5): 327-344.

44.	 Malviya, R., Verma, S., Sundram, S. and Shah, H. 2025. Digital Blockchain: Big Data, Artificial 
Intelligence, and Virtual Reality in Healthcare Ecosystem (Vol. 20). Walter de Gruyter GmbH & Co KG.

45.	 Marr, B. 2019. The future of healthcare: How technology is transforming the way we live and work. Wiley.

46.	 Mathura, P., Pascheto, I., Dytoc-Fong, H., Hrynchyshyn, G., McMurtry, N. and Kassam, N. 2024. 
Advancing a virtual home hospital: a blueprint for development and expansion. BMJ Open Quality, 13(4).

47.	 Mehta, P. and Iyer, N. 2021. The influence of mobile health (mHealth) applications on preventive 
healthcare. International Journal of m-Health Research, 9(1): 87-102.



150

Paul et al.

Print ISSN : 2321-0745 Online ISSN : 2322-0465

48.	 Mehta, S. and Jain, P. 2022. Role of Digital Health Information Systems in Addressing Healthcare 
Disparities: Insights from Urban and Rural Settings in India. Journal of Public Health Management and 
Practice, 28(1): 12-19.

49.	 Meskó, B., Drobni, Z., Bényei, É., Gergely, B. and Győrffy, Z. 2017. Digital health is a cultural 
transformation of traditional healthcare. m-Health, 3: 38. 

50.	 Mishra, P. and Singh, G. 2023. Internet of medical things healthcare for sustainable smart cities: current 
status and future prospects. Applied Sciences, 13(15): 8869.

51.	 Mishra, S.K., Singh, I.P. and Chand, R.D. 2012. Current status of telemedicine network in India and 
future perspective. Proceedings of the Asia-Pacific Advanced Network, 32(1): 151-163.

52.	 Mony, P.K. and Nagaraj, C. 2007. Health information management: An introduction to disease classification 
and coding. National Medical Journal of India, 20(6): 307.

53.	 Orlikowski, W.J. and Robey, D. 1991. Information technology and the structuring of organisations. 
Information systems research, 2(2): 143-169.

54.	 Paul, P.K. 2023. Advanced ICT and intelligent systems in sophisticated Healthcare 5.0 practice in modern 
social and healthcare transformation: an overview. Augmented and Virtual Reality in Social Learning: 
Technological Impacts and Challenges, 3: 63.

55.	 Paul, P.K., Aithal, P.S. and Bhuimali, A. 2018. Health Information Science and its growing popularities 
in Indian self financed universities: Emphasising Private Universities—A Study. International Journal 
of Scientific Research in Biological Sciences, 5(1): 1-11.

56.	 Paul, P.K., Bandyopadhyay, A., Kayyali, M., Das, N., Chatterjee, R. and Sharma, S.K. 2025. Integrating 
Big Data and AI in Nutrition: Current Trends and Future Directions. International Journal of Reliable 
and Quality E-Healthcare (IJRQEH), 14(1): 1-22.

57.	 Paul, P.K., Chatterjee, R., Chakraborty, S., Tiwary, K.S., Aithal, P.S. and Sharma, S. 2024. Advanced 
Healthcare Informatics Practice Vis-À-Vis Virtual Reality Implications—a Scientific Overview. Immersive 
Virtual and Augmented Reality in Healthcare, pp. 28-49.

58.	 Paul, P.K., Moumtzoglou, A., Bandyopadhyay, A., Hoque, M., Kumar, N.S. and Saavedra, R. 2024. 
Indian Digital Health Information Systems: Initiatives and Opportunities with Socio-economic 
Perspective. Economic Affairs, 69(2): 1175-1189.

59.	 Phukan, O.C., Singh, G., Tiwari, S. and Butt, S. 2022. An automated stress recognition for digital 
healthcare: towards e-governance. In International Conference on Electronic Governance with Emerging 
Technologies (pp. 117-125). Cham: Springer Nature Switzerland.

60.	 Rajpurkar, P., Chen, E., Banerjee, O. and Topol, E.J. 2022. AI in healthcare: The hope, the hype, the 
promise, the peril. Nature Medicine, 28(1): 31–38. 

61.	 Ramesh, K., Joshi, A. and Desai, V. 2020. National Digital Health Blueprint (NDHB) and its alignment 
with India’s National Health Policy (2017). Indian Journal of Public Health Policy, 14(2): 140-155.



151

Emerging Healthcare Systems with AI based Medicine, EHRs, VHAs, & Precision Healthcare

Print ISSN : 2321-0745 Online ISSN : 2322-0465

62.	 Rana, A. 2017. The Immense Potential of M-Care in India: Catering Better to Patients Needs in the 
Context of a Fragmented Healthcare System. International Journal of Reliable and Quality E-Healthcare 
(IJRQEH), 6(4): 1-3.

63.	 Rathee, G., Saini, H., Garg, S., Choi, B.J. and Hassan, M.M. 2024. A secure data e-governance for 
healthcare application in cyber physical systems. International Journal on Semantic Web and Information 
Systems (IJSWIS), 20(1): 1-17.

64.	 Ray, S. and Mukherjee, A. 2007. Development of a framework towards successful implementation 
of e-governance initiatives in health sector in India.  International journal of health care quality 
assurance, 20(6): 464-483.

65.	 Reay, R.E., Looi, J.C.L. and Keightley, P. 2020. Telehealth mental health services during COVID-19: 
Summary of evidence and clinical practice. Australasian Psychiatry, 28(5): 514–516. 

66.	 Relling, M.V. and Evans, W.E. 2015. Pharmacogenomics in the clinic. Nature, 526(7573): 343–350.

67.	 Sharma, K. 2020. The transformative role of mobile health (mHealth) applications in preventive healthcare. 
Journal of Digital Health Innovations, 10(1): 65-78.

68.	 Sharma, M.K. and Vaisla, K.S. 2012. E-health for rural areas of Uttarakhand under e-Governance service 
delivery model. In 2012 1st International Conference on Recent Advances in Information Technology 
(RAIT) (pp. 622-625). IEEE.

69.	 Shukla, A.K. and Nigam, D. 2022. Healthcare 5.0: Evolution of future healthcare system. In A. Mittal, K. 
S. Gurumoorthy, & A. Kaur (Eds.), Proceedings of the International Conference on Intelligent Systems 
and Applications (pp. 489–496). Springer. https://doi.org/10.1007/978-3-030-77435-5_47

70.	 Topol, E.J. 2019. Deep medicine: How artificial intelligence can make healthcare human again. Basic 
Books.

71.	 U.S. Department of Health and Human Services. 2021. Health Information Privacy. https://www.hhs.
gov/hipaa/index.html

72.	 Yenduri, G.O.K.U.L., Jhaveri, R.H., Alazab, M.A.M.O.U.N., Bhattacharya, S., Hegde, P., Maddikunta, 
P.K.R. and Gadekallu, T.R. 2023. Metaverse for Healthcare: A Survey on Potential Applications, Challenges 
and Future Directions. IEEE Access, 11.

73.	 Zaid, A.A., Arqawi, S.M., Mwais, R.M.A., Al Shobaki, M.J. and Abu-Naser, S.S. 2020. The impact of 
Total quality management and perceived service quality on patient satisfaction and behavior intention in 
Palestinian healthcare organisations. Technology Reports of Kansai University, 62(03): 221-232.

74.	 Zeng, Y., Fu, J., Cao, W., Chen, Y. and Yang, Z. 2024. Research Hotspots and Knowledge Framework 
of Digital Healthcare Service Management from the Perspective of the Silver Economy. Sustainability, 
16(22): 9735.

75.	 Zhang, Y., Milinovich, G.J., Xu, Z., Bambrick, H., Mengersen, K., Tong, S. and Hu, W. 2020. Forecasting 
seasonal influenza epidemics using multisource data and machine learning techniques. Scientific Reports, 
10(1): 261. 

https://doi.org/10.1007/978-3-030-77435-5_47
https://www.hhs.gov/hipaa/index.html
https://www.hhs.gov/hipaa/index.html



	_GoBack
	_Hlk159163956

