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Abstract: Healthcare providers use digital twins to tailor health-related interventions to personal, genetic, lifestyle, and
environmental factors as against the one-size-fits-all model. This is primarily because of its ability to facilitate individualized
treatment plans while enhancing clinical decision-making. This study examines the role of digital twin in precision medicine
and public health, with a focus on the revolutionizing capacity in patient care and epidemiological forecasting. Using multiple
empirical and case studies, the impact of this technology on informing public health strategies and optimizing patient
management will be assessed. Despite its transformative potential, the integration of digital twin technology presents
challenges such as data interoperability issues and standardization concerns, which hinder effective implementation.
Nonetheless, digital twin technology holds promise for improving public health outcomes as it continues to evolve.
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I INTRODUCTION Similarly, in public health, DTs can track or monitor the
spread of disease and populations and evaluate the impact of

The healthcare sector is currently undergoing digital
transformation, which is driven by the need for predictive,
personalized, and more precise care (Gopal et al., 2019).
Traditional models of diagnosis and treatment planning have
usually been generalized and are often reactive, resulting in
inefficient resource utilization and below-par patient outcomes
(Wong & Wong, 2021). DT is being deployed to replicate
systems by offering a disruptive opportunity in precision
medicine and healthcare. By simulating individuals’
physiological responses to treatments, clinicians can virtually
test interventions before applying them in real life, which
ensures faster, safer and individualized healthcare (Chase et
al., 2018).
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mobility restrictions or vaccination campaigns, highlighting
remarkable capabilities like proactive decision-making and
policy development (Bollaerts et al., 2024). Generally, DT is
poised to demonstrate a continued revolutionizing of
healthcare through more accurate diagnoses, efficient resource
management, and personalized treatments (Li, 2022). Ongoing
research and development are vital to harness its full potential
and address associated risks.

Research patterns indicate a growing global interest in
the adoption of DT. However, the current focus is streamlined
to conceptualization instead of implementation (Xames &
Topcu, 2024). Therefore, based on the need to fully realize the
potential of digital twin in healthcare, this study aims to
examine the potential of Digital Twin (DT) technology for
promoting precision medicine and public health, focusing on
enhancing individualized patient care and epidemiological

WWW.ijisrt.com 1044


https://doi.org/10.38124/ijisrt/25jun719
http://www.ijisrt.com/
https://doi.org/10.38124/ijisrt/25jun719

Volume 10, Issue 6, June — 2025
ISSN No:-2456-2165

forecasting wusing real-time simulation and data-driven
decision making.

» The Objectives are:

e To discuss the concept and principles of digital twin
technology and its application to the healthcare sector

o To analyze various applications of digital twin technology
in precision medicine- its role in diagnosis, treatment
planning, and personalized care

e To evaluate the use of DT models in public health,
especially in disease surveillance, epidemiological
forecasting, and health policy simulations

e To identify the opportunities and challenges of adopting
and integrating DT technology in clinical and public health
settings

e To propose future directions and recommendations for
developing and implementing DT solutions in healthcare
systems

1. APPLICATIONS OF DIGITAL TWIN
TECHNOLOGY IN PRECISION MEDICINE

Digital twin (DT) is a transformative technology in
precision medicine and public health. The innovation is
characterized by the creation of virtual representations of
physical entities using real-time data to enhance disease
forecasting and healthcare outcomes (Kamel Boulos & Zhang,
2021). This technology can model individual patients’
responses to treatments, optimize resource allocation within
the medical institutions landscape, and simulate organ
functions (Zuenkova, 2022). They are also applied in various
medical fields like rehabilitation, cardiology, and oncology,
showing promise in public health by facilitating smart city
planning and epidemiological forecasting. Although its
implementation is not without challenges in regulation,
clinical regulation, and computation, current legal frameworks
have proven inadequate to address the multiple challenges
facing the integration of DT within the healthcare, such as
increased surveillance risks, potential discrimination and data
privacy (Delerm & Pilottin, 2024).
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Fig 2: Real World vs Digital Twin [Sun et al., 2022]

IJISRT25JUN719

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25jun719

A. Digital Twin Technology in Individualized Treatment
Planning

One of the most relatable functions of digital twin
technology in healthcare is precision medicine and
personalized treatment planning (Vallee, 2023). By collating
real-time data integration, simulations, and advanced
analytics, healthcare experts can create patients’ virtual
models to improve patient care and predictive innovations
(Tianze Sun et al, 2023). Due to the evolution of
individualized healthcare, there is an increasingly important
need to create a virtual representation for individuals to ensure
the right care type, at the right time and in the right way (Sahal,
Alsamhi, & Brown, 2022). DT mirrors individual patients’
health profiles, offering unparalleled insights into specific
conditions of the patient for more accurate and tailored risk
assessments and interventions (Vallee, 2024). Digital twin
technology can also assist in identifying indicators and trends
signaling the presence of disease in an individual or
forecasting the probability of developing certain medical
conditions, including the progression of the diseases. Okegbile
et al. (2023) added that the emerging technology adopts
different tools, such as blockchain and artificial intelligence,
to provide human-based healthcare. This is because of the
complex human body structure due to physiological and
molecular changes, where extracting accurate medicate data
and modeling human digital twin is difficult.

\

\Fig 2: Digital Twin in I\;Iedical Healfhcare: For Persénalized
Medicine to Precision Health [Kamel Boulos & Zhang, 2021]

B. Predictive Diagnostics and Therapy

Given the transformation from curative to individualized
medicine, predictive diagnostics has been identified as a
crucial instrument to facilitate personalized treatments and
targeted prevention. Diagnosis through predictive analytics is
an adjustment in medical care (Upadhyaya, 2024). This is
particularly useful in managing complex diseases such as
diabetes mellitus, where patient outcomes can improve
through early prediction of premature aging, potential
complications, and predisposition. According to Nicolaides et
al. (2014), the development of diagnostic vectors in oncology
can help to identify patients’ responses to certain therapies to
advance the personalized treatment of cancer.
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Through these wvectors, tumor-inclined uptake of
diagnostic agents involving drugs can potentially improve the
viability of treatment and reduce avoidable exposure to futile
therapies. Furthermore, predictive analytics has the potential
to predict and analyze threats of diseases using statistical
formulas, information, and artificial intelligence, with
prominent importance in danger evaluation, customized
treatment suggestions, and ailment detection (Upadhyaya,
2024). Generally, predictive diagnostics and therapy can be
successfully optimized using coordinated efforts among
policymakers, educators, and healthcare professionals in a bid
to overcome validation and biomarker discovery challenges,
which leads to more cost-efficient and effective healthcare
strategies (Rashid & Sharma, 2024; Keshinro, 2022).
Nonetheless, studies have shown the challenges of predictive
diagnostics in medical care, which range from model
interpretability to data privacy, laws, and principles, stressing
the need for a balanced security and legal rights of the patient
(Williamson & Prybutok, 2024).

C. Benefits of Digital Twin Technology in Precision Medicine
and Public Health

» Case Study 1: Digital Twin Technology for Cancer
Treatment

Cancer treatment has evolved with digital twin
technology integration for individualized therapy and
predictive intervention using patients modeled responses. By
creating a virtual replica of the patient’s tumor via biomarker
data, imaging, and genomic data. Al algorithms help to
simulate various responses, thereby optimizing the selection
of therapy, while real-time monitoring also serves to adapt
personalized treatments based on the patient’s response. The
University of Texas MD Anderson Cancer Center has created
a digital twin model for breast cancer patients by simulating
the effectiveness of their chemotherapy before and after
treatment. This helped to achieve a 25% increase in the success
of treatment when using DT-based precision medicine while
minimizing the need for ineffective treatments, cutting
healthcare costs.
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Fig 3: DT Technology for Cancer Treatment
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» Case Study 2: Cardiovascular Modelling Using DT
Technology

Studies have shown that cardiovascular diseases (CVDs)
are a leading cause of mortality. The emergence of Digital
Twin technology has, however, helped to model the personal
heart conditions of the patient and optimize therapeutic and
surgical interventions. This technology creates patient-based
heart models using ECG data, real-time physiological inputs,
and MRI scans and simulates the effect of various
interventions like bypass surgery on cardiac function. Siemens
Healthineers have developed a DT of the heart for the
diagnosis and treatment of heart failure for real-time
adjustments to treatment plans. Surgeons who use DT to test
procedures before operation can reduce post-surgical
complications by 15%, while personalized drug response can
predict patients’ reactions to medications to improve treatment
precision. Cardiologists can also adopt loT-inclined DT to
track heart conditions in real time, minimizing hospital
readmissions.
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Fig 4: Cardiovascular Modeling Using DT Technology

1. APPLICATIONS OF DIGITAL TWIN
TECHNOLOGY IN PUBLIC HEALTH AND
EPIDEMIOLOGY

The COVID-19 pandemic showed the potential of DT
technology for improved public health. There are propositions
on the deployment of DT in many public health domains, like
urban areas with dense populations, to both provide essential
health services and enhance overall health outcomes (Wang et
al., 2021). In terms of population health modeling, digital twin
technology can transform e-health records and foster effective
mass vaccination planning to understand patterns of disease
transmission and optimize healthcare resources (Zuenkova,
2022). The use of particulate matter sensors is evidence of
remarkable applications like real-time monitoring of
environmental pollutants, including their public health effects.
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Fig 5: Impact of DT Technology in Healthcare

In addition, through the integration of multiple data
sources, DTs can enable the simulation of disease dynamics
for better and accurate predictions of outbreaks and effective
resource allocation strategies (Udegbe et al., 2023). One of the
main advantages of DT in epidemiology is its ability to
integrate real-time data from various healthcare systems and
Internet of Things (10T) devices for quick assessment of health
statuses via populations and timely adjustments and
interventions to treatment plans (Adibi et al., 2024; Wang et
al., 2021). Similarly, DT contributes substantially to enhanced
disease surveillance and monitoring outbreaks through the
collection and analysis of data, which provides public health
agencies with the required tools to identify disease
transmission patterns on time and assess the effectiveness of
proposed public health interventions (Jia, Liu, & Yang, 2023).
This capability is crucial during public health crises like
pandemics, where the transmission and impact of diseases are
needed to formulate effective responses.

» Moreover, DT enables public health officials and
researchers to simulate many public health scenarios while
efficiently allocating resources, especially in cases of
introducing new health services or mass vaccination
campaigns where they have to forecast the potential
impacts of these activities on community health outcomes
(Budd et al., 2020; Wang et al., 202). According to Olatunji
et al. (2024), these simulations are beneficial for evaluating
strategies to minimize the burden of infectious and life-
threatening diseases, ultimately resulting in improved
population health management.

V. OPPORTUNITIES AND CHALLENGES

Measurable benefits exist through the application of DT
technology in healthcare. There are vast opportunities in
resource management and clinical outcomes. () wrote that
integrating DT into patient management, especially
personalized care, has led to improved care quality and
efficiency within the sector (Gopal et al., 2019). The
introduction of predictive analytics also fosters better patient
admission rates for healthcare providers to enhance the
facility’s preparedness and reduce readmission rates
(Chigboh, Zuou, & Olamijuwon, 2024).
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The opportunities also cut across optimization of clinical
operations through streamlined processes, higher-rate patient
flow, and care delivery. Through synergy and collaborative
real-time data sharing among radiology, surgical, and
emergency teams, healthcare providers can boast accelerated
decision-making, especially during critical solutions (Dash,
2023). Not only that, converging DT technologies and medical
devices is a major indicator of technological relevance,
stressing the potential of these innovations to shape future
medical care practices (Wang & Lee, 2023).

However, DT application presents major limitations and
challenges, bearing the interaction of human-bot (Keshinro,
Seong, & Yi, 2022). A major obstacle is the lack of standards
for generating data, which hinders data interoperability for the
effective integration and implementation of DT in precision
medicine (Martinez-Garcia & Hernandez-Lemus, 2022). This
further complicates data aggregation from multiple sources,
resulting in reliability and consistency issues. Moreover,
accurate simulations are essential for effective DT, but all
models are simplified representations of physical objects via a
limited scope (Rasheed, San, & Kvamsdal, 2020).

V. FUTURE DIRECTIONS AND
RECOMMENDATIONS

Applications of DT are being used in pharmaceuticals
and bio-manufacturing processes alongside machine learning
for healthcare applications, which promises to transform
traditional e-health records for knowledge discovery (Ghatti et
al., 2023; Kamel Boulos & Zhang, 2021). Against the
backdrop, health and clinical outcomes have to depend on the
assumptions made by healthcare providers and professionals
while developing them, which raises concerns about the
prediction’s validity and the ability to convert and apply these
findings in the real world (Jenkins et al., 2018). Apart from
these technical challenges, ethical considerations cannot be
overlooked in the adoption of DT.

With the introduction of preemptive medicine,
integrating omics technologies, Al, and loT will continue to
facilitate the development of personalized and predictive
healthcare strategies (Rane, Choudhary, & Rane, 2023). These
technologies provide insights into an individual patient’s
molecular profile, revealing their potential health trajectories
and disease predispositions. Therefore, 10T devices like
smartphones and wearables have a long-term role in ensuring
periodic and continuous monitoring of human physiological
parameters, providing a dynamic view of their health status
(Ooka, 2025).

Patient data must be communicated to ensure informed
consent with options to opt-out when they feel like without
jeopardizing their care. In addition, healthcare experts must
implement robust cybersecurity measures to protect patient
data from unauthorised access, hence the need for strict control
policies and periodic security audits (Azeez et al., 2024).
Organizations must also adopt data minimization approaches
to collecting data necessary to reduce exposure and misuse
risk. Lastly, Fagbo et al. (2025) opined that a governance
framework and an ethics committee should oversee the
adoption of DT to ensure adherence to ethical standards while
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implementing them. This would ensure successful integration
in public health initiatives and precision medicine.

VI. CONCLUSION

Digital Twin (DT) technology transforms healthcare
through its capacity to provide real-time monitoring,
predictive analytics and personalized medicine. The
integration of Al with 10T systems enhances medical
diagnostics and treatment planning while improving
operational effectiveness. For widespread adoption to occur,
challenges, including data privacy issues, high costs, and
regulatory barriers, need to be addressed. As healthcare
advances, DT holds immense potential to improve patient
outcomes and system efficiency. Therefore, stakeholders need
to develop consistent frameworks while improving data
protection and advancing system compatibility to access its
full advantages. Also, research efforts must prioritize the
advancement of Al-powered DT models, including
economically viable approaches.

Through financial support and regulatory measures,
policymakers will play a vital role in promoting digital twin
technology adoption while maintaining a balance between
innovation and ethical security standards. The collaborative
efforts of researchers, healthcare providers, and regulators are
essential to accelerate DT implementation, which will create
an advanced, patient-focused healthcare system.
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