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Abstract: With the rapid development of emerging artificial intelligence technology, digital twin technology provides more
possibilities for the development prospects of precision care. Digital twin technology can comprehensively use the compre-
hensive data information of objects to build virtual entities, and improve the accuracy of model classification and prediction
by building dynamic connections between entities and virtual entities. At present, the application of digital twin technology
in the field of precision care not only includes the treatment of difficult specialized diseases, but also includes the whole life
cycle and the whole population level of health management. This paper summarizes the research progress and challenges in
the application of digital twins in the field of precision nursing, providing ideas and directions for further breaking through
the technical bottleneck, broadening the application field, accelerating the application and strengthening laws and regula-
tions.
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1. Introduction

By leveraging multidisciplinary collaboration and applying cutting-edge technology, we aim to thoroughly analyze the
phenotypic characteristics as well as key elements of biometrics, lifestyle, and environmental exposure from population-
level biological groups down to individuals. Our ultimate goal is to provide personalized, timely, accurate, and high-quality
nursing services throughout the entire lifespan of our patients while ensuring their health is safeguarded in a safe, efficient,
and cost-effective manner.

With the rapid advancement of transcriptomics, proteomics, epigenomics, and metabolomics, omics data are continuously
generated in abundance, providing a robust foundation for precise nursing practices and serving as an essential prerequisite
for further advancements[1].The national resources and policies towards "precision nursing" have experienced a significant
shift in recent years, thanks to the support of national policies and resources. As a result, nursing science has witnessed
unparalleled development and now plays an indispensable role in accurate forecasting analysis and other domains[2].The
optimal integration of health management based on artificial intelligence and bioinformatics data is a crucial obstacle to the
sustainable development of precision care, necessitating the urgent resolution of these outstanding challenges|3, 4].

2. Development history and characteristics of digital twins

The concept of "twin" was initially introduced in the Apollo space program as early as 1970, and it was NASA's John
Vickers who first coined the term "digital twin" in 2002[5].Currently, the industry widely acknowledges that the concept of
"DT" was introduced by Professor Michael Grieves in 2002 in the United States and defined as an "information mirroring
model." It can be comprehended as a virtual information structure that encompasses a range of virtual information from the
microscopic atomic level to the macroscopic geometric level. In ideal circumstances, any information obtainable from a
physical entity can be acquired within a digital twin virtual environment[6].The digital twin was proposed by NASA in 2012
as a conceptual model for predicting aircraft structural life and ensuring structural integrity[7],The digital twin technology
has gradually emerged as a prominent focus in the aerospace industry since then.The Digital Twin (DT) is essentially a
virtual model constructed using digital technology, which enables real-time simulation, analysis, and optimization of the
behavior of physical entities. This is achieved through continuous data fusion and information interaction between the virtual
space and the physical world[8,9]
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3. The utilization of digital twin technology in the precise management of specialized
diseases.

3.1 Enhanced precision care of chronic diseases through the application of digital twin technology

Padmapritha Thamotharan et al[10] introduction of a human digital twin (HDT) framework has revolutionized the
precision care of elderly patients with type 2 diabetes by leveraging diverse patient-specific data and constructing predictive
and management models. The key advantage of HDT lies in its capability to handle historical as well as real-time data, which
is absent in current approaches. With HDT, personalized background data can be tailored for precise care of E-T2D patients.
Isabel Voigt et al[11] have developed a comprehensive model for predicting the subtypes of multiple sclerosis (MS) disease,
which integrates clinical, biological, molecular, and imaging markers to understand their impact on individual patients'
lives. The simulation of similar health conditions, risk factors, and disease development characteristics in real-world MS
patients contributes to personalized and effective care by integrating data from various sources in a standardized manner.
This approach facilitates precision clinical pathways, supports doctor-patient communication, and enables shared decision-
making.

3.2 Enhanced application of digital twin technology in precision care for cancer

The digital twin technology was employed by Zhang et al[12] to facilitate precision nursing in lung cancer, enabling
the collection of image data with the unique advantages offered by this technology. They utilized a Disney model to depict
the lung organs of patients and directly mapped patient data to model parameters, allowing for direct comparison of patient
trajectories and experiences. This approach enables verification of progress and results for different intervention strategies
through computational models. By utilizing digital twin technology, healthcare professionals can analyze the potential
impact of various treatment interventions on lung cancer, thereby facilitating more informed decision-making and precise
care for patients[13].

3.3 Application of digital twin technology in precise nursing of nervous system diseases

Mark Connelly et al[14] utilized a combination of digital technology (DT) and extended reality (XR) technology to
develop a system aimed at investigating the impact of relaxation training on preventing migraines in children. Within an
extended application system, users are able to perceive and interact with either a fully immersive virtual environment or
virtual objects that are superimposed onto their current view of the physical environment, known as augmented reality (AR)
and mixed reality (MR). In this particular context, virtual reality (VR) has demonstrated analgesic and anti-anxiety efficacy
by effectively capturing attention through pleasurable sensory stimuli while regulating autonomic, affective, and evaluative
pain signaling pathways. By augmenting XR-based relaxation training with neurofeedback reinforcement, it is possible to
assist children in preventing migraine attacks by developing skills that regulate neural mechanisms believed to be involved
in triggering such attacks.

4. Enhanced utilization of digital twin technology in precision health management

Lehrach et al[15] developed a disease prevention system called "virtualtwins" that integrates image data and clinical
data to systematically model and analyze the disease status and biological characteristics of individual patients in Europe.
Medical professionals can accurately assess the treatment effects of different interventions through the virtual simulation
system, enabling them to select the most suitable intervention measures and formulate personalized treatment plans based
on each patient's condition and specific needs. This not only enhances nursing outcomes but also reduces healthcare costs.
In the field of precision health management in cardiology, Jorge Corral-Acero et al[16] have recently developed a model
that enables clinicians to deliver personalized precision diagnosis and care to patients by considering individual variances
and integrating a wide range of biological, environmental, and lifestyle data that impact cardiovascular outcomes. However,
further efforts are needed to promote the widespread adoption of these models in clinical practice.

5. Enhanced potential and obstacles of digital twin technology in precision healthcare

In the field of precision nursing, the application prospect of digital twin technology is immeasurable and cannot be
ignored. A digital twin can capture an individual's health data, including genetic information, medical history, and lifestyle
factors. This comprehensive dataset can be utilized to create personalized treatment plans tailored to each person's unique
needs. By analyzing extensive health data from multiple dimensions, personalized screening plans for early diagnosis can
be developed. The possibility of remote monitoring enables medical professionals to remotely track patient vital signs,
symptoms, and treatment adherence while providing timely interventions for patients in remote areas.
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Data and analystics serve as the foundation for the success of digital twins. However, both electronic health records and
information system records remain isolated and fragmented rather than being amalgamated with data from diverse sources.
The data of digital twin technology possesses the characteristics of high density and low value, necessitating real-time
processing through advanced computer algorithms to enhance data transfer efficiency. Artificial intelligence (Al) algorithms,
as a pivotal technology in digital twins, require a high-performance infrastructure comprising cutting-edge hardware and
software for their execution. However, the current challenge lies in the exorbitant cost associated with installing and operating
these systems [17]. Therefore, to establish a comprehensive digital twin technology framework, it is imperative to optimize
and enhance the internet technology infrastructure first. The application of medical cyber-physical systems (MCPS) and
cloud computing can overcome technical bottlenecks in predictive management and accurate diagnosis and treatment while
further enhancing their effectiveness [18].

6. Enhanced the utilization of digital twin technology in the domain of precision

nursing

Due to various subjective and objective factors, the application of digital twin technology in the field of medical care is
limited, and it also has shortcomings in predicting and managing disease risks. Group precision care is an inevitable trend.
When medical information can flow seamlessly across different regions and be shared in real time, it is expected to create an
efficient digital urban healthcare system. Essentially, digital urban healthcare is a result of combining digital twin technology
with communication information technology. Through this integrated approach, it opens up channels for group health
management and individualized medical care, optimizing and adjusting diagnosis and treatment methods while effectively
mitigating disease risks, enhancing the efficiency of health management, and reducing medical costs [19]. Moreover, as
virtual replicas of physical systems, digital twins can simulate pathogen spread and predict outbreaks accurately to evaluate
various interventions. With the aid of artificial intelligence (Al), digital twin technology can assimilate multiple data sources
to improve prediction accuracy further while optimizing resource allocation and facilitating public health decision-making
[20].

7. The laws and regulations should be enhanced

In order to prevent digital twin technology from being exploited by criminals for the purpose of stealing patient privacy,
it is imperative for the state to enhance regulatory policies. Additionally, the industry should establish management norms that
clearly distinguish between private and confidential information, accurately address data sharing requirements, and ensure
the systematic and standardized development of digital twin technology in precision care [21]. Therefore, relevant authorities
must strengthen legal supervision and define the application scope of digital twin technology in precision medicine. From
a perspective of social morality and ethics, digital twins have the potential to perpetuate or exacerbate social prejudice and
racial discrimination within the medical system [22]. It is undeniable that the social mechanism, hardware conditions and
laws and regulations that support the development of digital twin technology in the field of precision nursing are still in
an imperfect stage, and it is necessary for government agencies to formulate relevant policies and improve the boundary
planning of laws and regulations, such as supporting data management and strengthening the construction and training of
precision nursing personnel to promote the faster development of precision nursing. To better meet people's health needs.
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