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AHoTaNisn

Y pobomi poszensanymo apximexmypy ma npunyunu noo6y0osu yugposux O08itiHUKIé (OUHAMIYHA BIPMYATbHA MOOEb
nayieuma, w0 NOCMIUHO OHOBNIOEMbCS 3A60AKU Oanum [1]) Onsi npeouxkmuenoi OiacHOCMUKU 6 NepCOHANI308aHIl
meouyuni. Lupposuil 08IlIHUK BUHAHAEMbCSL K MOOEb, WO [HME2PYE THPOPMAYIIo 3 eleKMPOHHUX MEOUYHUX Kapm,
2eHoMHux docniodcenv ma loT-npucmpois (mepedica cencopis i npucmpois, ski 3oupaiome ma nepedaioms oaui [2]).
Tokaszano, wo maxki modeni 30amui 8paxo8yeamu iHOUGIOYAIbHI 0COOAUSOCMI NAYIEHMA, NPAYIOBAMU HA PI3HUX DIGHSX
— 8I0 MOJEKYJISPHO20 00 OP2AHIZMOB020, A MAKONC 3a0e3neuysamu npogedents in-silico excnepumenmis (komn iomepHi
MOOeNosants OJisl NepesipKu CYeHapiie NiKyeanHs wu enaugy paxmopis [3]), eusenrenHs anomanitic ma niompumkxy
KAHIYHUX piwenb. OKpemMo aKyeHmo8aHo y8azy HA GUKIUKAX KibepOesneku ma emuyHUx acnekmax 6UKOPUCHAHHS
yymausux Giomempuunux Oanux. Pesynomamu 00CHiOd#CeHHs OeMOHCMPYIOmMb NOMeHYial Yupposux OGilIHUKIE Y
mparcgopmayii cyuacHoi meouyuHu 8i0 peakmusHoi 00 NPEGeHMUBHOI Mma NePchReKmusuU ix iHmezpayii y 0epicagHy
cucmemy 0XopoHu 300p08 .

KuarouoBi cioBa: mudpoBuil ABIHHUK, MPEIUKTUBHA MiarHOCTHKA, MEpCOHaTi30BaHa MenmumwHa, loT-mpuctpoi,
in-silico ekcTiepUMEHTH

Abstract

This paper examines the architecture and principles underlying the creation of digital twins (a dynamic virtual model
of a patient that is constantly updated using data [1]) for predictive diagnostics in personalised medicine. A digital twin
is defined as a model that integrates information from electronic health records, genomic studies and loT devices (Internet
of Things — a network of sensors and devices that collect and transmit data [2]). It has been shown that such models are
capable of taking into account a patient’s individual characteristics, operating at various levels — from the molecular to
the organismal — as well as facilitating in silico experiments (computer simulations to test treatment scenarios or the
impact of factors [3]), the detection of anomalies, and the support of clinical decisions. Particular attention is drawn to
cybersecurity challenges and the ethical aspects of using sensitive biometric data. The study’s findings demonstrate the
potential of digital twins to transform modern medicine from reactive to preventive and the prospects for their integration
into the national healthcare system.
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Introduction

This paper examines current approaches to the use of digital twins [1] in the fields of predictive diagnostics
and personalised medicine. Such models combine information from electronic health records, genomic studies
and IoT devices [2], creating a foundation for continuous health monitoring.

The potential for using digital twins to conduct in silico experiments [3], predict risks and support clinical
decision-making is analysed. The importance of ethical considerations and cybersecurity issues arising from
the handling of sensitive biometric data is highlighted. This approach demonstrates the potential for medicine
to transition from a reactive to a preventive model and opens up new opportunities for integrating digital twins
into the healthcare system.

Research results

This paper examines the potential applications of digital twins in the fields of predictive diagnostics and
personalised medicine. A digital twin [1] acts as an integration platform that brings together various sources
of information: electronic health records, genomic studies, laboratory test results and data from IoT devices
[2]. As a result, the digital twin is not a static model but functions as a data stream reflecting the patient’s



current state of health. This enables the doctor to obtain a more accurate picture of physiological processes and
predict potential deviations even before clinical symptoms appear.

An important aspect is the multi-level nature of the digital twin, which spans various scales — from the
molecular and cellular levels to the level of the organism as a whole. This multi-scale approach enables the
analysis of both local biochemical processes and systemic changes in the patient’s physiology. For example,
changes in cellular metabolism can be correlated with the risk of developing cardiovascular diseases, enabling
more accurate predictions. Furthermore, the customisation of the model — tailoring parameters to the patient’s
specific physiological constants — makes the digital twin a unique tool for personalised medicine.

Particular attention has been paid to the possibility of conducting in silico experiments [3]. This means that
a doctor can test various treatment options or exercise regimens in a virtual environment without exposing the
patient to any risk. For example, it is possible to simulate the body’s response to a new drug or assess the
effects of physical exercise on a patient with heart disease. As shown in Figure 1, a digital twin combines a
person’s real face with a virtual model in the form of a three-dimensional mesh, symbolising the ability to
transfer physiological processes into a computer environment for analysis and prediction. This approach opens
up new horizons for preventive medicine, where decisions are made based on predictions rather than only after
symptoms appear.

Figure 1 — Visualisation of the digital twin concept: a comparison of a person’s real face and its digital model in the form of a three-
dimensional mesh.

The study also showed that digital twins are capable of detecting anomalies in physiological data long
before critical conditions develop. Artificial intelligence algorithms analyse large datasets in real time,
enabling the detection of pre-syncope conditions or the risk of a heart attack several hours or even days before
the event. This creates the conditions for timely intervention and reduces the likelihood of complications
developing.

Particular emphasis is placed on the aspects of interaction between the digital twin and the doctor. It is
important that the results of the modelling are presented in a clear graphical form, which is facilitated by the
human-computer interface [4] (user interaction with the computer system via a clear and user-friendly
interface). Data visualisation allows the doctor to quickly assess the patient’s condition, understand the logic
behind the prognosis, and make an informed clinical decision. This is particularly relevant in cases where
artificial intelligence algorithms operate as ‘black boxes’, and the doctor needs to have interpreted results in
order to trust the system.

At the same time, the study highlights challenges relating to cybersecurity and ethical considerations. As
digital twins handle sensitive biometric data, the question arises of how to protect them from unauthorised
access. Furthermore, it is important to ensure the transparency of artificial intelligence algorithms so that
doctors can understand the logic behind the predictions and make decisions based on reliable information.

Thus, the study’s findings confirm that digital twins are a promising tool for transforming medicine from
reactive to preventive. They enable continuous health monitoring, the conduct of in silico experiments, the
detection of anomalies, and the support of clinical decisions. The prospects for implementing this technology
within the public healthcare system open up new opportunities for improving the quality of medical services
and reducing risks for patients.



Conclusion

This paper analyses the architecture and principles underlying the development of digital twins for
predictive diagnostics in personalised medicine. It is shown that a digital twin [1] is a dynamic model of a
patient that integrates data from electronic health records, genomic studies and IoT devices [2], ensuring
continuous monitoring of health status.

The research findings confirm the effectiveness of in-silico experiments [3] for predicting the body’s
reactions and assessing risks without direct intervention in the patient’s physiology. The use of a human-
computer interface [4] is also important, as it allows the doctor to receive interpreted modelling results in a
clear graphical format.

Thus, digital twins open up new opportunities for the transition of medicine from a reactive to a preventive
model, facilitate the personalisation of treatment and create prospects for integration into the national
healthcare system.
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