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створює передумови для розвитку клінічного мислення та формує 

навички, необхідні в подальшій лікарській діяльності. 

Отже, вивчення фундаментальних дисциплін – це не лише важливий 

етап освітнього процесу, а й потужна основа професійного становлення 

лікаря, незалежно від його подальшої спеціалізації. Саме глибоке 

засвоєння анатомії, фізіології та інших базових наук забезпечує 

формування компетентного, мислячого та гуманного фахівця, здатного 

зберігати і відновлювати здоров‟я людини. 
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Introduction. The modern healthcare system is facing unprecedented 

challenges stemming from both global biological threats (pandemics, the rise  

of chronic non-communicable diseases) and social transformations that affect  

the population's quality of life. In this context, the search for novel approaches  

to preserving and promoting health, which take into account not only genetic but 

also epigenetic factors, is becoming particularly relevant [1–3]. 

Epigenetics, the study of heritable changes in gene activity that do not 

involve alterations to the underlying DNA sequence, opens up new possibilities 



257 

for understanding the mechanisms of disease development, organismal 

adaptation to stress factors, and the development of individualized prevention 

strategies [4, 5]. 

A key role in this process is played by epigenetic programming –  

the targeted influence on the epigenome aimed at optimizing organismal 

function and enhancing its resistance to adverse factors. When combined  

with modern digital technologies, particularly artificial intelligence tools such  

as AlphaFold2, it becomes possible to model the structures of proteins whose 

expression is altered by epigenetic influences [6]. 

Epigenetic programming offers new prospects for the advancement  

of personalized medicine, early diagnosis, and effective disease prevention  

at the population level [7, 8]. 

Aim. To substantiate the rationale for using epigenetic programming  

as a tool for improving national health in the context of contemporary social  

and biological challenges, and to analyze the potential for integrating 

bioinformatics technologies, particularly AlphaFold2, into interdisciplinary 

strategies for preventive and personalized medicine. 

Methods. This study employed an interdisciplinary approach, integrating 

methodologies from systematic literature review, computational biology, and 

bioinformatics to investigate the potential of epigenetic programming as a tool 

for improving the public health system. 

To build a contemporary evidence base on epigenetic interventions in public 

health, a systematic literature review of electronic databases (including PubMed, 

Scopus, and Web of Science) was conducted. The inclusion criteria were 

focused on peer-reviewed articles, meta-analyses, and large cohort studies 

published between 2010 and 2024. The retrieved data were synthesized using 

systems analysis approaches to establish relationships between social and 

biological challenges, epigenetic mechanisms, and health outcomes.  

This synthesis formed a conceptual framework for justifying the integration  

of epigenetics into national health strategies. 

Discussion. Epigenetic programming has a broad spectrum of applications  

in modern medicine, particularly in the context of a personalized approach  

to prevention and treatment. Due to its ability to influence gene expression 

without altering the DNA sequence, epigenetic interventions can be utilized for: 

 The prevention of chronic non-communicable diseases (type 2 diabetes 

mellitus, obesity, cardiovascular diseases) through the modification of lifestyle, 

diet, physical activity, and stress management [9]. 

 The early diagnosis of oncological diseases via the detection of epigenetic 

biomarkers (e.g., hypermethylation of tumor suppressor gene promoters)  

[10, 11]. 
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 Mental health, specifically in the treatment of depression, anxiety 

disorders, and post-traumatic stress disorder (PTSD), where epigenetic changes 

can be triggered by chronic stress or traumatic events [12]. 

 Reproductive medicine, where epigenetic factors influence fertility, 

embryonic development, and the health of future generations [13]. 

 Gerontology, for slowing down aging processes and preventing age-

related diseases by targeting epigenetic mechanisms that regulate cellular 

proliferation, apoptosis, and regeneration [14]. 

Conclusions. Epigenetic programming, combined with modern bioinfor- 

matics technologies and the integration of tools such as AlphaFold2, enables  

the modeling of how epigenetic alterations affect protein structure and function. 

This is critical for developing new pharmaceuticals, targeted therapies, and 

bioengineering applications, thereby opening new avenues for formulating 

effective national health preservation strategies. Such an approach will not only 

provide a deeper understanding of the molecular mechanisms of diseases but 

will also facilitate the development of personalized preventive and therapeutic 

measures, thereby enhancing the population's adaptive potential to contemporary 

social and biological challenges. 
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