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ABSTRACT 

Background: Precision nutrition has emerged as a progressive approach within modern medicine, integrating advances in 

nutritional biochemistry, analytical chemistry, and systems biology to develop individualized dietary strategies. Unlike 

conventional dietary guidelines that are based on population averages, this approach recognizes inter-individual variability in 

nutrient metabolism, genetic predisposition, and disease susceptibility. 

Objective: The present narrative review aimed to explore the role of precision nutrition in disease prevention and management, 

with a focus on underlying biological mechanisms, technological advancements, and clinical implications. 

Methods (Review Methods): A comprehensive review of recent literature was conducted, focusing on studies related to multi-

omics technologies, including genomics, metabolomics, proteomics, and microbiomics. Relevant evidence was synthesized to 

evaluate how these approaches contribute to understanding diet–disease interactions and to the development of personalized 

nutritional interventions. 

Main Findings/Results: The findings indicated that precision nutrition enables the identification of biomarkers associated with 

metabolic phenotypes and disease risk. Gene–nutrient interactions, epigenetic modifications, microbiota-derived metabolites, 

and inflammatory pathways were found to play key roles in regulating metabolic homeostasis. Technological advancements 

such as mass spectrometry–based metabolomics, stable isotope tracing, and bioinformatics-driven data integration have 

enhanced the ability to predict individual responses to dietary interventions. Evidence also suggested that personalized nutrition 

strategies may improve outcomes in chronic conditions, including cardiovascular diseases, type 2 diabetes, obesity, cancer, and 

neurodegenerative disorders. 

Conclusion: Precision nutrition offers a promising and scientifically grounded framework for individualized healthcare by 

linking molecular insights with dietary interventions. Despite challenges related to data integration, standardization, and ethical 

considerations, continued research and technological progress are expected to facilitate its translation into clinical practice and 

contribute to reducing the global burden of chronic diseases. 
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INTRODUCTION 

Precision medicine has emerged as a transformative approach in modern healthcare, emphasizing individualized strategies for disease 

prevention, diagnosis, and treatment rather than relying on generalized models(1). Within this evolving paradigm, precision nutrition 

has developed as a specialized discipline focused on tailoring dietary recommendations according to an individual’s unique biological 

characteristics, lifestyle factors, and environmental exposures. Traditional dietary guidelines, largely derived from population-level 

averages, often fail to account for substantial inter-individual variability in nutrient metabolism, genetic predisposition, and disease 

susceptibility, thereby limiting their effectiveness in preventing and managing complex chronic conditions(2). Consequently, there is 

increasing recognition that a universal “one-size-fits-all” dietary model is inadequate for addressing the diverse metabolic and clinical 

needs of heterogeneous populations. Advances in nutritional biochemistry, molecular biology, and systems biology have significantly 

contributed to the evolution of precision nutrition by enabling a deeper understanding of the interactions between nutrients and biological 

systems. High-throughput omics technologies—including genomics, proteomics, metabolomics, and microbiomics—have provided 

powerful tools to investigate the complex relationships between diet, genetic variation, and health outcomes. These approaches facilitate 

the identification of biomarkers that reflect individual metabolic responses to dietary components and allow for more accurate prediction 

of disease risk, thereby supporting the development of targeted nutritional interventions aimed at optimizing metabolic health and 

improving clinical outcomes(3). Such integration of multi-omics data represents a shift toward evidence-based, individualized dietary 

strategies rather than generalized nutritional recommendations. 

The growing global burden of chronic non-communicable diseases, including cardiovascular diseases, type 2 diabetes, obesity, cancer, 

and neurodegenerative disorders, underscores the need for personalized nutritional approaches(4, 5). These conditions are strongly 

influenced by dietary patterns and metabolic processes, both of which vary significantly among individuals. Emerging evidence from 

nutrigenomics indicates that genetic variations can modulate nutrient absorption, metabolism, and physiological responses, ultimately 

influencing susceptibility to disease. Understanding these gene–nutrient interactions enables healthcare professionals to design more 

precise dietary interventions that may reduce disease risk and enhance therapeutic efficacy(4, 6). In addition to genetic factors, the gut 

microbiome has gained considerable attention as a critical mediator in the relationship between diet and health. The gastrointestinal tract 

hosts a vast and diverse microbial community that plays a central role in nutrient metabolism, immune regulation, and inflammatory 

processes. Variations in microbial composition can significantly influence how individuals process dietary components such as 

carbohydrates, lipids, and bioactive compounds. Microbiota-derived metabolites have been increasingly recognized as key modulators 

of metabolic pathways and disease progression, further highlighting the importance of incorporating microbiome profiling into precision 

nutrition frameworks(5, 7). 

Technological advancements in analytical chemistry and computational biology have further enhanced the capabilities of precision 

nutrition. Techniques such as mass spectrometry–based metabolomics and stable isotope tracing allow comprehensive profiling of 

metabolic pathways and biomolecular interactions within the human body. When combined with sophisticated bioinformatics tools and 

integrative data analysis, these methods provide a more holistic understanding of diet–disease relationships and facilitate the 

development of individualized nutritional interventions(8). However, despite these promising developments, several challenges remain 

in translating precision nutrition into routine clinical practice. Issues related to standardization of methodologies, validation of 

biomarkers, interpretation of complex datasets, and ethical considerations must be addressed to ensure the reliability and accessibility 

of personalized dietary recommendations. Moreover, effective implementation requires interdisciplinary collaboration among nutrition 

scientists, clinicians, bioinformaticians, and public health experts(9, 10). Overall, precision nutrition represents a significant paradigm 

shift in nutritional science, moving away from generalized dietary advice toward personalized approaches that account for genetic, 

metabolic, microbial, and environmental variability. By integrating advances in molecular biology, analytical technologies, and clinical 

research, precision nutrition holds substantial potential to enhance disease prevention, improve therapeutic outcomes, and promote long-

term health. As research in this field continues to expand, personalized dietary interventions are likely to become a cornerstone of 

modern medicine, contributing to the reduction of chronic disease burden and the advancement of individualized healthcare strategies. 

LITERATURE REVIEW 

Concept and Evolution of Precision Nutrition 

Precision nutrition has progressively evolved as a transformative concept within nutritional science, aiming to tailor dietary 

recommendations based on an individual’s genetic, metabolic, environmental, and lifestyle characteristics. Unlike traditional dietary 

guidelines that rely on population averages, this approach acknowledges the considerable inter-individual variability in metabolic 

responses to nutrients, influenced by genetic polymorphisms, behavioral patterns, and environmental exposures(7). This shift toward 

individualized dietary strategies reflects a broader transition from generalized public health nutrition to more targeted, patient-centered 

care, with growing recognition of its potential to optimize health outcomes and reduce chronic disease burden. The foundation of 

precision nutrition was significantly strengthened following the completion of the Human Genome Project, which provided critical 

insights into genetic determinants of nutrient metabolism and disease susceptibility(11). Subsequent advancements in genomics and 

computational biology have enabled deeper exploration of gene–nutrient interactions and the molecular pathways involved in 

metabolism, inflammation, and oxidative stress. These developments led to the emergence of nutrigenomics and nutrigenetics as core 
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scientific pillars of precision nutrition(12). Nutrigenomics focuses on how nutrients and bioactive compounds influence gene expression 

and cellular signaling, whereas nutrigenetics examines how genetic variation affects individual responses to dietary components. 

Together, these disciplines provide a mechanistic basis for personalized dietary interventions aimed at improving metabolic health and 

preventing disease(13). 

 

Multi-Omics Technologies in Precision Nutrition 

The integration of high-throughput multi-omics technologies has significantly advanced the field of precision nutrition by enabling 

comprehensive analysis of biological systems and their interactions with dietary factors. Technologies such as genomics, 

transcriptomics, proteomics, metabolomics, and microbiomics collectively provide a multidimensional understanding of how nutrients 

influence physiological processes and disease pathways (5). Genomics, for instance, facilitates the identification of genetic 

polymorphisms that affect nutrient metabolism and disease risk, with variations in genes such as FTO, APOE, and MTHFR being 

associated with obesity, lipid metabolism, and folate pathways(14). Metabolomics has emerged as a particularly valuable tool, offering 

real-time insights into metabolic processes through the analysis of small molecules present in biological samples such as blood and 

urine. This approach enables the identification of metabolic biomarkers associated with dietary intake and disease risk, thereby 

supporting more accurate prediction of individual responses to nutritional interventions(15, 16). Similarly, transcriptomics and 

proteomics provide detailed information on gene expression patterns and protein synthesis in response to dietary factors, allowing for 

the identification of molecular pathways that link nutrition to health outcomes(17). The integration of these diverse datasets through 

advanced bioinformatics and artificial intelligence has further enhanced the predictive capacity of precision nutrition, enabling more 

accurate modeling of individual metabolic responses and facilitating the development of targeted dietary strategies(18, 19). 

Role of the Gut Microbiome in Personalized Nutrition 

The gut microbiome has emerged as a central component in precision nutrition, given its critical role in nutrient metabolism, immune 

regulation, and inflammatory processes. The human gastrointestinal tract harbors a vast and diverse microbial ecosystem that 

significantly influences metabolic health and disease susceptibility(20). Variations in microbiome composition among individuals 

contribute to differences in dietary responses, highlighting the importance of incorporating microbiome profiling into personalized 

nutrition frameworks. Diet is a major determinant of microbiome structure and function, with different dietary patterns capable of 

altering microbial diversity and metabolic activity. These changes influence the production of microbiota-derived metabolites, including 

short-chain fatty acids, bile acids, and other bioactive compounds that play key roles in regulating metabolic pathways associated with 

obesity, cardiovascular disease, and diabetes(21). Notably, individuals consuming identical meals often exhibit markedly different 

 

Figure 1: Multi-Omics Technologies in Precision Nutrition 
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postprandial glycemic responses, largely attributable to differences in microbiome composition and metabolic phenotype(8). 

Personalized dietary interventions that incorporate microbiome data have demonstrated improved glycemic control and metabolic 

outcomes compared to conventional dietary recommendations, underscoring the clinical relevance of this approach(22). 

Precision Nutrition in Disease Prevention and Management 

The application of precision nutrition in the prevention and management of chronic non-communicable diseases has gained substantial 

attention in recent years. Conditions such as obesity, type 2 diabetes, cardiovascular disease, and metabolic syndrome are multifactorial 

in nature, arising from complex interactions between genetic, environmental, and dietary factors. Personalized nutritional strategies that 

account for these variables have shown considerable promise in improving disease outcomes and reducing risk(23). Evidence from 

large-scale studies, including the PREDICT and FOOD4ME trials, has demonstrated that individualized dietary recommendations based 

on genetic, metabolic, and behavioral data can lead to improved dietary adherence and better metabolic health compared to standardized 

guidelines(24). Furthermore, precision nutrition has shown potential applications beyond metabolic disorders, including cancer 

prevention, neurodegenerative diseases, and age-related conditions. Tailored dietary interventions targeting oxidative stress, 

inflammation, and metabolic dysregulation may contribute to slowing disease progression and enhancing overall health outcomes(25). 

Despite these advances, several challenges hinder the widespread implementation of precision nutrition in clinical practice. The 

integration and interpretation of complex multi-omics data remain technically demanding, requiring advanced computational tools and 

standardized analytical frameworks(26). Additionally, ethical considerations, data privacy concerns, and issues related to accessibility 

and cost pose significant barriers, particularly in low- and middle-income settings(13). Addressing these challenges will require 

coordinated efforts to develop standardized methodologies, validate biomarkers, and conduct large-scale clinical trials to establish the 

long-term efficacy and cost-effectiveness of precision nutrition interventions. The conceptual framework of precision nutrition highlights 

the interconnected roles of multi-omics technologies, individualized dietary strategies, and underlying biological mechanisms in disease 

prevention and management. Through the integration of genomic, metabolic, and microbiome data, precision nutrition enables the 

development of tailored interventions that influence gene expression, metabolic regulation, immune function, and inflammatory 

pathways(19). These mechanisms collectively contribute to reducing the risk and progression of chronic diseases, reinforcing the 

potential of precision nutrition as a cornerstone of modern preventive and therapeutic healthcare. 

Table 1: Role of Multi-Omics Technologies in Precision Nutrition and Disease Prevention 

Omics 

Technology 

Key Focus Applications in Precision Nutrition Associated Health Outcomes References 

Genomics Analysis of genetic 

variations and 

polymorphisms 

Identification of gene–nutrient 

interactions and personalized dietary 

recommendations 

Reduced risk of obesity, 

cardiovascular disease, and 

metabolic disorders 

(27) 

Transcriptomics Study of gene 

expression patterns 

Understanding how nutrients regulate 

gene expression and metabolic 

pathways 

Improved metabolic regulation 

and disease prevention 

(14) 

Proteomics Analysis of protein 

structure and function 

Identification of protein biomarkers 

related to nutrient metabolism and 

disease processes 

Early detection and 

management of chronic 

diseases 

(3) 

Metabolomics Study of metabolic 

profiles and small 

molecules 

Assessment of metabolic responses to 

dietary intake and identification of 

metabolic biomarkers 

Improved metabolic health and 

personalized dietary planning 

(26) 

Microbiomics Analysis of gut 

microbiota composition 

Understanding diet–microbiome 

interactions and their role in nutrient 

metabolism 

Better glycemic control, 

improved immune function, 

and reduced inflammation 

(5) 

 

Table 2: Selected Studies on Precision Nutrition and Personalized Diet Interventions 

Author (Year) Study Focus Methodology Findings Implications 

Zeevi et al. (2015) Personalized 

nutrition and 

glycemic response 

Machine learning 

analysis of dietary 

Individuals show different 

glycemic responses to identical 

foods 

Personalized diets can 

improve metabolic 

health 
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responses in 

individuals 

Celis-Morales et 

al. (2017) – 

FOOD4ME Study 

Internet-based 

personalized 

nutrition 

Randomized controlled 

trial across European 

populations 

Personalized dietary advice 

improved dietary behaviours 

compared to standard 

recommendations 

Supports the 

effectiveness of 

personalized nutrition 

interventions 

Berry et al. (2020) 

– PREDICT Study 

Diet, microbiome, 

and metabolic 

responses 

Large-scale clinical 

study analyzing 

postprandial responses 

Individual metabolic responses 

depend on genetics, microbiome, 

and lifestyle factors 

Precision nutrition can 

improve metabolic 

disease prevention 

Ordovas et al. 

(2018) 

Nutrigenomics and 

personalized 

nutrition 

Review of gene–

nutrient interactions 

Genetic variations influence 

nutrient metabolism and disease 

risk 

Nutrigenomics can 

guide personalized 

dietary strategies 

Valdes et al. 

(2018) 

Gut microbiome and 

nutrition 

Observational and 

experimental studies 

Gut microbiota significantly 

influences metabolic responses to 

diet 

Microbiome analysis 

can enhance precision 

nutrition approaches 

 

DISCUSSION 

The present narrative synthesis demonstrated that precision nutrition had emerged as a significant advancement in modern healthcare, 

shifting dietary management from generalized recommendations toward individualized strategies informed by genetic, metabolic, and 

environmental variability. The evidence collectively indicated that integrating molecular biology, nutritional biochemistry, and 

computational approaches enabled a more nuanced understanding of the complex interactions between diet and human health. Such an 

approach appeared to offer meaningful improvements in disease prevention and management by accounting for inter-individual 

differences in metabolic responses, which traditional models often failed to capture (26, 28). A central strength of precision nutrition lay 

in its reliance on multi-omics technologies, including genomics, metabolomics, proteomics, and microbiome analysis, which together 

 

Figure 2: Precision Nutrition Conceptual Framework 
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provided a comprehensive biological framework for personalized dietary interventions. Nutrigenomic evidence had consistently shown 

that genetic polymorphisms influenced nutrient absorption, metabolism, and physiological responses, thereby shaping individual 

susceptibility to chronic diseases (29). This biological heterogeneity supported the rationale for tailoring dietary interventions to genetic 

profiles, with studies suggesting that such personalization could enhance metabolic regulation and reduce disease risk (17). In parallel, 

metabolomics had offered valuable insights into dynamic metabolic pathways influenced by dietary intake. The identification of 

metabolites as biomarkers of dietary exposure and metabolic health allowed for more precise monitoring of physiological responses and 

strengthened the link between diet and disease mechanisms (23, 24). 

The role of the gut microbiome further reinforced the multidimensional nature of precision nutrition. Evidence indicated that variations 

in microbial composition contributed to significant differences in metabolic responses to identical dietary inputs, including glycaemic 

excursions, lipid metabolism, and inflammatory profiles (13). This variability underscored the importance of incorporating microbiome 

data into personalized nutrition frameworks, as dietary modulation of microbial activity had been associated with improved metabolic 

and immunological outcomes(20). The conceptual integration of gene–nutrient interactions, metabolic regulation, microbiome 

dynamics, and inflammatory control highlighted the biological plausibility of precision nutrition as an effective strategy for mitigating 

chronic non-communicable diseases, including obesity, type 2 diabetes, cardiovascular disease, cancer, and neurodegenerative 

disorders(15, 27). Clinical evidence from large-scale studies further strengthened these observations. Trials such as FOOD4ME and 

PREDICT demonstrated that personalized dietary recommendations based on genetic, metabolic, and behavioural data resulted in 

improved dietary adherence and more favourable metabolic outcomes compared with conventional approaches (16). Additionally, 

targeted nutritional interventions had shown beneficial effects in weight management, glycaemic control, and lipid regulation, supporting 

the clinical applicability of precision nutrition in both preventive and therapeutic contexts (3). These findings collectively suggested that 

integrating biological and lifestyle data could enhance the effectiveness of nutritional strategies and contribute to improved long-term 

health outcomes. 

Despite these promising advancements, the discussion also highlighted several critical limitations and ongoing challenges. One of the 

primary constraints related to the complexity of integrating and interpreting multi-omics data, which required advanced computational 

infrastructure and specialized bioinformatics expertise. The absence of standardized methodologies for biomarker validation and data 

analysis further limited reproducibility and comparability across studies (28). In addition, the high cost associated with genomic 

sequencing, metabolomic profiling, and microbiome analysis posed significant barriers to widespread implementation, particularly in 

low- and middle-income settings, thereby raising concerns regarding equity and accessibility (30). Ethical considerations represented 

another important dimension in the application of precision nutrition. The collection and utilization of sensitive genetic and metabolic 

data necessitated robust frameworks to ensure data privacy, informed consent, and responsible use of personal health information. 

Without appropriate regulatory oversight, there remained a risk of misuse or inequitable distribution of emerging technologies, which 

could potentially exacerbate existing health disparities (24). Furthermore, while current evidence supported the short- to medium-term 

benefits of personalized nutrition, long-term clinical outcomes remained insufficiently explored, highlighting the need for well-designed 

longitudinal studies and large-scale randomized controlled trials (31). 

The discussion also reflected an ongoing debate within the field regarding the balance between technological sophistication and practical 

applicability. While multi-omics and artificial intelligence-driven approaches offered unprecedented precision, their translation into 

routine clinical practice required simplification, cost reduction, and the development of user-friendly tools. At the same time, the 

integration of lifestyle, behavioural, and socio-environmental factors remained essential to ensure that precision nutrition interventions 

were not solely biologically driven but also contextually relevant. Interdisciplinary collaboration among clinicians, nutrition scientists, 

bioinformaticians, and public health experts was therefore considered crucial for bridging the gap between research and real-world 

application (32). Overall, the findings suggested that precision nutrition represented a promising yet evolving paradigm with the potential 

to transform disease prevention and management. Its strengths lay in its scientific rigor, multidimensional approach, and capacity for 

individualized care, while its limitations were primarily related to data complexity, cost, ethical concerns, and limited long-term 

evidence. Continued advancements in technology, combined with standardized methodologies and inclusive healthcare strategies, were 

likely to enhance its feasibility and impact. In this context, precision nutrition was increasingly positioned as a key component of future 

healthcare systems, capable of shifting the focus from generalized dietary recommendations toward more precise, individualized, and 

effective nutritional care. 

CONCLUSION 

Precision nutrition has emerged as a transformative approach in contemporary healthcare, aligning dietary strategies with individual 

genetic, metabolic, and microbiome characteristics to enhance disease prevention and management. The synthesis of current evidence 

indicates that integrating multi-omics technologies into nutritional practice allows for a more refined understanding of individual 

variability in dietary responses, thereby enabling more effective and targeted interventions for chronic conditions such as metabolic and 

cardiovascular disorders. While the clinical promise of this approach is substantial, its translation into routine practice remains 

constrained by challenges related to data integration, standardization, ethical governance, and equitable accessibility. Nonetheless, the 

continued advancement of interdisciplinary research and collaborative clinical efforts is likely to bridge these gaps and facilitate its 
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practical implementation. Overall, precision nutrition represents a significant step toward more personalized, preventive, and effective 

healthcare, offering a meaningful contribution to the evolving landscape of modern medicine. 
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