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Abstract:

Nutrigenomics is a rising branch of science that utilizes advanced tools to evaluate the advantages of diet and
nutrition on different diseases at the molecular and genetic levels. It delves into the association between dietary
regimes and the sustenance of overall health. This article delves into the pivotal role of nutrients in upholding
periodontal health. It also sheds light on the application of nutrigenomics in discerning the intricate interplay
between genotype, phenotype, and diet, and its influence on an individual's periodontal well-being.
Furthermore, the impact of dietary modifications on the progression of periodontal diseases is also discussed.
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l. INTRODUCTION

Nutrigenomics, a burgeoning field at the nexus of genomics and nutrition, investigates how individual
genetic variations can influence a person's response to diet and how food can affect gene expression.*Modern
tools like transcriptomics, proteomics and metabolomics are used in this research (figure1).’The ultimate aim of
this discipline is to personalize dietary recommendations based on an individual's genetic makeup, optimizing
health outcomes and potentially preventing diet-associated diseases. Everyone's genes are slightly different, and
because of these differences, our bodies can respond differently to the same food or nutrient. This variance is
responsible for why some people may metabolize certain foods quickly while others do not or why some
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individuals might have adverse reactions to particular diet. Nutrients can turn certain genes on or off. This
means that what you eat can influence how your genes function. By understanding how diet and genes interact,
we can potentially identify and address predispositions to diseases like diabetes, cardiovascular diseases,
obesity, and even some cancers. Early interventions, based on nutrigenomic insights, might reduce the risk of
these diseases manifesting or reduce their severity."

History of nutrigenomics

The history of nutrigenomics is interwoven with advances in the fields of genetics, nutrition, and
biotechnology. As researchers began to understand the complexity of the human genome and its interaction with
the environment, the potential for tailoring nutrition based on genetics became apparent.For centuries, it was
known that diet impacted health, with various cultures noting the effects of dietary deficiencies and their role in
diseases. The discovery of vitamins in the early 20th century reinforced the idea that certain dietary components
were essential for health. With the elucidation of DNA's structure by Watson and Crick in 1953, the foundation
for understanding genetics was laid. Human Genome Project (HGP) completed in 2003, the HGP was a pivotal
moment for nutrigenomics. In the late 20th and early 21st centuries, scientists began to publish findings showing
how nutrients influenced gene expression.® The term "nutrigenomics" was first coined by Pelegrin in 2001. In
2004, the European Nutrigenomics Organization (NuGo) was established and received funding until June
2010.*For instance, studies found that omega-3 fatty acids could influence the expression of genes related to
inflammation, personalized nutrition became popular in the 21* century, while the accuracy and efficacy of
these recommendations are still under study.?

Nutrients as dietary signalling molecule

Nutrients function not just as essential building blocks and energy sources for the body but also play
roles as signalling molecules. When they interact with cellular receptors or other molecular pathways, they can
influence various cellular functions, including gene expression, metabolic pathways, and immune responses.®
Some of these molecules can even alter the epigenome, affecting which genes get turned on or off. Omega-3 and
omega-6 polyunsaturated fatty acids (PUFAs) modulate the activity of transcription factors and influence
inflammatory responses. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), for instance, have
been shown to modulate (downregulate) inflammation by influencing prostaglandin production.? Polyphenols
found in foods like green tea, berries, and red wine, polyphenols can influence numerous signalling pathways.
For example, resveratrol has been shown to activate sirtuins, proteins involved in cellular health and
metabolism. Some minerals, such as zinc, can act as signalling molecules or secondary messengers within cells.
They play roles in processes like immune response, apoptosis, and DNA synthesis.®

Nutrients and Periodontal Health
Specific nutrients modulate periodontal health in the following way:

Vitamin Cis vital for collagen synthesis, which is crucial for gum health. A deficiency can lead to
bleeding gums and weakened periodontal ligaments. Sufficient levels of vitamin D can promote periodontal
health by ensuring proper bone density in the jaw and reducing inflammation in gum tissues. Antioxidants,
including vitamins C and E, combat oxidative stress in the periodontal tissues.

Calciumworks hand in hand with vitamin D and adequate calcium intake supports jaw bone density,
reducing the risk of bone loss, a hallmark of periodontal disease.

Omega-3 fatty acids, especially EPA and DHA, have anti-inflammatory properties. Studies have
shown that these fatty acids can reduce the depth of periodontal pockets and decrease gum bleeding.’

Micronutrients ZincThe genetic linkage between periodontitis and type Il diabetes has been the
subject of numerous investigations. One crucial element in this association is the ZnT8 receptor, which
facilitates zinc transport and is essential for the routine functioning of beta cells, particularly in the storage and
release of insulin. Research findings show that heightened extracellular zinc concentration augments glucose-
induced insulin secretion. This underscores the potential advantages of zinc supplementation for type 2 diabetes
individuals who possess the risk allele.?

Probiotics

Emerging research suggests that oral microbiome balance is crucial for periodontal health. Probiotics, beneficial
bacteria, might help in managing periodontal disease by outcompeting pathogenic bacteria and modulating the
host immune response.’

Mechanism of nutritional interaction in periodontal health and disease
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The role of nutrition in the periodontal disease pathogenesis and progression has gained significant
attention. Nutrients influence periodontal health by modulating inflammatory responses, oxidative stress, and
the integrity of oral tissues.
1.Antioxidant Mechanism

Oxidative stress is an imbalance between free radicals and the body's ability to counteract their harmful
effects. Nutrients with antioxidant properties, such as vitamins C and E, carotenoids, and selenium, neutralize
these free radicals, preventing tissue damage in the oral cavity.***"*

2. Modulation of Inflammatory Responses

Omega-3 fatty acids, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), can
mitigate inflammatory responses by producing anti-inflammatory eicosanoids. Omega 3 polyunsaturated fatty
acid metabolites may act as signals to prevent neutrophil mediated periodontal tissue damage. Moreover,
vitamin D, through its role in immune regulation, can reduce the inflammatory response in periodontal tissues."?

3. Maintenance of Structural Integrity
Vitamin C plays a pivotal role in collagen synthesis. Collagen forms the backbone of gingival tissues,
periodontal ligaments, and alveolar bone. A deficiency can impair periodontal structure and function.*®

4. Bone Metabolism

Calcium and vitamin D are essential for maintaining bone health. In the context of periodontal disease,
they ensure the structural integrity of alveolar bone. Magnesium, phosphorus, and vitamin K also contribute to
bone metabolism.**

5. Immune Modulation

Certain micronutrients, like zinc and vitamin D, modulate the immune response. They influence the
activity of various immune cells, including macrophages and T cells, which play roles in periodontal
inflammation and defence against pathogens.*>*°

6. Microbiome Balance

Nutritional choices can influence the oral microbiome composition. A diet rich in fibers and plant-
based foods supports the growth of beneficial bacteria, helping to maintain a balanced microbiome and reducing
the risk of dysbiosis, which can contribute to periodontal disease."’

Application of Nutrigenomics in Periodontics

By understanding the interactions between genes, diet, and periodontal health, dental professionals may
be better equipped to provide personalized treatment and preventive strategies for patients. Here's an exploration
of how nutrigenomics can be applied in periodontics. (Figure 2)

1. Risk Identification
Specific genetic variations might predispose individuals to periodontal disease. Nutrigenomic insights
can help identify individuals at higher risk, prompting early interventions or personalized preventive strategies.*®

2. Personalized Nutritional Recommendations

By understanding the genetic variations that influence nutrient metabolism and utilization, dental
professionals can recommend personalized diets to optimize periodontal health. For example, some individuals
might b%lefit more from increased omega-3 fatty acid intake to manage inflammation due to their genetic
makeup.

3. Gene-Diet Interactions in Inflammation

Inflammation is a hallmark of periodontal disease. Nutrigenomics can shed light on how diet influences
genes that regulate inflammation. By understanding these interactions, clinicians can suggest dietary changes to
modulate inflammation at the genetic level.*®

4. Understanding Microbiome-Genome Interactions

The oral microbiome plays a critical role in periodontal health. Nutrigenomics can provide insights into
how diet influences the expression of genes related to microbial interactions, potentially guiding interventions
that target the oral microbiome.

5. Drug-Nutrient-Gene Interactions
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Some periodontal treatments might involve medications that can interact with nutrients. Nutrigenomics
can help understand these interactions at the genetic level, ensuring treatments are effective and minimizing
potential adverse effects.'

Futuristic Approach in Nutrigenomics in Periodontology

As research continues to unveil the complexities of the human genome and its interaction with
nutrients, the future of nutrigenomics in periodontology seems promising. Here are some potential futuristic
approaches that may shape the landscape of periodontal care.

1. Tailored Nutritional Regimens for Periodontal Health: As our understanding of gene-diet interactions
evolves, dental professionals could recommend specific dietary regimens tailored to an individual's genetic
makeup to prevent or manage periodontal disease more effectively.

2. Epigenetics and Nutrient Interactions: Epigenetic changes, like DNA methylation, can be influenced by
diet and play a role in periodontal disease. Future research might delve deeper into how nutrients influence
the periodontal epigenome and devise strategies to modify epigenetic markers for better periodontal health.

3. Predictive Analysis and Personalized Treatment Plans: With advances in data analytics, Al, and machine
learning, it may become possible to predict an individual's risk of periodontal disease based on their
genomic data and dietary habits. Such predictive models can enable early interventions and more effective
management strategies.

4. Nutraceuticals in Periodontal Therapy: Based on nutrigenomic insights, specific nutraceuticals—foods
containing health-giving additivesmight be developed and recommended to patients to target specific
genetic pathways implicated in their periodontal disease.?*

Il.  Conclusion
Nutrigenomics into periodontics offers promising avenues for enhanced patient care. By tapping into
the wealth of genetic information and its interaction with diet, dental professionals can provide more
personalized, effective, and preventive strategies for managing periodontal disease.The integration of
nutrigenomics into periodontal care heralds a new era of personalized dentistry. As technology and research
methodologies continue to advance, we can anticipate a future where periodontal treatments are tailored to an
individual's genetic blueprint, maximizing therapeutic outcomes.
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Figure 1: Nutrient gene interaction

Yl P

Nutrigenomics res Health

Dietary factors Genon
Genoms
. Tramsd riptomics
- “. ‘ : — Protessns
Metabolom Periodontitis Metabolormics
i Mo Obranecy
Microbiome ’
Bioinformatu tooly
Precision nutrition, /
Periodontitis prevention
and management

Figure2: The integrative omics approach for better management of periodontal disease.
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