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Topic: 

Examine the emergence of nutrigenetics/nutrigenomics and analyze the relationship between nutrigenetics and nutrigenomics and also explore the impact of nutrigenetics/nutrigenomics on healthcare with respect to non-communicable diseases and how the implementation of nutrigenetics/nutrigenomics within the healthcare systems of the world could be a solution to humankind.
Introduction 

Nutrients modulate body physiological functions after interactions with molecular functions. Nutritional genomics’ focus is on the interplay between the genome and bioactive food elements, and they include Nutrigenomics and Nutrigenetics. Nutrient influences on f genes are referred to as Nutrigenomics, while Nutrigenetics is the identification of a person’s genetic makeup that harmonizes his or her response towards dietary nutrients. Genetic differences influences food tolerances and changes dietary needs leading to the need to individualize nutritional intakes that in the end helps in preventing diseases leading to optimal health, but all these are based on a person’s genome. Nutrigenomics offers an important understanding of dietary elements affect the needed balance between diseases and health through changes in genetic makeup. Nutrigenetics, on the other hand, mandates that this genetic profile affects body responses to food components and this is made possible by influences made on action site, metabolism and absorption. By getting individualized diets to every genotype, it is, thus easy to optimize a person’s health in any population subpopulation.
Emergence of Nutrigenetics/Nutrigenomics

Nutrigenetics

The term, Nutrigenetics was first used in the year 1975 by Dr Brennan when he wrote his book where he indicated that Nutrigenetics is all about how a person’s genetic background affects his or her diet (Marcum, 2020). Gene-nutrient interactions are studies that are currently developing. The notion that genome interaction including adverse diet leading to diseases has been common while unsuitable diet for any genotype can lead to polygenetic and monogenetic disease. Genetic polymorphisms have the ability to alter responses towards environmental elements (Bordoni & Gabbianelli, 2020). For instance, changes in enzymatic activities influence circulating concentrations leading to alterations in the effectiveness of chemicals, including their metabolites. Other genetic variations to diet include metabolic disorders like iron absorption, defects on fatty acid oxidation, Phenylketonuria (PKU), another rare inherited disorder which causes phenylalanine an amino acid build up in the body as a result of the phenylalanine hydroxylase (PAH) gene that is active in the breakdown of phenylalanine. When there is a failure by enzymes to breakdown phenylalanine, there could be some serious health problems especially when this individual eats protein or eats aspartame or even artificial sweeteners. It is therefore prudent to offer a diet with limited phenylalanine found in proteins in people, babies, children and adults living with PKU because there is no cure for PKU. It is best to start early treatment to prevent its limitations in regards to intellectual challenges. 
According to Sikalidis (2019) Nutrigenetics is important as it extends research studies on the relationships between diet and genes, with the main aim of ensuring optimal health through the use of diet. Usually, incorrect diet can lead to varied health challenges like autoimmune diseases, overweight, cancer, cardiovascular diseases, and inflammatory diseases, also, there are other known food allergies or intolerances, which are cause, relate to genetics. Tests on Nutrigenetics are done through the analysis of DNA variants that relate to metabolism aspects, like increased BMI, accumulation of fat, regulations of appetite, including variants related to allergies, and those critical for personalized diet development. The future of nutrition may not be shaped without Nutrigenetics as it allows diets to be tailored to a person’s DNA. Such diets are important as they have many functions, for instance, in shedding off unwanted weight while bolstering health status and optimizing on fitness with the long effects of a vibrant and long life.
Dhanapal et al. (2022) indicate that approximately 45% of weight loss is achieved via genetics, while 10% of athletes often contend with bad performances because of caffeine consumption. Further, those that have challenges with lactose intolerance range between 5% and 65% (Barrea et al., 2020). Such statistics clearly showcase a major challenge, and that is ‘nutritional guidelines, for example, NRV or RDA, convenient food products  and dietary plans have one thing in common where they have a one-size-fits-all procedure while neglecting the vital effects of a person’s genetic makeup. It is, therefore, important for individuals to understand their genes and work towards personalizing their diets for optimal body functions.

Simply put, Nutrigenetics bridges the gap between an individual’s genetic makeup and the food they eat. Single nucleotide polymorphisms (SNPs) usually found in the DNA between genes become important as biological markers, to distinguish those genes related or associated with disease. Suppose SNPs occurs within a gene or in a regulatory region near a gene, may play a more direct role in disease by affecting the gene's function or genetic variations usually determine a person’s body nutrient response, as this is important as it influences other lifestyle factors for instance, cognitive performance, physical functioning and overall wellbeing. When well informed about the genetic differences allows one to understand the type of foods that should be consumed more often, and those to do away with leading to a personal diet that is optimized. Fats, proteins and carbohydrates are crucial diet components. However, depending on a genetic makeup, such macronutrients metabolized, differently. One can improve body shape by higher protein intakes after lean muscles can be developed. In contrast, fat metabolized can also lead to essential fats benefits, for instance Omega-3 benefits (Dhanapal et al., 2022). For instance, APOA2 (The APOA2 gene (OMIM 107670) encodes the apolipoprotein A-II lipoprotein (ApoAII), one of the major constituents of HDL mainly produced in the liver and small intestine)  is known to influence how the body is able to process fats that are saturated, and the rate of weight gain when undertaking diets with saturated fat. Other genes, like PPARG, ADRB2 and FTO are also critical when it comes to how macronutrients are processed by the body.
Genes influence both micros and micronutrients. Minerals and vitamins play a major role in ensuring overall wellbeing. The Nutrigenetics makes it possible to understand if one is predisposed to challenges in nutrient metabolization. Variations in VDR gene, for instance, is an indication of the need for more Vitamin D, also, any change in MTHFR gene lowers the ability for Vitamin B9 usage. Other genetic variations that are known to alter or influence micronutrients include TCN2, BC01 including GPX1, these influence the need for Vitamin B12, Vitamin A and Selenium respectively (Otero et al., 2023).

Meiliana & Wijaya (2020) confirm that most people genes which make them intolerant towards particular diets and this can hinder absorption of nutrients leading to adverse effects on health if such cases are not dealt with. For instance, LCT gene has the mandate of instructing Lactase, without which the body is not able to digest lactose and this is found in various products like yoghurt and milk. In the event, that lactose is undigested and these products are consumed one experiences stomach cramps, uncomfortable feelings of gas and bloating. Nutrigeneticcs is also instrumental in gluten sensitivity and celiac disease. For others, taking up gluten leads to other symptoms that are not pleasant, while others are not affected. However, every person affected with coeliac disease has either HLA-DQ82 or HLA-DQ2, and these are gene variants, specifically, HLA. 
A vital aspect in regards to Nutrigenetics relates to its potential in genetic variations, which makes one to gain weight under varied or certain dietary circumstances (Vyas et al., 2018). For instance, people can have a genetic profile, which allows increased fat stored when carbohydrates are consumed while others might easily thrive on protein-filled diets, which preserves lean muscle mass in the event of losing weight. The FTO gene is the most studied when it comes to fat metabolism and obesity. With its increased and vast amount of wealth data it has been given the name the ‘Fatso’ gene. Gene variations with FTO correlates with the regulation of appetite, weight gain, fat storage, and energy usage. With this knowledge, one can easily decide the type of diet that is appropriate for them in the process for ensuring efficient weight management (Vazquez-Vidal et al., 2019). 

For athletes, issues pertaining to nutrition are important and play a major role because they enhance their overall performance, recovery and endurance. In the event that an athlete is going or doing beyond the human performance boundary, getting the one extra point or percentage is vital. In this case, genes easily guide the diet to be consumed for optimized performances.

An old debate like, which is the best source of fuel for athletes, can now be settled easily by using genes like PPARG. With fat metabolism in the gene, its variations clearly indicate how fats are broken efficiently leading to the required energy needs. In this case, there are athletes with certain variants that can outshine others in the fields when consuming higher quantities of fat diets and this is specifically so when dealing with endurance sports. There are other nutrients information that Nutrigenetics offers insight, more so for athlete performance and they include Vitamin B12, protein, VO2 max, Vitamin D including Caffeine.

Genetic makers can easily signal any disease risk, and when the makers are well understood vital steps are taken in regards to diets for purposes of ensuring longevity and healthy ageing. When considering the APOE gene it has a crucial role when dealing with cholesterol metabolism and Alzheimer’s. When there are particular variants available the body can easily process saturated fats and cholesterol. For a person in this category, fat diets can lead to increased cholesterol leading to heart problems. However, with TCF7L2 gene variations one is prone to be attacked by diabetes (type 2) (Vranceanu et al., 2020). This information helps in ensuring that individuals are able to adjust their total sugar usage hence leading to increased and better health in the long run.
Overall, Nutrigenetics powers health and wellbeing. It forms the background of the diet required. To begin this process it is vital to begin with testing of DNA Nutrition, a process that aids in understanding ones dietary requirements. This test offers a comprehensive report which indicates the food groups that are needed, micro and macro nutrient requirements including relevant flags like sensitivities.

Nutrigenomics

Nutritional genomics commonly referred to as Nutrigenomics is the relationship between gene expression, diet and nutrients. The 1990s Human Genome Project and human DNA sequencing mapping led to ‘big science’ era which was crucial in starting the evolvement of the current Nutrigenomics (Srivastava et al., 2022). While the initial hype in regards to Nutrigenomics has not fully developed, it’s a fast moving and nascent area which has the capacity to bring about clear foundations that will bring about personalized nutrition approaches. While it’s a vital area in the way it will assist the wellbeing of individuals, there are various concerns that challenge its full acceptance, for instance, data misuse and the need to screen some phenotypic predispositions with zero treatment. With the current nutrition-related non-communicable diseases, the field of Nutrigenomics will eventually help in bringing about dietary shifts at population levels, albeit the limited human experimental trials available. This impedes translating such science researches into practice.

According to Marcum (2020) contend that in addition to gene effects towards phenotypes, genes are able to respond to influences on the environment, where nutrition is considered one such influence. Some of the vital nutrients include choline, folate, Vitamins, B12, B6, and B2 including Vitamin A which has the capability of regulating gene expression. Other general patterns of diets with increased levels of Glycaemic Index (GI) load are also in line with gene expression, for instance, correlations between Adiponectin gene polymorphism and higher diets of GI which leads to type 2 diabetes and insulin resistance (Sikalidis, 2019).

Nutrigenomis excels on technological developments which ensure increased data processing when dealing with gene variants. The varied –omi developments or technologies like proteomic, genomic, transcriptomic and metabolomic are very important in measuring molecules simultaneously (Carlberg et al., 2020). This is vital since most chronic illnesses are not due to genetic effects affected singly by a dietary exposureor monogenic mutation, but through interrelated interactions from a number of variants. This, thus, brings about the other problem related to Nutrigenomics, where human beings complex biological makeup makes exact analysis of how bio-actives react almost impossible. Also, understanding optimal nutrient intakes for cells in a way that is genomically stable is not known. Different genetic backgrounds also worsen the situation in regards to phenotypes prediction where others are more susceptible. For instance, the APOE gene incorporates three phenotypes, and all of them have varied CVD risks, while responding differently to lifestyle factors and diet (Carlberg, 2023).
Nutrigenomics main objective is to mainly identify the impact micronutrients and macronutrients have on the genome with increased exploration of interactions between nutrients and genes and their overall effects towards the body (Vyas et al., 2018). Further, Nutrigenetics also functions in describing functional genomic tools usage for purposes of having a clear picture of how nutritional molecules impact homeostatic control and metabolic pathways. It is a part of science that, in the end reveals optimal diet within changes in nutrition. In the research of Nutrigenomics there are other technologies that apply like metabolomics, proteomics and transcriptomics.

Studies indicate that a variety of nutrients can change gene expressions at the levels of protein function, chromatin structure, signal transduction and gene regulation. Epidemiological studies (Vyas, 2022; Mishra et al. 2022) have also shown the relationship between severity of chronic diseases, their incidence and good intake. A variety of pathologies that are related to nutrition like type 2 diabetes, metabolic syndromes, obesity, some cancer types and CVD are multifactorial and polygenic. Commonly, their progression and onset relate to genes and their variants including diet which is an environmental factor.

Dietary chemicals also have an adverse effect on gene expression. When considering the cellular levels, the nutrients operate or perform as ligands for factor receptors leading to alterations substrate concentrations and in the end affect signal pathways negatively or positively (Brennan & de Roos, 2021). Both complex and simple carbohydrates affect glucose concentrations. Most foods that contend with increased glycemic index ensure more insulin production while inhibiting insulin receptors synthesis. Therefore, dietary chemicals are ingested by humans leading to gene expression regulation. This, thus, follows that gene subsets that are diet regulated are involved in disease severity, progression and initiation.
Relationship between Nutrigenetics and Nutrigenomics

Nutrients are in a position of interacting with molecules for purposes of modulating physiological body operations (Marcum, 2020). Nutritional genomics main tenet is on the relationship between the genome and bioactive food components which includes nutrigenomics and nutrigenetics (Peña-Romero et al., 2018). While these two concepts are mostly used interchangeably, they have different connotations or meaning.
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Fig 1: Nutrigenetics vs Nutrigenomics (Bordoni & Gabbianelli, 2019)
Both Nutrigenomics and Nutrigenetics are known to be the effects of genetic variation on the responses of diet, including the role of bioactive compounds and nutrients in the expression of genes (Malgwi et al., 2022). When such information is exploited with high ‘omic’ technologies it gives way for the knowledge gain which relates to the interactions of genes and nutrients to develop personalized strategies of nutrition to prevent diseases and ensure optimal health. The three most vital factors that underpin both Nutrigenetics and Nutrigenomics as a science that is vital include, that a great diversity existing in inherited genome between individuals and ethnic groups affects metabolism and nutrient bioavailability, that individuals usually differ in their nutrient/food choices and availability, and this depends on their economic, cultural, taste and geographical differences (D’Ambrosio et al., 2022). Lastly malnutrition can easily affect genome stability and the expression of genes. Genome stability leads to mutations at the chromosomal level while expression of genes leads to adverse phenotypes.
The hypothesis that underpins Nutrigenomics and Nutrigenetices science includes the following: 

Better health can easily be achieved in the event that nutritional needs are customized taking into account a person’s acquired and inherited genetic characteristics (Bahinipati et al., 2021); Nutrition easily impacts on the outcomes of health and this is achieved by directly affecting gene expression or indirectly by impacting on genetic mutation incidences (Dhanapal et al., 2022). Also, the effects of both nutriomes and nutrients often depend on genetic variants that have been inherited (Meiliana & Wijaya, 2020). They alter the metabolism and uptake of nutrients via the cofactor, thus, biochemical reactions activity.
Impact of Nutrigenetics and Nutrigenomics on Healthcare with Respect to Noncommunicable Diseases

From the last two decades there has been a sharp publication on Nutrigenomics and Nutrigenetics fields of study. The relationship between the two has been seen as being complementary. Current research and clinical literature clearly supports the impact of both nutrigenomics and nutrigenetics more so in preventing and treating of non-communicable ailments. Although there still exist several challenges in the implementation of nutrigenomics and nutrigenetics in the healthcare system, y are known to be insurmountable. 
Both in clinical and basic research nutrigenetics and nutrigenomics have the capacity of promoting individual wellness, hence important in precision healthcare and personalized nutrition. Nutrigenomics and Nutrigenetics have the capacity of investigating how gene expression is affected by nutrients. This has expanded to more strategies that ensure treatment and prevention of Non-Communicable Diseases like type 2 diabetes, obesity, cancer including Inflammatory Bowel Disease. They offer perspectives that are crucial in prescribing and designing customized diets.
Nutrigenetics and Nutrigenomics A Solution to Humankind 

Diets are crucial and they often play an important role among humans. As indicated in figure 1, nutrigenomics ensures interactions of inborn errors of metabolism which have been corrected by the use of dietary changes. Nutrigenomics, thus helps humans in explaining how food affect a person’s DNA (Vyas et al., 2018). Everything that is eaten always has a genetic message to the body, and changes how the food taken interacts with the body, enhance health and reduce weight.
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Fig 1: Gene and Nutrient Interaction (Ceriani et al., 2023).
Nutrigenomics is vital as it determines the impact of nutrients on micro and macro nutrients including the genome. It investigates nutrients and gene interactions and their consequences on the health status of humans. This Nutrigenomics study, however, does require a collaborative approach to enhance optimal health of populations for purposes of maintaining genetic balances, public health industries, culinary and food science. By looking at the current trend in regards to lifestyle diseases, Nutrigenomics offers a personalized diet and this is based on genomic composition (Di Renzo et al., 2019). Nutrigenetics is also important as it helps clinicians make decisions on food types that are ideal for a particular individual (Sikalidis, 2019).
Conclusion 

With increased insights towards alterations in diets, gene-nutrient interactions including interventions of single nutrients individuals can better be able to be protected against cardiovascular occurrences, cancer, including other chronic ailments. Overall, this will ensure longevity and a solution to humankind.
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