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Abstract
Nutrigenomics is a rapidly developing subject that combines genomics 
and nutrition to reveal the complex interactions between our genetic com-
position and the foods we consume. This review paper provides a thorough 
overview of nutrigenomics, exploring its underlying theories, methods and 
significant implications for customised nutrition and healthcare. The goal 
of nutrigenomics is to understand the molecular processes underlying the 
diverse ways in which people respond to different diets by examining the 
dynamic interplay between an individual’s genetic profile and the nutrients 
they ingest. To provide a sophisticated knowledge of the genetic elements 
that contribute to the variation in human reactions to dietary components, 
this inquiry starts with an explanation of the fundamental concepts of 
genetics and genomics. The review paper continues to describe the ap-
proaches used in nutrigenomic research, with a focus on using state-of-
the-art technology like bioinformatics and high-throughput sequencing. 
These instruments enable scientists to unravel the intricate connections 
between genetic variants and dietary components, leading to a more 
sophisticated understanding of how our genes regulate our reactions to 
particular foods. Nutrigenomics key component is its ability to open the 
door to customised nutrition. Practitioners are able to customise dietary 
advice for each patient based on their distinct genetic predispositions by 
analysing their genetic code. The one-size-fits-all strategy is superseded 
by this method, recognising the innate genetic variability affecting how our 
bodies metabolise and react to various nutrients. This review article covers 
current research findings, shedding light on the potential of nutrigenomics 
to revolutionise disease management through precision nutrition.
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Introduction

Nutrigenomics, a recent scientific field, reveals 
the genetic messages that particular diets con-
vey. Human body is affected by eating behaviour 
according to genetic signals. In turn, these com-
munications command all of the elements that 
make up your metabolism, the ones that instruct 
your body mechanism whether to accumulate 
or burn calories. Human body may suggestively 
change how food interrelates with your system, 

lose weight, as well as improve your health if you 
can understand the sign of your genes and take 
control of the signals and instructions they pro-
vide to your body and metabolism.1

Considering that nutrition is buildup of molecules 
which meet our system needs for both macro- as 
well as the micronutrients, it is a necessary as-
pect of life.2 Furthermore, because some of these 
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chemicals directly interact through our body 
genome sequence and epigenome by controlling 
the activity of transcription factors and chroma-
tin modifiers, they have an impact on our health. 
Nutrigenomics revolves around the intricate 
connection between our (epi)genome and nutri-
tion.3, 4 Regular diet-(epi)genome communication 
affects immune system and brain function in ad-
dition to organs related to metabolic such as ad-
ipose tissue, skeletal muscle, liver and pancreas.

The genesis of nutrigenomics
The idea that nutrition affects health is not new. 
In today world the nutritional manipulation has 
long been used to address “inborn errors of me-
tabolism,” or recognised interactions among food 
and inherited genes. Such interactions that are in-
cluded in the field of nutrigenomics. Phenylketon-
uria (PKU) is one such instance; it results from a 
single gene mutation. Such foods containing the 
amino acid phenylalanine must be avoided by 
anyone with the condition. Another illustration 
in today world is intolerance towards lactose. 
Across the globe the majority of people worldwide 
are intolerant towards lactose, which means that 
they are unable to digest milk products since, af-
ter weaning, the gene that codes for the enzyme 
lactase is generally “turned off.” However, a vari-
ation in a single DNA nucleotide first emerged in 
northern Europeans between 10,000 and 12,000 
years ago. Because of this single nucleotide poly-
morphism (SNP), or having the SNP, the lactase 
gene continued to express itself into adult age. 
That was useful since individuals carrying this 
SNP may consume dairy products that are high 
in nutrients in areas with short growing seasons. 
Additionally, scientists were able to find other 
genes that interact with dietary components as a 
result of the late 20th century molecular genetics 
revolution.1

Most anthropomorphic traits, such as height or 
their eye colour5 and several physiological traits, 
like lactase persistence6 and the likelihood of con-
tracting disorders like T2D,7 are present in a par-
ticular human population in a variety of forms. 
Given that these characteristics are determined 
by the expression and function of genes, inter-
individual genomic and epigenomic differences 
are linked to the diversity. Because of this, indi-
viduals within a group exhibit varying degrees 
of biological fitness, including fertility, viability 
and success in mating. Characteristics linked to 
higher levels of fitness are environmental adap-
tations. This is the root of Darwin’s evolutionary 

theory of “survival of the fittest,” which is fre-
quently brought about by pressures from evolu-
tion, such as decreased access to resources like 
food or dangers from infections.8

On the other hand, personal medical and social 
attention to the individual characterises modern 
cultures. One of humanity’s greatest achieve-
ments and a measure of our species’ progress is 
the way we care for the people of our society who 
are less suited. Therefore, in most circumstances, 
the results of Darwinism now do not apply to us 
anymore. Nonetheless, there may be certain out-
liers, such as HIV-1 virus infections or the SARS-
CoV-2 pandemic. Regardless, each of us carries 
a history of evolution inside our unique version 
of the genome, which plays a major role in deter-
mining our specific vulnerability to a variety of 
common diseases.9

Early January 2017, the Food and Drug Adminis-
tration (FDA) in the United States (US) approved 
the 23andMe Genetic Health Risk Test, the first 
direct-to-consumer genetic test that offers infor-
mation on an individual’s susceptibility to certain 
diseases. Experts in the area generally view the 
accuracy and efficacy of such products with great 
suspicion and it is also usual to question the ve-
racity of the promises made by the for-profit com-
panies offering health-genomics services. While 
the idea sounds reasonable and there seems to be 
a lot of support for it, as of right now the technolo-
gy does not seem to provide accurate, repeatable 
and reliable results.10, 11

On the other hand, the market is undoubtedly 
expanding and substantial investments are be-
ing made in the industry. Thus, the field of study 
known as nutrigenomics studies the relationship 
(nutrient–genome/epigenetic) between nutrition 
and the genome and accurately/precisely works 
on the such side which is related to, how differ-
ent diets and their combinations with other food 
components interact with specific gene to either 
alter the risk of such metabolic diseases like 
non-insulin dependent diabetes, obesity, chronic 
heart disease and some types of sarcomas. These 
studies revile main concepts driving the nutrig-
enomics field forward is the creation and use of 
customised dietary plans based on each person’s 
unique genetic profile, with the goal of maxi-
mising epigenetic phenomena and using genetic 
predisposition. Another promising application in 
the field of food science and technology is the cre-
ation and fundamental development of functional 
foods informed by nutrigenomics research.12
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Figure 1: Nutrigenomics-oriented health optimisation

One of the main concepts driving the nutrige-
nomics field forward is the creation and use of 
customised dietary plans based on each person’s 
unique genetic profile, with the goal of maxi-
mising epigenetic phenomena and using genetic 
predisposition. Moreover, another significant 
and potentially strong area of application in the 
nexus of such technology is the re-modulate 
and development and development of functional 
meals based on the findings of the study of nu-
trigenomics. Functional foods and dietary sup-
plements represent a significant market, which 
is valued at approximately US$ 40 billion as of 
2010. Projections and estimates suggest that by 
2030, advancements and investments in nutrig-
enomics could potentially double this sector/
market, reaching an estimated US$ 80 billion.13, 14 
Up to recently, research on biological structures, 
reactions, enzymes and signalling agents was 
largely focused on a narrow range of topics and 
simplified, which helped us understand specific 
molecular mechanisms but not always biological 
systems as a whole. On the other hand, because 
genomics allows for the simultaneous and inte-
grated assessment of several biological activities 
at the molecular level, it may change the direction 

of nutrition research. These methods enable the 
findings of the biological structure and function 
of amino acids, proteins and other metabolites to 
be included in gene research.15

Nutrigenomics is a research approach that anal-
yses both nutritional intake and genetic profile 
(makeup). It is based on the idea that, the many 
environmental factors, such as daily routine ac-
tivity, contact to harmful pollutants and infec-
tions, should be taken into account and quantified 
as much as possible. Numerous findings showed 
their correlation between nutrients and genes in-
fluence gene expression, that turn to influences 
metabolic pathways and their activity.16, 17 Using a 
genetic profile analysis under various situations, 
the nutrigenomics method looks for relationships 
between gene behaviour and the environment. 
As a result, study objectives are established and 
possible correlations are looked into, enabling 
hypothesis-driven numerical experimentation or 
research that can demonstrate their major cause 
and its effect.17 Primary benefit of this strategy 
is its capacity to efficiently and promptly handle 
massive data quantities, providing a foundation 
for further investigation.
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Because of its ability to process and analyse nu-
merous biological data points from huge data-
bases simultaneously, nutrigenomics may show 
to be an excellent technique for establishing the 
objectives regarding targeted therapy or health 
optimisation as depicted in Figure 1.

One of the well-established processes in prokary-
otes is the expression of genes in such response 
as changes in nutrition values. Single-cell organ-
isms can adapt their metabolic capacity to chang-
es in the availability of nutrients in the culture 
media. For instance, the operations/regulation 
of the operons for lactose, histidine (amino acid) 
and tryptophane by their respective substrates 
has been well-characterised across the cyto-
plasm, as has the withdrawal responses of sul-
phur amino acids.17 Nutrition used to just address 
a person’s fundamental needs for survival; now, it 
is used to create customised meals that promote 
optimal health. The goal of nutritional genomics 
technologies is to integrate them with databases 
of genetic vulnerability to illness, interindividual 
genetic variability and genomic sequences. Clari-
fication of impact of nutrition over hypertension, 
tumours, diabetes and other serious illnesses is 
sought using this information. Food items may 
potentially be modified to improve the health 
and wellbeing of demographic groups defined 
by individual genomes, but this is currently not 
achievable in practice. The intricacy of metabol-
ic disorders, population-wide genetic diversity 
and the complication of genome-genome and ge-
nome-environment connections all provide sig-
nificant barriers to the application and/or trans-
lation of nutrigenomics research.

Key concepts and terminology
The study of nutrition and gene expression is 
known as “nutrigenomics,” and its goal is to com-
prehend how a person’s genetic composition im-
pacts how their body responds to food and how 
food itself effects gene expression. The following 
are some essential terms and concepts:

•• Biostimulation: An organism can undergo 
biostimulation, which is a phenomenon in 
which metabolic processes are altered to en-
able more substantial growth or yield, more 
efficient use of environmental resources and 
increased tolerance to unfavourable environ-
mental variables. According to some descrip-
tions, biostimulation is a universal biological 
phenomenon that depends on how cell molec-
ular structures interact with outside impuls-

es or stimuli. A series of processes, including 
sensing, transmission, receiving action and 
alteration in various gene expression, their 
metabolism, or cellular (and organismal) 
characteristics take place following the ad-
ministration of a bio-stimulating substance. 
Physical, chemical, or biological environmen-
tal factors can induce biostimulation in living 
things.18

•• Nutrigenetics: Focuses on how genetic vari-
ations among individuals influence their 
response to nutrients. By optimising food 
consumption, nutrigenomics offers a viable 
approach to cardiovascular medicine that 
may improve the inhibition and treatment of 
cardiovascular diseases (CVD). The term nu-
trigenomics is still refining its study methods, 
though and learning from both its successes 
and failures. Since its theoretical underpin-
nings have been established, we can validate 
it and then move forward with research fo-
cused at obtaining the higher calibre of scien-
tific evidence required for its successful appli-
cation to clinical practice. These elements are 
included in this review, which also provides 
an overview of the research on gene-diet in-
teractions associated with intermediate and 
ultimate CVD symptoms.19

•• Nutrigenomics: Examines how nutrients and 
dietary compounds affect gene expression, 
metabolism and overall health. It recognis-
es that nutritional advice that is suitable for 
one person may not be suitable or even det-
rimental for another. The promise is similar 
to that of pharmacogenomics, its sister area 
that looks at personalised medication ther-
apy. The Nutrigenomics New Zealand model 
offers a method for combining the different 
systems biology technologies at hand, with 
the ultimate goal of creating unique, carefully 
crafted meals. On the other hand, such exam-
ple also offers a coherent as well as the inte-
grated model that may be used for different 
research goals. A proof of principle has been 
used to Crohn’s disease (CD), an instance of 
inflammatory bowel disease (IBD).20

•• Single nucleotide polymorphisms (SNPs): 
modifications to a single nucleotide base in 
DNA that can impact a gene’s ability to func-
tion. Finding new connections between SNPs 
in specific genes and a certain trait is essential 
towards epidemiology of genetic. A wealth of 
knowledge on the genetic foundation of sev-
eral diseases is easily obtainable through 
databases like OMIM, regardless of whether 
the genetic basis was discovered through de-
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cades of linkage and candidate gene studies 
or established by GWAS.20

•• Epigenetics: The examination of alterations 
in cellular phenotype or gene expression 
brought about by causes other than modifi-
cations in the underlying DNA sequence. “A 
science dealing with the genesis, distribution 
and control of disease in groups of relatives 
and with inherited causes of disease in popu-
lations” is genetic epidemiology. This field has 
produced preliminary evidence supporting 
the theory that human genetics do affect how 
the body reacts to certain foods or nutrients. 
With differing degrees of effectiveness, sev-
eral studies have linked variations in specific 
genes to the risk of illness. Future research, it 
will be crucial, should take into account more 
than simply one gene variation at a time.20

•• Bioavailability: An important factor in the 
efficacy of pharmacological treatment is drug 
bioavailability. It establishes the extent and 
pace of drug-active ingredient absorption 
into the circulation following rectal, paren-
teral, oral and topical delivery. In practical 
terms, bioavailability refers to the quantity of 
a drug’s supplied dose that enters the blood-
stream as the active component and is subse-
quently used by the body system to provide a 
therapeutic effect. Numerous factors, includ-
ing as the medication’s physicochemical char-
acteristics, the way it is administered, con-
nections with other medications, absorption 
(A), distribution (D), metabolism (M) and ex-
cretion (E), all have an impact on bioavailabil-
ity (ADME). The effective dosage of the active 
pharmacological ingredients (API) and its 
subsequent bloodstream entry are correlated 
with their bioavailability.21

•• Nutritional epidemiology: The idea that a 
combination of environmental and dietary 
variables might modify multigenic character-
istics is a core tenet of nutrigenomics. For the 
field to be effectively implemented, a precise 
nutritional evaluation has to be the founda-
tion. Conventional analytical techniques in-
clude a wealth of documentation; Willett, for 
instance, (1995). Nevertheless, a number of 
the evaluation instruments used today, such 
as diet diaries, food frequency surveys and 
diet memory techniques, are infamously inac-
curate.20

•• Nutraceuticals: The phrase “nutraceutical” 
was first used in 1989 by the scientist Ste-
phen L DeFelice, which was the founder and 
chairman of the Foundation for Innovation 

in Medicine (FIM), with the words “nutri-
tion” and “pharmaceutical.” “Any substance 
that is a food or a part of the food and pro-
vides medical or health benefits, including 
the prevention and treatment of disease,” ac-
cording to DeFelice, is a nutraceutical. Nutra-
ceuticals have garnered significant interest 
recently because to their potential to reduce 
lifestyle-related illnesses such as obesity, 
non-insulin dependent diabetes, asthma, ar-
thritis, CVS disease and high blood pressure. 
Nutraceutical ingredient may, however, have 
low levels of bioavailability, permeability 
and physical stability, which would restrict 
absorption from the GI tract. Research scien-
tists are under pressure to make nutraceu-
tical and bioactive goods more bioavailable 
by oral administration due to the inadequate 
absorption pattern of standard nutraceutical 
formulation.22

•• Dietary patterns: One method that shows 
promise for comprehending the intricate 
connection between nutrition and health is 
dietary pattern analysis. Although there are 
numerous statistical techniques available, 
the majority of the research concentrates 
on traditional techniques such reduced rank 
regression, main component analysis, fac-
tor analysis, clustering analysis and dietary 
quality ratings. Certain new techniques have 
seldom, if ever, been thoroughly examined or 
addressed.23

Fundamentals of genetics and 
nutrition

In recent years, the researcher added a commend-
able finding in terms of how genes and nutrition 
interact. Similar to other biological domains, the 
initial investigations concentrated on a single or 
small number of genes mostly due to technolog-
ical constraints during that era. With the recent 
removal of technical obstacles, it is now feasible 
to analyse several genes and occasionally the en-
tire genome in single research. The ideas of nu-
trigenomics and nutrigenetics have developed 
within that framework. Since the International 
Society of Nutrigenetics/Nutrigenomics was es-
tablished and the Journal of Nutrigenetics and 
Nutrigenomics was first published in 2008, the 
scientific community has been using these ideas 
more often. Even if there are still conceptual 
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problems, enough progress has been done to be 
able to employ both words in ways that enhance 
communication clarity.24

Overview of genetics
The term “nutrigenomics” has come to refer to 
the study of how nutrients affect gene expression 
and associated molecular and biological process-
es that follow. In the search to comprehend the 
precise impacts of nutrients at the molecular as 
well as at the tissue and organ levels, transcrip-
tomics, proteomics and metabolomics will all be 
progressively integrated into nutrition genomics, 
along with more dynamic techniques introduced 
by fluxomic technologies. Eventually, designs 
that capitalise on the impacts of empirically gen-
erated gene–nutrient interactions should ad-
vance the field of nutrigenomics science. In short, 
nutrigenomics, itis the study of how nutrients af-
fect body gene expression, whereas nutrigenetics 
is the role of variation in DNA sequence with 
responses to nutrition. For example, even more 
enlightening research on the influence of partic-
ular foods on cellular responses might be made 
possible by conducting tests in which people are 
randomly assigned based on their genotype and 
proven to engage in a gene-nutrient interaction 
phenomenon.25, 26

Nutrition gene expression
There is strong evidence that throughout the 
course of several million years of human evolu-
tion, nutrition and physical exercise have altered 
the genome and influenced gene expression. En-
vironmental variables decide which vulnerable 
individuals will become ill, whereas genes dic-
tate health opportunities and susceptibility to 
disease. Given the evolving socioeconomic land-
scape in developing nations, this additional stress 
might expose underlying genetic susceptibilities 
to chronic illnesses. Research has demonstrated 
the part of such nutrients that play a very import-
ant role in the expression of genes. For instance, 
scientists are currently attempting to determine 
why, in contrast to omega-6 fatty acids, omega-3 
fatty acids suppress the micro-RNA of IL, which 
is increased in autoimmune diseases such as ar-
thritis and atherosclerosis.27 A novel approach to 
nutrition is provided by nutrigenomics, which 
also clarifies the ways in which food alters an 
organism’s genetic code and how that alteration 
affects the phenotypic of the organism. Moreover, 
advancements in the disciplines of marketing, 
communication and nutrition sciences allowed 

for the creation of customised nutritional advis-
ing based on nutrigenomics.

Genetic variation
With the sequencing of many eukaryotic ge-
nomes, our knowledge of human illness has ad-
vanced at a faster pace. Out of the 1000 genes 
linked to human disease to far, 97 % cause mono-
genic disorders, meaning that a single defective 
gene causes the illness. Certain monogenic dis-
orders like phenylketonuria and galactosemia 
can be prevented by altering the consumption 
of specific dietary components. An uncommon 
recessive defect in galactose-1-phosphate urid-
yltransferase (GALT) causes galactosemia, which 
raises the risk of mental retardation by causing a 
buildup of galactose in the blood.27 For instance, 
a recent meta-analysis of almost 2000 microar-
ray data covering 22 distinct tumour forms by re-
searchers28 showed that similar functional mod-
ules exist between diverse cancer types rather 
than a solitary common gene mutation causing 
the development of these cancers. Therefore, 
preventing the beginning of these illnesses by 
food is an ambitious and difficult objective that 
necessitates understanding not only how a single 
nutrient may impact a biological system but also 
how a complex mixture of nutrients (ie, diet) will 
interact to control its biological activities.

As a result, gene variations, or SNPs, may contrib-
ute in minor or significant ways to the complex 
characteristic. The particular trait or illness is 
the consequence of the combined effects of caus-
al alleles in many QTLs.29 The majority of pheno-
typic characteristics, such as potential height and 
weight, blood glucose levels while fasting, sus-
ceptibility to illness, etc, are quantitative char-
acteristics. Examining what is now known about 
the chromosomal regions might help demon-
strate the idea that numerous genes and various 
environmental effects contribute to a complex 
characteristic.

Basics of nutrition
Nutrients as well as diet are thought to be the 
most powerful environmental influences. Al-
though nutrition has ancient origins, current 
science has advanced to the point where we un-
derstand that nutrients are not only vital for 
good health but also that the right amount of 
each nutrient is needed. Our knowledge of nutri-
tion and how it affects health has improved with 
the advent of molecular methods and nutrition-
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al studies. Multigenic mechanisms control the 
body’s response to food. Different people react 
differently to different nutrients. It is due to ge-
netic differences. The field of nutrigenetics eluci-
dates the degree to which genetic diversity and 
its molecular underpinnings impact characteris-
tics and illnesses related to diet. In the “hypoth-
esis-driven approach,” the researcher looks for 
sequence variation in the candidate genes after 
testing them for a characteristic or condition and 
then conducts an association or linkage analysis. 
Another “holistic” method uses a whole genome 
scan to identify the genes linked to a certain char-
acteristic or disorder’s likelihood of contracting a 
particular disease.

The 20th century has contributed to a fundamen-
tal comprehension of macro and micronutrients. 
The Food Guide Pyramid and My Plate were two 
examples of one-size-fits-all programs that were 
highly effective in lowering nutritionally defi-
cient illnesses and malnutrition. several genetic 
variations have been linked to certain nutri-
tion-related features by the genome-wide associ-
ation study (GWAS) and these variants are also 
accountable for the creation of several diet-relat-
ed gene interactions and a wide range of human 
disorders. Numerous dietary factors and the ef-
fects of varying genotypes influence how various 
nutrients are metabolised, which can lead to det-
rimental diet-gene interactions.30

Macronutrients and micronutrients
Components regarding the healthy diet having 
these two major factors: macronutrients and mi-
cronutrients. All of the system nutritional needs 
are satisfied when protein, carbs and fats are 
properly balanced with vitamins and minerals. 
Individual differences exist in the specific daily 
requirements due to a variety of characteristics, 
such as age, gender, weight, degree of exercise 
and overall health. Proteins and carbs have the 
same number of calories per gram, whereas fat 
and alcohol have more.

Human body system uses proteins for a variety 
of purposes, including production of energy, tis-
sue development and repair and cell signalling. 
Although their main function is to supply energy, 
carbohydrates also play various other functions, 
such as controlling satiety. The micronutrients 
that the body needs are minerals and vitamins. 
They do a variety of tasks and frequently coop-
erate.31

Minerals were widely employed by ancient cul-
tures as amulets, talismans and sickness cures. 
The late 1800s marked the beginning of vitamin 
discovery. Despite consuming varied meals, peo-
ple’s health was found to be comparable around 
the world, leading experts to conclude that food’s 
constituents had an impact on health. To ensure 
that the diet has all the micronutrients needed, a 
range of foods including meat, fish, grains, fruits 
and vegetables must be consumed. Provitamins 
(including β-carotene) and all the vitamins were 
identified as vitamin study proceeded and their 
respective roles were ascertained. Determining 
the structures and being able to synthesise every 
vitamin required fifty years. All things consid-
ered, advances in pharmacology, anatomy, phys-
iology and biology have led to better medication 
regimens and illness therapies.32 The essential 
component of a healthy human metabolism is 
the sense of nutrition cues through cellular re-
ceptors and chemicals. Metabolic disorders can 
arise from any disruption in the recognition and 
transmission of nutrients. The lack of resources 
has caused the majority of cellular functions to 
develop. The finding of both external and intra-
cellular metabolites, including the lipids, sugars, 
amino acids, etc, depends heavily on hormone 
signalling. The long-range signals that help an 
organism coordinate its response are called hor-
mones. Sensing various nutrients in mammalian 
cells involves a multitude of distinct processes.33

Nutrient absorption and metabolism
The notion that one’s diet has an impact on their 
health is not new. Moreover, it is widely acknowl-
edged that individuals possess varying dietary 
needs. Numerous studies have revealed that the 
two main determinants of health and illness are 
an individual’s environment and food, both in 
terms of quality and quantity. Numerous food 
ingredients have bioactive properties that can 
straight or indirectly change the expression of 
the genome, transcriptome and proteome, con-
trolling biological processes and providing sub-
strates for the production of energy.33

To define nutrition, bioinformatics should be 
utilised in combination with a high-through-
put studies involved in genomics investigations, 
such as single-nucleotide polymorphisms (SNPs), 
quantitative transcriptomics, metabolite alter-
ations and proteomics. The term “nutrigenom-
ics” describes the application of technology to 
nutrition, including nutrigenetics (study of DNA, 
including SNPs), transcriptomics (mRNA), pro-
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teomics (protein complement) and metabolo-
mics (metabolite complement). By encouraging 
people to change their eating habits, a tailored 
diet based on nutrigenomics may enhance public 
health. Meals and nutrients often have a benefi-
cial effect on genes; nevertheless, there are rare 
instances when this interaction might become 
lethal, which calls for further research.31 Human 
health is influenced by both environmental and 
genetic factors and maintaining normal health 
status requires consideration of both. The study 
of nutrition science focuses on how nutrients 
maintain homeostasis in the body at the cellu-
lar, tissue and organ levels. The mechanism of 
nutrient-dependent interactions at the genetic, 
molecular, protein production and metabolic pro-
file levels must be understood by this research. 
Consequently, the field of nutrition study has ad-
vanced to include molecular biology, genetics and 
nutritional genomics in addition to epidemiolog-
ical and physiological aspects. Innovative food 
products that provide health advantages need 
to be seen as a wise decision in order to succeed. 
Novel meals with eye-catching appearances and 
health advantages that consumers want to know 
about have the best chance of succeeding. There 
is only one way to make sure that customers are 
involved in product design evaluations. Nutrition 
research and the food processing sector suffer 
when new food products are marketed without a 
clear benefit to consumers.32, 33

The interaction between 
genes and diet

Since its state that neither nature nor nurture 
can fully account for the molecular mechanisms 
behind human health or illness, an increasing 
number of scientists are supporting and creating 
integrative methods to the study of chronic ill-
ness and, in fact, biology. One such integrated sci-
ence is nutrigenomics, often known as nutritional 
genomics. By changing the genes expression and/
or structure of an individual’s genetic composi-
tion, common food chemicals, or nutrients, can 
impact the balance between health and sickness. 
A century ago, research in the fields of genetics, 
biochemistry and molecular biology revealed 
about a thousand different mutations that lead to 
human illnesses. Monogenic mutations account 
for 97 % of these disorders; that is, a mutation in 

a single gene is sufficient to produce the illness. 
This is the working definition of nutrigenom-
ics, which aims to give a genetic and molecular 
knowledge of this process.

The outcomes and insights gained from these 
diverse research domains will impact the frame-
work, tactics and methods of nutritional genomic 
investigation, particularly concerning the identi-
fication of such diet-regulated genes implicated 
in terms of susceptibility, onset, incidence, pro-
gression and/or severity of chronic illnesses.34

Genetic influence on nutrient
processing
Nutrigenetics is another topic of research within 
nutrigenomics. In the latter, the relationship be-
tween a genotype—that is, the existence of SNPs 
or other genetic variations—and certain eating 
habits is studied. In fact, every individual may re-
act to nutrients in a different way and genetic dif-
ferences across various human ethnicities result 
from adaptive evolution toward certain dietary 
patterns. DNA sequences that share common 
SNPs are the main source of genetic variation. 
They are the result of DNA mutation followed by 
population selection. This evolutionary process is 
hampered by the nutritional environment, which 
causes the participants’ DNA mutations to spread 
more quickly.35

Owing to the intricate nature of gene-diet in-
teractions, advancements in nutritional studies 
have been made recently. Within the field of both 
the anabolism and catabolism disorders, geneti-
cally engineered in vitro study via suitable mod-
els, including cell lines, co-cultures, and three-di-
mensional (3D) cultures, as well as the use of 
mice models (knock-out, knock-in) carrying the 
desired mutations, make it possible to research 
study about the impact of genetic variations on di-
etary intake. As per these research, genetic back-
ground may have an impact on the deleterious 
consequences of fatty acid excess or obesogenic/
steatogenic diets, respectively and these effects 
may be reversible with the addition of appro-
priate micro- and macronutrient supplements.36 

Since it can evaluate the effects of nutrients in-
cluding (macro- and micro) on the transcriptome 
as a whole, the DNA microarray methodology 
has been the most widely used instrument for 
transcriptomic data processing in recent years. 
It is also a potential approach for nutrigenom-
ic investigations. Investigating the role of these 
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transcripts—that is, determining which proteins 
they code for—begins after it is evident which 
transcripts are controlled by nutrition. The study 
of protein expression profiles, which represent 
cellular activity, is known as proteomics. Numer-
ous antibody-based methods, including blotting, 
enzyme-linked immunosorbent assay (ELISA) 
and electrophoretic separations, are utilised in 
proteomics investigations. Mass spectrometry 
(MS), on the other hand, is a more inventive and 
sophisticated approach to proteome research as 
it can concurrently identify every protein that is 
synthesised.35

Furthermore, it might be deceptive to assume 
that the final molecular product of metabolism is 
insensitive to a variety of environmental stimuli, 
not only nutrition. Nuclear magnetic resonance 
(NMR) spectroscopy is a crucial technique in me-
tabolomics that allows for the chemical structure 
as well as the measurement of metabolites. On 
the other hand, NMR may occasionally accurately 
identify metabolites at high doses. The analysis 
of metabolites from bodily fluids and tissue sam-
ples is possible using both NMR and MS.35, 37

Epigenetics and nutrigenetics
The already established epigenetic relationships 
between DNA and environment are described by 
nutrigenomics, specifically with regard to nutri-
tion. Nutrient–DNA interactions involve several 
actors and understanding their combined con-
tributions is essential to understanding how di-
etary ingredients, diet and lifestyle might impact 
the course of an individual’s health. One pheno-
type of the baby that ultimately regulates the risk 
of such disorders in adulthood is the nutrition of 
the mother during pregnancy, which is a strong 
example of crucial ecological component regu-
lated as a diet-inherent and also the habituation 
expression of the genome.

Currently, nutrigenomics can help explain some 
of the cellular and molecular processes behind 
clinical pathological disorders which can be im-
proved, avoided, or improved controlled with diet 
thanks to the quantitatively large amount of spe-
cialised literature. In this respect, a large portion 
of the literature mentions; it has been character-
ised more specifically in recent years and less ex-
actly in previous years, when a general epigenetic 
theory linking food to illness was published.

A common premise of such nutrigenetic studies 
that are acknowledged by the researcher com-

munity and published in the primary literature is 
that a single gene (or single pathway) product(s) 
contributes to a particular metabolism, as indi-
cated by a particular metabolic parameter and a 
range of penetrance that equally reveal the man-
ifestation object of the study.

The scientific fields of genetics, biochemistry and 
physiology are at least three areas where nutritio-
netics is connected. Thanks to the advancements 
in mass sequencing technology, we can now char-
acterise the particular allele contributions in the 
Mediterranean basin that are associated with the 
health of autochthonous populations.38

DNA methylation and histone modification
The genetics of food metabolism took on the dig-
nity of a distinct science a few years ago, nutrige-
netics, similar to the shift from pharmacology to 
pharmacogenetics. This was further supported 
by the establishment of the International Soci-
ety of Nutrigenetics/Nutrigenomics in 2005 and 
the organisation Further the addition of methyl 
group “2018 American College of Nutrition Meet-
ing”.39 The importance of inherent changeability, 
which is not at all insignificant nowadays, has fi-
nally been acknowledged aimed at both sciences; 
for far too long, this basic idea was ignored even 
in scientific settings that were far more likely to 
rely on gene multiplicity showed in each unique 
individual or her unique genome than on the nor-
mal individual, who does not exist. It is crucial to 
emphasise that establishing a clear link between 
genotype and phenotype in nutrigenetics is more 
challenging than in traditional genetics. As an 
illustration, consider the particular phenotype 
of “food wellness,” which is itself a nebulous yet 
helpful trait. Hundreds of genes and genotypes 
can influence how this phenotype manifests it-
self. Additionally, we run the danger of being in 
the dark with every data report in population re-
search if we additionally consider the phenomena 
of penetrance.39

At the carbon 5' position, the addition of methyl 
group of the cytosine within the cytosine-gua-
nine (CpG) dinucleotide is recognised as DNA 
methylation (DNAm) and it is a characteristic of 
many eukaryotic genomes. This complex reac-
tion likely involves flipping the cytosine base out 
of the intact double helix. DNAm usually occurs 
in areas rich in CpG di-nucleotides (also known 
as CpG Island). The primary mechanism under-
lying the conservation of genomic integrity and 
the epigenetic regulation of gene expression is 
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DNAm. Therefore, the study of cell growth con-
trol, tissue-specific differentiation, carcinogen-
esis and aging requires an assessment of DNAm 
state. Histone acetylation and methylation are 
the two main types of histone modification. Ca-
loric restriction alters the expression of import-
ant genes such as Foxo, p53, Ku70, p16INK4a and 
PGC-1a and activates the deacetylation-affected 
SIRT1 and HDAC1 genes. Histone modification is 
also crucial in the regulation of essential genes, 
such as hTERT and p16INK4a. Thus, epigenetic 
control actively corrects aberrant gene expres-
sion during caloric restriction (CR), for exam-
ple, contributing to the delayed aging and longer 
lifespan associated with CR.40

Impact on gene expression
There is now more attention in the relationship 
among diet and periodontal disease due to ad-
vances in our knowledge of the process behind the 
deterioration of periodontal tissue, the possible 
defensive effect of such nutrients and the devel-
opment of current genomic assessment methods. 
The majority of big databased cross-section-
al studies and minor double-blind randomised 
study trials that have provided evidence of a di-
rect correlation between nutrition and periodon-
tal disease to date have found that there is less 
significant correlation across the nutrient under 
investigation and markers of periodontal disease 
status. Given the strong likelihood that food and 
genotype interactions influence the risk of the 
majority of multifaceted illnesses, it is quite plau-
sible that these interactions will also influence 
the risk of periodontal disease. The importance of 
comprehending these interactions is emphasised 
by a number of nutritive genetic trails whose out-
come measures have been markers of disease 
risk, most notably cancer and cardiovascular dis-
ease. These studies also demonstrate where such 
these kinds of observational studies may have 
missed the effect of dietary modification on the 
progression of periodontal disease.41 Lipids’ oxi-
dative stability is also influenced by their chem-
ical structure, which results in the production 
of secondary metabolites that have a variety of 
effects on molecular reactions. Studies conduct-
ed on animal models demonstrate how the kind, 
quantity and duration of exposure to a diet high 
in fat may alter cellular reactions mediated by 
controlling gene expression, greatly advancing 
our understanding of the nutrigenomic function 
of dietary fats. However, as research on humans’ 
advances, the situation gets more complicated 
due to the role played by both the richness of the 
gut microbiota and individual genetic variability. 

The gene-dietary fat connection suggests that 
SNPs contribute to complex biological responses 
that may not match results from in vitro or pre-
clinical research.42

Role of microbiome in nutrient
interaction
The microbial community that is most abun-
dant in the digestive system is supported by fer-
mentable substrate, which is provided by food 
consumption. Dietary trends include paleolithic 
and ketogenic diets, as well as Western, Mediter-
ranean and vegetarian diets, influence the gut 
flora. The microbiota is affected when the pro-
portions of fat, protein and carbohydrates are 
changed, especially when these are consumed 
in extremes. Rich diets in fermentable carbohy-
drates contribute to the relative abundance of 
bacteria that can break down sugars, polysac-
charides and oligosaccharides, such as Bifido-
bacterium, Prevotella, Ruminococcus, Dorea and 
Roseburia. Quite high diet in terms of fats, on the 
other hand, promote the growth of bile-resistant 
bacteria like Bacteroides and Bilophila.

Published research on the connection between 
food, microbiota and health dates back more 
than a century, demonstrating the longevity of 
this idea. Research conducted before the develop-
ment of modern molecular methods for classify-
ing intestinal microbes has shown that the make-
up of the food affects intestinal gas production, 
which in turn affects bacterial metabolism and 
the generation of proteolytic metabolites such 
phenols. What constitutes a healthy microbio-
ta profile is still unknown, despite the fact that 
the size and significant interindividual variety 
of the microbes present in gut—suggested by 
the collective genomes of such microorganisms 
isolated from faecal samples—have lately come 
to light. When ingested at high concentrations, 
phenolic metabolites—byproducts of tyrosine 
catabolism—have detrimental systemic effects 
on epithelial cells of intestine and gut integrity. 
The several other metabolites that arise from the 
fermentation of amino acids and the catabolism 
of microbial fat, each with their own set of local 
and systemic impacts, have been discussed else-
where. Apart from the end products of macronu-
trient fermentation, there are probably countless 
microbially produced metabolites that arise from 
the bioconversion of minor food constituents, or 
dietary-sourced substrates, that can affect hu-
man health.43
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More clinical research using multiomics method-
ologies is needed to identify the bacterial species 
involved, assess their real contribution to the mi-
cronutrients balance and, ultimately, establish 
their importance in preventing and/or mitigat-
ing any deficiencies. By elucidating the processes 
behind the link between our microbial counter-
parts and micronutrient bioavailability, postbiot-
ic techniques may be able to generate a broader 
spectrum of precision customised therapies ad-
dressing micronutrient shortages and associated 
illnesses.44

Applications of nutrigenomics

Nutrigenomics, or nutritional genomics, is the 
study of the interface between cellular or genet-
ic processes and the nutritional environment. It 
aims to comprehend how a person’s food affects 
their genes and overall health. By modifying the 
expression or structure of a person’s genetic 
composition, nutrigenomics aims on mechanism 
of human genetic makeup and common dietary 
substances affecting the delicate balance be-
tween health and sickness. It is the science of how 
people react to substances found in food by util-
ising post-genomic technologies.45 Following are 
applications of this field.

Personalised nutrition
One of very important applications of nutrige-
nomics is ability to provide personalised nutri-
tion. The promise of personalised treatment has 
been brought about human genome sequence 
analysis to find out diversity in human genes. 
This study connects variations in genes and bio-
marker for disease which can be of phenotypic 
nature.46 In a similar vein, nutritional genomics 
and genetics, or the study of relationships be-
tween genes and nutrients provides information 
and expertise to help each person create a diet 
that is ideal for maintaining health and prevent-
ing disease.47 The complex nature of food and 
the fluctuating mechanisms producing different 
physiology in health condition presenting a va-
riety of challenges for research and applications 
based on human genetic heterogeneity, despite 
the enormous advantages related to individual-
ised healthcare and economic issues for individ-
ual’s population. Enhanced study designs and 
methodologies can effectively tackle these obsta-
cles. Nevertheless, there is still a major obstacle 

to overcome. The proportional reduction in aver-
age disease risk over a specified time interval that 
would be achieved by eliminating the exposure 
of interest from the population,” is derived from 
population studies that support genome wide as-
sociation study which may be based on genetic 
data or nutritional status.48 All other factors re-
main unchanged. A person’s supplement and food 
choices can have a significant impact on their lev-
el of physical performance. Individual nutrition 
therapy focusses on recommended personal diet 
on the basis of genetic data in order to maximise 
performance health and composition of human 
body and exercise performance in athletic popu-
lations. Suit ability of different athletics like team 
of sport dietitians and nutritionists have long 
been trained in order to apply extra scrutiny for 
nutritional standards termed as “one-size-fits-all 
general population”. Generic “one-size-fits-all” 
advice is still in place, though. Absorption and ex-
cretion of nutrients from food affected the genet-
ic variations which further influences a variety 
of metabolic processes. Personal choices of food 
can impact their level of physical performance 
in a significant manner. Individualised nutrition 
therapy can be designed for targeting of dietary 
recommendations according to genetic profile of 
any person in order to maximise exercise perfor-
mance in athletic populations. Suitable athletic 
populations of different kind of sport dietitians 
and nutritionists are trained for application of 
extra scrutiny to nutritional standard “one size 
fits all” for general population. Variations at gene 
level can influence pattern of nutrients absorp-
tion out of bioactive food, its metabolism and 
excretion leading to modifications in a variety of 
metabolic processes.49

Tailoring diets based on genetic profiles
Each and every human has a unique genetic blue-
print for nourishment. The expression of these 
genes is influenced by nutrition and bioactive 
dietary ingredients. The study of gene-nutrient 
interactions, or “nutrigenomics,” can result in the 
creation of individualised dietary guidelines for 
preserving good health and warding off disease. 
The bioavailability of nutrients and their metab-
olism may be impacted by the genetic variabili-
ty among different ethnic groups. The scientific 
disciplines of genomics along with nutrition, bio-
informatics and molecular biology along with 
epidemiology are all combined in the field of nu-
trition genomics.25 Tests for particular genetic 
polymorphisms may therefore prove to be a help-
ful tool in managing weight loss and completely 
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understanding the connections between genes 
and nutrients. Genes control the absorption and 
metabolism of various bioactive nutrients, which 
can further influence genetic expression in posi-
tive or negative way.50

Nutrigenomic testing
The idea that obesity and CVD together account 
for a sizable share of adult global morbidity and 
mortality is supported by epidemiological data. 
Dietary and environmental factors, including 
genetics, interact intricately to cause obesity 
and cardiovascular disease. As an environmen-
tal component, nutrition has a major and well-
known role in managing health as well as pre-
venting obesity and diseases linked to it, such 
as CVD. Nonetheless, people with the same food 
pattern but obese exhibit a notable difference in 
CVD. This diversity can be justified by the many 
genetic polymorphisms, giving rise to the idea of 
nutrigenetics. The field of nutritional genomics, 
also known as nutrigenetics, examines and de-
scribes gene variants linked to varying responses 
to particular nutrients and links these variations 
to a variety of disorders, including obesity-relat-
ed CVD.51

Thus, tailored nutrition advice based on an in-
dividual’s genetic background may improve the 
outcomes of a given dietary intervention and 
constitute a novel dietary approach to improving 
health by lowering obesity and CVD. With these 
suppositions, it seems sense to assume that the 
understanding of food and gene interactions will 
provide more targeted and efficacious dietary 
treatments in the prevention of CVD and obesity 
through nutrigenetics-based personalised nutri-
tion. Various kind of genes are linked to obesity 
and cardiovascular disease and are responsible 
for the relationship between nutrition and gene 
expression and the key nutrition-related genes 
are involved in both conditions. Advancement 
in recombinant DNA technology at molecular 
level resulted in specific genetic study and a far 
more specific awareness, via sequencing of ge-
netic matter, depicting individual uniqueness 
and extent of genetic diversity. Pharmacologists 
have extensively researched and exploited the 
implications of genetic diversity in medication 
creation, drug metabolism evaluation and ad-
verse drug responses. Over the last two decades, 
researchers have explored mechanism of occur-
rence of genetic variation and interactions be-
tween genetic matter and nutrients further im-
pacted chronic diseases like diabetes, disease of 

cardiovascular system, high blood pressure, dif-
ferent types of cancer and obesity depicting the 
role of nutrients in gene expression. A new age 
is dawning, possibly termed as ‘nutrigenomics’. 
This branch of science possess implications for 
nutrition research for the management of chron-
ic diseases. As the family members share similar 
genes and similar environment (nutrition), simi-
larities can arise from either. Much research has 
been conducted to determine each’s role and ef-
fect in personal development of the individual. 
Awareness about genetic predisposition related 
to disease will aid in the identification of per-
sons with a higher risk for occurrence of disease 
and its responsiveness to nutrition. Specific kind 
of nutritional treatment for individuals project-
ed obtaining most therapeutic advantages has 
clear substantial clinical and economical type of 
effects, specifically for diseases with high preva-
lence like coronary artery disease, hypertension, 
osteoporosis etc. Emerging revolution in genetic 
technology, continued investment for research 
provides unparalleled opportunity to better un-
derstanding of disease mechanism, elimination 
of internal issue and environment concerns, de-
veloping novel techniques to improve global life 
quality. Along with this, understanding genetic 
vulnerability for a particular disease help to aid 
in identifying those at higher risk and their re-
sponse to nutrition. As a result, there will be a 
need to design novel diets aimed at individuals, 
families and population segments. Being emerg-
ing technology, field of pharmacogenetics is the 
prime focus of nutrition scientists to widen in-
teraction between field of genetics and nutrition 
leading to development of nutrigenomics subject 
in twenty-first century.52

Disease prevention and management
Some of chronic disease, particularly obesity, act 
as the leading cause of morbidity and mortality 
throughout globe. Obesity and its related comor-
bidities continue to have a significant negative 
influence on health due to absence of prevention 
and treatment approaches. Precision nutrition, a 
new treatment method that considers personal 
genetic and information, as well as age, gender, 
or specific physiopathological status. Advanced 
studies of gens are helping to improve our under-
standing of the significance of genetic variations, 
epigenetic markers, along with pattern of genetic 
expression for development of many severe ill-
nesses, as well as its mechanism of disease pro-
gression influencing therapeutic activity.53
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This understanding prompted the hunt of indica-
tors related to genetics and are capable of predic-
tion related to likelihood of acquiring severe type 
of diseases and personalise the management of 
diseases. Along with this, novel interventions 
of nutrition or bioactive food chemicals causing 
modification in epigenetic markers and gene 
expression can be implemented. These kinds of 
novel scientific insights leading to development 
of novel treatments for control of severe chronic 
diseases associated with disorder like obesity.

Population which are more susceptible to di-
et-related illnesses and malignancies because 
of lifestyle and eating habits modifications. 
Furthermore, it is proven that dietary changes 
greatly lower the chance of contracting illnesses. 
Although the field of nutrigenomics is relatively 
new, it has great potential for managing and pre-
venting specific illnesses and carcinomas.

Research is being done on the potential of nutrig-
enomics in preventing diet- and lifestyle-related 
illnesses such as cancer. It defines metabolic re-
sponse and gene expression, which affects peo-
ple’s health and susceptibility to disease. The on-
set and pathophysiology of illness is significantly 
influenced by change in gene function. The two 
most prevalent are chromatin remodelling and 
DNA methylation. Certain bioactive food chem-
icals have been shown to have a demonstrated 
effect in prevention of cancer through changes 
in gene function that are heritable and that do 
not entail a change in DNA sequence, although 
omega 3 fatty acids are the best example relat-
ed to interaction of nutrition and gene without 
DNA methylation. Dietary polyphenols are very 
crucial in the prevention of mouth, breast, skin, 

oesophagus, colon, prostate, pancreas and lungs 
malignancies.54

Nutrigenomics in chronic diseases
The study of nutrigenomics examines how foods 
affect the genome and how each person’s genet-
ic composition reacts to food. Nutrigenetics, on 
the other hand, focuses on how a single gene is 
affected by nutrients. While certain SNPs deter-
mine an individual’s dietary needs, others may be 
the cause of sickness. While individual nutrition 
is the main focus of nutrigenetics, system biology 
approach is mostly employed in nutrigenomics. 
Two main elements that influences development 
of chronic diseases like cancer, cardiovascular 
disease, diabetes, hypertension, obesity, are di-
et-related active molecules and human genetics. 
Sufficient and appropriate nutritional intake 
keeps us from being chronically ill.55

A subspecialty of medicine called human nutri-
tion studies the biochemical reactions that food 
has with the human body. A change in gene ex-
pression and/or protein status can explain the 
phenotypic shift from health to illness state. This 
concept led to development of new field known as 
“-omic science.” The function of “-omics sciences” 
(nutrigenetics, nutrigenomics, proteomics and 
metabolomics) in relation to health status and as 
a potential therapeutic intervention in chronic de-
generative illnesses was examined in this study. 
Specifically, we examined the function of nutri-
genetics and the connection between eating pat-
terns, genetic sequence variations and the devel-
opment of nutrition-related disorders as shown in 
Table 1. The impact of nutrition on gene expres-
sion and nutrigenomics was also looked.56, 57

Table 1: Nutrition-related disorders

Nutrient Mechanism of action Example conditionHealth impact

Folic acid
Fatty acids
Vitamin D

Vitamin E

Theaflavins
Flavones

Niacin
Vitamin B6

Omega-3 fatty acids

Polyphenols

Regulates DNA methylation

Bind to transcription factors

Enhances mRNA stability

Acts as an antioxidant, reducing 
oxidative stress

Inhibits mRNA synthesis

Induce DNA fragmentation

Impairs DNA repair mechanisms

Aids in amino acid metabolism

Modulate gene expression 
related to inflammation

Influence gene expression 
related to metabolism

Prevents neural tube defects

Reduces inflammation

Supports immune function

Protects against chronic diseases

May reduce cancer risk

Potentially reduces cancer risk

Associated with neurological issues

Reduces homocysteine levels

Supports heart health

May lower risk of chronic diseases

Spina bifida

Cardiovascular disease

Autoimmune diseases

Cancer, heart disease

Various cancers

Cancer

Memory loss, Alzheimer disease

Cardiovascular health

Heart disease

Obesity, diabetes
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Potential for precision medicine
Advances in genomics gave rise to the idea that a 
greater understanding of individual traits, such 
as genetic pattern help in more effective thera-
py of pharmaceutical and nutritional oriented. 
Advancement in proteomics field and metabo-
lomics field, as well as wearable technology to 
track factors like nutritional intake, physical 
activity, heart rate, along with blood glucose 
level, have fuelled the concept. Along with these 
advancements, significant increasing number of 
direct-to-consumer microbiome genetic testing 
as well as personalised nutrition approach as de-
picted in Figure 2. 

Key scientific problems covering divergent data-
sets accuracy of present forecasts are and how 
they might be improved in the future. A lot of 
lessons can be learned from systems biology 
seeking data integration from several levels of 
organisation which may be genomic, proteomic 
or metabolomic nature while also predicting be-
haviours of organisms and its biological systems. 

Figure 2: Personalised nutrition approach

The current research examines the history and 
recent developments of ‘big data’ and systems 
methods in medicine and nutrition. 

Ethical and social implications
This article provides an outline of the ethical con-
siderations surrounding nutrigenomics research 
and personalised nutrition. The concepts of re-
search ethics, including autonomy, beneficence, 
non-malfeasance and justice, are being chal-
lenged by fast-expanding cross-border research 
operations that use existing and new biobanks 
to study the relationship between genes and nu-
trition on the risk of common diseases. We high-
light some of the outstanding ethical difficulties 
in worldwide collaboration initiatives that re-
searchers should be aware of. Personalised nu-
trition (tailoring diet based on genotype) is one 
potential use of nutrigenomics research. How-
ever, unless the scientific evidence for diet-gene 
interactions is significantly stronger, providing 
tailored dietary advice based on specific geno-
types remains problematic. From an ethical and 
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social standpoint, nutrigenomics offers great op-
portunity to enhance public health by increasing 
understanding of the mechanisms via which nu-
trition can be used to minimise the risk of preva-
lent polygenic disorders.58

The combination of numerous technologies has 
provided mechanistic insights and influenced 
the progress of precision medicine and per-
sonalised nutrition. Relevant ethical consider-
ations include who has access to new technol-
ogies and how commercial companies store, 
use and/or mine customer data. Questions of 
efficacy (both long-term behavioural change 
and health outcomes), cost-benefit and effects 
on health inequities have yet to be completely 
addressed.

The link between nutrition and genes has long 
been suggested and in certain cases, it has 
been directly linked to specific disorders. After 
many years of research and coincidental find-
ings, it is now recognised that this link, known 
as "Nutrigenomics" is a significant factor in a 
variety of illnesses. In this review essay, nu-
trigenomics, beginning with fundamental defi-
nitions and enzymatic functions and conclud-
ing with its palpable relationship with cancer 
was examined. Now, diet refers to what we eat 
on a daily basis. Everything that enters our 
digestive tract is broken down into little mol-
ecules and amino acids. These chemicals inter-
act with our microbiome and genome in dis-
crete fashion. For example, it was shown how 
optimal probiotic intake promotes good bacte-
ria, which may treat IBS and prevent colorec-
tal cancer in the long run. It was also demon-
strated how a folic acid-rich diet is required for 
methylenetetrahydrofolate reductase (MTH-
FR) function, lowering the risk of colorectal 
cancer. It was explored how specific diets have 
been linked to the development of particular 
cancers. For example, red and processed meat 
are strongly linked to colorectal and prostate 
cancer, salty diets to stomach cancer and obe-
sity to breast cancer. The change of these di-
ets greatly reduced the risk and improved the 
prognosis for these tumours, among others. It 
was also looked at how micronutrients could 
help prevent cancer, as vitamins A and C act as 

Conclusion

This study was a secondary analysis based on 
the currently existing data and did not directly 
involve with human participants or experimental 
animals. Therefore, the ethics approval was not 
required in this paper. 
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antioxidants. In addition, it was demonstrat-
ed how folic acid prevents DNA mutations by 
improving protein methylation processes. Fi-
nally, after conducting a thorough analysis of 
several literature on the aetiology and preven-
tion of cancer, we believe that diet should be 
an important component of cancer prevention 
and treatment programs. Healthy diets and 
micronutrients may eventually be able to grad-
ually alter the susceptibility to cancer-causing 
genetic alterations. It will also help boost treat-
ment and improve the prognosis of diagnosed 
tumours. 

Aggarwal et al. Scr Med. 2025 Jul-Aug;56(4):825-41.



840

References

1.	 Hyman M. Ultrametabolism. NY, USA: Simon and Schus-
ter; 2008 Mar 4. doi: 10.31826/9781463213336-022.

2.	 Chen Y, Michalak M, Agellon LB. Focus: Nutrition and 
food science: Importance of nutrients and nutrient me-
tabolism on human health. Yale J Biol Med. 2018 
Jun;91(2):95. doi: 10.31031/ntnf.2018.01.000513.

3.	 Ordovas JM, Ferguson LR, Tai ES, Mathers JC. Person-
alised nutrition and health. BMJ. 2018 Jun 13;361. doi: 
10.1136/bmj.k2173.

4.	 Carlberg C, Ulven SM, Molnár F. Nutrigenomics: how 
science works. Berlin/Heidelberg, Germany: Springer; 
2020 Jan 1. doi: 10.1007/978-3-030-36948-4.

5.	 Sturm RA, Duffy DL. Human pigmentation genes under 
environmental selection. Genome Biol. 2012 Sep;13:1-
5. doi: 10.1093/ww/9780199540884.013.u37466.

6.	 Gerbault P, Liebert A, Itan Y, Powell A, Currat M, Burger 
J, et al. Evolution of lactase persistence: an example of 
human niche construction. Philos Trans R Soc Lond B 
Biol Sci. 2011 Mar 27;366(1566):863-77. doi: 10.1098/
rstb.2010.0268.

7.	 Wells JC. Body composition and susceptibility to type 2 
diabetes: an evolutionary perspective. Eur J Clin Nu-
trit. 2017 Jul;71(7):881-9. doi: 10.1038/ejcn.2017.31.

8.	 Carlberg C. Nutrigenomics in the context of evolution. 
Redox Biology. 2023 Jun 1;62:102656. doi: 10.1016/j.
redox.2023.102656.

9.	 Livingstone KM, Ramos-Lopez O, Perusse L, Kato H, Or-
dovas JM, Martínez JA. Reprint of: Precision nutrition: 
A review of current approaches and future endeavors. 
Trends Food Sci Technol. 2022 Dec 1;130:51-62. doi: 
10.1016/j.tifs.2022.10.010

Navidha Aggarwal (NA):
0000-0002-3696-3189
Rohit Malik (RM):
0000-0003-2478-2556
Arun Mittal (AM):
0000-0003-3359-1452
Shiva Tushir (ST):
0000-0002-8362-8519
Shivani Chopra (SC):
0000-0002-2871-086X
Hitesh Chopra (HC):
0000-0001-8867-7603

Author ORCID numbers

Conceptualisation: NAM RM, AM
Data curation: SC
Writing - original draft: NAM RM, AM, SC
Writing - review and editing: ST, HC
Project administration: ST, HC

Author contributions

10.	 Pavlidis C, Lanara Z, Balasopoulou A, Nebel JC, Katsila 
T, Patrinos GP. Meta-analysis of genes in commercially 
available nutrigenomic tests denotes lack of associa-
tion with dietary intake and nutrient-related patholo-
gies. Omics: J Integrat Biol. 2015 Sep 1;19(9):512-20. 
doi: 10.1016/j.tifs.2017.02.010.

11.	 Pavlidis C, Nebel JC, Katsila T, Patrinos GP. Nutrigenom-
ics 2.0: The need for ongoing and independent evalua-
tion and synthesis of commercial nutrigenomics tests' 
scientific knowledge base for responsible innovation. 
Omics: J Integrat Biol.2016 Feb 1;20(2):65-8. doi: 
10.1080/10408398.2020.1852173.

12.	 Sikalidis AK. From food for survival to food for person-
alized optimal health: A historical perspective of how 
food and nutrition gave rise to nutrigenomics. J Am Coll 
Nutrit. 2019 Jan 2;38(1):84-95. doi: 10.1016/j.
tifs.2022.09.001.

13.	 Neeha VS, Kinth P. Nutrigenomics research: a review. J 
Food Sci Technol. 2013 Jun;50:415-28. doi: 10.1007/
s13197-012-0775-z,

14.	 Ronteltap A, van Trijp H, Berezowska A, Goossens J. Nu-
trigenomics-based personalised nutritional advice: in 
search of a business model? Genes Nutrit. 2013 
Mar;8:153-63. doi: 10.1016/j.tifs.2024.104340.

15.	 Peironcely JE, Reijmers T, Coulier L, Bender A, Hanke-
meier T. Understanding and classifying metabolite 
space and metabolite-likeness. PloS one. 2011 Dec 
14;6(12):e28966. doi: 10.1016/j.tifs.2022.07.007.

16.	 Edwards LM. Metabolic systems biology: a brief prim-
er. J Physiol. 2017 May 1;595(9):2849-55. doi: 10.1016/j.
tifs.2021.12.024.

17.	 Brookheart RT, Duncan JG. Modeling dietary influenc-
es on offspring metabolic programming in Drosophila 
melanogaster. Reproduction (Cambridge, England). 
2016 Sep;152(3):R79. doi: 10.1016/j.tifs.2022.09.002.

18.	 Juárez-Maldonado A, Ortega-Ortíz H, Morales-Díaz AB, 
González-Morales S, Morelos-Moreno Á, Cabrera-De la 
Fuente M, et al. Nanoparticles and nanomaterials as 
plant biostimulants. Int J Mol Sci. 2019 Jan 4;20(1):162. 
doi: 10.1016/j.tifs.2022.09.007.

19.	 Corella D, Ordovas JM. Nutrigenomics in cardiovascu-
lar medicine. Circulation: Cardiovascular Genetics. 
2009 Dec;2(6):637-51. doi: 10.12944/crnfsj.10.3.1.

20.	 Barnett MP, Ferguson LR. Nutrigenomics: Integrating 
genomic approaches into nutrition research. InMolec-
ular diagnostics 2017 Jan 1 (pp. 305-326). Cambridge, 
MA: Academic Press. doi: 10.1007/978-3-030-73692-
7_3.

21.	 Stielow M, Witczyńska A, Kubryń N, Fijałkowski Ł, 
Nowaczyk J, Nowaczyk A. The Bioavailability of 
Drugs—The Current State of Knowledge. Molecules. 
2023 Dec 11;28(24):8038. doi: 10.1016/j.
tifs.2024.104727

22.	 Subramanian P. Mucoadhesive delivery system: a 
smart way to improve bioavailability of nutraceuticals. 
Foods. 2021 Jun 11;10(6):1362. doi: 10.1016/j.
tifs.2021.12.011.

23.	 Zhao J, Li Z, Gao Q, Zhao H, Chen S, Huang L, Wang W, 
Wang T. A review of statistical methods for dietary 
pattern analysis. Nutrit J. 2021 Dec;20:1-8. doi: 
10.1016/j.tifs.2022.03.014.

24.	 Vega L. Fundamentals of genetics. Scientific e-Resourc-
es; 2019 Sep 13. doi: 10.1016/j.tifs.2019.01.017.

25.	 Kussmann M, Fay LB. Nutrigenomics and personalized 
nutrition: science and concept. Per Med. 2008 
Sep;5(5):447-55. doi: 10.2217/17410541.5.5.447.

26.	 Kaput J, Rodriguez RL. Nutritional genomics: the next 
frontier in the postgenomic era. Physiological Genom-
ics. 2004 Jan 15;16(2):166-77. doi: 10.1016/s0924-
2244(00)88912-8.

Aggarwal et al. Scr Med. 2025 Jul-Aug;56(4):825-41.



841

27.	 Gibney G. Nutrigenomics in human nutrition–an over-
view. South African J Clin Nutrit. 2005 Sep 1;18(2):115-
8. doi: 10.1016/s0924-2244(99)00059-x.

28.	 Segal E, Friedman N, Koller D, Regev A. A module map 
showing conditional activity of expression modules in 
cancer. Nature Genetics. 2004 Oct 1;36(10):1090-8. 
doi: 10.1016/j.tifs.2022.08.019.

29.	 Flint J, Valdar W, Shifman S, Mott R. Strategies for map-
ping and cloning quantitative trait genes in rodents. 
Nature Rev Genetics. 2005 Apr 1;6(4):271-86. doi: 
10.1016/j.tifs.2017.09.002.

30.	 Bahinipati J, Sarangi R, Mishra S, Mahapatra S. Nutrige-
netics and nutrigenomics: A brief review with future 
prospects. Biomedicine. 2021 Dec 31;41(4):714-9. doi: 
10.1002/fsn3.1892.

31.	 Gush L, Shah S, Gilani F. Macronutrients and micronu-
trients. InA prescription for healthy living 2021 Jan 1 
(pp. 255-273). Cambridge, MA: Academic Press. doi: 
10.1016/j.tifs.2022.03.017.

32.	 Fagbohun OF, Gillies CR, Murphy KP, Rupasinghe HV. 
Role of antioxidant vitamins and other micronutrients 
on regulations of specific genes and signaling path-
ways in the prevention and treatment of cancer. Int J 
Mol Sci. 2023 Mar 23;24(7):6092. doi: 10.1016/j.
tifs.2022.01.012.

33.	 Lal MK, Sharma E, Tiwari RK, Devi R, Mishra UN, Thak-
ur R, et al. Nutrient-mediated perception and signal-
ling in human metabolism: a perspective of nutrige-
nomics. Int J Mol Sci. 2022 Sep 25;23(19):11305. doi: 
10.1016/j.tifs.2024.104377.

34.	 Kaput J. Diet–disease gene interactions. Nutrition. 2004 
Jan 1;20(1):26-31. doi: 10.1080/10408398.2022.2096563.

35.	 Meroni M, Longo M, Rustichelli A, Dongiovanni P. Nu-
trition and genetics in NAFLD: the perfect binomium. 
Int J Mol Sci. 2020 Apr 23;21(8):2986. doi: 10.1016/j.
tifs.2009.05.005.

36.	 Brennan L, McNulty B. New technology in nutrition re-
search and practice. Proceed Nutrition Soc. 2017 
Aug;76(3):173-4. doi: 10.1016/j.tifs.2010.11.004.

37.	 Chirita-Emandi A, Niculescu M. Methods for global nu-
trigenomics and precision nutrition. In: DE Caterina R, 
Martinez JA, Kohlmeier M, Eds. Principles of Nutrige-
netics and Nutrigenomics: Cambridge, MA: Academic 
Press 2020. pp. 49-58. doi: 10.1016/j.fufo.2024.100450.

38.	 Caradonna F, Consiglio O, Luparello C, Gentile C. Sci-
ence and healthy meals in the world: Nutritional epig-
enomics and nutrigenetics of the mediterranean diet. 
Nutrients. 2020 Jun 11;12(6):1748. doi: 10.1016/j.
tifs.2023.104284.

39.	 Aruoma OI, Hausman-Cohen S, Pizano J, Schmidt MA, 
Minich DM, Joffe Y, et al. Personalized nutrition: trans-
lating the science of nutrigenomics into practice: pro-
ceedings from the 2018 American College of Nutrition 
Meeting. J Am Coll Nutrit. 2019 May 19;38(4):287-301. 
doi: 10.1016/j.tifs.2016.06.001.

40.	 Alam I, Ali F, Zeb F, Almajwal A, Fatima S, Wu X. Rela-
tionship of nutrigenomics and aging: Involvement of 
DNA methylation. J Nutr Intermed Metab. 2019 Jun 
1;16:100098. doi: 10.23880/fsnt-16000142.

41.	 Dang TS, Walker M, Ford D, Valentine RA. Nutrigenom-
ics: the role of nutrients in gene expression. Periodon-
tology 2000;2014 Feb;64(1):154-60. doi: 10.1016/j.
tifs.2021.03.023.

42.	 Bordoni L, Petracci I, Zhao F, Min W, Pierella E, Ass-
mann TS, Martinez JA, Gabbianelli R. Nutrigenomics of 
dietary lipids. Antioxidants. 2021 Jun 22;10(7):994. 
doi: 10.1016/j.tifs.2015.04.012.

43.	 Dahl WJ, Mendoza DR, Lambert JM. Diet, nutrients and 
the microbiome. Progress Mol Biol Trans Sci. 2020 Jan 
1;171:237-63. doi: 10.1016/j.tifs.2017.05.018.

44.	 Barone M, D'Amico F, Brigidi P, Turroni S. Gut microbi-
ome–micronutrient interaction: The key to controlling 
the bioavailability of minerals and vitamins? Biofac-
tors. 2022 Mar;48(2):307-14. doi: 10.1016/j.
tifs.2019.11.009.

45.	 Reen JK, Yadav AK, Singh J. Nutrigenomics: concept, ad-
vances and applications. Asian J Dairy Food Res. 
2015;34(3):205-12. doi: 10.1016/s0924-2244(00)00035-2.

46.	 Görman U, Ahlgren J, Nordström K. Ethical consider-
ations in nutrigenetics and nutrigenomics. In: DE Ca-
terina R, Martinez JA, Kohlmeier M, Eds. Principles of 
Nutrigenetics and Nutrigenomics: Cambridge, MA: Ac-
ademic Press 2020.  pp. 543-548. doi: 10.2174/157340
131003140828121015.

47.	 Kizilaslan M, Arzik Y, Cinar MU, Konca Y. Genome-wise 
engineering of ruminant nutrition–nutrigenomics: ap-
plications, challenges, and future perspectives–A re-
view. Annals Animal Sci. 2022 Apr 1;22(2):511-21. doi: 
10.1016/j.tifs.2020.12.013. 

48.	 Brennan L, de Roos B. Nutrigenomics: lessons learned 
and future perspectives. Am J Clin Nutrit. 2021 Mar 
1;113(3):503-16. doi: 10.1016/0924-2244(94)90183-x. 

49.	 Guest NS, Horne J, Vanderhout SM, El-Sohemy A. Sport 
nutrigenomics: personalized nutrition for athletic per-
formance. Frontiers Nutrit. 2019 Feb 19;6:433157. doi: 
10.1016/j.tifs.2018.07.015. 

50.	 Marcum JA. Nutrigenetics/nutrigenomics, personal-
ized nutrition, and precision healthcare. Current Nu-
trit Rep. 2020 Dec;9:338-45. doi: 10.1016/j.
tifs.2022.07.008. 

51.	 Kiani AK, Bonetti G, Donato K, Kaftalli J, Herbst KL, 
Stuppia L, et al. Polymorphisms, diet and nutrigenom-
ics. J Prev Medicine Hygiene. 2022 Jun;63(2 Suppl 
3):E125. doi: 10.1016/j.tifs.2023.104165. 

52.	 Barrea L, Annunziata G, Bordoni L, Muscogiuri G, Colao 
A, Savastano S, Obesity Programs of Nutrition, Educa-
tion, Research and Assessment (OPERA) Group. Nutri-
genetics—personalized nutrition in obesity and car-
diovascular diseases. In J Obesity Suppl. 2020 
Jul;10(1):1-3. doi: 10.1016/s0924-2244(02)00019-5. 

53.	 Simopoulos AP. Genetic variation and dietary response: 
nutrigenetics/nutrigenomics. Asia Pacific J Cln Nutrit. 
2002 Oct;11:S117-28. doi: 10.1016/j.tifs.2005.03.003. 

54.	 Ramos-Lopez O, Milagro FI, Allayee H, Chmurzynska A, 
Choi MS, Curi R, et al. Guide for current nutrigenetic, 
nutrigenomic, and nutriepigenetic approaches for pre-
cision nutrition involving the prevention and manage-
ment of chronic diseases associated with obesity. Life-
style Genomics. 2017 Jul 8;10(1-2):43-62. doi: 10.1016/j.
tifs.2023.04.013. 

55.	 Nasir A, Bullo MM, Ahmed Z, Imtiaz A, Yaqoob E, Safdar 
M, et al. Nutrigenomics: Epigenetics and cancer pre-
vention: A comprehensive review. Critical Rev Food Sci 
Nutrit. 2022 Mar 31;60(8):1375-87. doi: 10.1016/j.
tifs.2011.03.004. 

56.	 Kassem NM, Abdelmegid YA, El-Sayed MK, Sayed RS, 
Abdel-Aalla MH, Kassem HA. Nutrigenomics and mi-
crobiome shaping the future of personalized medicine: 
a review article. J Genetic Eng Biotechnol. 2023 Nov 
22;21(1):134. doi: 10.1016/j.tifs.2021.06.045.

57.	 Di Renzo L, Gualtieri P, Romano L, Marrone G, Noce A, 
Pujia A, et al. Role of personalized nutrition in chron-
ic-degenerative diseases. Nutrients. 2019 Jul 
24;11(8):1707. doi: 10.1016/s0924-2244(97)01014-5.

58.	 Moore JB. From personalised nutrition to precision 
medicine: the rise of consumer genomics and digital 
health. Proceedings Nutrit Soc. 2020 Aug;79(3):300-
10. doi: 10.1136/bmjnph-2021-000235.

Aggarwal et al. Scr Med. 2025 Jul-Aug;56(4):825-41.


