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Abstract

Introduction

Nutrition has a major impact on public health, not only for 

diseases prevention but also act to promote wellness and 

optimal aging through selected dietary recommendation. 

Nutritional environment and cellular/genetic are co-

influencing one toward another. Indeed, food intake is 
the key of the environmental factor that modulates our 
gene. Undeniable, we are all exposed permanently to food 

intake from our conception to death. In the 20th century, 
Garrod in his famous Croonian lectures about inborn 

errors of metabolism led us to the concept on phenotype 

determination as the result of nutrition and genetics 

interactions. After a century the idea keep ringing, involve 
current technologies of human genome sequencing, and 

bring up the concept of nutritional genomics. Genetics is 

the study of heredity, the mechanisms of how the parents 

passes specific traits into the offspring, and how the 
variations in genes or genes combination explain the traits 

differences.(1) On the other side, genomics explores the 
genes response under different conditions including the 
environmental factors utilizing various technologies to 

examine large numbers of nucleotide sequences, genes, and 

proteins.(2) Nutritional genomics or “nutrigenomics” is a 
term that focus on how common dietary chemicals (i.e., 

nutrition including macronutrients, micronutrients and 

antinutrients) affect the balance of our health and disease by 
altering the expression and/or structure of an individual’s 

genetic makeup including genome, proteome (the sum 
total of all proteins), as well as metabolome (the sum of 
all metabolites).(3,4) On the contrary, nutritional genetics 
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biology result in a precision nutrition as a relevant precise 

personal dietary change recommendation, thus will increase 

the motivation and sustain to whom the intervention is being 

delivered.
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or “nutrigenetics” refer to how the genetic variation gives 
different responses to nutrients. In current postgenomic 
era, coupling the genomics, transcriptomics, proteomics, 

metabolomics with bioinformatics and chemometrics, 

comprehensively manage and interpret as a complex data 

set commonly known as “functional genomics” or “system 
biology”.(5) System biology developed the traditional 
approach of nutrition-metabolism model into a modern 

holistic view on gene-nutrient interaction, in which a 

significant fraction of all regulated genes and metabolites 
can be quantified concurrently.(6) The identification and 
characterization of gene variants was expected to generate 

a specific diet recommendation for individual regarding his 
responses to dietary components, termed as ‘personalized 

nutrition’ (PN).(7-10) If previously we were familiar with 
“personalized medicine”, now it is extended to the field of 
nutrition. In the end, the molecular processes alteration will 
alter disease initiation, development, or progression.(3)
	 As a young science, nutrigenomics attracted a lot of 

attention and developed rapidly and widely. Earlier hypes 

tried to apply the science but raise unhelpful solutions. 

However, recent studies put a major advance in quantifying 

the contribution of genetic variation to a wide range of 

phenotypes, to clarify the nutrition-related phenotypes, 

especially for common complex diseases like obesity which 
cannot be explained just by single-nucleotide polymorphism 

(SNP) alone. Other factors may also be contributed as 
suggested by metagenomic studies about the gut microbiota 

unexpected, substantial effects which may be important on 
multiple aspects of human health, and for sure nutrition, 

again be involved as the most important mediator of the 

composition and function of our commensal flora. New 
tools, including stem cell-based approaches and genome 

editing, together with nutrigenomics and system biology 

have huge potential to transform the future of mechanistic 

nutrition research.(11) This approach then hold a big 
potential to change human dietary habits in order to achieve 

effective disease prevention and therapy.

Nutrition in The Postgenomic Era

Since the ancient time we believe that our diet will affect our 
health. For example, Phenylketonuria (PKU) is caused by a 
single gene mutation. Then, the affected individuals have 
to avoid amino acid phenylalanine diet. Another common 

example is people with lactose intolerance, means they 

cannot digest milk or milk products due to inactive lactase, 
the enzyme that breaks down lactose. In these people, the 
gene encoding lactase is “turned off” after weaning.(12) The 
science of nutrigenomic jumped-started since The Human 

Genome Project in 1990s sequenced the entire DNA in the 
human genome. By 2007 scientists found out that our food 
communicates to our genes, and this miscommunication 

will lead to diseases. What we eat delivered messages to our 

genes, drive a control on our metabolism, including tell our 

body to burn calories or store them. This control the messages 

and instructions delivered to our body and metabolism. 

Therefore, the interaction can be altered between the food 

and our body, lose weight, and optimize your health, as well 

as to modify the genes that affect the risk of getting illnesses 
like heart disease, cancer, osteoporosis and diabetes by food 
regimen.(1,13)
	 It will be ideal if we can take benefit from nutrition 
to optimize our cellular, tissue, organ and whole-body 

homeostasis. This shifting the nutrition research from 

Epidemiology and Physiology to Molecular Biology and 
Genetics then nutrigenomics was born. Nutrigenomics 

extracting the understanding of how nutrients or food bio-

active at the molecular level, characterize gene products, 

their physiological function and their interactions at gene, 

protein, and metabolite level (Figure 1), as well as how it 
influences the gene expression (transcriptomics, proteomics 
and metabolomics), result in a nutrient-regimes on human 
health. The three of transcriptomics, proteomics and 

metabolomics can be combined into a Nutritional Systems 

Biology approach.(7) 

Genomics                 Proteomics            Metabolomics

Figure 1. Nutrigenomics approach in disease prevention.(12) (Adapted with permission from Springer).
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Figure 2. A schematic depiction of what is “known” and what is “unknown” in the field of nutrigenomics, highlighting the findings 
and challenges that emerge for the field of nutrigenomics.(20) (Adapted with permission from Elesvier).

	 Nutrigenomics backgrounded by two sides of 
paradigms, which could labeled as an applied science in 

the sight of nutritional pharmacology, in the context of 

genetic polymorphism and clinical experience, by using 

the microarray technology and integrated on an informatics 

platform in the sight of molecular biology.(5,9) A healthy 
phenotype progress into a chronic disease via changes in 

gene expression, cause alterations in protein and enzymes 

activities. Ingested dietary chemicals participate either 
directly or not, in regulating gene expression. We can 

conclude that diet must be take part in shifting a healthy 
phenotype into sick since the initiation, progression 
until severity.(14,15) The most common chronic disease 
involving genotype-diet interaction is type 2 diabetes 
(T2DM), generally known occurs in sedentary, obese 
individuals and certain minority groups.(16,17) T2DM 
subjects advised to control their symptoms by increasing 

physical activities and reducing caloric intake especially fat 
(18) and also received such an environmental interventions 
and drug treatments. In the molecular level, nutrients can be 
considered as “signaling molecules” to change the genes, 
protein and metabolite expression via the appropriate 

cellular sensing mechanisms.(19) Afterwards, the question 
is what happened, when we do not eat wisely? On the 
genomic level, nutrients act as “signatures” that linked to 
the phenotype, especially in metabolic stress, which is the 

early phases of organ-specific insulin resistance occur.(20)
	 Chronic exposure of certain food components 

suggested to mediate the occurrence of chronic diseases. 

However, everybody tends to respond differently to diet. 
Nutrigenetics explain that genetic polymorphisms in 

apolipoprotein E, fatty acid desaturase, lipoxygenase-5, 

peroxisome proliferator-activated receptors (PPARs), 
apolipoprotein A1, apolipoprotein A2, apolipoprotein 
A5, and methylenetetrahydrofolate reductase have been 
associated with cardiovascular disease.(21) This means 
any gene-diet interaction occurred will affect to the 
diseases, and any gene variation either due to ethnicity, 

environment, disease/condition, genes, polymorphisms, 

nutrients will play a role.(20) The excitements about how 
diet modification will reduce the risk of diet-related diseases 
bring the science of bioinformatics, nutrition, molecular 

biology, genomics, epidemiology, and molecular medicine 

to unfold the role of nutrition on gene expression. Figure 2 
is highlighting the known and unknown information in the 
field of nutrigenomics.

Systems Biology in Nutrigenomics and 
Nutrigenetics

Biological networks including the interactions between 
genes, proteins and metabolites which are coordinated to 

regulate cellular processes. The cells-to-cells interaction 

yield in tissue response, and different cell types interaction 
to synchronize, result in physiological response in organs.

(22) System biology can be simply defined as the study 
of biological systems. System biology aim to understand 

the complexities of multidiscipline involved such as 

mathematics, engineering, computer science, physics, 

chemistry and biology in a comprehensive process.(23) 
Composed of molecular components, system biology 

combines the data from experimental basis and mathematical 

model to understand the network behavior between gene 
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protein and informational pathways.(23,24) Merging 
system biology with computational techniques can be 

employed to study the networks that mediate physiological 
system dynamics in cellular or organ level, and in the end, 

we can understand how nature engineered our biological 

systems through evolution, measuring all differentially 
perturbed states, and wrap up the basic principle that govern 

them (Figure 3).(25,26) Then it is possible for us to create a 
simulation of the physiology of the cell.(27,28)
	 Our metabolism could be expressed as a transient 
steady state in the cellular biosynthesis dynamics. Proteins 

function either as enzymes, receptors, transporters, channels, 

hormones and other signaling molecules. It provides 
structural elements for cells, organs or the skeleton. On the 
contrary, metabolites serve a broad role in cell functions. 

It usually rapidly “converted” in enzymatic and chemical 
reactions, to be the building blocks for macromolecules, 
or role as transient energy-storage. Hence, metabolites 

reaction, identification, and quantification are important in 
system biology, and metabolomics become an important 

study to understand the entire set of metabolites in a cell, 

tissue or organ sample.(29-32)

Figure 3. Schematic diagram showing the typical coordination of genetic, signaling and metabolic networks for generating a 
phenotypic response.(22) (Adapted with permission from Springer).

	 The advancement of -omics technology shifting 

from the classical analytical into system biology. In this 
way, any human biological process in interest, especially 

system, could be studied as comprehensive networks of 
functionally interacting macromolecules and reactions. By 
functional genomics we can identify the genes and their 

products in particular modules extensively, including to find 
the relationship between them.(33) The goals of systems 
biology are: interpret the component of one biological 

system and their structures. This can be genes, proteins, or 

metabolites; explain the dynamic of the system, including 
both quantitative and qualitative analysis and also the 

theory/model construction based on powerful prediction 

capability; find out the control methods of the system; and 
understanding of design methods of the system. Figure 4 
shows an example of systems biology iterative research.

	 When we eat, a complex mixture of various bioactive 

chemical compounds in different compositions was taken, 
chronically this will send a multitude of biological effects. 
These responses are mediated through the effector genes, 
and induce interaction between genes. The concentration 

and activity of enzyme, and metabolic concentration 
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Figure 4. Systems biology iterative research.(33) (Adapted with permission from Elsevier).

changes (Figure 5). Besides of the low classical detection 
limit, multiple minor changes taken together, processed 
by new bioinformatics approaches result in a new sense 

of sensitivity in -omics technology. Multivariate statistical 

methods  play  a  good  role  to  analyze  those  “holistic” 
data  sets  to  carefully  describe  what  is  healthy  and  

how is  the  early  changes.(7)  Thus,  nutritional  science 
exploration  no  longer  depend  on  the  disease  end  point 

but work more with normal physiologic conditions and its 
dynamic and reversible situations to determine the disease 

prevention.

	 Nowadays, food and nutrition gain their recognition in 

human health and especially for illness prevention. Modern 

lifestyle’s diseases such as diabetes, heart disease and cancer 

were proven to benefit from change of dietary patterns. 
Genetic polymorphisms mostly affect the risk of disease, 
somehow dietary intake and nutritional status involved. 
Nutritional researches can utilize the integrative biological 

study from the molecular level to whole body studies with 

systems biology approach to reach a more comprehensive 

understanding about the link between diet and health. In 
particular, applied system biology in nutrigenomics and 

nutrigenetics as a new discipline investigates how nutrients 

interact with humans, counting the role of genetic factors 

and mediate new insights into human health, formulating 

natural ways of disease prevention thus finally have 
significant positive impact on our quality of life.(33)

The Concept of Precision Nutrition

Like drugs, nutrient interact and modulate molecular 
mechanisms underlying an organism’s physiological 

functions. Due to different genetic variants, individual 
respond to lifestyle intervention must be different too in 
how dietary components are absorbed, metabolized and 

utilized.(34,35) Thus, specific dietary advice based on 
genotype data should be more compelling than the general 

recommendations.(36) Personal recommendation on diet 
modifications will be arranged based on the genotype to 
optimize wellness, known as PN. Nutritional care should 
improve their standards based on the recognition of 

diverse individual nutritional needs and responses, in term 

personalization.(37)
	 Nutritional sciences conventionally observed how 

nutrients affects our body in “average” response, without 
considering that each individual can respond differently. 
The advance in nutrigenetics and nutrigenomics unravel 

the complex relationship between nutritional molecules, 

genetic variants and biological system create a personalized 

regiment for individuals. PN can be defined as a concept 
to adapt specific nutrition regime based on each individual 
need. Based on the combination of individual’s fixed traits 
including genetic, environmental and lifestyle factors, 

PN develop an effective approach. Single approach by 
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Figure 5. Health effects of food 
compounds are related mostly 
to specific interactions on a 
molecular level.(7) (Adapted with 
permission from Elsevier).

genetics turns out not very effective without exploring the 
environmental and/ or behavioral ‘lifestyle’ variance within 

each person, in other word that what we do and where we 

are may be more important than what we are. PN should 

also be adjusted dynamically, by considering the varying 

physiological demands and requirements over time.(38) 
Regarding those, precision nutrition become more appealing 

and prospect rather than PN. 

	 Since  the  publishing  of  OMICS,  a  journal  of 
integrative  biology  published  its  special  issues  in  2008  
and 2009 about nutrigenomics (39), the field have been so 
much  evolved,   as  genomics-guided  and  individually-

tailored  diets  have  also  proliferated,  by  considering 

the benefits on long-term health outcomes and/or personal 
lifestyles.(40,41) Gene transcription and the protein 
structure were not always influenced by SNPs. Some 
nitrogenous bases doesn’t lead to change in amino acids to 

lead protein expression.(42-44)
	 PN is an important part of personalized medicine 

and healthcare improvement by establishing nutritional 

recommendations guidelines for specific subgroups based 
on individual genetic profile, phenotype, health status, 
food preferences and environmental characteristics.(44,45) 
Started from individual health promotion and maintenance, 

-omics technology will expand into effective public health 
strategies on diet therapy.(46,47). So, omics tools have 
to immediately develop into improved nutrigenetics, 

nutrigenomics and nutria-epigenetics.(48) Relevant 
to nutrigenomics and nutrigenetics, nutria-epigenetics 

investigates the epigenetic, or the chromatin structure and 

DNA modifications that do not alter the underlying DNA 
sequence, but affect gene expression.(49)

	 Interactions of metabolic, environmental, social 
and genetic factors together with biological and cultural 

variations, including food intolerances, preferences and 

allergies can determine individual response to nutrient. 

Individual’s genome analysis can distinguish responders from 
non-responders to dietary interventions and treatments.(50) 
By these knowledge and integration, International Society 
of Nutrigenetics/Nutrigenomics (ISNN) recommended that 
PN could be applied at three levels: general conventional 

nutrition guidelines, based on population’s age, gender 

and social determinants; individualized nutrition in the 
term of individual phenotypic current nutritional status 

(e.g., anthropometry, biochemical and metabolic analysis, 

physical activity, among others); and genotype-based 
nutrition direction, including rare or common gene variation.

(51) Such information ideally will ensure that health-care 
professionals, including dietitians, physicians, pharmacists 

and genetic counselors, have sufficient knowledges about 
nutrigenetics and nutrigenomics and could decide the 

most appropriate precision nutrition which integrates 

phenotypical and genotypical issues, social, environmental 

and metabolic factors.(52-54)

Nutrigenomic, Nutrigenetic, and 
Precision Nutrition

A proper diet is clearly giving benefit not only for avoiding 
deficiency diseases but also to optimize the wellness and 
aging prevention. Therefore, every individual has different 
risks and benefits, and needs different diet regimen. We 
have a better understanding about molecular basis of how 
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food activities and individual responses interact recently. 

Nutrigenomics is the core in this new knowledge to be applied 
in daily life.(55) The term “nutrigenomics” here encompasses 
both nutrigenetics and nutrigenomics. Nutrigenomics aimed 

to bridging genome research, biotechnology and molecular 

nutrition research and providing an advanced development 

in the field of nutrition for health, giving a comprehensive 
information of food influences in our homeostatic system, 
estimating the beneficial and adverse potential effects of 
foods in precocious phases, even before the initiation of a 

disease.

	 Chronic diseases such as cardiovascular disease 

(CVD), cancers, diabetes, neurological disorders, obesity, 
osteoporosis, and a variety of inflammatory disorders 
generally take benefit from nutrigenomics application. 
These diseases represent homeostasis disturbances, and 

environmental signals such as bioactive dietary components 

are the most potent homeostasis-influencing agents, include 
both nutrient and non-nutrient factors. Cellular sensor system 

detects these environmental signals and carry on activating 

genes and protein expression and, thereby, metabolite 

expression, then of course affect the physiological function. 
A comprehensive research of nutrigenomics will achieve a 

complete molecular data on these interactions and how they 

influence on homeostasis, the communication mechanism 
of the genes involved in signal transduction processes and 

how they role in related proteins and metabolites. This 

information could be extended to explore new biomarkers 
that serve as early warning sign of homeostasis disruption, 

and to find a pivotal point in diseases progression. Different 
from the single-gene disorders, chronic diseases usually are 

the results of multiple genes and multiple genes variants 

interacting with multiple environmental factors, including 

the complex interaction of diet and genes. Sure this will be 

a great challenges, but hold a greater promises to improve 

global health.(2) Researchers wishes to completing this 
nutrigenomic data translation into accurate prediction 

related to adversary health effects of dietary components, 
and reach the goal of prevention of diet-related diseases. 

In a nutrigenomics perspective, nutrients regard as dietary 
signals to activate cellular sensor system to influence 
genes, protein, and finally metabolite production. This 
course remarks a “dietary signatures”, which is specific on 
different cells, tissues, and organisms, and could explain 
how nutrition influences homeostasis.(8)
	 Some strategies were developed to utilize the 

dietary signatures. First is the traditional hypothesis-

driven approach, which is using genomics tools, such as 

transcriptomics, proteomics and metabolomics to identify 

specific genes and proteins expression by nutrient influences, 
and which regulatory pathways the diets affect homeostasis. 
The second strategy is not very practical at current stage, is 

the system biology approach: by listing the gene, protein 

and metabolite signatures related with specific nutrients in 
a catalogue, thus could provide ‘early warning’ for nutrient-

induced changes to homeostasis. Combining these two 

strategies, we will obtain the detailed interaction between 

nutrition and the genome molecular data and strategy for 

human nutrition.(8) Therefore, the goals of nutrigenomics 
research can be defined as: identify the transcription factors 
that function as nutrient sensors and their target genes; 
elucidate the signaling pathways involved, and characterize 

the main dietary signals.

	 Precision Nutrition 4.0 involves Big Data 
management and ethic foresight analysis for the confluence 
of agrigenomics, nutrigenomics, nutriproteomics and 

nutrimetabolomics. While precision nutrition goes further 

by completing the genomic information with phenotypical, 

cultural, behavioral and lifestyle preferences, yielding in 

universal guide and personal advice for health maintenance 

and disease management.(56) However, no matter how 
ideal the dietary treatment is, the greatest challenge here is 

that of motivating individuals to change their dietary habits 

and behaviors. Individual’s motivation still holds the main 
determination for the success of personalized diets.(48) 
Eating involves psychosocial factors, so individualized 

diet regimen based only on genetic information could be 

stressful. However, compared to traditional nutritional 

advice, nutrigenomic advice is better understood and 

more likely to be followed (57,58), and also proven to be 
beneficial in long-term weight control (59) as the review 
within the Food4me project (60).
	 Individual preferences on food choices is complex, 
including sensory likes, availability and cultural habits.(61) 
New biomarkers to translate such issues will support PN to 
recognize consumer demands in the nutritional market.(62) 
It is necessary to collaborate the food industry with culinary 
practice to create a preferable personalized nutrition.

(10,62,63) Individualized nutritional recommendations 
should be makes sense and not complicated, such as the 
advice to eat five servings of fruits or vegetables per day.
(64) Once gene-nutrient interaction is involved, nutritional 
advice cannot anymore be ‘one size fits all’ such as long-
chain omega-3 polyunsaturated fatty acids (PUFAs). In 
facts, individuals with the A allele for the Apolipoprotein A1 
(APOA1) polymorphism (G>A) get benefit after increased 
consumption of PUFAs and show an increase in high-

density lipoprotein (HDL) cholesterol levels, while people 
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with GG genotype have the opposite.(6)  Another example, 
a high-salt diet only induce higher systolic blood pressure to 

those with major risk alleles for serum- and glucocorticoid 
inducible kinase 1 (SGK1).(65)
	 Advances in laboratory techniques in PN including mass 

spectrometry, chromatography, electrophoresis, microarrays 

and magnetic resonance spectroscopy (66) support scientist 
with a holistic approach to improve nutritional interventions 

based on both nutrition and metabolism consideration 

and enabling customization of precise diet according to 

individual needs (67), as also identify individuals who will 
benefit from precise intervention strategies (68). Omics 
technologies make it possible to stratify the disease risks, 
encompassing proteomics, lipidomics and metabolomics 

for biomarker assays, and analyses of food bio-actives 
and compounds, to develop a customized diet. It was also 
need to establish guidelines for genetic tests and analysis 

regulation, to protect individuals from harmful services, 

involving analytical regulations (validating if the  genetic 
tests  are accurate to identify genes and polymorphisms), 
clinical validity (assess the accuracy of interpretation and 
association with clinical status) and clinical utility (evaluate 
the possibility of reaching a desired clinical result with a 

recommended intervention) as factors of consideration.
(69,70)

Precision Nutrition in The Prevention 
and Management Of Diseases

Basic nutritional science has been grown and the findings 
translated extensively into meaningful and clinically 

relevant dietary advices. Many factors need to be considerate 

in designing personalized and unbiased nutritional solutions 

for individuals become current main challenges of clinical 

nutrition, especially to implement these new findings at the 
population level.(71) Chronic and metabolic diseases become 
the main goal for tailored nutritional recommendations (38). 
Ideally, PN recommendation should be comprehensive and 
dynamic fitly flowing with individual’s internal and external 
environment throughout life. Thus, PN need more than 

just genetic factors but also dietary habits, food behavior, 

physical activity, the microbiota and the metabolome as 

described in Figure 6. Nutrigenomic research in this aim 
focus on the role of metabolic stress in generating metabolic 

syndrome, the collection of phenotypes combining 

inflammation, metabolic stress, insulin resistance, and 
diabetes (19), with ambition to supplement pharmacological 
therapy, and restoring the metabolic impairment. The earlier 

Figure 6. Steps involved in tailoring a precision nutrition to 
reach optimal health.

we could detect the onset of disease, or even the pre-disease 

state of the metabolic syndrome, or a condition known as 
metabolic stress, the higher possibility nutrition could take 
role in fixing this. For this achievement, new genomics-
based phenotypical biomarkers will be helpful.(72)
	 Nutrients influence on gene expression happens 
through a main agent called transcription factors which act 

as nutrient sensors in metabolically active organs, such as 

the liver, intestine, and adipose tissue. It changes the level of 
DNA transcription of specific genes in response to nutrient 
changes. The most important group of the nutrient sensors 

is nuclear receptor superfamily, which is ligand-activated 

transcription factors that have 48 members in the human 
genome, and play diverse roles in cell differentiation/
development, proliferation, and metabolism, including 

the pathogenesis of diseases. The receptors in this super-

family bind nutrients and their metabolites. For example, 

nuclear receptors, such as peroxisome proliferator activator 

receptor (PPAR)-a (binding fatty acids) or liver X receptor 
a (binding cholesterol metabolites), bind together with 
retinoid X receptor as heterodimers to specific nucleotide 
sequences (response elements) in the promoter regions of 
a large number of genes. Upon binding their respective 

ligand, nuclear receptors undergo a conformational change, 

and the corepressors dissociated, recruit coactivator proteins 

to enable transcriptional activation.(72)
	 Chronic diseases such as cardiovascular disease, 

metabolic syndrome, and cancer are partly mediated by 

chronic exposure to certain food components, so changing 
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food habits considered to be useful as the prevention strategy. 

Studies to find the “signatures” of health and diseases, the 
causal relationship how those bioactive dietary components 

could role in diseases prevention can only be assessed by 

long-term intervention trials, with large study populations 

of patients and controls which are time-consuming and 

costly. However, it will give a great benefit for a more 
complete phenotyping of humans and the ability to monitor 

health status using a noninvasive tool utilizing omics 

technology. Metabolomics is the study of total endogenous 

and exogenous metabolites in a cell, organ, or body fluids. 
(3,7,73-76) Through metabolomics, individual metabolite 
profiles could be mapped, such as complete plasma lipid 
(i.e., cholesterol, triglycerides) and vitamin profiles.
	 The sensitive and well validated tool in nutrigenomics 

is transcriptomics. It employs microarray analysis to count 
the sum of messenger RNA’s transcripts. By this technique, 
the expression levels of thousands of genes are enabled to 

determine at once, within one study. Many chronic diseases 

are multifactorial disorders caused by multiple genetic 

and environmental factors. Multiple susceptibility genes 

involved in multigenic or polygenic diseases. A similar 

disease phenotype is possible due to different combinations 
of gene variants, and a genetic variation can induce several 

dietary components to modulate the phenotype, make it 
more complicated for the analysis.(77)
	 Regarding obesity and metabolic syndrome, recent 

studies revealed the important impact of macronutrient 

intake correlated to genetic markers in metabolic health, fat 
mass accumulation or body composition. The environment-

gene correlation opened the door to design efficiently diets 
based on the individual genetic makeup. Recent work imply 
a genetic risk score (GRS) to predict obesity and the impact 
of macronutrient intake.(78) GRS was counted as a sum 
of a set of 16 genetic variants (according to the number of 
risk alleles for each variant) known associated with obesity 
obesity (rs9939609, FTO; rs17782313, MC4R; rs1801282, 
PPAR-g; rs1801133, MTHFR and rs894160, PLIN1), 
and lipid metabolism (rs1260326, GCKR; rs662799, 
APOA5; rs4939833, LIPG; rs1800588l, LIPC, rs328, 
LPL; rs12740374, CELSR2; rs429358 and rs7412, APOE; 
rs1799983, NOS3; rs1800777, CETP and rs1800206, 
PPARA). The GRS validated. i.e., high risk group (subjects 
having more than 7 risk alleles) showing increased body 
mass index (BMI) (0.93 kg/m2 greater BMI), body fat mass 
(BFM) (1.69% greater BFM), waist circumference (WC) 
(1.94 cm larger WC) and waist-to-hip ratio (WHR) (0.01 
greater WHR). They found significant interactions between 
macronutrient intake and GRS prediction values.(78) 

	 Another clinical study involving gene-macronutrients 

interactions to develop GRS using BMI-associated SNPs 
as basis found the risk of obesity increased by high intake 
of sugar-sweetened beverages (78-81), fried foods (82) or 
saturated fatty-acids (83). All these studies suggest that 
someone’s body weight was influenced by the common 
polymorphisms at certain loci, combined with the diet 

exposure. The scientific community recognizes that in 
the future, nutrigenomic solely won’t be enough for 

PN.(44) Personalized diet tailoring need more than just 
nutrigenetics, but also lifestyle including physical activity 

habits, metabolomics or gut microbiomics which contribute 

significantly.(84-86)
	 Chrono-nutrition is the study of the interaction of 

food component with circadian clocks, thus meal time will 
affect metabolic process.(87,88) This variant too, should 
be included in tailoring the personalized diet. Therefore, 

scheduled and personalized nutrition programs also aimed to 

improve the metabolic disorders in obesity. Cardiometabolic 

disease, as one of the co-morbodity of obesity is commonly 

resulted from sedentary lifestyle. Thus, physical activity 

should be considered in PN approach.(89) An optimal 
personalized diet is not about what an individual is currently 

doing but to what they should be doing.(38) Some studies 
showed the inter-individual variability of physical activity 

benefit on CVD and T2DM risk factors. Some individual 
even experiences the converse effects on plasma HDL 
cholesterol, blood pressure, fasting plasma insulin and 

plasma triglyceride (TG) levels.(90) Thus, physical activity 
profile should be considered individually to design the diet 
prescriptions.

	 Other issue regarding PN is Celiac Disease (CD), 
a situation of permanent intolerance to gluten/gliadin 

(prolamin), which results in common heritable chronic 
inflammatory condition of the small intestine. CD was known 
as a complex interplay between genetic and environmental 

factors.(91,92) Prolamin could be found commonly in 
cereal grains (gliadin in wheat and similar alcohol-soluble 
proteins in other cereals, secalin in rye, hordein in barley). 
They act as the environmental stimuli and develop the 

intestinal damage associated with CD.(92,93) Gliadin 
contains high proline (Pro or P) and is resistant to complete 
proteolytic digestion by peptidases in the human intestine, 

make them difficult to be transported across the epithelium.
(94) Therefore, they create proline and glutamine (Gln or Q) 
as toxic oligopeptides accumulation in the small intestine. 

This lead to toxic effects in genetically susceptible subjects.
(95) On the contrary, many dietary components including 
plant polyphenols, carotenoids and fatty acids, have the 
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Conclusion

Foods are actually a complex mixtures of molecules act 

in many biochemical pathways simultaneously. They 

can develop various diseases, or otherwise mediate to 

solve some conditions. Individual diet recommendation 
is not simple. Many factors and tools should be involved 

adequately. The application of integrated omics approaches, 

together with increasingly detailed nutritional information, 

lifestyle, physical activity, and microbiome will influence 
the diet prescription. The advancement application of 

PN also need a large, appropriate and consistent changes 

in eating (and other lifestyle) behaviors of individual. 
However, Application nutrigenomics and nutrigenetics 

result in a precision nutrition for a more relevant precise 

personal dietary change recommendation, thus will increase 

the motivation and sustain to whom the intervention is being 

delivered.
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