v.4,n. 2,2024

- BY NC ND

All content in this magazine is
licensed under a Creative Com-
mons Attribution License. Attri-
bution-Non-Commercial-Non-
Derivatives 4.0 International (CC
BY-NC-ND 4.0).

NUTRITIONAL
STRATEGIES FOR
MODULATION OF

THE RS 9939609
POLYMORPHISM OF
THE FTO GENE IN

THE PREVENTION
AND TREATMENT OF
OBESITY IN CHILDREN
AND ADOLESCENTS

Emily Shiu Takahashi

Graduated in Nutrition, ' Centro
Universitario Sio Camilo*"

Sao Paulo-SP. Brazil
http://lattes.cnpq.br/0104865311558795

Bruna Vetere Zulian

Graduated in Nutrition, ' ‘' Centro
Universitario Sio Camilo*"

Sao Paulo-SP. Brazil

ORCID: 0009-0007-9000-0459

Anna Carolina Costa Chaaban
Graduated in Nutrition, ' *Centro
Universitario Sdo Camilo"*

Sao Paulo-SP. Brazil

T ——— |


http://lattes.cnpq.br/0104865311558795

Abstract: Goal: Study the nutrigenomic
and nutrigenetic aspects involving obesity
in children and adolescents, focusing on the
1s9939609 polymorphism of the FTO gene,
analyze the effects of this genetic variant on
body fat gain and address possible nutritional
strategies. Methods: This is a bibliographic
review carried out in the electronic databases
SCIELO, PUBMED, Google Scholar, LILACS,
together with academic literature related to the
subject,in Portuguese, Englishand Spanish. The
key words were used: “nutrigenomics’, “child”,
“adolescents”, “obesity”, “FTO Dioxygenase
Dependent on Alpha-Ketoglutarate”,
“nutrigenomics’, “adolescent’, “child”,
“childhood”, “ obesity”, “Alpha-Ketoglutarate-
Dependent Dioxygenase FTO”. Results and
discussion: The daily value of lipids ingested,
the type, especially saturated fatty acids, and
the quantity showed an interaction with the
1s939609 polymorphism of the FTO gene. In
individuals carrying therisk allele (A) and with
a higher intake of saturated fatty acids, they
had a high BMI compared to homozygotes
(TT). Studies regarding carbohydrates and
proteins are scarce, hindering a conclusion
about them. Conclusion: Lower daily intake
of lipids and saturated fatty acids may be a
possible nutritional strategy for managing the
1s9939609 polymorphism in the FTO gene
in children and adolescents. However, it is
important to monitor future publications that
may bring greater clarity and understanding
about nutrients and their relationship with
1$9939609 of the FTO gene.

Keywords: nutrigenomics; child; teenagers;

obesity; “Alpha-Ketoglutarate-Dependent
FTO Dioxygenase.

INTRODUCTION

Obesity is defined as excess fat

accumulation that can harm health and
well-being (WHO, 2000). It is an extremely
complex condition, as it involves several

factors such as genetic, environmental
predisposition, socioeconomic, cultural and
psychological conditions, which can influence
weight gain, being considered a multifactorial
disease (APOVIAN, 2016; MECHANICK,
2012; World Health Organization, 2000).

Children and adolescents are classified
as overweight or obese using the body mass
index (BMI) and also by other anthropometric
indices such as height/age, weight/height,
BMI/age and weight/age according to age and
sex. The diagnosis is made using cutoff points
in percentiles and z-scores, determined by the
World Health Organization (WHO, 2006).
Another measurement used to identify the
amount of adipose tissue is the measurement
of skinfolds (subscapular, suprailiac, biceps
and triceps) which may indicate risk for
metabolic diseases. (ANDAKI, 2017).

Furthermore, obesity is classified as a
chronic non-communicable disease (NCD),
which has become a global health problem
as it affects a large part of populations, both
Western and Eastern, without distinction
of age group. The number of overweight
individuals worldwide tripled between 1975
and 2016. Furthermore, during this period,
the number of overweight and obese children
and adolescents between the ages of 5 and 19
increased from 4% to 18%. In 2017, more than
4 million deaths were recorded per year related
to overweight and obesity in adults INCHLEY
et al., 2020). According to the World Obesity
Federation (2020), it is expected that by 2025,
1 in 5 adults will be obese.

The high incidence of obesity in the
world population is due to the rapid dietary
transition that has occurred since the
industrial revolution, and has also reflected
in a change in lifestyle, qualitatively and
quantitatively altering the diet of populations,
associated with economic, social and social
conditions. demographics of the country.
Consequently, chronic non-communicable
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diseases such as diabetes, high blood pressure,
cardiovascular diseases and cancers have also
increased (WOE, 2020).

Thus, there was a change in eating behavior,
in which the habits of consuming fresh foods
such as vegetables, cereals, roots and tubers
were replaced by a high consumption of ultra-
processed foods, rich in saturated fats, sugars,
sodium, trans fatty acids and food additives.
There was also a decrease in the level of
physical activity due to the industrialization
and automation process, in addition to
changes in leisure activities with increased
screen time, that is, more time spent using
television, cell phones and other electronic
devices ( LEE, 2018).

Furthermore, stress in the contemporary
world plays a very important role in the
development of obesity (MALAGRIS;
FIORITO, 2006; PALOMINO-PEREZ, 2020).
Stress has a physiological effect that induces
the individual to consume high-calorie foods,
activating the reward system, thus generating
a better sensation and helping the individual
to deal with difficulties (PALOMINO-PEREZ,
2020). Thus, for many, this becomes a cycle
that can result in excess weight gain and the
development of various comorbidities and
eating disorders (COLLINS; BENTZ, 2007).
In children, stress also plays a negative role,
especially in those who are obese, as they tend
to enter the reward system cycle (SAGAR;
GUPTA, 2018).

Accordingto Xavieretal. (2015), pregnancy;,
newborn classification and lactation influence
the baby’s metabolic programming, which can
progress with the individual until adulthood,
and can lead to obesity.

The socioeconomic factor has a great
impact on the nutritional status of the
population. Studies show that in developing
countries, children with higher income
are more overweight and obese, unlike in
developed countries, where children with

lower purchasing power are those who most
suffer from the disease. This situation may
be related to diet, physical activity, industrial
marketing, low consumption of fruits and
vegetables and high consumption of ultra-
processed foods (ADAMS, 2020; BENTLEY;
ORMEROD; RUCK, 2018).

Genetic predisposition is one of the
major factors that lead to obesity and,
since the Human Genome Project (PGH)
was completed in 2003, we know that the
genome is not static and can be modified by
environmental factors, including diet. In this
context, Nutritional Genomics emerged, an
area of science that studies the interaction
between genes and nutrients and how this
interaction influences gene expression to
manifest phenotypic results, such as obesity
and other diseases (PENA, 2010).

One of the main genes linked to obesity
is FTO (fat mass and obesity-associated),
it was one of the first genes to show a well-
established relationship with obesity in
different populations and ages. The most
studied polymorphism is rs9939609, which
is responsible for increased adipogenesis,
increased ghrelin levels and consequently
hunger, among other factors, as well as
strategies for modulating the expression of
this polymorphism.

GOAL

Study the nutrigenomic and nutrigenetic
aspects involving obesity in children and
adolescents, focusing on the rs9939609
polymorphism of the FTO gene, analyzing the
effects of this genetic variant on body fat gain,
and addressing possible promising nutritional
strategies to combat obesity.

MATERIALS AND METHODS

This is a bibliographic review carried out
between October 2020 and March 2022,
through the search strategy for articles in
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the electronic databases SCIELO, PUBMED,
Google Scholar, LILACS, together with the
consultation of academic literature related
to the subject, in the languages Portuguese,
English and Spanish. The Science and Health
Descriptor (DECS) was used to determine
the key words: “nutrigenomics”, “child’,
“adolescents”, “obesity”, “FTO Dioxygenase
Dependent on alpha-Ketoglutarate”,
“nutrigenomics’, adolescent”,  “child’,
“childhood”, “obesity”, “Alpha-Ketoglutarate-
Dependent Dioxygenase FTO”.

The articles were selected based on the
inclusion criteria, which were: studies related
to obesity and the fto gene, studies on the
159939609 polymorphism, priority was given
to studies on children and adolescents, but as
it is an extremely specific and scarce topic, it
was opened An exception was made for the
inclusion of studies in the adult population, to
collect some information and comparison and
there was no restriction on the publication
period. The exclusion criteria were: articles
that were not related to the topic and studies
that related obesity to other genes and
polymorphisms.

<«

RESULTS AND DISCUSSION
CHILDREN AND TEENAGERS

Childhood comprises a time of intense
development, growth and different stages.
This way, different bodies divide this moment
oflife into subcategories. The Brazilian Society
of Pediatrics divides it into three phases, the
first being infant (0 to 2 years old), preschool
(2 to 4 years old) and school age (5 to 10 years
old). The American Academy of Pediatrics
understands that children aged 1 to 3 years
are toddlers, or young children, 3 to 5 years
old are preschoolers and school children are
5-12 years old. There are several different
classifications for this group, but everyone
understands the importance and care required
at this stage of an individual’s life.

Children’s development goes far beyond
biological progress, growth and the acquisition
of skills, it involves maturation, learning and
psychological and social aspects. This process
is influenced by genetics, the environment
in which they live, affection from caregivers,
nutrition, attention, hygiene and basic
sanitation, so each child has an individual
and unique development (BRAZIL, 2002;
MONTEIRO, 2016).

Growth is a continuous biological process
that includes tissue renewal and physical
and physiological maturation, influenced by
genetic and environmental factors. During
this period, children develop motor and
sensory skills, with tactile development being
notably accelerated. Brain development is
shaped by social and cultural factors, and
parental interaction plays a crucial role,
influencing the child’s emotional, social and
psychological development, preparing them
for independence and adolescence. (BRAZIL,
2002; MALIK, 2018; MONTEIRO, 2016).

According to the Child and Adolescent
Statute (1990), individuals up to 12 years of
age are considered children, thus adolescence
includes individuals between 12 and 18
years of age. However, there are different
understandings of the age that begins and
ends adolescence, the WHO and Ministry of
Health consider the period of adolescence to
begin from 10 to 19 years of age (BRAZIL,
2005).

Adolescence, astagein thelife cyclebetween
childhood and adulthood, is characterized by
several psychological, social and biological
changes (BRAZIL, 2005). These changes
are influenced by genetic, environmental,
nutritional and psychological elements (DE
ANDRADE; MARQUES, 2010).

Puberty, distinct from but integrated
with adolescence, encompasses biological
and physiological changes such as body
growth and sexual development, varying
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individually in time and intensity. These
physical transformations, together with brain
maturation, encourage adolescents to make
more complex decisions, although impulsivity
and the feeling of omnipotence can lead them
to risky situations. Furthermore, psychosocial
changes include the development of abstract
thinking, theappreciationoftheimmediateand
the search for new experiences. (ALMEIDA,
2015; BRAZIL, 2005; CHIPKEVITCH, 2001;
FERREIRA, 2010; GUEMES-HIDALGO,
2017; SBP, 2012; DE ANDRADE; MARQUES,
2010).

With extensive development in childhood
and adolescence, adequate nutrition is
extremely important, as these are fundamental
for proper growth and development
(FERRIANI, 2001). Furthermore, during this
period is where the development of eating
habits that tend to remain until adulthood
occurs, one of the main responsible for this
formation are the parents. Acquiring healthy
and appropriate eating habits from a young
age can help alter the risk of chronic non-
communicable diseases, such as obesity,
diabetes and dyslipidemia in the future
(BESERRA, 2020; CAMPOS, 2017; LOPES,
2016; SBP, 2012).

OBESITY IN CHILDREN AND
ADOLESCENTS AND ITS
PREVALENCE IN BRAZIL AND
THE WORLD

The diet of children and adolescents has
undergone major changes, a consequence
of the rapid development of food industries
and changes in eating patterns (BESERRA,
2020; LEE, 2018). In the past, food was only
purchased in small quantities to improve
a recipe (MOUBARAC, 2012),
contemporary times this practice has been
modified and the purchase of ready-to-
eat foods has been intensified and is easily
accessible.

since

According to the Food Guide for the
Brazilian Population, developed by the
Ministry of Health (2014), foods are classified
according to the type of processing as fresh or
minimally processed foods, oils, fat, salt and
sugar, processed foods and ultra-processed
foods.

Fresh foods are taken from nature and
can be of animal or vegetable origin and do
not undergo modifications, while minimally
processed foods are fresh foods that have
undergone small changes, it is recommended
to use these foods as the basis of your diet. The
oils, fat, salt and sugar category are acquired
through fresh foods and serve as ingredients
in culinary preparations.

Processed foods are foods made in
industries only with the addition of ingredients
that improve the flavor and give longer shelf
life; their consumption is recommended
in small quantities. Ultra-processed foods
are characterized as foods that go through
various processes, with different ingredients
added, such as sugars, salt, vegetable oils,
many of them in excessive quantities, and
artificial substances developed in laboratories.
Furthermore, ultra-processed foods are low
in fiber and abundant in calories, for these
reasons the guide recommends people to
avoid this type of food.

However, SISVAN WEB reports present
data contrary to the recommendation. In the
year 2021 in January, it was reported that of
14,914 adolescents of both sexes, including
all ethnicities, people and community and
education, 81% consume ultra-processed
foods, with the consumption of vegetables
being lower, adherence of 72% of the total
number of adolescents monitored. In children
aged 5 to 9 years, the percentage of individuals
who eat ultra-processed foods is close to that
of adolescents, being 85% of a total of 10,840
patients, while the percentage of vegetables
was 68%. Therefore, we can observe that
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the consumption of ultra-processed foods is
predominant in relation to fresh foods, which
must be the basis of our diet.

According to Sousa et al. (2020) and
Pereira et al. (2018), studies indicate that
most Brazilian adolescents do not consume
the first meal of the day, breakfast, which
is related to reaching the daily nutritional
recommendations for calcium, phosphorus,
thiamine, riboflavin, vitamin A, B6 and D,
and a healthier and more balanced diet.
Furthermore, if other foods were added to
this meal, such as milk and dairy products,
fruits and whole grains, the benefits would be
much greater. Another factor observed is the
replacement of meals with snacks, the most
common meal being dinner, and the foods
reported were soft drinks, chocolate drinks,
tea, pizza, hamburgers, hot dogs, cookies,
cakes and cold cuts sandwiches. Furthermore,
the article shows that the dietary pattern of
this group has worsened over the years and
the consumption of fresh and minimally
processed foods has been replaced by ultra-
processed foods (SOUSA, 2020).

Children’s diets are currently very similar to
those of teenagers. Carvalho et al. (2015) states
that the frequency of consumption of foods
with high calorie content and low nutritional
quality has increased, that is, diets have
presented excess calories and micronutrient
deficiencies. It was recorded that in 3,083
children the consumption of fried foods
and artificial juices at least once a week was
60% and 82%, respectively. Furthermore, the
daily consumption of foods such as biscuits,
cookies, sweets and soft drinks is extremely
common and has high adherence among
Brazilian children (ALVES, 2006).

According to Lee (2018), one of the risk
factors for developing obesity in children
and adolescents is diet. A diet with a high
consumption of sugary drinks, fast foods,
ultra-processed foods, with high calorie

content and low consumption of fruits and
vegetables has shown a strong correlation with
an increase in the number of obesity (ENES,
2010; LEE, 2018).

Obesity in childhood and adolescence
increases the risk of mortality and causes
the premature onset of high blood pressure,
dyslipidemia, type 2 diabetes, cardiovascular
diseases, non-fatty hepatic steatosis, cancer
and psychosocial problems (LEE, 2018).
Furthermore, obesity is portrayed as a
phenotype for other diverse pathologies
(GUNGOR, 2014).

Obesity in childhood and adolescence can
be identified using the curves developed by
the WHO. The curve used is the BMI by age
for girls and boys. Individuals above the 95th
percentile are considered obese, and those
above the 99th percentile are severely obese
(GUNGOR, 2014). In 1975, the global average
BMI among children and adolescents (5-19
years) was 17.2 kg/m2 for girls and 16.8 kg/
m2 for boys. After 42 years of study, they were
able to observe that the BMI of these groups
increased in all regions. The increase in BMI
per decade was 0.32 kg/m2, that is, 18.6 kg/
m?2 for girls and 18.5 kg/m2 for boys. By 2022
worldwide, it is expected that the number
of obesity cases will exceed the number of
moderately or severely underweight children
and adolescents (ABARCA-GOMEZ et al.,
2017).

Besides, according to Abarca-Gomez et
al. (2017), the number of girls in the world
with obesity increased from 5 to 30 million,
and in boys there was an increase from 6 to
74 million, in just 41 years. Therefore, it is
observed that the prevalence of obesity has
grown disproportionately in recent years,
surpassing adults (LEE, 2018).

In Brazil, at least 2.9 million children under
10 years of age are obese, and 3.4 million
adolescents also have the disease. In 2020 it
was reported that the state with the highest
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percentage of obesity among children aged 0
to 2 years was Sergipe (11.6%), between 2-5
years old was Pernambuco (9.9%), between
ages 5 to 9 years old it was Rio Grande do Sul
(18.2%) and among adolescents aged 10 to 19,
once again, Rio Grande do Sul (16.80%) stood
out (CANELLA et al., 2020).

It is known that children and adolescents
with obesity can present diseases early in
adulthood, but some of them can present
themselves during childhood and adolescence.
One of the most common diseases that can
develop is non-fatty hepatic steatosis, which
is characterized as an accumulation of fat in
at least 5% of hepatocytes. Diseases in the
cardiovascular system were also detected.
(KOHUT; ROBBINS; PANGANIBAN, 2019).

Furthermore, adolescents may have type 2
diabetes, due to insulin resistance developed
as a result of the accumulation of fatty acids
in the liver, adipocytes, skeletal muscle and
pancreas. They may develop sleep apnea and
skeletal muscle complications. (KOHUT;
ROBBINS; PANGANIBAN, 2019).

ETIOLOGY

The prevalence of obesity has been growing
throughout the world, and is currently one of
the world’s health problems (MEHRDAD:;
DOAEL; GHOLAMALIZADEH, 2020).
Obesity is a complex disease that involves
several factors, the most notable being genetic
and environmental factors (QI, 2014). The
combination of these can make the individual
more vulnerable to developing obesity
(SONESTEDT et al, 2009). Furthermore,
obese individuals have a greater risk of
chronic diseases, such as diabetes, cancer
and cardiovascular disease. A recent study
reported that obesity is 40 to 70% hereditary
(GONZALEZ-MUNIESA, 2017).

Genetic factors can be characterized
by three types, chromosomal changes,
monogenic changes and polygenic changes.

Chromosomal and monogenic changes
are more serious and rare cases, affecting
approximately 5% of the obese population.
Polygenic changes are related to genetic
variations, called polymorphisms, that
predispose to obesity, however, the expression
and development of the obese phenotype is
influenced by biological factors and, mainly,
by environmental factors (LOOS; YEO, 2021;
MAHMOUD, 2022).

Studies have shown that there is a metabolic
programming, which occurs from the
moment of conception until 24 months after
birth, a time in which the mother’s nutritional
and health status can permanently influence
the health and development of diseases in
the child. Excess weight during pregnancy,
especially in the first 20 weeks, is a risk factor
for the development of excess weight in
childhood. The type and quality of nutrients
ingested by the mother during pregnancy
and lactation have been associated with the
development of metabolic complications in
adulthood. Longer breastfeeding duration
was associated with a lower prevalence
of overweight in old age (TRANDAFIR;
TEMNEANU, 2016; WILLIAMS, 2014).

Furthermore, the risk of childhood
obesity is also strongly related to the eating
behavior of children and adolescents. These
are increasing caloric intake and decreasing
caloric expenditure. Dietary factors such as
consumption of fast food, ultra-processed
foods, skipping breakfast, eating while
watching television, reducing meals with the
family, reducing the intake of vegetables, fruits
and vegetables have a high risk of obesity in
childhood (KUMAR; KELLY 2017).

Socioeconomic, demographic and cultural
factors are strongly associated with food
quality. A study carried out in the city of Sao
Paulo, in Brazil, with children between 8 and
10 years of age from public and private schools
demonstrated that boys from public schools
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have normal body fat percentage values,
whereas in private schools the fat percentage is
higher when comparing the values. However,
the results of this study demonstrated the
development of overweight and childhood
obesity in children with greater purchasing
power, negatively affecting their health status
and potentially developing chronic diseases
(MIRANDA et al., 2015).

According to Adams (2020), this situation
is present in developing countries, such as
Brazil. In developed countries, the prevalence
of overweight and obesity is higher in
children from low-income families, who have
greater body mass. Children from families
with greater purchasing power generally
consume more fruits and vegetables and
fewer sugary drinks, leading to a diet with
lower cardiovascular risk. An American
study associate’s childhood obesity with
lower purchasing capacity, highlighting the
consumption of ultra-processed foods and
the impact of food industry marketing, in
addition to lower family availability for health
care (BENTLEY; ORMEROD; RUCK, 2018).

Obesity in this population may also be
associated with both the increased use of
digital media, such as Instagram and YouTube,
and the reduction in physical activity, with
children spending more time in front of
electronic devices. The internet, as the main
marketing platform for foods high in saturated
fats, sugars and sodium, and the increase in
screen time, especially during the COVID-19
pandemic, contribute to this growing trend
of obesity in childhood and adolescence.
(CAMARGO; ANEZ, 2020; COATES et al.,
2019; KUMAR; KELLY, 2017; THE LANCET
DIABETES & ENDOCRINOLOGY, 2022).

In childhood, psychosocial factors such as
anxiety, stress and bullying have a profound
impact, leading some individuals to eat
excessively as a way of dealing with negative
emotions. This contributes to overweight and

obesity. Emotions directly influence the quality
and quantity of food consumed, with studies
showing that negative emotions increase food
intake and overweight people tend to eat more
when faced with negative emotions. (KUMAR;
KELLY, 2017; PALOMINO-PEREZ, 2020).

NUTRITIONAL GENOMICS

Genomics belongs to a field of biological
science research called omics science, which
began through the Human Genome Project
(PGH) and encompasses technology and the
in-depth study of the organism’s intra and
extracellular processes (HEINNER, 2015;
GREEN; WATSON; COLLINS, 2015). This
is the most explored area of omics science,
and investigates the genome of organisms,
understanding their function, structure,
mapping and evolution (VAILATI-RIBONI;
PALOMBO; LOOR 2017).

The Human Genome Project began in
1990 and was completed in 2003. It became
a milestone in the history of humanity for
obtaining the complete sequence of the
human genome. The results of the PGH
served as the basis for new studies and, in
2003, the sequence of the diploid genome
was published containing information on
each pair of chromosomes inherited from the
parents, and it was possible to conclude that
the genetic similarity between people is 99.5
% (NHGRI, 2012).

We can say that our phenotypic differences
are determined by just 0.5% of our genetic
sequence. Alternative genes are called alleles
and genetic variations, when they occur in
more than 1% of the population, are called
polymorphisms. ~ Thus,  polymorphisms
are understood as variations in the DNA
sequence, which can result in modifications in
protein synthesis or its functions (SCHMIDT;
SODER; BENETTI, 2019). These variations
are responsible for making each individual
unique, who respond individually to the
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environmental factors to which they are
exposed, including food.

Nutritional genomics is a recent and
multidisciplinary science, which encompasses
nutrigenomics, nutrigenetics and nutritional
epigenomics, in order to understand how
nutrients and bioactive compounds interact
with  the human presenting
phenotypic results, including the risk of
diseases (KAPUT, 2008).

Nutrigenetics, on the other hand, aims
to understand how an individuals genetic
makeup coordinates their response to food.
Nutrigenetics studies the effect of genetic
variation on the interaction between diets
and diseases, incorporating the science of
identifying and characterizing gene variants
associated with differential responses to
nutrients (KAPUT, 2008; MUTCH; WAHLI;
WILLIAMSON, 2005).

Nutrigenomics studies how interactions
between food components and the genome
affect the pattern of gene expression and its
consequences on health and disease, that
is, how food influences different metabolic
pathways and control of homeostasis (PENA,
2010).

Epigenetics is the area of science that
studies the regulation of gene expression
and through chemical modifications to DNA
and chromatin, which result in reversible
phenotypic changes, without any changes to
the DNA. This regulation of gene expression
is influenced by environmental factors, in
addition to being hereditary. This means
that the environment in which ancestors
and progenitors lived can influence the
way in which genes are expressed, however,
unlike DNA, the epigenome can be altered,
interfering with the behavior of the gene, this
occurs through some epigenetic mechanisms,
such as methylation and phosphorylation.
Thus, it is known that nutritional epigenomics
studies all epigenetic modifications in a cell

genome,

caused by exposure to foods, nutrients and
bioactive compounds. Epigenetic events, such
as DNA methylation, are capable of promoting
or harming health, through inducing gene
expression or silencing (FRAGA et al., 2005;
RINGROSE; PARO, 2004).

OBESITY AND NUTRIGENETICS

It is known that, with regard to obesity and
genetics, the most common forms observed in
obesity are of polygenic origin, that is, genetic
variations present in several genes (MOSCA,
2012).

Genes and polymorphisms are selected
for studies of the relationship with obesity,
when they are found in chromosomal regions
associated with the disease or when they
are involved in metabolism (FRAYLING et
al,, 2007). Some genes that showed more
relevance in the development of obesity are
FTO, MC4R, NRXN3, POMC, among others.

The genes that were most frequently
associated with obesity were evaluated
in a study that observed the influence of
polymorphisms present in these genes,
involving the regulation of appetite,
adipogenesis, energy expenditure, regulation
of metabolism, insulin signaling and pathways
inflammatory (FISCHER; EMMERLING;
THER, 2008). In this sense, many studies are
being conducted to understand the association
of SNPs (single nucleotide polymorphisms) of
these genes with the development of obesity,
as well as the mechanisms involved in the
development of the disease (CHURCH et al,,
2009; CHURCH et al., 2010; MERKESTEIN;
LABER; MCMURRAY, 2015).

FTO OVERVIEW

Asitwas previously stated, FTO was the first
gene related to common obesity. It is located
in chromosomal region 16q12.2. It has 9 exons
and 8 introns and the most common variants
are found in the first intron (FRAYLING et al.,

T ——— g [



2007; SCUTERI et al., 2007). It is expressed in
various human tissues, in greater quantities in
the brain, more precisely, in the hypothalamus,
a region involved in the regulation of energy
balance.

The gene in question is responsible
for encoding the protein demethylase
dependent on 2-oxoglutarate and Fe (II),
an enzyme capable of catalyzing the Fe
(II) and 20G-dependent demethylation
of N6-methyladenine and 3-methyluracil,
with concomitant production of succinate,
formaldehyde and carbon dioxide (GERKEN
et al., 2007).

N6-methyladenine (m6A) is found in
mRNA, while 3-methyluracil is found in
ribosomal RNA. m6A is the most abundant
internal mRNA modification, and participates
in the regulation of important cellular
processes, such as transport, degradation and
translation (HUANG et al., 2021; YEO, 2014).

Studies carried out in humans and animals
show that the gene has an important role
in regulating appetite, greater food intake,
decreased satiety and greater adipogenic
activity. Among the SNPs found, six are
strongly linked to obesity, but only one seems
to act more relevantly in determining the
disease, rs9939609 (FRAYLING et al., 2007;
RIVAS et al., 2018).

This polymorphism occurs in the first
intron of the FTO gene. It presents a T>A
risk allele, and can be AA homozygous or
AT heterozygous (FRAYLING et al.,, 2007).
Studies demonstrate that the presence of the
A allele is associated with hyperphagia and
reduced satiety in adults and children. It
was also observed that people with the AA
genotype have less postprandial suppression
of ghrelin, the hormone responsible for the
sensation of hunger, compared to people who
have the TT genotype (CECIL et al., 2008;
KARRA, et al., 2013).

KNOWN OBESOGENIC
MECHANISMS

Studies demonstrate that FTO plays a
fundamental role in the regulation of fat
mass, adipogenesis and total body weight
(FISCHER; EMMERLING; THER, 2008).
Although the obesogenic mechanisms
have not yet been fully elucidated, studies
demonstrate that FTO significantly influences
food intake behavior (CHURCH et al., 2009;
CHURCH et al., 2010).

This occurs because, as previously stated,
FTO is highly expressed in the hypothalamus,
the region responsible for regulating body
mass and composition, and directly influences
the hormones leptin, ghrelin and insulin,
which act in brain circuits, regulating hunger,
satiety and blood levels. of adiposity (RIVAS
etal.,, 2018).

A study carried out in 2013 showed that
individuals carrying the risk allele of the SNP
1s9939609 T/A, present greater expression of
FTO, reduced methylation of ghrelin mRNA
N6-methyladenosine (m6A) and increased
expression of ghrelin, and had the attenuated
postprandial appetite reduction (KARRA et
al,, 2013).

Increased ghrelin expression results in
increased food intake and preference for
energy-dense foods (KARRA et al., 2013).

Many studies have sought to clarify the
mechanisms by which FTO interferes with
adipogenesis, and evidence points to the
fundamental role of m6A demethylation,
mediated by FTO, in the regulation of
adipogenesis. Adipose tissue acts as
an endocrine organ, regulating energy
metabolism through secretion and response
to hormones, therefore, the expression of
FTO in this tissue is very relevant. Studies
have shown that m6A demethylation, caused
by FTO, regulates mRNA splicing and plays
a critical role in regulating adipogenesis. This
occurs because the greater expression of FTO
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interferes with cell differentiation, through
the regulation of m6A levels around the splice
site, thus regulating the exonic splicing of
the adipogenic regulatory factor RUNX1T1
(ZHAO et al., 2014).

Merkestein, Laber and McMurray (2015)
demonstrated that FTO regulates preadipocyte
differentiation in vivo and further revealed
that FTO increases the number of adipocytes
during mitotic clonal expansion at an early
stage of adipogenesis.

Another hypothesis that has been studied
is the influence of FTO on the expression
of the neighboring genes RPGRIP1L, IRX3
and IRX5, resulting in greater adipocyte
production,  appetite  regulation  and
thermogenesis, however, the biochemical
mechanisms still need further studies to be
clarified (YANGetal.,2012; CLAUSSNITZER;
HUI; KELLIS, 2016).

OBESITY AND NUTRIGENOMICS

Nutrigenomics studies the behavior
of nutrients and bioactive compounds in
genetic expression, that is, it understands how
nutrients can influence the behavior of genes
(RAMOS-LOPEZ et al,, 2017; SANHUEZA,
2012).

One of the main objectives of nutrigenomics
is to promote health and reduce the risks of
NCDs, through anindividual and personalized
diet according to the genetic characteristics
of each individual, as nutrients and bioactive
compounds are capable of acting on several
molecular targets (CONTI, 2010).

As obesity is one of the chronic non-
communicable diseases (NCDs) very present
in the current scenario and is a predictor
for the development of other NCDs, this is
one of the topics studied by nutrigenomics
(BASTOS et al.,, 2009). From these studies, a
high interaction was observed between the
consumption of certain foods and genetic
factors related to obesity, among them, sugary

drinks which were associated with BMI and
the high intake of fried foods which had a
significant genetic influence on adipose tissue
(HEIANZA, 2017; QI, 2014).

Furthermore, it was observed that fat
intake has an important relationship with the
FTO gene and the development of obesity
(CASAS-AGUSTENCH, 2014). According to
Phillips (2012), the consumption of saturated
fatty acids resulted in a modulation between
the waist circumference relationship and the
FTO gene in the rs9939609 polymorphism. A
greater measurement (waist circumference)
was observed among individuals who
carry the A allele than in those who are TT
homozygotes for the FTO gene, where both
consume saturated fatty acids.

Therefore, this study concludes that
individuals who carry the risk gene, and who
have a large intake of saturated fatty acids
(greater than or equal to 15.5% of VET) or
have a low intake of polyunsaturated fatty
acids in relation to saturated ones, are at
greater risk of having a BMI greater than or
equal to 25 kg/m2 and developing central
obesity when compared to homozygous TT
carriers. Furthermore, the study reveals that
when dieting is low in saturated fat, there
is no relationship between the rs9939609
polymorphism and measures that indicate
obesity.

In children and adolescents, results and
conclusions similar to the study by Phillips
(2012) were observed. In a study carried
out with Spanish children and adolescents
between the ages of 6 and 18, a statistically
relevant interaction was found between the
intake of saturated fatty acids, polymorphism
and BMI. Individuals with the A allele and
high consumption of SFA (greater than
12.6% of VET) had a higher BMI in relation
to those carrying the T allele. Furthermore,
for individuals with consumption of
saturated fatty acids lower than 12.6%, the
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polymorphism showed no changes in the BMI
standard deviation score.

Moleres  (2012), when making a
relationship between polyunsaturated and
saturated fatty acids, concluded that, if the
ratio (PUFA: AGS) is less than 0.43, in carriers
of the A allele, there is a 2.3 times greater risk
of developing the disease. obesity compared
to TT individuals, who consumed a higher
ratio (AGPI: AGS).

Another European study, which is part of
The Helena Study, carried out with adolescents
between 13 and 16.99 years old, showed a
relationship between the polymorphism
and the percentage of energy ingested in
the form of fat in central and total adiposity
(LABAYEN, 2016).

Theincrease per risk allele in the percentage
of body fat in adolescents who consumed
diets in which fat represented 30% and 35%
of total energy was +1.9%, and in those
with consumption above 35% it was +2.8%.
However, in individuals carrying the A allele
who had consumption below 30%, they did
not show any change in adiposity assessment
indicators (BMI, BMI z-score, fat mass
index, waist circumference and percentage of
body fat) related to polymorphism. Labayen
suggests that adolescents who have the A allele
may benefit from a low-fat diet (LABAYEN,
2016).

Corella et al. (2011), also found that the
high amount of lipids consumed during
the day presented an unfavorable result
for carriers of the A allele. This study was
carried out with two different American
populations, one identified as GOLDN
and the second as BPRHS, considered high
amount of lipid > or equal to 82 g/day and >
or equal to 72.6 g/day, respectively. In both
populations, high fat consumption resulted
in higher BMI and excess SFA again stood
out as it was linked to high BMI in carriers
of the risk allele (AA). Polyunsaturated

fats were not related to polymorphism and
BMI, however monounsaturated fatty acids
showed significant results. Furthermore, the
article showed that there were no relevant
interactions regarding carbohydrates.

In contrast, a Swedish study showed
different results in relation to carbohydrates.
It was observed that homozygous carriers
of the risk allele when consuming a low-
carbohydrate diet had a higher BMI than TT
carriers, identifyingan oddsratio of 3.11 for the
increased risk of developing obesity for them.
However, high carbohydrate consumption in
AA carriers was not associated with higher
BMI; the odds ratio for developing the disease
in these individuals was 0.99. This study also
commented on the interaction of high daily
lipid consumption in AA carriers, which is
a greater threat to obesity. Furthermore, no
interaction was observed between protein,
FTO and BMI. However, it was observed in
this study that the FTO genotype and higher
BMI were present in those who had high-
protein diets (SONESTEDT et al., 2009).

A more recent study analyzed the effect of
rs9939609 on weight loss and cardiovascular
risks by comparing a high-protein diet (88.6
g/day), low in carbohydrates (86.1 g/day)
and a diet hypocaloric pattern (1000 kcal/
day), for 9 months, in obese patients carrying
the polymorphism. Greater weight loss was
noted in patients with the risk allele and the
high-protein/high-glycemic diet had a greater
impact on anthropometric measurements
(weight, BMI, waist circumference and fat
mass) in the different genotypic groups (TT vs
AT + AA). The study confirms that in patients
where the risk allele (A) was present, they
had higher BMI, weight, waist circumference
and fat mass before and after the intervention
when compared to individuals carrying TT
(DE LUIS et al., 2015).

T —— () -



CONCLUSION

The rs9939609 polymorphism of the FTO
gene was shown to be related to the daily
total, the type and amount of lipids consumed
in the diet for individuals carrying the A
allele. Furthermore, excessive consumption
of saturated fatty acids showed an interaction
with the rs9939609 polymorphism and
resulted in higher BMI in these individuals.

Therefore, a possible promising nutritional
strategy for managing the rs9939609
polymorphism in the FTO gene and obesity
is a lower intake of total lipids and saturated
fatty acids. It is not yet possible to recommend
a specific amount, as studies are scarce and
controversial.

Nutritional genomics has shown great
promise in managing diseases and likely risks
associated with food. New studies may better
clarify the relationship between nutrients and
159939609 of the FTO gene, enabling the use of
effective and precise strategies for controlling
obesity in childhood and adolescence.
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