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GENETIC FACTORS IN OBESITY

The rapidly increasing prevalence of obesity in the population in recent decades is an important public health issue because it increases the
risk of diabetes, heart disease, stroke and other serious diseases. lts causes include excessive consumption of high-calorie foods, as well as a
sedentary lifestyle. It has been proven that, in addition to energy imbalance, 40-70% of the development of obesity is influenced by hereditary
factors. As a rule, obesity results from the interaction of certain gene polymorphisms with the environment. Only a small number of cases of obesity
are the result of the presence of mutations in certain genes (monogenic obesity), causing Mendelian syndromes with a very low frequency in the
population. This review describes the genetic causes of obesity, including syndromal, monogenic and polygenic causes.
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Introduction. Obesity is a source of
chronic energy imbalance in a person
who constantly receives more carbohy-
drates from food than is necessary to fuel
the metabolic and physical functions of
the body. The rapidly growing prevalence
of obesity is characterized by free access
to a high-calorie product and a simulta-
neous decrease in physical activity. Also,
as a result of the severe acute respiratory
syndrome 2 (SARS-CoV-2) pandemic,
which causes a new coronavirus disease
COVID-19, quarantine restrictions were
introduced around the world [2], which
caused changes in lifestyle, diet, as
well as the occurrence of hypodynamia,
which in turn led to the occurrence of en-
ergy consumption and the incidence of
obesity [27]. Various studies show that
minor changes in body weight over rela-
tively long periods of time increase body
weight and eventually approach a signif-
icant increase in body weight [18; 40]. If
current reserves are maintained, 1 billion
adults (nearly 20% of the world's popula-
tion) are expected to be obese by 2025.
Of particular concern is the global rise in
obesity among children and adolescents;
more than 7% were obese in 2016 com-
pared to less than 1% in 1975 [49].

In recent years, the prevalence of obe-
sity in Asian countries has been steadily
increasing due to unbalanced diet and
lack of exercise. The Asian type of obesi-
ty is different and is characterized by high
body fat and low skeletal muscle mass.
At the same time, there is excessive ac-
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cumulation of fat in the abdomen and
liver (non-alcoholic fatty liver disease),
which is associated with an increased
cardiometabolic risk [6].

In the Russian Federation, the share
of the population belonging to the Mon-
goloid race and of Mongolo-Caucasoid
mixed origin is about 9%. If the majority
of the population of the European part of
Russia belongs to the Caucasoid race,
then in the Asian part of the country
the proportion of representatives of the
Mongoloid race increases significantly.
Representatives of various Asian ethnic
groups live on the territory of the Russian
Federation, such as the Yakuts and Bury-
ats, representing the two largest Siberian
ethnic groups.

In recent years, the Republic of Sakha
(Yakutia) has seen an increase in the
prevalence of obesity, which is associ-
ated with the loss of traditional methods
of managing and the transition of the
indigenous population from the usual
protein-lipid type of nutrition to the car-
bohydrate-lipid type [13]. Sofronova S.I.
and co-authors conducted a study to
determine the prevalence of overweight
and obesity among representatives of
the indigenous population of Yakutia
(Evenks, Dolgans, Evenks, Yukaghirs,
Chukchis, Yakuts) living in the northern
uluses. 37.8% of Yakuts are overweight,
they found that obesity is more common
in men. A strong relationship has been
found between BMI and systolic blood
pressure. Yakuts and Evenks had higher
mean systolic blood pressure than other
ethnic groups [11]. Marinova L.G. et al.
studied children living in Yakutsk and
found a high prevalence of first-degree
obesity, mostly in boys. Abdominal obesi-
ty was observed in 86% of children. One
case of metabolic syndrome has been
reported. In the work done, there is no
information about the ethnicity of the chil-
dren participating in the study [5].

Obesity is associated with premature
mortality and is a major public health
threat, accounting for a significant portion

of the burden of noncommunicable dis-
eases worldwide. Diabetes mellitus, dys-
lipidemia, hypertension, non-alcoholic fat-
ty liver disease, cardiovascular disease,
cancer [10;12] and severe COVID-19 are
more common as the main risk factor for
a large number of serious complications
in obese people, which lead to higher
adult mortality rates.

It has been proven that, in addition to
energy imbalance, 40-70% of the devel-
opment of obesity is influenced by he-
reditary factors [9]. As a consequence,
genetic approaches can be used to char-
acterize the underlying physiological and
molecular mechanisms that control body
weight. Since 2007, genome-wide asso-
ciation studies (GWAS) have identified
about 250 genes associated with obesity
[471.

Monogenic and syndromic obesity.
There are about 30 Mendelian disorders
with obesity as a clinical feature, often
in association with mental retardation,
dysmorphic features, and organ-specific
developmental anomalies (eg, pleiotropic
syndromes) [41]. Monogenic obesity is
inherited according to the Mendelian type
and, as a rule, rare, early and severe.
Mutations in the genes of leptin (LEP),
leptin receptor (LEPR), type 4 melano-
cortin receptors (MC4R), proopiomelano-
cortin (POMC), prohormone convertase
1 (PCSKT1), brain-derived neurotrophic
factor (BDNF), and type tyrosine kinase
receptor lead to the development of
monogenic obesity. 2 (NTRK2), the SIM1
gene, and the Ras suppressor kinase
type 2 gene (KSR2). Mutations in these
genes impair appetite control and lead
to hyperphagia, which ultimately leads
to obesity [7]. Defects in the MC4R gene
are the most common known monogenic
form of childhood obesity, accounting for
about 6% of cases of monogenic obesity.

Syndromic obesity is when obesity
occurs in the clinical context of a particu-
lar set of associated clinical phenotypes.
This is obesity caused by chromosomal
rearrangements such as Prader-Willi
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syndrome, WAGR syndrome, SIM1 syn-
drome and pleiotropic syndromes, in-
cluding Bardet-Biedl syndrome, Fragile
X syndrome, Cohen syndrome, etc. [47].
Children with syndromal obesity have ex-
treme obesity, physical dysmorphology,
and mental retardation, some of them
with indeterminate neuroendocrine ab-
normalities. It is the latter anomaly that
is thought to be responsible for adverse
effects on the function of the hypothala-
mus, which serves as the brain center of
appetite that regulates energy balance
through food intake and energy expendi-
ture, as a result, children with syndromal
obesity are usually characterized by se-
vere hyperphagia and a decrease in sati-
ety, which contributes to weight gain [45] .

Polygenic obesity. The most com-
mon form of obesity is polygenic obesity.
A number of obesity-prone gene loci have
been identified in various populations
using the GWAS approach. The GWAS
approach helps to identify common SNPs
that contribute to a relatively low risk
(measured by odds ratio [OR]<1.5) of the
growth of complex diseases and pheno-
types, including phenotypes associated
with obesity, such as diabetes and hyper-
tension [42].

One of the first obesity genes detect-
ed by GWAS in European patients with
type 2 diabetes is the FTO gene. The
researchers identified important SNPs in
the first intron of FTO that were associat-
ed with obesity. These initial screenings
were carried out in 2007 among the Eu-
ropean population [14; 23;48], and then
confirmed in other populations, including
Hispanics [46], East Asians [32], Africans
[21] of the Middle East [20; 26]. Previous-
ly, we also confirmed the association of
this gene with obesity in the Yakut pop-
ulation [1; 28]. The FTO gene is involved
in the regulation of the diet, encodes a
protein involved in energy metabolism
and affecting metabolism in general [4].
According to the results of the studies,
allele A of the FTO gene is associated
with reduced lipolysis, lack of satiety after
an adequate meal, and impaired appetite
control. The phenotypic manifestation
of the A allele of the FTO gene is over-
weight, obesity due to overeating.

The PPAR family genes are medi-
ated through specific receptors called
PPARs, which belong to the steroid hor-
mone receptor superfamily. PPARs affect
the expression of target genes involved
in cell proliferation, cell differentiation,
as well as in immune and inflammatory
responses [38]. Three closely related
subtypes (alpha, beta/delta and gamma)
have been identified. PPAR proteins are
able to bind to various ligands, including

fatty acids, drugs (fibrates, thiazolidinedi-
ones) [43]. Members of the PPAR family
have distinct tissue distribution patterns
and tissue-specific functions. PPAR-a is
predominantly present in the liver, where
it plays an important role in the regula-
tion of nutrient metabolism by stimulating
the uptake and oxidation of fatty acids.
PPAR-y is mainly expressed in adipose
tissue. It is induced during adipocyte dif-
ferentiation and is a regulator of fat cell
formation and lipid accumulation. PPAR-3
is abundantly expressed throughout the
body and is thought to be involved in ad-
ipogenesis and energy metabolism [22].

PPARAa is activated by various natural
agonists, including unsaturated fatty ac-
ids and eicosanoids, while fibrate prepa-
rations act as synthetic agonists. In the
liver, PPARa plays a key role in fatty acid
catabolism by upregulating numerous
genes involved in mitochondrial fatty acid
oxidation, peroxisomal fatty acid oxida-
tion, and many other aspects of cellular
fatty acid metabolism [30]. Regulates the
expression of genes encoding enzymes
and transport proteins that control lipid
homeostasis, which ultimately leads to
stimulation of FA oxidation and improved
lipoprotein metabolism [19]. This gene
may be specifically involved in the lipolyt-
ic process and in weight loss induced by
an exercise program [35].

The PPARG2 protein is abundant
in fat cells and plays a key role in their
formation. The main function of this pro-
tein is the activation of genes associat-
ed with fat accumulation, differentiation
of adipose tissue cells and myoblasts. It
stimulates the differentiation of adipose
tissue resident preadipocytes into adipo-
cytes and promotes the mobilization of
circulating bone marrow progenitor cells
into white adipose tissue and their subse-
quent differentiation into adipocytes [29].
It plays an important role in the formation
of the sensitivity of various tissues to in-
sulin. It is the PPARG2 gene that deter-
mines lipid metabolism [36]. The PPARG
gene counteracts obesity-induced in-
flammation by controlling the inflamma-
tory response either by downregulating
pro-inflammatory genes or by influencing
lipid metabolism. The ability to reduce
inflammatory cell infiltration further high-
lights the central role of PPARG in obe-
sity-induced inflammation. During the
inflammation process, PPARG can direct
cells to adipocyte differentiation, which
leads to the maintenance of inflammation
genes in a suppressed state in adipose
tissue in obesity [31].

The function of PPARD is to regulate
genes associated with fat accumulation
(triglyceride  synthesis), differentiation

of adipocytes (fat cells) and myoblasts,
insulin sensitivity, osteoblast and osteo-
clast activity (growth regulation) [37].
Also, PPARD is directly related to the
development of obesity, is involved in
wound healing, cell growth, and lipopro-
tein metabolism. Participates in the con-
trol of peroxisome proliferation, which
are responsible for fatty acid oxidation
and energy metabolism, is expressed in
many tissues and organs. By stimulating
fatty acid oxidation, PPAR B/d activation
results in fat mass loss in various mouse
models of obesity [33]. In addition to en-
hancing fatty acid oxidation, PPAR B/d
activation in muscle also increases the
number of type | muscle fibers, leading to
increased endurance [39].

The intestinal fatty acid binding protein
FABP2 binds saturated and unsaturated
long-chain fatty acids and is involved in
the synthesis of triglyceride-rich lipopro-
teins [44]. The affinity of FABP2 for long
chain fatty acids is doubled when the Al-
ab4Thr polymorphism is present in the
FABP2 gene. Ala54Thr polymorphism
increases triglyceride (TG) secretion and
free fatty acid transport in vitro [34]. In
a study by Baier L.J. et al. (1996) found
that this polymorphism affects lipid trans-
port and secretion. They suggest that in-
dividuals expressing the Thr54 genotype
process more long-chain fatty acids into
chylomicron triglycerides than individuals
with the Ala54 genotype. Either or both of
these processes will result in a decrease
in the rate of insulin-mediated glucose
uptake and an increase in the rate of
insulin release from pancreatic B-cells,
consistent with the observed insulin re-
sistance and hyperinsulinemia found in
subjects with the Thr54 genotype [17].

The leptin receptor (LEPR) gene,
which secretes a single transmembrane
cytokine protein located on chromosome
1p31, plays a critical role in the regula-
tion of body weight by stimulating energy
expenditure and inhibiting food intake.
Mutations in the LEPR gene are asso-
ciated with monogenic forms of severe
early obesity and hyperphagia. Numer-
ous studies in various populations have
confirmed the association of Q223R
(rs1137101) polymorphism with obesity
rates [15; 16; 50].

The Q223R polymorphism reduces
leptin binding and thus impairs leptin sig-
naling, thus playing an important role in
the pathogenesis of obesity through its
direct effects on lipid and glucose metab-
olism, adipose tissue metabolism, body
fat control, and cardiovascular function.

Increased appetite is the driving force
behind weight gain. A large amount of
literature data indicates that changes in



the hormone ghrelin play an important
role in fluctuations in appetite after eating
[24; 25]. Ghrelin is the gut hormone with
the strongest orexigenic signal that helps
the body respond to changes in metabol-
ic status by binding to growth hormone
secretion-stimulating receptors (GHSR)
[3]. It is synthesized predominantly in
the stomach and is found in the blood-
stream of healthy individuals. The minor
allele 178C>A of the polymorphic GHRL
gene is associated with obesity, the effect
occurs due to an increase in the level of
ghrelin, forming an early feeling of hun-
ger [8].

Conclusion. Considering the genetic
causes and understanding the growing
evidence of epigenetic changes influ-
encing the growing epidemic of obesity
provide valuable tools in the treatment of
obesity. The ability to identify individuals
at high risk could facilitate targeted obe-
sity prevention strategies with increased
impact and cost-effectiveness.
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NEUROINFLAMMATION AND BRAIN
FUNCTION: POSSIBLE IMPLICATIONS

IN CHILDREN INFECTED WITH COVID-19

COVID-19, the disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), affects children differently than adults, with milder symptoms. However, several cases of
neurological manifestations with neuroinflammatory syndromes, such as multisystem inflamma-
tory syndrome (MIS-C), have been reported following infection. As with other viral infections such
as rubella, influenza, and cytomegalovirus, SARS-CoV-2 causes a massive release of pro-in-
flammatory cytokines that affect microglial function, which can be critical for brain development.
Along with viral induction of neuroinflammation, other non-infectious conditions may interact to
cause additional inflammation, such as imbalances in fatty acid and polyunsaturated fatty acid
diets and alcohol consumption during pregnancy. In addition, transient thyrotoxicosis caused
by SARS-CoV-2 has been reported, with secondary autoimmune hypothyroidism that may go
unnoticed during pregnancy. Together, these factors may represent an additional risk of infection
by influencing neurodevelopmental mechanisms such as synaptic pruning and the formation of
neuronal ensembles. In this review, we discuss these conditions to consider and the possible
occurrence of neurodevelopmental disorders in children infected with COVID-19.

Keywords: neuroinflammation, children, COVID-19, synapse formation, brain development,

nutrition.

Introduction. COVID-19 is a sys-
temic disease caused by severe acute
respiratory syndrome coronavirus 2,
which belongs to the betacoronavirus ge-
nus [3]. The most common neurological
symptoms in response to SARS-CoV-2
infection include: headache, anosmia,
impaired consciousness, infectious en-
cephalopathies, and neuroinflammatory
syndromes such as acute demyelinating

encephalomyelitis [1]. A biomarker study
(NfL, intraaxonal marker of neuronal in-
jury; glial fibrillar acidic protein; GFAp,
marker of astrocytic activation/damage)
also provided evidence of neuronal dam-
age and glial cell activation in patients
with COVID-19 [39], strongly suggesting
that SARS-CoV-2 has neurotropic activ-
ity. In addition, SARS-CoV-2 has been
shown to be able to infect human neu-



