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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Introduction: Among the general population, there is a
category of individuals with an innate predisposition to obesity.
In recent decades, the increase in the prevalence of obesity
and related diseases worldwide indicates the need to study
the etiological factors associated with its development. At
present, it is still unknown how many genes are involved in the
pathophysiology of obesity, and many studies are underway to
identify “candidate genes” in clinical medicine. The detection of
obesity by molecular genetic diagnostics and the implementation
of appropriate preventive measures can significantly reduce the
incidence. Considering that the majority of people suffering
from metabolic diseases are members of the working population,
the prevention of these diseases and early diagnosis are of both
clinical and social and economic importance.

Aim: The aim of this study is to analysis of data on the most
significant genetic markers in the development of obesity in the
Asian population.

Material and methods: An online search for literature on
genetic markers associated with the development of obesity was
conducted in the databases Elibrary, Google Scholar, PubMed,
Web of Science databases was carried out.

Results and discussion: The study of genetic markers and their
determination has great prospects for the successful verification
of the main clinical and biological markers of obesity. This will
allow assessing the risks of developing obesity and developing
standards for corrective measures for individuals with a high
genetic risk.

Conclusion: Most of the GWAS studies have been conducted
in the European population, the discovery of new genes in the
Asian population has made a significant contribution to the
identification of loci of predisposition to obesity. identification
of polymorphic variants of candidate genes that are most
significant in the development of this disease is an urgent task
for both fundamental science and practical medicine.

Key words. obesity, gene polymorphism, genetics, GWAS,
obesity, BMI, Asian population.

Introduction.

Among the general population, there is a category of individuals
with an innate predisposition to obesity. In recent decades,
the increase in the prevalence of obesity and related diseases
worldwide indicates the need to study the etiological factors
associated with its development. At present, it is still unknown
how many genes are involved in the pathophysiology of obesity,
and many studies are underway to identify “candidate genes” in
clinical medicine. The detection of obesity by molecular genetic
diagnostics and the implementation of appropriate preventive
measures can significantly reduce the incidence. Considering
that the majority of people suffering from metabolic diseases
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are members of the working population, the prevention of these
diseases and early diagnosis are of both clinical and social and
economic importance.

The aim of this study is to analysis of data on the most
significant genetic markers in the development of obesity in the
Asian population.

Search strategy.

An online search for literature on genetic markers associated
with the development of obesity was conducted in the databases
Elibrary, Google Scholar, PubMed, Web of Science databases
was carried out. The objectives of the study correspond to 72
articles.

Obesity as a global problem of the modern world.

Obesity, a recurrent disease in which excess lipids accumulate
in various fatty deposits due to a chronic imbalance between
energy intake and expenditure, is associated with many diseases,
such as type 2 diabetes, cardiovascular disease, osteoarthritis,
dyslipidemia, fatty liver disease and some types of cancer [1,2].
In addition to the recognized role of environmental factors,
such as sedentary lifestyles combined with high caloric intake
and inadequate energy expenditure, the development of obesity
probably also has a genetic component, as evidenced by both
monogenic and common polygenic forms of obesity [3].

The prevalence of obesity is constantly increasing, and at the
expense of its severe degree, which allows us to consider it
as a worldwide epidemic associated with increased morbidity
and mortality. According to epidemiological data, more than
1.7 billion people in the world are overweight, and more than
700 million of them are obese [4]. According to the WHO,
overweight and obesity are the main factors in the development
of coronary heart disease and stroke, which are the leading
causes of mortality [5,6].

According to data from the National Bureau of Statistics,
the population of Kazakhstan is 19 million, among which the
distribution of overweight is about 29.7% for women and 33.9%
for men; and the proportion of obesity is 25.8% for women
and 15.3% for men over 18 years of age [7]. If current trends
continue, epidemiologists predict that by 2025 40% of men and
50% of women will be obese. [8-10].

In clinical practice, obesity is traditionally estimated using
body mass index (BMI). It is calculated by taking a person's
weight in kilograms divided by their height, in meters squared
(kg/m?). These BMI classifications are used by the WHO for
the European population. BMI values underestimate the risk
of obesity in Asian and South Asian populations, so their
classifications have little variation.

A study in the United States from 2010 to 2016 confirmed the
low prevalence of overweight/obesity in Asians, after adjusting
for WHO recommended BMI values for Asia (overweight: 23-
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Table 1. Grades of obesity according to BMI [13].

Grades of obesity BMI (kg/m2)
Europeans Asians
1 30-34,9 25-28,9
2 35-39,9 29-32,9
3 40 and above 33 and above

249 kg/m?; obese: >25 kg/m?). Asians are more susceptible
to obesity-associated comorbidities than Caucasians, even at
lower BMI and waist circumference values [11,12].

Obesity is both an independent risk factor for cardiovascular
disease and closely related to a number of other risk factors.
Multiple clinical and epidemiological data link obesity with
a wide range of CVDs, also with obstructive sleep apnea and
other hypoventilation syndromes, which adversely affect
cardiovascular function [14-16].

It is well known that 90% of patients with type 2 diabetes
mellitus are overweight or obese. Today, both of these diseases
have become a noninfectious epidemic. People who are
genetically predisposed to develop type 2 diabetes are at high
risk for obesity because of insulin resistance in their muscle and
islet a-cells, which contributes to increased glucose and insulin
release. This resistance leads to increased glucose production
in the liver and increased insulin levels, which are the cause of
obesity [17].

Cancer is the second leading cause of death worldwide, with
14.1 million cases and 8.2 million deaths annually [18] In
addition to well-known risk factors for cancer such as genetic
predisposition, ionizing radiation, tobacco use, infections,
unhealthy diet, alcohol consumption, sedentary lifestyle and
other environmental exposures, obesity is an established risk
factor for several malignancies [19-21]. The incidence of cancer
will continue to increase due to the increasing prevalence of risk
factors, mainly obesity and metabolic syndrome [22].

The outbreak of coronavirus infection (Covid-19) has been a
developing world health crisis. Interest in the interaction between
obesity and infection was sparked by the HIN1 pandemic in
2009 [23-25], published data suggesting that obese people were
more susceptible to respiratory viral infection, greater disease
severity and adverse outcomes following infection, including
higher rates of hospitalization, USA admission and death [26].
In this Covid-19 epidemic, higher rates of obesity and severe
obesity were also reported among patients with Covid-19
compared with historical non-Covid-19 controls. A report
from the United States also showed that among patients with
Covid-19 younger than 60 years of age with BMIs between 30
kg/m? and 35 kg/m? and greater than 35 kg/m?, 1.8 and 3.6 times
as often were admitted to the ORIT, respectively, compared
with patients with BMIs <30 kg/m? [27].

Genetic markers of predisposition to obesity.

The problem of obesity is becoming increasingly relevant
and is beginning to pose a social threat to the lives of people
regardless of their social and professional affiliation, area of
residence, age, and gender. At present, it is still unknown how
many genes are involved in the pathophysiology of metabolic
diseases; in clinical medicine, there are many studies to identify
«candidate genes» [28]. Recent advances in high-throughput
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genotyping technologies have enabled the development of
powerful analytical tools, such as the Genome-wide association
study (GWAS), to study novel genes and loci contributing
to genetic susceptibility to complex diseases. Over the past
decade, large-scale GWASs have identified hundreds of genetic
loci, making significant progress in genetics.

The genetic aspects of obesity lead to mutations in various
genes responsible for controlling appetite and metabolism. Over
the past two decades, several strategies have been developed to
identify the genetic determinants of obesity. It includes severe
obesity studies, genome-wide linkage studies (GWLSS) and
GWAS and candidate gene analysis. About 127 sites in the human
genome have been known to be associated with the development
of obesity due to GWAS results [29-30]. The greatest success
in the search for candidate genes of predisposition to obesity
is associated with the technology of large-scale genotyping
of GWAS using hundreds of thousands and millions of
polymorphisms (SNPs). Large-scale GWAS studies and meta-
analyses have identified hundreds of genetic loci that threaten
the spread of obesity. GWAS has been conducted in European
and East Asian populations, and individual gene polymorphisms
associated with the development of obesity have been studied
in Central Asian populations, but no large multicenter studies
of these polymorphisms have been conducted. Current research
tools and extensive studies will lead to an understanding of the
genes and their interactions that cause obesity, which may aid in
successful diagnosis [31,32].

Among these GWAS results, the first locus identified that was
sensitive to obesity was the FTO gene (associated with obesity
with fat mass). This gene has the greatest influence on the risk
of obesity phenotypes to date.

According to the results of several meta-analyses, the FTO
rs9930506 polymorphism has shown a dominant pattern of
association with obesity, especially in the European population
[33-35]. The small allele of the FTO gene increases BMI by 0.39
kg/m? and the risk of obesity by 1.20-fold. This association has
been confirmed in populations of different ages and backgrounds.
FTO gene polymorphisms affect obesity symptoms slightly less
in African and Asian populations than in European populations.
Among populations in Western and Central Europe and West
Africa, 46-51%, and in China, only 16% [36-37].

The association with FTO rs9939609 and physical activity
was observed in a cohort study that followed 17,400 people
from 17 countries in six ethnic groups, including South Asian,
European, East Asian, Hispanic, African, and Native American
populations over three years [38-40].

The relationship of the FTO rs9939609 polymorphism with
metabolic syndrome and obesity among the population of
different regions of Russia was investigated. The study concluded
that the FTO rs9969309 gene polymorphism is associated not only
with abdominal obesity, but also with other MS components such
as hyperglycemia, arterial hypertension [41].

Ning-Ning Zhao et al. [42] showed that 19939609, rs6499640,
rs8050136, rs1421085, and rs17817449 showed a significant
association in the European SNP population, allowing rs9939609
as the TagSNP for the other four polymorphisms. Similar results
were obtained in a number of European, East Asian, and Gujarat
Indians, with four of the five SNPs rs9939609, rs8050136,
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rs1421085, and rs17817449 showing strong LD, indicating
that 1s9939609 can be used as a TagSNP for the other three
polymorphisms [11,42].

Adipose tissue plays a crucial role in the regulation of energy
homeostasis, insulin sensitivity, and lipid and carbohydrate
metabolism and is considered as an endocrine organ that
secretes a number of adipocytokines (e.g., adiponectin and
tumor necrosis factor-a) [43].

Adiponectin is a protein secreted by adipose tissue that is
encoded by the adiponectin gene (ADIPOQ), consists of three
exons and two introns, and is located on chromosome 3q27
[44]. The biological functions of adiponectin are diverse: from
antidiabetic, anti-atherogenic, anti-inflammatory to anticancer.
Numerous studies have shown the protective role of adiponectin
in obesity-related diseases [20,45]. The relationship of
adiponectin, including leptin, with obesity and insulin resistance
and other metabolic risk factors has been studied in different
populations [46].

The 152241766 ADIPOQ polymorphism is a «candidate gene»
for obesity. A number of studies have been published worldwide
examining the association between the ADIPOQ rs2241766
polymorphism and obesity [43,47,48]. However, inconsistent
results have been obtained in different populations. These
discrepancies may be related to racial or regional differences in
the frequency of the ADIPOQ polymorphism.

Adiponectin has also been considered as a marker of the
metabolic syndrome [49,50]. A meta-analysis involving 13
studies with 2,684 cases and 2,864 controls in a Chinese
population was conducted to identify the association of the
rs2241766 variant with MS [51,52], and the results confirmed
that the frequency of the G allele was significantly higher in
obese patients than in controls [51].

As studies have shown, there was a significant genotypic
association between the obese and non-obese groups in
Malaysian. The frequencies of AG and AA genotypes were
significantly higher in the obese group (11%) than in the non-
obese group. The probability of having the A alleles was twice
as high in the obese group than in the non-obese group (OR
2.15; 1.13-4.09). Independent t-test analysis showed that sex,
age, height, weight, waist circumference, hip circumference,
BP, systolic and diastolic BP, BMI, triacylglycerol, HDL
cholesterol, and LDL cholesterol were significantly higher in
the main group (with obesity) than in the control group. As a
result, ADIPOQ rs17366568 polymorphisms were significantly
associated with BMI [53].

Many studies have shown that the pathogenesis of obesity
has a genetic basis, with polymorphisms in the TMEM18
gene region being an important risk factor [54,55], which plays
a significant role in eating behavior; however, subsequent
studies among different ethnic groups and age groups have
shown conflicting results. Natalia Koj et al. [56] examined the
relationship between TMEM18 polymorphisms and the risk of
obesity as a function of age group and ethnicity. They found
a significant association between rs6548238 and the risk of
obesity (OR=1.25). Regarding population type, a significant
association was found among European ¢ and Mexican groups.
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However, a lack of statistical significance was noted in Asians
with OR=1.11. The results show that there are differences
between ethnic populations, which confirms the results of the
study. The researchers concluded that polymorphisms near
TMEMI18 play a role in the development of obesity [56].

Studies by Scott M Williams [57] provided strong evidence
that eight (SEC16B, TMEMI1S8, ETVS, GNPDA2, TFAP2B,
BDNF, FTO, MC4R) of the 21 loci associated with high BMI in
populations of European origin were successfully replicated in
African American populations.

Genetic epidemiology of NEGR1, SEC16B, NRXN3 in an
Asian population.

The SEC16B gene encodes the Secl6 protein, which is
expressed mainly in brain tissues and is responsible for the
transport of appetite-regulating peptides.

According to a meta-analysis by Lu Y. et al. [58], the rs543874
polymorphism of the SEC16B gene is associated with an
increase in body fat percentage, which is likely to be a more
accurate prognostic criterion for obesity development than
BMI scores. This meta-analysis found associations between the
SEC16B rs543874 polymorphism and increased percent body
fat, with increased BMI in several European, Asian, and African
American populations.

SEC16B is not only a susceptibility locus for obesity in people
of African and European descent but is also associated with
BMI in people of Asian descent [59].

Along with this, there is an opposite view, so replicate studies
of 27 polymorphisms in 14 genes of 1129 Japanese with obesity
and 1736 subjects with normal weight, confirmed the association
for only five polymorphisms, rs10913469 in SEC16B and four
SNPs in the TMEMI18 gene. 1s543874 SEC16B showed little
association with obesity in the Japanese population. The results
suggest that only some SNPs identified in genome wide GWAS
association studies in European populations are predisposition
polymorphisms for obesity in other ethnic populations [9].

Five GWAS from Chinese, Malay and Indian ethnic groups
were analyzed. As a result, in addition to the FTO gene, genes
that had statistically significant associations with obesity in these
populations were also found, one of which was SEC16B [60].

The NEGRI1 gene is a protein-coding gene localized in
chromosome 1p31.16 and is among the predisposition loci for
obesity [10].

The association of rs2815752 NEGR1 with overweight/
obesity in different populations was studied. In order to identify
the association of rs2815752 with overweight, obesity, and
related traits in Pakistanis, Sobia Rana et al [61] conducted
a study, as no such study has ever been conducted in the
Pakistani population. The study found a significant gender-
specific association of rs2815752 with obesity (OR 3.03; CI
1.19-7.72) and some abnormal anthropometric characteristics
associated with obesity (weight, BMI, waist circumference,
hip circumference, thickness of abdominal and iliopsoas folds)
in women according to the dominant model. The researchers
concluded that NEGR1 rs2815752 may be associated with the
obesity phenotype and some related anthropometric traits in
Pakistani women [61].
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However, a number of independent replicative studies in other
ethnic populations have failed to reproduce a reliable association
of rs3101336, rs2568958, and 152815752 of the NEGR1 gene
with obesity traits [62].

Chloe YY, et al. [63] conducted a replicative study looking
for associations of 13 previously identified SNPs with obesity
and BMI in 1170 Chinese subjects. Statistically significant
associations with obesity were found for 7 SNPs in the Chinese
population, indicating the presence of common genetic variants
with previously studied European populations. The authors
attributed this to differences in the genetic composition and LD
patterns between Chinese and European populations and the
lower prevalence of these SNPs in the Chinese population [63].

A study was conducted on the effect of genetic variants
affecting appetite on obesity in the population of Saudi Arabia.
These variants included rs2815752 NEGR1 and rs543874
SEC16B. The result of the study showed that markers affecting
fat mass through increased appetite affect obesity in Saudi
residents, perhaps to a greater extent than in Europeans [64].

The results of GWAS analysis to search for associations with
obesity found 16 significant genomic signals in the FTO gene,
as well as quantitative signs of obesity (total body weight,
waist circumference, and waist-to-hip ratio) in the NRXN3
rs11624704 gene. It has been suggested that the NRXN3 gene
is associated with the distribution of body fat [65]. Assessing
the genetic contribution of the NRXN3 gene to the development
of obesity is particularly challenging because NRXN3 is an
extremely large gene (~1.5 Mb) [10], is controlled by two
promoters, and has multiple transcripts. SNP polymorphisms
related to weight and fat distribution are in different parts of
the gene and are likely to involve different transcripts with
potentially different functions.

Obesity impairs nervous system abilities such as memory and
fine motor skills. Common biological mechanisms involved in
obesity and neurodegenerative/neurodegenerative diseases are
insulin resistance, proinflammatory cytokines, and oxidative
damage, among others, leading to impaired brain development
or cell death [66]. Environmental conditions contributing to
obesity are not the only factors influencing neurodegenerative
and neurodegenerative diseases. Moreover, in recent decades,
the discovery of new genes related to obesity (FTO, NRXN3,
NPCI1, NEGRI, etc.) has opened new ways to understand the
general mechanisms involved in these diseases. It should be
noted that environmental conditions contributing to obesity,
genes and gene-environment interactions will lead to a better
understanding of the etiology of these diseases [66,67].

The minimal G allele rs10146997 in the NRXN3 gene is
associated with increased waist circumference but is not
associated with BMI scores, as reported in a recent meta-
analysis of 249,796 individuals [9]. The authors attribute the
reason for these discrepancies to the lack of statistical power of
the study because of the relatively low population frequency of
unfavorable alleles.

There is evidence that waist circumference and waist-to-hip
ratio are associated with alterations in several genes, including
NRXN3. To investigate the relationship between visceral fat
and subcutaneous fat area and genes in the Japanese population,
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8 single nucleotide polymorphisms (SNPs) were genotyped.
Multiple regression analysis showed that NRXN3 was not
significantly associated with BMI, visceral fat and subcutaneous
fat area. These inconsistent results may be related to racial or
regional differences in the frequency of this polymorphism [68].

Conclusion.

In the course of writing this article, we analyzed the results of
GWAS and obesity meta-analysis from worldwide information
databases and selected the most significant polymorphisms
associated with obesity. Over the past decade, GWAS has
demonstrated a large number of loci associated with BMI, providing
an effective way to better understand the mechanisms of obesity that
are needed in our journey to improve obesity treatment. Although
large-scale GWAS has largely been performed on individuals of
European ancestry, significant progress has been made, which is
now closing the gap between our knowledge of obesity genetics in
European and Asian ancestors.

Current evidence suggests that there are clear differences in the
distribution of fat by ethnicity. In general, Asians accumulate
more visceral fat than subcutaneous fat compared to Africans,
Hispanics, and Caucasians. Current literature suggests that
these differences are largely due to intrinsic genetic differences
and physical traits that limit fat accumulation in certain areas.
However, over the millennia, biological genetic differences have
increasingly changed and become dependent on the environment
(diet, physical activity, lifestyle and nutrition, stress, etc.) [69].

It should be noted that GWAS studies performed on individuals
of Asian descent not only confirmed the potential role of
previously linked obesity loci, but also revealed new loci.

Thus, multi-ethnic studies have enormous potential not only
to better understand the complex etiology of obesity in humans,
but also potentially ethnic differences in the prevalence of
obesity, which may ultimately open up new possibilities for
more targeted and personalized treatment of obesity. In addition,
follow-up GWAS research strategies on multi-ethnic studies are
worthwhile.
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PE3IOME.

SIMUAEMUOJIOI' U I'EHOB,
ACCOIIMMPOBAHHBIX C OKUPEHUEM B
ABUATCKOM NMONMYJAIUN. OB30P JIUTEPATYPHI.

Bazapraaues E.III'., Makamosa M.C'., Kyna6aesa X.1'.,
Kocmyparosa P.H'.

'Kagheopa enympennux 6oresneti Nel 3KMY umenu Mapama
Ocnanosa, 2. Akmobe, Kazaxcman.

Beeaenue: Cpenu oOIIeH MTOMYJIAIMN CYIIECTBYET KATETOPHS
JHL ¢ BPOXICHHOW NPeIpacloOKEHHOCTBI0 K OKHPEHHUIO.
B mocnexmHue nmecATHIETHS POCT  PacHpOCTPaHEHHOCTH
OXHPEHMS M CBA3aHHBIX C HUM 3a00JIEBaHUI BO BCEM MHpE
CBHAETEIBCTBYET O HEOOXOJUMOCTH H3yYESHHS STHOJIOTHIECKHX
(bakTOpoB, CBSI3aHHBEIX C €r0 pa3BHTHEM. B Hacrosiee Bpems
elle HEM3BECTHO, CKOJIBKO I'eHOB y4acTBYET B TaTO()U3HOIOT UK
OXHPEHHS, NPOBOJMUTCS  MHOXECTBO HCCIICIOBAHUH
1O BBISBICHUIO «TCHOB-KAHIUIATOB» B  KIMHHYECKOM
MeIUIHe. BEIABICHHE OXUPEHUS METOJAMU MOJICKYJISPHO-
TeHETHYECKON MarHOCTHKU M NPOBEACHHE COOTBETCTBYIOIINX
NpOQUIAKTHYECKUX ~ MEPONPHUSATHA  MOXKET  3HAYUTENBHO
CHM3UTh 3a00JIeBaEMOCTb. YUHTHIBAas, 4YTO OOJBIIMHCTBO
JMOACH, CTpaafomMx MeTabOoMMIecCKUMH 3a00JIeBaHUSIMH,
SBJIAIOTCSA IPEACTABUTEISIMH TPYAOCIOCOOHOTO HAaceIeHHs,
mpopuIakTHKa OJTHX 3a00NieBaHWiA, paHHSAS JWATHOCTHKA
HMEIOT KaK KJIMHHYECKOe, TaK M COLUAIbHOS U SKOHOMHYECKOE
3HauYCHHE.

Hens: aHanu3 gaHHBIX 0 HanOoOJIee 3HAYMMBIX TCHETHICCKHX
MapKepax B pa3BUTHU OKHPEHHS B a3HATCKOH IOITYJISLIUH.

Martepuanbsl u Meroabl. IlpoBeneH OHNallH NOMCK
JUTEPATYPhl O TEHETUYECKUX MapKepax, acCOLMUPOBAHHBIX C
oxupenuneM B 6a3zax manubix Elibrary, Google Scholar, Pubmed,
Web of Science.

PesyabTaTrel U 00Cy;aAeHHe. V3ydeHHE TEHETHYECCKHUX
MapKepoB W HX OIpe/IeNicHHe MMeeT OOJbIINe MEepCHEeKTHBEI
IUIsl yCHENIHONW BepU(HKAIMA OCHOBHBIX KIMHHYECKUX |
OHOJIOTHYECKUX MapKepoB OXKUPEHUS. DTO IO3BOJIUT OLICHHUTb
PHCKH pa3BHTHA OXHPEHHS U pa3paboTaTh CTaHZAPTHI
KOPPEKLMOHHBIX ~ MEPONPHATHH IS JHI C  BBICOKUM
TeHETHYECKUM PUCKOM.



BoiBoa. bombmuactBo GWAS  unccienoBanusi  Obuio
NIPOBEICHO B €BPONEHCKONW NOMYJISILUM, PACKPBITHE HOBBIX
TCHOB y a3WATCKOM MOMYJISIMKA BHECIH 3HAYUTEIbHBIN BKJIA
B BBISBJICHHE JIOKYCOB IPEAPACIIONIOKEHHOCTH K OKHPCHUIO.
BouiBieHne MOMMMOPQHBIX BapHaHTOB T'€HOB-KaHIHIATOB,
HanOoJjiee 3HAUYMMBIX B Pa3BUTUM O3TOTO 3aboJeBaHMs,
MpeACTaBIsieT Cco0OM  aKTyalbHYIO 3ajady, Kak s
(yHIaMEHTAIBHOW HAYKH, TaK U MPAKTHUCCKON MEIUIIUHBI.

KaioueBble ciioBa: oxxupenue, moauMoppu3M reHOB, a3UaThl,
genetics, GWAS, obesity, BMI, Asian population.

Summary.

EPIDEMIOLOGY OF GENES ASSOCIATED WITH
OBESITY IN ASIAN POPULATION. LITERATURE
REVIEW.

Bazargaliyev Ye'., Makashova M!, Kudabayeva Kh!,
Kosmuratova R'.

!Department of Internal Diseases Nel of West Kazakhstan
Marat Ospanov university, Aktobe city, Kazakhstan.

Introduction. Among the general population, there is a
category of individuals with an innate predisposition to obesity.
In recent decades, the increase in the prevalence of obesity
and related diseases worldwide indicates the need to study
the etiological factors associated with its development. At
present, it is still unknown how many genes are involved in the
pathophysiology of obesity, and many studies are underway to
identify “candidate genes” in clinical medicine. The detection of
obesity by molecular genetic diagnostics and the implementation
of appropriate preventive measures can significantly reduce the
incidence. Considering that the majority of people suffering
from metabolic diseases are members of the working population,
the prevention of these diseases and early diagnosis are of both
clinical and social and economic importance.

The aim of this study is to analysis of data on the most
significant genetic markers in the development of obesity in the
Asian population.

Material and methods. An online search for literature on
genetic markers associated with the development of obesity was
conducted in the databases Elibrary, Google Scholar, PubMed,
Web of Science databases was carried out.

Results and discussion. The study of genetic markers and their
determination has great prospects for the successful verification
of the main clinical and biological markers of obesity. This will
allow assessing the risks of developing obesity and developing
standards for corrective measures for individuals with a high
genetic risk.

Conclusion. Most of the GWAS studies have been conducted
in the European population, the discovery of new genes in the
Asian population has made a significant contribution to the
identification of loci of predisposition to obesity. identification
of polymorphic variants of candidate genes that are most
significant in the development of this disease is an urgent task
for both fundamental science and practical medicine.

Keywords: obesity, gene polymorphism, genetics, GWAS,
obesity, BMI, Asian population.
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