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INTRODUCTION

Obesity today is a global problem of humanity [1].
Excessive weight and obesity are among the five main
risk factors for death. At least 2.8 million of adults die
annually because of excessive weight or obesity.
Besides, 44% of diabetes, 23% of ischemic heart dis�
ease, and 7–41% of cancers are caused by excessive
weight and obesity [1]. According to the World Health
Organization (WHO), the number of persons suffering
from obesity increased at least twice since 1980 by
2012. In Russia the prevalence of excessive weight—
obesity is 46.5% among men and 51.7% among
women [2]. Obesity is a chronic relapsing disease lead�
ing to numerous ailments and requires lifelong treat�
ment. Nevertheless, until now many people consid�
ered excessive weight and obesity a problem that can
be resolved without any assistance.

The accelerated increase of body mass in different
populations is primarily associated with changed envi�
ronment conditions (food, chemical exposure, and
sedentary life) [3]. One of the discussed aspects of this
problem is genetic predisposition to obesity. The
genetic component is confirmed by several studies of
twins, who inherit such traits as body mass index
(BMI) with a 40–70% probability among children and
adults [4].

There are monogenic and syndromic forms of obe�
sity caused by mutations in the genes controlling appe�
tite. In both cases there is a marked pathological morbid
obesity developing in childhood when there is a twofold
or higher increase of the body mass in comparison to the
ideal mass of the person (BMI ≥ 40 kg/m2).

Syndromic obesity is accompanied by numerous
abnormalities in the structure of different organs,
intellectual disability, and neurological disorders [5].
Prader–illi and Beckwith–Wiedemann syndromes,
caused by a disturbance of genomic imprinting, repre�
sent syndromic forms of obesity. Monogenic forms are
caused by inactivation of the appetite�controlling
genes on the melanocortin system level. Clinical man�
ifestation is characterized by early onset of the disease,
a rapidly progressive course, morbid obesity, hyperph�
agia, and secondary hypogonadism [5].

The problem of monogenic obesity today is fairly
well studied, whereas the genetic basis of common
polygenic obesity remains controversial. Since 2007
there have been several genome�wide association
studies (GWAS) of obesity and anthropometric fea�
tures. As a result of these projects, 54 loci were identi�
fied as being associated with an obesity risk in different
populations [6–13]. Several genes were shown to be
expressed in the central nervous system (CNS) and to
participate in the regulation of energy intake and
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expenditure, adipocyte differentiation, appetite con�
trol, etc. [7, 12, 14].

According to GWAS, an association of polymor�
phic variants of two genes—melanocortin 4 receptor
(MC4R) and the gene associated with fat mass
(FTO)—with the development of obesity and exces�
sive weight was detected in many populations [7, 8, 11,
13, 14].

The FTO gene is associated with the accumulation
of fat mass and is localized on chromosome 16. This
gene encodes the enzyme alpha�ketoglutarate�depen�
dent dioxygenase, which participates in demethyla�
tion of nucleic acids. This indicates the presence of
epigenetic mechanisms in the development of obesity
[14–16]. Polymorphic variants of the FTO gene influ�
ence the tissue�specific expression of the gene in the
brain centers responsible for the control of energy bal�
ance [15]. It was shown that carriers of the certain alle�
les of the gene not only eat more high�calorie foods
but also show specific food preferences [16]. One of
the most probable causes of obesity development is a
change of appetite under the influence of the proteins
of the FTO gene [15].

The MC4R gene encodes a neuronal melanocortin
receptor. The stimulation of MC4R by melanocortin
leads to an increase of the activity of the sympathetic
nervous system, a decrease of appetite, an increase of
the speed of fat metabolism, and a decrease in the
insulin level; accordingly, a low activity of melanocor�
tin leads to obesity. Analysis of the investigations of
model animals shows that a MC4R block in mice leads
to the development of the hyperphagia and hyperin�
sulinemia phenotype. Some investigators showed that
SNPs of the MC4R gene are associated with quantita�
tive characteristics determining metabolic disorders
and changes of anthropometric characteristics, as well
as changes in feeding behavior [17].

In light of the tissue�specific expression of the FTO
and MC4R genes in the brain centers responsible for
the control of the energy balance, a significant influ�
ence of the products of these genes on the characteris�
tics of the feeding behavior (but not on the metabolism
in general) can be suggested.

The relevance of the present work is determined by
the small number of data concerning the detection of
the frequencies of alleles and genotypes of the FTO
and MC4R genes in Russian populations [18, 19].

The present work was aimed at an analysis of the
associations of FTO (rs9939609, rs7202116, and
rs9930506) and MC4R (rs12970134 and rs17782313)
SNPs with the risk of obesity and clinical and anthro�
pometric characteristics of metabolic disorders in
Tatar women.

MATERIALS AND METHODS

DNA from 670 women from a random sampling in
the Republic of Bashkortostan (RB) was used in the
work. Ethnicity was clarified by questionnaire.

The samples were collected in the Center for the
Correction of Weight and Comorbidities of the Emer�
gency Hospital. The samples were formed according
to the body mass index (BMI). The group with obesity
(BMI ≥ 30 kg/m2) included 340 women. The control
group included women according to the following cri�
teria: BMI < 25 kg/m2 and the absence of obesity and
diabetes in anamnesis (N = 330).

The study included questionnaires, anthropomet�
ric measurements, and medical examinations were
performed. Anthropometric measurements included
the measurement of weight, height, waist and hip cir�
cumference, and a determination of the waist�to�hip
ration. Biochemical analyses (cholesterol, triglycer�
ide, low density lipoprotein (LDL), high density lipo�
protein (HDL), aspartate aminotransferase (AST),
and alanine aminotransferase (ALT)) and blood pres�
sure were taken into consideration in women with obe�
sity and in the control. The clinical description of
women with obesity and of the control group is shown
in Table 1.

The present study was approved by the Ethics
Committee of the Institute of Biochemistry and
Genetics, Ufa Scientific Center, Russian Academy of
Science. Informed voluntary consent for the use of
biological material was obtained from all participants.

Genotyping of single nucleotide substitutions. DNA
was extracted from leukocytes of peripheral blood by
the phenol�chloroform method. Genotyping of FTO
(rs9939609, rs7202116, rs9930506) and MCR4
(rs12970134 and rs17782313) SNPs was performed by
TaqMan technology. The amplification was performed
using a CFX 96 cycler (Bio�Rad, United States)
according to the manufacturer’s protocol (Limited
Liability Company TestGen, http://testgen.ru/).

Mathematical treatment of the results was per�
formed using MS Office Excel 2003 (Microsoft) and
Statistica v. 6.0. (StatSoft) software. Comparison of
the clinical data for women with obesity and the con�
trol group was performed using the Mann–Whitney
test.

The association between SNPs and obesity was
estimated using a logistic regression model. Groups
with a BMI of ≥30 kg/m2 and BMI < 25 kg/m2 were
compared. Genotypes were marked as 0, 1, and 2,
depending on the risk allele copy. Risk alleles were
determined based on previous studies [14, 20]. Com�
parison of the genotypes and risk alleles was performed
according to three models. In the first case, the assess�
ment was performed in an additive model, when every
copy of a rare allele changes the risk of disease devel�
opment. In the second case, a dominant model was
considered when one copy of a rare allele is enough to
change the risk. In this case the risk is related both to
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the genotype homozygous for the rare allele and the
heterozygous genotype. In the third case, a recessive
model was analyzed to estimate the association with
the homozygote for the rare allele, when two copies of
the rare allele are needed to change the risk of disease
development.

Linkage disequilibrium for FTO rs9939609,
rs7202116, and rs9930506 and MCR4 rs12970134 and
rs17782313 SNPs and the Hardy–Weinberg equilib�
rium were calculated with Haplo�view 4.2 software
[21]. Deviation from the Hardy–Weinberg equilib�
rium was shown only for the rs17782313 loci of the
MC4R gene in the group of women with obesity (p =
0.037).

The comparison of clinical data with different gen�
otypes was performed using a logistic regression model
in SNPStats [22].

RESULTS

The clinical characteristics of women with obesity
and those from the control group are shown in Table 1.

As we supposed, the sample of women with obesity and
the control group differed significantly on the basis of
characteristics associated with metabolic disorders: fat
distribution and the level of cholesterol and triglycer�
ides, as well as blood pressure. Statistically significant
differences were obtained when BMI values were
compared in women with obesity and in the control
group (33.57 ± 5.32 kg/m2 in the group with obesity
and 22.01 ± 1.88 kg/m2 in the control, р < 0.001).
Among women with obesity, 10.0% suffered from mor�
bid obesity ≥40 kg/m2, 44.8% had second�degree obesity
(35 kg/m2 ≤ BMI < 40 kg/m2), and first�degree obesity
accounted for 49.2% (30 kg/m2 ≤ BMI < 34.9 kg/m2).
Comparison of the groups by age and AST and ALT
levels did not reveal statistically significant differences.

Analysis of distribution of haplotypes of FTO and
MC4R genes. It has been shown that FTO gene
rs9939609 (A) and rs9930506 (G) are in linkage dise�
quilibrium (D' = 91.8, LOD = 133.74, r2 = 0.72),
while no linkages between loci rs9939609 and
rs7202116, rs9930506, and rs7202116 have been
defined (D' = 22.4, LOD = 5.3, r2 = 0.045; D' = 25.5,

Table 1. Clinical characteristics of the examined women

Indicator Women with obesity (N = 150) Control group (N = 100) p

Age, years 44.16 ± 9.04 42.98 ± 9.52 0.12

Weight, kg 91.10 ± 12.30 57.02 ± 6.36 <0.001

Height, m 164.05 ± 7.25 160.58 ± 5.72 0.003

Body mass index, kg/m2 33.57 ± 5.32 22.01 ± 1.88 <0.001

Waist circumference, cm 110.11 ± 10.29 72.54 ± 8.80 <0.001

Hip circumference, cm 113.22 ± 8.42 95.94 ± 5.09 <0.001

Waist/hip ratio, cm 0.972 ± 0.06 0.724 ± 0.08 <0.001

Cholesterol, mol/L 5.92 ± 0.78 4.36 ± 0.93 <0.001

Triglycerides, mol/L 1.78 ± 0.64 1.07 ± 0.43 <0.001

HDL, mol/L 1.01 ± 0.14 1.06 ± 0.21 0.019

LDL, mol/L 3.16 ± 0.22 2.58 ± 0.67 0.019

AST, units/L 24.21 ± 11.92 24.83 ± 8.22 0.82

ALT, units/L 26.32 ± 12.87 22.56 ± 7.42 0.06

Systolic pressure 152.26 ± 11.77 114.42 ± 7.46 <0.001

Diastolic pressure 88.23 ± 5.43 69.36 ± 3.86 <0.001

Type II diabetes mellitus, % 60 0 not defined

Mean values and error of the mean are shown in the Table. HDL, high density lipoproteins; LDL, low density lipoproteins; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; p, statistical significance.
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LOD = 7.77, r2 = 0.063). Analysis of the haplotypes of
FTO gene rs9939609 and rs9930506 loci showed an
association of the AA haplotype with obesity in women
(OR = 1.71 (CI 95% 1.36–2.15), р < 0.0001). The fre�
quency of the AA haplotype among women with obe�
sity is 45.10%, compared with 29.36% in the control
group.

Linkage disequilibrium was shown for two investi�
gated MC4R gene loci, rs12970134 and rs1778231
(D' = 67.5, LOD = 27.37, r2 = 0.25). Analysis of the
MC4R gene haplotype distribution showed an associa�
tion of the AT haplotype with obesity risk in women
(OR = 2.52 (CI 95% 1.04–6.10), p = 0.041). The fre�
quency of the AT haplotype in the group of women
with obesity was 3.68%, compared to 1.65% in the
control.

Furthermore, an analysis of the frequency distribu�
tion of genotypes and alleles of FTO and MC4R SNPs
in women with obesity and in the control group was
performed. Results of the analysis of an association of
FTO gene SNPs rs9939609, 7202116, and 9930506
and MC4R gene SNPs rs12970134 and rs17782313
with obesity in women are shown in Table 2. The asso�
ciation with obesity was determined in three models:
additive, dominant, and recessive. In accordance with
the significance level (p) and Akaike criterion (AIC)
for the analysis of FTO gene frequencies, the additive
model was selected as most accurately describing the
obtained associations (Table 2). The odds ratio was
OR = 1.51 (CI 95% 1.21–1.88), p = 0.0002 for the
rs9939609 locus, and OR = 1.47 (CI 95% 1.18–1.83),
p = 0.0005 for the rs9930506 locus of the FTO gene.

Analysis of the rs12970134 and 17782313 SNPs of
the MC4R gene showed an association with obesity risk
in the recessive model: OR = 3.43 (CI 95% 1.20–
9.78), p = 0.0076 for the rs12970134 locus and OR =
2.41 (CI 95% 1.06–5.45), p = 0.021 for the
rs17782313 locus.

Quantitative clinical and anthropometric charac�
teristics were compared according to the genotypes of
the FTO and MC4R gene loci. Data are shown for the
additive model (Table 3). The associations were
obtained when the genotype distributions of the
rs9939609 and rs9930506 loci of the FTO gene were
compared by age, weight, and BMI. Analysis of the
genotype distribution in samples of women differenti�
ated by age showed statistically significant differences
in the additive model for the FTO gene rs9939609 and
rs9930506 loci and the MC4R gene rs12970134 locus
(β = –2.69 (CI 95% 1.80–4.57), р = 0.005; β = –1.85
(CI 95% 1.02–3.67), р = 0.04; β = 0.67 (CI 95%
0.49–0.92), р = 0.012, respectively).

For interpretation of the associative data with age,
an analysis of the frequency distribution of alleles and
genotypes of the FTO gene rs9939609 and rs9930506
loci and the MC4R rs12970134 in women with obesity
with respect to age was performed. Since the mean age
of the women was 44.16 years, they were divided into

groups under and over 44, and pairwise comparison
was further performed. In this case a tendency toward
an increase in the frequency of rare alleles of the FTO
gene rs9939609 and rs9930506 loci was determined in
women with obesity of the younger group (under
44 years); however, the results were not statistically
significant (р ≥ 0.05). Analysis of the genotype distri�
bution of the MC4R gene rs12970134 locus showed a
statistically significant increase in the frequency of the
genotype homozygous for the rare allele in the group
of women with obesity under 44 years, up to 5.3% as
compared to 0% in the older group. This result is in
agreement with the data of Sentinelli et al. and
Andreasen et al. [23, 24]. According to the results of
these authors, the genotype that is homozygous for the
rare allele is more frequent among the younger group
suffering from obesity.

Statistically significant differences were shown
when the level of BMI and FTO gene rs9939609 (β =
1.05 (CI 95% 1.00–1.63), p = 0.0004) and rs9930506
(β = 1.20 (CI 95% 1.06–2.15), p = 0.0039) SNPs were
compared. These data were obtained in the additive
model.

Analysis of the genotype distribution of the FTO
gene rs9939609 locus with respect to weight showed
that the body weight of homozygous carriers of allele A
(AA) is 8 kg greater than the weight of homozygous
carriers of allele T (TT). The weight of homozygous
carriers of allele A (AA) of the rs9930506 locus is 3.93 kg
greater than the weight of homozygous carriers of
allele G (GG).

Analysis of the association of metabolic disorders,
such as cholesterol, triglycerides, LDL, and HDL lev�
els, as well as ALT and AST, with respect to the FTO
(rs9939609, 7202116, and rs9930506) and MC4R
(rs12970134 and rs17782313) SNPs did not show sta�
tistically significant differences (Table 3). Analysis of
the association of the anthropometric characteristics
of waist and hip circumference and waist�to�hip ratio
and polymorphic variants of the FTO and MC4R genes
also did not determine statistically significant differ�
ences (Table 3).

Analysis of the haplotype distribution the of FTO
gene rs9939609 and rs9930506 loci showed that the
AG haplotype (carriers of risk alleles) is associated with
increased weight (p = 0.014) and a high level of triglyc�
erides (р < 0.0001). Analysis of the distribution of
MC4R gene haplotypes did not show statistically sig�
nificant differences with respect ot quantitative char�
acteristics and anthropometric parameters of meta�
bolic disorder.

DISCUSSION

An association of the FTO gene rs9939609 and
rs9930506 SNPs with obesity in Tatar women was
shown. This conclusion is fully consistent with previ�
ously published data from the various world samples
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[6, 13, 20]. The most significant differences in the dis�
tribution of alleles and genotypes were shown for the
FTO gene rs9939609 locus. It is known that this locus
has statistically significant associations with obesity
risk, both among Europeans and among Mongoloids
[13, 23, 24]. There are controversial data concerning
the FTO gene rs9930506 locus, because the frequency
of the rare allele in populations is different. The asso�
ciation with obesity risk was shown both for allele G in
the European population [6, 23] and for allele A in the
Mongoloid population [14, 25, 26]. In our work an
association with obesity risk was shown for women
with rare allele G.

We did not determine the associations of such char�
acteristics of metabolic disorders as the level of choles�
terol, triglycerides, ALT, and AST with genotypes of
the FTO and MC4R genes. One of the possible expla�
nations of the absence of differences may be the rela�
tively young age of women suffering from obesity (the
mean age is 44.16 years), when metabolic disorders
have not achieved a high level.

However, the analysis of the distribution of FTO
gene SNPs with such characteristics as age, body
weight, and BMI showed a statistically significant
association. An increase in the BMI level and body
weight in carriers of the rare alleles of the FTO gene
rs9939609 and rs9930506 loci was shown.

The obvious reasons for an association of SNPs of
the FTO gene intron 1 with obesity have not yet been
established. This may be determined by the close link�
age with other genetic variants directly affecting the
metabolism. However, there is a suggestion that func�
tionally significant variants are determined just by the
region of the FTO gene itself [13]. From bioinformat�
ics methods of investigating the functional activity of
proteins, it was shown that the FTO gene encodes
demethylase of nucleic acids. It is known that the pro�
cesses of demethylation play an important role in the
mechanisms of DNA repair and epigenetic regulation
of the expression of genes participating in metabolism
and causing obesity development on the epigenetic
level.

MC4R gene SNPs were shown to make a smaller
contribution in the development of pathogenic mech�
anisms of metabolic disorders in comparison with the
FTO gene [20]. In the present work an association with
obesity development for two MC4R gene rs12970134
and rs17782313 loci was shown only in the recessive
model. Analysis of the association of anthropometric
and metabolic characteristics of women in accordance
with SNPs of the MC4R gene showed the presence of
association only with age for the rs12970134 locus.

ACKNOWLEDGMENTS

This study was partially supported by the Russian
Foundation for Humanities, project no. 13�06�00101,

and Russian Foundation for Basic Research, project
nos. 13�04�00287a, 14�06�97003 r_Povolzh’e.

REFERENCES

1. Romantsova, T.I., Epidemic of obesity: obvious and
probable causes, Ozhirenie Metab., 2011, no. 1, pp. 5–17.

2. Ametov, A.S., Izbrannye lektsii po endokrinologii
(Selected Lectures on Endocrinology), Moscow: MIA,
2012.

3. Sørensen, T., The changing lifestyle in the world: body
weight and what else?, Diabetes Care, 2000, vol. 23,
pp. 1–4.

4. Stunkard, A.J., Foch, T.T., and Hrubec, Z., A twin
study of human obesity, YAMA, 1986, vol. 256, no. 1,
pp. 51–54.

5. Kilpeläinen, T., Hoed, M., Ong, K., et al., Obesity�sus�
ceptibility loci have a limited influence on birth weight:
a meta�analysis of up to 28219 individuals, Am. J. Clin.
Nutr., 2011, vol. 93, no. 4, pp. 851–860.

6. Scuteri, A., Sanna, S., Chen, W., et al., Genome�wide
association scan shows genetic variants in the FTO gene
are associated with obesity�related traits, PLoS Genet.,
2007, vol. 3, no. 7. e115

7. Chambers, J., Elliott, P., Zabaneh, D., et al., Common
genetic variation near MC4R is associated with waist
circumference and insulin resistance, Nat. Genet.,
2008, vol. 40, no. 6, pp. 716–718.

8. Lindgren, C., Heid, I., Randall, J., et al., Genome�
wide association scan meta�analysis identifies three loci
influencing adiposity and fat distribution, PLoS Genet.,
2009, vol. 5, no. 6. e1000508

9. Thorleifsson, G., Walters, G., Gudbjartsson, D., et al.,
Genome�wide association yields new sequence variants
at seven loci that associate with measures of obesity,
Nat. Genet., 2009, vol. 41, no. 1, pp. 18–24.

10. Willer, C., Speliotes, E., Loos, R., et al., Six new loci
associated with body mass index highlight a neuronal
influence on body weight regulation, Nat. Genet., 2009,
vol. 41, no. 1, pp. 25–34.

11. Hinney, A., Nguyen, T., Scherag, A., et al., Genome
wide association (GWA) study for early onset extreme
obesity supports the role of fat mass and obesity associ�
ated gene (FTO) variants, PLoS One, 2007, vol. 2, no. 12.
e1361

12. Speliotes, E., Willer, C., Berndt, S., et al., Association
analyses of 249796 individuals reveal 18 new loci asso�
ciated with body mass index, Nat. Genet., 2010, vol. 42,
no. 11, pp. 937–948.

13. Frayling, T., Timpson, N., Weedon, M., et al., A com�
mon variant in the FTO gene is associated with body
mass index and predisposes to childhood and adult obe�
sity, Science, 2007, vol. 316, no. 5826, pp. 889–894.

14. Zhao, X., Yang, Y., Sun, B.F., et al., FTO and obesity:
mechanisms of association, Curr. Diabetes Rep., 2014,
vol. 14, no. 5, pp. 1–9.

15. Gerken, T., Girard, C., Tung, Y., et al., The obesity�
associated FTO gene encodes a 2�oxoglutarate�depen�
dent nucleic acid demethylase, Science, 2007, vol. 318,
no. 5855, pp. 1469–1472.



RUSSIAN JOURNAL OF GENETICS Vol. 50 No. 12  2014

ASSOCIATION OF POLYMORPHIC VARIANTS OF FTO AND MC4R GENES 1333

16. Gulati, P., Cheung, M., Antrobus, R., et al., Role for
the obesity�related FTO gene in the cellular sensing of
amino acids, Proc. Natl. Acad. Sci. U.S.A., 2013,
vol. 110, no. 7, pp. 2557–2562.

17. Rovite, V., Petrovska, R., Vaivade, I., et al., The role of
common and rare MC4R variants and FTO polymor�
phisms in extreme form of obesity, Mol. Biol. Rep.,
2014, pp. 1–10.

18. Bondareva, E.A. and Godina, E.Z., Search for associa�
tions of polymorphic variants of FTO and GHRL genes
with the risk of obesity among children and adoles�
cents, Vestn. Mosk. Gos. Univ., 2013, no. 1, pp. 111–
119.

19. Nasibulina, E.S., Shagimardanova, R.R., Borisova, A.V.,
et al., Association of FTO gene polymorphisms with
overweight in the Russian population, Kazan. Med. Zh.,
2012, no. 5, pp. 823–826.

20. Loos, R., Lindgren, C., Li, S., et al., Common variants
near MC4R are associated with fat mass, weight and risk
of obesity, Nat. Genet., 2008, vol. 40, no. 6, pp. 768–
775.

21. Barrett, J.C., Fry, B., Maller, J.D., et al., Haploview:
analysis and visualization of LD and haplotype maps,
Bioinformatics, 2005, vol. 21, no. 2, pp. 263–265.

22. Solé, X., Guinó, E., Valls, J., et al., SNPStats: a web
tool for the analysis of association studies, Bioinformat�
ics, 2006, vol. 22, no. 15, pp. 1928–1929.

23. Sentinelli, F., Incani, M., Coccia, F., et al., Association
of FTO polymorphisms with early age of obesity in
obese Italian subjects, Exp. Diabetes Res., 2012,
vol. 2012. doi: 101155/2012/872176 

24. Andreasen, C., Stender�Petersen, K., Mogensen, M.,
et al., Low physical activity accentuates the effect of the
FTO rs9939609 polymorphism on body fat accumula�
tion, Diabetes, 2008, vol. 57, no. 1, pp. 95–101.

25. Hotta, K., Nakata, Y., Matsuo, T., et al., Variations in
the FTO gene are associated with severe obesity in the
Japanese, J. Hum. Genet., 2008, vol. 53, no. 6, pp. 546–
553.

26. Tanaka, M., Yoshida, T., Bin, W., et al., FTO, abdominal
adiposity, fasting hyperglycemia associated with elevated
HbA1c in Japanese middle�aged women, J. Atheroscler.
Thromb., 2011, vol. 19, no. 7, pp. 633–642.

Translated by A. Kashevarova


