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Introduction. Although the effect of the fat mass and obesity-associated (FTO) gene on

adiposity is well established, there is a lack of evidence whether physical activity (PA) modifies
the effect of FTO variants on obesity in Russians. Therefore, the purpose of this study was
to examine PA influences and interactive effects between FTO variants and PA on measures of
adiposity in Russians. Materials and methods. 110 Russian males aged 22-52 years old were
examined. Anthropometry: height and weight, waist and hip circumferences were taken.
The whole-body impedance was measured on the right-hand side of the body using the bio-
impedance meter ABC-01 ‘Medas’ (SRC Medas, Russia) according to a conventional tetrapolar
scheme at a frequency of 50 kHz. For each subject participating in the study, the genotype was
determined by the polymorphic systems of the T/A (rs9939609) polymorphism of the FTO gene
(Lytekh, Moscow). Results. Participants who did not engage in regular PA exhibited higher
BMI, fat mass, HC, and WC with statistical significance (P < 0.01). Although significant asso-
ciations between the three FTO genotypes and adiposity measures were found in the sedentary
group. There were no significant associations between FTO genotypes and obesity-related
phenotypes in the PA group. Conclusion. Comparison of morphological parameters in carriers of
alternative genotypes in two subgroups with different lifestyles makes it possible to conclude that
the A allele determines a greater tendency to accumulate fat in cases where there is no regular
physical activity.
Keywords: physical activity, FTO, obesity, fat mass, BMI, Russians.

Introduction. The spread of obesity in the
modern world has reached the scale of a pan-
demic [4]. Overweight and obesity lead to a mul-
titude of serious illnesses that result in disability
or death of patients [4, 7]. The individual predis-
position to weight gain and the speed of this
process are influenced by the interaction of en-
dogenous (genetic) and exogenous (environ-
mental) factors [1, 3, 6]. Among a large number
of molecular genetic markers associated with
obesity, the FTO (fat mass and obesity-asso-

ciated) gene is one of the most widely studied.
The associations of the A allele in the first FTO
intron (T/A, rs9939609) with a predisposition to
fat accumulation and the risk of developing obe-
sity and type 2 diabetes have been convincingly
proven [1, 3]. Despite the ongoing study of FTO
associations with a tendency to obesity in the
context of lifestyle and diet peculiarities, age,
sex, ethnicity, and other factors, the effect of the
T/A substitution on fat accumulation and fat to-
pography in the Russian population remains
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poorly studied. The purpose of the paper was to
study the associations of the FTO T/A polymor-
phism with fat accumulation and fat topography
in the group of Russian males depending on life-
style specifics.

Materials and methods. 110 Russian males
aged 22-52 years old were examined. Anthro-
pometry: height and weight, waist and hip cir-
cumferences were taken. Standing height was
measured using a Model 101 — Anthropometer
(GPM manufacturers, Switzerland, http://www.
seritex.com/gpm), and weight was measured on
a digital scale. Both circumferences were meas-
ured using a measuring tape. Body mass index
(BMI) was calculated as body mass (BM) divided
by standing height (Ht) squared; waist/hip ratio
was calculated as waist circumference divided by
hip circumference. The whole-body impedance
was measured on the right-hand side of the body
using the bioimpedance meter ABC-01 ‘Medas’
(SRC Medas, Russia) according to a conventional
tetrapolar scheme at a frequency of 50 kHz. Body
composition variables, such as fat-free mass, fat
mass, skeletal muscle mass, active cell mass, were
determined using appropriate equations provided
by the manufacturer. Hand grip strength for right
and left hands was measured with the dyna-
mometer — DK 50.

Samples of buccal epithelium were used as
the biological material for isolation of DNA ge-
nomic. The biological material was collected using
sterile urogenital probes (Type A Universal,
Jiangsu Suyun Medical Materials, China). For each
subject participating in the study, the genotype
was determined by the polymorphic systems of
the T/A (rs9939609) polymorphism of the FTO
gene (Lytekh, Moscow). Statistical processing of
the data was carried out using the Statistica 8.0
software package (StatSoft, United States). To as-
sess the significance of differences in the distri-
bution of genotypes, the nonparametric 2 test
was used. To verify the normal distribution of the
traits studied, the Shapiro—Wilk test was used.
For the analysis of differences between the ex-
perimental and control groups in the mean values
of indicators that did not follow the normal dis-
tribution, as well as for pairwise comparison of
indicators between carriers of alternative geno-
types, the Mann—Whitney test was used. To ana-
lyze the differences in the mean values of indi-
cators that do not have a normal distribution,
the Kruskal-Wallis test was used in groups of
subjects with different FTO genotypes. To con-

trol the type I error in multiple pairwise compari-
sons of indicators that characterize obesity asso-
ciated morphological traits, the Bonferroni cor-
rection was used; differences at p < 0,017 were
considered significant. All subjects were informed
of the research objectives and gave their in-
formed consent.

Results. The frequencies of genotype oc-
currence in the total sample studied were
FTO*TT 14%, FTO*AT 52,6%, FTO*AA 33,4%,
which corresponds to the Hardy-Weinberg distri-
bution (}* yw = 1,65 p = 0,19). The allele fre-
quencies were 40% and 60% for FTO*T and
FTO*A, respectively. For European populations,
the A allele frequency ranges from 40 to 70% [4].
Distribution of genotypes of the FTO gene in
the subgroups of the studied sample according
to the level of physical activity of the subjects is
displayed in table 1.

Table 1
Genotype distribution frequencies
in the studied subgroups
Genotype | PA, n (%) |Sedentary, n (%)| P-value
FTO*TT 16 (28.,2) 23 (42,1) 2133
FTO*AT | 35(64,1) | 20(368) | X 0.0013
FTO*AA | 4(7.7) 2eLy P

The analysis of associations of the FTO T/A
polymorphism with anthropometric traits charac-
terizing adiposity in general in the studied group
revealed a connection between the A allele and
the increased fat accumulation in the extremities.
Many studies indicate a relationship between the
A allele and high values of BMI and the ratio of
waist circumference to hip circumference, indica-
tors commonly used in medical screenings to as-
sess the risk of metabolic syndrome, obesity, and
type 2 diabetes [5, 7]. When reaching adulthood,
exogenous factors come to the fore, such as the
level of physical activity, diet peculiarities, and
changes in socioeconomic status, which have the
greatest impact on fat mass accumulation and can
significantly mask individual genetic characteris-
tics [2, 6].

The analysis of morphofunctional traits in
two subgroups of males (22—-52 years) with dif-
ferent lifestyles revealed significant differences
in almost all traits characterizing fat content and
fat topography (table 2).

The control group differs from the athletes in
terms of higher values of fat mass (19,9 + 5,5 vs
15,7 £ 5,6 kg, respectively. U =578,0 p <0,0001),
body weight (88,3 + 10,4 vs 81,1 £ 9,8 kg, re-
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Table 2
Descriptive characteristics of participants by groups
PA Sedenta

Phenotype Median + IQR Median + %R P-value
BMI (kg/m?) 25,7 28,1 <0.01

(22,6+27,1) (27,6+30,1) -
Fat mass (kg) 15,7 19,9 <0.01

(10,6+21,1) (14,4+24.,5) -
WHR 0,85 0,89 <001

(0,81+0,89) (0,80+0,96) -
Fat free mass (kg) 65,4 68,4 0.05

(59,9+71,2) (63,1+72,1) ’
Dynamometry 48,5 47,3 0.84

(41,0+55,1) (40,0+54,2) ’

Note. IQR — interquartile range.

spectively. U=618,5 p <0,0001), BMI (28,1 £ 3,2
vs 25,7 + 3,1 kg/m?, respectively, U = 550,0
p < 0,0001), all skinfold thicknesses, and the ra-
tio of waist circumference to hip circumference
(0,89 + 0,09 vs 0,85 £ 0,04, respectively. U =409,0
p <0,0001), which indicates a predominantly
abdominal topography of fat deposition in the
control group together with its excess, compared
with the subgroup of athletes. Thus, representa-
tives of the control group have the highest risks
of multifactorial diseases associated with ab-
dominal/visceral obesity [7]. Regular physical
activity of medium and high intensity in adult-
hood is reflected in a significant decrease in the
level of adiposity according to the results of cali-
perometry and bioimpedancemetry. However,
it does not lead to significant differences in the
amount of muscle (34,7 + 3,1 and 35,8 + 3,3 kg,
U=418,5Z=1,1 p=0,25) and lean body weight
(68,4 5,9 and 65,4 + 58 kg U=35857Z2=1,9
p = 0,05), or strength indicators according to the
results of hand dynamometry (47,3 £ 7,2 and
48,5 £ 7,1 kg, U =4455 Z = -0,2 p = 0,84)
between the control and athlete subgroups.
The obtained result is confirmed by several other
studies on the effect of physical activity on obe-
sity and metabolic syndrome [2, 5].

However, within these subgroups, which dif-
fer significantly in body composition, there are
carriers of all three FTO genotypes. In our opin-
ion, the studied sample makes it possible to
evaluate the effect of regular physical activity on
adiposity and associated risks of multifactorial
diseases for carriers of alternative FTO alleles.
The function of FTO is to regulate food intake
and energy homeostasis [1]. It is shown that

A allele carriers consume more food and prefer
higher calorie food items [4], which leads to
more intensive fat accumulation. In the subgroup
of men who engage in regular sports activities at
either the amateur or professional level, no sig-
nificant differences were found between carriers
of alternative genotypes. One of the most signifi-
cant results of the effect of physical exercise on
the traits studied is, in our opinion, a decrease
in the amount of abdominal fat, which occurs in
all men surveyed in this subgroup, regardless of
the FTO genotype. The average value of BMI
in the subgroup of athletes was 25,7 + 3,1 kg/m?,
which, according to WHO standards, corresponds
to overweight. However, bioimpedance study of
the body composition of this group makes it pos-
sible to conclude that the increase in BMI is due
to good development of muscle mass, not body
fat. High BMI values are common in athletes and
people involved in regular sports activities, while
not accompanied by adverse changes in blood
biochemical parameters that are typical for meta-
bolic changes resulting from weight disorders [8].
In the control group, which is characterized by
the highest body fat mass, a number of significant
differences in somatic characteristics between
carriers of different FTO genotypes were found.
A allele carriers have a larger waist circumfe-
rence and a higher value of the waist-to-hip ratio,
which indicates the abdominal topography of
adiposity. The absence of significant differences
in the thickness of skin-fat folds on the abdomen
against the background of differences in the above
parameters suggests the development of visceral
adiposity in A allele carriers (FTO*AA and
FTO*TA) in the control group.
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Conclusion. Comparison of morphological
parameters in carriers of alternative genotypes in
two subgroups with different lifestyles makes
it possible to conclude that the A allele deter-
mines a greater tendency to accumulate fat in
cases where there is no regular physical activity.
In general, the results obtained for a group of
adult Russian males confirm the associations
of the FTO A allele with a predisposition to
weight gain and obesity. In the absence of dietary
restrictions and regular exercise, truncal (abdo-
minal) adiposity develops in male A allele carri-
ers, which is also accompanied by accumulation
of visceral fat. The most effective way to reduce
the risk of fat accumulation caused by the FTO
A allele is a regular exercise, which ensures not
only a low content of adipose tissue in the body
but also sufficient development of muscle mass.
Thus, our study highlights the possibility that
genetic susceptibility to obesity may be modified
by engaging in regular physical activity.

The reported study was funded by RFBR ac-
cording to the research project Ne 18-59-94015.
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PErYNAPHAA ®USUNYHECKAA HATPY3KA CHUXAET BIIUAHUE
A-ANNENA reHA FTO HA NPEAPACNONOXEHHOCTDb
K OXKUPEHUIO B N'PYINNE PYCCKUX MY>XX4YUH

3.A. BoHdapesa', E.B. [Monoea?, E.C. Kemnepoea®, J.H. Kodanesa®, . OmzoH’
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Heas. HecmoTps Ha TO, UTO BIUSIHUE KUPOBOM MACChl U CBSI3aHHOTO C OKUPEHUEM
rera FTO na Habop Beca XOpoIIo H3y4eHO, MO-TIPeKHEMY HEJOCTATOYHO JaHHBIX O TOM,
MeHSeT NI (pu3ndeckasi akTUBHOCTh Bo3zaelcTBUe BapuaHToB reHa FTO Ha u30BITOUHBIN
Bec y poccusiH. Takum 00pa3oM, Ieb TaHHOTO MCCICAOBAHUSI — U3YUYUTh BIHUSHUC (U-
3MYECKON aKTHBHOCTH, a Takxke Bo3jehcTBUe BapuaHTOB reHa FTO u ¢umsnueckoii ak-
THBHOCTH Ha MOKAa3aTeNu 0KUpEHUs y poccusH. MatepuaJibl M MeToabl. B nccnenoa-
HuM npuHsu yuactue 110 myxuuH u3 Poccuu B Bo3pacte ot 22 1o 52 ner. bouu mno-
Jy4eHBI CJIEIYIONINE aHTPOIIOMETPHUCCKIE JaHHbBIC: IJIMHA U Macca Tella, 00beM Talud
u Oenep. Mmnenanc Tema ObUT U3MEPEH C MPaBOH CTOPOHBI C KCIIOJIB30BaHUEM OWO-
nmnenancmerpa ABC-01 MEJACC (OOO HTL Menacc, Poccust) na yacrore 50 k't B
COOTBETCTBHUHU C TPAAULIMOHHON TETPAHOISIPHOU CXEMOH. Y Ka)J0ro yyacTHHKa HCClie-
JIOBAaHUS TCHOTHUI OMpenessuIcs 1Mo moauMopdHBM cucteMaMm T/A (rs9939609) monwm-
mopdmzma rera FTO (naboparopus JIutex, MockBa). Pe3yabTaThl. Y4acTHUKH HCCIie-
JIOBaHUsI, HE MPAKTUKOBABIINE PETYJPHYIO (PU3UYECKYIO0 HATrPy3Ky, IPOJASMOHCTPHPO-
Banu OoJiee BHICOKME CTATUCTHYSCKU 3Ha4YMMble nokazarenu MMT, sxupoBoii macchl,
obwvema tamuu u 6exep (P < 0,01). [Ipu aToM B rpymre Ui, BeIyIIAX MaJOIoIBHKHBIN
o0pa3 XU3HU, OBUIH YCTAHOBJICHBI 3HAYMTENBHBIE KOPPEISIINU MEXIy TpeMs TeHOTH-
namu reHa FTO u mokazarensiMu OXUPEHHs. YYaCTHHKH, MPAKTUKYIOIINE PETYISIPHYIO
(bM3UYECKYI0 HArpy3Ky, HE MPOJCMOHCTPUPOBAIM CTATHCTUYCCKH 3HAUMMBIX CBsI3CH
Mexnay reHotunamu reHa FTO u cBS3aHHBIMH C OXXUpeHUEM (eHOTUIaMu. 3aKJIrode-
Hue. CpaBHeHHE MOPQOJIOTHIESCKAX MapaMeTPOB y HOCHUTEJEH albTepHATHUBHBIX T'€HO-
THUTIOB W3 IBYX MOATPYTII, BEAYIINX Pa3HbIA 00pa3 >KU3HH, TIO3BOJSET CAENaTh BHIBOJ,
yTO0 A-ajuiens ompenessieT OOMNBIIYI0 MPeapacloioKEHHOCTh K HAKOIUICHUIO KUPOBOU
MAacChl B OTCYTCTBHUE PErYISPHON (PU3MUECKON HATPY3KH.

Knrouesvie cnosa: ghuzuueckas akmusnocms, cen FTO, oocupenue, dcuposas macca,
HUMT, nacenenue Poccuu.
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