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According to the WHO, the number 
of childhood obesity cases has reached 
alarming levels in many countries and 
continues to grow (https://www.who.int/
end-childhood-obesity/facts/ru/). Pediat-
ric obesity remains an ongoing serious 
in Russian, especially in boys aged 11 
years [4]. It was found that only 60% of 
the school children had a normal weight, 
the prevalence of obesity and overweight 
reached 40%  and 10% of children with 
underweight.

It is known that the main cause of 
childhood obesity is energy imbalance 
as result from excessive energy intake 
(WHO https://www.who.int/end-child-
hood-obesity/facts/ru/). However, only 
physical activity and frequent consump-
tion of fatty foods cannot be explained 
cases of familial obesity. Besides more 
than 79 obesity-related syndromes are 
known. Identification of genes for morbid 
obesity will allow for corrective therapy 
starting from childhood [9].

 One of the most well-known genes 
for obesity is the gene for the peptide 
hormone leptin, which is responsible for 
anorexigenic action or appetite suppres-
sion. Leptin, on the one hand, reduces 
the formation of insulin, and on the other, 
it increases the sensitivity of cells to in-
sulin. In turn, this may contribute to the 
development of insulin resistance and 
the formation of type 2 diabetes mellitus 
(T2DM) in patients with high leptin levels. 
The rs2167270 polymorphic marker of 

the LEP gene correlates with leptin lev-
els and is also associated with metabolic 
syndrome, T2DM and is a risk factor for 
cardiovascular diseases [5, 14, 16]. The 
polymorphic marker causing the A to G 
substitution at position -2548 upstream 
of the ATG start site in the 5'-region of 
the leptin gene promoter is responsible 
for altered expression. Thus, in com-
parison with the G allele, the A allele is 
associated with a twofold increase in 
gene expression [18]. Obese people de-
velop leptin resistance; they have both 
high concentrations of leptin in the blood 
plasma and very low. High concentration 
can be the cause of leptin resistance and 
responsible for activating the molecu-
lar mechanisms underlying leptin resis-
tance. On the other hand, a well-known 
leptin defect leading to structural disrup-
tion and a decrease in leptin levels lead 
to a constant feeling of hunger in patients 
and leads to obesity. The manifestation 
of leptin is also mediated by binding to 
the leptin receptor (LEPR) located on the 
membrane of hypothalamic cells [12]. 
LEPR belongs to the family of cytokine 
class receptors [13]. There are function-
ally significant polymorphic variants of 
the leptin receptor gene with a possible 
biological effect on metabolic regulation. 
The polymorphic marker rs1137100 of 
the LEPR gene is located in exon 4 and 
leads to an amino acid substitution in the 
protein sequence (K109R). In our study, 
Kochetova OV, 2019, an association of 
the rs1137100 locus of this gene with the 
BMI level in the population of Tatars with 
type 2 diabetes mellitus was revealed [1].

Leptin leptin interacts with hypotha-
lamic receptors to induce satiety, inhib-
iting the neuronal activity of orexigenic 
neuropeptide Y (NPY) / agouti-related 
peptide (AgRP), and stimulating anorexi-
genic neuronal activity. Children's eating 
behavior is provided by both genes and 
the environment [17]. Martín-Pérez C, 
et al., 2018 revealed a violation of the 
functional activity of the hypothalam-

ic-pituitary system during overeating and 
obesity in adolescents; eating disorders 
were determined using the CEBQ ques-
tionnaire [11].

The aim of our work was to analyze 
the associations of polymorphic variants 
of the LEP and LEPR genes with child-
hood obesity and the assessment of eat-
ing behavior in children.

Material and methods. The study 
used DNA samples from 380 children liv-
ing in the city of Ufa. Of these, 170 are 
obese and overweight patients and 270 
children without signs of obesity. The 
description of the samples is given in 
table. 1. The average age of children in 
the obese group was 7.1 ± 2.3 years, in 
the control group 7.3 ± 2.5 years (the age 
ranged from 2 to 10 years). Anthropo-
metric measurement was carried out ac-
cording to standard methods. To assess 
anthropometric status, reference tables 
of the World Health Organization (WHO) 
for 2006 and 2007 were used, which are 
based on Z-scores for body mass index 
(BMI) depending on gender and age. For 
statistical analysis, overweight was de-
termined as follows: for children under 5 
years of age (z> +2 points) (http://who.int/
childgrowth/standards/ru/), for children 
aged 5 to 10 years (z > +1) (http://who.
int/growthref/who2007_bmi_for_age/en/
index.html). The sample was formed on 
the basis of a multidisciplinary hospital 
(City Clinical Hospital No. 17, Ufa).

Genotyping. DNA was isolated from 
peripheral blood leukocytes using phe-
nol-chloroform purification. Conditions for 
PCR, primer sequences are presented in 
the study of M. Krylov et al., 2010 [2]. The 
results of amplification and restriction 
were assessed using vertical electropho-
resis in 6–8% polyacrylamide gel. The gel 
was stained with a solution of ethidium 
bromide (0.1 μg / ml) for 15 min and pho-
tographed in transmitted ultraviolet light. 
To determine the size of the product, a 
molecular weight marker with a step of 
100 bp (SibEnzyme, Russia) was used. 
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The work was carried out using the 
equipment of the Center for Collective 
Use "Biomika" and UNU "KODINK".

Eating behavior analysis (BP) was 
carried out using the Child Eating Behav-
ior Questionnaire (CEBQ) [8]. The ques-
tionnaire consists of 8 scales, such as: 
Food responsiveness (FR); Enjoyment of 
food (EF), Satiety responsiveness, (SR); 
Slowness in eating (SE); Food fussi-
ness (FF); Emotional over-eating (EOE); 
emotional under-eating (EUE); Desire to 
drink (DD). CEBQ has good psychomet-
ric properties: internal consistency, test 
reliability, and dynamic stability. Used 
to analyze the eating behavior of young 
children.

Statistical processing of results. 
Statistical processing of the data was 
performed using the SPSS Statistics 22 
software packages. The association be-
tween polymorphic variants of the stud-
ied genes and obesity was assessed 
using the Pearson χ2 test. The groups of 
obese patients and children of the con-
trol group were compared in pairs. The 
frequencies of alleles and genotypes, 
the correspondence of the distribution 
of genotype frequencies to the Hardy – 
Weinberg equilibrium (χ2 and P) were 
calculated. Logistic regression was used 
to identify the association of polymorphic 
variants of the studied genes with the de-
velopment of obesity and eating behav-
ior; the exponent of the individual regres-
sion coefficient (beta) was interpreted as 
the odds ratio (OR) with the calculation 
of a 95% confidence interval. The con-
tribution of allelic variants of the stud-
ied candidate genes to the variability of 
quantitative clinical and biochemical pa-
rameters (glucose, lipid levels, etc.) and 
CEBQ scores was determined using the 
Kruskal-Wallis test (in the case of three 
groups) or Mann-Whitney (in the case of 
two groups).

Results and discussion. An analysis 
was carried out for the correspondence 
of the frequency distribution of the gen-
otypes of polymorphic loci to the Hardy 
– Weinberg equilibrium, and the frequen-
cy of a minor allele frequency (MAF) was 
tested in the patient and control samples. 
The following results were obtained in 
control group: for LEPR rs1137101 gene 
(PX-B = 0.06, MAF=0.3019), for LEP 
rs2167270 gene (P=0.53, MAF=0.3241), 
in the group of patients for LEPR 
rs1137101 gene (PX -B = 0.23, MAF = 
35.59) and for LEP rs2167270 gene (PX-
B=0.23, MAF=35.59).

N is the number of individuals in the 
group. P * is the significance level com-
paring the frequencies of alleles or geno-
types of the control group and the group 

of patients, P ** is the significance level of 
the Armitage trend test, P *** is the signif-
icance level adjusted for gender, age of 
gestation, and feeding. Statistically sig-
nificant differences (P<0.05) are marked 
in bold.

The analysis of the scales of the CEBQ 
questionnaire showed differences in the 
compared groups of children in terms of 
the indicators Food responsiveness (FR) 
(P=0.01) and Enjoyment of food, (EF) 
(P=0.03). These indicators determined 
low satiety, increased appetite and in-
terest in food, that contributes to the de-
velopment of obesity. Hirsch Ya. V. et al., 
2018 confirmed the results [3]. Analysis 
of allele and genotype frequencies for 
polymorphic markers of LEP and LEPR 
genes between overweight children and 
the control group statistically significant 
differences were not obtained (Table 2).

Analysis of quantitative parameters of 
obesity and eating behavior (CEBQ) is 
presented in table 3. Statistically signifi-
cant associations were also observed for 
gene LEP (rs2167270) with Enjoyment of 
food (EF) (P=0.03) and Slowness in eat-
ing (SE) (P=0.0096). Carriers of allele A 
had higher scores for the EF scale and 
low scores for the SE scale (Table 3). The 
association was also found with fasting 
glucose for the rs2167270 locus of the 
LEP gene (P=0.032). Carriers of the AA 
genotype had high blood glucose levels, 
reaching 6.25 mmol/L. It can be assumed 
that allele A is an eating disorder risk 
allele in children, and also leads to the 
development of insulin resistance. Poitou 
C et al. (2005) showed a decrease in the 

leptin level in children with morbid obe-
sity, carriers of the GG genotypes LEP 
(rs2167270) [15]. However, allele G was 
associated with decreased blood leptin 
levels according to other authors [6]. Our 
study confirms the absence of a relation-
ship between LEP rs2167270 gene poly-
morphic locus and the risk of obesity in 
children and indicates the ambiguity of 
the results obtained [7].

Associations with birth weight, cur-
rent weight, Z-scores and percen-
tiles were established for the LEPR 
rs1137100 marker (P=0.02, P=0.032, 
P=0.028, P=0.04). Carriers of the gen-
otypes AA and AG had a higher birth 
weight and currently weight, high 
Z-score and percentile levels. Obesity 
in adolescents was associated with both 
the A and G alleles [10]. A allele of the 
LEPR rs1137100 locus is characterized 
by an increased level of leptin and im-
paired glucose tolerance in girls with 
an android fat mass; for the G allele, 
an association was found in girls with 
a gynoid fat mass[10]. Several studies 
have shown severe leptin resistance in 
obese that its level is much higher than 
in patients with obesity. The association 
is most likely associated with leptin re-
sistance mediated by the leptin receptor.

Conclusion. These results indicate 
the association of polymorphic variants 
of the gene LEP with the nutritional char-
acteristics of children (CEBQ) and glu-
cose level and LEPR with anthropometric 
characteristics.

This study was partially funded by the 
Russian Foundation for Basic Research 

Clinical and biochemical characteristics of children

Parameters Control group
(N = 270)

Obesity
(N=170) P

Boys, N (%) 118 (56.2%) 92 (54.1%) 0.67
Girls, N (%) 92 (43.8%) 78 (45.9%) 0.71
Age, years 7.3±2.5 7.1±2.3 0.81
Weight, kg 19.7±3.5 22.4±2.6 0.002
Height, cm 113.1±8.9 106.8±7.3 0.08
Percentile 38.9±10.1 92.5±3.2 0.0001
BMI, kg / m2 15.5±2.1 19.6±3.4 0.0001
Gestational age, weeks 39.1±1.1 39.0±1.4 0.78
Birth weight, g 3313±100 3376±110 0.69

CEBQ
FR, Food responsiveness 1.9±0.47 2.2±0.77 0.01
EOE, Emotional over-eating 1.6±0.54 1.7±0.63 0.89
EF, Enjoyment of food 3.0±0.63 3.35±0.82 0.03
DD, Desire to drink, 2.9±0.84 2.8±0.81 0.13
SR, Satiety responsiveness 3.1±0.57 2.99±0.60 0.22
SE, Slowness in eating 2.5±0.58 2.6±0.70 0.94
EUE, Emotional Malnutrition 2.8±0.78 2.8±0.87 0.87
FF, Food fussiness 2.9±0.43 3.1±0.49 0.73

Note: - statistically significant differences are in bold, P - significance level.

Table 1
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(no. 20-013-00261) and the Ministry of 
Science and Higher Education of the 
Russian Federation, Research Work no. 
АААА-А16-116020350031-4.

1. Анализ ассоциаций полиморфных 
вариантов генов LEPR (rs1137100), LRP5 

(rs3736228) и LPL (rs320) с риском развития 
сахарного диабета 2-го типа / О. В. Кочето-
ва, Д. Ш. Авзалетдинова, Л. Ф. Шарипова [и 
др.]. Генетика. 2019; 55(4); 458-467 [Analysis 
of associations of polymorphic variants of LEPR 
(rs1137100), LRP5 (rs3736228), and LPL (rs320) 
genes with the risk of developing type 2 diabetes 
mellitus / O. V. Kochetova, D. S. Avzaletdinova, L. 
F. Sharipova [et al.]. Russian Journal of Genetics. 
2019; 55(4): 495-503 (in Russ.).]

2. Крылов М. Ю. Полиморфизм A19G 
гена лептина и полиморфизмы Gln223Arg и 
Lys109Arg гена рецептора лептина при пост-
менопаузальном остеопорозе / М.Ю. Крылов, 
Л.И. Беневоленская, В.А. Мякоткин // Науч-
но-практическая ревматология. - 2010. - №.5. 
– С. 27-31. [Krylov M.Yu., Benevolenskaya L.I., 
Myakotkin V.A. Leptin A19G polymorphism and 
Leptin receptor Gln223Arg and Lys109Arg poly-
morphisms in postmenopausal osteoporosis. Sci-
entific-practical rheumatology. 2010; 5: 27-31 (in 
Russ.).]

3. Особенности пищевого поведения де-
тей младшей возрастной группы, проживаю-
щих в условиях урбанизированного города и 
районных центров / Я.В. Гирш, Т.А. Юдицкая, 
А.А. Тепляков [и др.]. Вестник СурГУ. Меди-
цина. 2018; 2: 47-51 [Food behavior features of 
children of younger age group living in urbanized 
cities and district centers / Y.V. Girsh, T.A. Yudits-
kaya, A.A. Teplyakov [et al.]. Bulletin of  SurGU. 
Medicine. 2018; 2: 47-51 (in Russ.).]

4. Оценка физического развития детей 
среднего и старшего школьного возраста: 

Table 2

Table 3

Frequency distribution of genotypes and alleles of LEP and LEPR genes

Genotypes and 
alleles

Obesity (N = 170)
N (%) 

Control (N = 270)
N (%) P* Р** P***

LEP rs2167270
GG 
AG
AA
G
A

73 (42.94)
73 (42.94)
24 (14.12)
219 (64.41)
121 (35.59)

126 (46.67)
113 (41.85)
31 (11.48)

365 (67.59)
175 (32.41)

0.63 

0.37

0.07 0.66

LEPR rs1137100
AA
AG
GG
A
G

69 (40.59)
84 (49.41)
17 (10.00)
222 (65.29)
118 (34.71)

125 (46.30)
127 (47.04)
18 (6.67)

377 (69.81)
163 (30.19)

0.31

0.19

0.13 0.36

N is the number of individuals in the group. P * is the significance level comparing the fre-
quencies of alleles or genotypes of the control group and the group of patients, P ** is the 
significance level of the Armitage trend test, P *** is the significance level adjusted for gender, 
age of gestation, and feeding. Statistically significant differences (P <0.05) are marked in bold.

Analysis of associations of polymorphic loci of genes LEP, LEPR, clinical and anthropometric parameters
and eating behavior scales (CEBQ) in children

Parameter LEP rs2167270 P* P** LEPR rs1137100 P* P**

GG AG AA AA AG GG

FR 1.82
(0.09)

1.81
(0.1)

1.95
(0.45) 0.89 0.72 1.78 (0.08) 1.90

(0.24)
2

(0.14) 0.51 0.12

EOE 1.53
(0.12)

1.73
(0.14)

1.69 
(0.53) 0.58 0.75 1.52 

(0.1)
1.86

(0.21) 2 (0.49) 0.16 0.07

EF 2.62 
(0.2)

3.04
(0.13)

3.62 
(0.41) 0.03 0.04 2.9

 (0.13)
3.08

(0.29) 0.86 (0.75) 0.84 0.12

DD 3.12
(0.22)

2.79
(0.19)

2.92
(0.25) 0.52 0.15 2.87 (0.15) 3.5

(0.25) 2.75 (0.21) 0.34 0.36

SR 3.25 
(0.12)

3.12
(0.17)

3.05 
(0.39) 0.75 0.79 3.19 (0.11) 3.1

(0.25) 2.95 (0.15) 0.75 0.37

SE 2.92
(0.15)

3.75
(0.37) 

2.64
(0.14) 0.0096 0.045 2.88 (0.12) 2.96

(0.25) 3.19 (0.58) 0.43 0.29

EUE 2.84 
(0.19)

2.62
(0.19)

2.81
(0.43) 0.72 0.83 2.76 (0.14) 2.71

(0.31) 2.94 (0.68) 0.80 0.73

FF 3.05
(0.12)

2.81
(0.09)

3.38 
(0.22) 0.063 0.19 2.96 (0.09) 3.11

(0.09) 3.12 (0.38) 0.49 0.56

ИМТ, kg/m2 15.86 (0.31) 20.68
(2.25) 18.24 (1.18) 0.17 0.19 18.35 

(2.07)
19.05
(1.38)

18.18 
(1.03) 0.96 0.80

Age, month 52.11 (7.53) 56.55
(7.91) 28.36 (9.42) 0.2 0.14 47.35 

(6.41)
63.12
(9.52)

26.58 
(7.14) 0.076 0.04

Birth weight, g 3226.32 
(109.4)

3237.17 
(112.93)

3282.5 
(169.04) 0.97 0.96 3248.19 

(110.19)
3264.92 
(112.13)

2855.56 
(226.15) 0.02 0.03

Weight, kg 18.16 (1.68) 20.92
(2.31) 14.84 (3.47) 0.34 0.32 17.37 

(1.52)
23.3 

(2.88)
12.38 
(1.94) 0.032 0.03

Z-score -0.29 
(0.3)

0.67
(0.35)

1.01
 (0.92) 0.13 0.05 -0.22 

(0.31)
0.78

(0.41) 1.53 (0.79) 0.028 0.015

Precentiles 40.06 (5.02) 55.44
(4.73)

60.13 
(10.47) 0.059 0.06 70.74 

(9.95) 
52.21 
(5.43)

44.12 
(4.56) 0.041 0.015

Glucose, mmol /l 5.32
(0.23)

5.18
(0.16)

6.25 
(0.45) 0.032 0.04 5.35 (0.18) 5.46

 (0.22)
5.1 

(0.38) 0.73 0.46
 

P * significance for the Kruskal–Wallis H-test, P ** significance for the Kruskal–Wallis H-test adjusted for gender, age of gestation, and feed-
ing. Statistically significant differences (P <0.05) are marked in bold.
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