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Abstract  The article presents the results of the study of gene polymorphisms involved in the development of 
metabolically healthy and metabolically complicated obesity in Uzbek women of reproductive age. As a result of the 
research, the degree of occurrence of alleles and genotypes of the G2548A polymorphism of the LEP gene was evaluated. 
According to the analysis of the obtained results, in both phenotypes of obesity, carriers of the G allele of the LEP gene 
G2548A polymorphism and the GG genotype have a higher TVI, which increases their TVI and aggressively affects the 
development of MAS, while the A allele and AA and GA genotypes are at the I and II levels of obesity. relatively more 
common means that these alleles and genotypes have a protective effect against increased TVI. Early detection of defects in 
this polymorphism allows the identification of risk groups for the development of metabolic complications in obese patients 
and makes it possible to carry out personalized preventive measures in them.  
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1. Introduction 
Many studies have proven the impossibility of a 

one-size-fits-all approach to determining optimal diets for 
overweight and obese patients. What has been shown in 
various works devoted to the study of gene polymorphisms 
associated with obesity and their interaction [5]. 

Apart from genetic factors, human leptin is encoded by the 
leptin gene on chromosome 7q32.1 [2,3]. It is highly 
polymorphic, and a number of single-nucleotide polymorphisms 
(SNPs) have been found in promoters, exons, and introns 
regions of this gene [1,4]. Several studies have reported the 
associations of human leptin gene with obesity, insulin 
resistance, and diabetes mellitus across different population 
[3,5,7]. From which, leptin promoter G2548A (rs7799039: 
guanine > adenine) polymorphism was reported to be 
associated with increased leptin level, obesity, breast cancer, 
insulin resistance, and T2DM in many populations [9].  

The most common causes of obesity are eating disorders, 
genetic predisposition, physical inactivity, endocrine system 
disorders, and environmental factors. There is evidence of a 
clear relationship between high consumption of sugary 
drinks and weight gain. Since 1990, there has been a 
significant increase in the number of people with obesity,  
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primarily associated with the promotion of sugary 
carbonated drinks. A combination of moderate physical 
activity and a dietary change to less than 30% total fat, 
including less than 10% saturated fat, resulted in long-term 
excess weight loss, according to a study in Finland on 
diabetes prevention [2,3,8].  

The PPARG gene consists of 9 exons and 8 introns and is 
located on chromosome 3p25. There are 2 isoforms of the 
PPARG protein: PPARG1 and PPARG2, which differ from 
each other by the presence of a 28-amino acid site at the 
N-terminus of PPARG2. PPARG1 is expressed in almost all 
tissues of the body, and PPARG2 is expressed to a greater 
extent in adipose tissue. PPARG activation is known to 
increase adipogenesis and adipocyte differentiation. In 
macrophages, PPARG is involved in suppressing the 
production of pro-inflammatory cytokines and increasing 
tissue susceptibility to insulin, and in the liver and skeletal 
muscles, in the metabolism of glucose and lipids. 

A more common mutation of the PPARG gene is 
considered to be a single-nucleotide substitution of cytosine 
for guanine in codon 12 (exon B) (rs1801282), as a result of 
which proline is replaced by alanine (Pro12Ala) in the 
PPARG2 protein, which leads to a decrease in the 
transcriptional activity of target genes, including leptin. , a 
peptide hormone that regulates energy metabolism, resistin, 
an adipose tissue hormone that controls insulin sensitivity of 
cells, and an inhibitor of plasminogen activation 1 [7]. 
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2. Aim of the Study 
The aim of this work was to establish the role of the 

G2548A polymorphisms of the LEP gene, the GLY482SER 
polymorphism of the PPARGC1A gene and the 
ARG223GLN polymorphism of the LEPR gene in the 
development of metabolically complicated obesity. 

3. Material and Methods 
The study was conducted among people of the Caucasian 

race, the indigenous people of Uzbekistan. 2 groups of 
patients were examined: the main group of 133 obese 
patients with complicated metabolic syndrome (OMS), 45 
practically healthy individuals as a control group, 
comparable with the main groups by sex and age. The mean 
age of the main group was 42.0±0.5 years and the control 
group 43.2±0.8 years.  

Criteria for exclusion from the study: 
• relatives of persons included in the survey; 
• pregnancy. 
Molecular genetic testing of DNA was performed by 

polymerase chain reaction in blood and included the study of 
the Gly482Ser polymorphism of the PPARGC1A gene. 

Statistical processing of the obtained data was carried out 
using the program Statistica 6.1. Genotypes and alleles were 
analyzed using the chi-square test (%2). Differences were 
considered statistically significant at p < 0.05. The odds ratio 
(OR) and relative risk (RR) of developing OOMS in the 
presence of different alleles and genotypes were calculated. 
To determine the frequencies of allelic variants of genes, the 
Hardy–Weinberg law and the Hardy–Weinberg formula 
were used. 

4. Results 

When analyzing the body mass index in the studied groups, 
it was found that in the main group it was 37.4±0.3 kg/m2, 
and 25.4±0.3 kg/m2 in the control group, respectively 
(P<0.001). 

The prevalence of genotypes of the G2548A 
polymorphism of the LEP gene in the studied groups is 
presented in Table 1. 

The risk of encountering the G allele in patients with 
MCOS was 2.023 and in controls was 0.667, that is, this 
allele was reliably 3.0 times more frequent in patients than in 
controls. This result indicates that the G allele has a reliable 
aggressive characteristic for the development of MCOS 
(χ2=19,2; RR=1,7; CI 95%-1,281-2,184; OR=3,0; CI 
95%-1,853-4,968; p<0,001). 

The risk of encountering the A allele in patients with 
MCOS was 0.494 and in controls was 1.500, that is, this 
allele was 3.0 times more likely to occur in patients with 
MCOS than in controls. This result means that the frequency 
of allele A in healthy people has a reliable protective 
property against the development of MCOS (χ2 = 20,0; 
RR=0,6; CI 95% - 0,434-0,701; OR=0,3; CI 95% - 0,201-0,540; 
p<0,001). 

G/G genotype as a risk factor for the development of this 
disease in patients diagnosed with MCOS was 0.928, and in 
the control group, this indicator was 0.286, that is, in patients 
diagnosed with MCOS, this genotype occurred 3.2 times 
more reliably than in healthy individuals. This result 
indicates that the G/G genotype has a reliable aggressive 
characteristic for the development of MAS (χ2=8,3; RR=2,2; 
CI 95%-1,219-3,846; OR=3,2; CI 95%-1,487-7,087; 
p<0,05). 

G/A genotype as a risk factor for the development of this 
disease in patients diagnosed with MCOS was 0.602, in the 
control group this indicator was 0.552, that is, in patients 
diagnosed with MCOS, this genotype was 1.1 times more 
common than in healthy individuals, but this difference was 
not reliable (χ2=14,0; RR=0,3; CI 95%-0,197-0,580; 
OR=0,2; CI 95%-0,106-0,490; p<0,001). 

Table 1.  The prevalence of alleles and genotypes of the G2548A polymorphism of the LEP gene in patients with metabolically complicated obesity 
syndrome (MCOS) and in the control group 

alleles, 
geno- 
types 

Frequency of occurrence 
χ2 
Р 

Р 
RR 

RR 
95% 
CI 

95% 
CI 
OR 

OR 
95% 
CI 

95% CI 
alleles, 
geno- 
types 

Patients with 
MCOS, n=133, 

(%) 

Control 
group, 

n=45 (%) 

G 178 66,9 36 40,0 19,2 <0,001 1,7 
1,281 
-2,184 

3,0 
1,853 
-4,968 

A 88 33,1 54 60,0 20,0 <0,001 0,6 
0,434 
-0,701 

0,3 
0,201 
-0,540 

G/G 64 48,1 10 22,2 8,3 =0,005 2,2 
1,219 
-3,846 

3,2 
1,487 
-7,087 

G/А 50 37,6 16 35,6 0,004 =0,9 1,1 
0,674 
-1,659 

1,1 
0,540 
-2,208 

А/А 19 14,3 19 42,2 14,0 <0,001 0,3 
0,197 
-0,580 

0,2 
0,106 
-0,490 
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A/A genotype as a risk factor for the development of this 
disease in patients diagnosed with MCOS was 0.167, and in 
the control group, this indicator was 0.731, that is, in healthy 
individuals, this genotype occurred 4.4 times more reliably 
than in patients diagnosed with MCOS. This result shows 
that the A/A genotype has a reliable protective property 
against the development of MCOS (χ2=14,0; RR=0,3; CI 
95%-0,197-0,580; OR=0,2; CI 95%-0,106-0,490; p<0,001). 

The prevalence of genotypes of the Gly482Ser 
polymorphism of the PPARGC 1A gene in the studied 
groups is presented in Table 2. 

The risk of occurrence of the Gly allele in patients with 
MCOS was 1.128, and in the control group it was 2.462, that 
is, this allele was significantly more common in healthy 
individuals 2.2 times more often than in patients. This result 
indicates that the Gly allele has a reliable protective property 
against the development of MCOS (χ2 = 8,3; RR=0,8; 95% 
CI - 0,627-0,887; OR=0,5; 95% CI - 0,274-0,767; p=0,004). 

The risk of occurrence of the Ser allele in patients with 
MCOS was 0.887, and in the control group it was 0.406, that 
is, this allele was found in patients 2.18 times more often 
than in controls. This result indicates that the Ser allele has a 
significant aggressive property for the development of 
MCOS (χ2 = 9,3; RR = 1,6; 95% CI - 1,148-2,305; OR = 2,2; 
95% CI - 1,303-3,654; p = 0,003). 

The occurrence of the Gly/Gly genotype as a risk factor 
for the development of this disease in patients with MCOS 
was 0.494, and in the control group this figure was 1.143, 
that is, in healthy individuals, this genotype occurred 2.3 
times more reliably than in patients with OOMS. This result 
shows that the Gly/Gly genotype has a reliable protective 
property against the development of MCOS (χ2 = 5.7; RR=0.6; 
95% CI 0.431-0.893; OR=0.4; 95% CI - 0.217-0.861; p = 0.017). 

The occurrence of the Gly/Ser genotype as a risk factor for 
the development of this disease in patients diagnosed with 
MCOS was 0.662, and in the control group this figure was 
0.552, i.e., although this genotype occurs 1.2 times more 
often in patients diagnosed with MCOS than in healthy 
individuals, this difference is not significant (χ2 = 0.3; 
RR=1.1; 95% CI - 0.718 -1.750; OR=1.2; 95% CI - 
0.595-2.423; p=0.6). 

The Ser/Ser genotype as a risk factor for the development 
of this disease in patients diagnosed with MCOS was 0.371, 
and in the control group this figure was 0.125, that is, in 
patients with a diagnosis of MCOS, this genotype occurred 
3.0 times more often than in healthy individuals. This result 
indicates that the Ser/Ser genotype has a significant 
aggressive property for the development of MCOS (χ2 = 5.4; 
RR=2.4; 95% CI -1.018-5.828; OR=3.0; 95% CI 1.086- 
8.114; p = 0.021). 

Table 2.  The prevalence of alleles and genotypes of the Gly482Ser polymorphism of the PPARGC1A gene in patients with obese complicated metabolic 
syndrome (OMS) and in the control group 

alleles, 
geno- 
types 

Frequency of occurrence 
χ2 
 

Р 
 

RR 
 

95% 
CI 

 

OR 
 

95% 
CI 

 

Patients with 
MCOS, n=133, 

(%) 

Control 
group, 

n=45 (%) 

Gly 141 53,0 64 71,1 8,3 =0,004 0,8 0,627-0,887 0,5 0,274-0,767 

Ser 125 47,0 26 28,9 9,3 =0,003 1,6 1,148-2,305 2,2 1,303-3,654 

Gly/Gly 44 33,1 24 53,3 5,7 =0,017 0,6 0,431-0,893 0,4 0,217-0,861 

Gly/Ser 53 39,8 16 35,6 0,3 =0,6 1,1 0,718 -1,750 1,2 0,595-2,423 

Ser/Ser 36 27,1 5 11,1 5,4 =0,021 2,4 1,018-5,828 3,0 1,086 -8,114 

Table 3.  The prevalence of alleles and genotypes of Arg223Gln polymorphism of the LEPR gene in patients with obese complicated metabolic syndrome 
(OMS) and in the control group 

alleles, 
genotypes 

Frequency of occurrence 

χ2 Р RR 
95% 
CI 

OR 
95% 
CI 

Patients with 
MCOS, n=133, 

(%) 

Control 
group, 

n=45(%) 

Arg 135 50,8 29 32,2 8,6 =0,004 1,6 
1,141 
-2,174 

2,2 
1,311 
-3,585 

Gln 131 49,2 61 67,8 9,5 =0,003 0,7 
0,602 
-0,877 

0,5 
0,279 
-0,763 

Arg/Arg 40 30,0 6 13,3 4,1 <0,05 2,3 
1,025 
-4,964 

2,8 
1,096 
-7,128 

Arg/Gln 55 41,4 17 37,8 0,06 =0,8 1,1 
0,715 
-1,676 

1,2 
0,580 
-2,326 

Gln/Gln 38 28,6 22 48,9 5,3 =0,021 0,6 
0,391 
-0,873 

0,4 
0,209 
-0,838 
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The prevalence of Arg223Gln polymorphism genotypes of 
the LEPR gene in the studied groups is presented in Table 3. 

The risk of encountering the Arg allele in patients with 
MCOS was 1.031 compared to 0.475 in the control group, 
i.e., this allele was found in patients 2.2 times more often 
than in the control group. This result indicates that the Arg 
allele has a reliable aggressive property for the development 
of MCOS (χ2=8.6; RR=1.6; 95%-1.141-2.174 CI; OR=2.2; 
95%-1.311-3.585 CI; p=0.004). 

The risk of the Gln allele was 0.970 in patients with 
MCOS and 2.103 in controls, i.e., this allele was 2.17 times 
more common in patients with MCOS than in controls. This 
result means that the frequency of the Gln allele in healthy 
people has a reliable protective effect against the 
development of MCOS (χ2 = 9.5; RR=0.7; 95% CI - 
0.602-0.877; OR=0.5; 95% CI - 0.279 -0.763). (p=0.003). 

The Arg/Arg genotype as a risk factor for the development 
of this disease in patients diagnosed with MCOS was 0.430, 
and in the control group this figure was 0.154, that is, in 
patients with a diagnosis of MCOS, this genotype occurred 
2.8 times more reliably than in healthy individuals. This 
result indicates that the Arg/Arg genotype has a significant 
aggressive characteristic for the development of MCOS 
(χ2=4.1; RR=2.3; 95% CI - 1.025-4.964; OR=2.8; 95% CI - 
1.096 -7.128, p < 0.05). 

The occurrence of the Arg/Gln genotype as a risk factor 
for the development of this disease in patients diagnosed 
with OOMS was 0.705, and in the control group this figure 
was 0.607, that is, in patients with a diagnosis of OOMS, this 
genotype occurred 1.16 times more often than in healthy 
individuals, but this difference was not significant (χ2=0.06; 
RR=1.1; 95% CI - 0.715-1.676; OR=1.2; 95% CI - 0.580-2.326; 
p=0.8). 

The Gln/Gln genotype as a risk factor for the development 
of this disease in patients diagnosed with MCOS was 0.400, 
and in the control group this figure was 0.957, that is, in 
healthy individuals, this genotype occurred 2.4 times more 
often than in patients diagnosed with MCOS.  This result 
indicates that the Gln/Gln genotype has a strong protective 
property against the development of MCOS (χ2=5.3; 
RR=0.6; 95%-0.391-0.873 CI; OR=0.4; 95%-0.209-0.838 
CI ; p=0.021). 

5. Conclusions 
Summarizing, according to the obtained results, the 

Gly482Ser polymorphism of the PPARGC1A gene     
was associated with the development of metabolically 
complicated obesity, based on the more frequent occurrence 
of the Ser mutation allele (2.18 times more often) than the 
group of healthy individuals, the heterozygous Gly/Ser 
genotype (1.2 times more often) and mutational genotype 
Ser/Ser (3.0 times more often). 

The G2548A polymorphism of the LEP gene was associated 
with MCOS, the mutation allele A was significantly more 

common in the group of patients with obesity compared to 
the control group (60% vs. 33.1%), this pattern was not 
characteristic of the mutational genotype. 

With regard to the Arg223Gln polymorphism of the LEPR 
gene, an association of MCOS with the normal Arg allele 
(2.2 times more often), with the normal homozygous 
Arg/Arg genotype (2.8 times more often) was determined. 
Based on the obtained results, it can be concluded that there 
is a risk of developing MCOS in patients with defects in the 
Gly482Ser polymorphism of the PPARGC1A gene, whose 
mutational alleles and genotypes are highly associated with 
this category of patients. Early determination of the presence 
of defects in this polymorphism will create an opportunity  
to identify risk groups for the development of metabolic 
complications in patients with obesity and will allow for 
personalized preventive measures. 
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