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One of the most important problems of mod-
ern society is the spread of «diseases of civili-
zation»: obesity, atherosclerosis, diabetes mel-
litus (DM), non-alcoholic fatty liver disease 
(NAFLD) and high mortality associated with 
their complications. It is generally accepted 
that NAFLD is a component of the metabol-
ic syndrome and is often combined with obe-

sity, type 2 DM, atherogenic dyslipidemia, and  
others [1]. It is known that NAFLD is a global 
problem in the field of health care [2]. 

The pathogenesis of NAFLD includes a num- 
ber of factors, and several interrelated mecha-
nisms, such as insulin resistance, lipotoxicity, 
imbalance of inflammatory mediators, endo-
toxinemia, and others [3]. Chronic inflamma-
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tion, fibrosis, and cell death are the main dri­
vers of NAFLD progression [4]. The etiology of 
NAFLD remains largely unclear but is likely 
multifactorial. In the development of fatty in-
filtration of the liver of non-alcoholic origin, 
exogenous factors, hormonal disorders, and ge-
netic factors are important [5, 6]. The NAFLD 
pathogenesis remains incompletely understood, 
a multihit model has been proposed that pro-
vide accommodations causal factors from a va-
riety of sources, including adipose and intesti-
nal proinflammatory stimuli acting on the liver 
simultaneously [7].

Obesity is now considered a systemic in-
flammation in which adipose tissue and its hor-
mones play crucial role [8]. Adipose tissue func-
tions as an endocrine organ, secretes certain 
cytokines called «adipocytokines», such as adi-
ponectin, leptin, tumor necrosis factor-α, and 
so on [9].

Leptin, the first described and the most 
studied adipokine, can significantly affect liver 
metabolism according to a number of studies. 
Under normal conditions, leptin inhibits glu-
cose production in the liver and lipogenesis, 
thereby ensuring the restoration of insulin 
sensitivity and preventing the development 
of steatosis [10]. It has been established that 
leptin has pro-inflammatory properties, and 
that hyperleptinemia due to leptin resistance 
can contribute to the development of chronic 
inflammation; future studies should reveal the 
role of leptin resistance in the pathogenesis of 
metabolic diseases [11].

The unequal prevalence of the disease in 
representatives of different ethnic groups and 
the different rates of its progression in indivi
duals with the same or similar risk factors and 
environmental conditions indicate the pathoge-
netic role of hereditary factors [12, 13]. 

However, the molecular mechanisms un-
derlying the development and progression 
of NAFLD are poorly understood at present. 
In recent years, the genetic determinants of 
NAFLD have been unrevealed using genome-
wide association studies. These studies have 

identified leptin (LEP) gene variants. To un-
derstand the nature of the link between the 
gene and metabolic state of the organism, LEP 
single nucleotide polymorphisms (SNPs) are 
investigated, among others. Among LEP gene 
polymorphisms is rs7799039. This LEP gene 
polymorphism is associated with the replace-
ment of adenine by guanine at position 2548 
in the promoter [14]. This leads to a change 
in the activity of leptin and affects the per-
ception of the feeling of satiety, reducing the 
control of the central nervous system over ap-
petite. Polymorphism of the LEP gene may be 
associated with reduced leptin secretion and 
the development of obesity, with homozygous 
mutations of the LEP gene predisposing to the 
development of obesity at an early age [15, 16]. 
The clinical significance of this polymorphism 
is well documented as it was associated with 
higher risk of several diseases including mal-
nutrition, inflammation syndrome, obesity and 
metabolic syndrome. In addition, rs7799039 
was associated with blood lipid levels among 
the Southern Chilean population, dyslipidemia 
in patients using atypical antipsychotic agents 
and lipid profile modulation induced by soluble 
fiber intake [17-22].

Hereditary factors and differences in some 
ethnic groups suggest that genetic factors may 
play an important role in determining the phe-
notypic presentation and overall risk of deve
loping NAFLD [23].

Identification of biochemical and genetic 
risk factors for the development of NAFLD will 
allow diagnosing the disease at the preclinical 
stage, improving differential diagnosis, form-
ing high-risk NAFLD groups, followed by ad-
equate preventive measures to maintain health 
and increase life expectancy in patients with 
diabetes mellitus complicated by NAFLD.

The current study aimed to investigate 
the association of polymorphisms in LEP 
(rs7799039, −2548G/A) gene with non-alcoholic 
fatty liver disease in type 2 diabetes patients’ 
in Ukrainian population.

MATERIALS AND METHODS
Case-control study included a total of 61 un- 

related patients with a diagnosis of type 2 
DM (age 56.40  ±  0.62 yrs, diabetes duration 

7.72 ± 0.45 yrs, BMI 32.20 ± 0.43 kg/m2, WHR 
1,00  ±  0,01, HbA1c 7.80  ±  0.19 %) and 51 sex 
and age-match control subjects. The data were 
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collected through a standard questionnaire. 
All patients were interviewed regarding a full 
medical history (including age, sex, occupa-
tion, duration of diabetes, mode and dura-
tion of treatment, presence of any associated 
illness, surgical history, personal history of 
smoking/alcohol/drug abuse, dietary habit and 
family history of diabetes). All cases and con-
trols signed an informed consent for clinical, 
biochemical and genetic studies. The proto-
cols were approved by the institutional review 
board (IRB) of SI «V. Danilevsky Institute for 
Endocrine Pathology Problems of NAMS of 
Ukraine». The cases were clinically and bio-
chemically confirmed as type 2 DM. Diagnosis 
NAFLD were verified following the recommen-
dations of the American Gastroenterological 
Association (AGA) and the American Asso
ciation for the Study of liver disease (AASLD) 
based on the clinical course of the disease, 
lipid and carbohydrate metabolism, activity  
of alaninaminotransferase (ALT), aspartatami
notransferase (AST), ratio ALT/AST and sono-

graphic examination [24]. Genotyping of the 
type 2 DM patients was carried out by the 
method of polymerase chain reaction and re-
striction fragment length polymorphism using 
primers (LEP2548G>A: forward: tcccatgaga-
actattcttcttttg; reverse: atatggctccctttgcccgacc) 
and HhaI endonuclease. Restriction products 
were analyzed by electrophoresis in a 2 % aga-
rose gel. pUC19 DNA hydrolyzed by MspI en-
donuclease was used as a molecular weight 
marker. Total leptine concentration, insulin 
resistance (HOMA-IR) and insulin sensibil-
ity (QUICKI), lipid profile were determined. 
Statistical analysis was performed using 
parametric and nonparametric methods. To 
compare the indices with normal distribution 
Student's t-test was used and for comparison 
variables with abnormal distribution Mann–
Whitney's U-test was used. The data are pre-
sented as mean  ±  SEM. All statistical tests 
were two tailed and a probability (p) value of 
5% or less was considered statistically signifi-
cant [25].

RESULTS AND THEIR DISCUSSION
In patients with type 2 DM in the pres-

ence of NAFLD compared to patients with 
type 2 DM without NAFLD, the features of 
dyslipidemia with a significant increase in 
the content of triglycerides (2.49  ±  0,15 vs. 
3.53 ± 0.21 mmol/L, p < 0.001), LDL cholesterol 
(3.52  ±  0.08 vs. 3.76  ±  0.10 mmol/L, p  <  0.1), 
and a decrease in the content of HDL cho-
lesterol (1.26  ±  0.05 vs. 1.08  ±  0.02 mmol/L, 
p < 0.001) were found. 

Despite the association of NAFLD with 
obesity and insulin resistance (IR), the patho-
genesis of the disease is not well understood, 
as are the genetic factors predisposing to its 
development and progression. Obesity and 
impaired insulin action in adipocytes lead to 
failure to suppress lipolysis, adipocyte stress, 
macrophage recruitment and infiltration of 
adipose tissue with subsequent release of pro-
inflammatory adipocytokines, principally tu-
mor necrosis factor (TNF), interleukin (IL) 6, 
monocyte chemoattractant protein 1, resistin, 
and plasminogen activator inhibitor 1. These 
adipocytokines contribute to the disruption of 
insulin signaling through nuclear factor-κB 
(NF-κB) and c-Jun N-terminal kinase (JNK), 

creating a vicious circle in adipose tissue and 
the formation of IR in other insulin-sensitive 
tissue, while the level of protective adipokines 
(reducing IR), such as adiponectin, decreases 
in patients with NAFLD [26]. Serum adipo-
nectin levels are usually decreased in NAFLD, 
while leptin levels are elevated, contributing to 
a profibrotic environment in fibrosis. The rela-
tionship between carbohydrate metabolism, re-
flected by blood glucose level, and serum leptin 
content was studied. In our study, to deter-
mine the role of leptin in the risk of developing 
NAFLD, we measured the levels of this adipo-
cytokine in circulation in patients with type 2 
DM in the presence and absence of fatty liver 
damage. It is known that leptin is secreted in 
proportion to the white fat mass and is pre
sent in circulation either in free form or bound 
to proteins. Its level in circulation and adipose 
tissue depends on the amount of adipose tis-
sue and the state of energy balance. The level 
of circulating leptin reflects energy reserves 
in the body andacute changes in energy con-
sumption [27]. Leptin plays a crucial role in 
regulating energy homeostasis, glucose and 
lipid metabolism, reproduction and neuroendo-
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crine function [28, 29]. There is also emerging 
evidence that leptin is involved in cognitive and 
immune function and bone metabolism [30].

Stratification of the diabetic popula-
tion in the presence and absence of NAFLD 
showed a  more pronounced increase in circu-
lating leptin levels in the presence of NAFLD 
(84.73  ±  13.80 vs. 52.57  ±  6.86 µg/L, respec-
tively), (p < 0.01), which justifies the expedi-
ency of using this indicator for further use as 
a diagnostic parameter of the complication 
mentioned above. Our data are consistent with 

the study of Rotundo L. et al. (2018), which 
examined the relationship between leptin levels 
and NAFLD and found that higher leptin le
vels were associated with increased severity of 
hepatic steatosis based on ultrasound findings 
and the NAFLD fibrosis score. This finding re-
mained significant after adjusting for known 
demographic variables only in classic NAFLD, 
suggesting that the role of leptin in the patho-
genesis of NAFLD may depend on BMI [31].

One of the causes of leptin resistance may 
be the G2548A mutation in the leptin gene 

Table 1
Clinical and laboratory characteristics of examined patients  
with type 2 diabetes mellitus – carriers of different genotypes  

for the G2548A polymorphism of the LEP gene

Parameter
Genotypes

GG АА АG
Duration of diabetes, years 5.42 ± 1.05 9.05 ± 2.64 5.19 ± 0.79

Age at the time of examination, years 55.71 ± 2.26 59.25 ± 2.43 51.88 ± 1.57
Age at the onset of the disease, years 50.29 ± 2.10 50.29 ± 3.13 46.85 ± 1.55

BMI, kg/m² 32.79 ± 1.79 34.83 ± 2.53 32.20 ± 0.80
Waist-to-Hip Ratio 0.96 ± 0.02 0.97 ± 0.05 0.98 ± 0.02

Systolic pressure, mmHg 144.29 ± 3.17 145.00 ± 5.00 141.71 ± 6.55
Diastolic pressure, mmHg 89.29 ± 1.70 90.00 ± 0.01 89.71 ± 4.56
Fasting glycemia, mmol/L 9.05 ± 0.64 8.73 ± 0.55 8.97 ± 0.53

НbА1с, % 6.92 ± 0.32 7.15 ± 0.36 7.12 ± 0.26
Insulin, pmol/L 130.00 ± 18.81 110.62 ± 22.07 136.59 ± 16.64

HOMA-IR, units 8.42 ± 1.29 6.41 ± 1.14 8.18 ± 1.11
QUICKI, units 0.46 ± 0.01 0.47 ± 0.02 0.47 ± 0.01

HOMA-BCF, units 83.19 ± 16.24 75.18 ± 18.13 152.06 ± 45.26
Total cholesterol mmol/L 5.71 ± 0.35 5.30 ± 0.60 5.82 ± 0.27
HDL cholesterol, mmol/L 1.08 ± 0.06 1.03 ± 0.07 1.02 ± 0.05
LDL cholesterol, mmol/L 3.56 ± 0.31 2.93 ± 0.61 3.56 ± 0.23

Triglycerides, mmol/L 2.95 ± 0.26 2.15 ± 0.38 3.67 ± 0.66
Atherogenicity index 4.55 ± 0.49 3.94 ± 0.54 5.19 ± 0.89
β-lipoproteins, units 89.47 ± 7.05 77.83 ± 12.21 102.50 ± 11.30

FFA, mmol/L 1.28 ± 0.15 1.32 ± 0.20 1.12 ± 0.09
Adiponectin, mg/L 5.58 ± 0.59 5.50 ± 0.45 4.97 ± 0.51

Leptin, µg/L 73.54 ± 18.61 58.62 ± 16.61 61.59 ± 9.92
AST, mmol/Lh 0.72 ± 0.08 0.58 ± 0.08 0.72 ± 0.05
ALT, mmol/Lh 1.20 ± 0.16 0.92 ± 0.12 1.01 ± 0.08

Notes: 
BMI — body mass index; HOMA-IR — Homeostatic Model Assessment for Insulin Resistance; 
QUICKI — quantitative insulin sensitivity check index; HOMA-BCF — Homeostatic Model 
Assessment for beta-cell function; HDL — high-density lipoprotein; LDL — low-density lipoprotein; 
FFA — free fatty acids; AST — aspartataminotransferase; ALT — alaninaminotransferase.
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(LEP) in patients with NAFLD. In connection 
with this, we studied the G2548A polymor-
phism of the LEP gene in patients with type 2 
DM complicated by NAFLD.

Measured biochemical and hormonal pa-
rameters in patients with type 2 DM, in the 
presence and absence of NAFLD, stratificated 
by genotypes according to the G2548A polymor-
phism of the LEP gene, are presented in Tab
les 1–4.

The levels of total leptin did not differ in 
carriers of different genotypes of the leptin 
gene in patients with type 2 DM regardless of 
liver damage (see Table 1). Taking into account 

the comparable degree of insufficient glycemic 
control and lipid profile in the above-mentioned 
groups of patients we can suggest the deter-
mining contribution of gluco- and lipotoxicity 
to the formation of hypoleptinemia, which, how-
ever, does not exclude the modulating effect of 
the single nucleotide polymorphism G2548A of 
the LEP gene on the biological effects of the 
hormone.

We analyzed leptin levels depending on the 
genotypes of the polymorphic locus G2548A of 
the LEP gene (Tables 2 - 4). It turned out that 
in patients with type 2 DM with NAFLD who 
are homozygous AA variant carriers, the leptin 

Table 2
Anthropometric, laboratory, and instrumental indicators  

in patients with type 2 diabetes in the presence and absence  
of non-alcoholic fatty liver disease in carriers of the GG genotype  

by the G2548A polymorphism of the LEP gene

Parameter
Type 2 DM 

patients  
with NAFLD,

(X̄  ±  sX̄)

Type 2 DM 
patients  

without NAFLD,
(X̄  ±  sX̄)

U P

Age, years 56.50 ± 3.50 53.50 ± 4.47 5.00 0.74
Duration of diabetes, years 2.00 ± 1.00 6.33 ± 1.23 0.50 0.07

Weight, kg 112.50 ± 35.50 84.67 ± 3.72 4.00 0.50
BMI, kg/m2 43.00 ± 13.00 29.75 ± 1.60 3.50 0.40

Waist-to-hip Ratio 0.95 ± 0.015 0.93 ± 0.005 1.00 0.16
Leptin, µg/L 159.15 ± 11.15 53.75 ± 12.80 0.00 0.05

Glycemia, mmol/L 10.23 ± 0.98 6.45 ± 0.05 0.00 0.05
НbА1с, % 5.48 ± 0.625 7.22 ± 0.64 0.50 0.07

Insulin, pmol/L 203.19 104.80 ± 12.29 0.00 1.00
HOMA-IR, units (1 measurement  

in the group with NAFLD) 9.02 7.32 ± 0.97 0.00 1.00

QUICKI, units (1 measurement  
in the group with NAFLD) 0.43 0.46 ± 0.01 0.00 1.00

Total cholesterol, mmol/L 5.72 ± 1.175 6.16 ± 0.48 4.00 0.50
HDL cholesterol, mmol/L 1.14 ± 0.165 1.09 ± 0.14 6.00 1.00
LDL cholesterol, mmol/L 3.35 ± 0.91 3.91 ± 0.37 4.00 0.51

VLDL cholesterol, mmol/L 1.09 ± 0.57 1.34 ± 0.20 4.00 0.70
Atherogenicity index 4.19 ± 1.91 5.27 ± 1.06 3.00 0.44
β-lipoproteins, units 78.00 ± 34.00 89.50 ± 12.20 5.00 0.74

Triglycerides, mmol/L 2.47 ± 0.965 2.995 ± 0.37 5.00 0.74
FFA, mmol/L 1.06 ± 0.04 1.26 ± 0.29 6.00 1.00

Notes: 
BMI — body mass index; HOMA-IR — Homeostatic Model Assessment for Insulin Resistance; 
QUICKI — quantitative insulin sensitivity check index; HDL — high-density lipoprotein;  
LDL — low-density lipoprotein; VLDL — very low-density lipoprotein; FFA — free fatty acids;  
U —Mann–Whitney U-test; p — level of significance when comparing groups of patients.
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plasma level is probably lower (p < 0.05) than 
when the G allele is present in the homozygous 
(p < 0.01) or heterozygous variants (p > 0.05). 
It should be noted that we observed the highest 
level of leptin in carriers of the GG genotype 
of the G2548A polymorphic locus of the LEP 
gene (p < 0.001). At the same time, the leptin 
content in the circulation did not differ in the 
group without liver damage. Thus, it can be 
assumed that the G allele is associated with 
increased levels of leptin in the blood of type 2 
DM patients with NAFLD.

In our study, in A allele carriers of the 
G2548A polymorphic variant of the LEP gene 

type 2 DM patients with NAFLD lower leptin 
levels were determined in comparison with GG 
genotype carriers of the G2548A polymorphic 
variant of the LEP gene, which is consistent 
with the results of the study by Samir Ben Ali 
et al. (2009), conducted on obese patients [32]. 
Similar data were obtained by Constantin A. 
et al. (2010), who performed an analysis of as-
sociation with quantitative signs of the meta-
bolic syndrome and showed that homozygous 
carriers of the LEP -2548G allele had sig-
nificantly higher leptin levels (17.2  ±  6.6 vs. 
13.2 ± 4.9 µg/L, p = 0.011) [33]. While the study 
of Badnaran Dagdan et al. (2018), conducted 

Table 3
Anthropometric, laboratory and instrumental indicators  

in patients with type 2 diabetes in the presence and absence  
of non-alcoholic fatty liver disease in carriers of the AA genotype  

by the G2548A polymorphism of the LEP gene

Parameter
Type 2 DM 

patients  
with NAFLD, 

(X̄  ±  sX̄)

Type 2 DM 
patients  

without NAFLD, 
(X̄  ±  sX̄)

U P

Age, years 55.50 ± 9.50 61.00 ± 1.47 4.00 1.00
Duration of diabetes, years 3.67 ± 3.34 11.75 ± 3.90 1.00 0.16
Weight, kg (1 measurement  
in the group with NAFLD) 122.00 78.67 ± 10.93 0.00 1.00

BMI, kg/m2 38.50 ± 2.50 33.00 ± 3.40 2.00 0.35
Waist-to-hip Ratio 1.05 ± 0.05 0.91 ± 0.06 1.00 0.25

Leptin, µg/L 69.40 ± 45.10 53.23 ± 17.94 3.00 0.64
Glycemia, mmol/L 8.71 ± 2.13 8.47 ± 0.42 4.00 1.00

НbА1с, % 7.26 ± 0.92 6.87 ± 0.47 3.00 0.64
Insulin, pmol/L 86.86 ± 23.40 131.89 ± 35.38 2.00 0.35

HOMA-IR, units 4.90 ± 0.13 7.52 ± 1.88 2.00 0.35
QUICKI, units 0.49 ± 0.002 0.46 ± 0.03 2.00 0.35

Total cholesterol, mmol/L 5.91 ± 1.09 4.31 ± 0.22 0.00 0.06
HDL cholesterol, mmol/L 1.06 ± 0.06 1.01 ± 0.16 2.00 1.00
LDL cholesterol, mmol/L 3.43 ± 1.29 2.43 ± 0.31 1.00 0.44

VLDL cholesterol, mmol/L 1.42 ± 0.26 0.80 ± 0.47 1.00 0.44
Atherogenicity index 4.56 ± 0.74 3.32 ± 0.68 1.00 0.44

β-lipoproteins, units (1 measurement  
in the group with NAFLD) 88.00 64.75 ± 12.61 0.00 1.00

Triglycerides, mmol/L 3.16 ± 0.59 1.63 ± 0.45 1.00 0.16
FFA, mmol/L 1.33 ± 0.075 1.39 ± 0.37 4.00 1.00

Notes: 
BMI — body mass index; HOMA-IR — Homeostatic Model Assessment for Insulin Resistance; 
QUICKI — quantitative insulin sensitivity check index; HDL — high-density lipoprotein;  
LDL — low-density lipoprotein; VLDL — very low-density lipoprotein; FFA — free fatty acids;  
U — Mann–Whitney U-test; p — level of significance when comparing groups of patients.
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on a Mongolian population with metabolic syn-
drome, have completely opposite results, ac-
cording to which carriers of the A allele of the 
G2548A polymorphism of the LEP gene have 
an increased concentration of leptin in the cir-
culation [34].

There are other data on the association of 
the SNP of the LEP gene: -2548 (2453) G > A 
with increased leptin levels and the risk of obe-
sity. According to Hoffstedt et al. (2002), AA 
genotype carriers had higher serum leptin lev-
els than GA/GG genotype carriers. The secre-
tion of leptin by adipose tissue with the AA 
genotype increased 2 times, and the level of 
leptin mRNA was 60% higher. Thus, the poly-
morphism (-2548G  > A) of the leptin gene at 

the transcriptional level affects leptin expres-
sion [35]. The EPIC-Heidelberg study (2002) 
revealed the role of the homozygous genotype of 
the LEP: -2548 AA gene in the development of 
obesity. The polymorphism correlated with the 
level of serum leptin and leptin mRNA [36].

Differences between fasting insulin, 
HOMA-IR, QUICKI and other biochemical in-
dicators among genotypes for the G2548A poly-
morphism of the LEP gene were insignificant 
in our study (p > 0.05), which correlates with 
the results obtained by Nawfal Hussein Amhe 
et al. (2022) [37]. Whereas, Essa M. Sabi et al. 
(2022), showed, that participants with minor 
AA genotype had significantly higher blood glu-
cose levels (6.8  ±  0.55 vs. 5.8  ±  0.30 mmol/L; 

Table 4
Anthropometric, laboratory, and instrumental indicators  

in patients with type 2 diabetes in the presence and absence  
of non-alcoholic fatty liver disease in carriers of the AG genotype  

by the G2548A polymorphism of the LEP gene

Parameter
Type 2 DM patients 

with NAFLD,
(X̄  ±  sX̄)

Type 2 DM patients 
without NAFLD,

(X̄  ±  sX̄)
U P

Age, years 52.00 ± 1.98 52.00 ± 3.49 38.00 0.57
Duration of diabetes, years 6.90 ± 1.06 4.22 ± 1.87 22.00 0.06

Weight, kg 104.39 ± 6.71 90.94 ± 5.61 20.50 0.08
BMI, kg/m2 34.68 ± 1.69 30.00 ± 1.19 19.50 0.06

Waist-to-hip Ratio 1.04 ± 0.03 0.98 ± 0.01 21.50 0.29
Leptin, µg/L 74.69 ± 17.81 56.69 ± 9.67 38.00 0.57

Glycemia, mmol/L 10.21 ± 1.01 8.54 ± 1.24 29.50 0.21
НbА1с, % 7.44 ± 0.39 7.19 ± 0.55 32.00 0.70

Insulin, pmol/L 163.13 ± 34.74 159.32 ± 49.82 36.00 0.46
HOMA-IR, units 12.27 ± 3.16 7.67 ± 1.96 28.00 0.17
QUICKI, units 0.44 ± 0.02 0.48 ± 0.03 28.00 0.17

Total cholesterol, mmol/L 5.74 ± 0.51 5.75 ± 0.59 44.00 0.93
HDL cholesterol, mmol/L 1.04 ± 0.15 1.06 ± 0.06 21.00 1.00
LDL cholesterol, mmol/L 4.08 ± 0.61 3.42 ± 0.32 10.00 0.45

VLDL cholesterol, mmol/L 1.27 ± 0.17 1.00 ± 0.18 5.00 0.21
Atherogenicity index 7.68 ± 3.11 4.10 ± 0.39 12.00 0.37
β-lipoproteins, units 118.50 ± 21.56 79.22 ± 10.79 22.50 0.19

Triglycerides, mmol/L 4.68 ± 1.09 2.00 ± 0.24 17.00 0.02
FFA, mmol/L 1.10 ± 0.13 0.96 ± 0.15 37.00 0.51

Notes: 
BMI — body mass index; HOMA-IR — Homeostatic Model Assessment for Insulin Resistance; 
QUICKI — quantitative insulin sensitivity check index; HDL — high-density lipoprotein;  
LDL — low-density lipoprotein; VLDL — very low-density lipoprotein; FFA — free fatty acids;  
U — Mann–Whitney U-test; p — level of significance when comparing groups of patients.
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p < 0.04) and HOMA-IR (4.1  ±  0.84 vs. 2.6  ±  
0.67; p = 0.03) against those carrying major GG 
genotype. Participants with heterozygous GA 
genotype had significantly higher serum leptin 
levels against those carrying major GG genoty
pe (40.0 ± 2.6 vs. 29.6 ± 2.6 µg/L; p = 0.04) [38].

In our study, there was no difference in 
BMI between men and women carriers of dif-
ferent genotypes for the G-2458A polymorphic 
variant of the LEP gene. Although the litera-
ture data on the relationship between this poly-
morphism and the the metabolic syndrome de-
velopment are ambiguous.

The association of the LEP G-2548A poly-
morphism and increased BMI was found in 
overweight Europeans [39] and in Taiwanese 
aborigines with extreme obesity [40]. In addi-
tion, common variants located in the 5 region 
of the LEP gene, including G-2548A, have been 
associated with increased BMI in men [41]. Mei 
Yang et al. (2016) analyzed the characteristics 
of metabolic indicators according to the geno-
types of the polymorphic variant G2548A of the 
LEP gene. A significant difference was shown 
between the LEP G2548A polymorphism and 
BMI (F = 4.48, P = 0.01). And the 2548GA gen-
otype had a significantly higher BMI than the 
2548GG (21.17 ± 3.05 vs. 20.15 ± 2.54 kg/m2), 
although the BMI between the 2548AA and 
2548GG genotypes was similar [42]. On the 
other hand, other studies failed to demonstrate 
an association between these polymorphisms 
and obesity or increased BMI [43, 44].

According to Hamilton M. Hinuy et al. 
(2008), analysis of the LEP G-2458A polymor-

phism showed that women carrying the –2548G 
allele (GG genotype) had a four-fold increased 
risk of obesity (OR: 4.11, 95 % CI: 1.06-15.90), 
than carriers of –2548A alleles (p = 0.041) [45]. 

Our study showed that women carriers of 
the GG genotype with the G-2458A polymorphic 
variant of the LEP gene have a 3.4 times high-
er leptin level than men carriers of the same 
genotype (p < 0.03). An association between the 
LEP-2548G allele and elevated plasma leptin 
concentrations found in our study corresponds 
to data of Le Stunff C. (2000), who has also 
described the same phenomenon in obese and 
diabetic individuals from European and Asian 
populations [46, 47]. This allele was associated 
with plasma leptin levels by interacting with 
obesity and gender in healthy individuals from 
Greece [48]. On the other hand, the -2458AA 
genotype was associated with increased plasma 
leptin in obese subjects and in French men [49]. 
Menezes C. A. et al. (2022) found that patients 
with leptin 2458AA and 2458AG genotypes of 
LEP gene had higher serum leptin concentra-
tions when compared to the GG haplotype [50].

These inconsistencies in results may arise 
from different genetic origins or environmental 
conditions of the studied populations, sample 
population, various criteria for diagnosing pa-
tients, different target populations, and diffe
rent sampling time. Also, different results may 
be due to the interaction of the G-2548A poly-
morphism with other leptin and/or leptin recep-
tor gene variants, as well as other variables 
such as sex, sample size, and population or the 
model used in the genetic analyses.

CONCLUSIONS
1. An average leptin levels are elevated in pa-

tients with NAFLD. In patients with type 2 
diabetes complicated by NAFLD, the level of 
leptin is 84.73 µg/L against 52.57 µg/L in the 
group without complications.

2. The levels of total leptin did not differ in 
carriers of different genotypes of the leptin 
gene in patients with type 2 diabetes regard-
less of liver damage. According to our data, 
a statistically significant contribution of the 
single nucleotide polymorphism G-2548A of 
the LEP gene to the formation of the predis-
position to the development of type 2 diabe-
tes mellitus has not been determined.

3. In our study in GG carriers genotype of the 
G2548A LEP gene polymorphic locus type 2 
diabetes patients with NAFLD the highest 
level of leptin was observed (159.15 µg/L), 
compared to other genotypes. At the same 
time, the circulation leptin levels in the group  
without liver damage did not differ for all 
genotypes. Thus, it can be assumed that the 
G allele is associated with increased leptin 
levels in the blood of patients with NAFLD.

4. Our study showed that women with type 2 
diabetes mellitus carrying the GG genotype 
with the G-2458A polymorphic variant of 
the LEP gene have 3.4 times higher leptin 
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levels than men carrying the same genotype 
(p < 0.03).

5. Therefore, it is necessary to continue work 
to identify the functional role of the studied 
LEP gene polymorphism and its possible as-
sociations with indicators of hormonal and 
metabolic components of insulin resistance 
in the development of non-alcoholic fatty 
liver disease in the presence of type 2 dia-

betes under the conditions of increasing the 
sample.

6. Prospects for further research should also be 
based on the study of the role of other can-
didate genes in the development of NAFLD 
and their relationship with various metabolic 
parameters, which will allow clarifying the 
role of genes in the formation of NAFLD in 
the Ukrainian population.
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INVESTIGATION OF 2548G > A LEPTINE GENE POLYMORPHIC  
VARIANT IMPACT ON RISK OF NONALCOHOLIC FATTY LIVER DISEASE  

IN PATIENTS WITH TYPE 2 DIABETES MELLITUS 
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Background. It is known that single nucleotide polymorphisms (SNPs) in adipokine genes can influence 
the development of pathological conditions associated with obesity, type 2 diabetes mellitus (T2D), non-alcoholic 
fatty liver disease (NAFLD) and their complications. In this study, we aimed to investigate the link between 
common -2548G > A (rs7799039) promoter variant of the human leptin gene (LEP) with leptin levels in type 2 
diabetes patients with non-alcoholic fatty liver diseasese. 

Materials and methods. 61 patients with T2D aged from 28 to 80 years old (34 men  / 27 women, age 
56.40 ± 0.62 yrs, diabetes duration 7.72 ± 0.45 yrs, BMI 32.20 ± 0.43 kg/m2, WHR 1,00  ± 0,01, HbA1c 7.80 ± 0.19 %)  
with varying degrees of glycemic control and overweight, without renal insufficiency and 51 sex and age-match 
control subjects were examined. Genotyping according to SNP LEP 2548G > A was performed using the poly-
merase chain reaction method with appropriate primers and HhaI endonuclease. 

Results. In our study of T2DM patients with NAFLD compared to T2D patients without NAFLD features 
of dyslipidemia i.e. significant increase in triglycerides (p < 0,001), LDL cholesterol (p < 0,1), lower HDL cho-
lesterol (p < 0.001) were found. Stratification of the diabetic patients in the presence and absence of NAFLD 
showed more pronounced increase in circulating leptin levels in the presence of NAFLD (84.73  ±  13.80 vs. 
52.57  ±  6.86 µg/L, respectively), (p < 0.01), which justifies the feasibility of using this indicator for further 
needs as a diagnostic parameter of the above complication. In our study in GG carriers genotype of the G2548A 
LEP gene polymorphic locus type 2 diabetes patients with NAFLD the highest level of leptin was observed  
(159.15 µg/L), compared to other genotypes. Thus, it can be assumed that the G allele is associated with in-
creased leptin levels in the blood of patients with NAFLD. This study showed that women with type 2 diabetes 
mellitus carrying the GG genotype with the G-2458A polymorphic variant of the LEP gene have 3.4 times 
higher leptin levels than men carrying the same genotype (p < 0.03). 

Conclusions. The data obtained regarding the 2548G > A polymorphic variant of the LEP gene can be 
used as a basis for personalized prevention and the formation of risk groups for the development of NAFLD.

K ey wor d s :  type 2 diabetes mellitus, non-alcoholic fatty liver disease, leptin, single nucleotide polymor-
phisms.
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ДОСЛlДЖЕННЯ ВПЛИВУ ПОЛlМОРФНОГО ВАРlАНТУ 2548G > A ГЕНА ЛЕПТИНУ  
НА РИЗИК РОЗВИТКУ НЕАЛКОГОЛЬНО¯ ЖИРОВО¯ ХВОРОБИ ПЕЧlНКИ  

У ХВОРИХ НА ЦУКРОВИЙ ДlАБЕТ 2 ТИПУ 
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Вступ. Відомо, що однонуклеотидні поліморфізми (SNP) у генах адипокінів можуть впливати на 
розвиток патологічних станів, пов’язаних із ожирінням, цукровим діабетом (ЦД) 2 типу, неалкоголь-
ною жировою хворобою печінки (НАЖХП) та їх ускладненнями. У цьому дослідженні ми мали на меті 
дослідити зв’язок між варіантом промотора -2548G > A (rs7799039) гена лептину людини (LEP) з рівня-
ми лептину у пацієнтів з цукровим діабетом 2 типу та неалкогольною жировою хворобою печінки. 

Матеріали та методи. Було обстежено 61 пацієнта із ЦД 2 типу віком від 28 до 80 років (34 
чоловіки  / 27 жінок, вік 56,40 ± 0,62 року, тривалість діабету 7,72 ± 0,45 року, ІМТ 32,20 ± 0,43 кг/м2,  
ОТ/ОБ 1,00 ± 0,01, HbA1c 7,80 ± 0,19 %) з різним ступенем глікемічного контролю та надмірною вагою, 
без ниркової недостатності. 51 практично здорову людину розглядали в якості відповіднї статево-віко-
вої контрольної групи. Генотипування за SNP LEP 2548G > A проводили методом полімеразної ланцю-
гової реакції з відповідними праймерами та ендонуклеазою HhaI. 

Результати. У нашому дослідженні у хворих на ЦД 2 типу з НАЖХП порівняно з хворими на ЦД  
2  типу без НАЖХП було виявлено ознаки дисліпідемії, а саме значуще підвищення рівня триглі-
церидів (p < 0,001), холестерину ЛПНЩ (p < 0,1), зниження рівня холестерину ЛПВЩ (p < 0,001). 
Стратифікація хворих на цукровий діабет за наявності та відсутності НАЖХП показала більш ви-
ражене підвищення рівня циркулюючого лептину за наявності НАЖХП (84,73  ±  13,80 проти 
52,57 ± 6,86 мкг/л відповідно), (p < 0,01), що підтверджує доцільність використання даного показника 
як діагностичного параметра вищевказаного ускладнення. У нашому дослідженні у хворих на ЦД 
2 типу з НАЖХП у носіїв генотипу GG поліморфного локусу гена G2548A LEP спостерігався найвищий 
рівень лептину (159,15 мкг/л), порівняно з іншими генотипами. Таким чином, можна припустити, що 
алель G асоціюється з підвищенням рівня лептину в крові пацієнтів з НАЖХП. Це дослідження по-
казало, що жінки з цукровим діабетом 2 типу з генотипом GG за поліморфним варіантом G-2458A гена 
LEP мають у 3,4 рази вищий рівень лептину, ніж чоловіки з таким же генотипом (p < 0,03). 

Висновки. Отримані дані щодо поліморфного варіанту 2548G > A гена LEP можуть бути покладені 
в основу персоналізованої профілактики та формування груп ризику щодо розвитку НАЖХП.

К л ю ч о в і  с л о в а :  цукровий діабет 2 типу, неалкогольна жирова хвороба печінки, лептин, одно-
нуклеотидний поліморфізм.


