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Abstract
Background. Nowadays nonalcoholic fatty liver disease (NAFLD) is considered to be a
multisystem disease that is primarily associated with components of the metabolic syndrome
and is associated with cardiovascular and renal impairment. The comorbidity of NAFLD
with renoparenchymal arterial hypertension (RPAH) has not been sufficiently studied. The purpose
of the study was to investigate the influence of G276T genetic polymorphism of ADIPOQ
on the severity of metabolic disorders, inflammation, liver, artery and kidney damage in the
comorbidity of NAFLD and RPAH. Materials and methods. The study included 87 patients
with comorbidity of NAFLD and RPAH, grade 2. The mean age of patients was 50.78 ± 9.35 years.
The vast majority of patients were overweight or obese. Moreover, the study involved
investigation of 2 groups of comparison with the isolated course of NAFLD (60 patients)
and RPAH (30 patients). The control group was composed of 20 healthy volunteers.
Parameters of carbohydrate and lipid metabolism, liver and kidney's function, adiponectin,
fetuin-A, cytokeratin-18, pro-inflammatory cytokines levels were investigated. For diagnostic
of non-alcoholic steatosis and indication parameters of arteries, an ultrasound method was
used. T allele was detected in 62 (35.6%) patients of the main group, which was significantly
(p<0,05) different from the control group (22.5%). In the presence of patients with comorbidity
NAFLD and RPAH G/T and T/T genotypes, carbohydrate metabolism disorders are more
pronounced than in the G/G genotype. Thus, index HOMA in this group was 4.52 ± 0.87,
which was significantly higher than patients with G/G genotype – 3.77 ± 0.53 (p <0.01).The
G276T polymorphism of the ADIPOQ is not associated with markers of liver and kidney
damage in patients with NAFLD + RPAH. The presence of G/T and T/T genotypes in
patients with comorbidity of NAFLD and RPAH is associated with an increase in interleukin-6
and fetuin-A compared to the G/G genotype. Patients with comorbidity of NAFLD + RPAH
and with the T allele of the polymorphic marker G276T of the ADIPOQ gene are more likely
to have impaired endothelium-dependent vasodilation, indicating more significant vascular
reactivity disorders – 7.72 ± 1.25% for the genotype G/G, and 7.00 ± 1.10% for the genotype
G/T (p <0,01). Conclusions. The presence of the T allele of the polymorphic marker G276T
of the ADIPOQ is associated with the development of comorbidity of NAFLD and RPAH.
Keywords: nonalcoholic fatty liver disease, renoparenchymal arterial hypertension, adiponectin
gene polymorphism, metabolic disorders.
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Introduction
Nowadays nonalcoholic fatty liver disease

(NAFLD) is considered to be a multisystem disease
that is primarily associated with components of

the metabolic syndrome (MS) and is associated
with cardiovascular and renal impairment [2, 18].
Meanwhile, many questions about the
mechanisms of chronic kidney disease (CKD) in
patients with NAFLD remain unclear, especially
in combination with hypertension (AH) [1, 19].
The comorbidity of NAFLD with renoparen-
chymal arterial hypertension (RPAH) has not been
sufficiently studied.
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It is well known that genetic factors play an
important role in the development and course of such
common diseases as NAFLD and AH [8, 11, 12].
Hypoadiponectinemia is a proven pathogenetic
factor in the development of both NAFLD and AH
[ 4, 5]. Adiponectin levels have been shown to have
individual genetic differences [21].

The production and activity of adiponectin
depends on the structure of the adiponectin gene
(ADIPOQ), located on chromosome 3 at locus
3q27. The polymorphic marker G276T of the
ADIPOQ gene is considered to be the most clinically
significant in the development of insulin resistance
(IR), obesity, and type 2 diabetes [9, 20].

2. Purpose, subjects and methods:
2.1. The purpose of the study was to investigate

the influence of G276T genetic polymorphism of
ADIPOQ on the severity of metabolic disorders,
inflammation, liver, artery and kidney damage in
the comorbidity of NAFLD and RPAH.

2.2. Subjects & Methods
Patients were examined at the Department

of Gastroenterology and Therapy of the Government
Institution "L.T.Malaya Therapy National Institute
of the National Academy of Medical Sciences of
Ukraine". Clinical and biochemical studies were
conducted in the clinical diagnostic laboratory of
the Government Institution "L.T.Malaya Therapy
National Institute of the National Academy of
Medical Sciences of Ukraine" and laboratory
"Alpha Labservice".

The study included 87 patients with comorbidity
of NAFLD and RPAH, grade 2. All patients had
CKD no more than stage IIIA as a result of
chronic pyelonephritis. The mean age of patients
was 50.78 ± 9.35 years. Among them were 51.7
% men and 48.3 % women. The distribution of
patients by sex was uniform. The vast majority
of patients were overweight or obese.

The study did not include patients with type 1
and 2 diabetes, other diffuse and focal liver
diseases (viral hepatitis, alcoholic liver disease,
liver cirrhosis, etc.), the presence of other comor-
bidities in patients with NAFLD: coronary artery
disease (CAD), rheumatic heart defects,
oncological diseases, systemic connective tissue
diseases, CHF II B – III stages, AH I and III stages,
echo-negativity, patients' refusal to study, preg-
nancy and lactation.

Moreover, the study involved investigation of
2 groups of comparison with the isolated course
of NAFLD (60 patients) and RPAH (30 patients).
The control group consisted of 20 healthy
individuals of the same age category, male and
female.

The research was performed in compliance
with the basic provisions of the "Rules of ethical
principles of scientific medical research with
human participation", approved by the Declaration
of Helsinki (1964-2013), ICH GCP (1996), EEC
Directive No. 609 (dated 24.11.1986) , orders of
the Ministry of Health of Ukraine No. 690 dated
23.09.2009, No. 944 dated 14.12.2009, No. 616
dated 03.08.2012. Each patient signed an
informed consent to participate in the study.

Clinical examination of patients included
assessment of the parameters of objective
examination: in particular, anthropometric data
and blood pressure (BP) according to standard
methods.

Non-alcoholic steatosis and indication
parameters of arteries were evaluated by an
ultrasound method (ultrasound diagnostic system
"GE", USA). The degree of endothelium-dependent
vasodilation (EDVD) was determined in a sample
with reactive hyperemia [3].

Concentration of total cholesterol (TC) and
its fractions: high-density lipoprotein cholesterol
(HDL), low-density lipoprotein cholesterol (LDL)
and triglycerides (TG), aminotransferases (AST,
ALT), gamma-glutamiltranpeptidase (GGT) were
determined by standard generally accepted
methods. The HOMA index was also determined.
The glomerular filtration rate (GFR) was
calculated by the formula CKD-EPI.

The AviBion Human Adiponectin (Acrp30)
Elisa Kit test system (Ani Biotech Oy Orgenium
Laboratories Busines Unit, Finland) was used to
determine adiponectin levels. Fetuin-A values (fet-A)
were determined in serum by ELISA (Biovendor,
Czech Republic). The levels of cytokeratin-18
(CK-18), which is a marker of inflammation and
apoptosis of the liver [7], in the blood plasma
were determined by ELISA using a set of CK-
18 (M65) Human ELISA Kit manufactured by
Biotech (China). The concentrations of pro-
inflammatory cytokines (tumor necrosis factor-
(TNF-) and interleukin-6 (IL-6)) in the blood
serum were evaluated using Vector-Best kits.

Based on the data of the polymer chain reaction
with direct (5-GGCCTCTTTCATCACAGACC-3)
and reverse (5-AGATGCAGCAAAGCCAAAGT-3)
primers, the genetic polymorphism of ADIPOQ
was determined. The amplification products
were incubated with BsmI restriction enzyme
in buffer. The hydrolysis products were isolated
in a polyacrylamide gel and visualized under
ultraviolet light. Three ADIPOQ genotypes (G/
G, G/T and T/T) were identified by G276T
polymorphism.
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Statistical processing of the results was
performed using computer programs Microsoft
Excel and STATISTICA using standard methods
of variation statistics. To assess the significance
of the difference in pairwise changes, we used
the t – Student test (M ± ). The difference was
considered statistically significant at p <0.05.

3. Results & Discussion
A corresponding comparative analysis of the

distribution of ADIPOQ alleles and genotypes in
the NAFLD + RPAH comorbidity and control
groups was performed.

In patients with NAFLD + RPAH, the homo-
zygous G/G genotype was found in 35 (40.2 %)
patients, the heterozygous G/T genotype in 42
(48.3 %), and the homozygous T/T genotype in
10 (11.5 %) patients. In the comparison groups,
the distribution of genotypes did not significantly
differ from the comorbidity group and significantly
differed from the control group (Table 1).

It was found that the T allele was detected in
62 (35.6%) patients of the main group, which was
significantly (p<0.05) different from the control
group (22.5%) (Table 1).

Then we proceeded to the analysis of anam-
nestic, clinical-laboratory, anthropometric and
instrumental-functional features in the NAFLD +
RPAH group.

A difference between groups of patients with
G/G and T/T genotypes in terms of body mass
index (BMI) was found. Patients with G/G and
G/T genotypes of the ADIPOQ had significantly
lower BMI (p <0.01), respectively, than patients
with T/T genotype (p <0.01).

The influence of the polymorphism of the studied
gene on blood pressure was not detected (p> 0,05)
(Table 2). In the analysis of Doppler parameters
there were significant differences of EDVD – 7.72
± 1.25% for the genotype G/G, and 7.00 ± 1.10%
for the genotype G/T (p <0,01). The thickness of
the intima-media complex of the common carotid
artery (TIM CCA) was greater with G/T genotype
compared with T/T genotype (p <0.05).

Significant differences in the analysis of
carbohydrate metabolism between patients were
found. Carbohydrate metabolism was worst in
patients with the T/T genotype compared to
patients with the G/G genotype. Thus, HOMA-IR
in this group was significantly higher than patients
with G/G genotype (p <0.01).

When evaluating the lipid profile, we did not
find the dependence of lipid parameters on
ADIPOQ genotypes. There was also no asso-
ciation between ADIPOQ genotypes and renal
function (p > 0.05). GFR in the group G/G
genotype was 71.46 ± 12.19 ml/min/1.73 m2 and
did not differ from patients with G/T and T/T
genotypes – 68.76 ± 12.29 and 65.67 ± 13, 68 ml/
min/1.73 m2, respectively (p> 0.05).

At the same time, the G276T polymorphism
of the ADIPOQ significantly affected the levels
of fet-A and adiponectin. Thus, in patients with G/G
genotype adiponectin was more than in the G/T
genotype (p <0.01), and at T/T genotype – (p <0.01).

Also, the pro-inflammatory cytokine IL-6 was
significantly higher in the group G/T genotype
compared with the group G/G g/enotype (p
<0.05).

Given the known negative effect of the T allele,
the groups of G/T and T/T genotypes were combined
and all indicators were evaluated in comparison with
the G/G genotype group (Table 3).

Significant differences were found in BMI, insulin,
HOMA, IL-6, adiponectin, EDVD and
fet-A. Thus, fet-A in the group of genotype G/G was
301.47 ± 25.14 ng / ml against 315.22 ± 17.29 ng/ml
in the group of genotype G/T + T/T (p <0,01).
Worse indicators were in carriers of the T allele,
which indicates the influence of this parameter
on anthropometric, proinflammatory, vascular and
metabolic factors in patients with comorbidity of
NAFLD and RPAH.

There were no significant differences in other
indicators (p> 0.05).

Importantly, there is an association between
an increase in the T allele and an increase in fetuin

Table 1
Distribution of ADIPOQ alleles and genotypes in groups
of NAFLD + RPAH comorbidity, comparison and control

Note: * – statistically significant differences when compared with the control group (p<0.05).
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Table 2
Parameters in patients with comorbidity NAFLD + RPAH depending on ADIPOQ genotypes

Note: * – statistically significant differences between G/G and G/T genotypes; ** – statistically significant
differences between G/G and T/T genotypes; ^ – statistically significant differences between G/T and T/T

Table 3
Comparative evaluation of metabolic parameters of patients with comorbidity of NAFLD

and RPAH in G/G and G/T + T/T genotypes ADIPOQ

Note: * – statistically significant differences between G/G and G/T + T/T genotypes.
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levels, which, according to researchers, may
affect the course of NAFLD, hypertension and
CKD. Interesting are the data concerning the
correlations of levels of fet-A and adiponectin,
which also has an important influence on the
pathogenesis of NAFLD. It is a key regulator of
end-organ damage in obesity, CKD, and NAFLD
[6, 13]. The genes for fet-A and adiponectin are
located in 3q27 in the human genome. They can
work in concert to regulate IR. Indicators of both
of these proteins are closely related to the compo-
nents of MS, but in opposite directions. Higher
fet-A and low adiponectin may contribute to IR
and the development of type 2 diabetes [16, 23].

Analyzing the obtained results, we can state
the presence of the influence of the G276T
polymorphism of the ADIPOQ on metabolic and
inflammatory parameters, as well as the condition
of the arteries in patients with comorbidity of
NAFLD and RPAH. The meta-analysis of Liu J
et al., 2019 [10] also testifies to the influence of
the G276T polymorphism of the ADIPOQ on the
origin and course of NAFLD. Regarding
carbohydrate metabolism disorders in NAFLD,
our data are the same as those obtained in recent
studies [17]. The data of our study confirm the
influence of the G276T polymorphism of the
ADIPOQ gene on biochemical parameters in
patients with NAFLD and AH [10, 14, 15].

Conclusions
It can be stated that the presence of the T allele

of the polymorphic marker G276T of the ADIPOQ
is associated with the development of more
pronounced metabolic and pro-inflammatory changes
in patients with comorbidity of NAFLD + RPAH.

In the presence of patients with comorbidity
NAFLD and RPAH G/T and T/T genotypes,
carbohydrate metabolism disorders are more
pronounced than in the G/G genotype.

The G276T polymorphism of the ADIPOQ
is not associated with markers of liver damage in
patients with NAFLD + RPAH.

The presence of G/T and T/T genotypes in
patients with comorbidity of NAFLD and RPAH
is associated with an increase in IL-6 and fet-A
compared to the G/G genotype.

Patients with comorbidity of NAFLD + RPAH
and with the T allele of the polymorphic marker
G276T of the ADIPOQ gene are more likely to
have impaired EDVD, indicating more significant
vascular reactivity disorders.

Thus, the role and place of G276T
polymorphism of the ADIPOQ gene in patients
with comorbidity of NAFLD and RPAH have
been established.

Limitations of the study
The control and comparison groups included

a small number of patients, while sufficient to
determine statistically significant differences. For
a more accurate distribution of genotypes and the
effect of this on the course of diseases, it is
desirable to conduct larger studies with the
involvement of a larger number of patients.
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