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Objective. Genetic factors substantially contribute to the development and duration of arte-
rial hypertension. The study of the A1166C polymorphism of the angiotensin II type 1 receptor 
gene (AGTR1) in arterial hypertension is an auspicious area for assessing the relationship between 
heredity, hypertension development, and adipokines, but it still remains debatable. The purpose 
of the current study was to investigate serum adipokines levels depending on the AGTR1 A1166C 
polymorphism.

Methods. A total of 86 patients with arterial hypertension were examined, who underwent the 
evaluation of the allelic A1166C polymorphism of AGTR1 by polymerase chain reaction with elec-
trophoretic detection and determination of serum adipokines levels using enzyme-linked immu-
nosorbent assay.

Results. In the group of patients with arterial hypertension, a significant increase in serum adi-
pokines (resistin, adiponectin, and leptin) levels was found against the background of a decrease 
in the antianorexic hormone ghrelin with a predominance of CC genotype carriers compared with 
AA genotype carriers of the AGTR1. A statistically significant decrease in ghrelin and an increase 
in serum adipokines (resistin, adiponectin, and leptin) in CC genotype carriers compared with AA 
genotype carriers of the AGTR1 were found suggesting that CC genotype carriers may be predic-
tors of the development of arterial hypertension in our patients.

Conclusions. Statistically significant decrease in ghrelin and increase in serum adipokines (re-
sistin, adiponectin, and leptin) were found in CC genotype carriers compared with AA genotype 
carriers of the AGTR1, which suggests that carriers of the CC genotype are predictors of the arterial 
hypertension development in our patients.
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Adipokines (leptin, resistin, and adiponectin) may 
play a specific role in the development of arterial 
hypertension (Sabbatini et al. 2015; Pidruchna et al. 
2024).

A number of studies have shown an association 
of arterial hypertension with hyperleptinemia. 
The authors have explained the pathophysiological 
mechanisms of high blood pressure by the sympatho-
adrenal reaction caused by the effect of leptin on the 
hypothalamus and an increase in peripheral vascular 
resistance due to the smooth muscle cell proliferation 
initiated by hyperleptinemia (Kamareddine et al. 
2021; Prodan et al. 2023).

According to the results of the recent studies, genetic 
factors usually play an important role in the arterial 
hypertension development and course (Krynytska et 
al. 2021; Marushchak et al. 2022). The study on the 
A1166C polymorphism of the angiotensin II type 1 
receptor gene (AGTR1) in arterial hypertension is a 
promising area for assessing the relationship between 
heredity, hypertension, and adipokines, but it may 
remain controversial. Therefore, it is interesting to 
investigate the role of leptin, resistin, and adiponectin 
in patients with arterial hypertension, since no studies 
of adiponectins and ghrelin taking into account 
AGTR1 A1166C polymorphism and arterial hyper-
tension have been found in the available literature to 
the best of our knowledge.

The aim of the present study was to investigate the 
serum adipokines levels depending on the A1166C 
polymorphism of AGTR1 as a predictor of arterial 
hypertension.

Materials and Methods

Study population. A total of 86 patients with 
arterial hypertension who attended and were 
examined at the therapeutic department of Kozivska 
CDH participated in this study. All participants 
underwent the following examinations: body weight 
and height determination, blood pressure measure-
ments, daily blood pressure monitoring, electrocar-
diography (ECG), cardiac ultrasound, and A1166C 
polymorphism of AGTR1 and determination of 
serum adipokines levels.

Genotyping of the AGTR1 A1166C poly-
morphism region. The allelic A1166C polymor-
phism of AGTR1 was studied by polymerase chain 
reaction (PCR) with electrophoretic detection 
using SNP-EXPRESS reagent kits (“Litex”, RF). The 
frequency of distribution of polymorphic genes in 
the population was checked according to the Hardy-
Weinberg law of genetic equilibrium.

Laboratory data. Determination of the serum 
adipokines levels was performed by enzyme-linked 
immunosorbent assay (ELISA) using reagent kits: 
Human Resistin ELISA Kit (Thermo Fisher Scientific, 
USA) for resistin analysis, Leptin ELISA (LDN Labor 
Diagnostica Nord GmbH&Co,KG, Germany) for 
leptin analysis, Human Adiponectin ELISA Kit 
(Thermo Fisher Scientific, USA) for adiponectin 
analysis, and Human Ghrelin ELISA Kit (Thermo 
Fisher Scientific, USA) for ghrelin analysis using a 
Multiscan FC analyzer at 620 nm.

Ethical details. While conducting this research 
project, we followed the principles of bioethics set 
out in the Declaration of Helsinki Ethical Principles 
for Medical Research Involving Human Subjects, 
the Universal Declaration on Bioethics and Human 
Rights (UNESCO) and the Order of the Ministry 
of Health of Ukraine on Approval of the Procedure 
for Conducting Clinical Trials of Medicines and 
Examination of Clinical Trial Materials and the 
Model Regulations on Ethics Commissions No. 69 of 
23.09.2009. Written informed consent for the study 
was obtained from all patients (Conclusion of the 
Biomedical Ethics Committee of the I. Horbachevsky 
Ternopil National Medical University of the Ministry 
of Health of Ukraine No. 69 dated from 12.04.2022).

Statistical analysis. The statistical analysis of the 
research data was performed using Statistica 10 (Statsoft, 
USA, serial number CDDR415X254504GVZ7) and 
the statistical functions of Microsoft Office Excel 
2016 (Microsoft Corp., USA). The arithmetic mean 
(M) and its error (m) were determined. The distri-
bution of samples was checked for normality by the 
Shapiro-Wilk test. Authenticity of changes in the 
mean values of the study results between groups was 
calculated by Student’s t-test with a normal distribu-
tion of independent samples and the nonparametric 
Kruskal-Wallis test in the absence of a normal distri-
bution. Differences were considered statistically 
significant at a significance level of p<0.05.

Results

In the group of patients with arterial hypertension, 
we found a significant increase in serum adipokines 
– resistin (p<0.05), adiponectin (p<0.05), and leptin 
(p<0.05) – against the background of a decrease in 
the antianorexic hormone ghrelin.

An excessive resistin production in all studied 
groups of patients with arterial hypertension was 
recorded (Figure 1). However, in patients with the 
CC genotype compared with carriers of the AA 
genotype of the AGTR1, the serum resistin content 
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was significantly higher (p<0.05) and amounted to 
15.7±2.10 ng/ml vs. 10.4±1.01 ng/ml, respectively.

According to the results of the comparative 
analysis presented in Figure 1, it can be concluded 
a statistically significant difference for resistin when 
comparing the control group (C) [(Me (IQR) 8.4 (7.5; 
9.3)] with the groups of arterial hypertension patients 
with AA [(Me (IQR) 10.6 (9.4; 11.2)], AC [(Me (IQR) 
12.2 (11.5; 13.6)] and CC genotype [Me (IQR) 16.2 
(14.6; 17.0)] of the AGTR1. Our data are consistent 
with the results of other researchers (Jiang et al. 2016), 
who have shown that resistin induces both insulin 
resistance and hypertension in mice and these effects 
are dependent on the toll-like receptor 4 (TLR4).

We also recorded an excessive leptin production in 
all study groups of patients with arterial hypertension 
(Figure 2). However, in patients with the CC genotype 
compared to the carriers of the AA genotype of the 
AGTR1, the serum leptin content was significantly 
higher by 2.4 times.

According to the results of the comparative analysis 
shown in Figure 2, it can be concluded a statistically 
significant difference for leptin when comparing the 
control group (C) [(Me (IQR) 6.0 (5.4; 6.4)] and the 
groups of patients with hypertension of AA carriers 
[(Me (IQR) 9.8 (7.8, 11.1)], AC [(Me (IQR) 12.0 (10.9, 
13.9)], and CC genotype Me [(IQR) 15.1 (12.8, 17.7)] 
of the AGTR1.

A similar change tendency was observed in the 
adiponectin content in patients with the CC genotype 

of AGTR1. As shown in Figure 3, the adiponectin 
content in carriers of the homozygous AA genotype 
(n=18) differed from the control group of patients 
and was 1.82 times higher. In patients with the 
AC genotype (n=38), the adiponectin content was 
2.86 times higher than in the control group (n=30). 
Highest significant increase in the studied index was 

Figure 1. Changes in resistin content in patients with arterial 
hypertension depending on the AA, AC, and CC genotypes of 
angiotensin II type 1 receptor gene (AGTR1) A1166C poly-
morphism.

Figure 2. Changes in leptin content in patients with arterial 
hypertension depending on the AA, AC, and CC genotypes 
of angiotensin II type 1 receptor gene (AGTR1) A1166C poly-
morphism.

Figure 3. Changes in adiponectin content in patients with arte-
rial hypertension depending on the AA, AC, and CC genotypes 
of angiotensin II type 1 receptor gene (AGTR1) A1166C poly-
morphism.



156 Adipokine indicators, A1166C I gene receptor polymorphism, arterial hypertension

recorded in patients with the CC genotype (n=30). In 
these patients, the adiponectin content was 3.75 times 
higher than in the control group.

According to the results of the comparative 
analysis shown in Figure 3, it can be concluded a 
statistically significant difference for adiponectin 
when comparing the control group (C) [(Me (IQR) 7.5 
(7.0; 8.0)] and the groups of patients with hyperten-
sion of AA carriers [(Me (IQR) 13.2 (12.2; 15.5)], AC 
[(Me (IQR) 21.1 (20.4; 22.7)], and CC genotype [Me 
(IQR) 28.3 (27.9; 29.0)] of the AGTR1.

According to the results of the comparative analysis 
shown in Figure 4, it can be concluded a statistically 
significant difference for ghrelin when comparing the 
control group (C) [(Me (IQR) 1365.7 (1101.4; 1640.2)] 
with groups of patients with arterial hypertension of 
AA carriers [(Me (IQR) 1014.6 (999.3, 1181.8)], AC 
[(Me (IQR) 784.7 (567.2, 901.3)], and CC genotype 
[Me (IQR) 497.6 (419.0, 885.1)] of the AGTR1.

Discussion

The study of ghrelin levels showed a tendency to 
decrease in all studied groups of AGTR1 A1166C 
polymorphism alleles. In the group of carriers of 
the CC genotype of the AGTR1, this indicator was 
statistically significantly lower than in the group 
with carriers of the AA genotype and amounted to 
613.35±289.30 ng/ml vs. 1153.86±324.05 ng/ml with 

a value of 1380.48±0.50 ng/ml in the control group of 
subjects. Our data are aligned with other researchers 
who have found a low plasma ghrelin concentration in 
patients with arterial hypertension with concomitant 
obesity compared with lean Europeans (Shiiya et al. 
2002). Low ghrelin concentrations are characterized 
by patients with type 2 diabetes mellitus (T2DM), 
indicating a possible genetic component in the 
regulation of plasma ghrelin levels. Some authors 
have shown that low ghrelin concentrations are 
independently associated with T2DM and insulin 
resistance (Poykko et al. 2003).

Excessive production of leptin serves as a marker 
of inflammation and adipose tissue damage contrib-
uting to the weakening of antioxidant processes in 
the body (Korda et al. 2010; Hutor et al. 2020). Hyper-
leptinemia is associated with activation of the sympa-
thoadrenal system, increased insulin resistance, the 
pathogenesis of the myocardial hypertrophy, chronic 
heart failure, and angiopathy conditions associated 
with subclinical inflammation. In patients with 
arterial hypertension, leptin levels correlate with the 
risk of cardiovascular disease complications and are 
associated with the amount of visceral fat (Galletti et 
al. 2012).

Adiponectin plays a key role in energy metabolism; 
the concentration of both total adiponectin and 
bound adiponectin decreases with obesity and 
increases after weight loss. Adiponectin has anti-
atherogenic and anti-inflammatory properties and 
is inversely correlated with body mass index and the 
amount of visceral fat. Low serum adiponectin levels 
are associated with the development of atheroscle-
rosis, coronary artery disease, arterial hypertension, 
and left ventricular hypertrophy (Jiang et al. 2016). 
In recent years, the leptin/adiponectin index has been 
shown to be more predictive of the development of 
cardiovascular disease, vascular disease, T2DM, 
metabolic syndrome, and arterial hypertension than 
leptin or adiponectin levels alone (Fang and Judd 
2018). The data on the role of ghrelin in the patho-
genesis of arterial hypertension have been obtained. 
More than 80% of circulating ghrelin is synthesized 
and secreted into the blood by endocrine cells of the 
gastrointestinal tract (Dziubanovskyi et al. 2022).

Ghrelin has been shown to reduce the fat 
utilization and contribute to the development of 
obesity (stimulates lipogenesis and inhibits lipolysis) 
and activates the lipid synthesis in the liver. Hyperse-
cretion of ghrelin causes obesity. There is an inverse 
relationship between ghrelinaemia and insulin 
resistance, i.e. low levels of ghrelin induce more 
distinct insulin resistance.

Figure 4. Changes in ghrelin content in patients with arterial 
hypertension depending on the AA, AC, and CC genotypes of 
angiotensin II type 1 receptor gene (AGTR1) A1166C poly-
morphism. 
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Conclusion. We found a statistically significant 
decrease in ghrelin and an increase in the serum 
adipokines (resistin, adiponectin, and leptin) in 
carriers of the CC genotype compared with carriers 
of the AA genotype of the AGTR1, which suggests 
that carriers of the CC genotype are predictors of the 
development of arterial hypertension in our patients.
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