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The mortality rate from diseases of 
the circulatory system in Russia in 2018 
was 46.3%, of which 52.6% were from 
IHD [1]. One of the main risk factors for 
the development of cardiovascular com-
plications is arterial hypertension (AH). 
AH in 2015 caused more than 10 million 
deaths and 200 million cases of disability 
[6]. The leading role in the development 
of AH is played by not only modifiable, 
but also non-modifiable and genetic fea-
tures of the body [2]. The immune sys-
tem also plays an important role. Thus, 
the IL-6 gene encodes an anti-inflamma-
tory cytokine, and therefore an increase 
in its concentration in the blood leads to 
an increased susceptibility to the devel-
opment of atherosclerosis. The role of 
the immune mediator IL-6 in the devel-
opment of hypertension has been proven 
[8,11,13]. The literature describes that 
CG genotypes of G-174C polymorphism 
in the IL-6 gene promoter increase gene 
transcription and are significantly asso-
ciated with an increased content of TC, 
LDL and SBP [10,12], which determines 
the relationship of IL-6 gene polymor-
phism with metabolic factors of athero-
genesis. The results of studies with re-
gard to the association of IL-6 C-572G 
gene polymorphism and the risk of de-
veloping IHD, namely the effect of the C 
allele in the Chinese, are also described 
[3]. Other studies confirm the association 

of -572GG and the G allele with the risk 
of developing ischemic stroke [15]. 

The study to determine the relation-
ship of variants of the IL-6 C-174G and 
IL-6 C-572G genes with hypertension 
and its risk factors remains relevant, 
since it has not been previously conduct-
ed in indigenous peoples of the North.

Objective: to analyze the association 
of IL-6 gene polymorphism with arterial 
hypertension and its risk factors in indig-
enous peoples of the Nizhnekolymsky 
district of Yakutia.

Materials and research methods.
The collection of material for the study 
was carried out under expeditionary 
conditions in the Arctic territory of Yaku-
tia in places of compact residence of in-
digenous peoples in the Kolymskoe and 
Andryushkino villages, Nizhnekolymsky 
district. A total of 212 people aged 20 to 
70 years were examined. Random sam-
pling was formed according to the lists of 
workers in the village administration. The 
response was 76%. It should be noted 
that Kolymskoye village was dominated 
mainly by the Chukchi, and the Andry-
ushkino village by the Yukagirs. Evens 
were found equally often in both settle-
ments. The design of the study is pre-
sented in the form of “case-control”, for 
which 150 representatives of indigenous 
peoples of the North were included in the 
study, which were divided into 2 groups: 
with AH (case) (n = 73) and without AH 
(control) (n = 77). The average age of 
respondents with AH was 53,52 ± 1,12, 
without AH 39,62 ± 1,26 years.

Inclusion criteria: representatives of 
indigenous people (Evens, Chukchi, Yu-
kaghirs).

Exclusion criteria: representatives of 
non-indigenous nationalities, Yakuts.

The research program included the 
following sections: a survey on the ques-

tionnaire to assess the objective state; 
informed consent of the respondent to 
conduct research; anthropometric exam-
ination with hip and waist measurement; 
blood sampling for biochemical stud-
ies from the cubital vein in the morning 
on an empty stomach with a 12-hour 
abstinence from food. Blood sampling 
from the cubital vein for molecular ge-
netic studies was carried out in a tube 
with EDTA. Genomic DNA was isolated 
from peripheral blood leukocytes by the 
method of phenol-chloroform extraction. 
Polymorphism of the promoter region of 
the IL-6 gene was studied at positions 
C-174G and C-572G. Allelic variants of 
the IL-6 gene were tested using a poly-
merase chain reaction with real-time re-
sults (real-time PCR). Genotyping of the 
polymorphic AGT gene was performed 
with the usage of kits (Lytech R&D LLC, 
Moscow), on the «Real-time CFX96» 
amplifier (BioRad, USA) in accordance 
with the manufacturer’s instructions. For 
quality control, 10% of randomly select-
ed samples were subjected to repeated 
genotyping.

Laboratory methods of the research 
included blood lipids test total cholesterol 
(TC), triglycerides (TG), HDL Cholester-
ol, LDL Cholesterol, glucose test.

When judging the incidence of disor-
ders of the blood lipid profile in a popula-
tion, we used the Russian recommenda-
tions of the V revision of  Society of car-
diology of Russian Federation (VNOK), 
2012, into account the European recom-
mendations, 2011. Hypercholesterolemia 
(HCS) is the level of total cholesterol (TC) 
≥ 5,0 mmol/l, the high LDL Cholesterol 
level >3,0 mmol/l, the low HDL Cholester-
ol level <1,0 mmol/l on men; <1,2 mmol/l 
on women, the hypertriglyceridemia 
(HTG) is the TG level is ≥1,7 mmol/l; a 
hyperglycemia (HG) on an empty stom-
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ach (a glucose in a blood plasma on an 
empty stomach ≥ 6,1 mmol/l) or glucose 
intolerance (a glucose in a blood plasma 
in 2 hours after glucose loading within 
≥7,8 and ≤11,1 mmol/l).

Blood pressure (BP) was measured 
twice with an OMRON M2 Basic auto-
matic tonometer (Japan) in a sitting po-
sition with calculation of average blood 
pressure with a margin of permissible 
measurement error of ± 3 mm Hg. (ESH 
2002) according to the instructions for the 
correct measurement of blood pressure, 
outlined in the European clinical guide-
lines for the diagnosis and treatment of 
hypertension 2017. Hypertension is pres-
ent at the 140/90 mmHg (2017 ACC/AHA 
Guideline).

The abdominal obesity (AO) is ex-
posed to the value of the waist measure-
ment (WM) ≥ 80 cm on women, ≥94 cm 
on (VNOK, 2009) .

The study was conducted according 
to Ethics Committee protocol YSC KMP 
on the respondent's informed consent to 
the processing of personal data and the 
study.

Statistical data processing was per-
formed using standard methods of math-
ematical statistics using the SPSS soft-
ware package (version 19.0). To define 
the characteristics, the arithmetic mean 
(M) and the characteristic’s standard 
error of the mean (m) were calculated. 
Intergroup differences were evaluated 
using analysis of variance or non-para-
metric criteria. When comparing the fre-
quencies of genotypes, the standard χ2 
criterion with the Yates correction was 
used. The relative risk (OR – odds ratio) 
of disease development at a certain gen-
otype was calculated using the standard 
formula OR=a/bxd/c, where a and b is the 
number of patients with and without the 
mutant genotype, respectively, and d, c is 
the number of people in the control group 
with and without the mutant genotype. 
OR is indicated with a 95% confidence 
interval. Differences were considered 
statistically significant at p <0.05. 

Results and discussion. This study 
is exploratory in nature due to the anal-
ysis of a small sample of the surveyed 
population. An attempt was made to an-
alyze the association of IL-6 gene poly-
morphism with AH and its risk factors. 
The effect of heterogeneity in compari-
sons is possible, which could affect the 
results.

The frequency of occurrence of geno-
types and alleles of IL-6 C-174G and IL-6 
C-572G  among the examined groups 
was compared. All genotype frequencies 
do not correspond to the Hardy-Weinberg 
equilibrium, possibly due to a small sam-

ple of the studied groups, for IL-6 C-174G 
(χ2=15.12, p=0.000 for the case and 
χ2=3.36, p=0.066 for control), for IL-6 C 
-572G (χ2=9.18, p=0.002 and χ2=7.76, 
p=0.005, respectively). In all groups, a 
high frequency of homozygous GG gen-
otype and G allele was noted; there were 
statistically significant differences in both 
the group of patients with AH and the fre-
quency of GG genotype of IL-6 C-572G 
in the control.

We used 2 genetic models (dominant 
and recessive) to test the relationship 
between IL-6 C-174G and IL-6 C-572G 
with AH. We did not obtain significant dif-
ferences in the frequencies of genotypes 
between hypertonics and normotonics, in 
all cases the dominant model for the mi-
nor G allele and the high frequency of the 
G allele prevailed (Table 1).

Depending on the genotype of the 
polymorphic locus C-174G of the IL-6 
gene, we analyzed the average level of 
systolic blood pressure (SBP) in hyper-
tensive patients. Some effect of the G 
allele of IL-6 C-174G on the increase in 
the level of SBP was found. In individuals 
with hypertension, the average level of 
SBP in carriers of CC, CG, and GG gen-
otypes was 146.67±8.81, 166.67±10.22, 
and 160.47±2.28 mmHg, respectively, 
no significant differences were found (p> 
0.05). Our data do not coincide with the 
studies of certain foreign scientists; in 
particular, the tendency for a more pro-
nounced increase in SBP in carriers of 
the C allele has been described [10,12]. 
In normotonics, there were no special dif-
ferences in the mean values of SBP. As 
for the polymorphic locus C-572G of the 
IL-6 gene, in hypertensive patients with 
CC, CG and GG genotypes, the mean 
SBP was 155.71±3.68, 160.67±4.41 
and 160.98±2.84 mmHg, respectively, 
no significant differences were noted. In 
a number of studies, the relationship of 
the polymorphic locus C-572G of the IL-6 
gene with the level of SBP was also not 
obtained [14].

AO plays an important role in the de-
velopment of hypertension as a compo-
nent of the metabolic syndrome. In in-
dividuals with AH, AO was significantly 
more often observed than in individuals 
without AH (78.1% and 29.9%, respec-
tively, p = 0.001). We analyzed the dis-
tribution frequencies of the genotypes 
of the polymorphic loci C-174G and 
C-572G of the IL-6 gene, depending on 
the presence of AO in the general pop-
ulation and separately in the “case” and 
“control”. The frequency of AO in the gen-
eral population of carriers of the CC gen-
otype of the polymorphic locus C-174G 
was 50%, CG - 58.3%, GG - 53%, no 

significant differences were noted. In the 
“case”, depending on the relationship to 
these genotypes, it was 66.7%, 83.3% 
and 78.1%, respectively (p> 0.05), in the 
“control” - 22.3%, 33.3% and 30.0% (p> 
0.05). We obtained a contradictory result 
in comparison with published data, which 
describes the relationship of the C allele 
at the -174 locus of the IL-6 gene with 
visceral obesity in patients with hyperten-
sion [4], possibly associated with a small 
sample of subjects.

In the general population of carri-
ers of the genotype CC of the C-572G 
locus, the AO frequency was 50%, CG 
- 52.8%, GG - 54.1%, the differences 
were insignificant. Hypertensive patients 
had a high rate of AO, 95.6%, 86.7% and 
72.5%, respectively (p> 0.05). Thus, the 
highest frequency of AO was identified 
in individuals with AH - carriers of the 
C allele. In normotonic patients, the oc-
currence of AO was 22.4%, 28.6% and 
34.0%, respectively, the differences are 
unreliable.

The assessment of the effect of ge-
netic polymorphism on the biochemical 
blood parameters characteristic of hyper-
tension   is of particular interest. We ana-
lyzed the association of polymorphism of 
polymorphic C-174G and C-572G loci of 
IL-6 gene with biochemical blood param-
eters in individuals with and without AH. 
Compared the average concentration of 
lipids and blood glucose in individuals 
with hypertension and without hyper-
tension, depending on their belonging 
to a particular genotype (Table 2). In all 
respondents in the "case", the values of 
lipid metabolism, except for high density 
lipoprotein cholesterol (HDL cholesterol), 
were higher compared to the “control”. 
Statistically significant differences were 
obtained in the average concentrations of 
low-density lipoprotein cholesterol (LDL 
cholesterol), TG and blood glucose in ho-
mozygous carriers of minor GG genotype 
IL-6 C-174G. In other cases, the indica-
tors had no significant differences. When 
studying the relationship of IL-6 C-572G 
gene polymorphism with the same blood 
parameters, we obtained significant dif-
ferences in hypertensive patients in the 
average LDL cholesterol values in car-
riers of a heterozygous genotype and 
blood glucose in individuals with a mutant 
homozygous genotype. For other indica-
tors, there were no significant differenc-
es. Thus, we obtained the influence of the 
G allele on a significant increase in the 
concentration of atherogenic fractions of 
cholesterol and blood glucose in hyper-
tensive patients.

We determined the frequency of lip-
id and carbohydrate disorders for indi-
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viduals with and without hypertension, 
depending on the carriage of a particu-
lar IL-6 C-174G genotype. In hyperton-
ic patients, all values exceeded those 
of normotonic, except for carbohydrate 
metabolism. We compared the frequen-
cies in relation to a particular genotype 
separately in individuals in the “case” 
and “control”. In hypertensive patients, 
there were no differences in the ratio of 
a specific genotype to lipid and carbohy-
drate disorders (p> 0.05). In carriers of 
the CC genotype, the frequency of HCS 
was 33.3%, CG - 46.9% and GG - 55.6% 
(p> 0.05); HCS-LDL 33.3%, 50.0% and 
59.4%, respectively, p> 0.05. Thus, car-
riers of the mutant GG genotype showed 
the highest frequency of lipid metabo-
lism disorders, including the atherogenic 
fraction. In the literature, there are also 
confirmations from certain authors about 
the influence of the mutant homozygous 
genotype IL-6 C-174G on atherogenesis 
[10]. We have not obtained any special 
influence of one or another allele on the 
frequency of lipid and carbohydrate dis-
orders in normotonics.

As for the comparison of the frequen-
cies of occurrence of HCS, HCS-LDL, 
HTG, Hypo-α-cholesterolemia (Hypo-
α-CS), HG by IL-6 C-572G genotypes, 
significant differences were not obtained 
in either the "case" or "control". In hyper-
tensive patients, all indicators were also 
higher compared to the “control”, but we 
found the highest occurrence of HCL in 
carriers of the C allele (CC - 57.1%, CG 
- 49.0% and GG - 40.0%, (p>0.05 ); HCS-
LDL - 71.4%, 66.7% and 52.9% (p>0.05); 
Hypo-α-CS - 42.9%, 40.0% and 21.6% 
(p>0.05); HG - 14.3%, 8.0% and 6.7%, 
respectively, p> 0.05. For other parame-
ters in the “case” no difference was not-
ed. In normotonics, the occurrence of all 
indicators is almost the same.

Conclusion. In the course of our ex-

ploratory study, certain results were ob-
tained, the distribution of allelic variants 
of cytokine genes in patients with hyper-
tension and relatively healthy individuals 
was revealed. The dominance of a ho-
mozygous mutant genotype was found in 
the polymorphic loci C-174G and C-572G 
of the IL-6 gene in two groups. 

Hypertonics - carriers of the G allele of 
the C-174G polymorphic locus of the IL-6 
gene, both in the homozygous and het-
erozygous versions, showed the highest 
average systolic blood pressure, a high 
incidence of abdominal obesity, lipid and 
carbohydrate metabolism disorders. The 
study of the polymorphic C-572G locus 
of the IL-6 gene in individuals with hyper-

tension showed the highest incidence of 
AO, lipid and carbohydrate metabolism 
disorders in carriers of the C allele.

Thus, a relationship was obtained with 
AH and its risk factors for IL-6 gene poly-
morphisms, namely, the influence of the 
G allele of the polymorphic locus C-174G 
and the C allele of the polymorphic locus 
C-572G on metabolic factors of athero-
genesis.

All this serves as the basis for further 
more in-depth research of the indigenous 
population living compactly in the remote 
hard-to-reach communities in Russia's 
Arctic region, with a larger scope of re-
search for targeted selection of therapeu-
tic and preventive measures.

Frequency distribution of the IL-6 C-174G and IL-6 C-572G genotypes with and without hypertension according to the 
dominant and recessive models

Genotype Genotype frequencies χ2 p OR 95% CI Allele Allele frequencies
case control case control

IL-6 C-174G
Dominant 
model

CG+GG 0.959 0.987 1.14 >0.05 0.31 0.03-3.02 C 0.082 0.052CC 0.041 0.013
Recessive 
model

CC+CG 0.123 0.091 0.41 >0.05 1.41 0.49-3.99 G 0.918 0.9480.877 0.909
IL-6 C-572G

Dominant 
model

CG+GG 0.904 0.883 0.17 >0.05 1.25 0.44-3.55 C 0.199 0.253CC 0.096 0.117
Recessive 
model

CC+CG 0.301 0.390 1.29 >0.05 0.68 0.34-1.33 G 0.801 0.7470.699 0.610

The average levels of the lipid and carbohydrate spectrum in people with hypertension 
and those without hypertension. depending on the genotypes C-174G and C-572G

of the IL-6 gene (M ± m)

Genotype frequency TC LDL 
Cholesterol

HDL 
Cholesterol TG Glucose

IL-6 C-174G

CC
Case 5.49±1.12 2.82±0.52 1.48±0.22 1.33±0.30 5.36±0.18

p 0.817 0.628 0.393 0.441 0.432
Control 4.88±0.31 2.23±0.09 1.98±0.21 0.75±0.19 5.60±0.35

CG
Case 5.59±0.35 3.64±0.21 1.70±0.15 0.93±0.11 4.50±0.15

p 0.395 0.234 0.507 0.583 0.393
Control 5.09±0.42 3.11±0.35 1.50±0.24 0.84±0.10 4.36±0.30

GG
Case 4.93±0.13 3.16±0.11 1.29±0.04 1.10±0.05 4.96±0.26

p 0.106 0.039 0.182 0.025 0.007
Control 4.66±0.10 2.87±0.08 1.37±0.04 0.91±0.05 4.21±0.09

IL-6 C-572G

CC
Case 5.02±0.15 3.16±0.33 1.16±0.11 1.07±0.10 5.02±0.60

p 0.729 0.513 0.074 0.080 0.143
Control 4.66±0.25 2.91±0.20 1.41±0.07 0.78±0.10 4.11±0.22

CG
Case 4.87±0.29 3.14±0.21 1.26±0.12 1.08±0.11 5.39±0.82

p 0.326 0.049 0.215 0.236 0.153
Control 4.56±0.16 2.70±0.12 1.45±0.08 0.88±0.10 4.33±0.16

GG
Case 4.82±0.38 3.14±0.12 1.38±0.04 1.09±0.06 4.73±0.21

p 0.376 0.512 0.761 0.153 0.047
Control 4.83±0.13 3.03±0.11 1.35±0.05 0.95±0.06 4.23±0.11

Table 1

Table 2
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