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A case-control study was conducted for the indigenous population living in the Arctic territory of Yakutia to determine the as-
sociation of the M235T polymorphism of the AGT gene with hypertension and its risk factors. A higher average blood pressure, 
elevated cholesterol and its fractions, a higher incidence of abdominal obesity in carriers of the mutant GG genotype were found 
both in the general population and separately for people with hypertension. The study shows the contribution of the G allele of the 
AGT gene to the development of hypertension, lipid disorders and abdominal obesity.
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Arterial hypertension is the leading risk 
factor for disability and premature mortal-
ity in the global population. As of 2010, 
31.1% of the adult population of the world 
(1.39 billion people) was suffering from 
hypertension (30.7% of men and 28.8% 
of women) [10]. In Russia, according to an 
ESSE-RF epidemiological study, which 
was conducted in 12 regions, the prev-
alence of AH was 50.2% (51.1% in men, 
49.7% in women) [2]. It is recognized that 
hypertension is a polygenic multifactorial 
disease, the genetic role of which has al-
ready been proven. Currently, more than 
1.500 genetic polymorphisms associated 
with blood pressure have been identified, 
which contribute through various patho-
genetic mechanisms [7]. A particularly 
important role belongs to the genes of the 
renin-angiotensin system (RAS) respon-
sible for vascular tone. The most relevant 
polymorphisms of the RAS genes for 
hypertension are angiotensinogen gene 
polymorphisms (AGT). The results of var-
ious researches are ambiguous. Despite 
numerous studies, the degree and reli-
ability of associations vary, for some loci 
the data are contradictory.

The aim of the study was to research 
the relationship of angiotensinogen (AGT) 
gene polymorphism with arterial hyperten-
sion and its risk factors in the indigenous 
people of the Arctic territory of Yakutia.

Materials and research methods.
The collection of material for the study 
was carried out in expeditionary con-
ditions in the Arctic territory of Yakutia, 
including the places of compact resi-
dence of the indigenous peoples (Nizh-
nekolymsky, Verkhnekolymsky and Tom-
ponsky districts). 348 people of the indig-
enous nationality were surveyed with the 
continuous method. The sample consist-
ed of an adult population aged 20 to 70 
years (225 women and 123 men). The 
response was 75%. The average age 
of respondents was 48.16 ± 0.52 years, 
49.71 ± 0.63 in women and 44.98 ± 0.91 
in men.

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

Exclusion criteria: representatives of 
non-indigenous nationalities.

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 studies 
from the cubital vein in the morning on 
an empty stomach with a 12-hour absti-
nence from food. Blood sampling from 
the cubital vein for molecular genetic 
studies was carried out in a tube with 
EDTA. Genomic DNA was isolated from 
peripheral blood leukocytes by the meth-
od of phenol-chloroform extraction. Allel-
ic variants of the AGT gene were tested 
using a polymerase chain reaction with 
real-time results (real-time PCR). Geno-
typing 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 ac-
cordance with the manufacturer’s instruc-
tions. For quality control, 10% of random-

ly selected samples were subjected to 
repeated genotyping.

Biochemical methods of the research 
included blood lipid profile: total choles-
terol (TC), LDL Cholesterol, HDL Choles-
terol, TG, 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 
(HCE) 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 in men; 1.2 mmol/l 
in women. Hypertriglyceridemia (HTG) is 
the TG level ≥1.7 mmol/l; a hyperglyce-
mia on an empty stomach (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 automatic tonom-
eter (Japan) on the right hand in a sitting 
position with the calculation of the aver-
age BP. Hypertension is present at the 
140/90 mmHg (2017 ACC/AHA Guide-
line).

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

The study was conducted according to 
the Local Ethics Committee protocol YSC 
CMP on the respondent's informed con-
sent 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 
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(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/b x d/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 gen-
otype. OR is indicated with a 95% confi-
dence interval. Differences were consid-
ered statistically significant at p <0.05. 

Results and discussion. In the to-
tal population of the indigenous people 
of the Arctic territory of Yakutia, the fre-
quency distribution of the AA, AG and GG 
M235T genotypes of the AGT gene was 
15.5% (n = 54), 45.1% (n = 157), 39.4% 
(n = 137), respectively, which corre-
sponds to the Hardy-Weinberg equilibri-
um (χ2 = 0.18, p = 0.66), A alleles - 38.1% 
(n = 265), G - 61.9% (n = 431).

When comparing the mean values ​​of 
lipids and glucose depending on a par-
ticular AGT gene genotype, we obtained 
statistically significant differences in all 
indicators in carriers of heterozygous AG 
and mutant homozygous GG genotypes. 
In GG carriers all values ​​were higher: to-
tal cholesterol AG 4.93 ± 0. 06 and GG 
5.12 ± 0.06, respectively, p = 0.037; HDL 
1.32 ± 0.02 and 1.22 ± 0.02 (p = 0.003); 
LDL 3.12 ± 0.05 and 3.33 ± 0.05, (p = 
0.005); TG 1.06 ± 0.02 and 1.21 ± 0.04 
(p = 0.005). Our study confirms the con-
tribution of the G allele to impaired lipid 
metabolism. On the contrary, their aver-

age glucose values ​​are significantly low-
er compared with AG genotype carriers 
(4.83 ± 0.11 and 4.35 ± 0.08, respec-
tively, p = 0.001). Significant differences 
were also obtained when comparing the 
mean values ​​in individuals with homozy-
gous AA and GG genotypes, namely, in 
TG values ​​(1.03 ± 0.05 and 1.21 ± 0.04, 
p = 0.029), glucose (4.88 ± 0.14 and 4.35 
± 0.08, p = 0.001).

At analyzing the frequencies of lipid 
and carbohydrate disorders in respon-
dents, it was found that all carriers of 
genotypes showed high numbers of 
hypercholesterolemia (HCE), especial-
ly atherogenic HCE, and GG genotype 
carriers showed the highest frequency 
of hypo-alpha-cholesterolemia (Hypo-α-
CE). The frequencies of HCE, LDL HCE, 
Hypo-α-CE in the general population did 
not have significant differences between 
genotypes. Thus, in individuals with the 
AA genotype, the frequency of HCE was 
46.3%, АG - 41.4%, GG - 49.6%. More 
than half of the respondents had the 
highest frequency of LDL HCE in individ-
uals with AA genotype, 64.8% and GG 
genotype - 59.8%. The frequency of Hy-
po-α-CE was 33.3% in the AA genotype 
individuals, AG - 29.9%, GG - 43.1%. The 
frequency of HTG in the carriers of ho-
mozygous AA and GG genotypes signifi-
cantly differed (5.5% and 17.5%, respec-
tively, p = 0.033). Also significantly higher 
was the frequency of HG in heterozygous 
AG carriers compared with individuals 
with the mutant GG genotype (8.3% and 
2.9%, respectively, p = 0.048).

We also conducted a study of the con-
jugation of AGT polymorphism with the 
presence of abdominal obesity. Carriers 
of the AG and GG genotypes (59.2% and 
60.6%) had the largest statistically insig-
nificant frequency of AO versus 46.3% of 
individuals with the AA genotype, thereby 
indicating a certain conjugacy of the G al-
lele with the presence of AO.

Considering the high frequency of oc-
currence of AH in the population (53.3%), 
for further study, the general population of 
the indigenous people of the Arctic terri-
tory of Yakutia was divided into 2 groups. 
For the study, 2 groups were formed - 

“case” and “control”: “case” - persons 
suffering from hypertension (175 people), 
“control” - people without hypertension 
(173 people). The average age of hyper-
tensive patients was 53.07 ± 0.49 years, 
those without AH - 38.88 ± 0.60 years.

This case-control study was includ-
ed to determine the association of AGT 
gene variants with AH and its risk factors.

The frequency of occurrence of M235T 

genotypes of the AGT gene among 
groups was compared. None of the data 
sets (Table 1) showed significant devia-
tion from Hardy-Weinberg equilibrium (χ2 
= 0.32, p = 0.24 for “case” and χ2 = 4.84, 
p = 0.02 for “control”) and there was no 
significant difference in the frequencies of 
genotypes or alleles between hyperten-
sive and normotonic patients, with the ex-
ception of the homozygous AA genotype 
(χ2 = 5.21, p = 0.001, OR = 0.39, 95% CI 
= 0.27-0.89) (Table 2).

We used 2 types of genetic models 
in order to verify the connection of the 
M235T polymorphism of the AGT gene 
with AH (Table 3). Analyzing the models, 
we found a link between AH and the mu-
tant homozygous genotype GG and G al-
lele in the recessive model. What is also 
confirmed by a number of foreign studies, 
in particular, the effect of the G allele and 
the GG genotype on the risk of developing 
essential hypertension [4,6,8,9,15,16]. In 
the Russian study, which included 514 
patients, the association of the G allele 
with the risk of developing hypertension 
in men with an odds ratio of 1.95 (p = 
0.003) was shown [1]. In contrast, in Co-
lombia, Mongolia, the Caucasus, Leb-
anon, and India, no reliable association 
of AG and GG genotypes with AH was 
found [3,5,11,14,18]. It was assumed that 
the population is heterogeneous in these 
countries, polymorphism is associated 
with differences in populations.

Depending on the genotype, we ana-
lyzed the average level of systolic blood 
pressure (SBP) in hypertensive patients. 
In individuals with arterial hypertension, 
the average level of SBP in carriers of 
AA, AG and GG genotypes was 173.53 
± 3.62, 161.72 ± 1.40 and 159.72 ± 1.92 
mmHg, respectively, there were signif-

icant differences in individuals with the 
AA genotype compared with others (p 
= 0.001). We did not detect any special 
differences in the mean values of SBP in 
normotonics.

Comparison of mean concentrations 
of blood lipids and glucose in individuals 
with and without hypertension was car-
ried out, depending on whether the AGT 
gene is a member of a particular M235T 

Frequencies of genotypes and alleles of the M235T polymorphism of the AGT gene and correspondence to Hardy-Weinberg 
equilibrium (HWE)

Genotype Case HWE χ2 p Control HWE χ2 p Allele Frequencies of alleles
Case Control

AA 0.097 0.12
0.32 0.24

0.214 0.17
4.84 0.02

A 0.347 0.416
AC 0.497 0.45 0.405 0.49 C 0.653 0.584
CC 0.406 0.43 0.381 0.34

Table 1



ЯКУТСКИЙ МЕДИЦИНСКИЙ ЖУРНАЛ
18

genotype (Table 4). For all respondents 
in the “case” values ​​of lipid metabolism, 
except for HDL cholesterol, and glucose 
were higher compared to “control”. Signif-
icant differences were found in the aver-
age concentrations of TG in all represen-
tatives, total cholesterol in the homozy-
gous carriers of AA and GG genotypes, 
LDL cholesterol in carriers of the mutant 
GG genotype, glucose in individuals with 
the AA and AG genotype. The average 
concentrations of total cholesterol, ath-
erogenic cholesterol and TG in hyper-
tensive patients were higher with the GG 
genotype.

We determined the frequency of lipid 
and carbohydrate disorders for persons 
with and without AH, depending on gen-
otype carriership (Fig. 1). In hypertensive 
patients, all values ​​exceeded those of 
normotonics. When comparing certain 
types of lipid disorders and carbohydrate 
metabolism with respect to one or anoth-
er genotype, individuals in the “case” and 
“control” identified significant differences 
in the frequency of LDL HCE in hyper-
tensive patients of heterozygous and 
mutant homozygous genotypes, thereby 
proving the contribution of the G allele 

in the development of atherogenesis. In 
normotonics, significant differences were 
noted in the frequency of Hypo-α-choles-
terol, where the highest frequency was 
observed in GG carriers. In many studies 
examining the association of the M235T 
AGT gene polymorphism with lipid dis-
orders, no significant reliable links have 
been identified. Only a few studies con-
firm the fact that the G allele has a signif-
icant effect on increasing the concentra-
tion of total cholesterol and atherogenic 
cholesterol [12].

The study of conjugation of AGT poly-
morphism in the case and control with the 
presence of abdominal obesity revealed 
the highest incidence of AO in individuals 
with AH - carriers of AG and GG geno-
types from 76.1% to 83.9%. In the control, 
the frequency of AO varied from 28.6% in 
carriers of the heterozygous genotype to 
43.9% in homozygous GG carriers. Both 
in the group with AH and in the “control”, 
the highest frequency of AO is associated 
with the G allele, thereby proving its con-
tribution to the development of the meta-
bolic syndrome. This was also confirmed 
by a number of foreign studies [13, 17].

Conclusion. Based on our findings, 
there is, indeed, a single genetic compo-
nent in the implementation of hyperten-
sion and its risk factors for development, 
such as lipid disorders and abdominal 
obesity. Proof of this are higher average 
blood pressure, elevated cholesterol and 
its fractions, a higher incidence of ab-
dominal obesity in carriers of the mutant 
GG genotype both in the general popula-
tion of the indigenous people of the Arc-
tic territory of Yakutia, and separately for 
people with arterial hypertension. Thus, 
the genetic mechanisms of hypertension 
in the group of patients with arterial hy-
pertension are realized through the G al-
lele, which programs obesity, increased 
pressure, and lipid metabolism disor-
ders.

The research was conducted within 
research projects of YSC CMP "A contri-
bution of a metabolic syndrome to devel-
opment of atherosclerosis of coronary ar-
teries in residents of Yakutia", R&D "De-

Table 2

Mean levels of lipid spectrum and blood glucose in hypertensive patients and those without hypertension 
depending on the M235T genotypes of the AGT gene (M±m)

Blood 
parameters

AA genotype AG genotype GG genotype
case p control case p control case p control

TC 5.16±0.11 <0.05 4.74±0.16 4.98±0.08 >0.05 4.78±0.10 5.29±0.07 <0.01 4.74±0.09
LDL 3.30±0.08 >0.05 3.06±0.12 3.17±0.06 >0.05 2.98±0.08 3.47±0.06 <0.01 3.04±0.08
HDL 1.32±0.06 >0.05 1.26±0.05 1.29±0.02 <0.05 1.40±0.04 1.22±0.02 >0.05 1.23±0.03
TG 1.17±0.08 <0.02 0.90±0.06 1.14±0.03 <0.01 0.87±0.04 1.29±0.05 <0.05 1.05±0.06

glucose 5.37±0.24 <0.01 4.43±0.14 5.10±0.15 <0.01 4.15±0.10 4.40±0.10 >0.05 4.24±0.10

Frequency distribution of M235T genotypes of the AGT gene among persons with and 
without AH

Genotype Frequencies of genotypes χ2 p OR 95%CICase Control
AA 0.097 0.214 5.21 0.001 0.39 0.27-0.89
AG 0.497 0.405 1.71 нд 1.45 0.83-2.54
GG 0.406 0.381 0.13 нд 1.11 0.63-1.96

Frequency distribution of genotypes M235T of AGT gene among persons with and 
without AH according to the dominant and recessive model

Genotype Frequencies of genotypes χ2 p OR 95%CICase Control
AA+ AG 0.581 0.618 0.28 0.51 0.86 0.56-1.31GG 0.418 0.382

AA 0.095 0.214 9.58 0.001 0.39 0.21-0.72AG+ GG 0.905 0.786

Table 3

а                                                                            b

1а. The frequency of disorders of lipid and carbohydrate metabolism in individuals with hyperten-
sion, depending on the genotypes M235T AGT, 1b. The frequency of disorders of lipid and car-
bohydrate metabolism in individuals without hypertension, depending on the genotypes M235T 
AGT. Note: *- p<0,05

Table 4
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velopment of new technologies of treat-
ment and risk prediction of hypertension 
and insult in the Republic of Sakha (Ya-
kutia)" (Government contract No. 1133).
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