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ABSTRACT

BACKGROUND: Living in the northern climate is associated with increased cardiovascular stress, which highlights the
necessity for the study of candidate genes associated with the risk of cardiovascular diseases in both the native population
and newcomers. Polymorphic loci of the renin-angiotensin system, NO-synthase, and endothelin-1 system genes have been
identified as contributors to cardiovascular dysfunction and age-related blood pressure shifts. It is therefore crucial to assess
the genetic polymorphism in the elderly population.

AIM: To compare frequencies of gene alleles and genotypes involved in blood pressure regulation, including angiotensinogen
AGT (rs699 and rs4762), angiotensin 2 type 1 receptor AGTR] (rs5186), angiotensin converting enzyme ACE (rs4646994),
endothelial NO synthase NOS3 and endothelin-1 EDNT (rs5370) genes, in the native and non-native elderly population of the
Arkhangelsk region.

MATERIALS AND METHODS: A cross-sectional study was conducted in a random sample of Arkhangelsk residents between
the ages of 60 and 74 years (N=604, with 36.4% of males). The molecular genetic analysis was conducted to determine the
alleles and genotypes of six genes that are involved in blood pressure regulation. The Stata 18.0 software was used to assess
the deviations of empirical genotype distributions from the predicted Hardy—Weinberg equilibrium and to compare the empirical
distributions between the study groups.

RESULTS: Alleles associated with the risk of cardiovascular diseases were minor in the study population. The genotype
frequency distributions for the analyzed genetic variants were consistent with the Hardy—Weinberg principle, with the exception
of the T704C variant of the AGT gene (rs699) in the native participants. The allele and genotype frequency distributions in the
study sample were found to be similar to those reported worldwide and in European Russia. One exception was AGTRT gene
A1166C frequencies, with their 95% confidence intervals falling below the global level for both native and non-native elderly
residents of the Arkhangelsk region. This may suggest that this allele is a selection variant associated with adaptation to the
climate of the northern regions.

CONCLUSION: The genetic polymorphism in blood pressure regulation was found to be similar between the native and non-
native populations of the Arkhangelsk region. However, the AGTR1 gene A1166C frequency among the native population and
newcomers was found to be lower than that observed globally.
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Monumopdusm reHoB, BOBNEYEHHDbIX B Perynaumio
apTepManbHOro faBneHus, Y NOXUIbIX XKUTeNeu
ApxaHrenbcKoit obnactu

H.A. bebskoBa, H.W. Meunnkuna, C.H. Jlesuukun, U.A. lWabanuHa, A.B. Kyapssues

CeBepHbliA rocyapCTBEHHbIN MeAMLIMHCKMIA YHUBEPCUTET, ApxaHrenbck, Poccus

AHHOTALMA

06ocHoBaHue. poxuBaHue Ha CeBepe npeLbABNSAET NOBLILLEHHbIE TPEOOBaHMS K BYHKLMOHUPOBAHUIO CEPAEYHO-COCYAM-
CTOW CUCTEMBI, 4TO 06yCnoBAMBaET He0bX0AMMOCTb U3yUeHUs FeHOB-KaHAWAATOB, CBA3AHHBIX C PUCKOM Pa3BUTUS CepheyHo-
COCYAMCTON MaToNoruM Y KOPEHHbIX M NPULLBIX XUTenen pervoHa. NonuMopdHble IOKYCbl FTeHOB PEHUH-aHTMOTEH3MHOBOM
cucteMbl, NO-cuHTa3bl, CUCTEMbI 3HAOTENMHA-1 YYacTBYKT B HapyLUEHWSX HOPMasbHOTO (YHKLUMOHWUPOBAHWS CepLeYHo-
COCYAMCTON CUCTEMBI, U3MEHSS C BO3PacTOM MOKa3aTenu apTepuanbHoro faeneHus. Mo 3ToM mpuuMHe BaKHO MPOBOAMTH
OLIEHKY nonmMmMopdn3Ma JaHHbIX FEHOB Cpeay NOXMIbIX JI0AeH.

Llenb. CpaBHeHMe 4acToT ansieneil reHoB U FeHOTUMNOB, BOBNEYEHHBIX B PETYNIALMI0 apTEPUANbHOMO AABEHNS, BKIHOYAs TeHbI
aHruoteHsuHoreHa AGT (rs699 v rs4762), peuentopa 1 Tuna aHruoteHsuHa 2 AGTR1 (rs5186), aHrnoTeH3uH-npeBpaLLaloLLero
depmeHTa ACE (rsh646994), snpotenuansHon NO-cuHTasel NOS3 v sHpoTenuHa-1 EDNT (rs5370), y KOpeHHbIX M HEKOPEHHbIX
MOMKWAbIX KuTeNen ApxaHrenbcKoii obnactu.

Martepuan u Metopbl. [lpoBefieHo nonepeyHoe MccieoBaHUe C UCMOMb30BAHMEM CITy4aliHOM BbIOOPKY uTenen ApxaH-
renbcka B Bospacte 60-74 net (n=604, MyxunHbl — 36,4%). MoneKynsapHO-reHeTUYEeCKUA aHanu3 BKITKOYaN OnpefesieHne
anneneit M reHoTUNOB LUECTU FeHOB, BOBNEYEHHBIX B PEryNALMIO apTepuanbHOro fasnieHus. OLueHKa COOTBETCTBUS IMMMpUYe-
CKWX pacrnpefenieHuin FreHOTUNOB TeopeTUYeCKM 0XMAaEMbIM Mo paBHoBecuio Xapan—BaiHbepra u cpaBHeHWe IMNMPUYECKMX
pacnpefefieHuid B rpynnax Npou3Boamin B NporpaMMHoOM obecneyeHuu Stata 18.0.

Pesynbtatbl. Annenu, accoumMupoBaHHbIE C PUCKOM pasBUTUS CepAevHO-COCYAMCTbIX 3abonieBaHuiA, B UccieLyeMoii nony-
nAuMM bl MUHOPHBIMW. YacToTHbIE pacrpefeneHns reHOTUNOB U3yYaeMbIX BapuaHTOB HYKNIEOTUAHOW MoCnef0BaTeNbHO-
CTU TeHOB COOTBETCTBOBANM 3aKOHy Xapau—BaiHbepra, 3a ucknodeHneM BapuaHTa T704C reHa AGT (rs699) y KopeHHbIX
wutenen. He 6bio BbISBNEHO 3HAYMMBIX OTKIIOHEHWIA pacmipefeNieHn s YacToT anenedt U FreHOTUNOB B U3y4YaeMoii BblIbOpKe
OT 06LLEeMMPOBLIX JaHHBIX U OT AaHHbIX N0 XUTENIAM eBponeicKoi Yactn Poccum, kpoMe yactot annens 1166C reHa AGTRI,
95% nosepuTeNbHble MHTEpPBabI AMS KOTOPbIX Y HEKOPEHHbIX M KOPEHHBIX NOKMIbIX uTenei ApxaHrenbckoii obnactv Haxo-
AVITUCb HUKe 06LLeMUpoBOro YpoBHS. 3T0 NPeANONOXKUTENBHO CBUAETENLCTBYET, YTO AaHHbIN anesib SBSETCA BapUaHTOM
otbopa, cBA3aHHbIM C aganTaumen K ycnosusM Cesepa.

3akniouenue. onMMopduU3M reHoB, BOBNEYEHHBIX B PETYNALMIO apTepUabHOr0 [aBNIEHUS, He Pasnuyancsl Y KOPeHHbIX
U HEeKOpEHHBIX XuTenein ApxaHrenbcKoit obnactu. OnHako yactotel BcTpedaemoctu annens 1166C rena AGTRT cpeam KopeH-
HbIX U HEKOPEHHBIX JXUTenen 061acTh BbIMK HUXKE B CPABHEHWM C 0BLLEMUPOBLIMM LaHHBIMU.

KnioueBbie cnoea: apTepuanbHoe AaBJieHWE; NoXXunble NN, KOpeHHoe HaceseHune; I'IOJ'IMMOp(I)I/IBM reHoB.
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BACKGROUND

The global elderly population continues to grow. It is
expected that the growth rate will be higher in the coming
decades. These demographic changes prompt adaptation
in various social sectors, including healthcare [1]. Age is a
cardiovascular (primarily arterial hypertension) risk factor.
Living in adverse environment is associated with increased
cardiovascular stress. In high latitudes, where the Arkhan-
gelsk Region is located, significant annual temperature fluc-
tuations, photoperiodic features, changes in atmospheric
pressure, and other factors have an adverse effect. It has
been found that during the cold season, residents of the
northern regions experience changes in systemic blood pres-
sure (BP) and higher cardiovascular stress [2].

The population gene pool is developed historically based
on socio-economic and environmental factors. In this regard,
populations living in the northern climate for several genera-
tions are of particular interest versus the non-native popula-
tion. In the Arkhangelsk Region, research was conducted to
study the genomic polymorphism of native Caucasian popula-
tions [3], i.e. the mitochondrial DNA and the nuclear genome
diversity, including variants of GSTAT, GSTT1, TP53, DRD2. As
the conditions in the North European regions are associated
with increased cardiovascular stress, it is important to study
the prevalence of genetic cardiovascular risk markers in na-
tive and non-native populations of the region [3].

Genetic factors are also considered as cardiovascular
risk factors. In particular, polymorphism of the renin-angio-
tensin system (RAS), NO synthase, and endothelin-1 system
genes contributes to the development of hemodynamic dis-
orders [4, 5]. There is evidence that the influence of poly-
morphic alleles of ASD genes and the NOS3 gene on blood
pressure, pulse pressure, and arterial stiffness manifests
with age [6-8].

Most population studies investigating gene polymor-
phisms involve different age groups. Polymorphic genetic
markers influence the quality and duration of life through
adverse cardiovascular effects. It is therefore crucial to as-
sess the frequency distribution of alleles and genotypes of
polymorphic loci in the elderly population.

AIM: The study aimed to compare the frequencies of gene
alleles involved in blood pressure regulation in the native and
non-native elderly populations of the Arkhangelsk Region.

MATERIALS AND METHODS

A cross-sectional study was conducted in a random sam-
ple of the urban elderly population from May to October 2023.
The participants were selected from Arkhangelsk residents
included in the random population sample of the Know Your
Heart study in 2015-2017. The sampling was made based on
an anonymized database of addresses of city residents pro-
vided by the regional Mandatory Health Insurance Fund [9].
For this sample, random addresses of insured residents
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recorded in the mandatory health insurance system were
selected; male and female residents were visited and invited
to participate in the study.

The Know Your Heart study involved 2,381 residents of
Arkhangelsk aged 35 to 69. The response rate of the invited
participants was 68%. The informed consents to provide con-
tact information and to be invited in new studies were used
to recruit participants of the Know Your Heart study aged 60—
74 by telephone and mail to participate in this study. As of
April 1, 2023, the sample frame included 982 participants.
Participants who agreed to participate were invited to under-
go examination at the Consultative and Diagnostic Clinic of
the Federal State Budgetary Educational Institution of Higher
Education Northern State Medical University (Arkhangelsk)
of the Russian Ministry of Health. Exclusion criteria included
symptoms of acute infections or exacerbation of chronic dis-
eases the day before or immediately before the examination.
In total, 605 participants were examined. The study response
rate was 62% of the total sample frame.

The study included an interview to collect information
on the participant's place of birth, the place of birth of his/
her parents, and the parents of each parent (three genera-
tions). Participants who had at least two previous maternal
and paternal generations born in the Arkhangelsk Region
were defined as native residents. The remaining participants
were defined as non-native residents. One participant was
excluded as this person had no information required for this
classification.

Whole blood samples of the study participants were
drawn for DNA analysis from the cubital vein using vacuum
systems with EDTA anticoagulant. Biological samples were
stored and delivered to the laboratory at the temperature
of +4 °C. After delivery, vacutainers containing whole blood
were frozen at -20 °C until the molecular genetic testing.

Molecular genetic testing included determination of al-
leles and genotypes of six genes involved in blood pressure
regulation. We studied the genes associated with vasocon-
striction determining the synthesis of angiotensinogen (AGT),
angiotensin Il type 1 receptor (AGTR1), endothelin-1 (EDNT),
angiotensin-converting enzyme (ACE), and endothelial NO
synthase determining the synthesis of the vasodilator (nitric
oxide). The analyzed gene variants (see Table 1) were select-
ed based on data from literature, including meta-analyses
and original papers [10-23]. When selecting gene variants,
we used data from our studies obtained during the examina-
tion of young natives of the Arkhangelsk Region. The study
showed that the studied gene variants contribute to the im-
balance of vasoactive endothelial factors that may be genetic
vasoconstriction factors [24-27].

The frequency of alleles of all studied polymorphic
variants was analyzed by comparison with global data
(https://www.ncbi.nlm.nih.gov/snp/) and data on European
Russia residents from RUSeq Project aimed at combining ge-
netic information between clinical laboratories and genomic
centers in Russia (http://ruseq.ru/#/).
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Table 1. Candidate arterial hypertension gene variants under consideration

Exologiya cheloveka (Human Ecology)

. Changed area | Allele increasing
Gene d":)gBNIb Localization Pol){(r)r::(;;phlc in a gene the cardiovascular Links
(protein) risk
Angiotensinogen (AGT) rs699 1942.2 T704C Coding region o [11, 20, 23]
Angiotensinogen (AGT) rs4762 1942.2 C521T Coding region T [20, 23]
Angiotensin Il type 1 rs5186 3924 A1166C 3, non-coding C [10, 17, 21]
receptor (AGTR1) region
Angiotensin-converting rsh646994 17923.3 Insertion/ Intron region D [7, 10, 14]
enzyme (ACE) deletion
polymorphism
in intron 16

Endothelial NO synthase rs2070744 7q35-36 T(-786)C Promoter C [12, 13, 22]
(N0S3)
Endothelin-1 (EDNT) rs5370 6p24.1 G596T Coding region T [15, 16, 18, 19]

We analyzed human genomic DNA isolated from whole
blood leukocytes using reagents manufactured by Lytech
(Russia) company. Gene polymorphism was determined by
the polymerase chain reaction (PCR) with a real-time flu-
orescent product detection using two types of reagents and
a LightCycler-96 thermocycler (Roche, Switzerland/Ger-
many). To determine the polymorphism of AGT Met235Thr,
AGTR1 A1166C, ACE Alu ins/del, AGT Thr174Met, and NOS3
C(-786)T, primers required to amplify the polymorphic region
and two allele-specific hydrolysis probes containing the poly-
morphic site were added to the reaction. The probe containing
polymorphic allele 1 was labeled with HEX fluorophore and al-
lele 2 was labeled with FAM fluorophore. Alleles were discrim-
inated by Taq polymerase destruction of the fully and partially
complementary probe with different degradation efficiency.

Two amplification reactions—with two pairs of al-
lele-specific primers—were performed in parallel with a
sample of isolated DNA to determine the EDNT Lys198Asn
(G596T) gene polymorphism. In this case, SYBR Green, an
intercalating dye specific for double-stranded DNA, was used
to detect the amplified DNA fragment.

The results of laboratory tests were recorded in an elec-
tronic database and hard copies. To avoid errors, the inputs
were subsequently compared with the results in hard copy.

Categorical variables were described as absolute num-
bers (abs.) and percentages (%). Selected categorical vari-
ables used to describe the prevalence of the studied param-
eters in the population are presented with 95% confidence
intervals (CI). Frequency distributions of the studied param-
eters in the analyzed groups were compared using the Pear-
son chi-square test.

The deviation of empirical genotype distributions in native
and non-native groups from the predicted Hardy—Weinberg
(HW) equilibrium and the empirical distributions between
groups were assessed in Stata software using the gen-
hwcci command proposed by J. Cui et al. [28, 29]. This is
a command used for estimating allele frequency, genotype

DOl https://doiorg/10.17816/humeco633999

frequencies, disequilibrium coefficients, and the associated
standard error for codominant traits or data of completely
known genotypes in case-control studies. In this analysis,
the native group was defined as the case group and the
non-native group was defined as the control group. For the
genotypic assessment of each group, we performed asymp-
totic HW equilibrium tests and HW equilibrium tests for the
genotypic distribution of cases, provided that the genotypic
distribution of the control group has HW equilibrium, so that
the results showed the genotype distribution differences in
the native and non-native groups. The analysis is presented
as the chi-square likelihood ratio test results.

Results were considered statistically significant if p <0.05.
Stata 18.0 (Stata Corp, USA, Texas, College Station) was used
for data analysis.

All participants provided written informed consent to par-
ticipate in the study in the form prepared in accordance with
the Helsinki Declaration of the World Medical Association
and approved by the local Ethics Committee of the North-
ern State Medical University (Minutes No. 03/04-23 dated
April 26, 2023).

RESULTS

The analyzed sample (N = 604) included 384 (63.6%) fe-
male and 220 (36.4%) male participants. All study participants
were Caucasian and had lived in the Arkhangelsk Region for
more than 10 years. Residents with at least two previous
maternal and paternal generations born in the Arkhangelsk
Region were defined as the native group (200 [33.1%] par-
ticipants); the remaining participants were defined as the
non-native group (404 [66.9%] participants).

Table 2 shows the comparative analysis of the absolute
frequencies of reference and variable alleles of the studied
genes and genotypes.

The study of the frequencies of alleles and genotypes of
polymorphic markers of the studied genes showed that the
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empirical distribution of genotypes in native and non-native
elderly populations of the Arkhangelsk Region was similar to
the predicted HW equilibrium (p >0.05), save for an AGT locus
(rs699) deviating from the HW law due to higher heterozy-
gosity; the actual heterozygosity was 14.7% higher (99.4 to
114.0) than the predicted heterozygosity; p=0.037.

Table 3 shows the comparative analysis of frequen-
cies of alleles of polymorphic loci of genes of the Arkhan-
gelsk Region population vs global data [https://www.ncbi.
nlm.nih.gov/snp/] and populations of the European Russia
[http://ruseq.ru/#/].

It was found that allele frequencies of polymorphic mark-
ers of the studied genes are similar to global data and data
on European populations, save for the AGTRT 1166C frequen-
cy. In the native group of the Arkhangelsk Region population,
this allele frequency was 0.208 (95% Cl: 0.169-0.251), which
is lower than the global average (0.275) and the average
for the European Russia population (0.256). A lower AGTR1
1166C frequency was also observed in the non-native group
(0.234; 95% Cl: 0.205-0.265) compared with the global av-
erage (0.275).

In addition, the comparative analysis of the allele fre-
guencies of the studied polymorphic gene loci in native and
non-native elderly populations of the Arkhangelsk Region did
not show significant differences in the distribution of alleles
associated with high blood pressure (see Table 4).

The comparative analysis of genotype frequencies in na-
tive and non-native elderly populations of the Arkhangelsk
Region showed similar results (see Table 4).

It was found that alleles increasing the cardiovascular
risk were minor for AGT (rs4762), AGTRI (rs5186), NOS3
(rs2070744), and EDNT (rs5370) variants. Homozygotes of
these alleles involved in the development of cardiovascular
diseases were significantly less common than other variants.
The exceptions included 704C AGT (rs699) with a frequency
of 47.3% in non-natives and 46.0% in natives and the D allele
of the ACE gene (48.9% in non-natives and 46.3% in natives).

DISCUSSION

Recently, there has been more and more papers on the
frequency of functionally relevant variants in various popula-
tions. However, now, there are relatively few studies of gene
polymorphism in different age groups. Such studies may be
an important source of data on the role and functions of a
particular gene for the performance of the human body at a
certain stage of life. Old age is of particular interest as the
global elderly population is growing and the issue of active
longevity is relevant for each person.

In the northern regions, the cardiovascular system expe-
riences the increased stress due to higher energy demand of
the human body and distal vessel tone [30]. The cardiovas-
cular system provides adequate blood supply to all organs
and tissues; it is a key factor of the quality of life. Cardiovas-
cular diseases develop as a result of a complex interaction
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of social, environmental, and genetic factors. Variants of
genes determining the synthesis of vasoactive factors and
contributing to the development of cardiovascular diseases
have been identified, including the most studied genes of the
renin-angiotensin system, angiotensinogen (AGT; rs699 and
rs4762), angiotensin Il type 1 receptor (AGTRT; rs5186), an-
giotensin-converting enzyme (ACE; rs4646994), endothelial
NO synthase (NOS3; rs2070744), and endothelin-1 (EDNT,;
rs5370).

A population-based study of participants aged 55 and
older showed that the participants with the D allele of the
ACE gene had higher mean systolic and pulse pressure than
participants with allele | [7]. Another study [8] showed that
the I/D polymorphism of the ACE gene modulates systolic and
diastolic BP changes with age. In a Japanese population, it
was found that the T(-786)C polymorphism of the NOS3 gene
was associated with arterial stiffness and age- and sex-re-
lated differences. In particular, the C allele is significantly as-
sociated with higher pulse wave velocity in women aged 65
and older [6]. A meta-analysis including 17 articles with more
than 8,000 participants showed strong correlations between
the ENDT gene polymorphism (rs5370) and the arterial hy-
pertension risk [31]; similar relationships were obtained in
the study of ASD polymorphisms [32].

In view of the above, the study of the distribution frequen-
cies of nucleotide sequence variants involved in the blood
pressure regulation in the elderly population of the Arkhan-
gelsk Region is relevant.

The empirical genotype distribution of the AGT (rs4762),
AGTR1 (rs5186), NOS3 (rs2070744), and EDNT (rs5370) vari-
ants in the studied native and non-native elderly populations
people of the Arkhangelsk Region was similar to the predict-
ed HW equilibrium. However, the native population showed a
deviation from the HW law in the AGT locus (rs699) associat-
ed with the higher actual heterozygosity.

It was found that alleles increasing the cardiovascular
risk were minor for AGT (rs4762), AGTR1 (rs5186), NOS3
(rs2070744), and EDNT (rs5370) variants. Homozygotes of
these alleles involved in the development of cardiovas-
cular diseases were significantly less common than oth-
er variants, save for 704C AGT (rs699) and D allele of the
ACE gene. A.S. Glotov et al. [33] have obtained similar data
showing that the frequency of the heterozygous genotype
TC of the AGT gene (rs699) in the elderly population of the
North-West region of Russia was 2 times more common
compared to the group aged 18-45. A higher frequency of
the ID genotype of the ACE gene was also found in elderly
individuals. The authors believe that AGT and ACE heterozy-
gosity may be considered as a hereditary factor associated
with longevity. Deviation of the empirical genotype distribu-
tion of the rs699 variant of the AGT gene from the predicted
HW equilibrium associated with higher heterozygosity in the
native population of the Arkhangelsk Region may be con-
sidered as a selection variant of adaptation to the climate
of the northern regions.
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Table 3. Distribution of alleles of candidate gene polymorphic markers involved in blood pressure regulation in native and non-native
populations of the Arkhangelsk region aged 60-74 as compared with global data and data on the European Russia

Native population Non-native population Global data European Russia
Gene Allele
Ratio (95% CI) Ratio
AGT (rs699) T 0.540 0.527 0.545 0.508
(0.490-0.590) (0.492-0.562)
o 0.460 0.473 0.455 0.492
(0.410-0.510) (0.438-0.508)
AGTR1 (rs5186) A 0.793 0.766 0.725 0.744
(0.750-0.831) (0.735-0.795)
o 0.208 0.234 0.275 0.256
(0.169-0.251) (0.205-0.265)
ACE rsh646994 0.538 0.5M N/A N/A
(0.487-0.587) (0.476-0.546)
D 0.463 0.489
(0.413-0.513) (0.454-0.524)
AGT (rs4762) o 0.860 0.874 0.879 0.842
(0.822-0.892) (0.849-0.896)
T 0.140 0.126 0.121 0.158
(0.108-0.178) (0.104-0.151)
NOS3 (rs2070744) C 0.360 0.332 0.349 0.382
(0.313-0.409) (0.299-0.365)
T 0.640 0.668 0.651 0.619
(0.591-0.687) (0.635-0.701)
EDNT (rs5370) G 0.785 0.769 0.781 0.810
(0.741-0.824) (0.738-0.797)
T 0.215 0.231 0.219 0.190

(0.176-0.259)

(0.203-0.262)

The comparative analysis of the frequency distribution
of variants of the studied AGT (rs699 and rs4762), NOS3
(rs2070744), and EDNT (rs5370) genes in the elderly popula-
tion of the Arkhangelsk Region did not show any differences
from global data and data on European populations of Russia
of different ages.

The study showed that the frequency of the 1166C al-
lele of the AGTRT gene in the native group of the Arkhan-
gelsk Region was lower than the global average and the
frequency of European Russia population. A lower AGTR1
1166C frequency was also observed in the non-native
group compared with the global average. This allele is
likely a selection variant associated with adaptation to the
climate of the northern regions. A lower frequency of the
1166C allele compared to European populations was also
found in a study of young natives of the Arkhangelsk Re-
gion aged 18-20. Their CC genotype was combined with a
vasoactive endothelial factor imbalance towards constrictor
factors and the development of some hemodynamic factors
of cardiovascular risk [25]. A study of a small group of the
small aboriginal Far North population in Yakutia (Evens and

DOl https://doiorg/10.17816/humeco633999

Evenki) did not show a single person with the CC genotype
of the AGTR1 gene variant (rs5186) [34].

The advantage of this study is the examination of a ran-
dom population sample that may be generalized to residents
of Arkhangelsk aged 60-74. On the other hand, the sam-
ple size is limited to Arkhangelsk residents and it allows to
generalize the study to wider areas of the Russian northern
regions by only assuming that there are no significant dif-
ferences between the elderly population of Arkhangelsk and
other northern regions.

CONCLUSION

The empirical distribution of genotypes of the studied
native and non-native elderly population of the Arkhangelsk
Region was similar to the predicted HW equilibrium. How-
ever, we found a deviation from the HW law in the AGT locus
(rs699) associated with the higher actual heterozygosity.

We found no differences in allele and genotype fre-
quencies in residents of the Northern European region of
Russia, whose ancestors were born and lived for at least
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Table 4. Distribution of AGT (rs699), AGTRT (rs5186), ACE (rsh646994), AGT (rs4762), NOS3 (rs2070744), and EDNT (rs5370) alleles and
genotypes in non-native and native populations of the Arkhangelsk Region aged 60-74

Non-native population

Native population

Polymorphism/ allele/ genotype

Genotype differences, |  Allele frequency
p* differences, p*

Ratios, %
AGT (rs699)
T 52.7
C 47.3
T 28.0
TC 495
cC 22.5
AGTR1 (rs5186)
A 76.6
C 23.4
AA 59.3
AC 349
cC 59
ACE (rsh646994)
D 48.9
| 51.1
DD 26.2
D 45.3
Il 28.5
AGT (rsh762)
C 87.4
T 12.6
cC 76.5
TC 21.8
T 1.7
NOS3 (rs2070744)
C 33.2
T 66.8
cC 12.6
TC 41.1
1T 46.3
EDNT (rs5370)
G 76.9
T 23.1
GG 58.7
GT 36.4
1T 4.9

0.186 0.676
54.0
46.0
25.5
57.0
17.5

0.288 0.302
79.3
20.7
65.0
28.5

6.5

0.593 0.541
46.3
53.8
25.0
42.5
32.5

0.595 0.505
86.0
14.0
75.0
22.0

3.0

0.603 0.663
36.0
64.0
14.0
44.0
42.0

0.798 0.521
78.50
215.0
61.5
34.0
4.5

* Pearson -square test.

three generations in the Arkhangelsk Region, and residents
who lived in this climate for at least 10 years. It shows
that there is no elimination of mutant alleles of the studied
variants from the population living in the Northern European
region.

The study shows that alleles increasing the cardiovas-
cular risk are mostly minor. The exceptions include the
704C AGT (rs699) and the D allele of the ACE gene with
the frequency comparable to the frequency of the wild-type
allele. High frequency of heterozygotes of these markers
is typical.

DOl https://doiorg/10.17816/humeco633999

Comparison of data on elderly populations living in the
Arkhangelsk Region with global data and data on the popu-
lation of the European Russia did not show any differences
in the allele frequency of the studied genes, except for the
1166C AGTRI1, which was less common both in native and
non-native populations of the Arkhangelsk Region compared
to global data and less common in the native population
compared to the population of the European Russia. This is
probably caused by adverse environmental stress factors in
the northern regions, i.e. less mutant alleles of this variant
is an adaptation factor..
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