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THE ROLE OF THE IRS1 GENE (rs2943640) IN THE COMORBID COURSE OF
TYPE 2 DIABETES MELLITUS, OBESITY AND ARTERIAL HYPERTENSION

. V. Vivsiana, H. H. Habor, M. |. Marushchak

I. Horbachevsky Ternopil National Medical University

Abstract

Type 2 diabetes mellitus (T2DM) affects more than 7 million people, resulting in 2.8
million hospitalizations and more than 300,000 deaths reported annually. Current scientific
data indicate that among the world's population, arterial hypertension (AH) and type 2
diabetes mellitus (T2DM) after obesity are among the leading factors of cardiovascular risk.

Aim of research: was to establish the prevalence of the IRS1 gene (rs2943640)
polymorphism in patients with T2DM in combination with obesity and arterial hypertension/

Material and research methods. The study involved 33 type-2 diabetic patients
hospitalized to the Endocrinology Department of Ternopil University Hospital (Ternopil,
Ukraine) in 2019-2020 and 10 healthy individuals.

Inclusion criteria: clinical, laboratory and instrumental signs of T2DM, AH and
obesity. Exclusion criteria from the study: signs of clinically significant neurological, mental,
renal, hepatic, immune, gastrointestinal, urogenital disorder; injuries of the musculoskeletal
system, skin, sense organs, endocrine system (except T2DM); or uncontrolled hematologic
diseases; acute pancreatitis, unstable or life-threatening heart disease; patients with malignant
neoplasms who have not been in complete remission for at least 5 years, medication (drug)

dependence, and alcohol dependence.
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T2DM diagnoses were confirmed according to the 2019 Recommendations of the
American Diabetes Association (ADA). The diagnosis of arterial hypertension (Stage I) was
made according to 2018 ESC/ESH Guidelines for the management of arterial hypertension.
Systolic (140-159 mmHg) and/or diastolic (90-99 mmHg) blood pressure were considered as
the presence of Stage | AH. Left ventricular hypertrophy was confirmed by an
electrocardiogram.

Genomic DNA was extracted from peripheral blood leukocytes using a commercially
available DNA isolation kit (QlAamp Blood DNA Mini Kit, QIAGEN, Germany). The IRS-1
gene rs2943640 C>A polymorphism was genotyped using the TagMan real-time PCR method
(Applied Biosystems, Foster City, CA, USA).

Statistical analysis of the data was performed using the software STATISTICA 7.0.

Results. The frequency distribution of the IRS1 gene (rs2943640) polymorphisms and
the assessment of compliance with the Hardy — Weinberg equilibrium were performed in the
experimental and control groups. It was found that the frequencies of the genotype
responsible for C/A polymorphism of the IRS1 gene at T2DM, T2DM with obesity and in the
combined course of T2DM with obesity and arterial hypertension did not deviate from the
Hardy — Weinberg equilibrium (p> 0.05), while in the control group the selected sample did
not correspond to the general population.

The corresponding frequencies for the genotypes of the IRS1 gene were as follows:
66.7% for C/A and 33.3% for A/A in the experimental group 1; 42.9% for C/C, 57.1% for
C/A in group 2; 47.1% for C/C, 29.4% for C/A and 23.5% for A/A in group 3 and 100.0% for
C/A in the control group.

Analysis of allele frequencies for the IRS1 gene in patients with T2DM and
comorbidity showed that in patients with T2DM the A allele prevailed (2.0 times), while in
patients with T2DM + obesity and T2DM + obesity + arterial hypertension — the C allele. It
should be noted that the C allele and the A allele were equally present in the control group.

Analysis of the odds ratio for IRS1 gene genotypes (rs2943640) in patients with
T2DM, T2DM and obesity showed no statistically significant relationship between factor
(presence of C or A alleles) and disease onset (p> 0.05). At the same time, the significant
influence of the C/A genotype of the IRS1 gene on the development of T2DM combined with
obesity and arterial hypertension (p <0.05) was established. This is confirmed by a significant
difference in the dominant model of inheritance of the IRS1 gene only in the group with the
combination of T2DM with obesity and arterial hypertension compared with the control group

(reliability coefficient for the chi-square p <0.001).
389



Conclusion. The presence of the C allele of the IRS1 gene (rs2943640) in both
homozygous and heterozygous states may increase the risk of comorbid course of T2DM,
obesity and arterial hypertension.

Key words: type 2 diabetes mellitus; overweight/obesity; frterial
hypertensioncomorbidity and IRS1 gene

POJIb I'EHA IRS1 (rs2943640) B KOMOPBUJIHOM TEYUEHUUN CAXAPHOI'O
JIAABETA 2 TUIIA, O)KUPEHUS 1 APTEPUAJIbHON TMITEPTEH3UHN

N. B. BuBcsina, I'. I'. I'a6op, M. 1. Mapymaxk

TepHonmoJibcKUil HAMOHANBbHBIN MequIMHCKUH YHUBepcuteT uM. U. 51. I'opdaueBckoro

Pesrome

Caxapubiii nuader 2 tuna (C/12) nopaxaer OoJjiee 7 MUJUIMOHOB UYE€JIOBEK, €XKETr0JHO
peructpupyercs 2,8 muumrona rocnutanusanuii u 6osiee 300 000 cmepreit. CoBpeMeHHbIE
Hay4yHbIE JaHHBIE MMOKA3bIBAIOT, YTO CPEIU HACENIEHUsI MUpa apTepuanbHas runepreHsus (Al)
n CJI2 mocne OXHpPEHHs SBISIOTCS OJHMMH W3 BeOymIUX (HAKTOPOB pHCKA CEPACYHO-
COCYJUCTBIX 3a00JICBaHUMN.

Hean uccienoBaHusi: YCTAHOBUTH PACIPOCTPAHEHHOCTh MosimMopgu3ma rena IRS1
(rs2943640) y manuenToB ¢ CJI2 B coueTaHUU C OKUPEHUEM U apTEPHATbHON TMITEPTCH3UECH.

Martepuas W MeTOAblI HMCCJeN0BaHUA. B uccrnenoBaHuu nOpuHsAIM ydacthe 33
nanueHTa ¢ AuabeToM 2 THUMA, TOCHUTAIM3HPOBAHHBIX B OTHAEICHHE HHIOKPHUHOJIOTUU
Teprnononsckoit yauBepcurerckoit 6oiapHUIBI (TepHonons, Ykpauna) B 2019-2020 rr. u 10
3JI0pPOBBIX YETIOBEK.

Kputepuu BritoueHus: KIMHUYECKHE, Ja00PaTOPHBIE U HHCTPYMEHTAIbHbIC TPU3HAKU
CH2, A" u oxupenusa. Kpurepuu HMCKIIOUEHUS U3 HUCCIECIOBAHUS: MPU3HAKU KIMHUYECKH
3HQUUMOTO HEBPOJOTHYECKOr0, ICUXUYECKOTO, MOYEYHOTO, MNE€YEHOYHOT0, HMMYHHOTO,
KETYJOUYHO-KHUILIEYHOTO, YPOT€HUTAIBHOTO PacCTPOMCTBA; TPaBMbl OIMOPHO-IABUIATEIBLHOTO
ammaparta, KOXH, OpraHoB YYBCTB, OJHAOKpUHHOW cuctemsl (kpome CJ/12); wumm
HEKOHTPOJIMPYEMbIE TeMaToJIoTH4Yeckre 3a00JIeBaHUs; OCTPBIM MaHKPEaTUT, HECTaOMIbHOE
WIM OMacHoe JJs >KW3HU 3a00JeBaHUE Cep/lla; MalHeHThl CO 3JI0Ka4eCTBEHHBIMH
HOBOOOpPa30BaHUSAMHU, HE HAXOMSIIMECS B MOJIHOM peMHUCCUU HE MEHEe 5 JIeT, JIeKapCTBEHHAs

(J'IeKapCTBeHHaﬂ) 3aBUCUMOCTD M aJIKOIrOJbHas1 3aBUCUMOCTD.
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Huarno3 CJI2 moaTBepkJ€H B COOTBETCTBUU C PexoMeHpmanusMu AMEpHKaHCKOM
muabernueckoit accormarmu (ADA) 2019 r. [luarnos aprepuaibHoii runepren3un (craaus I)
ObLT TOCTaBICH B cOOTBeTCTBMM ¢ pekomenpanusmu ESC / ESH 2018 mno neuyenuro
aprepuanbHoil Tuneprensun. Cucrommyeckoe (140—159 MM pr. €T.) ¥ / UM AUACTOITHYECKOE
(9099 mm pr. Crt.) aprepuanbHOC JaBlieHHE cuHuTanoch Hamumuuem Al | cragum.
l'uneptpoust 1eBOro Keryqouka MOATBEPXKICHA MIEKTPOKAPIUOTPAMMON.

I'emomuyro JIHK BelgenmsiiM W3 JIGUKOIUTOB — Tiepudepudeckoid  KpoBHU ¢
MCIOJIb30BAaHHEM KOMMEPUYECKH NOCTymHOro Habopa mis Beiaeneaus JJHK (QlAamp Blood
DNA Mini Kit, QIAGEN, T'epmanus). Iomumopdusm rs2943640 C> A rena IRS-1 Obin
TCHOTHITUPOBAH C HcmoJib3oBanueM meroaa I[P B peansHom Bpemenu TagMan (Applied
Biosystems, Foster City, CA, USA).

CraTHcTHYeCKUI aHATN3 JaHHBIX MPOBOAMICS ¢ moMotnkio iporpaMMbl STATISTICA
7.0.

PesyabTaTnl. YactoTHOE pacmpeneneHue mosumopdusmoB rera IRS1 (rs2943640) u
OIICHKY COOTBETCTBUSI paBHOBecHIO Xapau - BaiiHOepra mnpoBOAWIM B OINBITHOM U
KOHTPOJIBHOW Tpynmnax. YCTaHOBJIEHO, YTO YacTOThl TEHOTWUIIA, OTBETCTBEHHOIO 3a
nosumopdusm C / A rena IRS1 npu C/I2, C/I2 ¢ 0XXKUPEHHEM U MPU COYETAHHOM TCUCHUH
CJ12 ¢ o)xupeHueM M apTepuaibHOM TMIIEPTEH3UEN, HE OTKJIOHSIOTCS OT paBHOBECUS Xapau -
Baitn6epra (p> 0,05), Torma kak B KOHTPOJBHOHM Tpymme BbhIOpaHHAs BBIOOpKA HE
COOTBETCTBOBAJIa TeHEPAIILHON COBOKYITHOCTH.

CoOTBeTCTBYIOIIME YaCTOTHI JIsi reHOoTHNoB reHa |IRS1 Obum cnepyrommmu: 66,7%
s C/ Awu33,3% mis Al A B akciepumenTansHoi rpymme 1; 42,9% s C /1 C, 57,1% mis
C/ A B rpymne 2; 47,1% ana C/ C, 29,4% nmnst C / A m 23,5% nns A/ A B rpynme 3 u
100,0% st C / A B KOHTPOJIBHO# IpyTIIIE.

Ananmuz dacror amwiened rena IRS1 y mammentoB ¢ C/I2 u comyrcTByromen
naToJiorued mokasai, yto y mauueHtoB ¢ CJ/I2 mpeoGnamaer amnens A (2,0 paza), a y
nauueHtoB ¢ C/12 + oxupennem u C/I2 + oxupeHuem + aprepuanbHOW THUIEPTEH3UEH -
amnens C. Crnenyer oTMeTuTh, yTo amiens C u amiens A OJUHAKOBO NMPUCYTCTBOBAIH B
KOHTPOJIBHOU TpYyIIIIE.

AHanu3 OTHOIIEHHS MIaHCOB i reHoTunoB reHa IRS1 (rs2943640) y nanueHTOB C
CH2, CA2 u oxupeHHeM He MOKa3aJl CTaTUCTUYECKH 3HAYMMOW CBSI3U MEXIY (hakTopom
(mamumune amteneit C wnm A) u Havanom 3a6oneBanus (P> 0,05). Ilpu 3ToM ycTaHOBJIEHO
noctoBepHoe Biusaue rerotuna C / A rena IRS1 na passutne CJI2, coueraromierocs c

OKHUpEHHEeM U apTepuanbHoil runepten3ueit (P <0,05). DTo moATBepkAaeTCs TOCTOBEPHBIM
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pa3nuyreM JOMHHAHTHON Mojenu HacienoBanus reHa IRS1 Tombko B rpymme ¢ coyeTaHuem
CJ12 ¢ o)xupeHUeM U apTepUalbHON THIIEPTEH3UEN 110 CPAaBHEHHUIO ¢ KOHTPOJIBHOM Ipynnoiu
(ko3 duiment nocroBeproct xu-kBazapar p <0,001).

BoiBon. Hamuune amnens C rena IRS1 (rs2943640) kak B rOMO3MIOTHOM, Tak U B
TeTePO3UTOTHOM COCTOSIHUSIX MOXKET TIOBBIIIATh PUCK KomopOuanoro tedenus CJ12,
O’KHPEHMSI U apTepUAIbHOM T'MIIEPTEH3UH.

KuroueBbie cioBa: caxapHblii nuader 2 Tuna; M30bITOYHBIH BeC / 0XKUpPEHUE;

KOMOPOUIHOCTh; apTepuajibHas runeprensus u ren IRS1

Introduction

Type 2 diabetes mellitus (T2DM) affects more than 7 million people, resulting in 2.8
million hospitalizations and more than 300,000 deaths reported annually [1]. Current
scientific data indicate that among the world's population, arterial hypertension (AH) and type
2 diabetes mellitus (T2DM) after obesity are among the leading factors of cardiovascular risk
[2]. Studies have shown that improved glycemic control can reduce the progression and onset
of microvascular complications [3]. Studies also report that impaired glucose metabolism in
humans is likely to be associated with an increased risk of arterial hypertension and
complications of cardiovascular disease (CVD) [4]. Arterial hypertension is diagnosed in
about 50% of patients with T2DM, and the risk of arterial hypertension developing in patients
with T2DM is much higher [5], because T2DM increases the stiffness of peripheral and
central arteries, which leads to increased blood pressure [4]. The American Diabetes
Association and the European Diabetes Association have shown that adequate management of
CVD risk factors, including control of high blood pressure and treatment of obesity, may be a
priority for patients with T2DM due to the high risk of morbidity and mortality from CVD
[6].

The association between arterial hypertension, insulin resistance and, consequently,
hyperinsulinemia is well documented [7]. In general, scientific evidence suggests the
existence of a common genetic pathway for the development of essential hypertension and
insulin resistance, a concept that is also confirmed by the detection of altered glucose
metabolism in normotensive descendants of hypertensives [8]. The general genetic
background of insulin resistance and hypertension is further confirmed by the detection of
specific genetic abnormalities in people with a combination of insulin resistance, obesity,

dyslipidemia and hypertension [9].

392



The aim of this study was to establish the prevalence of the IRS1 gene (rs2943640)
polymorphism in patients with T2DM in combination with obesity and arterial hypertension.
Material and research methods. The study involved 33 type-2 diabetic patients
hospitalized to the Endocrinology Department of Ternopil University Hospital (Ternopil,
Ukraine) in 2019-2020 and 10 healthy individuals. The distribution of individuals to study
groups is presented in table 1.
Table 1

The distribution of individuals to study groups

Ne Groups n %

1 T2DM 9 27,3
2 T2DM+Obesity 7 21,2
3 T2DM+Obesity+Arterial Hypertension 17 51,5
4 Control 10 100

Inclusion criteria: clinical, laboratory and instrumental signs of T2DM, AH and
obesity.

Exclusion criteria from the study: signs of clinically significant neurological, mental,
renal, hepatic, immune, gastrointestinal, urogenital disorder; injuries of the musculoskeletal
system, skin, sense organs, endocrine system (except T2DM); or uncontrolled hematologic
diseases; acute pancreatitis, unstable or life-threatening heart disease; patients with malignant
neoplasms who have not been in complete remission for at least 5 years, medication (drug)
dependence, and alcohol dependence.

T2DM diagnoses were confirmed according to the 2019 Recommendations of the
American Diabetes Association (ADA) [10]. The diagnosis criteria use the level of glycated
haemoglobin (HbAlc) (>6.5%), which was determined using an automatic biochemical
analyzer COBAS 6000 (Roche Hitachi, Germany) and plasma glucose level, which was
determined on an automatic biochemical analyzer BAS INTEGRA® 400 (Roche Diagnostics)
using a standard set.

The diagnosis of arterial hypertension (Stage I) was made according to 2018 ESC/ESH
Guidelines for the management of arterial hypertension [11]. Systolic (140-159 mmHQg)
and/or diastolic (90-99 mmHg) blood pressure were considered as the presence of Stage | AH.
Left ventricular hypertrophy was confirmed by an electrocardiogram.

Genomic DNA was extracted from peripheral blood leukocytes using a commercially
available DNA isolation kit (QlAamp Blood DNA Mini Kit, QIAGEN, Germany). The IRS-1
gene rs2943640 C>A polymorphism was genotyped using the TagMan real-time PCR method
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(Applied Biosystems, Foster City, CA, USA). Quality control was performed with eight
negative control and positive control samples in each 96-well plate. In addition,
approximately 10% of the samples were randomly selected for further quality control, and the
concordance rate was 100%. Amplification of the 25-bp IRS-1 sequence including rs2943640
was performed by using PCR with 5'-GAAATGAGAGGAACCCTTCTAACTA-3" as the
forward primer and 5'-AGGAACTCTTCTAACTATTAGCCC-3' as the reverse primer. Two
alleles of the rs2943640 IRS-1 polymorphism were detected (C and A).

The ethical principles included in the Declaration of Human Rights adopted in
Helsinki, in 1975, and revised in 2008, were fully respected in our study. The enrolled
subjects participated in this study voluntarily, completed and signed a written informed
consent. Study protocol was approved by the Ethics Committee of I. Horbachevsky Ternopil
National Medical University.

Statistical analysis of the data was performed using the software STATISTICA 7.0.
Hardy-Weinberg equation was applied to verify the conformity of genotype distribution in the
sample to expected distribution in general population. Observed and expected frequencies,
calculated using the formula p2 + 2pq + g2 = 1 (Hardy-Weinberg equation), were compared
using Pearson's chi-squared test (%2). Significance values of p>0.05 were calculated assuming
the null hypothesis of the sample equality, namely the correspondence of frequencies
distribution in the selected sample to general population. Comparative analysis of frequency
tables was performed using Pearson's chi-squared test and two-tailed p-value for Fisher's
exact test (pF - in cases where the values of expected frequencies of individual indicators did
not exceed 5). To assess effect of a factor (the presence of a certain genotype or allele) on the
occurrence of disease, the odds ratio (OR), its 95% confidence interval (CI) and significance
coefficient p-value were determined.

Findings and discussion

The frequency distribution of the IRS1 gene (rs2943640) polymorphisms and the
assessment of compliance with the Hardy — Weinberg equilibrium were performed in the
experimental and control groups. It was found that the frequencies of the genotype
responsible for C/A polymorphism of the IRS1 gene at T2DM, T2DM with obesity and in the
combined course of T2DM with obesity and arterial hypertension did not deviate from the
Hardy — Weinberg equilibrium (p> 0.05), while in the control group the selected sample did
not correspond to the general population (Table 2).

The corresponding frequencies for the genotypes of the IRS1 gene were as follows:

66.7% for C/A and 33.3% for A/A in the experimental group 1; 42.9% for C/C, 57.1% for
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C/A in group 2; 47.1% for C/C, 29.4% for C/A and 23.5% for A/A in group 3 and 100.0% for
C/A in the control group (Table 2).
Table 2
Polymorphism of IRS1 genes (rs2943640) according to Hardy-Weinberg equilibrium in
patients with T2DM with comorbidity

Genotype T2DM T2DM+ T2DM+Obesity+Art Control
Obesity erial Hypertension
Expec | Present | Expec | Present| Expec | Present | Expec | Present
ted ted ted ted
Homozygo | vl 1 | g | 36 | 3 65 8 | 25 | o0
tes, common
Heterozygotes| CA| 4 6 2,9 4 8,0 5 5 10
Homozygo-
tes, rare AA| 4 3 0,6 0 2,5 4 2,5 0
2 2_ .
x-P 12=2,25; p>0,05?=1,12; p>0,05 ?=2.42; p>0,05 Xp;éod?g’

Analysis of allele frequencies for the IRS1 gene in patients with T2DM and
comorbidity showed that in patients with T2DM the A allele prevailed (2.0 times), while in
patients with T2DM + obesity and T2DM + obesity + arterial hypertension — the C allele
(Table. 3). It should be noted that the C allele and the A allele were equally present in the

control group.

Table 3

The allele frequencies of IRS1 genes (rs2943640) in patients with T2DM with comorbidity
The allele T2DM T2DM+ T2DM+Obesity+ Control
frequencies Obesity Arterial Hypertension

n % n % n % n %
Allele C 6 | 3333 | 10 | 71,43 21 61,76 10 | 50,00
Allele A 12 | 66,67 | 4 | 28,57 13 38,24 10 | 50,00
Pr - - - )
(patients/control) pr=0.342 pr=0.296 pr=0.569

Analysis of the odds ratio for alleles of the IRS1 gene (rs2943640) in different study
groups showed no statistically significant relationship between factor (presence of C or A
alleles) and disease onset (p> 0.05) (Table 4).

Analysis of the odds ratio for IRS1 gene genotypes (rs2943640) in patients with
T2DM, T2DM and obesity showed no statistically significant relationship between factor
(presence of C or A alleles) and disease onset (p> 0.05). At the same time, the significant
influence of the C/A genotype of the IRS1 gene on the development of T2DM combined with
obesity and arterial hypertension (p <0.05) was established (Table 5).
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Table 4
The odds ratio for alleles of the IRS1 gene (rs2943640) in patients with T2DM with

comorbidity
Allele C Allele A
OR 9% %C p OR [95%ClI p
T2DM 0,50 | 0,13-1,86 | >0,05 | 2,00 | 0,54-7,45 | >0,05
T2DM+Obesity 3,00 | 0,62-14,47 | >0,05 | 0,33 | 0,07-1,61 | >0,05
T2DM+Obesity+Arterial | 1,62 0,53-4,93 >0,05 | 0,62 | 0,20-1,89 | >0,05
Hypertension

Table 5
The odds ratio for genotypes in different study groups of patients with T2DM with
comorbidity
Group CcC CA AA
OR 95 % ClI OR 95%Cl |OR 95 % CI
T2DM 1,11 | 0,02-61,38 | 0,09 | 0,01-2,00 | 11,31 | 0,50-256,21
T2DM+0Obesity 16,33 | 0,69-385,89 | 0,06 | 0.01-1,45 | 1,40 | 0,02-78,80
T2DM+Obesity+Arterial | 18,79 | 0,95-371,48 | 0,02* | 0,01-0,42 | 7,00 | 0,34-145,03
Hypertension

Notes. * — p<0,05.

This is confirmed by a significant difference in the dominant model of inheritance of
the IRS1 gene only in the group with the combination of T2DM with obesity and arterial
hypertension compared with the control group (reliability coefficient for the chi-square p
<0.001). Thus, the presence of the C allele in both homozygous and heterozygous states may
increase the risk of T2DM comorbidity, obesity and arterial hypertension (Table 6).

Insulin plays a fundamental role in controlling blood sugar levels by stimulating
glucose transport through adipocytes and skeletal muscle fibers after IRS activation [12].
Studies of the mechanism of blood sugar control over the past three decades have shown that
insulin stimulates the translocation of glucose transporters from the compartments of the
intracellular membrane to the plasma membrane, increasing the rate of sugar absorption.
Although more than one glucose transporter (GLUT) is expressed in adipocytes and skeletal
fibers, published studies show that GLUT4 is the major transporter responsible for glucose
uptake in these tissues [13]. Insulin binds and activates insulin receptor tyrosine kinase (IR),
culminating in the phosphorylation of IRS1, IRS2, IRS3 and IRS4, which, upon binding to
several signaling partners, including phosphoinositide-3-kinase (PI3K), activate the cascade

Akt/protein kinase B and protein kinase C-z, play an important role in insulin function [9].

396



IRS subtypes show tissue-specific distribution and different signaling pathways, with IRS1
mediating the effect of insulin on glucose uptake in adipocytes and skeletal muscles.
Table 6
Dominant and recessive models of IRS1 gene (rs2943640) inheritance at T2DM in

combination with obesity and arterial hypertension

T2DM+Obesity+
Genotypes Hy':\er:teg:]zlion Control pF OR 95 % CI p
% %
dominant model
CC 47,06 0 <0 012* 18,79 | 0,95-371,48 | 0,054
CA+AA 52,94 100,00 ’ 0,05 |0,002-0,1,05| 0,054
recessive model
CC+CA 76,47 100,00 0.264 0,14 | 0,01-2,96 >0,05
AA 23,53 0 ’ 7,00 |0,34-145,03 | >0,05
Note. * — statistically significant differences.

The interaction between insulin resistance and hypertension can be seen either as the
effect of two independent processes or as a reflection of a causal relationship (insulin
resistance as a cause of hypertension). In an unreasonable association, both insulin resistance
and hypertension can be two independent consequences of the same cellular disorder, namely
an increase of intracellular free calcium, which can lead to both vasoconstriction and insulin
dysfunction [14]. In addition, insulin resistance can be considered as a molecular marker of
multiple metabolic abnormalities that are often associated with hypertension. On the other
hand, hyperinsulinemia can be considered as the main cause of arterial hypertension through
several mechanisms: increased sodium reabsorption in the renal tubules, activation of the
sympathetic nervous system and changes of vascular resistance due to increased calcium
concentration in smooth muscle cells [15].

However, hyperinsulinemia, which is present in T2DM, obesity, or metabolic
syndrome, can lead to hypertension. Although published results may suggest that the
contributing role of hyperinsulinemia in the development of hypertension is predominantly
associated with insulin resistance, it remains unclear whether the effects of insulin can lead to
hypertension at the absence of insulin resistance. Studies involving slim and obese individuals
have shown that insulin-induced vasodilation due to transmission of PI3K signals is impaired
in individuals with insulin resistance [14, 15]. In obese patients with insulin resistance,

urinary sodium excretion was reduced by insulin, indicating the ability of insulin to stimulate

397



salt absorption [16]. This confirms the significant role of insulin-stimulated salt reabsorption
and vasodilation disorders in the pathogenesis of arterial hypertension at insulin resistance.

Studies by Nakamura and colleagues using sodium bicarbonate cotransporter (NBCel)
activity as a marker for salt uptake in the proximal tubules have shown that insulin stimulates
NBCel activity in control rats via IRS2 [12]. In addition, they noted that stimulation of
NBCel by insulin (mediated by IRS2) persists, while stimulation of glucose uptake in
adipocytes (mediated by IRS1) is inhibited. The results obtained by Hevko and Marushchak
indicate an association between the IRS1 gene (rs2943640) polymorphism and lipid profile
abnormalities in patients with mono T2DM and the combined course of T2DM with obesity
[17].

Conclusion. The presence of the C allele of the IRS1 gene (rs2943640) in both
homozygous and heterozygous states may increase the risk of comorbid course of T2DM,
obesity and arterial hypertension.

Prospects for further research. In the future, it is planned to analyze the prevalence
of the AGT gene polymorphism in patients with T2DM in combination with obesity and
arterial hypertension.
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