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Aim. To evaluate association of clinical and genetic factors with left ventricle hypertrophy (LVH) in patients with arterial hypertension (HT).

Materials and methods. 672 patients with HT were involved, aged 50,6 y.o. in average, men 67 %. Laboratory assays, ECG, echocardiography were performed. Control group included 184 healthy per-
sons. Genotyping with single-nucleotide substitutions of the endothelial NO synthase (eNOS) Glu298Asp gene, the C242T of the NADPH oxidase p22phox subunit and the angiotensin 2 receptor type 1
A1166C gene was carried out using a polymerase chain reaction (PCR) with evaluating of restriction fragments length polymorphism, while with substitutions of the angiotensinogen M235T, G(-6)A gene
allele-specific PCR “in real time” was applied.

Results. LVH was found in 39% of patients. It was more frequent in persons above 50 years old (OR 2,8, p<0,0001), in men (OR 1,43, p=0,035), in HT of degree 2-3 (OR 3,35, p<0,0001), HT dura-
tion more than 5 years (OR 2,52, p<0,05), in obesity (OR 1,57, p=0,005) or diabetes (OR 3,33, p<0,0001) presence. At genetic factors evaluation decrease of LVH risk was revealed in persons with the
MM polymorphism of the angiotensinogen M235T gene (OR 0,506, p=0,0187). Association of the MM genotype with LVH risk lowering was more obvious at the young age (OR 0,31, p=0,018). The
A allele of the eNOS gene Glu298Asp polymorphism increased risk of LVH development when HT was diagnosed in the young age (OR 1,98, p=0,037) and in women up to 50 years old (OR 2,34, p=0,027).
The T allele of the p22phox NADPH oxidase gene C242T polymorphism correlated with LVH risk reduction in HT patients up to 50 years old (OR 0,6, p=0,01), the C allele - with increase of it (OR 1,66,
p=0,01), this influence was more noticeable in women up to 50 years old (T allele - OR 0,21; C allele - OR 4,57, p=0,001).

Conclusion. Hypertensive LVH correlates with age, male gender, HT degree and duration, obesity and diabetes mellitus. Genetic factors were less associated with LVH.

Key words: left ventricle hypertrophy, risk factors, genetic polymorphism.
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Accoumaums KNMHUYECKNX 1 reHeTUYecknx hakTopoB ¢ runepTpoduen NeBoro Xenyao4uka npy aptTepranbHon runepToHum
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° POCCUNCKII KapAMONOTMYeCcKUI Hay4HO-NPOU3BOACTBEHHDBIN KoMnnekc. 121552 Mocksa, 3-7 Yepenkosckas yn., 15a

Llenb. AHanm3 accoumaLmu KIMHMYECKMX U reHeTUHeCK X hakTopos C runepTpodueit neBoro xenynodka (I11X) y nauyeHToB ¢ aptepransHor runeptoHmen (Ar).

Martepuan n metoabl. ObcnefosaHbl 672 nauveHta A, cpefHnii Bo3pact 50,6 net, MyxunH 67 %. BeinonHanmce nabopatopHsle nccnenosanus, KT, axokapavorpadus. Fpynny KOHTPONS COCTaBM-
1 184 yenoseka. FeHOTUNMPOBaHME NO OAHOHYKNEOTUAHbIM 3aMeHaM Glu298Asp reHa sHaoTenvansHo NO crHTasbl, C242T cybbeamHiubl p22phox NADPH okcrgasel 1 A1166C reHa petentopa 1
TVNa K aHMVIOTEH3MHY 2 NPOBOAUNOCH METOAOM MONMMepasHoi uenHow peakumm (MLP) ¢ aHanuzomM nonumopdm3amMa AnvHbl PECTPUKLMOHHBIX hparMeHToB, a no 3ameHam M235T, G(-6)A reHa aHrvio-
TeH3MHOreHa C NOMOLLbIO annenb-crelmduyHon MLP «B peansHOM BpeMeHu».

PesynbTatbl. [JIX AnarHoctuposaHa y 39% 6onbHbix, Yalue B Bo3pacre crapie 50 net (OLU 2,8, p<0,0001), y mysxuinH (OLL 1,43, p=0,035), npu Hannumu 2-3 crenenu AT (OLL 3,35, p<0,0001),
nasHocTH AT Gonee 5 net (OLL 2,52, p<0,05), npu Hanuimm oxuperus (O 1,57, p=0,005), caxapHoro Avabeta (OLL 3,33, p<0,0001). Mpu aHanm3e reHeTn4ecknx pakTopos 0OHapYKeHO CHIA-
XeHue pricka [TIK npy Hanvumm redotna MM noarmopduama M235T reHa aHrnoTeHsmuHoreHa (OLL 0,506, p=0,0187). B Monogom Bo3pacte reHotvin MM B 6ofibLuei CTeneHn accoLmmpoBancs co
CHUKeHreM pucka X (OLL 0,31, p=0,018). MoBblwan puck pazsuTis MK annens A nonuMopduama Glu298Asp reHa sHgoTenvansHon NO cuHTa3bl Npy ycTaHoBneHn Al B 6oniee MONOAOM BO3-
pacte (OLL 1,98, p=0,037) ny xeHwwmH go 50 net (OLL 2,34, p=0,027). T annens nonumMopdmrama C242T p2 2phox reHa NADPH okcrasbl accoummpoBancs co cHkeHueM pricka MKy 6onbHbix AT
8 Bo3pacte 1o 50 net (OLL 0,6, p=0,01), C annens — ¢ nosbiwervem (OLL 1,66, p=0,01), B GonbLUei CTeNeHw 3T0 BAUsHME 0BHAPYXEHO y XeHLUH B BopacTe Ao 50 net (T annens — OLL 0,21, Can-
nens — OLWW 4,57, p=0,001).

3aknioyenue. JK y 60nbHbIX Al acCOLMMPYETCS C BO3PACTOM, MYXCKUM NOSIOM, CTENeHbIO U AaBHOCTbIO Al, OXVPEHWEM W caxapHbIM AnabeToM. TeHeTuyeckve (hakTopbl B MeHbLIEN CTeneHu
accoummpoBanuce ¢ MIX.

KnioueBble cnoBa: runeptpoduis NeBoro xenyao4ka, hakTopbl pycka, reHeTMHeckuin NoAMMOPMU3M.

P®K 2010;6(3):294-305
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Clinical and genetic factors of left ventricular hypertrophy / KnuHn4eckue u reHeTu4eckmne ¢haktopbl runeptpoghum 1eBoro Xeayn04ka

Left ventricle hypertrophy (LVH) is one of the basic
markers of arterial hypertension (HT) severity, it comes as
a significant independent risk factor of sudden death, my-
ocardial infarction, stroke and some other cardiovascular
complications [1,2]. Framinghem study shows that left ven-
tricle mass (LVM) increase by 50 g/m? is accompanied by
a 2,21-times rise of relative 4-years cardiovascular risk for
women and a 1,73-times rise for men [3].

Today predictors of LVH development in HT patients are
well studied. These are blood pressure level, age, gender,
body mass, cardiovascular disorders. Smoking, physical ac-
tivity, overuse of salt and alcoholic drinks are rather im-
portant too. However hypertrophy severity does not always
correspond to hypertension duration, blood pressure
level and some other factors. That is why in recent years
investigators have been interested much in genetic aspects
of LVH development. More than 30 genes, the structure
and functional state of which are connected with LVM in-
dex, have been identified by now. These genes encode syn-
thesis of sarcomeres proteins, different growth factors,
renin-angiotensin-aldosterone system components, na-
triuretic peptides and some other elements regulating he-
modynamics, proteins connected with calcium trans-
port, and hormones synthesis. Majority of studies inves-
tigate relation between variants of polymorphism and lev-
el of expression of genes that encode proteins participating
in blood pressure (BP) regulation. However, research
data are rather dissonant and distinguish significantly in
different populations. Besides, new genes, which could be
responsible for LVH development, are being searched ac-
tively.

The aim of the study is to analyze association of clin-
ical and genetic factors with left ventricle hypertrophy in
hypertensive patients.

Materials and methods

Atotal of 856 patients were included into the study. The
main group consisted of 672 HT patients (450 menand 222
women), who were registered in an out-patient hospital of
alarge industrial enterprise. Mean age of the patients of the
main group was 50,9+8,7 (18-83 years), of men —
50,6+9,5 years, of women —51,6+6,7 years. 89% of the
patients with (HT) were the Slavs (the Russians, the
Ukrainians, the Belorussians), 7% - the Finns and the Kare-
lians, 4% - other nationalities (the Lithuanians, the Chu-
vash, the Tatars, the Germans, the Jewish and some oth-
ers).

HT diagnosis, its stage and risk stratification was de-
fined in according to the Russian Guidelines on HT [4]. Data
were registered in a special non-legible form, which was
the part of the unified medical info system used in the out-
patient hospital where the study was conducted [5].

Control group included 184 patients without HT, di-
abetes, clinical signs of ischemic heart disease, and with-

MnepTpochis M1Mokapaa nesoro xenyaodka (MX) ss-
NAETCA OOHWM N3 OCHOBHbIX MapKepoB TAXECTN apTepu-
anbHow runeptoHun (Al), 3Ha4NMbIM He3aBUCKMMBIM hak-
TOPOM PKCKa BHE3aMHOW CMePTH, MHMaPKTa MVOKapAa, UH-
cynbTa M OpYrnx CepheyHO-COCYAUCTbIX OCIOXHEHWUN
[1,2]. Mo paHHbIM DPEeMUHIEMCKOrO UCCNeNOBaHMS, yBe-
NIYeHne MacCbl MMOKapAa NeBoro xenypoyka (MMJTX)
Ha 50 r/m? CoNnpoBOXAAETCH BO3pacCTaHNEM OTHOCUTESTb-
HOro 4-NeTHero prcka cepae4HO-CoCyAUCTbIX OCTIOKHEHNIA
B 2,21 pa3 Ans XeHWwmH 1 B 1,73 pa3a Ansg My>X4uH [3].

B HacTOfLWee Bpems OOCTAaTOYHO XOPOLUO M3y4eHbl
npennkTopbl passutua MK npu Al 3T0 CTerneHb noBbI-
lweHwna All, BO3pacT, non, Macca Tefla, Hanmdme cepaeyHo-
COCYAMCTOV MaTONOruK, TakXke MOryT MMETb 3HadveHue
KypeHve, ypoBeHb hr3n4eCKOon akKTUBHOCTU, M30bITOYHOE
noTpebneHve NoBapeHHOM conu 1 ankorons. OfiHaKo cTe-
NeHb rMnepTpodUN MMOKapaa He BCeraa COOTBETCTBYET ANu-
TenbHocT AT, ypoBHIO ALL 1 Hann4mio opyrnx hakTopos.
B cBA31 C 3TUM, B NocneAHve rofibl 0coboe BHYMaHMe UC-
cnefoBaTenen NPUBIEKAIOT reHeTUYeckmne acnekTbl BO3-
HuKHOBeHMs TTIK. M3BecTHO Gonee 30 reHOB, CTPYKTypHOE
N PYHKLMOHaNbHOE COCTOSIHME KOTOPbIX CBA3aHO C Be-
nnynHon MMIJTX. D70 reHbl, KognpyloLLe benkm capko-
MepOoB, pasfnyHble PakTopbl pocTa, KOMMNOHeHTbl PAAC,
HaTpUnypeT4eckme NenTuabl 1 Apyrue 3nemMeHTbl Cu-
cTeM perynaumm reMoOAVHaMMKM, a TakxKe CBA3aHHble C
TPaHCNOPTOM Kanbuusa B6enku 1 CMHTe3 ropMOoHOB. Hau-
BonblLLee KONMYeCTBO PaboT NOCBALLEHO U3YYEHNIO CBA3U
BapVIaHTOB NONMMOPdY3Ma 1 YPOBHA SKCNPECCUN TEHOB,
KOOVPYIOLLIMX Oenkum, NpUHUMAIOLLIME yHacTue B Perynsiumm
ypoBHs ALL. OoHaKo AaHHbIe MCCIe00BaHWI MPOTUBOPEYMBSI
W CYLLIECTBEHHO OTIIMHAIOTCA B Pa3INYHbIX monynaumax. Kpo-
Me TOro, aKTMBHO BelyTCA MOUCKM HOBbIX FEHOB, KOTOpble
MOryT ObITb OTBETCTBEHHbI 3a pa3BuTie [TIK npn Ar.

Llenb nccnegoBaHnsa — NPOBECTW aHanM3 accoumaLmm
KITMHUYECKX 1 FeHeTUYeCKMX PakTOPOB C rmnepTpocdument
NeBOro Xenyaoyka y NaluMeHToB C apTepuanbHON rmnep-
TOHMeN.

MaTepman n MeToabl

Bcero B nccnegoBaHue BkItoYeHbl 856 naumeHToB. U3
HUX 672 naumeHTa c AT (450 My>XUNH 1 222 XKEHLLNHbI),
COCTOALLMX Ha AMcnaHcepHom HabmogeHun (OH) B no-
TIVIKNMHMKE KPYMHOIO NPOMBILLIIEHHOTO NPeanpudTms, Co-
CTaBWAY OCHOBHYtO rpynny. CpeaHM BO3pacT NaLMeHTOB
OCHOBHOW rpynnbl coctasun 50,9+8,7 net (18-83 roga),
y My>Xx4dnH — 50,6£9,5 neT, y XeHwmH — 51,6+6,7 nert. Mo
HaLMoHansHocT1 89% nauneHToB C Al — npeacraBuTenm
CNaBAHCKMX HAPOAHOCTeN (pycckume, yKpanHLbl, benopy-
cbl), 7% — DUHHbI U Kapenbl, 4% — apyrve HaumMoHasb-
HOCTM (NUTOBLbI, YyBaLLW, TaTapbl, HEMLbI, €BPeV 1 Ap.).

[wmarHo3s Al ycTaHaBNMBaNCs COrNacHo NPUHATON CTpa-
mpukaumm pucka npu Al [4]. daHHble 3aHOCUNUCL B
co3faHHbIM Hamu Ans [H naupeHToB ¢ Al 3n1eKTPOHHbIN [0-
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out ECG signs of LVH. Men prevailed in this group
(n=154; 83%). Mean age of the patients in the control
groupwas 37£14 (21-66 years), of men-33,9£13,8
years, and of women = 51,4+4,9 years. 96% of the pa-
tients in the control group were the Slavs, 4% were the
Finns, the Estonians, and the Germans.

The research was approved by the Republic Commit-
tee on medical ethics of Medical Faculty of the Petrozavodsk
University (protocol Ne5, 19.04.04).

LVH was estimated by ECG (Sokolov-Lion's index
>38 mm, Cornell voltage duration product >2440
mmxmc) and by echocardiography (left ventricle mass in-
dex >125 g/m? for men and >110 g/m? for women).

Lipids (total cholesterol, low-density and high-densi-
ty lipoproteins, triglycerides), glucose and creatinine
serum levels were evaluated. Urine analysis was also con-
ducted.

Obesity was diagnosed at body mass index (BMI) >30
kg/m?.

Polymorphisms of genes that encode proteins, par-
ticipating in BP requlating and directly or indirectly influ-
encing LVM, were studied. In particular we studied the
Glu298Asp of the endothelial NO synthase (eNOS) gene
- 672 patients; the C242T of the NADPH oxidase
p22phox subunit gene — 672 patients; the M235T and
the G(-6)A of the angiotensinogen (AGT) gene and the
A1166C of the angiotensin 2 receptor type 1 (ATR 1) gene
— 414 patients. Genotyping by single nucleotide substi-
tutions of the GIu298Asp, C242T and A1166C was
conducted by polymerase chain reaction (PCR) method
with evaluation of restriction fragments length polymor-
phism, and in case of the M235T, G(-6)A - by “real-time”
allele-specific PCR.

Significance of differences was evaluated using x*
test calculated with contingency table with STATISTICA 5,0
program (Statsoft). Besides, indices of relative risk (RR)
and odds ratio (OR) were used for quantitative estimation
of LVH development risk.

Results

The following structure of risk factors was revealed in
the main group:

* burdened familial history of HT (n=446; 66%);

* burdened familial history in early cardiovascular

events (ECE) (n=166; 25%);

* smoking (n=312; 46%);

* obesity (n=254; 38%);

* hypercholesterolemia (n=419; 62%);

* hypertriglyceridemia (n=208; 31%);

« diabetes mellitus (n=61; 9%).

Patients of the main group were split into three sub-
groups according to HT duration: less than 5 years
(n=287;43%), 5-10 years (n=164; 24%) and more than
10 years (n=221; 33%).

KYMEHT KaK YaCTb eAMHON MeAULMHCKON NHMDOPMALMOH-
HOW CLCTEMbI, UCMONb3YeMOM B MONUKIMHIIKE, Ha Oa3e KO-
TOpOW NPOBOAMIIOCH NCCefoBaHye [5].

B rpynny koHTpons Bownn 184 yenoeeka 6e3 Al, ca-
XapHOro AmabeTa, KNMHUHECKX NPOSIBNEHNI ULLIEMYECKON
DonesHu cepAla 1 C OTCYTCTBMEM NpUW3HakoB [T1K no aaH-
HbiM DKT. CpefHui BO3PacT MaLMEHTOB 3TOW Tpynmbl,
cpeam KoTopbix npeobnagany MydmHbl (n=154; 83%),
coctaBun 37£14 net (21-66 net). CpeoHWn BO3pacTt
My>X4uH — 33,9+13,8 net, xeHWmH — 51,4+4,9 net. B
rpynmne KOHTPOJS MO HaLMOHANBHOCTM Takxe npeobnana-
v cnaesHe — 96%, 4% coctaBUNM (UHHBI, 3CTOHLbI, HEM-
Lbl.

MpoBeaeHvie UccneaoBaHWs (MeToamka obcenoBaHNs,
npaewna 3abopa 00pa3LLoB KpoBM) 0f00peHO Ha 3acesa-
HUK PecnyOnmKaHCcKoro KOMmUTeTa No MeANLMHCKOM 3TU-
Ke npu M3 PK 1 MeamumHckoro takynbteta MeTplY (npo-
Tokon N2 5 o1 19.04.04).

[T onpepensnack npu nomotum KT (nHaekc Coko-
nosa-JlanoHa >38 MM, KopHennbckoe npovi3BefeHue
>2440 MM X MC) 1 3x0oKapamorpachn (MHOEKC MacCbl MMO-
Kap4a ne.oro xenygoyka 2125 r/m” ang My>xdmH n 2110
r/M? NS KEHLLWH).

Y NaUMEeHTOB OLEHMBANVCH MMUAHBIA CNEKTP, CbIBO-
POTOYHbIE YPOBHM MIIOKO3bl M KpeaTuHMHa. B nporpammy
nabopaTopHOro obcnefoBaHUs BXOAWMIO OnpeneneHme
obLLero ypoBHs XonectepmHa, XonectepmHa NMnonpo-
TEWOO0B BbICOKOW U HU3KOWM NMAOTHOCTW, TRUMLEPUIOB, Ca-
Xapa KPOoBU, KPeaTUHMHA, a TaKXKe aHam3 MoYu.

Hanu4ne oxupeHrs yCraHaBn1Banoch Npmn nHaekce Mac-
cbl Tena (MMT) >30 kr/m?.

B maHHOM VccnenoBaHUm M3y4anmcb NONMMOphU3MbI
reHoB, KoaMpYyIoLLMX Benku, KOTopble NPUHUMAIOT y4acTme
B perynauum yposHa ALL 1 NPSAMO 1 KOCBEHHO BIUSIOT Ha
BennunHy MMJTK. Cpenu nocnenHnx Glu298Asp reHa sH-
potenvansHon NO cuHTasbl (eNOS) — 672 venoseka; C242T
reHa cyobeamHrubl p22phox NADPH okcvpasbl — 672 ve-
noseka; M235T 1 G(-6)A reHa aHrvoTeH3vHoreHa (AGT)
nA1166C reHa pelenTopa 1 TMna K aHrmoTeHsnHy 2 (ATR
1) — 414 yenosek. [eHOTUNNPOBAHME MO OLHOHYKIIEO-
TUOHbIM 3aMeHaM Glu298Asp, C242T n A1166C nposo-
annock metopom lMUP c aHanusom nonumopdmama onm-
Hbl PECTPUKLIMOHHbIX (PParMeHToB, a no 3ameHam M235T,
G(-6)A ¢ nomoLiblo annenb-cneumdudHon MUP «B pe-
aJIbHOM BpeMeHN».

CTaTnCTMYeCKy0 3HA4YMMOCTb PA3NNYUIA ONpeaensnm C
MCMNONb30BAHMEM KPUTEPUS %, PACCHUTAHHOIO Mo Tabnu-
LaM COMPSXEHHOCTM C MOMOLLbIo NporpamMbl STATISTICA
5,0 (Statsoft). Kpome Toro, Ans KONM4eCTBEHHOMN OLEHKM
pucka pa3suTtma MK ncnonb3osany nokasaTteny OTHOCK -
TenbHoro pucka (OP) 1 oTHoweHWs waHcos (OLL).

PesynbTaThl
B ocHoBHOW rpynne BbiBNEHa Clefytoulan CTPyKTypa

296

PaynonaneHas ®apmakorepanus B Kapanonorumn 2010,6(3)



Clinical and genetic factors of left ventricular hypertrophy / KnuHn4eckue u reHeTu4eckmne ¢haktopbl runeptpoghum 1eBoro Xeayn04ka

Examination showed LVH in 262 patients (39%). Table
1 shows LVH prevalence depending on some clinical and
demographic characteristics.

Statistical analysis demonstrated that LVH was more fre-
quent in men (42% vs 33; RR 1,25; OR 1,43; ClI:
(1,24;1,26); p=0,035), in patients with HT of 2-3 de-
gree (degree 1 — 26%, degree 2-3 - 54%; RR 2,08; OR
3,35; Cl: (2,05;2,11); p<0,001) and in patients above
50 years old (RR 1,95; OR 2,83; Cl: (1,93;1,96);
p<0,001).

LVH was more frequent in men over 55 years old and
in women over 65 years old compared to younger patients:
62% vs 33%; RR 1,96; OR 3,51; Cl: (1,903;2,03);
p<0,001 and 80% vs 30%; RR 2,608; OR 10,65; ClI:
(0,25;26,34); p=0,025, respectively.

LVH prevalence rises when HT duration increases (RR
1,79;0R 2,52;Cl: (1,77;1,805); p<0,05). LVH was less
frequent in patients with HT and ECE burdened family his-
tory, but distinctions were insignificant. LVH correlated sig-
nificantly with obesity (35% and 46%;RR 1,31, OR 1,57,
Cl: (1,28;1,33); p=0,005) and diabetes (66% and
36%; RR 1,804; OR 3,33; Cl: (1,58;2,05); p<0,001).

Tables 2 and 3 demonstrate analysis of LVH depend-
ence on different genotypes. In the main group of patients
significant distinctions were observed only for one geno-
type —the M235T.

Variants of the Glu298Asp eNOS polymorphism in sub-
groups with and without LVH were distributed as follows:
the GG genotype — 58% and 58% (RR 0,99; OR 0,99;
Cl: (0,98;1,005); p>0,05); the AA genotype — 9% and
6% (RR 1,27;0R - 1,54, Cl: (1,09;1,49); p>0,05), the
GA genotype - 33% and 36% (RR 0,92; OR 0,88; CI:

Table 1. LVH prevalence according to clinical risk factors
in patients with HT

pakToOpOB puUcKa:
* OTArOLLeHHasA HaC1eICTBEHHOCTb MO apTePUASTBHOM M-
nepteH3nu (n=446; 66%);
* OTArOLLEeHHas HaCNeACTBEHHOCTb MO PaHHUM cepaey-
HO-COCYaMCTbIM KaTacTpodam (PCK) - n=166 (25%);

* kKypeHuve (n=312; 46%);

¢ oxupeHue (n=254; 38%);

* runepxonecteprHemms (n=419; 62%);

* runeptpurnnuepnaemus (n=208; 31%);

* caxapHbii Anabet (n=61; 9%).

Mo onuTenbHOCTU aHamHesa Al mauueHTbl OCHOBHOM
rpynnbl ObiIV pacnpefeneHbl Ha TPM NOATPYNMbI: 40 5 neT
(n=287;43%),5-10 net (n=164; 24%) n6onee 10 net
(n=221,33%).

B pe3ynbTate 06cnenosaHus K Obina BbisBneHa y 262
venoBek (39%). BTabn. 1 npencraBneHs! AaHHbIE O HacToTe
BCTpedaemocTy [TIK B 3aBUCMMOCTV OT pAfa KIMHWKO-[e-
Morpadunyecknx nokasartenen.

MpOBeAEHHbIV CTaTUCTHECKMM aHaM3 Nokasart, yTo [TIX
yallle BCTpeYaeTcsa y MyxumH (42% npotvs 33%; OP
1,25;0W 1,43; AW: (1,24;1,26); p=0,035), y naumeH-
TOB C Al 2-3 cTenenn (1 cTeneHb — 26%, 2-3 cTeneHb —
54%; OP 2,08; OLLI 3,35; AM: (2,05;2,11); p<0,001) n
B BO3pacTe ctapwe 50 net (OP 1,95; Ol 2,83; OW:
(1,93;1,96); p<0,001).

Kpowme Toro, MK Yalle Habnoganack kak B noarpyn-
ne My>k4umH cTaplue 55 net (62 % npotue 33%; OP 1,96;
Ol 3,51; AM: (1,903;2,03); p<0,001), Tak 1 y XeHLLIMH
cTapLue 65 net (80% npotne 30%; OP 2,608; OLLI 10,65;
On: (0,25;26,34); p=0,025) no cpasHeHuio ¢ bonee
MOIOABIMU NaLMEHTAMM.

OTMeYeHo HapacTaHue YacToTbl [TIK npu yBenuyeHnm

Tabnuua 1. YactoTa BbiseneHus MK B 3aBucnmoctu ot
KNUHMYeCckmxX hakTopoB pucka y 6onbHbIx Al

Index n (%) MpusHak n (%)
Age Below 50 years (n=290) 77 (27%) Bozpact [lo 50 net (n=290) 77 (27%)
Above 50 years (n=382) 185 (48%) Bonee 50 net (n=382) 185 (48%)
Gender Men (n=450) 188 (42%) Mon Myx (n=450) 188 (42%)
Women (n=222) 74 (33%) Xet (n=222) 74 (33%)
HT degree Degree 1 (n=358) 92 (26%) CreneHs AT 1 cteneHb (n=358) 92 (26%)
Degree 2-3 (n=314) 170 (54%) 2-3 cteneHb (n=314) 170 (54%)
HT duration Less than 10 years (n=451) 146 (32%) HasHocts AT [o 10 niet (n=451) 146 (32%)
More than 10 years (n=221) 116 (52%) bonee 10 net (n=221) 116 (52%)
HT duration Less than 5 years (n=287) 77 (27%) JlaBHocTb AT Jlo 5 net (n=287) 77 (27%)
More than 5 years (n=385) 185 (48%) bonee 5 net (n=385) 185 (48%)
HT family background Positive (n=446) 165 (37%) HacnencreeHHocts o AT OtsroleHa (n=446) 165 (37%)
Negative (n=218) 95 (44%) Het (n=218) 95 (44%)
ECE family background Positive (n=166) 58(35%) HacnencreeHHocts no PCK Otarolera (n=166) 58 (35%)
Negative (n=495) 203 (41%) Het (n=495) 203 (41%)
Obesity Absent (n=416) 145 (35%) OxmpeHie Het (n=416) 145 (35%)
Present (n=256) 117 (46%) Ectb (n=256) 117 (46%)
Diabetes mellitus Present (n=61) 40 (66%) CaxapHbii anabet Ectb (n=61) 40 (66%)
Absent (n=611) 222 (36%) Het (n=611) 222 (36%)
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Table 2./ Tabnuua 2. The Glu298Asp of the eNOS and the C242T of the p22phox NADPH oxydase genes alleles and
polymorphism variants distribution in HT patients with and without LVH and in the control group (%) / PacnpeneneHue
annenen u BapmaHToB nonumopdursma reHos Glu298Asp eNOS 1 C242T p22phox NADPH okcupaasbl y 6onbHbIX AT

C Hanuumem u otcytcTBmem MK n B rpynne koHTpons (%)

Genes polymorphism variants / Patients with HT and LVH /
BapwaHTbl nonumopdusma reHos Maumentbl ¢ Al u MK (n=262)

Patients with HT and without LVH /
NauweHTb! ¢ AT 6e3 MK (n=410)

Control group /
I'pynna KkoHTpons (n=184)

Glu298Asp GG 58 58 52
GA 33 36 38
AA 9 6 10
A 25 24 29
2421 cC 44 42 41
cT 49 45 54
T 7 13 5
T 32 35 34

All distinctions are insignificant / Bce pasnuius HeHaummsl (p>0,05)

(0,904;0,94); p>0,05). The p22phox NADPH oxidase
C242T genotypes had almost the same frequency in both
subgroups : the CC - 44% and 42% (RR 1,02; OR 1,04,
Cl: (1,01;1,04); p>0,05), the TT — 7% and 13% (RR
0,65;0R0,52;Cl: (0,57;0,74); p>0,05), the CT — 49%
and 45% (RR 1,11; OR 1,203; ClI: (1,103;1,13);
p>0,05).

Genotypes distribution of the AGT M235T gene poly-
morphism was different in patients with LVH: the MM geno-
type prevalence was significantly less in the LVH subgroup
than in HT patients without LVH (12% vs 21% in MT and
TT subgroups, RR 0,62; OR 0,506, Cl: (0,55;0,708),
p=0,0187). Thus, various genotypes with the T allele were
more frequent in HT patients with LVH = 65% vs 59%,
but distinctions were insignificant due to a greater num-
ber of heterozygous variants in both subgroups (RR
1,16; OR 1,26; Cl: (1,15;1,17), p>0,05) (Table 3).

There were no significant distinctions in genotypes and
alleles of the AGT G(-6)A gene distribution in HT patients
with and without LVH: the GG genotype 26% and 25%
(RR 1,03; OR 1,05; Cl: (0,97;1,09); p>0,05), the AA
genotype — 15% and 21% (RR 0,78; OR 0,68; CI:
(0,705;0,86); p>0,05), the GA genotype — 62% and
54% (RR 1,12; OR 1,2; Cl: (1,107;1,14); p>0,05), A
allele — 45% and 48% (RR 0,91; OR 0,87; ClI:
(0,908;0,93); p>0,05). The A1166C polymorphism
analysis showed higher prevalence of the CC genotype in
HT patients with LVH compared to those without LVH (7%
vs 3%; RR 1,64; OR 2,53; Cl: (1,09;2,46); p>0,05).
Prevalence of the C allele was the same in the examined
patients: 24% in patients with LVH (the control group
showed the same result), 21% in HT patients without LVH
(RR1,13; 0R 1,21, Cl: (1,09;1,16), p>0,05).

We evaluated LVH prevalence in different subgroups of
patients: in men and women, in patients under and
above 50 years old and also in patients with HT diagnosed
before and after the age of 35. We also compared alleles
distribution with control groups matched by age and gen-

aHaMHecTuyeckom gnutenbHoct Al (OP 1,79; Ol 2,52;
OW: (1,77;1,805); p<0,05). TTIX pexe otmedanacs y finL
C OTArOLLEHHOM HaCNeACTBEHHOCTBIO Kak Mo AT, Tak 1 no PCK,
HO Pa3NM4Ma OKa3anmcb CTaTUCTUHECKI HE3HAYVIMbIMU. Bbl-
fIBNEeHa CTaTUCTUYeCKM 3Ha4YMmas B3ammocBasb [J1XK ¢
oxupeHvem (35% n 46%; OP 1,31; Ol 1,57; OW:
(1,28;1,33); p=0,005), c caxapHbIM AnabeTtom (66% u
36%; OP 1,804; Ol 3,33; W: (1,58;2,05); p<0,001).

AHanus 3asncnMocty MK oT pasfnyHbIX reHoTUNoB
npencTaBneH B Tabs. 2 1 3. B ocHOBHOW rpynne naumeH-
TOB JOCTOBEPHbIE OTAINYMS NOMYYeHbI TONBKO AJ18 OQHOro
rerotmna (M235T).

BapuaHTbl nonnumopdmnsmos Glu298Asp eNOS B nof-
rpynnax c MK 1 6e3 Hee pacnpenennmch cneayowmm 0b-
pa3om: reHoTn GG — 58% 1 58% (OP 0,99; OLL 0,99;
OWn: (0,98;1,005); p>0,05); reHotnn AA — 9% 1 6% (OP
1,27;0W 1,54; aL: (1,09;1,49); p>0,05), reHotnn GA
—33% 1n36% (OP0,92; Ol 0,88; A: (0,904,0,94);
p>0,05). FeHotunbl C242T p22phox NADPH okcraasbl Tak-
e NMPUMEPHO C OAMHAKOBOW YaCTOTOW BCTPeHanmch B obe-
nx nogrpynnax: CC—44% 1 42% (OP 1,02; OLLI 1,04; OW:
(1,01;1,04); p>0,05), TT = 7% 1 13% (OP 0,65; OLL
0,52; A1:(0,57;0,74); p>0,05), CT —49% 1 45% (OP
1,11; 0l 1,203; AM: (1,103;1,13); p>0,05).

MNMonnmopdram reHa M235T AGT no pacnpeneneHumio
reHOTUMNOB OTNMYancs y 6onbHbIX Al ¢ Hanuynem MK: va-
cToTa reHotna MM Obina 3Ha41MMO MeHbLLE B Mogrpynmne
c TJIK, yem y 6onbHbIx AT 6e3 [TIK (12% npoTtve 21% B
noarpynnax MT »n TT, OP 0,62, Ol 0,506, AW:
(0,55;0,708), p=0,0187). CoOTBETCTBEHHO, BapWaHTbI re-
HOTUMOB C Hanu4meM T anneng Bcrpedanichb npu MK yatwe.
HencteutensHo, T annenb y 6onbHbIX Al ¢ FJDK BbisSBNS-
¢ ¢ bonbler Yactoton — 65% npoTie 59%, HO pasnn-
Y19 He LOCTUMIN YPOBHS CTAaTUCTNHECKOW 3HaYMMOCTI B CBS-
31 ¢ BonbLUen [oner reTepo3nroTHbIX BapMaHTOB MOMN-
Mopdrama B obenx nogrpynnax (OP 1,16, OLL 1,26, AN:
(1,15;1,17), p>0,05) (c™m. Tabnumuy 3).

He nony4eHo CTaTUCTUYECKM 3HAUUMBIX PA3NYUIA 1 B
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Table 3./ Tabnuua 3. Distribution of alleles and polymor-
phism variants of the AGT gene M235T and G(-6)A and the
A1166C of the ATR1 gene in HT patients with and without
LVH and in the control group (%) / PacnpepeneHue anne-
nen n BapuaHToB nonumopdusma M235T 1 G(-6)A reHa
AGT n A1166C reHa ATR 1y 6onbHbIx Al C Hanuynem un oT-
cytctBuem MK v B rpynne KoHTponsi (%)

Genes polymorphism  Patients with  Patients with HT  Control

variants / Bapuantel  HTandLVH/ and without LVH / group /
nonumopgusma MauveHTbl MauwveHTbl I'pynna
reHos cArn X CAr6e3lMK  KoHTpons
M235T MM 12* 21 14

MT 46 39 40

T 42 40 46

T 65 59 66
G(-6)A GG 26 25 30

GA 62 54 47

AA 15 21 23

A 45 48 47
A1166C AA 58 61 60

AC 35 36 31

CC 7 3 9

C 24 21 24

* p=0,0187 in comparison with the group of patients with HT and without LVH /
M0 CPaBHEHMIO C pynnor nauyeHTos ¢ AT 6e3 [T1X

der. This analysis revealed some significant distinctions. Data
are shown in Tables 4 and 5.

The T allele of the NADPH oxidase gene was rarer in
patients with LVH below 50 years old compared to patients
of the same age without LVH (28% vs 39%; RR 0,68; OR
0,6;Cl: (0,65;0,71); p=0,01). The C allele was associ-
ated with LVH risk increase in thisage (72% vs 61%; RR
1,46; OR 1,66; Cl: (1,45;1,47); p=0,01). Prevalence of
the T allele was the least in women with LVH below 50 years
old — 14%, in women of the same age without LVH it was
43% (RR0,28; OR 4,57;Cl: (0,21;0,38); p=0,001), the
C allele prevalence was 86% and 57% (RR 3,5; OR 4,57;
Cl: (3,43;3,56); p=0,001) respectively.

The A allele of the eNOS gene was rarer in men with
HT with LVH compared to the control group but distinc-
tions were insignificant (23% vs 30%; RR 0,85; OR 0,71;
Cl: (0,82;0,88); p=0,057). At the same time the A al-
lele was revealed in women below 50 years old more of-
ten than in women with HT but without LVH (33% vs 18%;
RR 1,87; OR 2,34; Cl: (1,605;2,19); p=0,027). The A
allele was also more often (33%) revealed in patients with
LVH who had HT diagnosed before the age of 35 compared
to 20% in the group of patients without LVH (RR 1,66;
OR 1,98; Cl: (1,49;1,85); p=0,037).

Table 5 shows distribution of the M235T and the G(-
6)A alleles of the AGT gene in subgroups of HT patients
of different age.

pacnpefeneHu reHotnnoB 1 annene G(-6)A reHa AGT y
NaLMeHTOB C Hanu4meM 1 otcytctarem MK npun Al reHoTmn
GG —26% 1 25% (OP 1,03; OLL 1,05; AW: (0,97;1,09);
p>0,05), reHotn AA—15% 1 21% (OP 0,78; OLL 0,68;
[W:(0,705;0,86); p>0,05), reHotmn GA — 62% 1 54%
(OP1,12;0LWL1,2; AW: (1,107;1,14); p>0,05), annenb
A—45% n48% (OP0,91;0LL0,87; AN: (0,908;0,93);
p>0,05). Mpu aHanunze nonumopcdmaMa A1166C Hau-
bonbluas YactoTa reHoTuna CC oTMeYdeHa y 6onbHbIX Al ¢
1K no cpaBHeHwIo ¢ TakoBbiMM 6e3 [T1K (7% npoTuie 3%;
OP 1,64; 0Ll 2,53; AM: (1,09;2,46); p>0,05). YactoTa
annens CTakxXe He OTI4anach 1 COCTaBMMa NPU Hann4mm
[TIX — 24% (Takas Xe, Kak v B KOHTPOMbHOW rpynne), a
y BonbHbIX AT 6e3 IT1X —21% (OP 1,13, 0L 1,21, AW:
(1,09;1,16), p>0,05).

MbI NpoBeny aHasnn3 4acToTbl BCTpedaemocTt [TIK B pas-
NUYHBIX NOATPYNNax OONbHBIX: Y MY>HMH U XKEHLLMH, Y Na-
LmeHToB [0 50 NneT 1 cTaplue, a Takxke y 60sbHbIX C BO3pac-
ToM BbIfiBNeHVa Al 0o 35 net 1 craplle. Kpome Toro, mbl
CPpaBHWNM pacnpeseneHiie annenen C COOTBETCTBYIOLLVMM NO
BO3pacTy 1 Nofy rpynnamuy KOHTpons. MNpu TakoM aHanmse
ObIn 0BHaPy>KeHbI HEKOTOPbIE CTATUCTAYECKN 3HAYMMbIE Pa3-
nnams. JaHHble npencTaBneHbl B Tadn. 4 5.

T annenb reHa NADPH okcrpasbl pexke oOHapyKeH B
rpynne naupeHTos ¢ MK B Bo3pacte 0o 50 net no cpasHe-
HUIO C NaumeHTamMm 6e3 1K B JaHHOW BO3pacTHOM KaTe-
ropun (28% npotms 39%; OP 0,68; Ol 0,6; AW:
(0,65;0,71); p=0,01). Annenb C accoummpoBancs c no-
BbllIeHMEM pucka MK B JaHHOW BO3paCTHOM KaTeropum
(72% npotvB 61%; OP 1,46; OLL 1,66; OW: (1,45;1,47);
p=0,01). B Bo3pacTte f0 50 neTy xeHLimH ¢ MK vactoTa
annens T HauMeHblwad — 14%, a y XXeHLLUMH 3TOro e BO3-
pacTta 6e3 MK — 43% (OP 0,28; OW 0,21; OW:
(0,21;0,38); p=0,001), yacTota annens C — 86% u
57%, cootsetctBeHHo (OP 3,5; OLL 4,57; AN : (3,43;3,56);
p=0,001).

A annenb reHa eNOS pexxe BCTpeyancs B rpynne Myx-
4umH C AT ¢ IJK no cpaBHeHMIO C rpynnovi KOHTPOSS, HO pas3-
NNYMS OKazanmch HeaHauMmbl (23 % npotie 30%; OP 0,85;
Ol 0,71; AM: (0,82;0,88); p=0,057). B T0 >Xe Bpems, Ya-
ctoTa A annens onblie B rpynne xeHwwmH Ao 50 net no
CpaBHEHMIO C XeHLWMHaMK, cTpagalowmm Al HO He
numetowmmm IJ1X (33% npotue 18%; OP 1,87; O
2,34, 0N:(1,605;2,19); p=0,027), a Takxe A annenb Yalie
(33%) BbisBReH y naumeHToB ¢ [J1X ¢ Bo3pacTtoM ycTa-
HoBneHuns Al 0o 35 neT no cpaBHeHmio ¢ 20% B rpynne
BonbHbIx Be3 T (OP 1,66; OLL 1,98; OW: (1,49;1,85);
p=0,037).

B 1abn. 5 npepncraBneHo pacnpepenexvie annenewu
M235T 1 G(-6)A reHa AGT B pasnndHbIX BO3PACTHbIX MOf-
rpynnax nauunentos Al

ObpaluaeT Ha cebs BHMMaHWe DonbLUas YacToTa anne-
na Ty 6onbHbix ¢ [T1X B Bo3pacte 1o 50 neT no cpaBHEHMIO
¢ nuuamm 6e3 1K B 3ToM e BO3pacTHOW rpynne, He Ao-
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Table 4./ Tabnuua 4. The Glu298Asp of the eNOS and the C242T of the p22 phox NADPH oxydase alleles distribution in sub-
groups of HT patients of different age with and without LVH / PacnpeneneHnue anneneii Glu298Asp eNOS 1 C242T p22 phox
NADPH okcmnpasbl B pa3finyHbIX BO3pacTHbIX Noarpyrnnax naumeHTos ¢ Al ¢ Hanndvem v otcytctemem MK

Patients' subgroups / Moprpynnbl NaLyeHToB Glu298Asp C242T p22 phox
HT patients below 50 years old with LVH / A43(28%) T43(28%)*
MauyeHTsl ¢ AT B Boapacte 10 50 net ¢ [1X (n=77) G111(72%) C111(72%)*
HT patients below 50 years old without LVH / A90 (21%) 67 (39%)
MalmeHTbl ¢ AT B Bo3pacte 10 50 net 6e3 [MX (n=213) G336(79%) C259(61%)
HT patients over 50 years old with LVH / A 89 (24%) 24(33%)
MaumeHTbl ¢ AT B Bo3pacTe bonee 50 net ¢ I (n=185) G281(76%) C246(67%)
HT patients over 50 years old without LVH / 104 (26%) 22 (31%)
MaLeHTsl ¢ AT B Bo3pacte bonee 50 net 6e3 [ (n=197) G 290 (74%) C272 (69%)
Patients with HT diagnosed before the age of 35 and with LVH / A19(33%)* T19(33%)
MaumeHTbI C ycTaHoBreHHoM AT B Bo3pacte a0 35 net ¢ [T1X (n=29) G39(67%) C39(67%)
Patients with HT diagnosed before the age of 35 and without LVH / A39(20%) T76(38%)
MaLimeHThI ¢ ycTaHoBNeHHOM AT B Bo3pacte Ao 35 net 6e3 [ (n=99) G 159 (80%) C122(62%)
Patients with HT diagnosed after the age of 35 and with LVH / 3(24%) 48 (32%)
MaumeHTbI C ycTaHoBreHHow AT B Bo3pacTe 6onee 35 net ¢ [T1X (n=233) G 353 (76%) C318(68%)
Patients with HT diagnosed after the age of 35 and without LVH / 55 (25%) T213(34%)
MaLimeHTbI ¢ ycTaHoBneHHoM AT B Bo3pacte 6onee 35 net 6e3 X (n=311) G 467 (75%) C409 (66%)
Men with HT and LVH / A 87 (23%) T120(32%)
MyxunHbl ¢ AT 1 TTIX (n=188) G289 (77%) C256 (68%)
Men of the control group / A91(30%) T98(32%)
My3k4mHbl KOHTPOMbHOM rpynnbl (n=154, 149) G217 (70%) C204 (68%)
Women below 50 years old with HT and LVH / A14(33%)* T6(14%)**
KeumHbl 8 Bozpacte 1o 50 net c Al n 11X (n=21) G28(67%) C36(86%)**
Women below 50 years old with HT and without LVH / A26(18%) T64(43%)
KeHuwyHbl B Bo3pacTe fo 50 net ¢ Al 6e3 [ (n=74) G122(82%) C84(57%)

* p<0,05; **-p<0,01 in comparison with the same allele of the opposite subgroup / no cpaBHeHMIO C aHanOrN4HbIM annenem NPOTUBONONOKHOM NOArPYAMbI

Higher prevalence of the T allele in patients with LVH
under 50 years old compared to those of the same age
without LVH was observed, but distinctions were in-
significant (RR 1,31; OR 1,45, Cl: (1,29;1,32); p>0,05).
Distribution of the M235T polymorphism variants in
subgroups was analyzed on the basis of age due to sig-
nificantly lower frequency of the MM genotype in those
HT patients having LVH. Distinctions (lower frequency of
the MM genotype) were significant at the age below 50
years. The MM genotype frequency in HT patients with LVH
aged below 50 was lower than in patients of the same age
without LVH (8% vs 21%; RR 0,406; OR 0,31; CI:
(0,27;0,61); p=0,018). At the age above 50 years the
MM genotype frequency was lower too, but distinctions
were insignificant (15% vs 22%; RR 0,77; OR 0,64; Cl:
(0,63;0,94); p>0,05).

When analyzing influence of the age, when HT was di-
agnosed, on LVH development based on the M235T al-
leles distribution the same trends were observed — decrease
of LVH development risk was associated with the M allele
(33% vs 42%; RR 0,71; OR 0,65; Cl: (0,64;0,79);
p>0,05), increase of the risk — with the T allele (67 % vs

CTUrLWas, O4HaKo, CTaTMCTYeckom 3Haqmmoct (OP 1,31;
ow 1,45; an: (1,29;1,32); p>0,05). YumtbiBasg TOT
akT, 4To Yactota MM reHoTnMNa ObiNa 3Ha4YMMO MeHblLLe
npw Hanuyaum MK B uenom no rpynne 6ombHbIX AT, Obino
NPOaHaNV3MPOBAHO pacnpefeneHie BapMaHTOB NOMN-
Mopdrama M235T B nofrpynnax B 3aBUCUMOCTW OT BO3-
pacta. [ony4mnock, 4To 3HAYMMOCTb PA3NYLA B BALE MEHb-
Len YacToTbl reHoTrna MM nposBnseTcs MMeHHO B BO3-
pacte go 50 net. Yactota MM reHotuna npu MKy 6onb-
Hbix Al B Bo3pacTe 4o 50 neT MeHblLe, YeM Y OoMbHbIX Oe3
[J1X Toro >e Bo3pacTa (8% npoTue 21%; OP 0,406; OLL
0,31;01:(0,27;0,61); p=0,018). B Bo3pacTe bonee 50
net yactota MM reHotvna npw MK Takxe okasanacb MeHb-
LLIe, HO Pa3NnYKMs Obinv HesHauYMMbl (15% npotne 22 %;
OP 0,77, 0Ll 0,64; AW: (0,63;0,94); p>0,05).

Mpwn aHanu3e BNUAHMUA BO3pacTa BbiaBneHUd Al Ha
pa3suTLe [TIK B 3aBUCMMOCTM OT pacnpeneneHvis annenem
M235T nonnumopduraMa Obiniv MoslyHeHbl Te e 3aKoHO-
MepPHOCTU — yMeHbLUeHne pucka [TIXK accoummposanoch
cannenem M (33% npotnB 42%, OP 0,71; OLL 0,65; AN:
(0,64;0,79); p>0,05), yBennierne — cannenem T (67 %
npotue 58%; OP 1,38; Ol 1,52; OW: (1,34;1,43);
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Table 5./ Tabnuua 5. Distribution of alleles and polymorphism variants of the AGT gene M235T and G(-6)A and the
A1166C of the ATR1 gene in subgroups of HT patients of different age with and without LVH / PacnpepneneHue annenen
1 BapuaHToB nonumMmopdunsmos M235T n G(-6)A reHa AGT, n A1166C reHa ATR1 B pa3nunyHbIX BO3pacTHbIX NoArpynnax

nauneHToB ¢ Al c Hanuymem n otcyTcTBuem MK

Patients' subgroups / Moprpynnbl NaLyeHToB M235T G(-6)A A1166C
Patients with HT diagnosed before the age of 35 and with LVH / T31(67%) 21 (46%) C14(30%)
MaumeHTbI C ycTaHoBreHHow AT B Bo3pacTe a0 35 net ¢ [T1X (n=23) M 15 (33%) G 25 (54%) A32(70%)
Patients with HT diagnosed before the age of 35 and without LVH / T91(58%) 71 (45%) C36(23%)
MaLimeHTbI ¢ ycTaHoBNeHHoM AT B Bo3pacte Ao 35 net 6e3 [ (n=79) M67 (42%) G 87 (55%) A122(77%)
Patients with HT diagnosed after the age of 35 and with LVH / 64 (65%) 3 (44%) C60(24%)
MauyeHTs! € ycTaHoBreHHoN AT B Bo3pacre Gonee 35 niet ¢ [TIX (n=127) M 90 (35%) 41(56%) A194(76%)
Patients with HT diagnosed after the age of 35 and without LVH / T223(60%) A 182 (49%) C76(21%)
MaLimeHTbI ¢ ycTaHoBNeHHoM Al B Bo3pacte 6onee 35 net 6e3 I1X (n=29) M 147 (40%) 188 (51%) A 294 (79%)
HT patients below 50 years old with LVH / 789 (69%) A64(50%) C30(23%)
MaumeHTbl ¢ AT B Bo3pacte fo 50 niet ¢ TIX (n=64) M39(31%) G 64 (50%) A98(77%)
HT patients below 50 years old without LVH / T198(61%) A 148 (46%) C67(21%)
MaLmeHTsl ¢ AT B Bo3pacte f1o 50 net 6e3 X (n=162) M 124(39%) G176 (54%) A 257 (79%)
HT patients over 50 years old with LVH / 06 (62%) A70(41%) C44(26%)
MaumeHTbl ¢ AT B Bo3pacTe bonee 50 niet ¢ T (n=86) M 66 (38%) G102 (59%) A 128 (74%)
HT patients over 50 years old without LVH / 6(57%) A 105 (51%) C45(22%)
MawweHTsl ¢ AT B Bo3pacte bonee 50 net 6e3 [ (n=102) l\/l88 (43%) G99(49%) A 159 (78%)
HT patients below 50 years old with LVH / MM 5 (8%)* 3(20%) AA 38 (60%)
MaumeHTbl ¢ AT B Bo3pacte fo 50 nie ¢ TIX (n=64) MT 29 (45%) GA 38 (60%) AC20(32%)
TT30(47%) AA 13 (20%) CC5(8%)
HT patients below 50 years old without LVH / MM 34 (21%) GG 45 (28%) AA10163%)
MauyenTbl ¢ AT B Boapacte 10 50 net 6e3 [MX (n=162) MT 58 (36%) GA 86 (53%) AC54(33%)
TT70(43%) AA31(19%) CC6(4%)
HT patients over 50 years old with LVH / MM 13 (15%) GG 26 (30%) AA 48 (56%)
MavmeHTsl ¢ AT B Bo3pacte bonee 50 net ¢ [T1X (n=86) MT 40 (47%) GA50 (58%) AC32(38%)
TT33(38%) AA10(12%) CC5(6%)
HT patients over 50 years old without LVH / MM 22 (22%) GG21(21%) AA59 (58%)
MaLweHTsl ¢ AT 8 Bo3pacte bonee 50 net 6e3 I (n=102) MT 44 (43%) GA57 (56%) AC41(40%)
TT36 (35%) AA 24 (23%) CC2(2%)

* p<0,05 in comparison with the same allele of the opposite subgroup / no cpaBHeHwio ¢ aHanoru4HbIM ansenem POTUBONONOXKHON MOATPYMMbI

58%; RR 1,38;OR 1,52; Cl: (1,34;1,43); p>0,05). When
HT was diagnosed before the age of 35 these relationships
were more intense, but distinctions were insignificant.
The G(-6)A polymorphism of the AGT gene did not in-
fluence LVH development. However prevalence of the A
allele in HT patients with LVH under 50 years old was 50%
and in the group without LVH — 46% (RR 1,13; OR 1,18;
Cl: (1,106;1,15). Patients above 50 years old revealed the
contrary trend = 41% vs 51% (RR 0,78; OR 0,64; Cl:
(0,76;0,808); p>0,05). In patients with HT diagnosed
after 35 years old the A allele prevalence was higher in those
with LVH compared to those without LVH (RR 0,89; OR
0,82;Cl: (0,88;0,907); p>0,05). No distinctions in the
A allele prevalence were observed between the sub-
groups when HT was diagnosed before the age of 35 (46%
and 45%;RR 1,02; OR 1,02; CI: (0,95;1,09); p>0,05).
Table 5 demonstrates alleles prevalence and distribu-

p>0,05). B GorblLLiel CTeneHmr 370 NposiBIOCh NpK BO3pacTe
yctaHoBneHus Al oo 35 neT, HO pasnuyns Obinu He-
3HaYUMBI.

Monumopduam G(-6)A reHa AGT He BNNAN Ha pa3Bu-
Tve MK, Ho B rpynne 6onbHbix Al go 50 net c XK annens
A BbIfiBNANCs ¢ Hactotor 50%, a B rpynne 6e3 MK — 46%
(OP1,13;0LL1,18; AM: (1,106;1,15). B Bo3pacTe bonee
50 neT Habnoganack NPOTUBOMONOXHASA 3aKOHOMEPHOCTb
— 41% npotns 51% (OP 0,78; Ol 0,64; OW:
(0,76;0,808); p>0,05). Takxxe y NaLMeHTOB C BO3PacTOM
ycraHoBneHusa Al ctaplle 35 net annenb A BbISBIANICA pexe
npu MK no cpaBHeHMio ¢ naumeHTamu 6e3 MK (OP 0,89;
OLL 0,82; : (0,88;0,907); p>0,05). Mpw ycTaHoBme-
HUK AmarHo3a Al oo 35 net yactoTa annens A Obina npu-
MepHO OMHaKOBas B M3y4aeMbix noarpynnax (46% 1 45%;
OP 1,02; 0l 1,02; AW: (0,95;1,09); p>0,05).

Yactota annenen v pacnpefeneHue reHoTUNoB Non-
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tion of genotypes of the ATR1 A1166C gene polymor-
phisms. No distinctions in alleles prevalence was found be-
tween the subgroups of patients below and over 50 years.
At the age below 50 years the C allele prevalence was 23%
with LVH and 21% - without LVH (RR 1,12; OR 1,17; CI:
(1,04;1,205); p>0,05), at the age over 50 years it was
26% and 22% respectively (RR 1,108; OR 1,21; ClI:
(1,03;1,18); p>0,05). When HT was diagnosed at
young age the C allele prevalence was higher with LVH
(30%) than without LVH (23%) (RR 1,34; OR 1,48; Cl:
(1,17;1,54); p>0,05. When HT was diagnosed at the age
above 35 years old the C allele prevalence was 24 % with
LVH and 21% without LVH (RR 1,109; OR 1,19; CI:
(1,06;1,16); p>0,05).

Discussion

According to published data LVH prevalence rises
with BP increase, at that systolic BP has larger influence
on LVH development than diastolic BP, which is confirmed
by high prevalence of LVH at isolated systolic HT [6]. Our
study showed that LVH prevalence doubled at BP above
160/90 mm Hg (54% vs 26 % at HP of the first degree).

Correlation between obesity and LVH used to be ex-
plained for long time by myocardial hemodynamic over-
work, but recently it has been shown that obesity is char-
acterized by severe neurohumoral activation and output
of factors stimulating cardiomyocytes growth. Obesity is
an impetus for LVH development at normal BP and is an
additional risk factor at HT [7,8]. According to our data
LVH is present in almost half of HT patients (46%) with
body mass index above 30 kg/m?. LVH prevalence is pro-
gressively increasing with age, often regardless of BP lev-
el and body mass. Risk of LVH development increases by
15% every 10 years of life. LVH prevalence is about 25%
in men above 65 years old and 33% - in women of the
same age [9]. Age-dependent increase in LVH frequency
can probably be explained by HT prevalence growth and
by artery wall distensibility worsening. The mean age of
HT patients in our study was 50,6 years, 382 patients
(57%) were older than 50 years. LVH was registered in
48% of patients over 50 years and in 27 % of patients be-
low 50 years.

Diabetes type 2 and insulin-resistance (IR) influence
on LVH development have been well studied by now. IR
contributes to impairment of transmembrane ion trans-
port, to increase of vascular smooth muscle cells sensi-
bility to noradrenalin and angiotensin Il pressor activi-
ty, and to increase of sympathetic nerve system activi-
ty. Insulin is an independent growth factor that promotes
cells hypertrophy and proliferation [10]. Despite a small
representation of diabetic patients in our study (62 per-
sons of 672), significant distinctions in LVH prevalence
in patients with and without diabetes mellitus (66% vs
36%) were observed.

mopcramoB AT166C reHa ATR 1 Takke npencrasneHbl B Tabs.
5. [Mpw pasgeneHnm naLmeHToB Ha NOArPyMnbl Mo BO3pacTy
[0 50 neT v ctapLue pasnmnyun B 4acToTe annenemn He nony-
4eHo. B Bo3pacte fo 50 netyacrota annensa C coctasuna 23%
npv Hanudnm TTIXXK n 21% npu ee otcyTcTsim (OP 1,12; OLL
1,17;0M: (1,04;1,205); p>0,05), B BO3pacTe crapiue 50 net
—26% 1 22%, cootsetcteeHHo (OP 1,108; Ol 1,21; AW:
(1,03;1,18); p>0,05). Mpn BbigBNEHNM Al B MOMOAOM
Bo3pacte annenb C npeobnanan npu Hanudmm MK — 30%
npotmB 23% npwu ee otcytcteumn (OP 1,34; OLL 1,48; AN:
(1,17;1,54); p>0,05). Mpwn Bo3pacTe ycTaHoBNEHMA Al 60-
nee 35 netyacrota annens Cobina 24% 1 21% B nogrpyn-
nax B 3aBUCMMOCTW OT Hanu4ua 1 otcytctems [JIK (OP
1,109; 0W 1,19; AM: (1,06;1,16); p>0,05).

Ob6cyxpeHne

CornacHo HJaHHbIM nuTepaTypsbl, YactoTa [JIX yse-
JIYMBaETCA NapannefibHo pocty ungp AL, npuyem 3Haqm-
MOCTb cucTonuyeckoro AL onsa passutma [T1K Heckonbko
BonblUe, YeM AMACTONMYECKOTrO, HTO NOATBEPXKAAETCS Bbl-
COKOW pacnpocTpaHeHHOCTbIo [T npr n3onmnpoBaHHoOM cn-
cronudeckon Al [6]. B Halem nccnegoBaHnm npy AL Bbille
160/90 MM pr.cT. YacToTa [TIK yBenu4mBanach No4tv B ABa
pasa (54% npotne 26% npu AT 1 cTeneHn).

B3avmMocBaA3b Mexay oxvpeHneM v MK pnntensHoe
BpeMst 0ObACHANM FeMOAMHAMNYECKOV NePErpy3KOM MUO-
KapOa, OOHaKo B HacToALLee BpeMs MoKa3aHo, YTo OXMW-
PEHME XxapaKTepn3yeTCs BblpaXkKeHHOW HEMPOryMOPanbHOM
aKTMBaLMen 1 BbIpaboTKOM haKTopoB, CTUMYMNPYIOLLINX
POCT KapAOMUOUMTOB. OXVpeHre — CTUMYN ANs Pa3Bu-
a [TIK npy HopManbHOM AL M [ONONHUTENbHBIV (hak-
Top pwcka npu Al [7, 8]. Mo HawmM OaHHbIM, Npy yBe-
NNYeHUM MHIEeKCa Macchl Tena cabiwe 30 kr/m? ITK gn-
arHOCTUPYETCS MOYTI Y NMONOBMHbBI 6oNbHbIX Al (46%). Ya-
croTa MK nporpeccnBHO yBEIMYMBAETCA C BO3PACTOM, Ya-
CTO BHe 3aBNCMOCTI OT YpoBHA AL 1 Macchl Tena. Ha Kax-
Able 10 net Xu3Hu puck passutma [NIK yBennynsaeTcs Ha
15%. Y MyX4uH CTaplue 65 feT pacnpoCcTpaHeHHOCTb
[TIXX coctaBnsieT okono 25%, y XeHLLMH TOro Xe Bo3pac-
Ta — 33% [9]. HapacraHue YactoTsl [TIK ¢ Bo3pacTom, Be-
POATHO, OTPaXaeT yBenuyeHe pacnpocTpaHeHHoCT Al 1
CHUXXEeHVe PacTAXXMMOCTU CTeHOK apTepui. CpeaHuiA BO3-
pact 6onbHbIX Al B Halem nccnenosaHun — 50,6 net, na-
LIMEHTOB B BOo3pacTe CBbille 50 neT Obio 382 Yenoseka
(57%), IXy Hux BbisiBNeHa B 48 % cCJly4aes No cpaBHe-
HUIO € 27 % B BO3pacTHOM KaTeropumn go 50 ner.

B HacTosiLee BpeMs XOPOLLO M3yYeHbl MeXaHU3MbI
BIVSIHWS CaxapHOro Avabeta 2 Tvna u WHCYMHOPE3M-
cTeHTHOCTU (MIP) Ha pa3BuTue 1K, Mpwu VIP HapyLuatoTcs
MexaHW3Mbl TPaHCMEMOPAHHOTO TPaHCNopPTa MOHOB, MO-
BbILLAETCH YyBCTBUTENBHOCTb MaAKOMbILLIEYHbIX KIETOK KPO-
BEHOCHbIX COCYL0B K NPEeCCOPHOMY AeNCTBUIO HOpaape-
HaNVHa U aHrMoTeH3mHa |1, NOBbILLAeTCH aKTMBHOCTb CUM-
NaTU4eCckom HepBHOW cucTeMbl. VIHCYAIMH — caMocTosi-
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Published data show that LVH development depends
not only on clinical but also on genetic factors [11]. Renin-
angiotensin-aldosterone system genes are the best stud-
ied ones in their correlation with LVH. One of the poly-
morphisms being studied is the A1166C polymorphism
of the ATR1 gene. Although some works demonstrate con-
nection of this gene with HT [12-15] there is no convincing
evidence of its correlation with LVH at HT [13,14]. In our
study the A1166C polymorphism did not impact LVH de-
velopment at HT. The C allele prevalence varied between
18% and 30% in different examined subgroups and did
not distinguish significantly. Influence of the M235T
polymorphism of the AGT gene on HT was also studied [16-
18]. A few works study impact of this polymorphism on
LVH development [19-21]. Our study showed correlation
of the M235T polymorphism of the AGT gene with LVH
development in HT patients: the MM genotype was ob-
served in patients with LVH more seldom than in HT pa-
tients without it (12% vs 21%, p=0,0187). This pro-
portion was 8% vs 21% (p=0,018) in patients aged be-
low 50 years.

The G-6A polymorphism of the AGT gene has also been
studied recently [22]. One of the largest works that eval-
uated its influence on LVH is the familial European study
EPOGH (European Project on Genes in Hypertension) with
three populations examined (Polish, Russian, Italian) - a
total of 221 families (384 parents and 440 children) [23].
Correlation between LVM and the A allele predominance
(55,7% vs 40,6%) was observed in three centers, at that
only men revealed such relation. The authors made a con-
clusion that particular background including age, gender
and ethnical factors can lead to this genotype impacting
LVH development. Correlation between the A allele and
LVH was also confirmed by an American study, showing
differences between ethnical groups too [24]. Our study
also revealed prevalence of the A allele in patients below
50 years old with LVH (50% vs 46 %), but distinctions were
insignificant.

Influence of the eNOS gene Glu298Asp polymorphism
on LVH development at HT was studied. It was found out
that the A allele associated with higher prevalence of LVH
[25], however not all the works confirmed this [26-28].
In our study the A allele prevalence was significantly low-
er in HT patients with LVH compared to the control
group (23% vs 30%, p=0,047). At the same time the A
allele prevalence was higher in women below 50 years with
HT and LVH compared to women of the same age with HT
without LVH (33% vs 18%, p=0,027). Besides, the A al-
lele was more frequent in patients with HT diagnosed be-
fore the age of 35 years with LVH (30%) compared to pa-
tients of the same age without LVH (20%, p=0,037). We
did not find in examined literature any evidence confirm-
ing relation between polymorphism of the NADPH oxy-
dase gene and LVH development at HT. According to our

TenbHbIN haKTop PoCTa, CNOCOOCTBYIOLLIMI TMNepTPOhUM
1 nponudepaumn knetok [10]. B Hallem nccnenoBaHuu,
HecMoTpst Ha HebosblLLOe KONMYeCTBO MaLMeHTOB C Ca-
XapHbIM AabetoMm (62 venoseka 13 672), Nony4eHo cTa-
TUCTUYECKM 3HAYMMOeE Pasnndme 4actoTbl TTIK (66 % npu
caxapHoM avabete 1 36% 0e3 Hero).

CornacHo faHHbIM NUTepatypbl, passute [T1K 3aBucnt
He TONbKO OT KIIMHUYECKIMX, HO 1 OT FeHETNHECKMX (PaKTOpPOB
[11]. TeHbl PAAC siBNsioTCs Hanbonee nccnefoBaHHbIMA B
nx B3anmmocssm ¢ MK, OauH 13 13y4aeMblX NOIMMOp-
dum3moB — A1166C nonumopdpmsm reHa ATR 1. HecmoTps
Ha TO, YTO B HEKOTOPbIX paboTax NMokasaHa CBAi3b IaHHOIO Mo-
numopdmamMa c Al [12-15], ydeauTenbHbIxX 4OKa3aTeNbCTB
ero B3anmocBssu ¢ [TK npu Al He nonyyeHo [13, 14]. B Ha-
LweMm ncanegosaHum nonnumopdmsm A1166C He okasbiBan
BNMAHMA Ha pa3suTre TTIK npm Al Hactota C annens Ko-
nebanacb ot 18% 0 30% B pa3nuYHbIX UCCNeayeMbIX Nof-
rpynnax m OOCTOBEPHO He OTnndanach. [onvmopdurimM
M235T reHa AGT Takke 13ydancs B OonblLe cTeneHn B ero
BINSHMM Ha pa3BuTVe Al [16-18]. Heborblioe Konm4ectBo
PabOT NOCBALLEHO U3YHEHWIO BMSIHWSA AAHHOMO NOAMMOp-
r3ma Ha pazsuTme [TDK [19-21]. B Hawwem nccnenoBaHum
obHapykeHa B3anMoCBa3b pa3suTus MKy 6onbHbIX Al 1
nonumopdusma M235T rena AGT. reHotn MM BcTpeyarn-
st MeHblLLe npy DK, Yem y GonbHbix Al 6e3 X (12 % npo-
B 21%, p=0,0187), a B Bo3pacTe 1o 50 net — 8% npo-
™B 21% (p=0,018).

B nocnenHee Bpems Takxke 13ydaetcs nonvmopdunsm G-
6A reHa AGT [22]. OgHo 13 Hambonee KpynHbIX Mccneno-
BaHWM MO aHanu3y ero BAuaHWS Ha MK — cemelnHoe eB-
ponenckoe mnccneposaHe EPOGH (European Project on
Genes in Hypertension), B koTopom 06cneaoBaHb! Tp Mo-
nynaumn (nonbckas, pycckas, UtanbsiHckas), Bcero 221 ce-
Mbs (384 poaunTtenen 1 440 neten) [23]. B Tpex LeHTpax
nosny4eHa 3aBUCMMoCTb Mexxay MMITX 1 npeobnanaHm-
emannens A (55,7% npotis 40,6% ), Npr4emM 3aBUCYMOCTb
NOATBEPXAEHA TONMBbKO Y MY>4MH. ABTOPbI CAEMaNM BbIBOL,
O TOM, 4TO AaHHbIV FreHOTUN OKa3blBaeT BAUAHME Ha Pa3-
BuTVE MK B onpefeneHHbIx YCIOBUAX 1 3aBUCAT OT BO3-
pacTta, nofa, 3THUYeCKUX (PakTopoB. B amMeprKaHCKOM
nccnefoBaHMK Takke Obina NOATBEPXKAEHA B3aMMOCBS3b
mMexay A annenem u X, npyyem Takxe BbIiBNEHbI OT-
NNYUS B STHUHECKMX rpynnax [24]. B Hawem nccnenosa-
HWW MNPV aHanm3e BO3pacTHOW rpynnbl naumeHTos 4o 50 net
Takxxe obHapyxeHo npeobnafarve annens Ay 00fbHbIX
c MK (50% npote 46 %), 0AHAKO pasfnyvie He Obino CTa-
TUCTUHECKM 3HAYNMbBIM.

Monumopduram Glu298Asp reHa eNOS 13y4ancs rno ero
BMSHMIO Ha chopmmpoBanme MK npu AT, 11 ObIno BbiSIBNEHO,
41O annesnb A accoummpyetcs ¢ bonbluein Yactotor MK [25],
0[HakO 3TO NOATBEPXKAEHO He BO BCeX paboTax [26-28]. B
Hallem vccnegoBaHum A annenb reHa eNOS focToBepHO
pexe BCTpeyancs B rpynne 6onbHbix Al ¢ TTIXX no cpaBHe-
HWIO C rpynnom koHTpons (23% npoTue 30%, p=0,047).
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data the T allele was less frequent in patients aged below
50 years with LVH compared to the control group (28%
vs 39%, p=0,01).

Analysis of results of the study makes it possible to con-
struct “a portrait” of an HT patient with higher risk of LVH
development. This is an over 50 years old overweight man
with diabetes, with HT course of more than 5 years and
BP level of higher than the first degree. These clinical fea-
tures associated with LVH regardless of studied genes. How-
ever when HT is diagnosed at young age, genetic factors
dominate over clinic ones, so molecular-genetic assay is
important for HT prognosis in such cases.

Conclusion

LVH in HT patients associates with age, male sex, de-
gree and duration of HT, obesity and diabetes mellitus. Ge-
netic factors associate with LVH to a lesser extent. HT pa-
tients with the MM genotype of the AGT gene M235T poly-
morphism revealed LVH less frequent. Besides, LVH is as-
sociated with genetic factors when HT is diagnosed at
young age.
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B 70 >ke Bpemsi, HacToTa A annens Obina Bbille B rpyrne XeH-
wmH c Al m MK go 50 neT no cpaBHEHWIO C XXeHLMHaMM
TOrO Xe BO3pacTa, CTpadatoLymm Al Ho 6e3 1K (33% npo-
B 18%, p=0,027). Kpome Toro, A annesb Yallle BbiSBNeH
Yy NaLeHTOB C BO3pacToM ycTaHoBeHua Al o 35 net c [T1K
(30%) no cpasHeHwio ¢ 20% y 6onbHbIX AT 6e3 MK B faH-
HoW Bo3pacTHoM Kateropum (p=0,037). Ham He BCTpeTU-
NIMCb OMYOMMKOBaHHbIE B NUTEpPAType AaHHbIE O B3aVIMOCBS3M
nonumopdmsmMa reHa NADPH okcmaasbl ¢ passutmnem [T1K
npw Al'. B Hawwem ncciefoBaHnm T annesb pexe oTMeYan-
csA B rpynne naumeHtos ¢ 1K B Bo3pacte go 50 net no
CpaBHeHWiO C rpynnon KoHTpons (28% npoTus 39%,
p=0,01).

AHanM3vpys pesynbTathbl, Nony4eHHble B JaHHOM UC-
CNefoBaHNM, MOXHO COCTaBUTb «MOpTpeT» bonbHoro Al,
Y KOTOPOTro pUck passuTis MK Bbille. 3T0 My>41Ha B BO3-
pacTe 6onee 50 net, UMeloLLN AaBHOCTb Al bonee 5 neT
1 nosbilLeHve AJ]l Bbitle 1 cTeneHu, C U30bITOYHbIM BECOM,
CaxapHbIM AnabeToM. TU KNMHMYecKne 0COBeHHOCTM ac-
coummposanmct ¢ [TK BHe 3aBUCMMOCTI OT M3yHaeMblIxX
HamK reHoB. OZHaKO NP1 MOSIOAOM BO3pacTe yCTaHOBe-
HUst AT MOXHO OTMETUTb NpecbnafaHune accoumaumm re-
HeTNYeCKNX PakTopPOB Hag KIMHUYECKUMMW 1 CLeNaTh Bbl-
BOL, O TOM, YTO NMPpU paHHeM Havane Al MmonekysapHo-re-
HETWUYeCKMI aHanmn3 nmeeT OOMbLIOE 3HaYeHVe A1s onpe-
JeneHns nporHosa Al

3aksoyeHune

Takunm obpasom, MKy 6onbHbIx Al accounmpyeTcs ¢
BO3PACTOM, MY>XCKMM MOSIOM, CTEMEHbIO 1 AaBHOCTHIO Al
OXMPEHWEeM 1 CaxapHbIM AnabeTom. FeHeTnyeckme hak-
TOpbI B MeHbLLEeN CTeneHn accoummpoBanmce ¢ MK, Cpe-
IV 0onbHbIX Al 0BHapy>KeHO CHIXeHMe YacToTbl 1K npu
Hanu4uu reHotnna MM nonumopdursma M235T reHa AGT.
Kpome Toro, BbifBneHa accoumaung MK ¢ reHetrnyecku-
MU pakTOpamMu Npwm ycraHoBneHun Al B MONOLOM BO3pacTe.
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