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Aim. To study the relationship of individual cardiovascular risk factors with arterial stiffness and subclinical atherosclerosis in young men.

Material and methods. The study is part of a 32-year prospective cohort monitoring of males, beginning with childhood (11-12 years). The study
included 303 (30.1%) representatives of the initial population sample aged 41-44 who underwent an outpatient examination at the State Research
Center for Preventive Medicine in 2015-2016. The examination included a survey by a standard questionnaire, measurement of anthropometric pa-
rameters, blood pressure (BP), pulse counting. Biochemical assays were carried out according to standard laboratory procedures. Applanation tono-
metry was used to measure stiffness of the arterial wall. Intima-media thickness (IMT) and subclinical atherosclerosis signs were determined in both
left and right carotid arteries by ultrasound scanning.

Results. Arterial stiffness and central pressure were significantly higher in the group with hypertension (HT). Risk of HT development depended on HT
presence in mother and did not depend on HT in father. HT was associated with obesity (79.4% vs 44.3%; p<0.001), especially of abdominal type
and elevated triglycerides (1.3+0.9 vs 1.8+1.1 mmol/I; p<0.05), this indirectly reflected nutritional disorder and development of metabolic syndrome.
The analysis of arterial stiffness parameters showed positive correlation with mean systolic (r=0.256) and diastolic (r=0.228) BP in the brachial ar-
tery and also with heart rate (r=0.133). A statistically significant positive correlation of central pressure in the aorta and pulse BP with indices of arte-
rial stiffness was noted. When comparing arterial stiffness and duplex scans, a correlation of mean IMT with the augmentation index (r=0.131) and
augmentation BP (r=0.125) was obtained, but no correlation between IMT and pulse wave velocity was found. Correlation of vascular rigidity with
total cholesterol level was also noted (r=0.121).

Conclusion. The arterial stiffness was closely related to HT and already developed in early stages, in a fairly young age. Arterial stiffness in men was
not associated with dyslipidemia and diabetes presence. Interrelation of arterial stiffness and degree of early atherosclerotic vascular lesions was am-
biguous.
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JKectkocTb cocynoB U hakTopbl CepAEeYHO-COCYAUCTOrO pUCKa y MYXXYMH Monoporo Bo3pacta (41-44 ner)

Onecs fOpbeBHa NcarkmHa'*, Bayecnas bopucosuy Po3aHos':2, EkaTepuHa tOpbeBHa 3BonmHcKas !,
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Llenb. V3y41Tb CBA3b OTAENbHbIX (hakTOPOB CEPAEHHO-COCYAMCTONO PUCKa Y MY>KHMH MOMOAOIO BO3pacTa C NokasaTensiMu apTepranbHoOn purnaHo-
CTW W CyOKINIMHUYECKMM aTepOoCKepo30M.

Martepuan n metoapl. VccnefoBaHMe SBASETCH YacTbio 32 -NETHero NPOCNeKTUBHOTO KOrOPTHOMO HaboAeHWS 3a IMLAMKU MY>KCKOTO Nona, Hauu-
Has ¢ getckoro Bo3pacta (11-12 net). B nccnenosarvie BkiodeHo 303 (30,1%) npeacraButens UCXOAHOW NOMyNALMOHHONM BbIOOPKM B Bo3pacTe 41-
44 ropa, KOTOpble MPOXOAMM ambynaTopHoe obcnefoBaHe B [0CyAapCcTBEHHOM HayYHO-MCCNeOBATENBCKOM LIEHTPE NPOMUNAKTUHECKO MEAMLIMHBI
B 2015-2016 rr. ObcnefoBaHme BKIIOHaN0o onpoc No CTaHAapTHOW aHKeTe, M3MepeHme aHTPONOMETPUYECKMX NoKasaTenen, apTepmuansHoro fasne-
HWsa (ALl), noacyeT nynbca. BuoxmmMmyeckie aHanm3bl NIPOBOANNCH MO TPAANLIMOHHOM METOAVMKE. VI3MepeHIe XeCTKOCTU apTepuanbHOM CTeHKM Npo-
BOAMNIOCH METOAOM anmniaHaLMoHHOM ToHOMeTpUN. OLeHKa TONLLMHBI KoMrekca MHTuMa-meama (TVIM) coHHbIx apTepuii NpoBoAMAacs METoL0M
YNBTPa3BYKOBOIO AYMIEKCHOTO CKaHNMPOBaHWA MarncTpasnbHbIX COCYA0B LUeW.

Pesynbratbl. [oKa3aTenu XeCcTkoCT apTepuii 1 LLIeHTPanbHOMO AaBNeHMs Obln 3HAYMTENBHO BhILLIE B Fpynne C apTepuanbHON runeptoHmner (Al). Puck
pa3suTUs Al 3aBKCen oT Hanvuus ATy MaTepi 1 He 3aBU1cer OT Hanmams ATy oTua. AT cBsizaHa C pa3BuTreM oxupeHus (79,4% npotus 44,3%; p<0,001),
0cobeHHO Mo abAoMMHANBLHOMY TUMY, NOBbILWEHHLIM YPOBHEM TPUrMUmMpraos (1,3£0,9 npotms 1,8+ 1,1 Mmonb/n; p<0,05), 4TO KOCBEHHO OTpaxaeT
HapyLUeHWe NUTaHWA 1 pa3BUTME MeTabONMYECKOTO CUHAPOMA. [POBELEHHbIN aHaNM3 NapaMeTPOB XeCTKOCTW apTepunii nokasan Hanu4mne nonoxu-
TeNbHOW KOppensumm co CpefHUM CUCTONUYECKNM (r=0,256) v guacronudeckum (r=0,228) Al Ha nnevesown apTepumn, C HacToToM cepAeyHbIX Co-
KpateHuir (r=0,133). OTMeYeHa CTaTUCTMHECKM 3Ha4MMast MONOXMTENbHas KOPPensUms LeHTpaibHOro AaBeHus B aopTe U nynbcoBoro Afl ¢ no-
Ka3saTensamu COCyAMNCTOM XXeCTKOCTU. pun CpaBHeHWI NnokasaTtenen XecTkocTy apTepuii U AynneKCHOro CKaHMPOBaHMA NoyYeHa Koppensaumsa cpes-
Hen TVIM c Haekcom ayrmeHTaumm (r=0,131) 1 ayrmeHTaumorHbiM ALL (r=0,125), Ho He BbisiBneHo Koppensaummn TVIM 1 cKopocTu nynbCOBOW BOS-
Hbl. OTMeYeHa Koppensaums nokasarener )XecrkoCT COCYL0B C OOLLMM XONecTepuHoOM (r=0,121).

3akntoyeHune. XXecTkoCTb apTepuit TeCHO cBa3aHa ¢ Al 11 pa3BMBaETCA y>Ke Ha PaHHYIX CTaAMax B LOBOMbHO MOTIOA0M Bo3pacTe. XXeCTKOCTb COCYA0B
Y MY>X4MH He Obina CBsi3aHa C Hannymem QUCIUNMAEMUN 1 CaxapHOro AvabeTa. HeoLHO3Ha4YHa B3anMMOCBA3b KECTKOCTW apTepuin 1 CTEMNEeHN aTepo-
CKJIEPOTUHECKOrO MOPaxKeHU COCYA0B Ha PaHHMX CTaaMAX.

KnioueBble cnoBa: XecTkoCTb CocCynos, CbaKTOpr cepaeHHo-cocyancToro prcka, My>4mHbl, apTepualibHaa rmnepTeH3nd.
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According to the World Health Organization data
cardiovascular diseases (CVD) are the leading cause
of death worldwide [1]. Among European countries
Russia demonstrates high level of cardiovascular
mortality in working-age population, so CVD pre-
vention, diagnostics and treatment keep being one of
the most actual healthcare problems. “Nonmodifiable”
risk factors such as: heredity, age and “modifiable” ones
such as: hypertension (HT), dyslipidemia, increased
arterial stiffness, hyperglycemia, abdominal obesity,
smoking and some others promote CVD onset and de-
velopment. Gradation of risk factors (RF) signifi-
cance reveals gender distinctions. So, smoking is the
leading CVD RF in men, it is followed by increased to-
tal cholesterol level, HT, increased fasting plasma glu-
cose level and obesity. At that the main RF in women
is hypercholesterolemia, followed by HT, abdominal
obesity, glucose intolerance and smoking. CVD inci-
dence rate was shown to be 4-5 times higher in men
under 55 years old than in women of the same age,
that is why gender and hormonal distinctions are more
significant in people of young and middle age. In re-
cent years mortality rate in young people aged 30-45
years has increased. In Russia total lifetime in men is
the shortest among developed nations: Russian men
survive only 62.8 years [2].

HT is the leading risk factor for cardiovascular mor-
bidity and mortality. HT prevalence in the population
of our country is 43.5-44%, at that in recent years HT
incidence rate has increased up to 48.2% in 25-64-
year-old men and decreased to 40.8% in women [3].
Increase in HT incidence rate in young people neces-
sitates early revealing of patients at high risk of CVD
development with further prevention measures im-
plementation.

Instrumental methods of diagnostics allow ob-
jectifying cardiovascular risk markers that include: in-
creased arterial stiffness, central aortic systolic pres-
sure augmentation, coronary arteries calcification, in-
creased carotid arteries intima-media thickness (IMT)
and some others. Evaluation of arterial stiffness as the
integral index of cardiovascular risk is under special fo-
cus in recent years [4]. Increased stiffness and decreased
elasticity of large arteries play a crucial part in CVD
pathogenesis, in the first place — in HT development
[5]. From the other side increased blood pressure (BP)

Mo faHHbIM BcemmpHoW opraHn3aumm 34paBooxpaHeHs
(BO3) cepaeqHo-cocyamctble 3abonesaHus (CC3) aBnsioTcsa oc-
HOBHOW MPUYMHOM CMepPTHOCTK BO BceM Mupe [1]. Cpeam eB-
ponenckux cTpaH B Poccum COXpaHSeTCs BbICOKMM YpPOBEHb
npexaeBpeMeHHON CMEePTHOCTI TPYAOCMOCOOHOIO HaceneHus
OT 3a00NeBaHNIA CUCTEMbI KPOBOOOPALLEHWS, NMO3TOMY Mpo-
dunakTnka, aMarHoctnka v nedeHme CC3 octaetcs Hanbonee
aKTyanbHOV NpobnemMon 34paBooxpaHeHust. PUCK BO3HUKHO-
BeHWs U pa3BuTma CC3 3aBUCUT OT Pa3NnYHbIX (DaKTOPOB: «He-
MOAUMULMPYEMBIX» — HaCNeACTBEHHOCTM, BO3pacTa U «MO-
OnbmLMpyeMbIX», TaKUX Kak apTepuanbHas runeptoHms (Al),
ANCINNNOEMUNSA, YBENMYEHME KECTKOCTU COCYA,0B, MOBbILLEHME
MOKO3bl, abAOMUHANBLHOE OXXMPEHIME, KypeHWe 1 apyrue. lpa-
Jauns 3Ha4MMocTU thakTopoB pucka (PP) nMeeT reHaepHble
otnnuKs. Y My>XHIMH Ha nepeoM MecTe cpeaun OP CC3 crouT Kky-
peHuve, 3aTeM CJ1eflyeT MoBbILLEeHME YPOBHS 0OLLEro xonecre-
pyHa (OXC), AT, NOBbILWEHHbIN YPOBEHb IMIOKO3bl HATOLLAK U
oXUpeHue. Y XeHLMH 3To — rinepxonecteprHemums, Al ab-
OOMMHanbHoe OX1peHve, HapyLLleHMe TONePaHTHOCTU K MTo-
KO3€ U KypeHWe. YCTaHOBSEHO, YTO [0 55 neT Yactota CC3 'y MyX-
YUH B 4-5 pa3 Bbllle, YEeM Y XXEHLLMH, MO3TOMY NOMOBbIE, Mop-
MOHarbHbIE Pa3nnymns 0COBEHHO 3Ha4YMMBbI Y NKLL Donee Mo-
JIO[0r0 M 3penoro Bo3pacta. B nocnenHwme roasl oTMe4eHo no-
BbILLEHME CMEPTHOCTM Y MOJSIOAbIX Niofaen — B Bo3pacte or 30
100 45 net. ObLLas NPOAONKMUTENBHOCTb XKM3HN Y My>XX4UMH B Poc-
CUV Camas KOPOTKaa Cpefy HaceNeHMs pa3BmUTbIX CTPaH: Poc-
CUNCKIE MY>KHUHBI B CPeIHEM [OXKMBAIOT NALLL 10 62,8 neT [2].

ATl asnaetca sefyLLUMM hakTopom pricka CC3 1 cMepTHOCTA.
PacnpocTpaHeHHOCTb Al cpen HaceneHWs Hallen CTpaHbl
cocrtaBnset 43,5-44%, npy 3ToM YacTtota Al cpeay My>X4uH B
Bo3pacte 25-64 net yBenuyunace B nociefHuve rofbl Ao
48,2%, TOorga Kak y XeHLWmH ymMmeHblumniace o 40,8% [3]. B
HacTosilLlee BpeMs Habniogaetcs pocT YactoTbl Al y nnL, Mo-
NOL0ro BO3pacTa, YTo ANKTYET HEOOXOAMMOCTb PaHHEro Bbi-
ABMIEHMSA MALMEHTOB C BbICOKOW BEPOATHOCTbIO pa3smtng CC3
C NOCNeAyIoLLNM OCyLLEeCTBIIEHUEM NMPOMUITIAKTUHECKNX Me-
POMNPUATUN.

VHCTpyMeHTanbHble MeTofbl AIMarHOCTVKM NO3BoONsHoT 00b-
eKTVBM3MPOBATb MapKepbl CEpAeYHO-COCYAMUCTOrO prUcka, K Ko-
TOPbIM OTHOCATCA: YBETMYEHME XEeCTKOCTU apTepmalbHbIX CO-
Cy4OB, ayrMeHTauus LeHTPaNbHOMrO aopTasibHOrO AaBNeHMs,
KanbLM@UKaLMa KOPOHAPHbIX apTepui, yBeNMYeHmne TonLwm-
Hbl KOMMekca HTUMa-meama (TUIM) B COHHbIX apTepusix, U
apyrve.

B nocnenHwe rogsl ocoboe BHMMaHWe B pa3sutum CC3 yae-
NAETCS ONpefeneHnio apTepranbHOM XeCTKOCTM, KOTopas fiB-
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alters vessel wall with development of arterioloscle-
rosis that can result in arterial stiffness increment [6].

Evaluation of arterial stiffness, especially by pulse
wave velocity (PWV) detection allows to diagnose ar-
teries lesion at preclinical level. Carotid-femoral
method considers to be the gold standard for PWV as-
sessment. PWV was demonstrated to be the more sig-
nificant predictor for fatal and non-fatal cardiovascular
events than smoking, glucose and cholesterol levels
and other biologic markers [7]. Increased PWV due to
arterial stiffness was also shown to be an independ-
ent factor determining severity of microvasculature le-
sions of the brain that is one of the main target organs
in HT. Such lesions include cerebral microbleeds,
“silent” lacunar infarctions and white matter diffuse
changes corresponding to leukoaraiosis. Increased PWV
and pulse pressure result in hemodynamic stress for
the brain parenchyma in the sort of a “tsunami effect”
and induce small vessels damage [8]. American
Heart Association and American Stroke Association sug-
gest using indices of arterial stiffness and carotid IMT
as markers of “arterial ageing” and risk of vascular de-
mentia development. Stiffness of aorta (detected by
PWV) in hypertensive patients was shown to corre-
late with kidneys damage, while carotid stiffness
(detected by duplex scan) to a greater degree corre-
lated with cardiac complications [9]. Other target or-
gans can also be damaged. For instance, high level of
arterial stiffness associates with progressive renal
function reduction [10]. Besides, arterial stiffness was
demonstrated to be connected with peripheral artery
disease [11,12].

Correlations of CVD with principal parameters of
arterial structure and function such as carotid IMT and
arterial stiffness have been mainly evaluated in hy-
pertensive patients of older age groups. At that dif-
ferent CVD RF can already negatively influence in ado-
lescent and young age promoting unfavorable out-
comes in more advancing age [13,14]. By now there
are only limited data on arterial stiffness in young pa-
tients at early stages of HT development.

So, evaluation of different cardiovascular RF and
their influence on arterial stiffness in men of working
age is an important and actual challenge. This study
evaluated correlation of the certain RF with indices of
arterial stiffness and subclinical atherosclerosis in
men of young age.

Material and methods

This work is a part of a 32-year prospective cohort
follow-up of 1005 men beginning from childhood (11-
12 years). The study involved 303 (30.1%) repre-
sentatives of the initial population sampling who un-
derwent an outpatient examination at the State Re-

JIAETCA MHTErPasibHbIM NoKasateneM CepAeqHO-COCYAMCTOrO pUC-
Ka [4]. MNoBblLLeHMe XeCTKOCTU 1 CHUXKEHME 3MacTUYHOCTW Kpy-
HbIX apTepPUI UrpaeT BaxkKHYIo posb B natoreHese MHorux CC3
1 B NepByto ovepedb — B pa3sutiu Al [5]. C Apyron CTOpOHbI,
NoBbILLIEHNEe apTepuanbHoro aasneHus (ALl) Bbi3blBaeT M3Me-
HEeHWS COCYAMUCTOWN CTEHKM, B T.4. C Pa3BUTMEM apTepurono-
CKI1EPO3a, YTO MOXKET NMPUBOLAMUTL K MOBbILLEHMIO apTepUanbHON
XKeCTKOCTH [6].

OLieHKa XeCTKOCTM COCya0B, OCOOEHHO NyTeM onpeaeneHus
ckopocTu nynbcosor BonHbl (CMNB), no3BonseT AnarHocTnpo-
BaTb MOPAXXeHWe apTePUI Ha AOKIMHUYECKOM CTaaumn. Kapo-
TUAHO-(EeMOpPanbHbIM METOL, CHUATAETCS «30/10TbIM CTAHAAPTOM»
oueHku CIMB. Mpu 3toM CIMB siBRsieTcs Oonee CUnbHbIM Mpe-
OMKTOPOM haTasibHbIX 1 HedaTanbHbIX CepaedYHO-COCYANCTbIX
OCNOXHEHWN, YeM KypeHure, ypoBeHb rmioko3bl, OXC v gpyrie
ouonormdeckme mapkepbl [7]. Moka3aHo, Y4TO yBenuyeHune
CMB, obycnosneHHoe apTepunanbHOM PUrMAHOCTLIO, ABNAETCS
He3aBNCUMbIM (HaKTOPOM, KOTOPbIN ONpedenseT CTeneHb na-
TONOMNHYECKMX U3MEHEHNI MUKPOLMPKYNATOPHOIO pycria o4-
HOIO 13 OCHOBHbIX OPraHOB-MuLLeHer AlT — TONOBHOIO MO3ra.
ST U3MEHEHUs BKIIOYalOT LiepebpasibHble MUKPOKPOBOM3-
JIAHNA, «HEMbIe» NakyHapHble MHPaPKTb! 1 ONPdY3HbIE 13-
MeHeHMs 6enoro BeLLecTBa, COOTBETCTBYIOLLME NENKOAPEO3Y.
MNosbiweHre CrB 1 NynbCoBOro LaBNeHUS BbI3bIBAOT reMo-
OVHaMMYeCKMIA CTpecc No Tmny «3ddexTa LyHaMmu» B OTHOLLEHUM
napeHX1Mbl TOfIOBHOIO MO3ra U NPOBOLMPYIOT NOPaXeHue Mef-
KX cocyoB [8]. AMeprKaHCKasa accoLmaLs no U3y4eHuio 3a-
OoneBaHuI cepaua W mHcynsta (American Heart Associa-
tion/American Stroke Association) mpeanaraet B kadecrtse
MapKepOB «apTepraibHOro CTapeHusa» 1 prcka pasBmUTnS Co-
CyaANCTON OeMeHLMM MCMOMb30BaTh MOKa3aTen >eCTKOCTH
aptepuit 1 TIM coHHbIX apTepui. VIMeIoTCst ykasaHus, YTo y na-
LmeHToB C Al xxecTkoCTb aopThl (onpenensemas no CrB) ces-
3aHa C MOPaXeHMeM MoYek, B TO BPeMS KaK XeCTKOCTb COHHbIX
apTepun (onpenensemMas no AaHHbIM AynIeKCHOrO CKaHUPO-
BaHWs) B GOMbLLEN CTeneHn CBA3aHa C KapAamnanbHbIMU OCNOX-
HeHnaMK [9]. BO3MOXHO nopaxeHue 1 Apyrux opraHoB-mMu-
LeHen. Tak, BbICOKMI YPOBEHb XECTKOCT apTepunii accoLmm-
POBaH C NPOrpeccupyOLLMM CHUXEHMEM NOYEYHOM PYHKLNN
[10]. Kpome Toro, MMetoTcst AaHHbIe O CBA3W XXeCTKOCTU apTe-
puin ¢ bonesHbio nepudepmrdeckmx cocynos [11, 12].

3y4eHre B3anmocBaA3n CC3 ¢ OCHOBHbIMY NapamMeTpamu
apTepuanbHOM CTPYKTYPbl U PYHKUMN, TakuMim Kak TM coH-
HbIX apTEPUI 11 apTEPMANbHAN XeCTKOCTb B OCHOBHOM MPOBO-
Annacb y naumeHToB ¢ Al CTapLUmX BO3PaCTHbIX rpynn. Bmecte
C TeM pa3nuuHble P CC3 MoryT okasbiBaTb CBOe Hebnaro-
NPUATHOE BO3OENCTBME YXe B MOAPOCTKOBOM M MOSIOAOM
BO3pacTe 1 CNocobCTBOBATL BO3HUKHOBEHMIO HEONAronpusTHbIX
ncxoaoB B bonee 3penom Bodpacte [13, 14]. B HacTosLee Bpe-
M§ UMEIOTCA NULLb OrPaHNYeHHble CBeAEHNSA O XeCTKOCTM ap-
TepuranbHbIX COCYLOB Yy MONOAbIX NALMEHTOB Ha PaHHKX CTa-
avax gopmmposaHms Al

TakM 00Pa3oM, N3yHeHMe Pa3NNYHbIX CePAEYHO-COCYaAN-
cTbiX OP 1 UX BANSHNS Ha XXECTKOCTb COCYAOB Y MYXX4UMH TPy -
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search Center for Preventive Medicine in 2015-
2016. Median age at the moment of the present study
was 42.9 years (41.7-44.1). The study was conducted
in accordance to ethics clauses of the Declaration of
Helsinki and the National standard of the Russian Fe-
deration: “Good Clinical Practice (GCP)” GOST
P52379-2005.

Inquiry using a standard form (passport data, in-
formation of education, social status, individual and
family anamnesis, information of physical activity and
pernicious habits — smoking, alcohol abuse) and an-
thropometric measurements with Quetelet index
(Ql) calculation according to a formula:
QI=BM(kg)/H2(m) (where BM — body mass, H —
height) were conducted during one-time survey.

A person was considered obese at waist circum-
ference (WC)>102 cm, waist to hip circumferences
ratio (WC/HC)>0.9 and WC/H>0.5. BP was mea-
sured after 10-minute rest three times on the right arm
by a standard method. BP level was categorized in ac-
cordance with European Society of Hypertension
(ESH) and European Society of Cardiology (ESC)
guidelines. Serum levels of total cholesterol, high-den-
sity lipoproteins (HDL), low-density lipoproteins
(LDL), triglycerides (TG), Apo-A1 and Apo-B lipopro-
teins, C-reactive protein, uric acid, glucose, insulin were
determined. Physical activity was estimated with the
International Physical Activity Questionnaire (IPAQ)
[15]. Categories of the physical activity were formed
in accordance with the IPAQ analysis quidelines [16].
The SCORE (Systematic Coronary Risk Evaluation) scale
for countries with high cardiovascular risk (Russia is
included to the list of these countries) was used for es-
timation of summary 10-year risk of fatal CVD. The
risk was classified as low (less than 1%), moderate (1-
5%) and high (more than 5%).

Applanation tonometry was used to measure ar-
terial wall stiffness using the SphygmoCor device
(AtCor Medical, West Ryde, NSW, Australia). Record-
ing of radial artery pulse curve with further mathe-
matical transformation by transfer function was used
for calculation of central pressure. PWV was measured
by the “foot-to-foot” method, i.e. from the beginning
(footing) of a wave registered in one point to the be-
ginning of another wave. For PWV calculation the
piezoelectric Millar tonometer consistently registered
impulses in the right common carotid artery (CCA) and,
with short time interval, in the right femoral artery with
simultaneous ECG recording. The time interval between
R-wave of ECG-record and pulsation appearance
was measured. PWV was calculated on the basis of de-
lay time (At). A distance (D) traveled by the wave was
calculated as a spacing between the two sites of recor-
dings on the surface. PWV was calculated as:

LLOCNOCOOHOrO BO3pacTa ABNSETCS BaXKHOW 1 akTyanbHOW 3a-
Jadven. B HacTosiLLeM 1cCeqoBaHNN Obina M3yveHa CBA3b OT-
ZenbHbix Py My>4MH MOIOA0r0 BO3pacTa C NoKasatensimm ap-
TepWanbHOM PUMMOHOCTU U CYOKIMHNYECKIM aTepOCKIepO30M.

MaTepunan n meToapl

[aHHas paboTa fBNAETCS YacTbio 32 -11ETHErO NPOCTEKTNB-
HOro KOropTHOro HabnodeHWs 3a 1005 NrLUaMmM My>KCKoro rnona,
Ha4MHas ¢ geTckoro Bo3pacta (11-12 net). B nccnenoBaHnm
npuHanu ydacte 303 (30,1%) npeacraBuTens MCXOOHOW Mo-
NynsUMOHHOM BbIOOPKM, KOTOPble MPOXOoAnv aMOynaTopHoe
obcnenosaHyve B MTHUL npodunaktideckor MeouumHbl B
2015-2016 . MenyvaHa Bo3pacta Ha MOMEHT HacCTosILLIEro 00-
cnenoBaHus coctaBuna 42,9 net (41,7-44,1). iccnenoBaHue
NPOBOAMAM B COOTBETCTBUWN C 3TUHECKMMU MONOXEHUAMM
XenbCMHKCKOW Aeknapaumm 1 HaumoHaneHbIM craHgaptom Poc-
canmnckon Qepepaunn «Hagnexatas KnnMHMYeckas npakTunka
Good Clinical Practice (GCP)» TOCT P52379-2005.

B xome ofHOMOMeHTHoro obcrnenoBaHus Obi NpoBedeH
OMpOC NO CTaHAAPTHOM aHKeTe (MacnopTHble AaHHble, CBefe-
HKs 00 006Pa30BaHNN, COLLMANBHOM MOMOXEHWUM, NINYHBIV U Ce-
MeWHbIN aHaMHe3, CBeeHNs O h3MHeCKoM akTUBHOCTM 1 Bpes-
HbIX MPUBbLIYKAX — KYPEHUM, YNOTPeONEHNN anKOronbHbIX Ha-
MUTKOB), a TakKe aHTPOMOMETPUHECKe N3MEPEHNS C BbIYNC-
neHviem nHaexca Ketne (MK) no coopmyne: UIK=MT(kr) /AT2(m),
roe MT = macca tena, AT — gnvHa Tena.

06 abaoMMHaNBHOM OXMPEHNM FOBOPUIM NPV 0ObemMe Ta-
nnm (OT)>102 cM 1 OTHOLLEHNN 0ObeMa Tanum kK oObemy be-
nep (OT/0b)>0,9, aTakxe OT/AT>0,5. ALl uamepsnu nocne
10-MWUHYTHOIO OTAbIXa TPEXKPATHO Ha NPaBOM pyke Mo CTaH-
JapTHou MeToauke. Kateropmsauuio yposHen AL nposoamau
B COOTBETCTBUM C peKoMeHAaLUmsMu EBponeiickoro obLLecTsa
no apTepuransHon runepteHsnm (EOAT) n EBponelickoro 0b-
LectBa kapamonoros (EOK). Onpegensnn yposHn OXC, xo-
necTepyiHa NMMNonpoTenHoB Bbicokow (XC JITBIT) 1 HM3KOM NoT-
HocTu (XC TMHM), Tpurnuuepnaos (Tr), Ano-A1, Ano-B, nu-
nopoteunHa (a), C-peakTnBHoro 6enka, MoYeBOM KMUCIOTbI, M-
KO3bl, MHCYNMHa B CbIBOPOTKE KPOBW. 418 OLEHKM (Pr3n4ecKon
aKTMBHOCTM MCNofb3oBann onpocHuk IPAQ (International
Physical Activity Questionnaire) [15]. KaTeropum dusmndeckom
aKTMBHOCT POPMUPOBANM B COOTBETCTBUM pPeKOMeHAALNSM
no aHanusy IPAQ [16]. OueHKy CyMMapHOro puUcka pasBuTng
haTanbHbix CC3 B Onmkariwine 10 neT NpOBOANIN C MOMOLLBIO
wkansl SCORE (Systematic Coronary Risk Evaluation) ans
CTpaH C BblcokuM purickomM CC3 (K KOTopbIM OTHOCUTCA U Poccns).
CyMMapHbIV PUCK KNaccUULIMPOBaNU Kak HU3kun (MeHee 1%),
yMepeHHbIr (1-5%) 1 Bbicokui (bonee 5%).

I3MepeHe xeCTKOCT apTepranbHOM CTEHKM MPOBOANIOCH
METOA0M anmnyaHaLUMoOHHOW TOHOMETPUM C MOMOLLbIO Nprbo-
pa SphygmoCor (AtCor Medical, West Ryde, NSW, Australia).
[ns nonydeHusa nokasaTenen LEeHTPasbHOro OaBleHWs mUC-
noMb30Banach 3anmcb CHUrMorpaMmbl Ny4eBOU apTepum C
nocnenyoLLMM MaTeMaTU4ecKnMM NpeobpasoBaHeM C MOMO-
Wiblo nepenatodHon dyHkumm. CMB mn3Mepsinack MeTOA0OM
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PWV=D(meters)/At(seconds). The received result of
PWV was multiplied by 0.8. According to the European
Consensus of arterial stiffness experts’ guidelines
PWV>10 m/c was considered the cut-off value [17].

Evaluation of carotid IMT was performed by ul-
trasound scanning of carotid arteries in the B-mode
with simultaneous ECG recording. The special appli-
cation for the Q-LAB program (Philips) was used. IMT
was measured in the back wall of the right and left CCA.
Structural characteristics of intima-media complex in-
cluded evaluation of its echogenicity and preservation
of layers differentiation. Atherosclerotic plague was de-
tected as an increase in IMT by more than 1.3 mm for
CCA or as local increase in IMT by 0.5 mm.

Data statistical treatment included description of
quantitative and qualitative variables using the following
methods: Shapiro-Wilk's test, Pearson’s chi-square test,
Z-test with Bonferroni correction, two-tailed Student's
t-test, Mann-Whitney test, Kruskal-Wallis test, Good-
man-Kruskal gamma coefficient of rank correlation.
Data statistical treatment was performed using the IBM
SPSS Statistics 23.0 package.

Results

Characteristics of the examined sample are listed
in the Table 1. The total group of men revealed a ten-
dency to increased body mass index, at that obesity
incidence rate was 28.7% (n=87), 42.3% of the par-
ticipants (n=128) were smokers, 32.7% (n=99) had
increased total cholesterol level. 70 people (23%) re-
vealed elevated BP: 44 men (14.5%) had HT of 1 de-
gree, 18 (5.9%) — degree 2, and 8 (2.6%) — degree
3. Analysis of patients with normal and elevated BP
was further carried out separately.

Mean systolic BP (SBP) in the group with HT was
141+£1.59 mm Hg, mean diastolic BP (DBP) -
98+0.99 mm Hg. Mean SBP in the normotensive
group was 116+0.63 mm Hg, mean DBP — 70+0.44
mm Hg. The groups differed by body mass indices with
prevalence of abdominal obesity. Values of waist
and hip circumferences differed significantly be-
tween the groups and were higher in hypertensive pa-
tients. Mean heart rate was also significantly higher
in the hypertensive group than in non-hypertensive
one and amounted to 78+1.2 beats per minute.

Hypertensive patients revealed significantly high-
er indices of serum lipid profile: increased total
cholesterol, LDL, TG levels and atherogenic index
(Table 2).

Ultrasound scanning revealed increased IMT of both
right and left CCA and also mean IMT in hypertensive
patients. The group of hypertensive patients had sig-
nificantly higher summary 10-year risk of fatal CVD
by the SCORE scale. At that contribution of SBP in the

«foot-to-foot», .. OT Ha4ana (OCHOBaHWS) 3aPErUCTPUPOBAHHON
B OHOW TOYKe BOMHbI A0 Hadana apyrow. [Ins onpeneneqns CMNB
C NMOMOLLbIO Mbe303M1eKTpryeckoro ToHoMeTpa Millar nocne-
[loBaTeNlbHO ODHapyXXmBanu MMMybCbl B 06nacTu npasom
0buen coHHom aptepumn (OCA) 11 C KOPOTKM MPOMEXKYTKOM
- NpaBov bepeHHON apTepum, OOHOBPEMEHHO PErnCTPUPYS
SKT. Bpems onpefensnock ot 3ybua R Ha KT, ncnonbyemo-
ro B Kayectse To4kM oTcHeTa. ClNB BbMMCNAETCA, MCXOAA 13 Bpe-
MeHW 3ana3abiBaHus (At). MyTs (D), NponaeHHbIV BOIHOW, NMPK-
PaBHMBAETCA K MOBEPXHOCTHOMY PaCCTOAHMIO MEXAY ABYMS
ydacTkaMu permcrpaunn. CMB BblumcnaeTca kak CMB=D(meT-
pbi) /At(cekyHabl). MonydeHHbI pe3ynstat CMB yMHOXaeTCs
Ha 0,8. CornacHo EBponenckomy KoHceHCyCy 3KCnepToB Mo ap-
TepUanbHOM XKeCTKOCT MOPOroBbIM 3Ha4YeHVEM Oblna Npr3HaHa
BenvdmHa CMNB>10 m/c[17].

OueHka TUIM COHHbIX apTepu NPOBOAMMACL METOOOM
YNBTPa3BYKOBOIO AYMAEKCHOIO CKaHVPOBaHWS MarcTpanbHbIX
COCyL0B Lien B B-pexxunme npu napannensHow 3anuck KT [1ns
3TOrO MUCMOMNb30BaNOCh CNeLmanbHOe NPUIOXEHME NPOrpam-
Mbl Q-LAB (Philips). TVIM n3mepsnach no 3afiHe CTeHKe npa-
Bown 1 neeort OCA. CTpyKTypHas XapakTepmcTka KoMmnekca vH-
TMMa-Meayra BKJlo4ana aHanm3 3XOreHHOCTU M OLEHKY CO-
XPaHHOCTU UMD dEepeHLMpPOBKM Ha Cfion. Hanmdme atepo-
CKnepoTuYeckmnx onsiuek Obino MAEHTUHOULIMPOBAHO KaK yBe-
nunyeHne TIM 6onee 1,3 MM anisi OCA Ui Kak fokanbHoe yBe-
nvdeHve TVIM Ha 0,5 Mm.

CTaTUCTMYeCKMI aHanm3 OaHHbIX BKIKOYan ONncaHme Ko-
JINYECTBEHHbIX M Ka4eCTBEHHbIX MEPEMEHHbIX, C UCMOMNb30Ba-
HUeM TecTa LLlannpo-Yunka, kputepus MupcoHa (x2), Z-kpu-
Tepus C NonpaBKowv boHdeppoHu, ABYCTOPOHHNN t-TecT CTbto-
OeHTa, Tecta MaHHa-YnTHu, Kpackena-Yonnuca, koshhum-
eHTa paHrosou Koppenaunn ramma lynmanHa-Kpackena. Cra-
TMCTMYeckylo 06paboTKy AaHHbIX BbIMOAHANM C MOMOLLbIO
nporpaMmmHoro obecneverms IBM SPSS Statistics 23.0.

Pe3ynbTaThl

XapakTepucTiika 06c/1eoBaHHOM BbIOOPKYM NpeacTaBeHa B
Tabn. 1. B oOLwen rpynne My>4nH BbISiBIEHa TEHAEHLMA K MO-
BbILLEHMIO MHOEKCA MACChl TeNa, Mpuy 3TOM HacToTa OXKMPEeHUSs CO-
craBuna 28,7% (n=87), kypawmx obino 42,3% (n=128), va-
cToTa rvnepxonecrepuHemnn — 32,7% (n=99). MoBblleHHOe
Al BbisiBneHo y 70 venosek (23%), npy 3Tom Al 1-i cTenexu
-y 44 My>xivH (14,5%), AT 2-7 ctenenn —y 18 (5,9%), AT
3-n crenenn —y 8 (2,6%). AHanm3 JaHHbIX NaLMEHTOB C HOP-
MarnbHbIM W1 NOBbILLEHHbIM ALl fanee NpoBOAMNCA pa3aenbHO.

B rpynne c Al cpenHee cnctonundeckoe AL (CALL) coctaBuno
141+1,59 MM pT.CT, cpedHee amactonuyeckoe AL (OAL) —
98=+0,99 mm pr.cT. B rpynne c HopmanbHbiM ALl cpenHee CALL
coctaBmno 116=+0,63 mm pT.cT, cpeaHee JAL — 70+0,44 mm
PT.CT. BblAeneHHble rpynnbl OTAMYanmMchb No NokasatensmM mMac-
Cbl Tena c npeobnagaHvieM abaoMUHANBHOTO TUMa OXMPEHMS.
BbIfiBNeHO 3Ha4YMMOe pasnmyme oKpyXXHOCTeN Tanum 1 benep,
KoTopble ObiK BbilLe y naupeHToB ¢ Al CpefHss YactoTa cep-
JedHblx cokpatueHut (YCC) B rpynne naumeHToB ¢ Al Takxke
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Table 1. General characteristics of the examined sample of males
Tabnuua 1. O6Lwas xapakTepuUCTnKa 06cnesoBaHHON BbIOOPKM JIULL MYXXCKOFO nona

Parameter / Mapametp M 95% Cl / 95% AN SD /CO Min Max
Age, years / Bopacr, nier 42.9 42.2-43.8 0.5 417 44.1
Body mass, kg / Macca Tena, kr 89.0 66.0-117.0 16.5 54.0 152.0
Height, cm / PocT, cM 179.5 170.0-190.0 6.0 164.0 204.0
Queteletindex, kg/m2 / Unnexc Ketne, kr/m2 27.6 20.9-36.6 48 17.0 45.9
WC, cm / OT, cm 94.2 75.0-119.0 133 68.0 135.0
HC, cm / OB, am 101.1 89.0-114.0 7.9 84.0 134.0
WC/HC / QT/Ob 0.93 0.80-1.07 0.08 0.69 1.16
WC/Height / OT/Poct 0.53 0.41-0.66 0.07 0.37 0.75
ASFT (left), mm / KOX (cnesa), Mu 29.9 12.6-41.0 94 4.7 13
SSFT (left), mm / KCI (cnesa), Mu 25.1 9.8-40.0 98 6.0 41.9
TSFT (left), mm / KCT (cnesa), mm 14.4 5.5-29.1 6.9 3.6 41.0
SBR mm Hg / CALL, Mm pr.cT. 122 103-149 15 81 180
DBP. mm Hg / JAL, Mm pr.cT 82 67-104 11 53 125
Heart rate, bpm / 4CC, ya/mMuH 74 60-92 10 46 108
TC, mmol/I / XC obwyit, Mmonb /1 5.7 3.9-7.7 1.2 2.7 12.9
HDL, mmol/ / XC JIMBI, mvions/n 1.0 0.6-16 03 0.4 26
TG, mmol/I'/ TT, MMonb/n 1.4 0.5-3.3 09 0.4 5.9
LDL, mmol/I / XCIMHM, mmonb/n 4.1 2.3-5.8 1.2 1.5 10.5

M - mean, Cl - confidence interval, SD - standard deviation

WC - waist circumference, HC - hip circumference, ASFT - abdomen skin fold thickness, SSFT - subcapular skin fold thickness, TSFT - triceps skin fold thickness, SBP - systolic blood pressure,
DBP - diastolic blood pressure, TC - total cholesterol, HDL - high-density lipoproteins, TG - triglycerides, LDL - low-density lipoproteins

M - cpennss, IV - sosepuTenbHbIi nHTepsan, CO - CTaH[apTHOE OTKNOHeH1e

QT - oKpyXHoCTb Tanuu, OB — okpyxHocTb beaep, KOK - ToniuHa KoxXHbix CKnagok Ha xvBote, KCJT = ToniumHa KoXHbIx cknamok nog nonatkoi, KCT = TonLuyHa KOXHIX CKAA0K Hall TMLENCoM,
CAl - cucTonmnyeckoe apTepranbHoe fasneve, JALL - Aviacronuyeckoe aptepvianbHoe Aasnerie, YCC - yacTora cephedHbix cokpatLieriit, XC — xonecTepuH,
XC MBI - xonectepuH n1nonpoTernoB Bbicokow nnotHocTw, T = Tpurmuiepnabl, XC JTHM - xonectepyH iMNonpoTena0B HI3KOM NOTHOCTA

10-year risk accounted for 11.5%=+2.72, while that
of total cholesterol level — 41.5%=+4.37. The exa-
mined groups did not differ significantly by inci-
dence rates of family history of ischemic heart disease,
strokes and diabetes mellitus in fathers. At that
parental history revealed significantly more often
presence of HT and diabetes mellitus in mothers in the
group of hypertensive men.

HT positively correlated with obesity, especially with
abdominal type, and increased TG level, that indirectly
reflects impaired nutrition and metabolic syndrome de-
velopment. At that statistically significant correlations
of HT with physical activity level, alcohol consumption,
decreased HDL and increased LDL levels were not
found. It is surprisingly, but the non-hypertensive group
had more smokers than the group of hypertensive peo-
ple (Table 3).

Arterial stiffness parameters and central pressure
were significantly higher in the hypertensive group.
We analyzed correlations of the main arterial wall stiff-
ness parameters (PWV, augmentation index cor-

Obina 3Ha4YMMO BblLLE, YEM Y NMALMEHTOB C HOpMasbHbiM ALL, 1
coctaBuna 78=+1,20 yoapoB B MUHYTY.

MokasaTtenu NUNAHOro CnekTpa ObiNn 3Ha4YMMO Bbille B
rpynre ¢ Al: oTMe4anocs nosblieHre OXC, IMNonpoTenaoB Hif3-
Ko npnotHoctw (JITIHM), TI, koahduumeHTa aTeporeHHOCTH
(tabn. 2).

[Npw yNsTPa3ByKOBOM AYMIIEKCHOM CKaHMPOBaHMM COCY40B
ey BbisiBneHo, 4to TM kak npaBou, Tak 1 nesont OCA, a Tak-
e cpenHss TVIM y naumeHToB ¢ Al Obiiv 3Ha4MMO Bbllle. Cym-
MapHBbIV PUCK pa3BuTUs haTanbHbix CC3 B Onvkanwve 10 net
no wkane SCORE Obin 3Ha4MMO BbiLe B rpynne ¢ Al Mpu 3Tom
Bknag CAL B cyMMapHbIv puck coctaBmn 11,5%=%2,72, OXC
- 41,5%=+4,37. ObcnenoBaHHble rpynnbl CyLLIECTBEHHO He OT-
JINHaNNCh MO YacToTe OTAOLLIEHHOCT HAEACTBEHHOCTM MO ULLe-
MMYeckon bonesHu cepaLa, MHCYNsTaM U caxapHomy avabe-
Ty y OTLOB. B TO Xe BpeMs aHaMHe3 poauTenen nokasars, 4to
B rpynmne My>X4uH C NOBbILLEHHbIM Al 3Ha41MO Yallle Habnto-
Janacbk Al 1 caxapHbli AvabeT y Matepent.

BbifiBneHa nonoxutensHas koppenaumsa Al C Han4mem oxm-
peHUs, 0CODEHHO NO abAOMUHANBHOMY TUMY, NOBbILIEHHbLIM
YPOBHEM TT, YTO KOCBEHHO OTPaXKaeT HapyLLUEeHKe NTaHWA 1 pas-
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Table 2. Indices of the lipid profile in the examined males
Tabnuua 2. NMokasaTenn NMMNUAHOIO CNekTpa y 06cnefoBaHHbIX MY>XUUH

Parameter / Mapametp Hypertension / ApTepuanbHas runepToHus p
absent / Het, n=233 present / ectb, n=70
M SD/CO M sD/Co
Total cholesterol, mmol/I / XC obuit, Mvon/n 5.6 1.1 6.1 1.6 0.019
HDL, mmol/I / XC /MBI, Mmonb /1 1.0 03 0.9 03 0.093
TG, mmol/I / TT, Mmonb/n 13 0.9 1.8 1.1 0.004
LDL, mmol/I / XC INMHM, mmonb/n 4.0 1.1 44 1.4 0.020
Atherogenic index / KoacdmuyeHT areporeHHoCTM 5.1 2.2 6.2 3.3 0.008

M - mean, SD - standard deviation

HDL - high-density lipoproteins, TG - triglycerides, LDL - low-density lipoproteins

M - cpennsf, CO - CTaHapTHOe OTKNOHeHe

XC - xonectepuH, XCJMBI - xonecrepuH nvnonpotengoB Bbicokow nnotHoctw, TI = Tpurnmwepyabl, XC JIMHTT ~ xonectepu nMnonpoTenaos H13KoM NoTHOCTA

Table 3. Incidence rates of risk factors in the groups of males with normal blood pressure and hypertension
Tabnuua 3. CpaBHUTeNbHas YacToTa hakTOPOB pUCKa B rpynnax My>X4Y1H C HOpMarbHbIM YPOBHEM apTepuasnbHOro
LaBleHUs U apTepuanbHOM rMnepToHNEN

Risk factors / dakTopbl pucka Hypertension / ApTepuanbHas runepToHus p
absent / Het, n=233 present / ectb, n=70  Pearson's 32 test
n % n % 2 MupcoHa

Smoking / Kypetve absent / Her 144 61.8 31 443 0.009
present / ectb 89 38.2 39 55.7

Low physical activity / Hu3kas duandeckas akTiBHocTs — absent / Her 170 73.0 54 77.1 0.485
present / ectb 63 21.0 16 229

Alcohol consumption / YnoTpebnerye ankorons absent / Het 17 8.6 4 6.0 0.493
present / ectb 181 91.4 63 94.0

Overweight / /136biTouHas Macca Tena absent / Her 139 59.7 47 67.1 0.259
present / ectb 94 40.3 23 32.9

Obesity / Oxvperue absent / Her 185 79.4 31 443 <0.001
present / ectb 48 20.6 39 55.7

Abdominal obesity (WC>94 cm) absent / Het 149 63.9 16 229 <0.001

AbLOMUHanbHoe oxmpetie (OT>94 cv) present / ectb 84 36.1 54 77.1

TG21.7 mmol/I / TT>1.7 mvonb/n absent / Het 183 785 43 61.4 0.004
present / ectb 50 21.5 21 38.6

HDL<1.0 mmol/I / XCIMBII<1.0 Mmonb/n absent / Her 102 43.8 22 314 0.065
present / ectb 131 56.2 48 68.6

LDL>3.0 mmol/I / XCNIMHM> 3.0 Mo/ absent / Her 4 17.6 11 15.7 0.714
present / ectb 192 82.4 59 84.3

Serum glucose 6.1 mmol/| absent / Het 223 95.7 62 88.6 0.027

[Miok03a CbIBOPOTKA6. | MMONb/N present / ectb 10 43 8 1.4

Metabolic syndrome / Merabonudeckuit cuhgpom absent / Her 142 60.9 52 743 0.041
present / ectb 91 39.1 18 25.7

TG - triglycerides, HDL - high-density lipoproteins, LDL - low-density lipoproteins
TT = Tpuranwepuasl, XC MBI - xonectepuH avnonpoTenaos Buicokoi notHocTi, XCNMHT - xonecrepuH AiMnonpoTenaos HY3KoM NOTHOCTH

rected to pulse) with different risk factors (Table 4). BUTVIE MeTabOoNMYeCcKoro CrHapoMa. Mpr 3TOM He MoJTy4eHo CTa-
Mean IMT significantly correlated with augmentation TUCTMYECKI 3Ha4YMMOM Koppenaumm Al C ypoBHeM U3 M4eCKOn
index and augmented BP, but we did not reveal cor- aKTUBHOCTW, yNnoTpebneHneM ankorons, NOHUXKEHHbIM YPOB-
relation between IMT and PWV. Hem XC JIMBIM 1 noBblweHHbIM ypoBHeM XC JTHI. MNapagok-

Correlation analysis demonstrated positive corre- CanbHO, YTO KypeHMe Yallle oTMeYanioch B KoropTe, He CTpa-
lation between parameters of arterial stiffness and mean natoulen Al (tabn. 3).
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Table 4. Pearson’s correlations (r) between the studied indices in the sample of 43-year-old men
Tabnuua 4. Koppenauuu MupcoHa (r) mexay ncciepyemMbiMU NoKasaTensiMu B BbiIOOpKe My>X4unH 43 neT

Parameter / Mapametp Augmented BP, mm Hg Aix (corrected to pulse), % PWV, m/s
AyrmenTaumoHHoe Afl, MM pT.cT.  Aix (c nonpaBkoi Ha nynbc), % CPIB, m/cex
n=303 n=303 n=301
SBP. mm Hg / CALL, mm pr.cT. 0.271# 0.305%** 0.256***
DBP. mm Hg / JAL, MM pr.cT. 0.232% 0.298*** 0.228***
Heart rate, bpm / 4CC, ya,/muH -0.202** 0.188** 0.133*
CCAIMT, mm / M OCA, Mm 0.125* 0.131* -0.010
Augmented BP, mm Hg / AyrmerTaLiionHoe AL, MM pr.CT. 0.799*** 0.196***
Aix (corrected to pulse), % / Aix (c nonpaskoi Ha nynsc), % 0.799*** 0.232%*+
PWV, m/s / CTIB, m/cex 0.196*** 0.232%**
Central SBP, mm Hg / LICAL, Mm pr.cT. 0.585% 0.506*** 0.329***
Central DBP, mm Hg / LLAAL, Mu pr.cT. Q.3 2% 0.400%** 0.260%**
Central pulse pressure, mm Hg / LIMAL, Mu pr. cT. 0.695%* 0.386*** 0.225%**
Total cholesterol, mmol/I / XC 06w, Mmons/n 0.043 0.103 0.121*
HDL, mmol/I / XC JITBM, MmMons/n -0.019 -0.075 -0.045
TG, mmol/I'/ TT, Mvonb/n 0.006 0.078 0.083
LDL, mmol/I / XC NINMHM, mmonb/n 0.051 0.107 0.107

#<0.05, **p<0.01, **p<0.001

SBP - systolic blood pressure, DBP - diastalic blood pressure, CCA IMT ~ common carotid artery intima-media thickness, Aix - augmentation index,
PWV - pulse wave velocity, TG - triglycerides, HDL - high-density lipoproteins, LDL — low-density lipoproteins

CAJ - cucTonnyeckoe apTepranbHoe Aasnetue, JAL - amacronnyeckoe aptepuansHoe fasnenue, YCC - yacrota cepaedHblx cokpatiienia, TMM OCA - TonwumHa KoMnnekca MHTM-
MefIva 0bLLel COHHOM apTepun, AlX — HAEKC ayrmeHTalmu, CTB — ckopocTb MynbcoBo BonHb!, LICALL — LieHTpanbHoe chcTonyeckoe aprepranbHoe aasneme, LITAL - LeHTpans-
HOe vacTonn4eckoe apTepuansHoe fasnenue, LIMAL - LeHTpanbHoe nynbCoBOE apTepuanbHoe fasnenue, TI = Tpurnuepnabl, XC JINBI ~ XxonecrepyH NANONpoTeMaoB BbICOKON

nnotHoctu, XC JIMHI - XonectepuH MMNONPOTEX0B HU3KOM NAOTHOCTA

SBP and DBP (in the brachial artery), and also heart
rate. Central SBP, DBP and pulse BP significantly and
positively correlated with arterial stiffness indices. So,
aortic SBP directly correlated with PWV (r=0.3),
augmentation index (r=0.5) and augmented BP
(r=0.58; p<0.05 for all the coefficients).

Besides, arterial stiffness parameters correlated with
total cholesterol level and did not correlate with HDL,
LDL and TG ones.

Discussion

Our study revealed HT in almost every forth rela-
tively young man at about the age of 40. It is inte-
resting that the risk of HT development was determined
by presence of HT in patient’s mother and was not de-
pendent on HT in father. This is possibly due to a mi-
tochondrial DNA that is known to be transmitted only
from mother to child. A number of studies had
demonstrated association between mitochondrial
DNA and RNA mutations and HT development [18-
20]. The data are in line with genetic studies which re-
vealed association of mitochondrial DNA polymorphism
with HT and left ventricle hypertrophy [2 1]. Our study
demonstrated relationship between metabolic syn-

Noka3aTenm XecTkoCT apTepui 1 LEHTPaNbHOIO AaBeHus
ObINK 3Ha4MMO Bhilwe B rpynne ¢ AlL Bbina npoaHanvanposa-
Ha B3a/IMOCBSI3b OCHOBHbIX MOKa3aTeNnem XecTkoCTy COCyaMCTON
creHku (CMNB, MHOeKca ayrMeHTaLUmm C MOMNPaBKOM Ha MysibC)
C paznuyHbiMu OP (Tabn. 4). MNpwr cpaBHEHUM NMoKa3aTenen xe-
CTKOCTW apTepui 1 AynnekCHOro CKaHWpOBaHMSA Mony4veHa
LOoCTOBepHas koppensuusa cpegHen TUM ¢ nHaekcom ayr-
MeHTaLMV 1 ayrMeHTaLMOHHbIM ALl, HO He BbISIBIEHO Koppe-
nauum TUM n CI1B.

MpoBeneHHbIV KOPPENALMOHHBIV aHANM3 NOKa3an Hanuyme
MONOXNTENBHOW KOPPENSALMM NapaMETPOB XXECTKOCT apTepuii
co cpeaHnm CAl v OAL Ha nneveBom apTepum, a Takxke ¢ YCC.
OTMeyeHa [OCTOBepHas NOMOXMUTENbHAA KOPPEnALms LeHT-
panbHoro CALL, OAL v nynbcosoro ALl ¢ nokasatensmu cocy-
ancrom xecrkoctu. Tak, CALL B aopTe NpsiMoO KOppenmMpoBasno
co CMB (r=0,3), nnaekcom ayrmeHTaumm (r=0,5), ayrmeHTa-
umoHHbIM Afl (r=0,58; p<0,05 ans Bcex ko3hdULIMEHTOB).

Kpome 3Toro, oTMedeHa KOppensumsa nokasaTtefien xe-
CTKOCTM COCyA0B C 00LM XC. He BbISIBNIEHO CBA3M KECTKOCTA
aptepuin ¢ ypoHaMM XC JTIBI, XCJIMHM n TT.

OGcyxaeHune
Hawe wnccnefoBaHme MoKasano, YTO B rpynne CpaBHU-
TeNbHO MOMOAbIX My>X4MH K 40 rogam Al BbIABNAETCA Npak-
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drome (abdominal obesity in the first place) and HT
development with no correlation of this state with phy-
sical activity level. The factor of excessive nutrition ob-
viously has a value. At the same time genetic nature
of these changes is possible with probable involvement
of mitochondrial DNA mutations. Some data confirm
contribution of mitochondrial oxidative stress to
metabolic syndrome development, this reflects con-
nection between HT and metabolic syndrome and pos-
sibility of genetic predisposition for these states
[22,23].

The received results of the dependence of TIM on
the presence of HT are in line with data of many tri-
als that had reported similar changes of intima-me-
dia complex in hypertensive patients of young age
[24,25]. According to M. Bots et al. data (Rotterdam
Study) increased IMT in HT is accompanied by ele-
vation of relative risk of the first stroke by 4.8 times
[26].

Our study showed close correlation between ar-
terial stiffness and HT, at that arterial stiffness was al-
ready revealed in early stages of HT and in rather young
age. Arterial stiffness did not correlate with dyslipidemia
and diabetes mellitus in young patients. Correlation
between arterial stiffness and severity of atheroscle-
rotic lesions was ambiguous, so, we received signi-
ficant correlation of mean IMT with augmentation in-
dex and augmented BP, but did not reveal association
between IMT and PWV. This is in line with ambivalent
data of PWV correlation with severity of atheroscle-
rotic lesions [27]. The received correlation of aug-
mentation index with mean IMT in the hypertensive
group confirms that this index is incremented in HT
and associates with target organs damage, including
carotid intima-media complex. The revealed arterial
stiffness dependence on heart rate indicates on decrease
in arterial wall compliance at heart rate acceleration,
this to a greater degree affects arteries of the elastic
type [28].

In the case of aortic stiffness evaluation combined
determination of central pulse wave parameters and
aortic PWV is considered optimal. Analysis of central
pulse wave parameters revealed their significant in-
crease in the group of hypertensive patients. Central
BP (pressure in aorta) and augmentation index are
surrogate markers of arterial stiffness and determi-
nate the whole vascular bed state from coronary ar-
teries to microcirculatory bloodstream. Large arte-
ries are significantly more elastic than peripheral ones
in healthy young individuals. Prominent stiffness
gradient results in increased pulse wave amplification
in young people with consequent significant differ-
ence between peripheral and central pressures. That
is why levels of peripheral SBP and pulse pressure do

TUYECKM Y KaXA0ro YeTBepToro naumeHTta. OOHapykeH UHTe-
PEeCHbIN hakT, YTO PUCK pa3BUTUA Al 0bycrioBneH Hanu4nem Al
y MaTepu 1 He 3aBNCIUT OT Hanudma Aly otua. Bo3MoxxHo, 370
CBfi3aHO C MUTOXOHApPManbHown [IHK, kotopas, Kak 13BecTHo,
nepenaertcs ToNbKo OT MaTepu K pebeHky. B psae paboT noka-
3aHa CBA3b MyTaunn mutoxoHapmanbHbix AHK 1 PHK ¢ pas-
BuTMeM Al [18-20]. aHHble CormacytoTcs C reHeTU4ecKUMU 1C-
CNefoBaHNAMM, KOTOPbIe BbIABUIIW CBA3b MOJUMOPdMU3IMA
MuToxoHApuansbHown OHK ¢ passutem Al v rmneptpodren ne-
BOro enyaodka [21]. B HacTosillen paboTe Obina BbisiBReHa
B3aMMOCBS3b MeTabONNYeCKOro CUHAPOMA, W, B MEPBYIO O4e-
pefib, abAOMMHANBHOMO OXMPEHNS C pa3BUTMEM Al, Mpy 3TOM
He OblINIo OOHaPYXKEHO CBA3M ITUX COCTOSIHUI C YPOBHEM (DU-
314eCKomr akTMBHOCTU. O4eBUIHO, UMEET 3Ha4eHKe (hakTop 13-
ObITOYHOrO NUTaHWSA. B TO e BpeMs BO3MOXKHa reHeTm4eckas
npupoaa 3TUX N3IMEHEHUI, BEPOATHO, CBA3aHHAs C MyTaLmsa-
MU MUTOXoHApPWansHon [OHK. NmetoTca OaHHble, noaTBep-
KAaloLme pornb MUTOXOHOPWANbHOMO OKCUAATUBHOIO CTpecC-
Ca B pa3BUTMM METabONINYECKOro CMHAPOMA, YTO OTPaXkaeT Ha-
nnymre cea3n Al 1 MeTabonnMyeckoro CMHLPOMa U MOXKET ObITb
reHeTU4eckn obycnoBneHHbIM [22, 23].

MNonyyeHHble pesynesratbl 3asrcmoct TUM ot Hanun4ma Al
COMNacyioTCs C AaHHBIMW MHOMUX MCCIEA0BAHNM, B KOTOPbIX NO-
TOOHbIEe N3MEHeHMsi 0OHaPYXMBaNMCh Y NaumeHToB ¢ Al B Mo-
nogom Bo3pacte [24, 25]. Mo aaHHbIM M. Bots v coasT. (PoT-
Tepaamckoe nccnefoBaHue), ysenudeHne TUM npu Al co-
MPOBOXAAETCA MOBbILLIEHEM OTHOCUTENBHOIO PUCKa Pa3BUTUA
nepBoro MHcynera B 4,8 pasa [26].

B HalleM 1ccnenoBaHmm ObIno BbISBIEHO, HTO XKECTKOCTb ap-
TepuI TeCHO CBs3aHa C Hanunymem Al 11 pa3BMBAETCH Y>Ke Ha paH-
HWX CTagyMsx B LOBOMbHO MOMOAOM Bo3pacte. [pu 3ToM Xe-
CTKOCTb COCYA0B Y MOJIOAbIX NAaLMEHTOB He Obina CBf3aHa C Ha-
nnYneM AUCIMNUAEMUM U CaxapHoro ArabeTa. HeogHo3HauY-
Ha B3aMMOCBA3b XXeCTKOCTW apTepUM 1 CTeNeHV aTepOCKIepo-
TUYECKOTO MOPaXKeHWs COCYO0B, Tak Obira Nomny4eHa OCTOBEpHas!
koppenaumsa cpegHen TIM € MHOEKCOM ayrMeHTaumm 1 ayr-
MeHTaLMOHHbIM AL, HO He BbifBNeHo Koppenaumm TUM n CT1B.
DTO Cornacyertca ¢ pasHopedmBbIMUM AaHHbIMK O ¢BA3K CI1B co
CTeMNeHbIo aTePOCKNIEPOTUHECKMX M3MeHeHWI [27]. Mony4eH-
Has CBA3b MHAEKCa ayrMeHTaummn co cpegHen TIM B rpynne ¢
Al noATBep>XOaET, HTO AaHHbBIV NMoKa3aTeNb yBeN4MBaEeTCs Npu
Al 1 accoummpoBaH C MOBPeXAEHEM OPraHOB-MULLIEHEN, B
ToM yncne, TVIM coHHom apTepun. YCTaHOBEHHasa HaMu 3a-
BMCUMOCTb XXECTKOCTW apTepuanbHou creHkm ot HCC ykasbiBaeT
Ha TO, YTO NPWV YBENNYEHUM NyNbCa PACTAXMMOCTb COCYANCTON
CTEHKW CHMXKAETCs, YTO 3aTpariBaeT B OOnbLUEN CTeneHn cocyapl
3M1aCTUYeckoro Tmna [28].

C Lenbto aHanM3a aopTanbHOW XXeCTKOCTM OMTVMasIbHbIM SiB-
NFETCA CoYeTaHHOe onpefeneHme nokasaTenemn LeHTpanbHOW
MybCOBOM BOMHbI C M3MepeHmeM aopTanbHou CIMB. AHanms no-
KasaTeneu LeHTpanbHOW MynbCOBOM BOMHbI MNOKa3asn [OCTO-
BepHOe yBenuyeHue 1x B rpynne c AlL LieHTpanbHoe AJl (nas-
NeHve B aopTe) 1 MHAEKC ayrMeHTaLMM ABNSIOTCA CypporaTHbIMU
nokasaTeNnamu XecTKOCTU apTepu 1 ONpeaensoT COCTOSHe
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not reflect level of the central pressure in this age. In
hypertensive patient of any age a stiffness gradient
between large and peripheral arteries decreases
due to reduced elasticity of large arteries [29]. Aor-
tic pulse BP was recently reported to have significant
prognostic value even in early stages of atheroscle-
rosis development [30]. Besides, central aortic BP was
proved to be the most sensitive indicator of both tar-
get organs damage and risk for different CVD not only
in patients with atherosclerosis [31] but also in
healthy persons [32]. The «cREASON» and «ASCOT»
trials demonstrated for the first time that central BP
is responsible for left ventricle hypertrophy and car-
diovascular outcomes to a greater degree than BP
measured in the arm [33,34].

Conclusion

Almost every forth patient among examined
males revealed increased BP by age of 40 years. Risk
for HT development was determined by presence of
HT in mother and did not depend on HT in father. HT
development correlated with obesity, at that level of
physical activity, moderate alcohol consumption and
smoking did not influence HT development in young
men. Arterial stiffness correlated with HT closely and
already developed in early stages in rather young age.
Arterial stiffness was not associated with dyslipi-
demia and diabetes mellitus in men. Correlation of ar-
terial stiffness and degree of early atherosclerotic le-
sions is ambivalent.

Disclosures. All authors have not disclosed potential
conflicts of interest regarding the content of this pa-
per.

COCYAMCTOrO Pyc/ia OT KOPOHAPHbBIX apTepy O MUKPOLMPKY -
JIATOPHOTO pycnia. Y 300pOBbIX MOSIOALIX NOAEN MArUCTpasb-
Hble apTepuK 3Ha4MTENbHO Bonee 3nacTUYHbI, YeM nepude-
puryeckme. BbipaxkeHHbIV rpagmneHT XecTKOCTU U yCUeHme 3a
CYeT 3TOro aMnAM@UKaLMM NyIbCOBOW BOMHbI Y MOMOAbBIX
NPVBOAMUT K CyLLLIeCTBEHHOM PasHMLE MeXXAy nepudepryeckim
M LLeHTpanbHbIM JaBneHveMm. [To3ToMy ypoBHW Nnepudepmye-
ckoro CAl v MynbCOBOTO [aBfIeHWA B 3TOM BO3pacTe He oTpa-
>KatoT YPOBEHb LIeHTPanbHOro AasneHus. B 1o e Bpems npu Ha-
4 AT, HeCMOTPSA Ha BO3PacT, MPAAVEHT XXECTKOCTU MEX Y
LeHTpabHbIMY 1 NepudepnyeckMy apTepraMm yMeHbLLIAETCA
32 CHET CHMXKEHWS 3NaCTUYHOCTU LLeHTpanbHbIX apTepunt [29].
B nocnenHee Bpems yCTaHOBJIIEHO, YTO BOJbLIOW MPOrHOCTM-
4eCcKoV 3HAYMMOCTbIO 00NaAaeT BENMYMHA a0PTaNbHOrO Myrb-
coBoro Al, faxe Ha CyOKNMHMYeCKom CTafun pa3BUTUS aTe-
pockfieposa [30]. Kpome Toro, [OKa3aHo, YTO LLeHTpasibHOe
aopTanbHoe ALl ABnseTcs Havbonee YyBCTBUTENbHbLIM UHON-
KaTOPOM MOBPEXAEHMS OPraHOB-MULLEHEW, @ TaKXKe pUCKa pas3-
n4HbIX CC3 He TONMbKO Y NaLMeHTOB C aTepockiieposoM [31],
HO W Yy 300poBbix nuL, [32]. WiccnegosaHms «REASON» u
«ASCOT» BnepBble NPOLEMOHCTPUPOBANN, HTO CHUXEHWe
ueHTpanbHoro Afl B bonbluer cteneHun, Yem ALl Ha nneye, oT-
BETCTBEHHO 3a YMEHbLUEHME rMNepTpodUi IEBOMO XeNyao4-
Ka 1 cepae4yHOo-cocyamcTele mcxodnl [33, 34].

3aknoyeHue

B rpynne cpeamn o6cnenoBaHHbIX My>KHmH K 40-rogam no-
BbllleHWe ALl 0OHapy>XMBaeTCs NPaKTUYECKN Y KaXA0ro YeT-
BEPTOro nauyeHTa. Puck pa3sutuns Al oOycnoBneH Hanmimem
Al'y MmaTepu 1 He 3aBMcnT OT Al y oTlia. IMeeTcsa B3arMOCBA3b
pa3BUTUA Al C OXXMpPEHNEM, NPV 3STOM YPOBEHb (P13MHECKOU aK-
TUBHOCTW, YMEPEHHOE yNnoTpebeHe ankorons v KypeHus He
BIIVSIET HA Pa3BUTME apTEPUASTIBHON MMNEPTEH3MM Y MOSTOObBIX
MY>XYMH. XKeCTKOCTb apTepuit TeCHO cBsizaHa C Al 1 pa3BuBa-
eTCs Y>XKe Ha paHHUX CTafmax, B LOBOIbHO MONOLOM BO3pac-
Te. XXecTkoCTb COCYA0B Yy My>XHMH He Oblna CBsi3aHa C Hanu4m-
eM ONCIMNUOEMUN U caxapHoro auabeta. HeogHo3Ha4Ha
B3aMIMOCBA3b XXECTKOCTV apTepuii 1 CTENeHM aTepOCKIepoTH -
4eCKOro MopaxeHMs COCYyA0B Ha PaHHWX CTagmaX.

KoHnmKT nHTepecoB. Bce aBTopb! 3a8BNsI0T 06 OTCYTCTBIAN
NOTEHUMANbHOrO KOH(AWKTa MHTepecoB, TpebyioLero pac-
KPbITUA B JAHHOW CTaTbe.
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