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®eHoTUN POPMUPOBAHUA METAOOTUUECKOTO CHUHIPOMA B
NepUMEHONAY3aTbHOU KOTOPTE KEeHIIUH 0€e3 JUCIINKEMUHU B
3aBHCHMOCTH OT HAJIUYHUSA apTEPUATBHOU TUNIEPTEH3UU
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2HayuHo-uccaedosamensckuil uHcmumym mepanuu u npoguarakmuveckoil meduyumst — uauan ®I6HY
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AHHOTAIIUA

BBegenwue. bBoapiasyacTora apTepuanbHOl runepreH3uu (Al) B OMyJIAINH, €€ TECHAs CBS3b C MEHOTIAY30H U
HApYIIEHUsIMU YTJIEBOTHOTO OOMeHa ¢ aKI[eHTOM Ha MPOTHOCTHUYECKYIO poJib TiinkeMuu Haromak (I'H) s caxapHoTro
nuabera 2-TO TUIIA TPUBJIEKAET BHUMaHUeE K dbeHoTUIly HOpMHUpPOBaHUs MeTaboamnueckoro cuyapoma (MC) B mepuMeHo-
rayse B 3aBUCUMOCTH OT Hayinuusi AT' 6e3 IUCTITUKEMUH.

IHenp nccaenoBadusd. OIeHUTH acCONUAINH YPOBHEH apTepranbHoro aasienus (A/l) u I'H npu dopmu-
POBaHHUU WHCYJIUHPE3UCTEHTHOTO MeHoImay3ajibHOro MC B KOropTe HOPMOIVIMKEMUYECKUX KEHIMUH 35—59 JeT ¢ AT u
HOPMOTEH3HUBHBIX.

MaTepuasnb U ME€ETO/B5l . BrepumeHonay3aabHON KOTOPTE KEHIIWH 35—59 JIeT 6e3 aucriaukemud (n = 88)
58 sxenruH umesu AT, 30 6bUTH HOpMOTEeH3UBHBIMU. OTIpe/iesieHbl: nHaeKe Macebl Teia (MMT), okpysxHocTs Tamuu (OT),
ypoBau AJl, tpuriunepuzos (TT), XosiecTepyiHa JHUIIONPOTEUZIOB BBICOKOH IwiotHOocTu (XC-JITIBII), wuHCyauHAa,
domnukyso-ctumynupyiomiero ropmona (®CI') u acrpaguona, I'H, unnexcsl TyG u cemeiictBa HOMA2 (HOMA2-IR u
HOMA2-%B). C nomorpsto SPSS (Bepcust 17) olleHUBaIH MeuaHy (25; 75 %); MEXIPYIIIOBbIE PA3JIMUUS 110 KPUTEPHIO
Manna — YUTHH; TPOBOAIIN KOPPEIANNOHHbIE aHamu3bl: o Ciimpmeny (R) u wactuunbii (partial correlation — Rpc) s
HUBEJINPOBAHUSA BIUSAHUA BO3PACTA.

Pes3ysnbTarTbl. BolsgBaeHbl 3HAUNMbIE acCOIUAIMN YPOBHEH cucronuueckoro AJl (CA/T) u T'H, npsiMmble u omocpe-
noBanHble uepes jgunuanble (TT u XC-JITIBII) u antponomerpudeckue (OT) napamerpst MC, npu 5TOM GOJIBITHHCTBO
KOPPEJIAIUOHHBIX CBSI3€H ObLIN JIUIIIh YaCTHYHO BO3PacT-3aBUCUMBL. Cpe/i YKa3aHHBIX ITapaMeTPOB, MEUATOPOB UHCY-
JIMHOPE3UCTEHTHOCTH, HanboJiee BeipaskeHsl accoruanuu CAJl u T'H ¢ OT; umerHo OT cTabuIbHO KOPPEJIMPYET C UH/EK-
caMM MHCYJIMHOpe3ucTeHTHOCTH, TecHee ¢ TyG. Koppensuunonusie otHomenus ypoaei TT' ¢ XC-JITIBIT (R = —0.564;
P < 0.001) aKTyaJIbHBI ¥ P HUBEJTUPOBAHUU BIUSHUS BO3pacTa (Rpc =—0.477; p < 0.001); C HUMH, a TAKXKe C YPOBHIMU
WHCYJINHA U JIVTUTEJIBHOCTHIO TIocTMeHOoIay3bl Koppenupyer I'H. Yposuu AJl, 0cCO6EHHO CHCTOINYECKOTO, 06pa3yioT KOp-
peJsAnNY C UHJEKCAMU HHCYJIUHOPE3UCTEHTHOCTH, O0JIee CTaOMIbHbIE C HEMHCYJIMHOBBIM HHJIEKCOM TyG, B OTJIMYHE OT
BO3paCT-3aBUCUMBIX cBs3ell ¢ HOMA2-IR.

3akinoueHHe. OOUIUPHOCTD BHISBJIEHHBIX KOPPEIAIMOHHBIX cBsidell ypoBHel A/l u 'H ¢ mapkepamu u ¢hakTo-
pamu ¢popmupoBaHus MeHonaysaiabHoro MC, Britouas otHomenus Al ¢ magexkcamu HOMA2-IR u ocob6enno TyG, orpa-
JKa€eT ero MHCYJIMHPE3UCTEHTHYIO TAaTOTEHETHYECKYI0 OCHOBY. Hapsiy ¢ 9TUM 3HAYUMble CTaOUIbHbIE KOPPEJISITHOHHbBIE
OTHOIIIEHUS JIJIUTEJIbHOCTH ITOCTMeHoIay3b! ¢ I'H oTpakaroT BBICOKHI PUCK ITPOTPECCUPOBAHUA K IUCIJIMKEMUHY B aHAIU-
3upyeMoM GeHOTHUIIe MeTabOTMIECKOTO CHHIPOMA U ITO3BOJIIOT PACCMATPUBATh MEHOIAY3y KaK YHUKAJIBHBIN (akTop,
criocobCeTBYIONUY ObICTPOH KiiacTepusanui MC y sKeHIIH, OTIpeeisisi THTepeC K YTOYHEHUIO eT0 TPaeKTopuil popMupo-
BaHUA.

Kaoueenle croea: MeHONIay3aIbHBIN MeTa00JIMUECKUH CHH/IPOM, IEPUMEHOIIAy3a, UHCYIMHOPE3UCTEHTHOCTD, apTEPH-
ayipHAsA runeprensusd, uHaekce TyG, uaaekce! cemeiictea HOMA2, roiukeMusi HATOIAK.
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The phenotype of the metabolic syndrome formation in the
perimenopausal cohort of women without dysglycemia depending
on the presence of arterial hypertension
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1Novosibirsk State Medical University, Novosibirsk, Russia

2Institute of Internal and Preventive Medicine — a branch of the Institute of Cytology and Genetics, Siberian Branch of
the Russian Academy of Sciences, Novosibirsk, Russia

ABSTRACT

Introduction. The high incidence of arterial hypertension (AH) in the population, its close association with
menopause and disorders of carbohydrate metabolism with an emphasis on the predictive role of fasting glycemia (FG) for
type 2 diabetes mellitus draws attention to the phenotype of the formation of metabolic syndrome (MS) in perimenopause
depending on the presence of hypertension without dysglycemia.

Aim of the research. Toevaluate the associations between blood pressure (BP) levels and FG during the
formation of insulin resistant menopausal MS in a cohort of normoglycemic women aged 35—59 years with AH and normo-
tensive.

Materials and methods. Intheperimenopausal cohortof women aged 35—59 years without dysglyce-
mia (n = 88), 58 women had hypertension, 30 were normotensive. The following were determined: body mass index (BMI),
waist circumference (WC), levels of BP, triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), insulin, follicle-
stimulating hormone (FSH) and estradiol, FG, TyG and HOMA2 family (HOMA2-IR and HOMA2-%B) indices. Using SPSS
(version 17), we estimated the median (25; 75%); intergroup differences according to the Mann-Whitney test; then, the cor-
relation analyses were carried out: according to Spearman (R) and partial (R ) to level the influence of age.

Results. Significant associations of systolic BP (SBP) and FG levels direct and mediated through lipid (TG and
HDL-C) and anthropometric (WC) parameters of MS, were revealed with most of the correlations being only partially age-
dependent. Among these parameters, the mediators of insulin resistance, the associations of SBP and FG with WC are the
most pronounced; it is WC that stably correlates with insulin resistance indices, more specifically with TyG. The correla-
tions of TG levels with HDL-C (R = —0.564; p < 0.001) are also relevant when the influence of age is leveled (RpC =-0.477;
P < 0.001); with them, as well as with the levels of insulin and the duration of postmenopause, FG correlates. BP levels,
especially systolic, form correlations with insulin resistance indices, more stable with non-insulin TyG index, in contrast to
age-dependent relationships with HOMA2-1R.

Conclusion. Theextensiveness of the revealed correlations between BP and FG levels with markers and factors
for the formation of menopausal MS, including the relation of BP with HOMA2-IR indices and especially TyG, reflects its
insulin resistant pathogenetic basis. Along with this, significant stable correlations of the duration of postmenopause with
FG reflect a high risk of progression to dysglycemia in the analyzed phenotype of metabolic syndrome and allow us to con-
sider menopause as a unique factor contributing to the rapid clustering of MS in women, determining the interest in clari-
fying its formation trajectories.

Keywords: menopausal metabolic syndrome, perimenopause, insulin resistance, arterial hypertension, TyG index,
HOMAZ2 family indices, fasting glycemia.

Citation example: Ruyatkin D.S., Ruyatkina L.A., Shcherbakoba L.V. The phenotype of the metabolic syndrome
formation in the perimenopausal cohort of women without dysglycemia depending on the presence of arterial hyperten-
sion. Journal of Siberian Medical Sciences. 2023;7(3):37-53. DOI: 10.31549/2542-1174-2022-7-3-37-53

INTRODUCTION
Metabolic syndrome (MS) is a clinical condition

BBEJIEHHNE
Mertabonuueckuii cutgpom (MC) mpescraBisier

co00¥ KJIMHUYECKOE COCTOSTHHE, XapaKTepPU3yIoIIe-
ecsl COYeTaHHWEM OCHOBHBIX (DaKTOPOB pHCKA
cepaeuaHo-cocyaucThix 3abomeBanuii (CC3) u mua-
Oeta 2-ro Tumna (C/12): mpoaTepOoTeHHOU AUCTUITH IE-
vuH (JIJII1), TOBBIIIEHHOTO apTepUaIHLHOTO JaBJie-
nus (Al), qucraukeMuy U abJOMUHAJIBHOIO OXKH-
penwns. Kaxxapiii pakTop prucKa NMeeT He3aBUCUMOe
JelicTBUe, HO B COBOKYITHOCTH OHH CTaHOBSTCSA

characterized by a combination of major risk factors
for cardiovascular disease (CVD) and type 2 diabetes
mellitus (T2DM): proatherogenic dyslipidemia
(DLP), high blood pressure (BP), dysglycemia, and
abdominal obesity. Each risk factor has an indepen-
dent effect, but together they become synergistic,
doubling the risk of CVD and causing a 1.5-fold
increase in all-cause mortality [1]. One of the main
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CUHEpreTUUYeCKUMH, yABauBas puck passurus CC3
U BBI3BIBAs yBEJIMUEHUE CMEPTHOCTH OT BCEX IPHU-
yiH B 1.5 paza [1]. OgHUM U3 OCHOBHBIX 3BEHBEB
raToreHe3a, YCKOPSIOIIUX 3STOT IIyTh, SBJISETCS
uHcyauHOope3ucTeHTHOCTh (UP) [2].

Kitacrep MC, ompenieissieMblii Kak COBOKYITHOCTD
Tpex 1 60jiee KOMIIOHEHTOB, IIPETIOJIATAeT HATINE
Pa3HbIX ero (PeHOTUIIOB, KOK/IBIN U3 KOTOPBIX SBJIS-
ercss (HAaKTOPOM PHUCKA KapAHOMETAa0O0JHMYECKHUX
3aboseBanuii (KM3). OTanenbHble KOMIIOHEHTHI MC
OIMHAKOBBI Y JKEHIIIUH U MYXKYUH, OJHAKO CyIIe-
CTBYIOT TeH/IEDHBIE PA3JIHYHUA B TOM, KaK M KOTZAA
5TH KOMIIOHEHTHI MPOSBJISIIOTCA, T.€. MY>KUHHBI U
JKEHINWMHBI Ha MPOTSKEHUM BCEU KU3HU HCIBITHI-
BaIOT Pa3HbIE TPAEKTOPUH KAPIUOMETa00INIECKOTO
pucka (KMP) [3]. Tak, c BO3pacToM y KEHIIIH OTMe-
yeHO 6oJiee BRIpAKEHHOE YBEJIUUYEHUEe PACIPOCTpa-
HeHHocTH MC 1O CpaBHEHHIO C My:KUMHaM# [4]
W3-32 PE3KOr0 YBEeJIMUYEHHs 3a00JIEBa€MOCTH apTe-
puanbHoi runeprensueii (AlY) u C/I2 nocie MeHO-
Iay3bl ¢ IOCTIEAYIOIMINM UX COBMECTHBIM BKJIAZIOM B
JUCHYHKITUIO SHOTEJIHS, YTO CIIOCOOCTBYET Pa3BU-
THIO HilleMuueckoi 6oesuu cepana (UBC) [5].

Haynure yHUKQIBHOTO IOTIOJTHUTEIBHOTO (Dak-
TOpa PUCKA JJIs *KEHIIIUH, MEHOIIAY3bl, OIPE/IeJIseT
MeHomnay3aibHbll (penorunn MC. Ero ¢popmupoBa-
HUe UMeeT CBOIO TPAEKTOPHIO, TECHO CBS3AHHYIO C
U3MeHeHnEeM (PYHKIHOHAJIBHOTO COCTOSTHUSA OCH
«tunodu3 — SUIYHUKH»: OT IPEMEHONay3bl K CO0-
CTBEHHO MeHOIIay3e U MocTMeHomnay3e. [Ipemenona-
y3a MOKET HaCTylaTh 3a 5—10 JIET 0 MEHOIAy3bl,
GUBHNOIOTUYECKUH BO3PACTHOH JHMANa30H KOTOPOH
ompeJieJieH KaK 45—55 JIeT IIPU CPeJHEM BO3pacTe
51.3 roja [6]. MeHomay3a sBJISETCA MOTEHI[HATb-
HBIM (AKTOPOM pHCKa pa3BuTus VP He3aBUCUMO OT
BO3PAcCTa, BEPOSITHO, U3-3a CHUKEHUSI YPOBHS 3CTPO-
reHoB. [Ipu aTtom P u cBsizaHHBIE C HEH MeTaboIH-
yeckue Hapymenus: JIJII1, HapacTaHue maccol Tesna
(omenenHoe 1o uHAEKCY Macchl Tena (MMMT) u
okpyskHocTH Tayinu (OT)) U CHUKEHUE TOJIEPAHTHO-
CTH K TJIIOKO3€ — UMEIOT TEH/EHIUI0 K PEe3KOMY
POCTY ¢ HACTyILJIEHHEM MeHOIay3sl [7].

OpuuM U3 nepBhIX cpefu BapuanToB MC omucan
(beHOTHII TUTIEPTPUTITUIIEPUIEMUIECKOTO OXKUPEHIIS,
win GEeHOTHI TMIEPTPUIVINIIEPUIEMIYECKON TN
(yBemuenHas OT y My»>KUYHH U JKEHIIIH B COYETAHUU
¢ ypoBHeM Tpuriuiiepunos (TT) > 1.77 mmonb/in),
paclieHeHHBIN KaK WHTETPATHBHOE 3€PKAJI0 IIPH3HA-
KoB cuHpoMa [8]. B To ke BpeMs OCHOBHBIM KOMIIO-
HeHTOM KacTepa cuutaioT Al [9]; oHa TecHO matodu-
3uosiornyecku cBazaHa ¢ MC uepes3 VP u oxxupenue.
AT' mpejicraBisieT coOOW Bemylmui (HaKTOp PpHUCKA,
OTBETCTBEHHBIH 32 MOBBIIIEHUE CEPIEUHO-COCYTUCTOMN
CMEPTHOCTH U 3a00J1eBaeMOCTH [10].

components of pathogenesis that accelerates this
pathway is insulin resistance (IR) [2].

The MS cluster, defined as a combination of three
or more components, suggests the presence of its dif-
ferent phenotypes, each of which is a risk factor for
cardiometabolic diseases (CMD). The individual
components of MS are the same in women and men,
but there are gender differences in how and when
these components appear, i.e. men and women expe-
rience different trajectories of cardiometabolic risk
(CMR) throughout the life course [3]. Thus, with age,
women showed a more significant increase in the
prevalence of MS compared with men [4] due to a
sharp increase in the incidence of arterial hyperten-
sion (AH) and T2DM after menopause, with their
subsequent joint contribution to endothelial dys-
function, which supports the development of coro-
nary artery disease (CAD) [5].

The presence of a unique additional risk factor for
women, menopause, defines the menopausal MS
phenotype. Its formation has its own trajectory,
closely related to the change in the functional state of
the pituitary-ovaries axis: from premenopause to
menopause and postmenopause. Premenopause can
occur 5—10 years before menopause, the physiologi-
cal age range of which is defined as 45—55 years with
an average age of 51.3 years [6]. Menopause is a
potential risk factor for IR regardless of age, proba-
bly due to a decrease in estrogen levels. At the same
time, IR and related metabolic disorders: DLP, body
weight gain (assessed by body mass index (BMI) and
waist circumference (WC)) and decreased glucose
tolerance tend rise dramatically with the onset of
menopause [7].

One of the first variants of MS described the phe-
notype of hypertriglyceridemic obesity, or the
hypertriglyceridemic-waist phenotype (increased
WC in men and women in combination with a tri-
glyceride (TG) level > 1.77 mmol/1), regarded as an
integrative mirror of the signs of the syndrome [8].
At the same time, AH is considered to be the main
component of the cluster [9]; from the stand point
of pathophysiology, it is closely associated with MS
via IR and obesity. AH is a leading risk factor
responsible for increased cardiovascular mortality
and morbidity [10].

In this regard, the relationship between AH and
carbohydrate metabolism disorders (CHMD) in peri-
menopause is of interest. A number of epidemiologi-
cal studies have shown that the prevalence of T2DM
in postmenopausal women, along with its significant
increase in comparison with premenopausal women
(19.4 and 12.1%, respectively; p < 0.05), was most
strongly associated with BP levels (odds ratio
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B 5TO#i CBSI3W TIpEJICTABJISIET UHTEPEC B3aUMOC-
BA3b Al ¢ HapylIeHHSMU YIJIEBOAHOTO OOMeEHa
(HYO) B mepumeHomnayse. B psijie amu1eMHOJIOTH-
YEeCKUX HMCCJIEIOBAaHUH MTOKa3aHO, YTO PaCIpoCTpa-
HeHHOCTh C/[2 B mOoCcTMEHOIay3e, HapsAy ¢ ee 3Ha-
YUMBIM YBEJIMUeHUEM B CPDABHEHUU C IIPEMEHOTIAY-
301 (COOTBETCTBEHHO 19.4 U 12.1 %; p < 0.05), Hau-
OoJiee CHJIBHO acCOIUUPOBAIACh € ypOBHAMH A/l
(orHomenue maucos (OI) = 1.521; 95% moBepu-
TesbHbIN nHTepBas (JI1) = 1.234-1.875; p < 0.001)
[11]. IIpu sTOoM BimsiHue AI' HA BOBHUKHOBEHHE U
BeIpakeHHOCTh MC U fipyrux dakropos pucka CC3
V 2KEHIIWH B IepUMeEHONay3€e HU3y4eHO Majio [12].
ITockoIbKY OOIIUEA Ccep/IeUHO-COCYTUCThIA PHUCK
cocymecrBoBauus A" u CJ[2 mpesncraBiiseT cob6oit
KOMOWHUPOBAHHBIA WIN Ja’ke MYJIbTHILINKATHB-
HBIA PHUCK IS Kaxkzgoro sabosieBaHus [13], He
BBI3BIBAET COMHEHHUU HEOOXOAMMOCTH BBIZEIECHUS
crenu(pUUECKUX BAapUAHTOB IIPEMETA00THIECKOTO
CHH/IpOMaA C aKIeHTOM Ha napamerpsl 1P B nepu-
MeHomnayse. Ocoboe BHUMaHUe IPUBJIEKAET (eHO-
tun dopmupoBanusa MC, u3HauaJIbHO BKJIIOYAIO-
muii AT 6e3 HYO.

Il BBIABJIEHUs  WHCYJIMHOPE3UCTEHTHOCTH
WCIIOJIb3YIOT PpAa3JIMYHble CyppOTraTHbIE WHJIEKCHI,
KOPPEJINPYIOIIUE C e 30JI0ThIM CTaHJIAPTOM — TPY-
JIOEMKHUM SYTJIMKEMUUYECKUM KJISMIIOM. B mocites-
Hee BpeMs IPEUMYIIECTBO OTJAETCs HEUHCYJIHMHO-
BBIM HHJIEKCAM, CPEU KOTOPHIX KaK aJIbTepPHATHB-
HbII 6noMapkep VP 6611 neHTUGUITTPOBaH UHAEKC
tpurunepuasl-roko3a  (TyG). IlpexncraBiieHbl
HaZle’KHbIE CTATHUCTUYECKHE JaHHbBIE, CBUJIETE/Ib-
CTBYIOIIIE O TOM, uTO UHJeKC TyG CBsi3aH C pa3Bu-
trem u nporHozoM CC3 [14] u merabosimuecKkoro
cuHzipoMma [15].

ITEJIb NCCJIEAJOBAHUA

Onenuthb acconuanuu ypoBHed A/l u TyimkeMun
Hatomak (C'H) mpu hopMUpOBaHUN WHCYJIUHPE3H-
CTEHTHOTO MEHOIIAy3aJbHOTO MeTabO0JIUYECKOTO
CHUHZIPOMA B KOTOPTE JKEHIUH 35—59 JIeT 0e3 auc-
IJIUKEMHUH, ¢ apTEPUAIbHOU THIIEPTEH3UEH U HOP-
MOTEH3UBHBIX.

MATEPUAJIBI 1 METO/IbI

B oz1HOLIEHTPOBOE ITOIIepeYHOe KOTOPTHOE HCCIIe-
JIOBaHUEe B paMKax NPOoQUIaKTUYECKOro OCMOTpa B
MeJICaHJYacTH asporopra TosiMayeBO BKJIIOYEHO
88 xeHIUH 35—59 JIET: U3 HUX 30 HOPMOTEH3UB-
HbIX, 58 umenu Al'. Kpurepuu uckitouenusa: HYO u
ZIPyTHe SHIOKPUHHbBIE 3a00I€EBAHNS; paHee JUATHO-
crupoBa"Hble IBC, xpoHnYeckas cep/ieuHas HeJo-
CTAaTOYHOCTD; yKa3aHUs B aHaMHe3e Ha IlepeHeceH-
HBIE OCTpPBIe CEpPAEYHO-COCYAUCTBIE OCI0KHEHU,;

(OR) = 1.521; 95% confidence interval (CI) = 1.234—
1.875, p < 0.001) [11]. At the same time, the influence
of AH on the occurrence and severity of MS and other
risk factors for CVD in perimenopausal women have
been little studied [12]. Since the total cardiovascular
risk of AH and T2DM is a combined or even multipli-
cative risk for each disease [13], there is no doubt
that it is necessary to identify specific variants of pre-
metabolic syndrome with an emphasis on IR param-
eters in perimenopause. Particular attention is
drawn to the MS formation phenotype which initially
includes AH without CHMD.

Various surrogate indices are used to detect insu-
lin resistance, correlating with its gold standard, the
labor-intensive euglycemic clamp. Recently, prefer-
ence has been given to non-insulin indices, among
which the triglyceride-glucose (TyG) index has been
identified as an alternative biomarker for IR. Reli-
able statistical data are presented indicating that the
TyG index is associated with the development and
prognosis of CVD [14] and metabolic syndrome [15].

AIM OF THE RESEARCH

To evaluate associations between BP levels and
fasting glycemia (FG) during the formation of insulin
resistant menopausal metabolic syndrome in a
cohort of women aged 35—59 years without dysglyce-
mia, with arterial hypertension and normotensive.

MATERIALS AND METHODS

A single-center cross-sectional cohort study
included 88 women aged 35—59 years as part of a
preventive examination at the medical unit of Tolm-
achevo Airport: 30 of them were normotensive, 58
had AH. Exclusion criteria: CHMD and other endo-
crine diseases; previously diagnosed CAD, chronic
heart failure; cardiovascular complications in a his-
tory; heart rhythm and conduction disorders; meno-
pause hormone therapy; exacerbation of concomi-
tant diseases.

Thirty apparently healthy women without AH at
the age of 43.00 (40.00; 46.25) years without hered-
itary taint of CVD and CHMD formed group 1.
Group 2 included 58 women aged 50.00 (43.75;
53.00) years with AH duration of 3.21 (1.00; 5.00)
years without regular antihypertensive therapy with
hereditary taint of CVD of 75%. Patients with AH,
except for antihypertensive therapy, did not received
any other treatment.

The examined women had a different functional
state of the ovaries: 43% were postmenopausal, its
duration was 1.64 (0.00; 2.00) years; while in
group 1, menopause was recorded in 6 (20.0%)
women, in group 2 — in 32 (55.2%). Note that some
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HapyIIEeHUs PUTMAa U IIPOBOIIMOCTH; MEHOIIAY3a/Th-
Hasi TOpPMOHAJIbHAS TEPAIIHS; COIYTCTBYIOIIHE 3260~
JIeBaHUs B CTaIU 0OOCTPEHUS.

TpuanaTh yCJIOBHO 30POBBIX JKeHITNH 0e3 Al' B
Bo3pacre 43.00 (40.00; 46.25) rojga 6e3 Hacuen-
crBenHOH otaromenHoctd mo CC3 u HYO cocra-
BUWJIU IpyIIy 1. B rpyminy 2 6bUTH BKITIOUEHBI 58 sKeH-
IUH B Bo3pacre 50.00 (43.75; 53.00) roja c JJia-
TesbHOCTBIO AT 3.21 (1.00; 5.00) roza 6e3 peryssp-
HOU aHTUTUIIEPTEH3UBHOU Tepaluy ¢ HacJIe/ICTBEH-
HoI oTsromeHHocThio 1o CC3 B 75 %. ITanuenTKu ¢
AT, KpoMe THIIOTEH3UBHOM TEPAIUU, HUKAKOTO JAPY-
rOro JIeYeHUs He TPUHUMAJIHU.

OO0cieoBaHHBIE KEHITUHBI HMEJU Pa3JInIHOe
(DyHKIIMOHATFHOE COCTOSIHUE SIUYHUKOB: 43 %
OBUIH B IOCTMEHOIIAy3€e, €e JJIUTEIbHOCTh COCTa-
BUJIA 1.64 (0.00; 2.00) rojia; Py 3TOM B T'PYIIIE 1
MeHomay3a 3apUKCHpoBaHa y 6 (20.0 %) *KeHIIHH,
B rpymme 2 — y 32 (55.2 %). OTMeTuM, UTO 4acTh
JKEHINUH HaXOJIUJIUCh B IIEPUMEHOIIay3€e, BKIII0Yas
MO3IHIO MIPEMeHOTay3y U PAaHHIOK IOCTMeHOIa-
y3y, UTO XapaKTepU3yeTcsl MOBBIIIEHHEM YPOBHEU
dommukynocrumynupyoomniero ropmona  (®CI)
> 25 MmEq/ [16].

Onpenenstmu UMT, OT. ITokazartesnn I'H B kanmi-
JISPHOW KPOBU OIEHHUBAJIMICH JIBAKBI TJTIOKO300K-
CUZIa3HBIM METOZIOM, B aHAJN3 BKJIIOUAINCH CPEl-
HUe TIOKa3aTesl; XOJIECTEPUH JIUIIOMPOTEUIOB
BbIcOKOU I1oTHOCTH (XC-JIIIBIT) u TT" onpenensiin
(epMeHTATUBHBIM KOJIOPUMETPUUECKUM METOJIOM,
nacynud, OCI' u scrpaauon (E2) — ummyHobep-
MEHTHBIM MeTOoJloM Ha aHanusatope IMMULITE
2000XPi. Mugekcet HOMA2-IR 1 HOMA2-%B pac-
CYUTHIBUIN II0 HHCYJUHY ¢ momomipio HOMA2-
calculator; unmexc TyG paccuuTbiBaiu o Gopmyie:
TyG = In [TT x TH / 2], rae In — norapucdwm; TT —
TpUrIUIEepu/bl Hatomak (mr/mn); I'H — riukemus
HaTomak (mr/m) [17].

Cratucrtuueckas 06paboTKa JAHHBIX BBIMIOJIHEHA
¢ TIOMOIIBI0 MMakera mporpamm SPSS (Bepcus 13).
[IpoBepka HOPMAaIBHOCTH PpaCIpeeIeHUs] ITPOBO-
JIJIach C WCIOJb30BaHUEM Kpurepus Kosmoro-
poBa — CmupHOBa. B cBfI3U ¢ HEHOPMAaJIHLHOCTHIO
pacrpejiesieHUs] HEMPEPBIBHBIX ITOKa3aTesied JTaH-
HbIe TIpe/icTaBiieHbl B Bujsie Me (25; 75 %), rie Me —
MeauaHa, 25 U 75 — KBapTwiu 1-d u 3-t. OneHka
3HAYMMOCTH MEKTPYIIIOBBIX Pa3JIMYUN BEJTUYUH
NpoBOAWJIaCh ¢ momolpio U-kputepusa MaHHa —
Yutaun (MW). I BbIABJIEHHUS 3aBHCUMOCTEH
HCIIOJIb30BAIH KOPPEJIAIMOHHBIA (PAaHTOBasI KOppe-
asnus CoupMeHa) KpuTepui. J[Jisi HUBeJIMpOBaHUA
BJIMSTHUS BO3pacTa MPUMEHIIN YaCTUYHYIO KOppe-
asuuio (partial correlation). B mporenypax cratu-
CTHUYECKOTO aHAJIN3a KPUTUYECKUH YPOBEHb 3HAUU-

women were in perimenopause, including late pre-
menopause and early postmenopause which is char-
acterized by increased levels of follicle-stimulating
hormone (FSH) > 25 mU/1[16].

BMI, WC were determined. FG parameters in
capillary blood were evaluated twice using glucose
oxidase method, the analysis included average
parameters; high-density lipoprotein cholesterol
(HDL-C) and TG were determined by enzymatic
colorimetric method, insulin, FSH and estradiol
(E2) were determined by enzyme immunoassay
using an IMMULITE 2000XPi immunoassay sys-
tem. HOMA2-IR and HOMA2-%B indices were cal-
culated by insulin using a HOMA2-calculator; the
TyG index was calculated by the formula:
TyG = In [TG x FG / 2], where In is the logarithm;
TG is fasting triglycerides (mg/dl); FG is fasting
glycemia (mg/dl) [17].

Statistical data processing was performed using
SPSS software (version 13). Testing for normality of
the distribution was carried out using the Kolmogo-
rov-Smirnov test. Due to the non-normality of the
distribution of continuous indicators, the data are
presented as Me (25; 75%), where Me is the median,
25 and 75 are the 1st and 3rd quartiles. Significance
of intergroup differences was assessed using the
Mann-Whitney U-test (MW). Correlation (Spear-
man’s rank correlation) analysis was used to identify
dependencies. To level the influence of age, a partial
correlation was used. In the statistical analysis pro-
cedures, significance level for rejecting the null
hypothesis (p) was taken equal to 0.05.

The study was performed in compliance with the
ethical principles for scientific medical research
involving humans, set forth in the Declaration of
Helsinki of the World Medical Association, and in
accordance with the ethical norms and rules pro-
vided for by Bulletin of the Supreme Attestation
Commission of the Ministry of Education of the Rus-
sian Federation No. 3 of 2002 On the Procedure for
Conducting Biomedical Research in Humans. The
study was approved by the Ethics Committee of the
Novosibirsk State Medical University.

RESULTS

A comparative analysis of two subgroups within
the examined cohort (Table 1) reflects significant dif-
ferences in most parameters. Thus, women of
group 2 were older, in addition to the levels of BP
forming the group they had higher anthropometric
parameters, lipid and FG levels. At the same time,
anthropometric and lipid characteristics in group 1
did not completely fit into the reference limits. The
FG levels in both groups reflected normoglycemia
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MOCTH ISl OTKJIOHEHUsI HYJIEBOH CTAaTUCTUYECKOU
TUIIOTE3BI (p) IPUHUMAJICS PAaBHBIM 0.05.
HccnemoBaHue BBIIOJIHEHO C COOJIIOAEHUEM STH-
YEeCKUX NPUHIIUIIOB IPOBEJIEHUS HAYJIHBIX MEIH-
OUHCKUX WCCIEOBAaHUN C yJacTHEM YeJIOBEKA,
U3JIOKEHHBIX B XeJbCHHKCKOU Jekyapanuu Bce-
MHWUPHON MEAUIIMHCKOU acCOIUAIUHU, U B COOTBET-
CTBUH C STUYECKUMH HOPMAaMH U MTPABUJIAMU, IIPEJI-
YCMOTPEHHBIMH OIoJIyIeTeHeM Bpiciell aTrecraiu-
OHHOU KoMuccuu MuHHcTepeTBa oOpazoBanus Poc-
cuiickoit ®exnepanuu N2 3 oT 2002 1. «O mOpsAKe
MPOBeIeHUsA OUOMENUITUHCKUX WCCIEA0BAHUN Y
yesioBeKa». IIpoBejieHUe HCCIeTOBaHUSA O700pEHO
KOMHUTETOM II0 3THKe HoBocHOWpPCKOTO ToOCymap-
CTBEHHOT'O METUIUHCKOTO YHUBEPCUTETA.

PE3YJ/IBTATDI

CpaBHUTEIbHBIA aHAJIN3 JABYX HOJATPYII B paM-
Kax 00cjieZloBaHHON KOTOPTHI (Taby. 1) OTpakaer
3HAYMMble OTJIUYUS OOJIBIIMHCTBA ITaPAMETPOB.
Tak, »KEHITUHBI IPynmbl 2 OBLIN CTapIle, KpoMme
dopmupyromux rpynmy ypoBHeid Al umenn Gosee
BBICOKHE AHTPOIIOMETPHUUYECKHE IOKa3aTeJy,
ypoBHHU sunuzoB u I'H. Ilpu aTom anTponomerpu-
4JecKue U JIMNHUAHBbIE XapaKTepUCTUKHU B rpyle 1
MIOJIHOCTBIO He YKJIAJBIBAJIUCH B pepepeHCHbIe Tpe-
nestbl. YpopHu I'H B 06enx rpymiiax oTpaskaad HOp-
MOIVIMKEMHUIO IIPU CPABHUMBIX IIOKa3aTesAX WHCY-
JuHeMUH, a Takxke nHaekca HOMA2-%B. Ogaako B
rpynmne 2 mapaMeTphbl IJIMKEMHUH OBUIH 3HAYHUMO

with comparable values of insulinemia, as well as
HOMA2-%B. However, in group 2, glycemic param-
eters were significantly (p = 0.011) higher compared
to women without AH, although they were within the
reference values. Insulin resistance indices: insulin
(HOMAZ2-IR) and non-insulin (TyG) also in the pres-
ence of AH were higher than those in group 1.

The functional state of the pituitary-ovaries axis
was assessed by the levels of FSH and E2. Hormonal
parameters in groups 1 and 2 (FSH - 9.10 (5.40;
49.33) and 32.75 (6.85; 74.58) mU/], p = 0.06 and
E2 - 280.76 (73.40; 442.75) and 73.40 (73.40;
269.25) pg/ml, p > 0.05, respectively) were compa-
rable, which is explained by the age range with a
large variability in FSH and estradiol levels depend-
ing on the period of the menopausal transition [18],
i.e. the examined women were at different stages of
the perimenopausal continuum, which determines
the correlation analysis in the matrix of the genera-
lized cohort (groups 1 + 2).

The Spearman analysis (R), as well as partial cor-
relation (Rpc) to level the influence of age, revealed
the presence of significant associations of systolic BP
(SBP) and FG levels, both direct and indirect via lipid
and anthropometric parameters while most of the
correlations were only partly dependent on age
(Fig. 1). Diastolic BP (DBP) levels, forming significant
and SBP-like correlations with WC and BMI (R =
0.418; 0.333; p < 0.002, respectively), have no cor-
relations with FG, insulin, and duration of postmeno-

Ta6suna 1. CpaBHeHMe KJIMHUKO-MeTab0IMueCKUX U TOPMOHA/IbHBIX [T0OKa3aTesield B rpynnax »keHuuH 35-59 yiet B
3aBUCHMOCTH OT HaJIM4Ms apTepuaabHOU runeprensun, Me (25; 75 %)
Table 1. Comparison of clinical, metabolic and hormonal parameters in groups of women aged 35-59 depending on the

presence of arterial hypertension, Me (25; 75%)

Iloka3artens / Parameter :"[1)3:1; 3)1 / Group 1 El: );nsng)z / Group 2 p,,
Bospacr, et / Age, years 43.00 (40.00; 46.25) 50.00 (43.75; 53.00) 0.001
WUMT, kr/m? | BMI, kg/m? 25.30 (22.42; 27.39) 30.60 (26.33; 34.30) <0.001
OT, cm / WC, cm 76.50 (70.25; 83.25) 89.50 (79.00; 99.00) <0.001
CA/J, MM pr. cT. / SBP, mm Hg 120.00 (120.00; 130.00) 142.50 (130.00; 160.00) <0.001
JAJZL, MM pt. cT. / DBP, mm Hg 80.00 (70.00; 80.00) 90.00 (80.00; 100.00) <0.001
XC-JIIBII, mmoJib/n | HDL-C, mmol/1 1.00 (1.00; 1.03) 0.92 (0.84; 1.00) <0.001
T[, Mmoas /a1 | TG, mmol/1 1.75 (1.49; 2.13) 2.30 (2.00; 2.500) <0.001
I'H, mmous /a1 | FG, mmol/] 3.60 (3.40; 4.33) 4.20 (3.60; 4.70) 0.011
Wucynun, MxEg/ma | Insulin, pU/ml 5.30 (3.80; 7.00) 7.30 (5.15; 12.28) >0.05
TyG, yci. en. / TyG, AU 8.58 (8.33; 8.80) 8.93 (8.66; 9.17) <0.001
HOMA2-%B 143.24 (110.50; 168.38) 158.50 (114.60; 191.40) >0.05
HOMA2-IR 1.29 (0.59; 1.27) 2.14 (0.89; 2.72) 0.005

IpumMmeyaHue.

UMT - unpekc maccol Tesa; OT - okpy»kHocTb Tanuu; CA/l, JA/] - cucTosim4yecKoe U JUacTOJUYECKOE apTepUalbHOe

naByieHne cootBeTcTBeHHO; XC-JIIIBII - Xo/1ecTepuH JUNONPOTENJ0B BhICOKOW m1oTHOCTH; TT - Tpurnuuepuap;; 'H - mnkeMus HaToLak;

TyG - UHJEKC TPUTJIULEPHUAbI-IJII0KO3a.
Note.

BMI - body mass index; WC - waist circumference; SBP, DBP - systolic and diastolic blood pressure, respectively; HDL-C - high-

density lipoprotein cholesterol; TG - triglycerides; FG - fasting glucose; TyG - triglyceride-glucose index; AU - arbitrary units.
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(p = 0.011) BbIIIIE 10 CPABHEHUIO C KEHIIMHAMU 0€e3
AT, XOTS U HaXOAWJINCH B IIpeiesiax pedepeHCHBIX
3HaYeHUH. UIHAEKCH HHCYJIUHOPE3UCTEHTHOCTH:
uHCyuHOBBIH (HOMA2-IR) W HEWHCYJIUHOBBIH
(TyG) — Taxke npu Hatmuuu A" ObUTH BBIIIIE COOT-
BETCTBYIOIIUX B TPYIIIIE 1.

@OYHKIIMOHAJIBHOE COCTOSIHHME OCHU «TUIO(PU3 —
SIMYHUKH» ObLIO oreHeHO 1o ypoHsAM OCI u E2.
TopMoHanbpHBIE TIOKa3aTeu B rpynmax 1 u 2 (PCT —
9.10 (5.40; 49.33) u 32.75 (6.85; 74.58) mMEn/xu,
p = 0.06 u E2 — 280.76 (73.40; 442.75) u 73.40
(73.40; 269.25) nr/miu, p > 0.05 COOTBETCTBEHHO)
OBUTN CPAaBHUMBI, YTO OOBICHUMO KOTOPTHBIM BO3-
PaCTHBIM JIMAIIA30HOM IIPHU OOJIBIIION BapuabebHO-
ctu ypoBHelt @CI' u acTpaziosia B 3aBUCUMOCTUA OT
IeproZila MeHOIay3aJbHOTO Iepexoza [18], T.e.
obcyieoBaHHbIE JKEHIITUHBI HAXO/IUJINCh Ha Pa3HBIX
CTaINAX IEPUMEHONAY3aJIbHOTO KOHTHHYyMa, YTO
onpesesiseT IPOBeJleHNe KOPPeIAIMOHHOI0 aHAIN3a
B MaTtpuiie 0000IIEHHON KOTOPTHI (TPYIIIIHI 1 + 2).

ITpoBenenusiii ananus mo Criupmeny (R), a Taxke
partial correlation (Rpc) JUISl HUBEJIUPOBAHUS BJIHUS-
HUS BO3PacTa BBISIBIJI HAJTMUHE 3HAYNMbIX aCCOIIHa-
nuii ypoBHel cucronuyeckoro AJl (CAM) u I'H kax
MIPSAMBIX, TAK ¥ OIIOCPEJOBAHHBIX Uepe3 JINITUIHbIE 1
AHTPOIIOMETPHUUYECKHE ITAPAMETPHI, IIPU 3TOM OOJIb-
IIUHCTBO KOPPEJIAIMOHHBIX CBsI3el ObLIN JIUIIH
YaCTHYHO 3aBUCUMBI OT Bo3pacrta (puc. 1). YpoBHU
nuacrosimaeckoro AJl (JIA/l), o6pasys 3HaUMMbIE U
cxoxkue ¢ CAJl xoppessmuu ¢ OT u UMT (cootBer-
cTBeHHO R = 0.418 11 0.333; p < < 0.002), HE UMEIOT
KoppeAnui ¢ ypoHamMu ['H, WHCY TMHA M JTATETB-
HOCTBIO TTocTMeHomay3bl (JIIIM); HECKOJIbKO cja-
Oee xoppenupyioT ¢ mnokazatessimu  XC-JITIBII
(R = -0.240; p < 0.02) u TT' (R = 0.282; p < 0.01).
[Tpn HUBEIWPOBAHWM BJIMSHUS BO3pacra YPOBHU
CAL u HOAN rtepsior cBa3u ¢ UMT u XC-JIIIBII,
coxpassas cxoxkue otHomeHus ¢ OT (R = 0.315 u
0,332; p < 0.004) u TT (Rpc = —0.299 u 0.304;
p < 0.006). IIpu sTrom OT 3HAYNMO KOPPEJHPYET C
MeTabOJIMYECKUMH — IIOKA3aTeIAMU: IPAKTUYECKH
OJIMHAKOBO ¢ ypoBHsAMHU uHcysqnHa U ['H (coorBer-
CcTBEHHO R = 0.444 u 0.448; p < 0.001), coxpaHss
cBsA3u U mpH partial correlation (Rpc = 0.349 1 0.363;
p < 0.001), ¢ TT u XC-JIIIBII (R = 0.392 1 —0.305;
p < 0.003), npuueM cBsa3b ¢ XC-JIIIBIT mosHOCTBIO
BO3pacT-3aBUCHUMA, B TO BpeM: Kak ¢ T1 oHa coxpaHs-
ercst v pw partial correlation (R = 0.342; p = 0.001).

IIpencTaBisA0T HHTEPEC KOPPeIANNOHHbBIE OTHO-
meHuda wuHAekcoB WP ¢ anTponmoMeTpuyecKUMU
XapakTepucTUKaMu: oHU cuibHee /i OT B cpaBHe-
Huu ¢ UMT, 0co6eHHO ¢ HEMHCYJIMHOBBIM HHJIEKCOM
TyG B otmmune or HOMA2-IR, u crabuibHee mpu
partial correlation (ta6J1. 2). OTMeTUM HaJTUYHE 3HA-

pause (DPM); somewhat weaker correlation with
HDL-C (R = —0.240; p < 0.02) and TG (R = 0.282;
P < 0.01). When the influence of age is leveled, the
values of SBP and DBP lose their relationship with
BMI and HDL-C, maintaining similar associations
with WC (R = 0.315 and 0.332; p < 0.004) and TG
(Rpc = —0.299 and 0.304; p < 0.006). At the same
time, WC significantly correlates with metabolic
parameters: almost identically with insulin and FG
(R = 0.444 and 0.448; p < 0.001, respectively), while
maintaining relationships with partial correlation
(Rpc = 0.349 and 0.363; p < 0.001), with TG and
HDL-C (R = 0.392 and —0.305; p < 0.003), and the
relationship with HDL-C is completely age-depen-
dent, while with TG it is also preserved with partial
correlation (Rpc =0.342; p = 0.001).

Of interest are the correlations between IR indi-
ces and anthropometric characteristics: they are
stronger for WC in comparison with BMI, especially
with the non-insulin TyG index, in contrast to
HOMAZ2-IR, and more stable with partial correlation
(Table 2). We note the presence of a significant cor-
relation between TG levels and HDL-C (R = —0.564;
p < 0.001) which remains relevant even when the
influence of age is leveled (Rpc = —0.477; p < 0.001),
as well as only partially age-dependent correlations
between FG and these lipid fractions (Fig. 1).

SBP and DBP levels being closely correlated with
each other regardless of age (R = 0.836; R_ = 0.831;

pc

p < 0.001), form associations with IR indices. How-
ever, with HOMAZ2-IR, they, like the levels of insulin,
lose their significance in partial correlation (Fig. 1).
Simultaneously, BP levels correlate with TyG, to a
greater extent with SBP (R = 0.389 and R . =0.344;
p < 0.001), somewhat weaker with DBP (R = 0.301
and R, =0.293;p < 0.01).

FG levels have significant positive correlations of
average strength with insulin levels which are stable
in partial correlation (Fig. 1); with SBP levels they
are weak (R = 0.289; p < 0.01), but only partially
age-dependent (Rpc = 0.219; p = 0.05), while for
DBP these correlations are absent. Attention is
drawn to the fact that FG correlates with almost the
same strength with all other anthropometric (BMI
and WC) and metabolic (TG and HDL-C) parame-
ters in a manner similar to SBP levels. Some differ-
ences relate to the stability of these correlations
depending on age: while maintaining correlations in
partial correlation between FG and BMI and HDL-
C, SBP loses these associations (Fig. 1). We also note
the significant correlation between FG and duration
of postmenopause in Spearman’s correlation
(R = 0.354; p < 0.001) and partial correlation
(Rpc= 0.314; p < 0.001).
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———= Bo3pacT-3aBUCUMbI€ KOPPEJSAIHUHU (3HAYUMbI TOJIbKO NPU aHau3e Mo CHUpMeHY)

Age-dependent correlations (significant only for Spearmen’s analysis)

Puc. 1. B3aumocBsA3u ypoBHeH cucTomdeckoro aprepuanbHoro gasienusa (CA) u riukemun Hatouak (I'H) ¢ mapke-
pamu u pakTopamMu GOPMHUPOBAHHUS MEHOIAY3IBHOTO META00INIECKOTO CUHPOMA B KOTOPTE JKEHIIUH HOPMOTEH3HB-
HBIX U C apTEepPUAIbHOU runeprensue 6e3 pucryikemud (rpymmsl 1 + 2) (JIAJ] — nuacrosmueckoe AJl; TyG — uHzeke
TpUTUIEPUABI-TII0K03a; XC-JITIBIT — X0J1€CTEPUH JIUIIONPOTEN/IOB BBICOKOH I7I0THOCTH; TT' — TpUTTHIEPU/IBL;
JIlIM — purenbHOCTH TocTMeHomay3bl; OT — okpy»kHOCTb Tatnu; R — koadgdunuenT koppessamnuu mo CiupMeHy;

R .- partial correlation;

* 3HAUMMOCTbD PABJIMYHH < 0.05; ** 3HAUUMOCTH PA3JINYHH < 0.01; **¥ 3HAUUMOCTD PA3JIUUUH < 0.001)

Fig. 1. Correlations between levels of systolic blood pressure (BP) and fasting glycemia with markers and factors for the
formation of menopausal metabolic syndrome in a cohort of normotensive women and hypertensive ones without
dysglycemia (groups 1 + 2) (DBP — diastolic BP; SBP — systolic BP; TyG — triglyceride-glucose index; HDL-C — high-
density lipoprotein cholesterol; TG — triglycerides; DPM — duration of postmenopause; WC — waist circumference;
BMI - body mass index; FG — fasting glycemia; R — Spearman’s correlation coefficient; R - partial correlation;

* significant difference < 0.05; ** significant difference < 0.01; *** significant difference < 0.001)

ynMoii koppeianuu ypoBHer TI' ¢ XC-JITIBIT

(R = -0.564; p < 0.001), COXpAHAIIIEH AKTyasTb- FG levels in both groups indicated normoglyce-
HOCTb W IIpPH HHUBEJIMPOBAHMM BJIHMAHHA BO3PACTA | mija with comparable values of insulinemia, as well
(R, = —0.477; p < 0.001), a TaKKe JIMIIb YACTHIHO | a3 HOMA2-%B, which showed the absence of insulin
BO3pACT-3aBUCHMble CBA3H 'H ¢ aTuMM QpakmUMAMU | secretion disorders, confirming the normoglycemic

nu/oB (CM. puc. 1). status of the examined women. An analysis of the
VEOBHH CAl u IAJl, TeCHO KOppe/IMpyst MEXIY | rest of descriptive statistics for both groups, which
coboii Hesasucmmo or Bospacra (R = 0.836; show that anthropometric and lipid parameters went

R, = 0.831; p < 0.001), o6pasyioT acconuamuu ¢ | peyond the reference limits in some apparently
unnexcamu MP. Oxnako ¢ HOMA2-IR onm, Kak u ¢ healthy women of group 1 (Table 1), does not exclude
YPOBHAMHU WHCYJINHA, TEPAIOT 3HATUMOCTb IIPH | the premetabolic syndrome presence. This terminol-
partial correlation (cm. puc. 1). OZHOBPEMEHHO | (gy isdiscussed with the aim of early identification of

44 Journal homepage: http://jsms.ngmu.ru



Ruyatkin D.S. et al. / Journal of Siberian Medical Sciences Vol. 7, No. 3 (2023)

Ta6mmua 2. KoppessaioHHbIe CBSI31 aHTPOIIOMETPUUYECKUX XapaKTePUCTHK C MH/EKCAaMU UHCYJIMHOpe3ucTeHTHOCTH TyG

1 HOMA2-IR B KoropTe 06C/ieIOBaHHbBIX KEHIUH

Table 2. Correlations between anthropometric characteristics and TyG and HOMA2-IR insulin resistance indices in the cohort

of examined women

Ilo CoupmeHy / Spearman’s

Partial correlation

Mokasartes / Parameter correlation

TyG HOMAZ2-IR TyG HOMAZ2-IR
OxpyxHocTb Tanuu / Waist circumference 0.526** 0.507** 0.424** 0.370**
Wupexc maccel Testa / Body mass index 0.437** 0.393** 0.373** 0.292*

* 3HAYMMOCTh pa3auyui < 0.01.
Significant difference < 0.01.
** 3HaunMocTb pasanunii < 0.001.
Significant difference < 0.001.

ypoBHu AJl KoppeupyioT ¢ TyG, B 60J1bI1IeH cTeleHn
cCAI(R=0.389mu R, =0.344;p< 0.001), HECKOJIBKO
cimabee ¢ JAT (R = 0.301 1 RPC = 0.293; p < 0.01).

YpoBau I'H 06pasyioT npsAMble 3HAYNMBbIE KOP-
peJISINY CpeTHEH CUJTbI C YPOBHSAMU HHCYJIMHA, CTa-
6wibHbIe pH partial correlation (em. puc. 1); ¢ ypos-
usamu CAJl — cirabeie (R = 0.289; p < 0.01), HO JIUIITH
YaCTUYHO BO3PACT-3aBHUCHUMbIE (RpC = 0.219; p =
0.05), B TO BpeMs Kak ¢ JIAJ] 3T CBSI3U OTCYTCTBYIOT.
O6pamiaer BHuManue ToT (akrt, uro I'H koppeau-
pyeT IpaKTUYeCKH C OJWHAKOBOHM CHJIOH CO BCEeMHU
ocraypHbIME aHTporioMerpudeckumu (MMT u OT) u
meraboanueckumu (TT m XC-JIIIBII) nokasare-
navu anasnornyHo ypoBHaAM CAJl. HekoTopsle oTiu-
YHsl KacaloTCs CTa0MIBHOCTH STUX CBsA3EN B 3aBHCH-
MOCTH OT BO3pacTa: TP COXpaHEHUHU KOPPEJIAIUHI B
yesoBusx partial correlation y TH ¢ UMT wu
XC-JITIBII CA/l aTu cBsi3u TepsieT (cum. puc. 1). Otme-
THM TaKke 3HauuMble oTHOIIeHus ['H ¢ aiurenbHO-
CTHIO TIOCTMEHOIIAY3bl TpU aHamu3e 1mo CrnupMeHy
(R = 0.354; p < 0.001) u partial correlation
(Rpc =0.314; p < 0.001).

OBCYXKJIEHUNE

Yposuu I'H B 06eux rpymnmax cBUI€TEILCTBOBAIHI
0 HOPMOTJIMKEMUU IIPU CPABHUMBIX ITOKA3aTeJIsaX
UHCyJIUHEeMUH, a Takxke uHaekca HOMA2-%B, uro
CBUJIETETBCTBOBAJIIO 00 OTCYTCTBUM HApyUIEHUH
CeKpeluy WHCYJIWHA, MOATBEPXK/AAas HOPMOIJINKe-
MHYECKUH CTaTyC OOCJIeJOBAaHHBIX JKEHINWH. AHa-
JIN3 OCTAJIBHBIX OIMCATEJIPHBIX CTAaTHUCTHK 00emx
IpyII, KOTOPBIe ITOKa3bIBAIOT BHIXO/ 32 pedepeHc-
HbI€ TpeiesIbl AHTPOIIOMETPUYECKUX U JIMIUIHBIX
IIOKa3areJiell y YacTHU YCJIOBHO 3/I0POBBIX JKEHIIIIH
rpynrsl 1 (cM. Tabu1. 1), He UCKITI0YAeT HAIMYHE TIpe-
MeTaboJIMUeCcKOro CHHApOoMa. J[aHHas TepMHHOJIO-
TUsl 00CYKIAETCS C IEJTbI0 PAaHHEN UIeHTU(DUKAIUHN
KapAroMeTaboIMuecKoro pucka [19], mo ¢yt B po-
JTIOJKeHUE JUCKYCCUU TI0 TIOBOZY TaK HAa3bIBAEMOTO

cardiometabolic risk [19], in fact, in continuation of
the discussion about the so-called metabolically
healthy obesity, the instability of which is defined as
a transient phenotype [20].

Numerous studies have found an association
between various indices of obesity and metabolic dis-
orders. WC is considered the best indicator for pre-
dicting MS in comparison with others: for example,
traditionally widely used BMI [21]. In our study, WC
correlated with both FG and SBP levels (almost simi-
larly with DBP) in the moderate strength range and
was only partially age-dependent, in contrast to BMI:
a weak correlation range with a leveling of associa-
tion in partial correlation (Fig. 1). Abdominal fat
accumulation, especially the mass of visceral adipose
tissue, contributes to the worsening of the dyslipid-
emic and hypertensive profile found in women with
impaired glucose tolerance [22].

It has been argued that the absolute increase in
body weight in perimenopausal women is mainly
due to aging, and not to menopause itself. However,
the redistribution of body fat with an increase vis-
ceral fat apparently depends on menopause. It is
abdominal obesity that is associated with IR and,
consequently, the risk of diabetes and MS [6]. In
addition, Genovesi et al. (2023) showed that over-
weight and high WC values are associated with
increased SBP from childhood, and insulin resis-
tance is considered as a mediator of the relationship
between them [23].

Note that in our work, DBP levels have a smaller
number of correlation relationships in contrast to
SBP. With a strong and stable relationship of SBP
and DBP levels regardless of age, as shown above, BP
levels (slightly stronger than SBP compared to DBP)
correlated with the TyG and HOMA2-IR indices,
unidirectionally (Fig. 1) with anthropometric param-
eters (Table 2). However, correlations between BP
levels and TyG were also significant when the influ-
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37I0POBOTO OKHPEHUS, HECTAOMIBHOCTH KOTOPOTO
OTPEIENAIOT KaK IPeXoAsauil ¢peHoturn [20].

B MHOTrOYHCJIEHHBIX HCCJIEA0BAHUSX ObLIa BBISAB-
JIeHa CBSI3b MEXK/Y Pa3JIMYHBIMH WHAEKCAMH OKHU-
peHus u MetabonueckuMu HapytieHusaMu. OT cuu-
TAIOT JIYYIITUM OKa3aTeseM JJisi IPOTHO3UPOBAHUS
MC B cpaBHEHUH C JIDyTUMU: HAIIPUMeED, TPATULIH-
OHHO U IIHUPOKO uctoab3yemoro MMT [21]. B Hamem
uccnenosannu OT koppenuposasna kak ¢ 'H, Tak u ¢
ypoBHsaMu CAJl (mpakTHyecKH AaHAJOTUYHO U C
JAJT) B muamasoHe cpeqHeH CHUJIbI U ObLIa JIUIIb
YaCcTUYHO BO3pacr-3aBucuMa B oriinuune ot MUMT:
JIMATIa30H KOPPEJIAIUU cJ1ab0k CUIIBI C HUBEJTUPOBA-
HHeM CBs3u mpu partial correlation (cm. puc. 1).
Haxkorienne abJOMHUHAJIBHOTO JKHPA, OCOOEHHO
Macchl BHCIEPAIbHON KUPOBOUM TKAHH, CIIOCOO-
CTBYET YXyAIIEHUIO JIUCJIUITHA/IEMUYIECKOTO U TUIIED-
TEH3UBHOTO TPOMUIISI, BHIABIIEMOIO V JKEHIIUH C
HapyIIEHUEM TOJIEPAHTHOCTH K IJIIOKO3€ [22].

BrickazaHO MHeHUeE, YTO abCOIOTHOE yBeaude-
HHe MacChl Teja y JKEHIUH B IepUMeHOIay3e B
OCHOBHOM CBSI3aHO CO CTapeHHEM, a He C caMOH
MeHonay30i. OfHAKO Iepepacipe/ieJieHHe Kupa B
OpraHu3Me B CTOPOHY YBEJIMUEHUS BUCIEPATIHHOTO,
MMO-BUIUMOMY, 3aBHCUT OT MeHoIay3bl. MMeHHO
aboMUHAIBLHOE OKUpeHue yBeanuuBaet 1P u, cie-
JIOBaTeJIbHO, PUCK paszButusa auabera u MC [6].
Kpowme toro, S. Genovesi et al. (2023) mokasasiu, 4To
n30BITOUHBIN Bec U BbIcOKHe mokazartenu OT acco-
nuupyloresa ¢ nosbilieHHbIM CAJl, HauWHAA C AeT-
CKOT'O BO3pacTa, a B KauecTBe MeJ[haTopa B3auMOC-
BSI3U M€Ky HUMH PacCMaTPUBAIOT UHCYJIMHOPE3H-
CTEHTHOCTH [23].

OtmetnM, UTO B Hate# pabote yposau /AT o6pa-
3YIOT MEHbIIIee KOJTMYECTBO KOPPEIAIMOHHBIX OTHO-
menui B oryirarie ot CA/I. Ilpu cuIbHOM U yCTONIH-
BOI HE3aBHCHMO OT Bo3pacTa cBA3U ypoBHel CA/l u
JA]T Mexxry cob0M, KaK TIOKa3aHO BBIIIE, YPOBHH A/
(meckosbko cubHee CAJl B cpaBHeHuu ¢ JIA]T) xop-
penupoBanu ¢ uHaekcamu TyG u HOMA2-IR, oxHo-
HAIpaBJIeHHO (CM. pHC. 1) ¢ AaHTPOIIOMETPHUYECKUMHE
mapameTrpamu (cM. Tabst. 2). OHaKO KOpPEJIAIHOH-
Hble oTHOIeHu:A ypoBHer AJl ¢ TyG ObLIH 3HAUUMBI
U TIpM HUBEJIMPOBAHWM BJIMSHHS BO3pacra, a ¢
HOMA2-IR npu partial correlation mcuezanu (cm.
puc. 1). ITojruepkHEM, 9TO GOJIBIIIEE YHCIIO ACCOITHA-
nu# ¢ ux 6osbinel crabuabHocThiO y CAJl B Hatrel
KOTOPTE >KEHIIIUH COTJIACYeTCs] C MHEHHEM O TOM, UTO
WMEHHO crcToimdeckoe A/l mMeeT GOJIBIIYIO TPOTHO-
CTHUYECKYIO IIEHHOCTD, UeM JHacToIndeckoe [13].

B Hacrosiiee BpeMs y:Ke He BbI3bIBAET COMHEHUH
TecHast cBsaA3b CAJl ¢ WP, oneHeHHAasl ¢ IOMOIIIBIO
Pa3JIMYHBIX UHAEKCOB. TpaInIIMOHHO B KOTOPTHBIX
U STHIEMUOJIOTHYECKUX HCCIIEIOBAHUSX UCIIOIb30-
Basin HOMA-IR, mos:xe ObL1a mpeiokeHa 0OHOB-

ence of age was leveled, and they disappeared with
HOMAZ2-IR in partial correlation (Fig. 1). We empha-
size that a greater number of associations with their
greater stability in SBP in our cohort of women is
consistent with the opinion that it is systolic BP that
has a greater prognostic value than diastolic [13].

At present, there is no doubt about the close rela-
tionship between SBP and IR assessed using various
indices. Traditionally, HOMA-IR was used in cohort
and epidemiological studies; later, an updated com-
puter model of HOMA2-IR was proposed, the advan-
tage of which is the assessment of not only hepatic
but also peripheral glucose resistance [24]. Among a
number of publications on a significant relationship
between SBP and HOMA-IR, a cohort study by
Ramesh et al. (2022) which included men and
women with AH and normotensive patients (50 peo-
ple in each group), draws attention to the fact that
with a BMI < 25 kg/m?, the elevated TG levels were
recorded in patients with AH [25], which again refers
us to the discussion about the relationship between
BMI and metabolic health [26].

Studies using HOMA2-IR are rare but Lin et al.
(2022) in a prospective study (1177 subjects, mean
follow-up of 4.54 years) not only found a positive
association between SBP and DBP and HOMA2-IR
at baseline but also noted the effect of AH on IR pro-
gression over time [27]. In our work, correlations
between SBP and DBP and HOMA2-IR were age-
dependent, disappearing in partial correlation; simi-
lar correlations were found for SBP (but not DBP)
with insulin levels. Of course, the nature of correla-
tions depends on the studied cohort. In our study,
the presence of signs of MS was assumed taking into
account the perimenopausal period which is closely
related to age; the duration of AH was low.

As shown above, the correlations of BP levels with
the TyG index, in contrast to HOMA2-IR, were only
partially age-dependent. The menopausal transition
regardless of aging is associated with the adverse
changes in body fat distribution, lipid profile, IR, and
vascular remodeling. During perimenopause, fat
deposition shifts in favor of the visceral depot, which,
in addition to reducing the protective effect of estro-
gens, contributes to endothelial dysfunction,
increased inflammation and increased vascular wall
stiffness, which are markers and causes of CAD in
women [1].

Postmenopausal women tend to have higher lev-
els of LDL-C, triglycerides, and lower HDL compared
to premenopausal women [28]. Note that these
changes in the levels of TG and HDL-C are markers
of MS; on their basis, the atherogenic index of plasma
which is closely related to IR is calculated [29]. In
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JeHHass KoMmmbioTepHas Mojiennb HOMA2-IR, mpe-
UMYIIECTBOM KOTOPOU ABJISETCSA OIEHKA HEe TOJIBKO
IMeYEHOYHOT0, HO U IepudepUitHOr0 KOMIIOHEHTA
[24]. Cpenu psajma mybauKanuii 0 3HAUUMOU CBS3U
CAIT ¢ HOMA-IR KOropTHOE WUCCIeOBAHUE
R. Ramesh et al. (2022), BkIOUHBIIIEE MY:KUNH U
skeHIMUH ¢ AI' ¥ HOpMOTEH3UBHBIX (10 50 4Yes. B
Ka)KIOU TPYIINe), MPUBJIEKaeT BHUMAaHUE TEM, UTO
npu UMT < 25 kr/m? y naniueHToB ¢ AT 6pu11 3auK-
CHpOBaHBI MOBBINIeHHbIE ypoBHU TT [25], 4TO BHOBB
OTChUIAeT HAC K JUCKyccuu 0 B3aumocsazu VUMT u
MeTaboJIMIECKOTO 3/T0POBbs [26].

UccnenoBanus ¢ npuMmenenueM HOMA2-IR equ-
HuuHbl, ogHako C.H. Lin et al. (2022) B mpociieKTuB-
HOM wuccieloBaHuu (1177 cyOBEKTOB CO CpPeaHUM
TIEpHOIOM HAOIIOZEHUS 4.54 TO/a) HE TOJIBKO BbIsI-
BWIN nonoxkureabHylo cBa3p CAIL u Al c
HOMAZ2-IR Ha UCXOJHOM YpOBHE, HO TaKKe OTMe-
Tuu Biausiaue Al Ha nporpeccupoBanue NP ¢ Teue-
HHEM BpeMeHH [27]. B Hamrelt paboTe KOppesIsAInoH-
Hele cBsa3u CAJl m JIAHL ¢ HOMA2-IR Hocuau
BO3pacT-3aBUCUMBIH XapaKTep, ucuesas mpu partial
correlation; aHaJIOTUYHbBIE ACCOIMAIINH BBISABJIEHBI ¥
CAl (Ho me JAJ]) c ypoBHAMU WHCyIuMHA. besy-
CJIOBHO, XapaKTep KOPPEJIAIUA 3aBUCUT OT UCCIIEY-
eMOU KOTOPTHI. B HallleM ucciieJloBaHuM IpeAIoIa-
rajioch Hajiuure npusHakoB MC ¢ yueTom mepume-
HOTAy3aJIbHOTO TIePH0/ia, TECHO CBSI3aHHOTO C BO3-
pacrom; autesbHOCTD Al' GbL1a HEBBICOKA.

Kaxk mokazaHo BblIIIIe, KOPPEJIAIMOHHBIE OTHOIIIE-
Husa ypoBHed AJ] ¢ mHzekcoMm TyG, B oTsinume OT
HOMA2-IR, ObLIM JIMIIb YACTUYHO 3aBUCHUMBI OT
Bo3pacTa. MeHoIay3a/JbHbIA II€PEX0/l, HE3aBUCUMO
OT CTapeHusI, CBSI3aH ¢ HeOJIaTOPUATHBIMU U3MeHe-
HUSAMH B paclpeieJIeHUH KUpa B OPTaHU3Me, IIPO-
¢uie mununos, P u pemosempoBaHuu cocyzos. B
Tepuo/, IepUMeHONay3bl OTJI0KEHUE KUpPa cMella-
eTcs B II0JIb3Y BUCLEPAJIBHOTO JIEI0, UTO, IIOMUMO
CHHKEHUS 3aIUTHOTO JIEUCTBUSA BCTPOTEHOB, CIIO-
cobcTByeT AUCHYHKIIMN SHIOTENS, YCUIEHUIO BOC-
TMajJIeHus] W YBEJIMYEHWIO KECTKOCTU COCYHCTOMN
CTEHKH, KOTOPBIE SIBJISIOTCS MapKepaM# U IIPUYH-
wamu UBC y sxeHnmuH [1].

VY JKeHIIUH B IIOCTMEHOIIay3e HabJI0IaeTcs TeH-
JleHIus1 K 60s1ee BicOkuM ypoBHaM XC-JIITHIT, Tpu-
runepuoB u cHmkenuio JIIIBII mo cpaBHeHUIO €
JKEHITUHAMH B mpeMeHormnayse [28]. OTmeTum, 4To
ykazanHele usMeHeHus ypoBHed TT' m XC-JITIBII
ABJSAIOTCA MapkepaMu MC; Ha UX OCHOBE PaCCUUTHI-
BaeTcs MHJIEKC aTepOTreHHOCTH IIJIa3Mbl, TECHO CBSI-
3aHHbIl ¢ VP [29]. ¥V KeHIIUH B IIepUMEHOIIay3€e C
HuskuMm ypoBHeM XC-JITIBII puck caxapHoro aua-
OeTa BBIIIIE, YEM Y 3/IOPOBBIX, B 2.2 pa3a [30]. Takke
npu a"anuse BpeMeHHoU cBa3u TT' u XC-JIIIBII ¢
WP aBTOpHI OOHAPYKHUJIN IBYHAIIPABJIEHHOCTD 3THUX

perimenopausal women with low levels of HDL-C,
the risk of diabetes mellitus is 2.2 times higher than
in healthy women [30]. Also, when analyzing the
temporal relationship of TG and HDL-C with IR, the
authors found bidirectional associations between
them. It is emphasized that in women, triglycerides
are one of the most important risk factors for
T2DM [1].

In our study, it is these lipid fractions that, in
addition to mutual close correlations, also had sig-
nificant and only partially age-dependent relation-
ships with FG levels. There is evidence that risk fac-
tors are more than additive. It is believed that one of
the main factors accelerating this pathway is insulin
resistance, which also has a genetic component. The
presence of high values of WC, apparently, contrib-
utes to this process [2], which is consistent with the
correlations of WC found by us with metabolic and
hemodynamic markers.

The correlations between FG and insulin (Fig. 1)
are explainable in terms of pathophysiology since FG
levels are markers of the adequacy of basal insulin
secretion and insulin sensitivity in the liver and kid-
neys [31]. FG values are considered a significant risk
factor for AH, although age, sex, WC, BMI and
changes in body weight may affect the predictive
power of FG levels. We should note the increase in
fasting glycemia in the group of patients with AH,
which we found, although within the reference values
and in the absence of differences between the groups
in the levels of insulin and HOMA2-B, and which
reflects the secretory capacity of the insular appara-
tus. A correlation analysis of FG with IR indices is
not correct since FG parameters are included in the
formulas for their calculation. In this situation, the
correlations of FG with insulin, moderately strong,
stable, only partially age-dependent, reflect a high
activity of insulin-secreting B-cells. In turn, some
effect of age, especially indirect, via the above-men-
tioned correlation of FG levels with the duration of
postmenopause, which persists even when the effect
of age is leveled, allows us to predict the onset of dys-
glycemia with the duration of the menopausal con-
tinuum when not taking preventive measures, i.e.
initially, insulin production increases to maintain
glucose homeostasis but it declines over time [10].

The nature of a significant direct correlation
between SBP and FG is weak, partly age-dependent
(Fig. 1). At the same time, attention is drawn to the
almost mirror nature of the relationships of both
SBP and FG with age, anthropometric and lipid
parameters; the difference is only in the closer rela-
tionship between FG and insulin and its greater sta-
bility regardless of age (Fig. 1). Let us note that all
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oTHOIIeHUH. [ToTuepKUBaeTcs, 4TO y KEHIIUH TPH-
[VIUIEPUIBI TIPEACTABIISIOT c000i OauH U3 Hanbo-
Jiee BaXKHBIX (aKTOPOB pucka pazsutus C2 [1].

HmeHHO 3TH ppaknuu JIUMUOB B HAIIIEM KCCIIe-
JIOBAaHUU, KPOME B3aMMHBIX TECHBIX KOPPEJIALHH,
TaKke 00pasyloT 3HAYMMBIE W JIUIIb YaCTHYHO
BO3pacr-3aBucuMble cBA3U ¢ ypoBHAMHU ['H. Ectb
CBUJIETEIHCTBA TOTO, UTO (DAKTOPHI pHCKa OoJiee ueM
agauTuBHBL. CUyuTaercs, 4TO OJJHUM U3 OCHOBHBIX
($axTOpOB, YCKOPSIOMIUX 3TOT IIyTh, ABJISAETCS PEe3U-
CTEHTHOCTh K WHCYJIMHY, KOTOpasg UMEET U TeHeTH-
YeCKHU KOMIIOHEHT. Hasmune BBICOKWX 3HAUYEHUH
OT, mo-BUAMMOMY, CIOCOOCTBYET STOMY IIPOIECCY
[2], uTo coryacyercsi ¢ BHISABJIEHHBIMH HaMH KOppe-
asuuoHHbIME cBsa3siMu OT ¢ mMeTabosmyecKUMu u
reMo/INHaMHUYeCKUMU MapKepaMu.

Koppensanuonusie otHomenusa I'H ¢ uacysnaoM
(cM. puc. 1) OOBACHUMBI MATO(PUIHOJIOTHUECKH,
IIOCKOJIbBKY ypoBHU I'H dABAAIOTCA WHANUKATOPOM
aZeKBaTHOCTH 0a3ajibHOH CEKPelUd WHCYJIHMHA U
YyBCTBUTEJIBHOCTU K HHCYJIMHY I€YeHU U IIO0YeK
[31]. ITokazaresm T'H cumrarTcs 3HAYUTETHLHBIM
daxropom pucka Al', xors Bozpacr, oy, OT, UMT u
U3MEeHEeHHUs Macchl TeJla MOTYT BJIMATH HA IIPOTHO-
CTUYECKYIO CcIIocOOHOCTh ypoBHed I'H. Otrmerum
BBISIBJIEHHOE HAaMH IOBBIIIIEHHE TTOKa3aTesed TJIH-
KeMUH HaTOIIAK B IpYIIIe ManueHTok ¢ Al', XoTd u B
npejiesiax pedepeHCHbIX 3HAYEHUH U IMPU OTCYT-
CTBUHM PA3JINYUN MeXAy TpynnaMu II0 YPOBHAM
nHcysimHa 1 HOMAZ2-B, orpakaioiiero cekperop-
HyI0 CITOCOOHOCTH MHCYJIApPHOTO ammapara. Koppe-
aanuoHHbIM aHamm3 ['H ¢ uaaexkcamu WP He Kop-
peKTeH, Tak Kak nokasatesu I'H Bxogat B popmysibl
ux pacyera. B aToil curyanum koppeysinuu ['H ¢
WHCYJINHOM, CpPeIHEeH CHWIbl, CTaOWIbHBIE, JIUIIh
YaCTUYHO [10/[Bep;KEHHbIE BIUAHUIO BO3PAcTa, OTpa-
J)KAIOT ~HAMPSKEHHYI0 UHCYJIUHCEKPETUPYIOIILYIO
aKTUBHOCTH [(-KJIETOK. B CBOIO ouepenb, HEKOTOPOE
BJINSTHHE BO3pAcTa, OCOOEHHO KOCBEHHOE, Yepe3
OTMEUYEHHYIO BbIllle Koppessnuio ypoBHed I'H c¢
JUIUTEIbHOCTHIO TTOCTMEHOIIAY3bI, COXPAHSIOILYIOCS
U IPU HUBEJIUPOBAHUM BJIMAHUSA BO3pacCTa, IIO3BO-
JISIET TIpeIToJIaraTh IPOTHO3 MOSBJIEHUSA TUCTIINKE-
MHH 10 M€epe JUITUTETbHOCTH MEHOTIAy3aIbHOTO KOH-
TUHyyMa 0e3 MPUHATUA NPOMIIAKTUYECKUX Mep,
T.€. IEPBOHAYAJIPHO BRIPAOOTKA MHCYJINHA YBEJIHIHN-
BaeTcs 1 HOJIIePKaHUA TOMeocTas3a IJII0KO3bI, HO
CO BpeMeHeM OHa CHIXKaeTcs [10].

Xapaxkrep 3HaUNMOU psMou koppesrsanun CAJL ¢
I'H cnabblif, 4YacTMYHO BO3PACT-3aBUCUMBIN (CM.
puc. 1). Ilpu sTOM Obpamiaer BHIMaHUE IIOYTU 3ep-
KaJIbHBIN xapakTtep cBsa3elt kak CAJl, tak u I'H c Boz-
pacToM, aHTPOIIOMETPUYECKIMH U JIUITUHBIMU [1apa-
MeTpaMu; OTJIMYHeE JIUIIb B 60s1ee TecHouU cBs3u ['H ¢

these parameters (lipids, WC and age) are mediators
of IR, among which the WC values somewhat stron-
ger correlate (medium strong) with SBP and FG lev-
els. However, associations of SBP with IR indices
that are calculated using FG parameters, also reflect
the relationship between SBP and FG based on IR.
A closer and more stable correlations between SBP
and TyG, but not with HOMA2-IR, along with stable
and less age-dependent levels of TG and HDL-C, but
not with insulin, indicate the leading role of lipotox-
icity and glucotoxicity in the IR development. Meloni
et al. (2023), when analyzing gender differences in
cardiometabolic risk, emphasize that the extensive-
ness of the relationships between the MS compo-
nents indicates the pathogenetic similarity of their
development [1].

Our earlier analysis in a cohort of postmeno-
pausal women with different levels of BP, with nor-
moglycemia and early CHMD showed a significant
contribution of IR/insulin sensitivity to their pro-
gression with the participation of the phenomenon
of lipotoxicity and glucotoxicity even at the prenoso-
logical level of the developing of dysglycemia,
assessed in accordance with the ADA criteria by the
level of HbA1c > 5.7% [32]. Our findings in two
cohort studies, including perimenopausal and post-
menopausal women, are consistent with Jeong, Park
(2022) that the components of metabolic syndrome
are independent; however, visceral obesity and insu-
lin resistance are at the center of the pathology [6].

BMI and WC increase in men and women with
age but the trend changes between men and women
aged 50—59 years. It is emphasized that middle age
can be a critical window of opportunity for improve-
ment of cardiometabolic health and use of early pre-
vention strategies [3]. Cardiometabolic risk is a gen-
eral term that includes various risk factors such as
dyslipidemia, central obesity, AH, and dysglycemia.
Diagnostic criteria for metabolic syndrome vary, and
there is no universal tool for its detection [29]. How-
ever, insulin resistance is considered as the main
pathophysiological link of MS, which unites all its
components [2, 6, 15, 23], that substantiates the
problem of insulin resistance assessment. Of the sur-
rogate markers, non-insulin indices currently have
priority, while the TyG index, pathogenetically
reflecting the relationship between carbohydrate and
metabolic metabolism, surpasses HOMA-IR in pre-
dicting metabolic syndrome [33].

CONCLUSION

An analysis was performed for a cohort of women
aged 35—59 years without carbohydrate metabolism
disorders who are at different stages of the peri-
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VPOBHSIMU WHCYJIMHA U ee OoJibllield CTabUIBHOCTHIO
HEe3aBUCHMO OT Bo3pacTa (cM. puc. 1). OTMeTuM, 4To
Bce TH napameTpsbl (siunuauable, OT v BO3pacT) SBJIsi-
0TCcA MeguaTopaMu UP, cpeayl KOTOPBIX HECKOJIBKO
60Jsiee CHIIBHBIN XapakTep (CpeaHe-CHJIbHBIN) C YPOB-
Hamu CAJl u 'H umeer OT. Bmecre ¢ TeM accoruaniym
CAJl c uazexcamu VP, B pacueT KOTOPBIX BKJIIOUEHBI
ypoBHU ['H, Takske oTpakatoT cBsa3b Mexxay CAJl u I'H
Ha ocHoBe IIP. BoJjee TecHBIN 1 cTaOMIBHBIN Xapak-
Tep cBs13u CA/l ¢ TyG, Ho He c HOMA2-IR, Hapsiy co
CTaOWIbHBIMU U MEHee 3aBHCHMBIMH OT BO3pacTa
ypoBHaAMU TT" u XC-JITIBII, HO HE ¢ UHCYJIMHOM, CBU-
JIETEJILCTBYET O BEJYIIEH POJIH JIUITOTTIOKOTOKCUYHO-
ctu B popmuposanuu VIP. A. Meloni et al. (2023) npu
aHayIM3e TeH/IEPHBIX Pa3IMUUN KapauoMeTabosirde-
CKOTO PHCKA MOYEPKUBAIOT, YTO OOIIUPHOCTD CBA3EH
koMITOHeHTOB MC CBUZIETEILCTBYET O ITaTOT€HETHYe-
CKO¥ 001HOCTH UX GOpMUpPOBAHU [1].
ITpoBeneHHBINI HAMU paHee aHAJIU3 B KOTOpTE
[IOCTMEHOIAY3aIbHbIX JKEHIUH C Pa3JIMYHBIMHU
ypoBHAMHU A/l, c HOpMorankemuel u panaumMu HYO
MOKa3aJI CyleCTBeHHBIH Biian WP/uHCyTMHOUYB-
CTBUTEILHOCTU B UX IPOTPECCUPOBAHUE C YIACTHEM
(¢eHOMEHA JIMTIOTVIIOKOTOKCUYHOCTH ellfe Ha JIOHO-
30JIOTHYECKOM YPOBHE (POPMHPOBAHUS JUCTIIUKE-
MWH, OIIEHEHHOW B COOTBETCTBUHM C KPUTEPUIMH
ADA 1o yposHio HbA1c =5.7 % [32]. IlosyueHHbBIE
HaMU JIJaHHBIE B JIBYX KOTOPTHBIX HCCIIEZIOBAHUAX: C
BKJIIOUEHUEM >KEHIIUH B TIEPUMEHOIIay3e U IOCTMe-
Homlay3e — coryacyioTed ¢ MHeHuneM H.G. Jeong,
H. Park (2022) 0 TOM, 4TO KOMIIOHEHTBHI MeTabO0J K-
YeCKOTO CHHJpOMa SIBJISIOTCSA HE3aBUCHMbBIMU;
OJTHAKO BUCIIEPAJIBHOE O3KUPEHNE U PESUCTEHTHOCTh
K MHCYJIMHY HaxOJATCS B IIEHTPE MAaTOJIOTHH [6].
UMT u OT yBenuumBarTCsa y MY>KYUH U KE€H-
IIUH C BO3PACTOM, HO TEHAEHI[US MEHAETCA MEeXIY
My>KUYMHAMHU U KEHITUHAMU B BO3pacTe 50—59 JIeT.
[ToguepkuBaeTcs, YTO MEPUOJ, CPETHETO BO3pacra
MOXKET OBITh KPUTUYECKHM OKHOM BO3MOXKHOCTEH
JUIsl ONTUMM3AIUU KapAHOMeTab0JIIMIECKOTO 370-
POBbsS ¥ MHULIMUPOBAHUS CTPATETU paHHEH IIpo-
mraktuku [3]. Kapauomerabomnyeckuii pucK —
9TO OOIIUHA TEPMHUH, KOTOPBIA IPeAIoaraeT pas-
JUYHbIe (PAKTOPBI PUCKA, TaKWe KaK JTUCIIUMHE-
MU, [eHTpajJibHOe OKupeHue, Al' U JuCriInKeMus.
Jluarsoctuueckue KpUTEpUH MeTab0JINYecKOro
CHHJIPOMAa pPAa3jIMYaloTCAd, ¢  YHUBEPCAJIHHOTO
WHCTPYMEHTA JJIs1 €0 OOHAPYKEHUS He CyIIeCTBYET
[29]. OnHaKOo B KauecTBe OCHOBHOTO MaTOGHU3UOJIO-
rudeckoro 3seHa MC, 00beIUHAIONIETO BCE €I0 KOM-
IIOHEHTHI, PACCMATPUBAIOT PE3UCTEHTHOCTD K MHCY-
JUHY [2, 6, 15, 23], YTO 0O0CHOBBIBAET MPOOIEMY €€
oIleHKHU. V3 CyppOraTHBIX MapKEPOB B HACTOSIIEE
BpeMs  NPHOPUTET HMEIOT  HEHHCYJIHHOBBIE

menopausal transition during the menopausal met-
abolic syndrome development. This cohort was con-
trasting in terms of such a hemodynamic sign pres-
ence as arterial hypertension. When divided into
groups depending on its presence, on the one hand,
higher values of age, anthropometric and metabolic
parameters were revealed in AH patients including
fasting glycemia at its individual reference values; on
the other hand, deviations from the reference values
of anthropometric and lipid parameters in normo-
tensive women were found. This determined the cor-
relation analysis in the matrix of the generalized
cohort of women in two versions: Spearman’s corre-
lations and partial correlation to level the influence
of age, in order to study the associations of BP levels
and fasting glycemia in the developing phenotype of
insulin-resistant menopausal metabolic syndrome,
depending on the presence of arterial hypertension
without dysglycemia. For the first time, the age-
dependence of these associations was evaluated.

Significant associations of SBP and FG levels were
revealed: direct — between themselves and mediated
through lipid (TG and HDL-C) and anthropometric
(WC) parameters of MS. There are differences in the
stability of these relationships depending on age:
while maintaining correlations with partial correla-
tion in FG with HDL-C, WC, as well as with BMI, SBP
loses these relationships. It should be noted that
these lipid parameters, WC, and age are mediators of
insulin resistance among which WC has a stronger
(medium strong) relationship with SBP and FG lev-
els. It is waist circumference, a marker of visceral
adipose tissue accumulation, in contrast to BMI, an
indicator of total body weight, that most closely and
stably correlates with IR indices, somewhat more
closely with TyG. Significant correlations of TG levels
with HDL-C (R = —0.564; p < 0.001) which remain
relevant even when the effect of age is leveled
(Rpc = —0.477; p < 0.001), as well as only partially
age-dependent associations of FG with these lipid
fractions and insulin levels reflect the paths of close
relationships between the metabolic parameters of
the cluster.

The extensiveness of relationships emphasizing
the pathogenetic similarity of MS development also
includes associations of BP levels, especially SBP,
with IR indices which are more stable with the non-
insulin TyG index, in contrast to age-dependent ones
with HOMAZ2-IR. Along with this, the significant sta-
ble correlations of the postmenopause duration with
FG reflect a high risk of progression to dysglycemia
in the analyzed MS phenotype and allow us to con-
sider menopause as a unique factor, contributing to
the rapid clustering of metabolic syndrome in women
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UHJIEKCHI, TpU 3TOM uHjieKe TyG, maToreHeTH4eCcKu
OTpakas B3aUMOCBS3b YIJIEBOTHOTO U MeTabOJIIe-
ckoro obmena, mpeBocxoaut HOMA-IR B mporuo3u-
poBaHUM MeTaboJIUYecKoro cuHapoMa [33].

3AKJIIOYEHUE

ITpoBenieH aHaIN3 KOTOPTHI JKEHIUH 35—59 JIEeT
0e3 HapyIlIeHUH YIJIeBOAHOTO O0OMeHa, Haxo/s-
IIUXCA HA PA3HBIX CTAAUAX IEPUMEHONAY3aJIbHOTO
mepexosia B Ipollecce ¢GOPMHUPOBAHUS MeHOIAy-
3aJIbHOTO MeTaboJImYecKkoro cuHApoMa. JlaHHas
Koropra ObUIa TOJIAPHA 0 TeMOAUHAMUYIECKOMY
IIpHU3HAKY — apTepuanbHOl runeprensuu. [Ipu pas-
JleJIEHUU Ha TPYIIBI B 3aBUCUMOCTH OT €€ HaJTMUUS
BBISIBJIEHBI, C OJTHOW CTOPOHBI, 60JIee BHICOKHE BO3-
pacTHbIE, aHTPOIIOMETPUYECKHE U MeTab0TUIECKIe
IoKa3aTesiu y MalueHToK ¢ Al', B TOM 4ucje TIuKe-
MUH HaTOIIAK IIPU €€ WHAUBUAYTHHBIX pedepeHc-
HBIX 3HAUEHUX, C IPYTOd — OTKJIOHEHUs OT pede-
peHca aHTPOIOMETPUYECKUX U JIMITHAHBIX MOKa3a-
TeJlell Y HOPMOTEH3UBHBIX JKEHIUH. DTO OIpeJie-
JIWJIO TIPOBE/IEHHE KOPPEeJAIMOHHOTO aHajanu3a B
MaTpuIlle 0OOOIIEHHOW KOTOPTHI JKEHIIWH B JBYX
BapuaHnTax: 1o Cnupmeny u partial correlation jist
HUBEJIMPOBAHUS BIUAHUA BO3pACTa C [IeJIbI0 U3yde-
HUS accoluanui ypoBHed AJl 1 rIIMKeMUH HATOIIAK
pu ¢popMupoBaHUU (HEHOTUIIA UHCYTUHPE3UCTEHT-
HOTO MEHOIIay3aJIbHOTO MeTaboJIMYeCKOT0 CHH-
Z[pOMa B 3aBHCHMOCTH OT HAJIUYUS apTEePUATIbHON
TUIIEpTeH3UN 0e3 JUCIJIMKEMUH. Brepsble ObLia
OIleHeHa BO3PACT-3aBUCUMOCTDb 3TUX OTHOIIIEHUH.

BeisaBsieHs! 3HAUMMBbIE accoruanuu ypoBHen CA/]
u 'H: npsvble Mexxy coOOW W OITOCpEOBAHHBIE
yepes sunuaabie (TT u XC-JIIIBII) u aHTpOIIOMETPHU-
yeckue (OT) mapamerpst MC. meroTest oTyinyus cTa-
OMIBHOCTH STHX CB3EH B 3aBUCUMOCTH OT BO3pacTa:
P COXpaHEHUHN KoppeJisiuii mpu partial correlation
yI'H ¢ XC-JIIIBII, OT, a taxske ¢ UMT, CA/l 5TH cBA3U
Tepser. OTMeTHM, UTO YKa3aHHBIE JINIHIHBIE I1apa-
Metpbl, OT u Bo3pact ABIAIOTCA MeANATOPAMU UHCY-
JINTHOPE3UCTEHTHOCTH, CPEeJI KOTOPBIX 0OoJiee sIpKUi
xapakrep (cpenHel cuibl) cBsa3u ¢ ypoBHamu CAJl u
I'H umeer OT. lIMeHHO OKPY:KHOCTh TaJINM, MapKep
HAKOIJIEHU BUCIEPATIbHOH )KUPOBOU TKAHU, B OTJIH-
uyne ot UMT, nokazareJist 001el Macchl Tejia, Hanbo-
Jiee TeCHO U CTaOWJIBHO KOPPEIUPYET C MHJEKCAMHU
WP, neckonpko TecHee ¢ TyG. 3HaumMble KOppesis-
wu ypoBHeH TT ¢ XC-JITIBIT (R = —0.564; p < 0.001),
COXpaHSAIIYe aKTYyaJIbHOCTh U IIPU HHUBEJTNPOBAHUY
BJIMSTHHST BO3pacTa (Rpc =—0.477; p < 0.001), a TaKKe
JIMIIIb YaCTUYHO Bo3pacr-3aBucuMble cBA3u ['H c¢
STUMU (PPAKIUAME JUIUIOB U YPOBHAMU HHCYINHA
OTPaXKAIOT ITyTH TECHBIX B3AUMOCBs3€el MeTabosnye-
CKUX ITapaMeTPOB KJIacTepa.

which determining the interest in clarifying the tra-
jectories of its formation. Their analysis in prospec-
tive studies is difficult given the cost and complexity
of the dynamic assessment of hormonal parameters,
which draws attention to cohort cross-sectional stud-
ies in different ethnic populations.
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HETUYEeCKyI0 oOIIHOCTh popmupoBanus MC, BKITIO-
JaeT TakKe accoruanuu ypoBHerd AJl, ocoGeHHO
CAJl, c uanexkcamu 1P, 6osiee crabuiibHbIE C HEUHCY-
JUHOBBIM HH7ekcoM TyG B oTimune OT BO3pacT-
3aBucuMbix c HOMA2-IR. Hapszy ¢ 5TUM 3HauUMble
cTabuyIbHBlE KODPPEJISAIMOHHBIE OTHOIIEHUS JJIu-
TeJIbHOCTU IocTMeHonay3bl ¢ I'H oTpaxkaioT BbICO-
KUU PHUCK IPOTPECCHPOBAHUA K JHUCIJIMKEMHUU B
ananusupyemoM ¢eHorune MC u MO3BOJAIOT pac-
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CII0COOCTBYIOIIME OBICTPOH KJIaCTepU3anui MeTabo-
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MHYECKON OIeHKH TOPMOHAIBHBIX ITApaMeTPOB, UTO
NpUBJIeKaeT BHUMaHUe K KOTOPTHBIM IIOIIEpEYHbIM
HCCIeZJOBAaHUAM B PA3HBIX STHUUECKUX IIOIyIANUAX.
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