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Abstract

Background: Many studies have shown that metabolic syndrome is
accompanied by an increase in arterial stiffness. In connection therewith, early
detection of an increase in arterial stiffness in patients with metabolic syndrome
can help to prevent cardiovascular complications.

Aim: To determine the relationship between arterial stiffness parameters
such as cfPWV and CAVI with carotid atherosclerosis indicators (intima-media
thickness, carotid plaque presence) in patients with metabolic syndrome.

Material and methods: The study included 100 patients at the age of 40-
70 years: 45 men and 55 women (56.54+8.98 years). Subjects were divided into
2 groups: 1st - 42 patients with metabolic syndrome; 2nd - 58 patients without
metabolic syndrome. The arterial stiffness parameters such as CAVI and cfPWV
were calculated. In the analysis we used threshold values recommended by
manufacturers and European expert consensus document on arterial stiffness:
for CAVI — <8, for cfPWV — <10 m/c). Duplex scanning carotid arteries was
performed to evaluate the “intima-media thickness” and carotid plaque presence.

Results: In the group with metabolic syndrome the CAVI is significantly
associated with the indicators of carotid atherosclerosis: intima-media thickness
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(OR=4.94 95%; CI: 1.49-3.80; p=0.047), carotid plaque presence (OR=3.06;
95% CI: 1.42-2.28; p=0.065). But statistically significant associations of cfPWV
with indicators of carotid atherosclerosis were not obtained (p>0.05). In the
group without metabolic syndrome none of the arterial stiffness parameters
(CAVI, cfPWYV) statistically significantly correlated with any of the carotid
atherosclerosis indicators (p>0.05).

Conclusion: The CAVI parameter, in contrast to the cfPWYV, statistically
significantly correlated with indicators of carotid atherosclerosis in patients with
metabolic syndrome. In this connection, this parameter can be used to identify
signs of not only increased arterial stiffness but also to determine subclinical
signs of carotid atherosclerosis in patients with metabolic syndrome.

Key words: metabolic syndrome, arterial stiffness, CAVI, carotid
atherosclerosis

APTEPUS KABBIPFACBIHBIH KATAIO TAPAMETPJIEPIHIH KAPOTUATI ATEPOCKJIEPO3/IbIH
KOPCETKIIITEPIMEH ©3APA BAMJIAHBICHI

C.K. Opa3zanuna, A.T. MycaranuesBa, [.P. YcaeBa, A.I. Pakumesa
Kapauonorus 6eximi, Kapanomorus sxoHe iliki aypynap FeUIBIMH-3epTTey HHCTUTYTHI, AJMaThl Kanackl, Kasakcran Pecry6imkacs!

T¥XbIPbIMAAMA

Kipicne: KentereH 3epTTeyllinep metabonukanblk CUHOPOM Ke3iHAe apTepusanblk KabblpFaHblH KaTatobl KOFapblnakTelHAbIFLIH Aanenaesi.
OceblfaH 6ainaHbICTbl MyHAAM NauMeHTTepae apTepussbik KabbipFa kaTaloblHbIH XOFapblnaybiH epTe aHblKTay XaFbIMCbI3 XXYPeK-KaHTaMblp ackblHy-
napblHbIH anablH anyfa MyMkiHAik 6epegi.

Makcatbl: MeTobonmkanslk cMHAPOMbI 6ap NauMeHTTepAe KapoTUATI aTepockneposablH, (MHTUM-Meamna KanbiHAbIFbIH, aTepoCcknepo3ablk Tyi-
iHWekTep Gonybl) kepceTkiwTepi 6ap kPIMNTXK (Nynbc TONKbIHBIHLIH XbinaamabiFbl) xxaHe CAVI cekinai apTepusinblk kabblpFaHblH kaTaro napameTprepi
apacblHAafbl ©3apa 6ainaHbICTbl aHbIKTay.

MaTtepuanaap MeH agictep: 3eptreyre 40-70 xac apanbifbiHaarbl 45 ep agam, 55 aien (56,54+8.98 xac) 100 agam kaTbicTbl. [laumeHTTEp
eki Tonka: 1-wwi - meTabonukanslk cuHApoMbl 6ap 42; 2-wi - meTabonuvkanblk cuHApoMbl oK 58 agam Gonbin 6eniHai. KpMNTX xxeHe CAVI cekingi
apTepusnblk kabblpFaHblH KaTato napametprepi ecentengi. LLekTi MyHaepi yLWiH eHAipyLlinep MeH apTepusnblk katato GovibiHLLA capaniublnapablH,
Eyponanblk koHceHcycbl ycbiHFaH Menwepnep (kpMNTXK<10m/c; CAVI — <8) kabbingaHabl. ¥iksl apTepusicbiHAarbl «MHTUM-Meana KanblHAbIFbIH»
KeHe aTepockiepo3ablk TyMiHWekTepai 6aranay yLiH yiikbl apTepusinapbiHbiH AYNIeKCTiK ckaHupneyi konaaHbinabl.

Hatuxenep: Metobonukanblk cuHapombl TobbiHaa CAVI napameTpi kapoTuaTi aTepocknepo3nblH, KepCeTKLUTEPIMEH: UHTUM-Meaua KarbliH-
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abiFbiH (OR=4.94 95%; Cl: 1.49-3.80; p=0.047) xaHe yiiKkbl 6e3nepiHae aTepockneposablk TyhiHwekTep 6onysimeH (OR=3.06; 95% CI: 1.42-2.28;
p=0.065) cTaTucTMKanbIk MaHbI3abl cavikec kengi. Ananaa kplNTXK napameTpnepiHiH KapoTUATI aTepoCcKnepo3ablH KepCeTKILLTEPIMEH CTaTUCTUKANbIK
MaHpI3abl ©3apa bannaHbickl aHbikTanmagbl (p>0.05). MeTobonukanblk CMHOPOMbI XOK ToMNTa apTepusnbik Kabblpra KaTatoblHbIH eLUKaHAan napame-
Tpi KapoTMATi aTepocknepo3apbiH kepceTkiwiHe (p>0.05) celkec kenmeai.

KopbitbiHabl: CAVI napametpi kplNTX napameTpiHe kaparaHga MmeTabonuvkarnblk CUHAPOMbI 6ap nauneHTTepdiH TobblHAarbl KapoTnaTi ate-
pocCKnepo3ablH, kKepceTKilTepiMeH cTaTUCTUKanblK MenniHwe caikec kengi. OcbifaH GannaHbICTbl, 6epinin oTbipFaH napameTp apTepusinbiK kadbl-
praHblH KaTaloblH GaFanay YyLiH faHa KongaHblniMan, coHpa-ak nauneHTTepaiH ocbl TonTapblHAafFbl KApOTUATI aTepocKnepo3abliH CyOKNMHMKanbIK
GenrinepiH aHbIKTay YLiH Ae KongaHbina anagp.

Herisri ce3pep: meTtabonuvkanbik CMHAPOM, apTepusi kabblpFacblHbIH KaTaHAbIfbl, KAPOTUATI aTePOCKNepo3

B3AUMOCBSI3b HAPAMETPOB )KECTKOCTHU APTEPHAJIbHOM CTEHKHA C HOKA3ATEJISIMUA KAPOTHIHOI' O
ATEPOCKJIEPO3A

C.K. Ypazanuna, A. T. Mycaraauesa, [.P. YcaeBa, A.I. Pakumena
OTZ[SJ'ICHI/IC KapnoJIOTuu, Haquo-uccne}:[osaTenLcrmﬁ HHCTHTYT Kap/IHOJIOTHH U BHYTPEHHUX GOHCSHeﬁ, ropon AJ'[MaTB], Pecny6nm<a Kazaxcran

PE3IOME

BBepeHue: MHorumm nccneqoBaHUsiMmM AoKa3aHo, YTo Npy MeTabonnyeckoM CMHAPOME OTMEYaEeTCs NMOBbILLEHNE XECTKOCTV apTepuansHon
CTeHKU. B cBA3K ¢ 9TMM paHHee o6HapyXeHne NOBbILLEHHOW XXECTKOCTW apTepuanbHON CTEHKN Y TakUX NaLMeHTOB MOXeT NpeaoTBpaTUTb BO3HUKHO-
BEHWe HebnaronpuaTHbIX CEPAEYHOCOCYANCTbIX OCITOXHEHNN.

Llenb: Onpegenvte B3aMMOCBA3b MEXAy TakKMMm napaMeTpamm XXeCTKOCTV apTepuarnbHon cTeHku, kak kpCIB n CAVI ¢ nokasatensmm kapo-
TWOHOIO aTepockneposa (TonwuHa MHTUMa-Meava, Harnmune atepocknepoTUYeckmx brisek) y naunmeHToB ¢ MeTabonnyeckum CHAPOMOM.

MaTepuan n metopbl: B nccnegosanue BkmtodeHo 100 yenosek B BozpacTte 40-70 net: 45 Myx4uH, 55 xeHwuH (56.54+8.98 ner). MaumeHTbI
pasgeneHsbl Ha 2 rpynnbl: 1ast - 42 ¢ meTabonmMyecknm crHapomoM; 2aa — 58 6e3 mertabonmyeckoro cuHapoma. Beluvcnanuck Takne napameTpbl
XKECTKOCTUN apTepuanbHov cTeHku, kak KPCIB n CAVI. 3a noporoBblie 3HaYEHUS NPUHATLI BENUYMHbBI, PEKOMEHO0BaHHbIE Npon3BoanTensmMu n EBpo-
NEeNCKNM KOHCEHCYCOM 3KCMEPTOB MO apTepuanbHon xectkocTu (kpCrB<10m/c; CAVI — <8). NS OLEeHKN «TOMLWMHbI MHTUMa-Meaua» 1 atepockre-
pPOTMYECKMX BNSILLIEK B COHHbIX apTepUsX MPUMEHSANOCh AYNIEKCHOE CKaHMPOBaHWE COHHbIX apTepui.

Pesynbratbl: B rpynne c metabonuyeckum cuHapomom napametp CAVI ctatucTuieckn 3HaumMmMo KoppenupoBarn ¢ nokasaTensiMm KapoTuaHoro
aTepockreposa: TonwuHa nHtuma-meana (OR=4.94 95%; Cl: 1.49-3.80; p=0.047) n Hanuunem aTepocKnepoTU4ECKMX BnsLlek B COHHbIX apTepu-
sax (OR=3.06; 95% CI: 1.42-2.28; p=0.065). OgHako CTaTUCTMYECKN 3HAYMMbIX B3aMMocBa3en napamerpa kpClIB ¢ nokasatensmMu KapoTuaHoro
aTtepockneposa He BbisBrieHo (p>0.05). B rpynne 6e3 meTtabonuueckoro cMHapoMa HU OAMH U3 MapaMeTpPOoB KECTKOCTU apTepuaribHOW CTEHKU He
KOppenupoBan H1 C OAHUM U3 NoKa3aTernen kapoTuaHoro atepockrneposa (p>0.05).

BeiBopbl: MapameTtp CAVI B otninune ot napametpa kpCl1B ctatuctuyeckn 3Ha4vMmMo KoppenvpoBas ¢ nokasatensMu KapoTMAHOro atepo-
CKIepo3a B rpynne nauvMeHToB ¢ MeETabonmM4yeckum CUHAPOMOM. B CBA3M € 3TUM, AaHHBIN NapaMeTp MOXET ObITb NCMNONb30BaH He TOMbKO A OLEHKU
XKECTKOCTU apTepuanbHON CTEHKM, HO U AN onpeaeneHns CyOKNMHNYECKMX NPU3HakoB KapoTUAHOIO atepockneposa y AaHHON rpynnbl NaLMeHTOoB.

KnroueBble cnoBa: metabonuyecknii CUHAPOM, apTepuarbHas XXeCTKOCTb, KapoTUAHbIN atepocknepos, CAVI

Introduction
It is commonly known, that arterial wall refers to the
surrogates of the cardio-vascular diseases (CVD) [1-4]. Increased
arterial stiffness is one of the clinically significant indicators
for stratification of the CVD hazard, which is reflected in the
European Recommendations on Diagnosis and Management
of Arterial Hypertension (AH), in which the arterial wall is
characterized as a target organ [5]. At the same time, changes
in the parameters of arterial stiffness with metabolic disorders
are widely studied. According to contemporary views, metabolic
syndrome (MetS) refers to a symptom group that is characterized
by abdominal obesity (AO), AH, hyperglycemia, dyslipidemia
(a decrease in the level of High density: HDL-C and an increase
in the concentration of triglycerides - TG) [6]. According to
figures provided by various authors, the prevalence of MetS
in the world ranges from 4 to 28.7%, which is primarily due
to the high prevalence of obesity. Beyond that, a number of
studies have shown that MetS is accompanied by an increase
in arterial stiffness, which is also a predictor of cardiovascular
complications [7-11]. In connection therewith, early detection of
an increase in arterial stiffness in patients with MetS can help to
prevent cardiovascular complications in patients of this category.
The most common parameters characterizing arterial
stiffness due to their measurement simplicity and accessibility
include indirect methods for determining regional stiffness of the
arterial wall, such as the Cardio-Ankle Vascular Index (CAVI),
as well as carotid-femoral Pulse Wave Velocity (cfPWV). It is
worth noting that the determination of the PWV in the aorta
(determined by the carotid-femoral Pulse wave velocity cfPWV)
is currently the clinical "gold standard" for measuring the
stiffness (rigidity) of the arterial wall. By the Recommendations

of the American Heart Association (2015), arterial wall should
be determined non-invasively by measuring cfPWV (class I,
evidence level A) [12]. At the same time, several studies have
shown a higher information content of another arterial wall’s
parameter (CAVI) in the diagnosis of preclinical damage to the
arterial wall in diseases associated with atherosclerosis [13-22].
CAVI makes it possible to evaluate vascular stiffness regardless
of the level of blood pressure (BP) having an effect on the artery
wall at the time of a pulse wave registration.

Among the “earliest” markers of atherosclerosis with
subclinical progress, an increase in “intima-media thickness”
(IMT) of the carotid arteries is considered. Its increase for every
0.Imm is associated with an increase in the risk of myocardial
infarction by 11% [23-25]. The detection of carotid plaque is also
a highly specific method for identifying individuals with a high
cardiovascular risk among asymptomatic individuals suffering
from atherosclerosis [26-29]. The diagnosis of plaque is an
unconditional confirmation of the presence of atherosclerosis
and, therefore, high cardiovascular risk.

In a number of large, multicenter epidemiological studies,
such as the Rotterdam study [2] and ARIC [30], the connections
between the cfPWV and signs of carotid atherosclerosis (IMT
and “plaque presence”) were revealed.

However, we have not found works in the available
literature that are devoted to the study of the interrelation
between the arterial stiffness parameters with indicators of
carotid atherosclerosis in individuals with a metabolic syndrome.

The aim of this study was to determine the relationship
between arterial stiffness parameters such as cfPWV and CAVI
with indicators of carotid atherosclerosis (IMT, "carotid plaque
presence") in patients with metabolic syndrome.

12
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Material and methods

The study included 100 patients at the age of 40-70 years:
45 men and 55 women, the average age was 56.54+8.98 years.
All were followed in outpatient clinics for prevention check-up
and/or monitoring of cardiovascular risk factors. All of them
satisfied the inclusion criteria and giving written informed
consent. Patients were divided into 2 groups: 1st group comprises
42 patients with MetS; 2nd group comprises 58 patients without
MetS. At the same time, the separation of groups by gender
according to age was not performed, since the main goal of the
study was to determine the relationship between the parameters
of arterial stiffness with indicators of carotid atherosclerosis in
individuals with and without MetS, regardless of age and gender.

MetS was diagnosed with 3 out of 5 of the following
criteria [6,31]:

- abdominal obesity with a waist
(WC)>102cm for men and >88cm for women;

- TG>150 mg/dl (>1.7mmol/l) or lipid-lowering therapy;

- cholesterol-HDL<40mg/dL (<1.0mmol/l) in men and
<50mg/dl (<1.2mmol /1) in women or lipid-lowering therapy;

- systolic arterial pressure (SBP) >130mmHg or diastolic
arterial pressure (DBP) >85mmHg, or antihypertensive therapy;

- the plasma glucose level in the fasted state >110mg/dl
(>6.0mmol/1).

Inclusion criteria: Patients (men and women) at the
age from 40 to 70 years, the presence and absence of MetS
(comparison group).

Exclusion criteria: Peripheral vascular disease with
proximal artery stenosis; ankle-brachial index <0.9 or amputation
of a limb; surgical interventions at the level of the carotid
artery, femoral artery or aorta; body mass index (BMI)>40kg/
m?; atrial fibrillation or clinically significant arrhythmia;
diseases associated with atherosclerosis (coronary heart disease,
myocardial infarction, stroke, aortic aneurysm, etc.).

The study was a randomized controlled, open-label study
in a single center. The examination of patients was carried out
on the basis of JSC “Scientific-Research Institute of Cardiology
and Internal Diseases” (Almaty, Kazakhstan). The study was
approved by the Ethics Committee of this institute.

After a general clinical examination (anthropometric
measurements, general and biochemical blood tests, ECG, etc.),
the following were measured in patients:

I. CAVI is an index of arterial stiffness was calculated
automatically using the VaSera-1500, Vascular Screening
System (Fukuda Denshi, Japan) as previously described [13-
22]. CAVI was determined using the following equation:
CAVI=1/a [1/k2(InPs/Pd)PWV'2 + b], where Ps is a systolic
arterial pressure, Pd is diastolic arterial pressure, PWV' is the
pulse wave velocity from the aortic root to the ankle pneumatic
cuffs; k, a, b are constant values. We used the standard values
of CAVI which the VaSera system incorporated for each age
and gender. The average of right and left CAVI was used for
analysis. According to the manufacturer’s instructions, a CAVI
less than 8.0 is supposed to be normal.

II. The SphygmoCor CPV System (Complior, ALAM
Medical, Vincennes, France) with the determination of another
arterial wall parameter — cfPWV. Carotid-femoral PWV was
measured in the section from the carotid artery to the femoral.
The cfPWV was determined by the classical method, i.e.
simultaneously two qualitative sphygmograms were recorded at
the points indicated above and the delay between the moments of
the appearance of pulsations at the studied points of the vascular
bed. PWV was calculated as the ratio between the distance

circumference

traveled by the pulse wave and the foot-to-foot time delay and
expressed in meters per second. The average of the 10 successive
measurements (to cover a complete respiratory cycle) was used
in the analyses. The distance between the carotid and femoral
arteries was determined according to the Recommendations of
European experts using a tape measurer from the middle of one
sensor to the middle of another; this distance was multiplied by
0.8 to obtain the real distance between the arteries [1,12].

Measurements (BP, cfPWV and CAVI) were carried out
after 5-10 min of rest in order to obtain a stable hemodynamic
state, which avoided randomness in the order of measurement
of PWV and CAVI. As mentioned above the indicated threshold
values for cfPWV (>10m/s) and CAVI (>8) were taken according
to the manufacturer's instruction and the expert consensus
document on arterial stiffness [1,12, 32].

III. Duplex scanning carotid arteries (DSCA) was
performed on a Vivid 9 (JA, USA) with linear-array 12-MHz
transducer to evaluate the intima-media thickness (IMT),
the presence of plaques in the carotid arteries (carotid plaque
presence) in accordance with the recommendations of the
American Society of Echocardiography and Society for vascular
medicine and biology (2008) [33]. The following study protocol
was used:

- scanning in the B-mode of the common carotid artery
(CCA) from the mouth to the area of bifurcation, internal (ICA)
and external (ECA) carotid arteries in the cross and longitudinal
sections; the study of these arteries was carried out in a pulse-
wave Doppler mode and in the color Doppler mapping mode to
detect plaques. Plaques were diagnosed in the case of detecting
a local thickening of the arterial wall by at least 50% compared
with its adjacent sections or when identifying a local section
of the intima-media complex with a thickness of more than
1.5 mm, which has distinct boundaries. IMT assessment was
carried out using the "Technology of automatic contouring of the
intima - media thickness" in B-mode by scanning the distal CCA
(1-2 cm) on both sides in two mutually perpendicular planes
(anteroposterior and lateral) while synchronizing the image with
an ECG;

- measuring the average IMT parameter of the wall farthest
from the sensor in three cardiac cycles (from the obtained three
measurements, the maximum was selected on each side). Based
on the expert consensus the carotid atherosclerosis was defined
when carotid ultrasound findings met the following criteria:
IMT>0.9 mm and the presence of carotid plaque [5,24,33].

IV. Blood lipid parameters were determined [31]: total
cholesterol (norm<5.0 mmol/l; deviation from the norm>5.0
mmol/L), low-density lipoprotein-cholesterol, (LDL-C norm<3
mmol/l; deviation from the norm>3,0 mmol/l), high-density
lipoproteins-cholesterol (HDL-C, norm: w-1.2 mmol/l; m-1.0
mmol/l; deviation: w<1.0; m<1.2 mmol/l), triglycerides (TG,
norm<1.7 mmol/l; deviation from the norm>1.7 mmol/l).
ARCHitect with SysteMetS 8000 and a homogeneous method
was used.

Statistical data processing was carried out using the
software package Statistics 10.0. Data are presented in form of
a median value, lower and upper quartiles and deviation rates
(in %). A comparison between groups was carried out using
ANOVA tests. For comparing proportions, Fisher’s two-tailed
exact test was used. To evaluate the relationship between the
studied parameters multiple logistic analyses were performed.
The logistic regression results were expressed as the odds ratio
with a 95% confidence interval (CI) and p value. The p values
<0.05 were considered statistically significant.
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Results

General characteristics of patients are presented in
the Table 1. As can be seen from Table 1, the median age of
patients of the two groups did not significantly differ (58.5 and
57.5 years), while the number of people over 60 in each group
was 19%. The group with MetS included mainly patients with
increased body weight: the number of people with increased
BMI in the group with MetS was significantly higher than in
the group without MetS (95% versus 29.2%; p=0.001). This
is to be expected since one of the criteria for MetS is the
presence of abdominal obesity. From indicators of blood lipid
profile, statistically significant differences were observed in
the number of patients with a decreased level of HDL-C (in the
group with MetS more: p=0.05) and with increased TG (in the
group with MetS more: p=0.001), while significant differences
in the number of patients with high levels of total cholesterol
and LDL-C were not detected (p>0.05). It should be noted that
before the inclusion of the study, patients of the two groups did
not take lipid-lowering therapy. In the group with MetS, there
were statistically significantly more patients with increased
glucose levels than in the group without MetS (p=0.001). This is
understandable since increased glucose is also one of the criteria
for MetS. Moreover, in the group with MetS there were 19% of
patients with diabetes mellitus (DM) while in the group without
MetS there were no people with diabetes mellitus.

It should be emphasized that in our study, the number of
individuals with increased cfPWV did not significantly differ
between the groups (52.5% and 41.3%; p=0.31). There were
significantly more patients with diagnosed carotid plaques in the
group with MetS than in the group without MetS (71.4% versus
44.8%; p=00.1). In this case, the parameter “carotid plaque
presence” was used for analysis, since the largest percentage of
patients was with the presence of 1-2 plaques. At the same time,
only 2.3% (1 patient) with 3 or more plaques in the group with
MetS were revealed; in the group without MetS - 0%. In the
group with MetS, statistically significantly more patients with

Table 1 Characteristics of the study population

IMT higher than the threshold value in comparison with the
group without MetS (IMT>0.9: 76.1% versus 41.3%; p=0.001)
were revealed.

In the group with MetS, the number of patients with
arterial hypertension (AH) was significantly higher than in the
group without MetS (81% versus 53.4%; p=0.001). However,
at the time of the start of the study, only 8.8% of patients in
the group with MetS had a diagnosis of AH and were taking
antihypertensive therapy. The rest were diagnosed with 1st degree
AH during the period of inclusion in the study and, accordingly,
antihypertensive therapy was prescribed. In the group without
MetS, the diagnosis of AH before inclusion in the study had 6.4%
of patients; in 93.6%, the diagnosis of AH was established after
inclusion in the study. Thus, the number of patients diagnosed
with AH and accordingly taking antihypertensive therapy before
inclusion in the study did not differ significantly between the
groups (8.8% versus 6.4%; p>0.05). For another thing, in our
study there were statistically significantly more smokers in the
group with MetS than in the group without MetS (28.5 and
10.3%, respectively; p=0.03).

We have applied the method of multiple logistic analyses
to determine the relationship between the studied parameters.
The results of the analysis for a group of patients with MetS are
given in Tables 2 and 3.

From the data presented in Tables 2 and 3 followed that
in the group with MetS, more correlations of the CAVI with
the studied parameters were revealed, namely: statistically
significant correlations of the parameter were determined with
such lipid profile indicators as TC (OR=5.26; 95 % CI: 1.08-
29.18; p=0.039) and LDL-C (OR=6.88; 95% CI: 1.35-40.99;
p=0.034), as well as BMI (OR=8.42; 95% CI: 1.04-22.11;
p=0.044) and WC (OR=14.02; (95% CI: 1.34-74.7;, p=0.021). In
addition, the CAVI is significantly associated with the parameters
of carotid atherosclerosis: IMT (OR=4.94 95%; CI: 1.49-3.80;
p=0.047) and carotid plaque presence (OR=3.06; 95% CI: 1.42-
2.28; p=0.065).

MetS (n=42) Non-MetS (n=58) p
median low quartil. | high quar- | %* median low quartil. high %*
til. quartil.

Age,y. 58.50 51.00 67.00 — 57.50 53.00 64.00 —
BMI, kg/m2 (>0.25) 31.50 27.96 34.55 95 27.15 25.15 29.20 29.2 0.001
WC, sm (m>102; w>88) |104.4 94.2 108.0 100 93.5 85.5 98.2 56.8 0.001
TC, mmol/I (>5.0) 5.55 4.85 6.85 62.5 5.25 4.25 5.90 45 0.10
LDL-C, mmol/1 (>3.0) 3.90 3.05 4.50 62.5 3.29 2.70 3.86 44 0.07
HDL-C, mmol/l (m<1.2; |1.20 0.95 1.45 32.5 1.48 1.20 1.85 15.6 0.05
w<1.0)
TG, mmol/1 (>1.7) 1.92 1.50 2.80 67.5 1.20 0.90 1.46 12 0.001
Glucose, mmol/1 (>6.0) |6.15 5.45 6.90 52.3 5.25 4.95 5.55 3.4 0.001
cfPWV, m/s (>10) 10.22 9.55 11.25 52.5 9.40 8.15 10.6 41.3 0.31
CAVI (>8) 8.45 7.50 9.30 66.6 8.12 7.10 8.90 49.8 0.01
IMT, mm (>0.9) 0.80 0.74 0.89 76.1(32) |0.60 0.54 0.69 413 (24) |0.001
Carotid plaque presence 71.4 (30) 44.8 (26) |0.001
PP, mm Hg (>40) 46.5 42.5 51.5 52.3 56.0 49.0 59.0 36.2 0.15
AH 81.0 53.4 0.001
Smoking 28.5 10.3 0.03
* — number pts with deviation from the threshold value; p — differences of deviation rate between groups by Fisher’s two-sided exact test (B %).
MetS —metabolic syndrome; BMI — body mass index; WC — waist circumference; TC - total cholesterol; LDL-C — low-density lipoprotein-cholesterol;
HDL-C — high-density lipoprotein-cholesterol; TG — triglyceride; cfPWV — carotid-femoral pulse wave velocity; CAVI — Cardio-Ankle Vascular Index;
IMT - intima-media thickness; AH- arterial hypertension; PP - pulse pressure.
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Table 2 Correlation between CAVI and study parameters in group with metabolic syndrome (n=42)

Parameters OR (95% CI) p

BMI >0.25kr/m2 8.42 (1.04 - 22.11) 0.044
WC:m >102 cm;w>88cm 14.02 (1.34 - 74.70) 0.021
PP>40 mmHg 1.3 (0.24-7.36) 0.728
TC >5.0mmol/l 5.26 (1.08 - 29.18) 0.039
LDL-C >3.0 mmol/] 6.88 (1.35-40.99) 0.034
HDL-C m<1.0; w<1.2 mmol/] 1.35(0.84 - 2.16) 0.613
TG >1.7 mmol/] 2.40 (0.24 - 63.60) 0.856
IMT >0.9Mm 4.94 (1.49 - 3.80) 0.047
Carotid plaque presence 3.06 (1.42-2.28) 0.065

Multiple logistic analyses were used to evaluate the correlation between study parameters. Abbreviations as in table 1.

Table 3 Correlation between cfPWV and study parameters in group with metabolic syndrome (n=42)

Parameters OR (95% CI) p
BMI >0.25kr/mM2 5.04 (0.34 - 31.45) 0.201
WC:m >102 cM;w>88cM 4.33(0.79 - 34.9) 0.141
PP>40 mmHg 6.73 (1.17 - 52.7) 0.029
TC >5.0mmol/I 2.89 (0.68 - 16.79) 0.307
LDL-C >3.0 mmol/] 4.79 (0.77 - 55.2) 0.131
HDL-C m<1.0; w<1.2 mmol/l 0.45 (0.07 - 2.73) 0.615
TG >1.7 mmol/1 7.47 (0.80 - 4.15) 0.147
IMT>0.9mMMm 1.17 (0.63 - 2.18) 0.60
Carotid plaque presence 0.72 (0.03-18.7) 0.84

Multiple logistic analyses were used to evaluate the correlation between study parameters. Abbreviations as in table 1.

Table 4 Correlation between CAVI and study parameters in group without metabolic syndrome (n=58)

Parameters OR (95% CI) p

BMI >0.25kr/m2 1.10 (0.26 - 4.55) 0.885
WC:m >102 cm;w>88cm 0.70 (0.36 - 1.34) 0.761
PP>40 mmHg 2.40 (0.88-6.53) 0.068
TC >5.0mmol/l 1.15 (0.62 - 2.14) 0.891
LDL-C >3.0 mmol/] 2.11 (0.78 - 5.65) 0.142
HDL-C m<1.0; w<1.2 mmol/] 1.23 (0.69 - 2.17) 0.753
TG >1.7 mmol/] 1.70 (0.56 - 1.89) 0.911
IMT>0.9MM 4.33 (0.79 - 34.9) 0.141
Carotid plaque presence 2.33(0.29-14.9) 0.161

Multiple logistic analyses were used to evaluate the correlation between study parameters. Abbreviations as in table 1.

Table § Correlation between cfPWV and study parameters in group without metabolic syndrome (n=58)

Parameters OR (95% CI) p

BMI >0.25kr/M2 1.05 (0.25 - 4.32) 0.942
WC:m >102 cM;w>88cM 0.66 (0.35-1.28) 0.680
PP>40 mmHg 3.60 (1.01-12.97) 0.018
TC >5.0mmol/1 0.94 (0.49 - 1.80) 0.874
LDL-C >3.0 mmol/] 1.06 (0.49 - 2.28) 0.875
HDL-C m<1.0; w<1.2 mmol/l 1.32 (0.73 - 2.36) 0.610
TG >1.7 mmol/1 0.64 (0.36-1.12) 0.250
IMT >0.9Mm 1.85 (0.84 - 4.86) 0.122
Carotid plaque presence 0.26 (0.10 - 0.64) 0.570

Multiple logistic analyses were used to evaluate the correlation between study parameters. Abbreviations as in table 1.
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Graphical abstract: The association between CAVI and
carotid atherosclerosis indicators (IMT, carotid plaque
presence) in patients with metabolic syndrome
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At the same time, another parameter of arterial stiffness
(cfPWV) reliably significantly correlated only with the “pulse
pressure” (OR=6.73; 95% CI: 1.17-52.7; p=0.029). Statistically
significant associations of cfPWV with indicators of both blood
lipid profile and parameters of carotid atherosclerosis were not
obtained (p>0.05).

By these means, in the group with MetS, slightly more
statistically significant correlations of the CAVI with the studied
parameters were revealed than in the cfPWV parameter.

We conducted a multiple logistic analysis of the studied
parameters for a group of patients without MetS. The results are
presented in Tables 4 and 5.

As shown in Tables 4 and 5 in the group without MetS, none
of the arterial stiffness parameters (CAVI, cfPWYV) statistically
significantly correlated with any of the lipid profile indicators,
nor with BMI, not with carotid atherosclerosis (p>0.05). Only the
dependence of the cfPWYV on the value of the “pulse pressure”
was obtained (p=0.018).

Discussion

As mentioned above, in our study the number of individuals
with increased cfPWV did not significantly differ between the
groups (p=0.31). However, N. Nakanishi et al. as a result of a
9-year prospective observation of 2073 patients has revealed
a significant increase of PWV in people with MetS compared
with people without MetS [7]. In the group with MetS, which
we have studied, there were significantly more patients with
increased CAVI than in the group without MetS (p=0.01). These
data are consistent with the results of a study conducted by N.
Satoh et al., which showed that the value of CAVI in individuals
with MetS was significantly higher than in individuals without
MetS [10].

By these means, in the group with MetS, more statistically
significant correlations of the CAVI with the studied parameters
were revealed than in the cfPWV parameter. This difference
is difficult to explain. It is probably due to the fact that CAVI
reflects structurally determined changes in arterial wall as
opposed to PWV, which reflects arterial wall at the moment and
is a dynamic value that depends on arterial pressure, arterial wall
elasticity and inflammation [4, 34].

As previously described the CAVI statistically significantly
associated with such lipid profile indicators as TC and LDL-C
(p<0.05) in the group with MetS. Our captured data partially
coincide with the data of Laucevicius A. et al., which revealed,
as a result of examination of 2106 individuals with metabolic
syndrome, that an increase in CAVI level was reliably correlated
with an increase in the level of triglycerides, cholesterol, and
LDL-C. But, in contrast to our study, they also found the

relations of CAVI with a reduced level of HDL-C [9]. Although
in a study conducted by Gomez-Sanchez L. et al., it was shown
that all components of the metabolic syndrome were associated
with arterial stiffness indicators, with the exception of reduced
levels of HDL-C. The level of HDL-C in this study, as in ours,
was not reliably related with either the ankle-brachial PWV or
CAVI (in this study, it was used unlike our abPWV) [11]. In
addition, as in our study, they obtained correlations between the
WC and the CAVI only.

It should be added that Liu H. et al. surveyed 222 people
of Chinese origin aged 50-92 years, as a result of which it was
found that the CAVI was significantly higher in individuals with
abdominal obesity, as well as in individuals with low levels
of HDL-C [8]. The revealed dependences allowed the authors
to conclude that abdominal obesity and a decreased level of
HDL-C were the main factors affecting the arterial stiffness in
Chinese population.

We have found out that another parameter of arterial
stiffness, cfPWV significantly reliably correlated only with the
parameter "pulse pressure". This correlation can be explained by
the fact that the value of the cfPWV parameter directly depends
on the level of blood pressure. The value of the CAVI parameter
does not depend on the level of blood pressure. Similar results
were obtained by Russian researchers who did not find the
dependence of the cfPWV parameter with any of the indicators
of the metabolic syndrome [35]. Although Finnish researchers
found that adults who had metabolic syndrome in childhood had
higher values of PWV than people without metabolic syndrome
[36].

As written above, the CAVI parameter significantly reliably
correlated with the indicators of carotid atherosclerosis in
patients with MetS. Although we have not found in the available
literature studies devoted to the study of the relationship between
the parameters of arterial stiffness and carotid atherosclerosis in
individuals with MetS, our data are consistent with the results of
studies on this issue in other diseases. So, Izuhara M. et al. with
multiple logistic analyses have found that CAVI correlated to a
greater degree than the PWV with signs of both carotid (IMT
and “carotid plaque presence”) and coronary atherosclerosis in
individuals with various cardiovascular risk factors [37]. Okura
T. et al. also discovered the relationship of the CAVI parameter
with IMT and “carotid plaque presence” in patients with arterial
hypertension [38]. Suzuki Jun et al. examined young people aged
20-44 years and determined that CAVI statistically significantly
correlated with indicators of carotid atherosclerosis (IMT and
"carotid plaque presence") [39].

In the group without MetS we have not found out
statistically significant associations between any of the arterial
stiffness parameters (CAVI, cfPWV) with any of the lipid profile
indicators, nor with BMI, not with carotid atherosclerosis
(p>0.05). The absence of reliable correlations in this group of
patients between the studied parameters was probably since the
median values of both cfPWV (9.40 cm/s) and CAVI (8.12) did
not go beyond the threshold values.

Conclusion

The CAVI parameter, in contrast to the cfPWV, was
statistically significantly correlated with indicators of carotid
atherosclerosis (IMT and “carotid plaque presence”) in patients
with metabolic syndrome. In this connection, this parameter can
be used to identify signs of not only increased arterial stiffness
but also to determine subclinical signs of carotid atherosclerosis
in people with metabolic syndrome.
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