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ЭОТАКСИН И СЕРДЕЧНО-ЛОДЫЖЕЧНЫЙ СОСУДИСТЫЙ 
ИНДЕКС У ПАЦИЕНТОВ ВЫСОКОГО И ОЧЕНЬ ВЫСОКОГО 
СЕРДЕЧНО-СОСУДИСТОГО РИСКА
Кравченко Е.С., Суслова Т.Е., Кологривова И.В., Кошельская О.А.
Научно-исследовательский институт кардиологии – филиал ФГБНУ «Томский национальный 
исследовательский медицинский центр Российской академии наук», г. Томск, Россия

Резюме. Эотаксин – хемокин, который является хемоаттрактантом преимущественно для эозино-
филов, а также базофилов и Th2-лимфоцитов. По данным исследований, сверхэкспрессия эотаксина 
обнаружена в эндотелиальных и гладкомышечных клетках сосудов в области атеросклеротической 
бляшки. В клинической медицине широко используется сердечно-лодыжечный сосудистый индекс 
(CAVI) как индикатор артериосклероза и предиктор сердечно-сосудистых событий. В немногочис-
ленных исследованиях показана взаимосвязь содержания эотаксина с наличием коронарного атеро-
склероза, тогда как в других исследованиях не было установлено ассоциации содержания в крови 
эотаксина с атеросклерозом, инфарктом миокарда и скоростью пульсовой волны. Целью настоящего 
исследования является оценка уровня эотаксина в крови и сердечно-лодыжечного сосудистого ин-
декса и их ассоциация с основными кардиоваскулярными факторами риска у пациентов высокого и 
очень высокого сердечно-сосудистого риска. Было обследовано 65 пациентов высокого и очень высо-
кого сердечно-сосудистого риска, обусловленного документированной ишемической болезнью серд-
ца, сахарным диабетом 2-го типа или сочетанием кардиоваскулярных факторов риска, и находящихся 
на общепринятой кардиоактивной, сахароснижающей и липидснижающей терапии. Всем пациентам 
выполнено исследование эластических свойств сосудистой стенки методом объемной сфигмогра-
фии с оценкой индекса CAVI. В крови определяли концентрацию эотаксина, высокочувствительного 
C-реактивного белка, гликозилированного гемоглобина и показателей липидного спектра. Все об-
следованные были разделены на две группы: с нормальным значением CAVI (менее 8) и повышен-
ным. Пациенты с повышенным CAVI имели более высокие концентрации эотаксина (p = 0,013), 
общего холестерина (p = 0,009), холестерина липопротеинов низкой плотности (p = 0,016), а также 
были старше (p < 0,0001) и реже принимали статины (p = 0,002). У всех обследованных были выяв-
лены корреляции между концентрацией эотаксина в сыворотке крови и CAVI (rs = 0,34; p = 0,005), а 
также возрастом (rs = 0,32; p = 0,006). Возраст пациентов коррелировал с CAVI (rs = 0,35; p = 0,007). 
Таким образом, в нашем исследовании мы впервые показали взаимосвязь высоких концентраций эо-
таксина с повышенным сердечно-лодыжечным сосудистым индексом у пациентов высокого и очень 
высокого сердечно-сосудистого риска. Сердечно-лодыжечный сосудистый индекс был ассоциирован 
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с возрастом, с показателями липидного обмена и наличием липидснижающей терапии. Полученные 
результаты позволяют рассматривать эотаксин как фактор, связанный с атерогенезом и артериальной 
жесткостью. 

Ключевые слова: эотаксин, хемокины, артериальная жесткость, сердечно-лодыжечный сосудистый индекс, атеросклероз, 
факторы риска сердечно-сосудистых заболеваний

EOTAXIN AND CARDIO-ANKLE VASCULAR INDEX IN PATIENTS 
WITH HIGH AND VERY HIGH CARDIOVASCULAR RISK
Kravchenko E.S., Suslova T.E., Kologrivova I.V., Koshelskaya O.A.
Research Institute of Cardiology, Branch of Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russian Federation

Abstract. Eotaxin is a chemokine, which is a chemoattractant mainly to eosinophils, as well as basophils 
and Th2 lymphocytes. According to studies, overexpression of eotaxin is found in endothelial and smooth 
muscle cells of blood vessels in the area of atherosclerotic plaque. In clinical medicine, cardio-ankle vascular 
index (CAVI) is widely used as an indicator of arteriosclerosis and a predictor of cardiovascular events. Few 
studies have shown the relationship of eotaxin with coronary atherosclerosis; in other studies, the relationship 
of eotaxin with atherosclerosis, myocardial infarction and pulse wave velocity was not revealed. The aim of 
the present study was to assess blood level of eotaxin and cardio-ankle vascular index and their association 
with major cardiovascular risk factors in patients with high and very high cardiovascular risk. We examined 
65 patients with high and very high cardiovascular risk, due to documented coronary artery disease, type 2 
diabetes mellitus, or combination of cardiovascular risk factors and who were undergoing generally accepted 
cardioactive, hypoglycemic therapy and lipid-lowering therapy. All patients were examined for the elastic 
properties of the vascular wall by volumetric sphygmography with assessment of CAVI. In the blood, the 
concentrations of eotaxin, high-sensitivity C-reactive protein, glycosylated hemoglobin and lipid spectrum 
indicators were determined. All examined were divided into two groups: with a normal value of CAVI (less 
than 8) and elevated. Patients with elevated CAVI had higher concentrations of eotaxin (p = 0.013), total 
cholesterol (p = 0.009), low-density lipoprotein cholesterol (p = 0.016), were older (p < 0.0001) and less likely 
to take statins (p = 0.002). In all those examined, correlations were found between serum eotaxin concentration 
and CAVI (rs = 0.34; p = 0.005), as well as age (rs = 0.32; p = 0.006). The age of the patients correlated with 
CAVI (rs = 0.35; p = 0.007). Thus, in our study, we for the first time showed the relationship between higher 
concentrations of eotaxin and an increased cardio-ankle vascular index in patients with high and very high 
cardiovascular risk. Cardio-ankle vascular index was associated with age, lipid metabolism and lipid-lowering 
therapy. The obtained results allow us to consider eotaxin as a factor associated with atherogenesis and arterial 
stiffness.

Keywords: eotaxin, chemokines, arterial stiffness, cardio-ankle vascular index, atherosclerosis, risk factors for cardiovascular disease 

The work was conducted within the framework of 
fundamental scientific research No. 122020300043-1 
“Molecular cellular mechanisms of development of 
cardiovascular diseases of ischemic and non-ischemic 
genesis. Fundamental aspects of the implementation of 
organoprotective effects of therapeutic interventions”.

Introduction
Chemokines are a class of low-molecular cytokines 

that can induce directed chemotaxis of immune 
system cells, smooth muscle cells, fibroblasts, and 
other body cells in response to the activation of 
receptors associated with G-protein. However, the 

biological activity of chemokines is not limited to the 
stimulation of chemotaxis. Stimulation of chemokine 
receptors can affect proliferation, differentiation, 
degranulation, respiratory burst in cells; has an 
effect on vascular permeability and angiogenesis [5]. 
Eotaxin (CC chemokine ligand 11, CCL11) is a 
che mokine of class CC, which is a chemoattractant 
predominantly to eosinophils, as well as basophils and 
Th2 lymphocytes, activating CCR3 receptors [2, 7]. 
The detected overexpression of CCR3 and eotaxin 
mRNA in human atherosclerotic plaques indicates 
the role of this chemokine in vascular inflammation 
and atherosclerotic process [4]. 
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In mouse smooth muscle cell culture, eotaxin 
has been shown to be a potent chemotactic factor 
for smooth muscle cells, capable of regulating their 
migration to the atherosclerotic plaque region [7]. 
Eotaxin has also been found to stimulate the 
calcification of smooth muscle cells [9]. On the 
other hand, other studies have found no association 
between eotaxin levels and the presence of coronary 
atherosclerosis or prior myocardial infarction [1, 8]. 
The relationship of eotaxin with such risk factors 
for cardiovascular diseases as obesity and smoking 
has been established [3, 10, 14]. Cell culture studies 
show that increased expression of eotaxin plays a role 
in vascular inflammation and atherosclerotic process 
by increasing endothelial permeability, migration and 
calcification of smooth muscle cells in the presence of 
reactive oxygen intermediates [10]. 

Аt the present time, the importance of assessing 
vascular stiffness as an indicator of arteriosclerosis 
and a predictor of cardiovascular events has been 
demonstrated. For the past fifteen years, cardio-
ankle vascular index (CAVI) has been widely used in 
clinical medicine to assess the risk of cardiovascular 
disease. As a marker of arterial stiffness, CAVI has a 
number of advantages over other methods, namely, it 
is easy to measure, has high reproducibility, reflects 
the stiffness of the entire aorta, femoral, popliteal and 
tibial arteries, allows you to assess the vascular age, to 
control the dynamics of treatment and the effectiveness 
of lifestyle changes, and to evaluate the severity of 
atherosclerotic process, and it is less dependent on 
blood pressure than pulse wave velocity [6, 12, 13].

Few studies have shown the relationship of eotaxin 
with coronary atherosclerosis; in the other studies, 
the relationship of eotaxin with atherosclerosis, 
myocardial infarction and such a marker of vascular 
stiffness as pulse wave velocity was not revealed. 

The aim of the present study was to assess blood 
level of eotaxin and cardio-ankle vascular index and 
their association with major cardiovascular risk factors 
in patients with high and very high cardiovascular risk.

Materials and methods
We examined 65 patients aged 41-70 years, 29 men 

and 36 women. 86% of the surveyed were diagnosed 
with coronary artery disease, 97% were diagnosed 
with arterial hypertension, and 54% were diagnosed 
with type 2 diabetes mellitus. At the time of the study, 
all patients were undergoing generally accepted 
cardioactive and hypoglycemic therapy. Statins were 
taken by 62% of those examined. The study did not 
include patients with acute coronary syndrome, 
persistent atrial fibrillation, acute infectious diseases, 
allergic and autoimmune diseases, or oncological 
diseases. All the procedures and tests were conducted 
in accordance with the guidelines of the Declaration 
of Helsinki and “Rules of Clinical Practice in the 

Russian Federation”, approved by the Order of the 
Ministry of Health of the Russian Federation. The 
study’s protocol was approved by the Biomedical 
Ethics Committee of Cardiology Research Institute, 
Tomsk NRMC (protocol No. 210 from February 18, 
2021). All the patients recruited into the study signed 
an informed consent. 

All patients underwent a study of the elastic 
properties of the vascular wall by volumetric sphyg-
mography on the VaSera VS-1000 device (Fukuda 
Denshi, Japan) with an assessment of cardio-
ankle vascular index on the right and on the left 
and calculation of the average cardio-ankle index. 
In whole blood, the concentration of glycosylated 
hemoglobin A1C (HbA1C) was determined by the 
immunoturbidimetric method (DiaSys, Germany). 
The concentration of total cholesterol (TCH) and 
triglycerides (TG) was determined by the colorimetric 
enzymatic method (DiaSys, Germany). To determine 
the cholesterol of high-density lipoproteins (HDL), 
a combined method without precipitation was used 
(DiaSys, Germany); the concentration of low-density 
lipoprotein (LDL) cholesterol was calculated using 
Friedwald’s formula. High-sensitivity C-reactive 
protein (hsCRP) was determined in the blood se-
rum by enzyme-linked immunoassay (Vector-Best, 
Russia).

Eotaxin concentration was measured with Human 
Cytokines/Chemokines-38 kit using multiplex 
instrument FLEXMAP 3D (Luminex Corporation) 
and MILLIPLEX Analyst 5.1 software (Merck KGaA, 
Milliplex; Darmshdadt), the Core Facility “Medical 
genomics”, Tomsk NRMC.

All examined were divided into two groups: with a 
normal value of cardio-ankle vascular index (less than 
8) and elevated (more than 8). 

The results were statistically processed using the 
STATISTICA 10.0 software package (StatSoft Inc., 
USA). The compliance of the law of distribution 
of variables with the normal one was checked using 
the Shapiro-Wilk test. Since the distributions of all 
variables were non-normal, the results are presented 
as median and interquartile interval: Me (Q0.25-Q0.75). 
Qualitative variables are presented as absolute and 
relative frequencies. The Mann–Whitney test was 
used to compare the groups. Qualitative variables 
were compared using Fisher’s exact test. Correlation 
relationships were assessed using the Spearman rank 
coefficient (rs). The critical significance level (p) was 
assumed to be 0.05.

Results and discussion
Patients with elevated CAVI were older. Higher 

concentrations of total cholesterol and low-density 
lipoprotein cholesterol in patients with elevated CAVI 
were consistent with rarer statin intake (Table 1).



974

Kravchenko E.S. et al.
Кравченко Е.С. и др.

Medical Immunology (Russia)/Meditsinskaya Immunologiya
Медицинская Иммунология

In all those examined, correlations were found 
between serum eotaxin concentration and CAVI, 
as well as age (Figure 1). The age of the patients 
correlated with CAVI (rs = 0.35; p = 0.007). 

Of all the cardiovascular risk factors studied, the 
eotaxin in the present study was associated only with 
age and the arterial stiffness score, CAVI. CAVI, 
in turn, was associated with age, the state of lipid 

metabolism and lipid-lowering therapy, which is 
consistent with other studies [6, 11, 12, 13]. 

Age is a significant predictor of cardiovascular 
risk. Depending on the ratio of chronological age 
and biological age, the concept of early vascular 
aging (EVA) and normal (healthy) vascular aging was 
proposed [12]. In 2019, leading experts in the study 
of vascular stiffness confirmed the hypothesis that 

TABLE 1. CHARACTERISTICS OF THE EXAMINED PATIENTS DEPENDING ON THE LEVEL OF CARDIO-ANKLE VASCULAR 
INDEX

Indicator CAVI < 8
n = 23

CAVI ≥ 8
n = 42 p

CAVI 7.3 (6.90-7.45) 9.1 (8.6-9.8) 0.000
Eotaxin, pg/mL 60.84 (46.28-98.66) 93.09 (63.19-139.43) 0.013
Age, years 54 (50-59) 65 (56-67) 0.000
Men, n (%) 10 (43.5) 19 (45.2) 0.550
Smoking, n (%) 7 (30.4) 14 (33.3) 0.519
Patients with coronary artery disease, n (%) 19 (82.6) 37 (88.1) 0.397
Coronary artery disease, years 1 (0.5-4.0) 2 (0.5-5.0) 0.169
Patients with hypertension, n (%) 22 (95.7) 41 (97.6) 0.586
Hypertension duration, years 10 (5-20) 10 (5-17) 0.951
Patients with diabetes mellitus type 2, n (%) 12 (52.2) 23 (54.8) 0.523
Duration of diabetes mellitus type 2, years 0.5 (0-9) 1 (0-10) 0.995

Body mass index, kg/m2 30.4 (29.1-34.7) 30.9 (28.3-33.3) 0.600

Waist-to-hip ratio 0.95 (0.88-0.98) 0.97 (0.93-1.02) 0.259
Systolic blood pressure, mm Hg 120 (110-130) 129 (120-140) 0.061
Diastolic blood pressure, mm Hg 80 (75-80) 80 (70-82) 0.433
Statin intake, n (%) 20 (86.9) 20 (47.6) 0.002
HbA1C, % 6.0 (5.2-7.7) 6.8 (5.7-7.7) 0.195
TCH, mmol/L 3.85 (3.24-5.03) 5.08 (4.33-5.44) 0.009
TG, mmol/L 1.40 (1.03-1.96) 1.37 (1.13-1.92) 0.908
LDL, mmol/L 2.21 (1.77-2.90) 3.06 (2.29-3.74) 0.016
hsCRP, mg/L 2.37 (1.35-3.61) 1.92 (1.01-3.94) 0.802

Figure 1. Correlations of eotaxin concentration in the blood with age and cardio-ankle vascular index
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arterial stiffness is the best indicator of the combined 
action of known and unknown risk factors for damage 
to the arterial wall, and proposed to express very high 
and very low arterial stiffness in terms of EVA and 
SUPERNOVA (supernormal vascular aging). Patients 
with the SUPERNOVA phenotype have extremely low 
vascular stiffness for their age and sex. The plasticity of 
vascular smooth muscle cells plays an important role 
in increasing blood pressure not only by regulating 
the interaction of actomyosin for contraction, but 
also by participating in the homeostasis of the cell-
extracellular matrix and is very important for the 
physiology of normal and early vascular aging [11]. 

The activation of CCR3 receptors and increased 
expression of eotaxin in case of injury can stimulate 
the migration of vascular smooth muscle cells from the 
media of the artery to the intima. This migration and 
subsequent proliferation of smooth muscle cells in the 
intima leads to intimal hyperplasia and narrowing of 
the clearance [7]. Eotaxin promotes the formation of 

reactive oxygen intermediates through the activation of 
NADPH oxidase, which leads to transdifferentiation 
of vascular smooth muscle cells and an increase in the 
rate of calcification [9]. As chemokine, eotaxin can 
not only promote inflammation, but also maintain 
it, due to its chemotactic effect on the endothelial 
cells of human vessels [2]. As a result, influencing the 
cells of all layers of the artery wall, eotaxin can affect 
arterial stiffness.

Conclusion
Thus, in our study, we showed the relationship 

between higher concentrations of eotaxin and an 
increased cardio-ankle vascular index in patients 
with high and very high cardiovascular risk. Cardio-
ankle vascular index was associated with age, lipid 
metabolism and lipid-lowering therapy. The obtained 
results allow us to consider eotaxin as a factor 
associated with atherogenesis and arterial stiffness.
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