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Background & objectives: Cardiovascular diseases (CVDs) are a leading cause of mortality worldwide. 
The aim of this investigation was to study the role of biological markers in predicting the risk of carotid 
and coronary artery atherosclerosis.

Methods: A total of 161 males in the age group of 30-65 yr were included in this study. All participants 
underwent biochemical analyses [cholesterol, low density lipoprotein cholesterol (LDL-C), triglycerides, 
glucose, (interleukin) IL-8, IL-10, (proprotein convertase inhibitors subtilisin/kexin type 9) PCSK9, 
sortilin, creatinine]; ECG; echocardiography; coronary angiography; ultrasound doppler of 
brachiocephalic arteries. Based on PCSK9 levels, participants were divided into four groups: group 
1, n=41 individuals with PCSK9 level of 100-250 ng/ml; group 2, n=37 individuals with PCSK9 level 
of 251-400 ng/ml; group 3, n=51 individuals with PCSK9 level of 401–600 ng/ml and group 4, n=32 
individuals with PCSK9 level of 601-900 ng/ml.

Results: Sortilin level was the highest in group 2. Group 3 individuals had the highest level of IL-8. 
Correlation analysis of the entire data set revealed the relationship of relative left ventricular thickness 
index with age, cardiovascular risk, body mass index, intima-media thickness and left ventricular mass 
index; sortilin had a negative relationship of weak strength with age and smoking, a direct relationship 
between the risk of cardiovascular complications and with IL-10.

Interpretation & conclusions: Sortilin is the innovative marker of CVDs. In the present investigation, 
we demonstrated the clear increase in the inflammatory markers (IL-8) in individuals with subclinical 
atherosclerosis. This fact can be explained by the oxygen stress activation. In individuals with coronary 
artery stenosis (50% and more), the increase in IL-10 levels demonstrates, to our opinion, the activation 
of antioxidant protection activation.
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As per the World Health Organization (WHO), 
seven out of the 10 leading causes of death in the world 

are due to non-communicable diseases1. During 2000-
2021, four nosologies were in the list of main causes 
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of mortality including cardiovascular diseases (CVDs), 
cancer, diabetes mellitus and chronic respiratory 
diseases2. As many years before, CVDs still have the 
leading position in this context3.CVDs have multiple risk 
factors (RFs), which have a negative influence on each 
other3-5. One of the most important modifiable RF for 
CVDs is arterial hypertension (AH), along with others, 
such as smoking, obesity and hypercholesterolemia. 
In numerous investigations, it was estimated that AH 
is one of the most unfavourable RF4. The basis of the 
CVDs pathogenesis is an atherosclerotic process – a 
violation of lipid metabolism. The new approach is 
aimed at maximising CVR reduction by lowering 
low density lipoprotein-cholesterol (LDL-C) with 
proprotein convertase inhibitors subtilisin/kexin type 
9 (PCSK9). The regulatory effect of PCSK9 on lipid 
metabolism was first discovered in 20036. The role 
of PCSK9 was demonstrated in the atherosclerotic 
process7. Together with PCSK9, sortilin (a protein 
regulating intracellular transport through their Vps10p 
domain) also passes through the Golgi apparatus8. In 
healthy people, the level of circulating PCSK9 directly 
correlates with the level of sortilin in plasma9,10. Also, 
the correlation between sortilin level in serum and AH 
was revealed11.

Atherogenesis involves the immune system cells, 
biologically active substances, with a damaging effect 
on the vascular wall and implementing inflammatory 
reactions – oxidative stress and phagocytosis with the 
production of cytokines such as interleukins (IL) 6, 8, 
10 and others. Particular attention is paid to the innate 
and adaptive immune response, which is an attribute 
of all stages of atherosclerosis development, from 
initiation to the forming of unstable atherosclerotic 
plaque12,13.

The present investigation was aimed at studying 
the role of biological markers in predicting the risk of 
carotid and coronary artery atherosclerosis.

Material & Methods

The study was carried out by the Department of 
Cardiology, Russian Railway Medicine, Samara State 
Medical University from September 2020 – September 
2021.

Inclusion and exclusion criteria: The inclusion criteria 
for the study were as follows: male gender, age 30-65 
yr, AH 1-2 grade who provided signed agreement of 
participation in the study. The exclusion criteria were 
as follows: patients under 30 and over 65 yr, secondary 

AH, myocardial infarction or stroke less than six 
months before the investigation, chronic heart failure 
NYHA II and more, type 1 diabetes mellitus, toxic 
diffuse goitre, familial hypercholesterolemia, chronic 
abdominal ischemia, chronic inflammatory diseases of 
any localisation, chronic hepatitis, liver cirrhosis and 
refusal to participate in the study.

A total of 161 males aged 30-65 yr were included 
in the study. All participants were men because all 
of them were railway workers – train drivers and 
assistant drivers. All participants underwent blood 
biochemical analysis with the determination of total 
cholesterol, LDL-C, triglycerides, glucose (CLIMA 
MC-15, IFA-BEST, Russia), interleukin (IL)-8, 
IL-10, PCSK9 (Quantikine ELISA, USA), sortilin 
(Aviscera Bioscience, Inc. Santa Clara, CA), creatinine 
with the calculation of GFR according to the CKD-
EPI calculator. The instrumental studies included 
electrocardiography (ECG) on EK1Т-1/3-07 Aksion, 
Russia, transthoracic echocardiography (EchoCG) and 
ultrasound Doppler examination of brachiocephalic 
vessels with the determination of the thickness of the 
carotid intima-media complex (CIMT) on Philips EN 
Visor, USA. In the case of atherosclerotic plaques, 
the percentage in diameter using the ECST (European 
Carotid Surgery Trial), NASCET (North American 
Symptomatic Carotid Endarterectomy Trial) and St. 
Mary’s ratio criteria. Coronary angiography (CAG) 
was performed on all the study participants (General 
Electric Innova 3100, USA).

All participants were divided into four groups in 
accordance to the level of PCSK9: Group 1 (n=41) –
individuals with a level of PCSK9 between 100-250 
ng/ml; group 2 (n=37) – PCSK9 between 251-400 ng/
ml; group 3 (n=51) – PCSK9 401-600 between ng/ml 
and group 4 (n=32) – PCSK9 between 601-900 ng/ml. 
The reason for this dividing was in accordance to the 
distribution of individuals by quartiles in statistical 
analysis.

The participants across all the groups were on 
the standard therapy for AH correction: angiotensin-
converting enzyme inhibitors (perindopril), angiotensin 
II receptor blockers (losartan, valsartan), β-blockers 
(nebivolol) and statins (simvastatin, atorvastatin).

Statistical analysis: Descriptive statistics was used to 
evaluate data. The continuous plots were drawn as the 
mean ± standard deviation (SD), as well as the median 
and the first and third quartiles. All variables were 
analysed for normal distribution by the Kolmogorov-
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Smirnov method. Normally distributed features were 
compared by one-way ANOVA followed by pairwise 
comparison with Tukey's correction and skewed 
variables were compared by the Kruskal-Wallis test 
with pairwise comparison by the Dwass-Steele-
Critchlow-Fligner method.

Results

The main clinical characteristics of study groups are 
seen in Table I. The study groups were homogeneous in 
gender and comparable in age, glucose level, GFR and 
lipid spectrum. The smokers were within all studied 
groups: 51.22 per cent, 59.46 per cent, 37.25 per cent 

and 53.13 per cent, respectively (Fig. 1). Participants 
in group 3 had the lowest percentage of smokers; the 
highest was in group 2 (P=0.03).

Positive family history positive for AH was 
observed; in 7.3 per cent in group 1, 13 per cent in 
the group 2, 9.8 per cent and 15.6 per cent in groups 3 
and 4, respectively (Fig. 2). There were no significant 
differences between the groups (P>0.05).

Among group 4 individuals, systolic BP, diastolic 
BP and HR were significantly higher in comparison 
with other groups (P˂0.01). Diastolic BP in the 
group 4 was significantly higher in comparison with 
group 1 and 2. Group 3 individuals, had a diastolic 

Table I. Clinical characteristics of study participants 
Parameter Group 1

(n=41)
mean ± SD,

median (Q1- Q3)

Group 2
(n=37)

mean ± SD,
median (Q1- Q3)

Group 3
(n=51)

mean ± SD,
median (Q1-Q3)

Group 4
(n=32)

mean ± SD,  
median (Q1- Q3)

P

Age (yr) 47.22±12.60
50 (37-56)

48.62±9.39
50 (46- 54)

49.33±8.88
52 (45-55)

51.09±7.29
53 (47.5-56.25)

χ²=1.408, df=3, 
P=0.704

Body mass index(kg/m2) 26.2±3.01
26 (24-28)

28.292±3.41
29 (26-31)

27.725±4.21
28 (25-31)

27.925±4.66
27 (25-29.25)

χ²=7.482, df=3, 
P=0.058

Left ventricular mass index, 
(g/m2)

118.19±39.82
110 (90-142)

123.12±39.37
117 (100.5,-136)

134.98±38.13
136 (106-152.5)

134.48±32.03
140 (109.75- 152.5)

χ²=9.261, df=3, 
P=0.026

Systolic blood pressure (BP), 
(mm Hg)

120.48±14.41
119 (110-130)

125±15.10
122.5 (114-139)

110.2±8.70
110 (105-113)

127±1.41
127 (126.5- 127.5)

χ²=5.358, df=3, 
P=0.147

Diastolic BP, (mm Hg) 74.97±7.13
72 (65, 82)

75.97±7.66
74 (66, 82)

80.9±7.31
79 (70, 88)

83.62±7.44
81 (72, 90)

χ²=4.312, df=3, 
P=0.218

Heart rate (HR), (beats/min) 70.02±6.74
69 (63-75)

69.02±8.32
68 (60-76)

68.72±8.84
67 (59-75)

73.03±8.73
72 (63-78)

χ²=4.165, df=3, 
P=0.678

Cholesterol, (mmol/l) 4.96±1.01
4.8 (4.4-5.7)

4.76±1.06
4.8 (4.2-5.4)

5.17±0.97
5 (4.5-5.65)

5.22±0.86
5.15 (4.55- 5.83)

χ²=4.219, df=3, 
P=0.239

LDL-Cholesterol, (mmol/l) 3.29±0.91
3.2 (2.7-3.8)

3.10±1.09
2.9 (2.3-3.7)

3.45±0.97
3.4 (2.7-4)

3.58±0.89
3.6 (3.050-4.2)

χ²=4.703, df=3, 
P=0.195

Triglycerides, (mmol/l) 1.48±0.79
1.2 (0.93-1.89)

1.67±0.88
1.5 (1.17-1.88)

1.32±0.55
1.19 (0.94-1.65)

1.38±0.66
1.2 (0.99-1.76)

χ²=3.754, df=3, 
P=0.289

Glucose, (mmol/l) 5.41±0.81
5.3 (5-5.7)

5.44±0.91
5.3 (5-5.7)

5.38±0.63
5.4 (5-5.8)

5.38±0.66
5.4 (5.075, 5.93)

χ²=0.606, df=3, 
P=0.895

eGFR, (ml/min/1,73m2) 95.07±15.90
99 (80-107)

93.65±15.58
98 (85-105)

92±14.62
92 (80-104.5)

92.66±15.50
93.5 (80-105)

χ²=1.335, df=3, 
P=0.721

PCSK9, (ng/ml) 190.85±43.80
2 (160-24)

320.62±52.13
3 (280-37)

493.92±55.61
480 (460-54)

746.88±88.81
760 (660-83)

χ²=149.233, df=3, 
P=0.000

CIMT, (mm) 1.173±0.34
1.3 (0.7-1.5)

1.308±0.31
1.5 (1.2-1.5)

1.19±0.23
1.2 (1.05-1.30)

1.15±0.21
1.15 (1-1.30)

χ²=12.625, df=3, 
P=0.006

Left ventricle posterior wall, 
(mm)

9.74±3.63
10 (8-12)

10.75±2.86
11 (9-12)

11.39±2.07
12 (10-12.5)

11.94±2.08
12 (10-13)

χ²=9.722, df=3, 
P=0.021

LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate; PCSK9, proprotein convertase subtilisin/kexin type 9; CIMT, carotid 
intima-media complex; SD, standard deviation
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Figure 2. Expression of (A) sortilin and (B) IL-8,10 levels in group among the study participants.

Figure 1. Pie chart showing the (A) smoking status (B) family history of arterial hypertension among the study participants.
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BP significantly higher in comparison with group 2 
(P˂0.01). Sortilin level was the highest in group 2, 
however, no statistically significant differences were 
found. Group 3 individuals had the highest level of 
IL-8 in comparison with other groups (P=0.01).

CIMT was the highest in group 2 and was 
significantly higher in groups 3 and 4 (P=0.04 and 
P=0.017, respectively). Atherosclerotic plaques of 
brachiocephalic arteries were found in 70 and 80 per 
cent of group 1 and 2 participants, respectively, and 
in 90 per cent of participants in group 3 and 4. The 
predominance of the brachiocephalic artery stenosis of 
more than 50 per cent was revealed in 67.57 per cent of 
the participants in group 2 (Fig. 3).

The results of CAG did not demonstrate significant 
differences between the groups. Coronary artery 
stenoses were seen in 50 per cent and more in group 
1 with 46.4 per cent individuals. In groups 2, 3 and 
4 it was 54.05 per cent, 31.37 per cent and 43.75 per 
cent, respectively (Fig. 4). The highest percentage 
of stenosis (>50%) at 54.5 per cent was observed in 
group 2, while the smallest was in group 3 (31.3%). 
The smallest number of normal coronary arteries was 
seen in group 2.

Correlation analysis of the entire data set revealed 
the relationship of relative left ventricular thickness 
index with age (r=0.43; P=0.005), with CVR (r=0.48; 
P=0.0005), body mass index (r=0.24; P=0.0024), with 
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the CIMT (r=0.34; P=0.0005), left ventricular mass index 
(r=0.70; P=0.0004), sortilin had negative relationships 
of weak strength with age and smoking (r=-0.22; 
P=0.41; r=-0.26; P=0.14, respectively). Correlation 
analysis within the groups demonstrated the following 
tendency: there was a negative relationship between 
sortilin level and age, a direct relationship between 
sortilin and the risk of cardiovascular complications (r=-
0.37; p=0.24; r=0.352; P=0.24, respectively), sortilin 
and IL-10 (r=0.43; P=0.04) in group 1.

Intra-group analysis in group 2 revealed an 
inverse relationship between PCSK9 and left ventricle 
posterior wall (r=-0.37; P=0.22), sortilin and smoking 
(r=-0.5; P=0.044). The relationship between PCSK9 
and glucose (r=0.30; P=0.02), sortilin with AH family 
history (r=0.83; P=0.09) and IL-10 (r=0.81; P=0.01), 
index of relative left ventricular thickness with body 
mass index (r=0.3; P=0.03), with CVR (r=0.57; 
P=0.0009), with CIMT (r=0.42; P=0.02). Intra-group 
analysis of group 3 revealed a strong direct relationship 
between sortilin and AH family history (r=0.83; 
P=0.03) and with IL-8 (r=0.82; P=0.01). Participants 
in group 4 showed an inverse relationship between 
PCSK9 and HR (r=-0.38; P=0.03).

Discussion

Studying of additional risk factors (RFs) of 
atherosclerosis is at present a promising branch of 

cardiological sciences because prevention, diagnostics 
and early treatment of this pathology is key to decrease 
the duration and improve the quality of life. The 
importance of heart arrhythmias in atherosclerosis 
progression has been reported previously14,15. Over 
the last few years, there have been several studies 
dedicated to the clarification of the role of sortilin in 
some pathologies particularly in AH and subclinical 
atherosclerosis11,16,17,18, fibrosis19,20, for the protection 
of neurons in diabetic retina21, and as a potential 
biomarker and target for glioblastoma22.

A few studies have described sortilin’s 
immunomodulatory role in atherosclerosis; it is 
possible that sortilin promotes chronic inflammation 
and the formation of foam cells in blood vessels, 
causing atherosclerosis. Suggestively, this chronic 
inflammation can in turn reduce liver sortilin levels 
and disruption of the lipoprotein metabolism, further 
exacerbating atherosclerosis and the progression of 
CVDs12,18,19. However, given less number of studies 
on this literature, some controversial results require 
further studies and clarification.

In this study, we analysed the risk factors for the 
development and progression of atherosclerotic lesions 
of the vessels of the carotid and coronary arteries by the 
levels of PCSK9, sortilin and markers of inflammation. 
Serum PCSK9 concentration was positively associated 
with the sortilin levels (r=0.37, P=0.001). In the work 

Figure 3. Atherosclerotic plaques in carotid arteries among the study participants as shown through Doppler ultrasound of brachiocephalic 
arteries (A) stenosis <50% (B) stenosis >50%.
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of Hu et al23, in 2017 using the multiple regression 
analysis adjusted for age, sex, LDL-C, smoking and 
coronary artery disease, they found that the correlation 
between PCSK9 levels and serum sortilin and PCSK9 
levels remained significant in all study participants 
(P=0.01). In this study, no relationship between sortilin 
and PCSK9. In the intragroup analysis, at different levels 
of PCSK9 was observed, but an inverse relationship 
between age and smoking was found. (in group 1, the 
minimum and in group 4, the maximum), a negative 
relationship between the level of sortilin with age and 
smoking was found, while a direct relationship between 
sortilin and the risk of cardiovascular complications 
and family history was observed. Furthermore, Ogawa 
et al24 2016, in their studies found that the level of 
sortilin was significantly higher in individuals with 
CVR, AH and dyslipidaemia. In contrast, Möller et al25 
in 2021 showed that none of the risk factors for CHD, 
such as gender, age and smoking, were associated with 
plasma sortilin levels.

Previously it has been reported, that the level of 
PCSK9 is higher in smokers than in non-smokers 
(P=0.011)7.

In this study, it was found that the lesion of the 
carotid arteries with stenosis of more than 50 per cent 
is characteristic precisely for the group of smoking 
individuals. Coronary artery stenosis (50% and more) 

was also detected in the same group, which is confirmed 
by previous studies. Individuals with multiple RFs, 
such as AH, smoking and obesity, were identified in the 
two groups, which may explain the greater percentage 
of carotid and coronary artery lesions in the patients of 
this particular group.

If during an investigation of the patient we find an 
increased parameter of CIMT, it is recommended to 
evaluate the cardiovascular risk for him26. The Gensini 
scale allows us to determine the value of CIMT>1 
mm as a twofold increase in the chance of moderate 
and severe risk of coronary artery disease26. At the 
same time, the presence of atherosclerotic lesions 
in the carotid arteries has a high prognostic value in 
cardiovascular events. The degree of echogenicity 
of atherosclerotic lesions in the carotid arteries is an 
independent predictor of the coronary artery disease 
severity (P˂0.002)26. Our study demonstrated that 
in patients in group 2 with the maximum CIMT was 
revealed the largest number of cases of coronary artery 
disease (stenosis of more than 50%), in comparison 
with other groups (Figs. 4 and 5).

In atherosclerosis pathogenetic theories, the risk 
factors are associated with genetic predisposition, 
peroxide, lipid infiltration in response to endothelial 
damage, autoimmune, monoclonal and infectious 
theories1-3. There is no doubt in the role of the immune-
inflammatory mechanism of atherosclerosis12,13,27. 

Figure 4. The coronary arteries atherosclerosis and PCSK9 level among study participants as shown through coronary angiography.
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Dyslipidaemia and hyperlipidaemia, with the direct 
participation of LDL-C and VLDL, acquire auto-
antigenic properties inducing the formation of an 
immune response to vascular antigens in case of arterial 
wall damage, which contributes to the progression of 
atherosclerosis3.

The main active components of the inflammatory 
process are immune cells (macrophages, T- and 
B-cells, etc.), which are attracted to the inflammation 
focus by pro-inflammatory cytokines. Studies confirm 
the effect of sortilin on the regulation of cytokine 
secretion in various immune processes through IL-6, 
IL-8, IL-10, IL-12, IL-17, tumour necrosis factor alpha 
(TNF-α) and interferons I, II, III12,13. In experimental 
mice, the inactivation of sortilin induced a defect in 
IL-6 secretion (cytokines), at the same time reducing 
the inflammatory component of atherosclerosis and 
vascular lesions, regardless of lipid metabolism. Pro-
inflammatory cytokines play the main role in plaque 
progression25. Therefore, sortilin may act as a key 
regulator of the inflammatory response that enhances 
atherogenesis.. Our data showed a high level of IL-8 
in group 3, where the highest rates of left ventricle 
hypertrophy, left ventricle mass index and index of 
relative left ventricular thickness were found.

In this work, we demonstrated a clear increase 
in inflammatory markers (IL-8) in patients with 
subclinical atherosclerosis. We can explain with oxygen 
stress activation. In patients with coronary artery 
stenosis (50% and more), we revealed an increase of 
IL-10 that demonstrates, to our opinion, the activation 
of antioxidant protection. Overall, Sortilin is the 
innovative marker of CVR in the human population. 
The role of sortilin in cardiovascular pathology needs 
furtherinvestigation. Most of the data are contradictory, 
and they are not enough to make the direct conclusion 
of its leading role in CVR.
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