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Abstract: Objective: To evaluate the rate of subclinical carotid atherosclerosis and clinical significance
of immunoinflammatory markers in patients with rheumatoid arthritis (RA) at low cardiovascular risk.
Materials and Methods: The study included 275 RA patients and a control group of 100 participants
without autoimmune diseases. All study participants were at low cardiovascular risk, calculated
by the QRISKS3 scale (<20%), and free of cardiovascular disease. Ultrasound examination of carotid
arteries was performed to measure cIMT and to detect atherosclerotic plaques (ASP) in carotid arteries.
sICAM-1, sVCAM, and sCD40L levels were determined by enzyme immunoassay. Results: Carotid
ASP was observed more frequently in RA patients (27%) than in the control group (17%), p = 0.03.
The frequency of ASP in RA patients did not depend on the disease’s stage or activity. There was
a significant correlation between cIMT and age, cardiovascular risk determined by QRISK3, level of
total cholesterol, LDL, and blood pressure in RA patients, p < 0.05 in all cases. No correlation between
cIMT and blood levels of sCD40L, sVCAM, and sSICAM was found. In RA patients, a higher concen-
tration of sSVCAM was detected in the carotid ASP group compared to the non-atherosclerotic group.
sCD40L was associated with cIMT and total cholesterol in the ASP group and with total cholesterol
and blood pressure in non-atherosclerotic patients. Conclusions: Subclinical atherosclerotic lesions of
the carotid arteries were observed significantly more frequently in RA patients with low cardiovascu-
lar risk than in the control group. The results of the study demonstrate the association between cIMT,
traditional cardiovascular risk factors, and immunoinflammatory markers in RA patients.

Keywords: rheumatoid arthritis; carotid atherosclerosis; cardiovascular risk factors; QRISK3;
intima-media thickness; sSICAM-1; sVCAM; sCD40L

1. Introduction

Cardiovascular disease (CVD) is the most prevalent and socially significant comorbid-
ity and one of the main causes of premature mortality in rheumatoid arthritis (RA) [1-4].
Currently, RA is considered an independent cardiovascular risk factor that increases the risk
of developing atherosclerotic CVD by about 50%, including in patients with subclinical or
early-stage RA [5]. Timely diagnostics based on risk assessment is an extremely important
aspect of the prevention of cardiovascular complications in patients with RA [6,7]. At the
same time, the stratification of cardiovascular risk in RA is still a serious problem. Insuffi-
cient predictive value of traditional cardiovascular risk factors and risk scales, as well as the
high frequency of subclinical atherosclerosis, leads to an underestimation of cardiovascular
risk in patients with RA [6,8,9]. The use of ultrasound measurement of the thickness of
the intima-media complex of carotid arteries (cIMT) in clinical practice has improved the
stratification of cardiovascular risk significantly [10,11]. The accelerated development of
atherosclerosis in RA is associated with both traditional cardiovascular risk factors and
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chronic inflammatory status, which determines the production of various inflammatory
mediators. Despite the fact that the molecular mechanisms underlying relationships be-
tween RA and the development of the atherosclerotic plaques are not well understood,
the pathogenesis of atherosclerosis progression in patients with autoimmune diseases is
being actively studied for a better understanding of the inflammation—atherosclerosis axis
in this group of patients, since it is one of the most actual questions of modern rheuma-
tology [12]. It is known that the progression of the immunopathological process in RA
is accompanied by the development of a wide range of immunoinflammatory reactions,
which may have pathophysiological significance in the development of atherosclerosis.
The imbalance of cytokines and the accumulation of inflammatory mediators contribute
to the development of vascular disorders associated with atherogenesis—endothelial dys-
function, vasoconstriction, lipid and lipoprotein peroxidation, hypercoagulation—and
later lead to the formation and destabilization of atherosclerotic plaques and the devel-
opment of cardiovascular complications [13,14]. It was shown that in the assessment of
early atherosclerotic vascular changes, the prognostic significance of soluble CD40 ligand
(sCD40L) and adhesion molecules—intercellular adhesion molecule-1 (sSICAM-1) and vas-
cular cell adhesion molecule-1 (sVCAM-1)—was significantly higher compared to other
biological mediators [15,16]. The crucial role of sCD40L and adhesion molecules in patho-
genetic mechanisms of atherosclerosis development has been established in numerous
studies [17,18]. Activation of the sCD40L is associated with the expression of adhesion
molecules and pro-inflammatory cytokines by key cells of the vascular wall leading to
the recruitment of immune cells to the arterial endothelium that is considered a main step
in the pathogenesis of atherosclerosis. At the same time, it was demonstrated that RA
patients have significantly increased levels of sCD40L, ICAM-1, and VCAM-1 than healthy
subjects [19,20]. In this regard, these molecules may be considered important mediators in
the development of atherosclerotic lesions in rheumatic patients. The aim of the present
study was to examine the traditional cardiovascular risk factors, blood levels of sCD40L,
ICAM-1, and VCAM-1, ultrasound measurements of carotid atherosclerosis, and to reveal
their association in RA patients at low cardiovascular risk compared to healthy controls.

2. Materials and Methods

The study was performed in accordance with the Declaration of Helsinki and approved
by the local ethics committee. Informed consent to participate in the study was obtained
from each participant. The study included 275 RA patients with a low cardiovascular
risk free of CVD and 100 participants without autoimmune diseases of the control group
matched by sex, age, traditional cardiovascular risk factors, and rate of cardiovascular risk.
RA was diagnosed according to the American College of Rheumatology/European Alliance
of Associations for Rheumatology (ACR/EULAR) 2010 criteria [21]. The mean age of study
participants was 51 [47; 54] years old, 88% of patients were female, and the RA duration was
124 [34; 225] months. The early stage of RA was determined in 38 (14%) patients, advanced
stage in 182 (66%) patients, and late stage in 55 (20%) patients. RA activity was evaluated
using several scores: disease activity score 28 (DAS28), Clinical Disease Activity Index
(CDAI), and Health assessment questionnaires (HAQ). Most patients (69%) had moderate
disease activity: DAS28—4.9 [3.7; 5.9] points, CDAI—18 [12; 29] points, and HAQ—1.25
[0.875; 1.75] points; 81% of patients were seropositive for the rheumatoid factor (RF) and
77% for the antibodies against cyclic citrullinated peptides (ACCP). When included in the
study, 64% of RA patients received methotrexate (mean dose 20 [15; 27] mg/week, the
average duration 110 [21; 174] months; cumulative doses 8,8 [1,7; 13,9]g), 15%—Ileflunomide
(20 mg/day), 12%—sulfasalazine (2000 mg/day), 42%—glucocorticoids (mean dose 4
[2; 6] mg/day, the average duration 75 [15; 175] months; cumulative doses 9,1 [1,8; 21,0] g),
and 34%—non-steroid anti-inflammatory preparations. RA patients and participants of the
control group have never been treated with statins. Clinical characteristics of patients with
RA are presented in Table 1.
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Table 1. Clinical characteristics of study participants with RA.

Indicator RA Patients (n = 275)
Age, years 51 [47; 54]
Sex, female/male, 1 (%) 243 (88)/32 (12)
RA duration, months 124 [34; 225]
Stage of disease:

early, n (%) 38 (14)
advanced, 1 (%) 182 (66)
late, n (%) 55 (20)
Extra-articular manifestations, n (%) 127 (46)
DAS?28, points 4.9[3.7;5.9]
RF +, % 81
ACCP +, % 77
CDAI, points 18 [12;29]
HAQ 1.25[0.875; 1.75]
Basic anti-inflammatory therapy, % 90
Methotrexate, % 64
Leflunomide, % 15
Sulfasalazine, % 12
Glucocorticoids, % 42
Non-steroid anti-inflammatory preparations, % 34

The control group included 100 participants without autoimmune diseases with
low cardiovascular risk, comparable in sex (female/male 88/12) and age (mean age 47
[45; 51] years). The frequency of traditional cardiovascular risk factors in RA patients and
participants of a control group was comparable as well: arterial hypertension in 48% and
42%, dyslipidemia in 62% and 58%, overweight in 45% and 37%, family history for CVD
in 43% and 40%, and smoking in 25% and 23% of RA patients and controls, respectively.
The QRISK calculator (QResearch Cardiovascular disease Risk Algorithm, QRISK®3-2018),
developed for predicting the 10-year risk of coronary heart disease development and cardio-
vascular events in general medical practice, was used to calculate cardiovascular risk [22].
The QRISKS3 algorithm includes almost all traditional cardiovascular risk factors and several
additional factors (rheumatoid arthritis, systemic lupus erythematosus, diabetes mellitus,
chronic kidney disease, ethnicity).

The ultrasound examination of the carotid arteries was carried out on the ultra-
sound system Esaote MyLab Twice (Esaote S.p.A, Genoa, Italy). Atherosclerotic lesions
of the carotid arteries were assessed by the detection of atherosclerotic plaques deter-
mined as a local increase of intima-media thickness > 1.5 mm. The examination included
scanning of the left and right common carotid arteries, the carotid bifurcation area, as
well as external and internal carotid arteries with a focus on the far wall of the artery
in three fixed projections—anterior, lateral, and posterior. Measurement of cIMT was
performed at the far wall of the common carotid artery 10 mm opposite the top of the
carotid bifurcation. cIMT was measured as the distance from the leading edge of the
first echogenic area to the leading edge of the second echogenic area [23]. One researcher
was responsible for all cIMT measurements throughout the study. The whole procedure
was recorded on a digital scan medium for subsequent analysis using the dedicated soft-
ware package M’Ath (Metris, SRL, Villers-Bretonneux, France). The average of three
measurements (in the anterior, posterior, and lateral projections) was considered an inte-
gral indicator of cIMT. The concentrations of total cholesterol, high-density lipoproteins
(HDL), and triglycerides (TG) were determined by standard enzymatic methods, and
the level of low-density lipoproteins (LDL) was calculated using the Friedwald formula:
LDL-C = cholesterol — TG/5 — HDL cholesterol. The levels of C-reactive protein (CRP) and
IgM-RF in blood serum were measured by the immunonephelometric method using a BN
Pro Spec analyzer (Siemens, Munich, Germany). The concentration of sVCAM, sICAM, and
sCD40L in venous blood serum was determined by enzyme immunoassay using reagent
kits and according to Bender MedSystems (Burlingame, CA, USA) protocols.
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Statistical data processing was carried out using Statistica 12 and SPSS 14.0 software.
Results are presented as the median and interquartile range (Me [25th; 75th percentile]).
The x? test was used to compare the frequencies of qualitative data in groups. The groups
were compared using the nonparametric Mann-Whitney test; correlation analysis was
performed by Spearman’s rank correlation method. Differences were considered significant
atp <0.05.

3. Results

Atherosclerotic plaques of the carotid arteries were observed more frequently in RA
patients (27%) with low cardiovascular risk than in the control group (17%), p = 0.03.
Carotid atherosclerosis was detected in 50% of men and 24% of women, p < 0.01. The
frequency of carotid atherosclerotic plaques in RA patients with low cardiovascular risk
did not depend on the stage and activity of the disease. In RA patients, a relationship
between cIMT and age (R = 0.48), the value of cardiovascular risk assessed by QRISK3 scale
(R =0.36), the level of total cholesterol (R = 0.28), LDL (R = 0.18), systolic blood pressure
(SBP) (R = 0.37), and diastolic blood pressure (DBP) (R = 0.38) was found, p < 0.05 in all
cases. In the control group, a similar relationship with age (R = 0.41), concentrations of
total cholesterol (R = 0.22), LDL (R = 0.26), levels of SBP (R = 0.18), and DBP (R = 0.23) was
determined, p < 0.05 in all cases. Table 2 presents the comparison of study participants in
basic traditional cardiovascular risk factors and carotid atherosclerosis parameters, as well
as blood levels of adhesion molecules (SICAM-1, sVCAM) and sCD40L.

Table 2. Comparison of traditional cardiovascular risk factors, atherosclerosis measurements, blood
levels of sCD40L, and adhesion molecules in RA and control patients.

RA Group Control Group
(n = 275) (n = 100) p

ASP, 1 (%) 47 (27) 17 (17) 0.03
cIMT mean, mm 0.73 [0.60; 0.81] 0.73[0.69; 0.79] n.s.
cIMT max, mm 0.87 [0.75; 1.01] 0,86 [0.78; 1.00] n.s.
Total cholesterol >5.0 mmol /L, n (%) 108 (62) 58 (58) n.s.
Total cholesterol, mmol/1 5.7 [4.9; 6.4] 5.7 [5.2; 6.5] n.s.
LDL >2.6 mmol/L, n (%) 99 (57) 49 (49) n.s.
LDL, mmol/L 3.9 [2.6; 4.6] 3.7 [2.3;4.6] n.s.
HDL <1.0 mmol/L in men or 0.01
<1.2 mmol/L in women, 1 (%) 79 (45) 10 (10) ’
HDL, mmol/L 1.3[1.0; 1.6] 1,5[1.2;1.8] <0.01
Triglycerides >1.7 mmol/L, n (%) 27 (15) 8 (8) n.s.
Triglycerides, mmol/L 0.9[0.5;1.2] 0.7[0.4;1.1] n.s.
Atherogenic index 3.41[1.9;3.8] 2.8[2.2;3.0] 0.01
sCD40L, ng/mL 6.5[1.7;11.8] 5.6 [2.0; 9.6] n.s.
sVCAM, ng/mL 1520 [945; 1915] 790 [605; 1307] 0.01
sICAM, ng/mL 332 [274; 405] 285 [247; 344] 0.06

n.s.—not significant.

When comparing the blood levels of sCD40L, sVCAM, and sICAM of RA patients and
control group participants, a higher concentration of sVCAM and a tendency to increase the
blood level of SICAM in RA patients were revealed in comparison with the control group.
No differences in blood levels of sCD40L were determined between groups. Correlation
analysis did not reveal the association between the cIMT and blood concentrations of
sICAM-1, sVCAM, and sCD40L both in patients with RA and in the control group. To
search for risk factors for the development of carotid atherosclerotic plaques in RA patients
with low cardiovascular risk, the method of multivariate logistic regression analysis was
used with the calculation of OR and 95% CI. The sensitivity of the model was 51.5%, the
specificity was 96.2%, and the coefficient of multiple determination R2 was 0.396. The
factors associated with the risk of carotid atherosclerosis are presented in Table 3. Thus, in
RA patients with low cardiovascular risk, the presence of arterial hypertension increased
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the risk of developing carotid atherosclerotic plaques by two times and dyslipidemia by
almost three times.

Table 3. Factors associated with the development of carotid atherosclerotic plaques in RA patients
with low cardiovascular risk.

OR 95% CI p
Arterial hypertension 2.26 1.15-4.56 0.035
Dislipidemia 291 1.35-6.40 0.005
Body mass index > 30 kg/m2 2.07 0.91-4.76 0.09
Male gender 0.54 0.0604.34 0.62
Smoking 1.50 0.65-3.45 0.35
Age > 50 years 1.76 0.84-3.69 0.12
Menopause 2.23 0.99-4.93 0.05

For further analysis, patients with RA and low cardiovascular risk were divided into
two groups depending on the presence of atherosclerotic plaques in carotid arteries. The
first group consisted of 74 RA patients with carotid atherosclerosis; the second group
included 201 RA patients without atherosclerosis. There were more men (21%) and patients
with dyslipidemia (88%) in the atherosclerotic group of study participants in compari-
son with the non-atherosclerotic group (p < 0.05). It was found that RA patients with
carotid atherosclerotic plaques were older and had higher body mass index (BMI), rate
of cardiovascular risk calculated by the QRISKS3 scale, as well as serum levels of choles-
terol, LDL, triglycerides, and sVCAM concentrations compared to patients without carotid
atherosclerotic plaques (Table 4).

Table 4. Cardiovascular risk factors in atherosclerotic and non-atherosclerotic patients with RA.

Atherosclerotic Group Non-Atherosclerotic Group
(n =74) (n = 201) P
Sex, female/male, 1 (%) 58 (79)/15 (21) 181 (92)/15 (8) 0.04
Age, years 54 [50; 56] 50 [46; 53] <0.001
Body mass index, kg/m2 25 [22; 27] 22 [19; 26] 0.01
QRISK 3, points 7.0[5.9; 15.1] 6.2 [4.0; 10.9] 0.03
Dyslipidemia, 7 (%) 65 (88) 189 (60) 0.03
Total cholesterol, mmol/L 6.2[5.7;7.2] 5.7[4.9; 6.4] 0.01
LDL, mmol/L 4.3[3.8;5.1] 4.0[34;4.7] 0.03
HDL, mmol/L 1.3[1.0; 1.5] 1.3[1.1;1.5] n.s.
Triglycerides, mmol/L 0.9[0.5;1.4] 0.7[0.5;1.1] 0.02
sVCAM, ng/mL 1680 [1460; 3350] 1210 [865; 1810] 0.01

n.s.—not significant.

Then, we analyzed the correlation between immunoinflammatory markers and tradi-
tional cardiovascular risk factors in both groups. It was found that serum level of sCD40L
correlated significantly with cIMT (R = 0.40, p = 0.04) and total cholesterol blood level
(R=0.38, p = 0.01) in a group of patients with atherosclerosis and with total cholesterol
levels (R = 0.41, p = 0.02) and DBP (R = 0.3, p = 0.04) in the non-atherosclerosis group. It
was also detected in patients without atherosclerosis that serum levels of sVCAM were
associated with RF (R = 0.52, p = 0.01), while serum levels of SICAM were associated with
DAS28 (R =0.44, p = 0.04).

4. Discussion

Stratification of cardiovascular risk in patients with RA remains a difficult problem,
especially in cases with low cardiovascular risk. Cardiovascular risk calculated with the use
of special scores does not always reflect the real risk of CVD in patients with RA [24,25]. The
risk for CVD is 1.5 times higher in RA patients, and 10-year CVD risk scores underestimate
the cardiovascular risk of rheumatic patients [24]. The choice of the QRISK3 calculator for
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risk calculation was based on its advantage in predicting the risk of CVD in patients with
autoimmune rheumatic diseases [26-28]. Therefore, in the work of A. Corrales et al. [27],
the best predictors of CVD and mortality in patients with RA, adjusted for age, sex, and
disease duration, were the QRISKS3 risk score and the detection of carotid atherosclerotic
plaque. Given the low cardiovascular risk in RA patients, the role of surrogate markers
increases, which primarily includes the visualization of subclinical atherosclerotic vascular
lesions [27,29]. The high prevalence of subclinical atherosclerosis in patients with RA
compared with subjects without autoimmune diseases is observed already in the early
stages of RA and has a similar prevalence in patients with early and late stages of the
disease [30-32]. In our previous study, carotid atherosclerosis (atherosclerotic plaques in
carotid arteries) was diagnosed in 55.4% of patients with early untreated RA mean aged
56 years old, as well as increased mean cIMT over 0.9 mm was detected in 51.4% of RA
patients [33]. According to other authors, subclinical carotid atherosclerosis was found in
21-46% of patients with RA [34-36]. The progression of atherosclerosis in carotid arteries
was observed 3-5-fold more in patients with RA than in individuals without autoimmune
diseases [35,36]. In the current study, carotid atherosclerosis was detected in 27% of RA
patients with low cardiovascular risk. The data obtained are consistent with the work of
S. Hannawi et al. [35], who demonstrated that manifestations of asymptomatic carotid
atherosclerosis were observed more often in RA patients with low cardiovascular risk than
in subjects of a comparable control group (21% vs. 4%, p = 0.01). The association of immune
disorder due to autoimmune processes and traditional cardiovascular risk factors, primarily
dyslipidemia and hypertension, play an important role in the accelerated development
of atherosclerosis in RA. The current study demonstrates the dependence of the cIMT on
traditional risk factors for CVD, such as gender, age, serum levels of lipids, and blood
pressure in patients with RA, which matches the results of other studies [33,35,36].

It has been shown that chronic systemic inflammation plays an important role in
accelerated atherogenesis in autoimmune diseases. Inflammation can have a direct impact
on the development of atherosclerosis or indirectly enhance the effect of traditional car-
diovascular risk factors [14,31,32]. One of the mechanisms of the atherosclerotic process
connecting inflammation and atherothrombosis is the activation of the CD40/CD40L sig-
naling system. CD40L is a transmembrane glycoprotein belonging to the tumor necrosis
factor (TNF) family. CD40 and CD40L are expressed by various cells, including the cells
of atherosclerotic plaque: B-lymphocytes, monocytes/macrophages, and endothelial and
smooth muscle cells. Increased expression of sCD40L is considered an important factor
in the immunopathogenesis of RA. The mechanism of its action is realized through the
polyclonal activation of B-lymphocytes, the formation of autoantibodies, the activation
of endothelial cells, and the increased production of pro-inflammatory cytokines [37,38].
The diagnostic and prognostic value of sCD40L in patients with CVD and healthy indi-
viduals is discussed in the literature. The Ludwigshafen Risk and Cardiovascular Health
study demonstrates that sCD40L independently predicted an increase in cardiovascular
risk in the general population; a significant association between elevated sCD40L plasma
levels and short-term all-cause and cardiovascular mortality was observed in 2759 study
participants [39]. The association of elevated blood concentrations of sCD40L with several
cardiovascular risk factors has been demonstrated in clinical trials. In particular, it was
shown previously that there is a relationship between the CD40/CD40L system and choles-
terol metabolism in patients with moderate hypercholesterolemia [40]. Our data indicate
a similar relationship between sCD40L levels and cholesterol levels in RA patients with low
cardiovascular risk. In addition, blood pressure can affect the level of sCD40L, which was
confirmed in the current work and matches the results of other studies [41]. The increased
blood level of sCD40L was previously demonstrated in RA patients compared to the control
group, but in that study, no association of sCD40L with disease activity and markers of
inflammation such as erythrocyte sedimentation rate and C-reactive protein was revealed.
There are few works that assess the clinical significance of pCD40L as a marker of atheroscle-
rotic vascular lesions in RA and SLE [42]. Our study found a positive correlation of this
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marker with traditional and non-traditional risk factors, as well as with atherosclerotic
lesions of the carotid arteries in RA patients with low cardiovascular risk. The relationship
between sCD40L level and cIMT in RA patients with atherosclerosis identified in our study
may have clinical and diagnostic significance in the prediction of subclinical atherosclerosis
in RA patients. Activation of the CD40/CD40L system is considered a key step in the
development of atherosclerosis and its complications and is associated with the synthe-
sis of adhesion molecules and chemokines by monocytes/macrophages, endotheliocytes,
platelet-leukocyte adhesion, increased expression of tissue factor and matrix metallopro-
teinases, and activation and proliferation of vascular smooth muscle cells [15,43,44]. The
binding of CD40L to the receptor on endotheliocytes and smooth muscle cells induces the
expression of leukocyte adhesion molecules such as VCAM, E-selectin, and ICAM that
causes the recruitment of immune-inflammatory cells with the subsequent development
of local inflammation, leading to the formation of atherosclerotic lesions [45,46]. In RA,
adhesion molecules VCAM and ICAM produced by synovial fibroblasts play an impor-
tant role in supporting inflammation, promoting recruiting and adhesion of circulating
inflammatory cells to endothelium and, consequently, their extravasation at the site of
inflammation and tissue damage [47-49]. It has been shown in our study that patients with
RA have a higher concentration of sVCAM compared to the individual without autoim-
mune diseases, and the level of sVCAM and sICAM in the peripheral blood is associated
with immunological markers (RF) and RA activity indicators (DAS28), respectively. Similar
data have been obtained in several other studies demonstrating elevated levels of adhesion
molecules in the blood of RA patients compared to healthy controls and their association
with DAS28 and RF [48,50]. SICAM-1 and sVCAM-1 are well-known molecules involved
in the pathogenesis of atherosclerotic plaques [51]. In the work of JE.Varona et al., SICAM-
1 and sVCAM-1 were strongly associated with early atherosclerotic disease in patients
with low /intermediate cardiovascular risk [52]. SICAM-1 and sVCAM-1 contribute to the
development of atherosclerosis through different mechanisms, and what mechanism is
leading is not yet fully understood. On the one hand, the binding of these soluble adhesion
molecules to circulating leukocyte receptors before they come into contact with the vessel
wall has an anti-adhesive potential that may limit the immune-inflammatory response [53].
On the other hand, the response of macrophages to sSICAM-1 lead to the production of
MIP-2 and TNEF-a through an NFkappaB-dependent mechanism, which in turn enhances
inflammation [54].

5. Conclusions

Thus, cIMT is considered to be the most informative marker for the identification of
the risk of CVD development in patients with RA. In our study, subclinical atherosclerotic
lesions of the carotid arteries were detected much more often in RA patients with low
cardiovascular risk than in the control group and were found in a quarter of patients.
Therefore, ultrasound scanning of carotid arteries should be recommended for RA patients
with low risk of CVD as a routine examination in general clinical practice. The relationship
between the cIMT with traditional cardiovascular risk factors (age, sex, blood lipid levels,
blood pressure) as well as with immunoinflammatory markers of cardiovascular risk
(sCD40L, sVCAM-1) in patients with RA has been demonstrated. Serum levels of sCD40L
and sVCAM-1 in RA patients appear to be useful biomarkers for detecting early subclinical
atherosclerotic lesions in RA patients with low cardiovascular risk.
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