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To determine in a prospective study factors of progressive atherosclerotic lesion of blood vessels in
patients with rheumatoid arthritis (RA).

This prospective study included 124 patients with RA and suspected ischemic heart disease (IHD) and
30 patients with IHD (comparison group) aged 58 [52; 63] years. On enrollment to the study and at 3
years of follow-up, all patients underwent clinical and instrumental examination according to European
and Russian guidelines for diagnosis and treatment of stable IHD (2013), including coronography as
indicated. For all RA patients of the comparison group, risk factors (RF) were evaluated, including
arterial hypertension, smoking, excessive body weight, family history of cardiovascular diseases
(CVD), diabetes mellitus, and dyslipidemia. The following laboratory data were evaluated: blood
count; biochemistry, including total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), rheumatoid factor (RhF), cyclic
citrullinated peptide antibodies, and high-sensitivity C-reactive protein (hsCRP). Proinflammatory
cytokines, including interleukin (IL) - 1B, IL-6, and tumor necrosis factor-a (TNF- a), were measured
in RA patients once, at 3 years of follow-up.

Incidence of FRs for CVD was similar in RA patients and in the comparison group. Median RA duration
before inclusion into the study was 11 years, and median DAS28 index score was 3.8. Incidence of
dyslipidemia due to increased TC, LDL-C, and HDL-C was higher for RA patients at baseline. The
LDL-C goal (<1.8 mmol/1) was achieved only in 3 (10%) patients of the comparison group and 10 (8%)
RA patients. RA patients had higher levels of the inflammation indexes, hsCRP (0.75 mg/dl vs. 0.16
mg/dl; p<0.05) and erythrocyte sedimentation rate (ESR) (15 mm/hvs. 11.5 mm/h; p<0.05). Inthe RA
group at baseline, atherosclerotic plaques with carotid artery (CTA) stenosis of 20% or more were found
in 94 (77%) patients; in 3 of them, CA stenosis was >50%. Patients with RA frequently had unchanged or
slightly changed coronary arteries (CA) (47% of patients), and less frequently they had hemodynamically
significant multi-arterial coronary atherosclerotic lesions (7% vs. 57% of patients in comparison group).
At37.5 months, 21 (23%) of 94 RA patients had progressive atherosclerosisin CAand/or CTA; 12 (13%)
RA patients had only progressive CA atherosclerosis; 7 (8%) had only progressive CTA atherosclerosis;
and 2 (2%) had simultaneous progression of CA and CTA atherosclerosis. Two groups of RA patients were
formed, with the progression of atherosclerosis (n=21) and without the progression of atherosclerosis
(n=69). RFs for the development/ progression of atherosclerosis in RA patients included smoking, family
history of CVD, and duration of the disease. Levels of lipids did not differ. Levels of proinflammatory
cytokines (IL-1B, IL-6, TNF-a) were higher in RA patients with progressive atherosclerosis. No effects of
the anti-rheumatic therapy on the progression of atherosclerosis were observed.

Progression of atherosclerosis in RA remains in disease with low and moderate activity during the anti-
rheumatic and hypolipidemic treatment. The development of atherosclerosis in RA is determined by
lipid, inflammatory, and immune disorders.
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Rheumatoid arthritis (RA) is an autoimmune disease  disability and reduced life expectancy [1]. Despite
of unknown origin, manifested by chronic erosive  advances in diagnosis and treatment of the disease,

arthritis and characterized by progressive course and cardiovascular mortality in RA remains high [2, 3]. The

clinically significant complications which lead to early relative risk of developing cardiovascular complications
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(CVCs) in RA due to early onset and rapid progression
of atherosclerotic vascular lesions is almost 3.5-fold.
The incidence of fatal CVCs is 2 times as high as in the
general population [3-5], comparable to that of patients
with type 2 diabetes mellitus, and is associated with
the immunoinflammatory mechanisms underlying the
pathogenesis of RA and atherosclerosis [6].

Vascular wall inflammation, characteristic of RA,
has been shown to pave the way for the development
of atherosclerotic lesions in various vascular beds.
The mechanisms associated with the progression of
atherosclerosis in RA are unclear. The contribution of
common risk factors (RFs) of cardiovascular diseases
(CVDs), systemic inflammation, immune activity, and
the effects of antirheumatic drugs are discussed [7].

In order to understand the role of systemic inflam-
mation in the development of CVDs in RA patients, a
concept of similarity of the components of the patho-
genesis of autoimmune inflammation and atherosclerosis
is critical [8, 9].

Chronic activation of the immune response is accom-
panied by hyper-production of pro-inflammatory cytokines:
tumor necrosis factor-alpha (TNF-alpha), interleukin (IL) —
1, IL-6, etc. These are major mediators of vascular disorders,
since they are associated with the effects associated with
carotid and coronary atherosclerosis [10, 11]. Arterial
hypertension (AH), dyslipidemia, metabolic syndrome are
the most common cardiovascular RFs [12-14].

A prospective study has shown that six years after
the onset of RA, there were more patients with severe
atherosclerosis (increased thickness of intima-media
and a higher number of patients with atherosclerotic
plaques (APs)). During the observation period, certain
cardiovascular FRs changed and increased the risk as
assessed by the Systematic COronary Risk Evaluation
(SCORE) scale. It has been suggested that RFs contribute
to the progression of atherosclerosis in RA patients, as
well as inflammatory activity [15]. Concurrently, Arida
etal. [16], who observed patients for three years, showed
that the progression of atherosclerosis was influenced by
effective control of rheumatoid inflammation (decreased
activity or remission).

Another study, which compared the actual and
predicted 10-year progression of atherosclerosis in RA
patients, has shown a reliable increase in calcification
in all vascular beds: coronary (55%), carotid (29%),
and the aorta (80%). At the same time, atherosclerotic
vascular calcification increased and was independently
associated with age and systolic blood pressure. It should
be noted that the absolute increase in the actual 10-year
progression of atherosclerosis was significantly higher
than predicted [17].
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The factors of atherosclerosis progression in RA pa-
tients have not been well studied. The development
of one or another CVC is most often described in the
literature. At the same time, there are few specific clinical
investigation data in terms of real-world evaluation of
changes in the atherosclerotic process.

Objective
To determine the factors of progression of athero-
sclerotic vascular lesions in RA patients prospectively.

Material and methods

The study was carried out under the joint program
«Development of Methods of Individualized Treatment
of Rheumatic Diseases with Comorbidities» of the
Russian National Cardiology Research Center and
V.A. Nasonova Research Institute of Rheumatology,
specifically the section «Addressing Early Diagnosis,
Prevention and Treatment of Cardiovascular Pathologies
in Rheumatoid Arthritis>.

The study protocol was approved by the ethics
committee of the Russian National Cardiology Research
Center and V. A. Nasonova Research Institute of Rheuma-
tology. To be included in the study, all patients signed
informed consent.

The prospective study included 124 patients with RA
and suspected of coronary heart disease (CHD) (treat-
ment group) and 30 patients with CHD without systemic
diseases (control group).

Inclusion criteria for RA patients: male and female
patients from 3$ to 65 years old, with a more than S-year
duration of the disease, a low to moderate degree of RA
activity, and suspected CHD (chest pain or shortness of
breath with exercise and/ or known history of myocardial
infarction (MI)).

The control group included (male and female) patients
comparable in sex and age to those in the main group
with confirmed stable CHD and stenosing coronary
atherosclerosis as shown by coronary angiogram (CAG)
and no rheumatic diseases.

The study did not include individuals over 65 years old
with acute coronary syndrome and a history of MI within
the previous 3 months, with clinical signs of acute heart
failure, and with chronic heart failure (NYHA functional
class 3-4), clinically significant valvular defects, second
and third-degree atrioventricular block and/ or life-threa-
tening arrhythmias, severe chronic diseases (cancer, renal
and hepatic failure).

The mean observation period was 37.5 weeks.

All patients with RA were subjected to clinical inves-
tigations at the Russian National Cardiology Research
Center following European and Russian guidelines for
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the diagnosis and treatment of stable CHD (2013) [18],
including CAG if indicated, at inclusion in the study and
3 years later.

All patients with RA and those in the control group
were assessed for RFs, such as AH, smoking, excessive
weight, family history of CVDs, diabetes mellitus,
dyslipidemia [19]. Total cholesterol (TC), high-den-
sity lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), triglycerides (TG) were
determined using standard enzymatic methods in an
ARCHITECT biochemical analyzer.

The activity of RA was determined by the DAS28 index
in V. A. Nasonova Research Institute of Rheumatology.

Serum levels of high-sensitivity C-reactive protein
(hs-CRP) were determined using a commercial nephe-
lometric hs-CRP-ELISA-BEST kit following the manu-
facturer’s protocol. The measurement was compared to
a standard product with a known concentration of hs-
CRP prepared using the international reference drug
ECR CRM 470. The measurements were performed in a
BN ProSpec blood protein analyzer.

Rheumatoid factor (IgM antibodies by nephelometry
and anti-cyclic citrullinated peptide (CCP) antibodies by
immunofluorescence using second- and third-generation
synthetic citrullinated peptides as antigen) was
determined in all RA patients in the clinical diagnostic
laboratory department of V. A. Nasonova Research Insti-
tute of Rheumatology.

Pro-inflammatory cytokines were evaluated in RA
patients once after three years of observation. The
concentration was determined by means of an enzyme-
linked immunosorbent assay (ELISA) using Vector-Best
commercial sets in the following ranges: IL-1 beta 5-250
pg/mL, IL-65.6-300 pg/mL, TNF-alpha 0-250 pg/mL.
During the control examination of RA patients, the
median level of TNF-alpha was 2.30 pg/mL, IL-1 beta
3.56 pg/mL, IL-62.92 pg/mL. ELISA was performed in
a Stat-Fax-2100 plate photometer.

Carotid ultrasonography was performed using a
Philips TU22 ultrasound machine and a 3-9 MHz linear
probe to determine the presence and severity of the
atherosclerotic process and assess AP structure and
surface. Entire common carotid arteries, their bifurcations,
and proximal internal carotid arteries on both sides were
studied using the standard method. AP was defined as
the focal thickening of the vessel wall by more than 50%
compared to the surrounding areas or as a focal increase
in the intima-media complex thickness by more than 1.5
mm protruding into the vessel lumen. Carotid stenosis
severity was determined in accordance with the ECST
criteria (a ratio of the original inter-adventitial diameter
at the site of stenosis to the diameter of the lumen at the
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site of stenosis expressed in percentage). The progression
of atherosclerosis was evaluated against the baseline
ultrasound results.

Angiographic examinations were performed in an
Allura Xper FD-10 system using the Judkins technique
by means of femoral, radial, or ulnar access. The study
included patients without iodine allergy. Ioversol and
iproamide non-ionic contrast media (Ultravist) were
used in all cases. All angiograms were interpreted by the
panel of cardiologists and interventional diagnosticians.
The progression of atherosclerosis was assessed by the
same panel by comparing the baseline angiograms with
the results of repeat examination.

Patients with RA and control patients received statins,
antiplatelet drugs, beta-blockers, antihypertensive drugs
following the clinical guidelines for the treatment of
stable angina [18].

Patients with RA received antirheumatic drugs:
disease-modifying antirheumatic drug (methotrexate,
leflunomide, sulfasalazine, hydroxychloroquine), gluco-
corticoids, non-steroidal anti-inflammatory drugs, and
genetically engineered biological drugs. The latter in-
clude TNF-alpha inhibitors (infliximab, adalimumab,
etanercept), IL-6 receptor inhibitors (tocilizumab),
anti-B cell drug (rituximab), T-lymphocyte activation
blocker (abatacept). Patients remained stable for three
years, the activity was low to moderate, and there was no
need to change the drug therapy.

The progression of atherosclerosis was interpreted by
invasive and ultrasound examination as the occurrence of
a 220% stenosis in the initially intact arterial segment, or
a 10% or more increase in the available stenosis, or the
progression of stenosis into occlusion [20].

The data obtained was analyzed with Statistica 7.0
software suite. Non-parametric statistics was used. The
results are presented as the median and 25th and 75th
percentiles. The statistical significance of differences
was assessed using the Mann-Whitney test. The groups
were compared by qualitative characteristics using the
chi-square test with Pearson’s contingency coeflicient
and Fisher’s exact test. The correlation analysis was
carried out using Spearman’s rank correlation coefficient.
Differences were statistically significant at p<0.0S.

Results

The study included 124 patients with RA. The mean
age was 37.5 years. Upon inclusion, 21 patients with RA
underwent a percutaneous coronary intervention (PCI).
Coronary artery bypass grafting was performed in 4 cases.
During that period, 3 patients with multiple coronary le-
sions who refused the proposed surgical treatment, died
of CVCs. Another 4 patients underwent PCI for the
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Table 1. Baseline clinical characteristics
of patients in the RA and control groups

. Pa}tients Control group
Indicator with RA
(n=124) (n=30)
Age, years 58 [52; 63] 56 [50; 59]
Male/female 41/83(33/67) 6/24(20/80)
AH 96 (77) 24 (80)
History of ML, n (%) 16 (13) 16 (53)*
Dyslipidemia 51 (41) 7(23)
TC, mmol/L 54[44;62]  4.3[4.0;5.5]*
HDL-C, mmol/L 1.3[1.1;1.7] 1.1[0.9; 1.4]*
LDL-C, mmol/L 3.4[24;40] 2.5[2.1;2.9]
TG, mmol/L 1.37[0.96; 1.89] 1.57[1.0;2.7]
DM 16 (13) 7(23)
Family history of CVDs 45 (36) 13 (43)
Smoking 31 (25) 14 (47)
DAS28, score 3.8[2.2;5.0] -
Duration of RA, years 11 [6; 18] -
Positive for RF 113 (91) -
Positive for anti-CCP Ab 105 (85) -
ESR, mm/h 15[7.3;36]  11.5[11.1;18]*
hs-CRP, mg/dL 0.75[0.2; 1.7] 0.16 "
[0.11;0.27]

The data is expressed as the median and the interquartile

range (Me [25%; 75%]) and the absolute and relative values (n (%)).
* p<0.05. RA, rheumatoid arthritis; AH, arterial hypertension;

MI, myocardial infarction; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglycerides; DM, diabetes mellitus;

CVD, cardiovascular disease; RF, rheumatoid factor;

anti-CCP Ab, anti-cyclic citrullinated peptide antibodies;

ESR, erythrocyte sedimentation rate;

hs-CRP, high-sensitivity C-reactive protein.

first time. An artificial pacemaker was implanted in one
case. The condition of 12 patients worsened due to RA.
Eleven patients refused the repeat examination. They did
not have any CVCs during the follow-up period. Seven
patients were lost for follow-up. Thus, 90 (73%) patients
with RA were re-examined in 3 years.

The control group included 30 patients with CHD
without RA. The clinical characteristics of patients are
presented in Table 1.

The groups were comparable in sex and age.
Cardiovascular RFs were observed at the same rate in pa-
tients with RA and in the control group. At the same time,
dyslipidemia (due to increased levels of TC, LDL-C,
and HDL-C) was initially more common in RA. Statins
were administered in 84 (68%) patients with RA, despite
the fact that all were at high (35%) or very high (65%)
cardiovascular risk. In the control group, all patients
received statins. MI was more common in this group. The
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target level of LDL-C (<1.8 mmol/L) was reached only
in 3 (10%) patients in the control group and 10 (8%)
patients in the RA group.

The median duration of RA before inclusion was 11
years and the median DAS28 was 3.8. In the RA group,
higher levels of hs-CRP were observed (0.75 mg/dL
vs. 0.16 mg/dL; p<0.05) and ESR (15 mm/h vs. 11.5
mm/h; p<0.05).

Upon inclusion, APs with > 20% carotid stenosis were
identified in 94 (77%) patients with RA, three of them
had >50% stenosis (Table 2). Carotid ultrasound data
was not analyzed in the control patients.

During the examination, 83 patients with suspected
CHD were subjected to CAG, given the clinical picture
of the disease and the results of the stress test. A total of
101 (81%) patients with RA were tested. The test result
was positive in 16 (16%) patients with RA, questionable
in 17 (17%) patients with the typical clinical picture of
angina pectoris. The stress test was not brought to the
ischemia level in 36 (36%) patients with the typical and
atypical clinical picture of retrosternal pain. The result of
the stress test was negative in 32 (32%) patients.

According to CAG, patients with RA often had normal
oralmostnormal coronary arteries,and hemodynamically
significant multivessel coronary atherosclerosis was less
frequent than in the control group (Table 3).

Over 3 years, 90 (100%) patients with RA underwent
carotid ultrasound, while 14 (16%) showed progression
of carotid atherosclerosis.

Repeated CAG was performed in 67 out of 90 (74%)
patients with RA. The indications were deterioration
or the appearance of clinical manifestations of angina
pectoris combined with the results of stress test
(positive, doubtful, and ischemia level not reached in
S, 3, and 10 patients, respectively), a clinical picture of
retrosternal pain, shortness of breath accompanied by
conditions limiting physical activity (n=35), and/or
known history of coronary lesions (n=14). Progression
of coronary atherosclerosis was detected in 7 (10.5%)
patients with RA, of whom 4 patients were subjected to
PCI. Atheroma in the initially intact coronary artery was
found in S (7.5%) of 67 patients with RA. In 2 (3.0%)
patients with stenosis at baseline, 40% and 30% stenosis
progressed into occlusion.

Thus, in the 37.5 months of follow-up, 21 (23%)
patients with RA formed a group of atherosclerosis
progression in 1 or 2 vascular beds (coronary and/or
carotid arteries). 12 (13%) patients with RA only had the
progression of carotid atherosclerosis, 7 (8%) patients
had progression of coronary atherosclerosis, while
2 (2%) patients had simultaneous progression of carotid
and coronary atherosclerosis (Figure 1).
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Table 2. Changes in carotid and coronary atherosclerosis course in patients with RA after 3 years of follow-up

Ultrasound CAG Pro-
Patient Sex 8 . gres-
years Baseline In 3 years Baseline, % In 3 years sion
1.S. F S5 AP=2,stenosis <50%  No change LCX stenosis >75% Occlusion Coronary
2.P. M 48  AP=2,stenosis <50%  No change LCX stenosis >75% Occlusion Coronary
3.N. M 56 AP=2, stenosis <50% AP=2, stenosis 60% LAD stenosis 50-75%  No change Carotid
4. M. M 65  AP=2,stenosis <50%  AP=3,stenosis <50%  Not performed Not performed Carotid
S.L. M 64  AP=2, stenosis <50% AP=3, stenosis <50% No lesion OM stenosis>50% Cs:for;?g)s
6.7. M 61  AP=2, stenosis>50% No change No lesion OM stenosis<75% Coronary
7.Zi. F S7  AP=2, stenosis>50% No change No lesion LAD stenosis>60% Coronary
8.D. M 56  AP=2,stenosis <50%  No change RCA stenosis<50% RCA stenosis 60-75% Coronary
9.G. F 48  AP=1, stenosis <50% AP=2, stenosis <50% No lesion No change Carotid
10.V. EF 58 AP=], stenosis <50% AP=2, stenosis <50% RCA stenosis>75% No change Carotid
11.Yu. M 49  AP=], stenosis <50% AP=2, stenosis <50% No lesion No change Carotid
12.T. F 63  AP=1,stenosis <50%  AP=2,stenosis <50%  Nolesion No change Carotid
13.R. F 54  AP=l], stenosis <50% AP=2, stenosis <50% No lesion No change Carotid
14.Pr. F 44 Nolesion AP=1, stenosis <50%  No lesion No change Carotid
1S. Pro. F 65  AP=2,stenosis <50% No change No lesion RCA, DA stenosis 50-60% Coronary
16. Pe. M 65 AP=2, stenosis <50% No change No lesion LCX, OM stenosis 50-60% Coronary
17.H. K. S1 AP=], stenosis <50% AP=2, stenosis <50% No lesion No change Carotid
18. M. XK. 64  AP=I,stenosis <50%  AP=3, stenosis <50% No lesion No change Carotid
19. M. K. 65 AP=2, stenosis>50% AP=3, stenosis <60% No lesion RCA, DA stenosis <50% C::foriigy’
20. H. X 46  AP=1, stenosis <50% AP=2, stenosis <50% No lesion No change Carotid
21.D. X S5 AP=2, stenosis <50% AP=2, stenosis <60% No lesion No change Carotid

RA, rheumatoid arthritis; CAG, coronary angiogram; AP, atherosclerotic plaque; AP=1, atherosclerotic plaque in one vessel;
AP=2, atherosclerotic plaques in two vessels and more; AP=3, newly detected AP; LDA, left anterior descending artery;
LCX, left circumflex artery; DA, diagonal artery; OM, obtuse marginal branch; RCA, right coronary artery; M, male; F, female.

Table 3. CAG findings at inclusion

Patients Control
Indicator with RA group
(n=83) (n=30)
Normal arteries
or mild changes 39 (47) 0
Stenosis 50-75% 9 (11) 5 (17)
One-vessel lesion,
stenosis >75% 18 (22) 5(17)
Two-vessel lesion, . .
stenosis>75% 6(7) 17 (57)
Three-vessel lesion, 11(13) 3(10)

stenosis>75%

The data are expressed as the absolute and relative rates, n (%)
*, p<0.001. CAG, coronary angiogram;
RA, rheumatoid arthritis.

Two groups of patients with RA were formed, in
order to clarify the effects of cardiovascular RFs on the
development of carotid and/or coronary atherosclerosis,
Group 1 included RA patients with progressing athero-
sclerosis (n=21), Group 2 included those without athero-
sclerosis progression (n=69; Table 4).
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Smoking and a family history of CVDs were RFs
for the development/progression of atherosclerosis
in RA patients. Factors deriving from rheumatoid
inflammation were analyzed in the groups of patients:
duration, activity, levels of immune-inflammatory cyto-
kines (Table 5).

The duration of the disease was longer in RA patients
with progressing atherosclerosis than in those without.
However, the groups did not differ in activity and hs-CRP
levels. Levels of pro-inflammatory cytokines (TNF-alpha,
IL-1 beta, IL-6) were significantly higher in RA patients
with progressing atherosclerosis when compared to those
without atherosclerosis progression.

Correlation analysis of blood lipid profile and pro-
inflammatory cytokines showed an inverse relationship
between TNF-alphaand LDL-C (r=-0.34), TC (r= -0.3),
p<0.0S in all cases. No association with other cytokines
(IL-6 and IL-1 beta) was found (p>0.05).

The analysis of the effects of antirheumatic therapy on
the progression of atherosclerosis showed no significant
differences in the rate of using different antirheumatic

drugs.
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Figure 1. Formation of RA patient groups
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Table 4. Cardiovascular risk factors
in RA patients with and without atherosclerosis progression

Table 5. RA-associated factors and immune-
inflammatory cytokines in RA patients with
and without atherosclerosis progression

Progression No progression
Indicator of atherosclerosis of atherosclerosis
(n=21) (n=69)
Age, years 57 [S1; 64] 58[52;63]
Male 8 (38) 23 (33)
AH 18 (86) 52(75)
Body mass index, kg/m? 26 [24;31] 28 [25;31]
TC, mmol/L 4.6 [3.97; 5.51] 5.5 [4.60; 6.52]

LDL-C, mmol/L

2.5 [2.09; 3.30]

3.1[2.79; 4.16]

HDL-C, mmol/L

1.4 [1.02; 1.54]

1.3[1.16; 1.63]

TG, mmol/L 1.19[0.96; 1.86]  1.44[0.96; 1.89]
Smoking 12 (57) 21 (30)*
Family history of CVDs 11 (52) 17 (25)*

The data is expressed as the median and the interquartile
range (Me [25%; 75%]) or the absolute and relative values (n (%)).
*, p<0.0S. CVD, cardiovascular disease; RA, rheumatoid arthritis;

AH, arterial hypertension; TC, total cholesterol;

HDL-C, high-density lipoprotein cholesterol, LDL-C,
low-density lipoprotein cholesterol; TG, triglycerides.

Progression No progression
Indicator of atherosclerosis  of atherosclerosis
(n=21) (n=69)
Duration of RA, years 13 [10; 18] 12 [6;18] *
DAS28, score 4.49 [3.30; 5.78] 5.16[3.33; 6.99]

hs-CRP, mg/dL

0.64 [0.19; 1.26]

0.99 [0.40; 3.04]

TNEF-alpha, pg/mL

8.08 [2.3; 8.44]

1.220.13; 8.00]*

IL-1 beta, pg/mL

3.97 [3.56; 4.10]

3.52[0.30; 4.53]*

IL-6, pg/mL

3.50[2.92; 5.76]

2.52[0.92; 4.36]*

The data is presented as the median and interquartile

range (Me [25%; 75%]). *, p<0.0S; RA, rheumatoid arthritis;
hs-CRP, high-sensitivity C-reactive protein;
TNEF-alpha, tumor necrosis factor-alpha; IL, interleukin.

Discussion
In recent decades, many clinical and epidemiological
studies have shown that RA accelerates the progression of

atherosclerosis and increases cardiovascular risk [ 1-3,21].

In our study, a large group of RA patients who were
suspected of having CHD was followed up. This was

confirmed during the examination in 44 (35%) patients.
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Carotid ultrasound and CAG detected a high prevalence
of stenosing carotid (77%) and coronary (53%) athero-
sclerosis in these patients at inclusion. Three years later,
re-examination showed that atherosclerosis progressed
in one or two vascular beds in 23% of patients. The
study was limited by the fact that the major lower leg
arteries had not been examined.

17



§ ORIGINAL ARTICLES

Pre-clinical atherosclerosis is common in RA patients
regardless of traditional RFs. Roman et al. [22] noted
that the progression of carotid atherosclerosis in RA
patients according to ultrasound examination was 3
times as frequent as in patients without RA (44 % vs. 15%,
respectively; p<0.001). In our study, the progression
of atherosclerosis was also often found in the carotid
bed 12% versus 7% in the coronary bed. This data
is consistent with the findings Pope et al. [23], who
detected a high prevalence of carotid atherosclerosis
(35%) in the active and long-lasting (>14 years) course
of RA and cardiovascular RFs. The progression of carotid
APs in SA was studied within the 24-week follow-up. APs
were assessed using high-resolution 3D ultrasound (REF
scanner). The progression criterion was an increase in
the AP total area >0.25 cm? and/or the intima-media
thickness>0.6 mm. The multifactor regression analysis
showed that the progression of atherosclerosis without
lipid-reducing therapy was associated with the baseline
levels of hs-CRP, associated with high disease activity
(r=0.443; p=0.016), LDL-C (r=0.544; p=0.007), family
history of CVDs (r=0.464; p=0.011), and smoking
(r=0.384; p=0.04). Dyslipidemia was detected in 68% of
patients [23].

In the analysis of RFs in our cohort of patients with
low- and moderate-activity RA, smoking and family
history of CVDs were more common in the progression
of atherosclerosis, which is consistent with other authors
[24-26]. For example, Séderlin et al. [24] showed that
the effectiveness of antirheumatic drugs was reduced
in smokers with RA with an increased risk of CVD. In
our study, the duration of RA was higher in the group
of patients with progressing atherosclerosis. This is
consistent with other authors, who showed that the
disease duration in combination with the cardiovascular
RFs contributed to the development of CVCs, and in the
absence of RFs, did not affect the risk of developing CVCs
[15,27]. The rest of the RFs did not differ in groups with
and without progression of atherosclerosis.

The question still remains whether which of the RFs
contributesthe mostto the development ofatherosclerosis
in RA. The combined influence of cardiovascular RFs
and systemic inflammation is considered the main
cause of earlier development and rapid progression of
atherosclerosis in patients with RA [26, 28]. Indeed, RA
is primarily an immune-inflammatory disease. Numerous
fundamental studies have proved the essential role of
low-activity chronic inflammation in the development of
all stages of the atherosclerotic process, from formation
to rupture of APs and further development of thrombotic
complications [29, 30]. Inflammation is the main
factor which increases the cardiovascular risk 1.5 to 2.0
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times in RA when compared to the general population
[29-32]. Atherosclerosis and RA have many common
inflammatory mechanisms. The processes underlying
inflammation of the joint synovia are similar to those that
cause AP instability. Pro-inflammatory cytokines (TNF-
alpha, IL-1, and IL-6) play a key role in the development
of RA and atherosclerosis [33]. This was taken into
account in the 2019 ESC Guidelines on Dyslipidaemias
(Management of), according to which the cellular and
molecular mechanisms involved in the process of athero-
genesis are not fundamentally different from those in
chronic inflammatory conditions, such as RA [9].

Our findings showed that RA patients with progres-
sing atherosclerosis in different vascular beds had higher
levels of TNF-alpha, IL-6, and IL-1 beta than in RA
patients without progression of atherosclerosis with no
differences in the lipid profile between the groups. This
is due to the fact that these cytokines are involved in the
pathogenesis of RA, and the hyperproduction in the
inflamed synovial fluid activates macrophages in APs,
which partially explains the progression of atherosclerosis
and the development of CVCs [34].

Modern engineered biological treatments for RA
allow for the effective suppression of autoimmune inflam-
mation by targeting pro-inflammatory cytokines [35].
This therapy is also possible in patients without rheumatic
diseases, in order to prevent the development of CVCs.
It was clearly demonstrated in CANTOS (Canakinumab
Antiinflammatory Thrombosis Outcome Study) that the
use of IL-1 beta inhibitor canakinumab, in addition to
the best possible therapy for patients with a history of MI,
reduces the risk of developing repeat CVCs compared to
a placebo without changing plasma lipid levels, and has
positive effects on immune-inflammatory markers. One
of the inclusion criteria was hs-CRP >2 mg/L. This study
has shown for the first time that reducing inflammation
can reduce the risk of CVD [36].

At the same time, we have established a negative cor-
relation between the concentration of cytokines and the
levels of TC and LDL-C. This confirms the essential role
of the immunological component in the development
of atherosclerosis in RA [37, 38]. Other studies have
shown that dyslipidemia is stimulated by persistent
inflammation caused by pro-inflammatory cytokines,
namely TNF-alpha and IL-6, which aftect lipid levels by
shifting them toward the atherogenic profile [37, 39].

We also tested the lipid profile in RA patients. Serum
levels of TC and LDL-C were found to be higher at
inclusion in RA patients than in the control group. The
mechanism of such changes may be explained by the fact
that all the RA patients included had alow level of activity
(median DAS28=3.8) and received antirheumatic treat-
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ments. The correlation of increasing lipid levels with
decreasing inflammation parameters in RA is described
as a «lipid paradox> [40]. It should be noted that 68 % of
RA patients received statins at baseline.

in RA TC, while
paradoxically associated with an increased cardiovascular

Inflammation can reduce
risk. As the inflammation reduces, anti-atherogenic
LDL-C increases by contrast. However, the use of
certain anti-rheumatic drugs is associated with increased
levels of TC, LDL-C, and even more HDL-C, which
improves the TC to HDL-C ratio. In this case, the
risk of developing CVCs is reduced. Lipid levels in RA
should be measured when the disease activity is stable
or in remission because they can be modified by disease
activity and anti-inflammatory therapy.

However, statins remain the first-line therapy for
patients with RA with elevated levels of LDL-C and
cardiovascular risk factors [37, 41, 42].

All patients included in our study received statins
during the follow-up period. However, the lipid targets
were notreached. There was no difference in lipid levels in
RA patients with and without atherosclerosis progression.
Recently, Svanteson et al. [43] published the results of
S-year follow-up of patients with CHD and inflammatory
joint diseases, including RA, receiving statin therapy.
According to these results, when the level of LDL-C <1.8
mmol/L was reached, atherosclerosis progression slowed
down by reducing the AP calcification index in CT and
total plaque volume determined by the same method,
compared to patients with LDL-C >1.8 mmol/L:
21 [2; 143] mm? vs. 69 [16; 423] mm? (p=0.006) and
0.65[-1.0;13.9] mm?vs. 13.0 [0.0; 60.8] mm? (p=0.019),
respectively. Moreover, the plaque structure changed: the
volume of soft/mixed APs reduced. Authors also noted
that only 50% of patients had LDL-C <1.8 mmol/L by
the end of the follow-up period [43].

The contribution of RA-associated factors in the
development of CVDs is currently being studied. In
this regard, the Trans-Atlantic Cardiovascular Risk
Consortium for Rheumatoid Arthritis (ATACC-RA)
was established. The study included 5,638 RA patients
without signs of CVDs from 13 rheumatology centers

around the world. The follow-up period was 5.8 years. The
work showed that the 10-year cumulative cardiovascular
risk was 20.9 and 11.1% in male and female patients,
respectively. In this large international cohort of patients
with RA, 30% of cardiovascular events were associated
with the underlying disease characteristics: DAS28 index,
positive serostatus [44].

However, we have found no association between
baseline disease activity and progression of atheroscle-
rosis in RA patients. This is probably due to the fact that
patients in our cohort had low or moderate baseline RA
activity while receiving adequate antirheumatic treat-
ment.

Conclusion

Our findings show that the progression of athero-
sclerosis in rheumatoid arthritis persists with low- to
moderate disease activity during antirheumatic and
hypolipidemic therapy. Atherosclerosis develops in rheu-
matoid arthritis due to lipid, inflammatory, and, to a grea-
ter extent, immune disorders, which should be considered
to stratify and manage cardiovascular risks in rheumatoid
arthritis.

Limitations
The major lower leg arteries were not examined in the
RA patients included.

Acknowledgements

We thank the National Medical Research Center
of Cardiology: Prof.A. N. Samko, MD, Head of the
Department of X-ray Endovascular Diagnosis and
Treatment Methods; E.V. Merkulov, MD, Head of the
Ist Department of X-ray Surgical Methods of Diagnosis
and Treatment; I.V. Levitsky, MD, Senior Researcher
of the Department of X-ray Endovascular Diagnosis and
Treatment; Prof.V. P. Masenko, MD, Head Researcher
of the Department of Clinical Laboratory Diagnosis.

No conflict of interest is reported.

The article was received on20/08/2020

REFERENCES

1. Nasonov E.L., Nasonova V.A. Rheumatology: National Leadership. —
M.: GEOTAR-Media;2008.~714 p. [Russian: Haconos E.A., Hacouo-
Ba B.A. PeBMaTOAOTHSA: HALIMOHAABHOE PYKOBOACTBO. — M.: T OTAP-
Mepua; 2008. — 714c]. ISBN 978-5-9704-0672-4

2. Yazdanyar A, Wasko MC, Kraemer KL, Ward MM. Perioperative all-
cause mortality and cardiovascular events in patients with rheumatoid
arthritis: Comparison with unaffected controls and persons with dia-
betes mellitus. Arthritis & Rheumatism. 2012;64(8):2429-37. DOL:
10.1002/art.34428

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1331

3. Ranganath VK, Maranian P, Elashoff DA, Woodworth T, Khan-
na D, Hahn T et al. Comorbidities are associated with poorer out-
comes in community patients with rheumatoid arthritis. Rheu-
matology. 2013;52(10):1809-17. DOI: 10.1093/rheumatology/
ket224

4. Meune C, Touze E, Trinquart L, Allanore Y. Trends in cardiovascu-
lar mortality in patients with rheumatoid arthritis over S0 years: a sys-
tematic review and meta-analysis of cohort studies. Rheumatology.
2009;48(10):1309-13. DOI: 10.1093/rheumatology/kep252

19



§ ORIGINAL ARTICLES

S.

10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

20.

20

Semb AG, Kvien TK, Aastveit AH, Jungner I, Pedersen TR, Walldi-
us G et al. Lipids, myocardial infarction and ischaemic stroke in pa-
tients with rheumatoid arthritis in the Apolipoprotein-related Mor-
tality RISk (AMORIS) Study. Annals of the Rheumatic Diseases.
2010;69(11):1996-2001. DOI: 10.1136/ard.2009.126128

. Boyer J-F, Gourraud P-A, Cantagrel A, Davignon J-L, Constantin A.

Traditional cardiovascular risk factors in rheumatoid arthritis: A me-
ta-analysis. Joint Bone Spine. 2011;78(2):179-83. DOI: 10.1016/j.jb-
spin.2010.07.016

. Choy E, Sattar N. Interpreting lipid levels in the context of high-grade

inflammatory states with a focus on rheumatoid arthritis: a challenge
to conventional cardiovascular risk actions. Annals of the Rheumatic
Diseases. 2009;68(4):460-9. DOI: 10.1136/ard.2008.101964

. Corrigendum to: 2016 ESC/EAS Guidelines for the Management

of Dyslipidaemias’ European Heart Journal. 2018;39(15):1254. DOL:
10.1093/eurheartj/ehx180

. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L

etal. 2019 ESC/EAS Guidelines for the management of dyslipidae-
mias: lipid modification to reduce cardiovascular risk. European Heart
Journal. 2020;41(1):111-88. DOI: 10.1093/eurheartj/ehz45S
Karlson EW, Chibnik LB, Tworoger SS, Lee I-M, Buring JE, Shadick
NA et al. Biomarkers of inflammation and development of rheuma-
toid arthritis in women from two prospective cohort studies. Arthritis
& Rheumatism. 2009;60(3):641-52. DOI: 10.1002/art.24350

Libby P. Vascular biology of atherosclerosis: overview and state

of the art. The American Journal of Cardiology. 2003;91(3A):3A-6A.
DOL: 10.1016/S0002-9149(02)03143-0

Popkova TV, Novikova D.S., Pisarev V.V,, Mach E.S., Nasonov E.L.
Risk factors of cardiovascular diseases in rheumatoid arthritis. Rheu-
matology Science and Practice. 2009;3:4-11. [Russian: [Tonxosa T.B.,
Hosukosa A.C., ITucapes B.B., Mau 3.C., Haconos E.A. ®axrops! pu-
CKa KApAMOBACKYASIPHbIX 3260A€BaHUI [IPH PEBMATOMAHOM apTpHTE.
Hayuno-npakTiyeckas pesMaroaorus. 2009;3:4-1]1.

Kondratyeva LV,, Popkova T\V,, Nasonov E.L. Metabolic syn-

drome in rheumatoid arthritis. Rheumatology Science and Practice.
2013;51(3):302-12. [Russian: Koupparsesa A.B, [Tonxosa T.B., Ha-
conos E.A. MeTa6oAn4eckuii CHHAPOM IIpU peBMaTOUAHOM apTpUTe.
Hayuno-npaxrudeckas pemaroaorus. 2013;51(3):302-12
Papadopoulos NG, Alamanos Y, Voulgari PV, Epagelis EK, Tsifetaki N,
Drosos AA. Does cigarette smoking influence disease expression, ac-
tivity and severity in early rheumatoid arthritis patients? Clinical and
Experimental Rheumatology. 2005;23(6):861-6. PMID: 16396705
Targoriska-Stepniak B, Piotrowski M, Zwolak R, Drelich-Zbroja A,
Majdan M. Prospective assessment of cardiovascular risk parame-

ters in patients with rheumatoid arthritis. Cardiovascular Ultrasound.
2018;16(1):18.DOI: 10.1186/512947-018-0136-9

Arida A, Protogerou AD, Konstantonis G, Fragiadaki K, Kitas GD, Sfi-
kakis PP. Atherosclerosis is not accelerated in rheumatoid arthritis

of low activity or remission, regardless of antirheumatic treatment mo-
dalities. Rheumatology. 2017;56(6):934-9. DOI: 10.1093 /rheuma-
tology/kew506

LiuJ-H, Ng M-Y, Cheung T, Chung H-Y, Chen Y, Zhen Z et al. Ten-
year progression of coronary artery, carotid artery, and aortic calcifi-
cation in patients with rheumatoid arthritis. Clinical Rheumatology.
2017;36(4):807-16. DOI: 10.1007/s10067-016-3536-y
Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, Bu-
daj A etal. 2013 ESC guidelines on the management of stable coro-
nary artery disease. Russian Journal of Cardiology. 2014;19(7):7-79.
[Russian: Montalescot G, Sechtem U, Achenbach S, Andreotti F, Ar-
den C, Budaj A 1 Ap. PexoMeHAQIMHY 10 A€UEHHIO CTAGHABHO HILIEMH-
deckoit 60aesnu cepana. ESC 2013. Poccuiickuit KapAMOAOTHYeCKU
sxypHaa. 2014;19(7):7-79]. DOI: 10.15829/1560-4071-2014-7-7-79
Montecucco F, Mach F. Common inflammatory mediators orchestrate
pathophysiological processes in rheumatoid arthritis and atheroscle-
rosis. Rheumatology. 2008;48(1):11-22. DOI: 10.1093/rheumatolo-
gy/ken395

Bruschke AVG, Reiber JHC, Lie KI, Wellens HJ]J. Lipid-Lowering
Therapy and Progression of Coronary Atherosclerosis. -Dordrecht:
Springer Netherlands;1996. ISBN 978-94-009-0143-8

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

Cavagna L, Boffini N, Cagnotto G, Inverardi F, Grosso V, Capora-

li R. Atherosclerosis and Rheumatoid Arthritis: More Than a Sim-
ple Association. Mediators of Inflammation. 2012;2012:1-8. DOI:
10.1155/2012/147354

Roman MJ, Moeller E, Davis A, Paget SA, Crow MK, Lockshin MD
et al. Preclinical Carotid Atherosclerosis in Patients with Rheuma-
toid Arthritis. Annals of Internal Medicine. 2006;144(4):249. DOI:
10.7326/0003-4819-144-4-200602210-00006

Pope JE, Nevskaya T, Barra L, Parraga G. Carotid Artery Ath-
erosclerosis in Patients with Active Rheumatoid Arthritis: Pre-
dictors of Plaque Occurrence and Progression Over 24 Weeks.

The Open Rheumatology Journal. 2016;10(1):49-59. DOL:
10.2174/1874312901610010049

Séderlin M, Petersson I, Geborek P. The effect of smoking on re-
sponse and drug survival in rheumatoid arthritis patients treated with
their first anti-TNF drug. Scandinavian Journal of Rheumatology.
2012;41(1):1-9. DOI: 10.3109/03009742.2011.599073

Arts EEA, Fransen J, den Broeder AA, Popa CD, van Riel PLCM.

The effect of disease duration and disease activity on the risk of cardio-
vascular disease in rheumatoid arthritis patients. Annals of the Rheu-
matic Diseases. 2015;74(6):998-1003. DOI: 10.1136/annrheum-
dis-2013-204531

Boyer J-F, Bongard V, Cantagrel A, Jamard B, Gottenberg J-E, Mari-
ette X et al. Link between traditional cardiovascular risk factors and
inflammation in patients with early arthritis: Results from a French
Multicenter Cohort. Arthritis Care & Research. 2012;64(6):872-80.
DOI: 10.1002/acr.21623

Innala L, Méller B, Ljung L, Magnusson S, Smedby T, S6dergren A

et al. Cardiovascular events in early RA are a result of inflammatory
burden and traditional risk factors: a five year prospective study. Ar-
thritis Research & Therapy. 2011;13(4):R131. DOI: 10.1186/ar3442
Crowson CS, Rollefstad S, Ikdahl E, Kitas GD, van Riel PLCM, Ga-
briel SE et al. Impact of risk factors associated with cardiovascular
outcomes in patients with rheumatoid arthritis. Annals of the Rheu-
matic Diseases. 2018;77(1):48-54. DOI: 10.1136/annrheum-
dis-2017-211735

Libby P, Ridker PM, Hansson GK. Inflammation in Atherosclerosis.
Journal of the American College of Cardiology. 2009;54(23):2129~
38.DOLI: 10.1016/jjacc.2009.09.009

Libby P. Inflammation in atherosclerosis. Nature.
2002;420(6917):868-74. DOI: 10.1038/nature01323

Arida A, Protogerou A, Kitas G, Sfikakis P. Systemic Inflammatory Re-
sponse and Atherosclerosis: The Paradigm of Chronic Inflammato-
ry Rheumatic Diseases. International Journal of Molecular Sciences.
2018;19(7):1890. DOI: 10.3390/ijms19071890

Hannawi S, Haluska B, Marwick TH, Thomas R. Atherosclerotic dis-
ease is increased in recent-onset rheumatoid arthritis: a critical role for
inflammation. Arthritis Research & Therapy. 2007;9(6):R116. DOI:
10.1186/ar2323

Brennan FM, McInnes IB. Evidence that cytokines play a role

in rheumatoid arthritis. Journal of Clinical Investigation.
2008;118(11):3537-45. DOI: 10.1172/JCI36389

Ramji DP, Davies TS. Cytokines in atherosclerosis: Key players

in all stages of disease and promising therapeutic targets. Cytokine &
Growth Factor Reviews. 2015;26(6):673-85. DOI: 10.1016/j.cytog-
{r.2015.04.003

van Sijl AM, Peters MJL, Knol DL, de Vet RHC, Sattar N, Dijkmans BAC
etal. The Effect of TNF-alpha Blocking Therapy on Lipid Levels in Rheu-
matoid Arthritis: A Meta-Analysis. Seminars in Arthritis and Rheumatism.
2011;41(3):393-400. DOI: 10.1016/j.semarthrit.2011.04.003

Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH,
Ballantyne C et al. Antiinflammatory Therapy with Canakinum-

ab for Atherosclerotic Disease. New England Journal of Medicine.
2017;377(12):1119-31. DOI: 10.1056/NEJMoa1707914

Liao KP, Cai T, Gainer VS, Cagan A, Murphy SN, Liu C et al. Lipid
and Lipoprotein Levels and Trend in Rheumatoid Arthritis Compared
to the General Population: Comparing Lipids in RA to the General
Population. Arthritis Care & Research. 2013;65(12):2046-50. DOL:
10.1002/acr.22091

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1331



§ ORIGINAL ARTICLES

38.

39.

40.

41.

Popkova TV, Novikova D.S. According to the materials of the 2015/2016
new european league against theumatism (EULAR) guidelines for re-
ducing cardiovascular risk in patients with inflammatory arthritis: gener-
al characterization and discussion problems. Rheumatology Science and
Practice. 2018;56(3):272-9. [Russian: ITonkosa T.B., Hopukosa A,.C.
TTo MaTepuasam HOBBIX peKoMeHAaLmit EBpomeiickoil aHTHpeBMaTHde-
cxoit anru (EULAR) 1o CHIDKEHMIO KapAMOBACKYASIPHOTO PUCKA y ALy~
€HTOB C BOCITAAMTEABHBIME apTpuTaMu — 2015/2016: o6jast xapaxrepu-
CTHKA ¥ AUCKYCCHOHHBIe Ipo6aeMsl. HayuHo-TipakTidyeckast peBMaToAO-
rus. 2018;56(3):272-9]. DOL: 10.14412/1995-4484-2018-272-279
Filippatos TD, Derdemezis CS, Voulgari PV, Tsimihodimos V,

Elisaf MS, Tselepis AD et al. Effects of 12 months of treatment

with disease-modifying anti-rheumatic drugs on low and high den-
sity lipoprotein subclass distribution in patients with early rheuma-
toid arthritis: a pilot study. Scandinavian Journal of Rheumatology.
2013;42(3):169-75. DOI: 10.3109/03009742.2012.745013
Myasoedova E, Crowson CS, Kremers HM, Roger VL, Fitz-Gib-

bon PD, Therneau TM et al. Lipid paradox in rheumatoid arthri-

tis: the impact of serum lipid measures and systemic inflammation

on the risk of cardiovascular disease. Annals of the Rheumatic Diseas-
es.2011;70(3):482-7.DOI: 10.1136/ard.2010.135871

Semb AG, Kvien TK, DeMicco DA, Fayyad R, Wun C-C, LaRosa JC

et al. Effect of intensive lipid-lowering therapy on cardiovascular out-
come in patients with and those without inflammatory joint disease. Ar-
thritis & Rheumatism. 2012;64(9):2836-46. DOI: 10.1002/art.34524

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1331

42. Gorbunova Yu.N,, Novikova D.S., Popkova T.V., Markelova E.I., Korsako-

43.

va Yu.O., Fomicheva O.A. et al. Cardiovascular risk in patients with early
rheumatoid arthritis before disease-modifying antirheumatic therapy (pre-
liminary data of the REMARCA study). Rheumatology Science and Prac-
tice. 2014;52(4):381-6. [Russian: Top6yrosa FO.H., Hopuxosa A.C., ITor-
xoBa T.B., Mapxeaosa E.I1., Kopcakosa }0.0., @omrraesa O.A. u op. Kap-
AMIOBaCKYASIPHBII PUCK Y GOABHBIX PAHHIM PEBMATOUAHBIM QPTPUTOM AO
Ha3HAYeHwsI 6a3KCHOM IPOTUBOBOCTIAAMTEABHOR Teparyu (TpeABapHTeAb-
Hble panHbIe HccaepoBanns PEMAPKA). Hayuso-MpakTHdeckas peBMaTo-
sorus. 2014;52(4):381-6]. DOL: 10.14412/1995-4484-2014-381-386
Svantesson M, Rollefstad S, Klow N-E, Hisdal J, Ikdahl E, Sex-

ton J et al. Effects of long-term statin-treatment on coronary athero-
sclerosis in patients with inflammatory joint diseases. PLOS ONE.
2019;14(12):0226479. DOI: 10.1371/journal.pone.0226479

. Crowson CS, Rollefstad S, Ikdahl E, Kitas GD, van Riel PLCM, Ga-

briel SE, Matteson EL, Kvien TK, Douglas K, Sandoo A, Arts E, Wall-
berg-Jonsson S, Innala L, Karpouzas G, Dessein PH, Tsang L, El-Ga-
balawy H, Hitchon C, Ramos VP, Yanez IC, Sfikakis PP, Zampeli

E, Gonzalez-Gay MA, Corrales A, Laar MV, Vonkeman HE, Meek I,
Semb AG; A Trans-Atlantic Cardiovascular Consortium for Rheu-
matoid Arthritis (ATACC-RA). Impact of risk factors associated

with cardiovascular outcomes in patients with rheumatoid arthri-

tis. Ann Rheum Dis. 2018 Jan;77(1):48-54. doi: 10.1136/annrheum-
dis-2017-211735. Epub 2017 Sep 6. PMID: 28877868; PMCID:
PMC5726925.

21



