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Methotrexate use, not interleukin 33, is
associated with lower carotid intima-media
thickness in patients with rheumatoid
arthritis
Maria Raquel Costa Pinto1* , Adriana Maria Kakehasi1, Adriano José Souza2, Wilson Campos Tavares Jr3,
Monaliza Angela Rocha1, Cyntia Gabriele Michel Cardoso Trant1 and Marcus Vinicius Andrade1

Abstract

Background: Rheumatoid arthritis is a risk factor for early mortality due to cardiovascular disease. Interleukin-33
appears to protect against the development of atherosclerosis. The purpose of this study was to investigate the
relationship between serum levels of interleukin-33 and its soluble receptor with the presence of subclinical carotid
atherosclerosis in rheumatoid arthritis patients.

Methods: Rheumatoid arthritis patients without atherosclerotic disease were subjected to clinical and laboratory
assessments, including carotid ultrasound. Interleukin-33 and its soluble receptor serum levels were measured by ELISA.

Results: 102 patients were included. The prevalence of carotid plaques was 23.5% and the median intima-media
thickness was 0.7mm. The median interleukin-33 and its soluble receptor concentration was 69.1 and 469.8 pg/ml. No
association was found between serum interleukin-33 or its soluble receptor and intima-media thickness or plaque
occurrence. Each 0.1mm increase of intima-media thickness raised the odds of plaque occurrence by 5.3-fold, and each
additional year of rheumatoid arthritis duration increased the odds of plaque occurrence by 6%. Each additional year in
patients age and each one-point increase in the Framingham Risk Score were associated with a 0.004mm and 0.012mm
increase in intima-media thickness. Methotrexate use was associated with a 0.07mm reduction in intima-media thickness.

Conclusions: Interleukin-33 and its soluble receptor were not associated with subclinical atherosclerosis. Traditional risk
factors for atherosclerosis and rheumatoid arthritis duration were associated with intima-media thickness and plaque
occurrence; methotrexate use was associated with a lower intima-media thickness.
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Background
Rheumatoid arthritis (RA) is an autoimmune inflammatory
disease that can lead to articular destruction. Fibroblast-like
synoviocytes are local producers of inflammatory interleu-
kins, including interleukin 33 (IL-33). IL-33 is a member of
the IL-1 family that modulates the immune response by in-
ducing cytokine production by type 2 T helper lymphocytes
(Th2). IL-33 is a ligand for receptor ST2, a member of the

IL1R/TLR superfamily. Increased levels of soluble ST2
(sST2) were found in inflammatory conditions, and it is in-
volved in the attenuation of the Th2-induced inflammatory
response, probably via IL-33 sequestration. IL-33/ST2 sig-
naling behaves as an intracellular system with participation
in antigen-antigen response, autoimmunity, fibrosis
processes and possibly RA pathogenesis. The active form
of IL-33 is released after cell damage and it promotes
macrophage activation, neutrophil migration to articular
sites and production of metalloproteinases and cytokines
by fibroblast-like synoviocytes. IL-33 stimulates naïve CD4
+ T cells to differentiate into Th2 and induces the
production of IL-5 and IL-3. IL-33 also promotes
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autoantibody-mediated mast cell activation and degranula-
tion [1, 2]. Significantly higher IL-33 levels were found in
serum and synovial fluid of RA patients when compared
with controls. IL-33 levels were correlated to IL-1β, IL-6,
C-reactive protein, DAS28, rheumatoid factor and
anti-CCP. Treatment with antirheumatic agents reduced
serum IL-33 levels [3–5]. Thus, IL-33 may be an acceptable
biomarker and potential therapeutic target for RA.
IL-33/ST2 signaling also appears to play a role in athero-

sclerosis [6]. IL-33 and ST2 are expressed in human venous
and coronary artery endothelium [7, 8]. Administration of
IL-33 to apolipoprotein E-deficient mice reduced athero-
sclerotic plaque development. In contrast, mice treated with
sST2 developed larger plaques. These results suggest that
IL-33/ST2 may have protective effects in relation to athero-
sclerosis [7]. On the other hand, some studies showed that
IL-33 may, on the contrary, be associated with progression
of atherosclerotic plaques by increasing vascular permeabil-
ity, inflammatory cytokine production and expression of
the adhesion molecules in coronary artery [8, 9].
RA is an independent risk factor for early mortality and

is associated with a high risk of death from cardiovascular
disease (CVD), even after adjustment for traditional risk
factors for coronary atherosclerotic disease [10–12]. The
cause of the early and accelerated atherosclerosis has not
been fully elucidated, but the combination of traditional
and non-traditional risk factors is likely to be relevant [10,
13, 14]. Circulating inflammatory mediators may affect
the arterial wall during the various stages of atheroscler-
osis development [15]. Several investigators reported that
the association between systemic inflammation markers
and vascular abnormalities was only found in the presence
of traditional risk factors [16, 17].
Assessment of the carotid arteries using high-resolution

ultrasound is one of the noninvasive procedures used to
evaluate early preclinical atherosclerosis. Increased
intima-media thickness (IMT) and presence of plaques are
independently associated with cardiovascular risk factors
and generalized atherosclerosis [18]. They are strong pre-
dictors of future cardiovascular events in overall population
and in high-risk patients, such as those with RA [19–22].
Our study investigated the possible association between

serum IL-33 and sST2 levels and subclinical carotid
atherosclerosis in RA patients.

Methods
Patients
Adults with RA, defined according to the American College
of Rheumatology (ACR) or ACR/European League Against
Rheumatism classification criteria, with symptoms lasting
for more than 6 months were invited to participate in the
study. The exclusion criteria consisted of past or present
angina, acute myocardial infarction, coronary revasculariza-
tion procedures, coronary stenosis on angiography, stroke

or transient ischemic attack, carotid stenosis and peripheral
arterial insufficiency on angiography or ultrasonography;
the presence of heart failure, atrial fibrillation, and im-
planted pacemaker or defibrillator; the presence of other
connective tissue disorders (overlap syndromes), except for
secondary Sjögren syndrome; and the presence of signs and
symptoms of infection or recent history of infection.

Methods
The participants were subjected to a clinical evaluation
that included a count of the number of swollen and
painful joints. Disease-related information, laboratory
test data, current and previous treatment records and
the cumulative prednisone dose were obtained through
interviews and a review of medical records.
Systemic arterial hypertension was defined as a systolic

arterial pressure ≥ 140, diastolic arterial pressure ≥ 90 or
the use of antihypertensive medication. Smoking was
defined as the use of any amount of tobacco in the past 30
days, and ex-smokers were defined as those who abstained
from tobacco use in the past 30 days. A family history of
early CVD was defined as the presence of atherosclerotic
artery disease among parents, siblings or children before
the age of 55 for males and 65 for females [23]. Dyslipid-
emia was defined as the use of hypolipidemic agents,
triglycerides > 150mg/dl, high-density lipoprotein (HDL)
cholesterol < 50mg/dl for women and < 40mg/dl for men,
or low-density lipoprotein (LDL) cholesterol > 160mg/dL
[23]. The LDL cut-off value was determined using cardio-
vascular risk stratification and the Framingham Risk Score
[24], as recommended by the Brazilian Society of
Cardiology [23]. Central obesity was defined as a waist
circumference ≥ 94 cm for men and ≥ 80 cm for women.
Metabolic syndrome was defined according to the criteria
established by the International Diabetes Federation [25].
Hand/wrist and forefoot anteroposterior radiographs

were taken within 12 months prior to or after the assess-
ment. A single radiologist blinded to the patients’ data
analyzed the radiographs by calculating the total Sharp/
van der Heijde modified score. The intra-rater agree-
ment was good (intraclass correlation coefficient: 0.958).
The participants were assessed using the Health As-

sessment Questionnaire Disability Index (HAQ-DI) vali-
dated for the Portuguese language and two 0–100mm
visual analog scales for pain and global disease activity.
CDAI and DAS28, which are composite disease activity
indices consisting of four variables, were calculated
using the erythrocyte sedimentation rate (ERS) measured
on the day of assessment and the patient-reported visual
analog scale for disease activity.

IL-33 and sST2 measurements
Blood samples were collected from a peripheral vein,
and the serum was separated from the sample. IL-33
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and sST2 were measured using an enzyme-linked im-
munosorbent assay (ELISA) according to the manufac-
turer’s instructions (Human IL-33 DuoSet Economy
Pack and sST2 DuoSet-ELISA sandwich assay, R&D
System Inc., Minneapolis, MN, USA).

Carotid ultrasound
The subclinical atherosclerosis of carotid arteries was
assessed using B-mode ultrasound to detect atheroscler-
otic plaques and measure IMT according to previously
established guidelines [22, 26]. A high-resolution Philips
iE33 ultrasound machine with a 3-to-9MHz linear probe
and artery specific software was used. The left and right
common internal and external carotid arteries were trans-
versely and longitudinally scanned for atherosclerotic pla-
ques, which were defined as focal structures protruding
into the artery lumen that measured at least 0.5 mm and
were greater than 50% of the adjacent IMT or showed an
IMT over 1.5mm. The IMT was measured on the poster-
ior wall of the left and right distal common carotid arteries
at a plaque-free site one to two centimeters from the ar-
tery bifurcation. Images were obtained with adequate gain
and depth adjustments along the longitudinal axis at a site
where the artery segment was the most perpendicular to
the ultrasound beam. Anterior, posterior or sternocleido-
mastoid access was utilized. The most rectilinear images
with well-defined double-line patterns were selected for
measurement. After completion of the test, IMT measure-
ments were made on a 10-mm common carotid artery
segment using automatic border (lumen-intima and
media-adventitia) detection software. The average of the
measurements was calculated for the right and left arteries
separately. For each patient, the highest average IMT cal-
culated on the right or left artery was used in the statistical
analysis. The parameters used to classify IMT as abnormal
comprised the values obtained in the Multi-Ethnic Study
of Atherosclerosis [22]. Values above the 75th percentile
for sex, age, race, and IMT in the right or left artery were
considered as abnormal.
A single professional with extensive technical experience

who was blinded to the clinical status of the participants
performed all of the tests. The intra-rater agreement was
good (intraclass correlation coefficient of 98.7% for IMT
measurements and a Kappa coefficient of 100% for plaque
detection).

Statistical analysis
A descriptive analysis was performed using frequency
distribution tables and central tendency measurements.
All of the statistical analyses were performed with SPSS
version 15.0 software.
A univariate analysis was used to investigate factors

associated with the presence of atherosclerotic plaques.
A Pearson’s chi-square or Fisher’s exact test was used to

compare categorical variables, and Student’s t-test or the
non-parametric Mann-Whitney test was used to com-
pare numerical variables. Distribution normality was
assessed using the Kolmogorov-Smirnov test. Binary lo-
gistic regression was used in the multivariate analysis.
Using the final model, the adjusted odd ratios (OR) with
corresponding 95% confidence interval (95%CI) were
calculated. The model goodness of fit was assessed using
the Hosmer-Lemeshow test.
A univariate analysis was used to investigate factors as-

sociated with IMT. The Mann-Whitney or Kruskal-Wallis
test was used to compare categorical variables, and the
Spearman’s correlation coefficient was used to compare
numerical variables. Non-parametric tests were selected
because the IMT distribution was slightly skewed. A linear
regression model was used in the multivariate analysis.
The goodness of fit of the final model was assessed using
the coefficient of determination (R2) and diagnostic plots.
The data were not transformed to obtain a normal distri-
bution because the distribution of the model residuals for
IMT was very close to normality.
An analysis of the residual plots indicated that the

model was appropriate for the data.
Predictive variables with a p-value < 0.15 in the univar-

iate analysis were included in the multivariate model
using forward stepwise selection. The significance level
for the final model was set at 5%.

Results
Patient clinical and laboratory characteristics
Between March 2012 and August 2013, a total of 102
patients were included in the study. The demographic
and clinical characteristics of the patients and their
medication use are provided in Table 1.
Based on their Framingham Risk Scores [24], 64

(62.7%) participants were at high cardiovascular risk,
and only 22 (21.6%) patients met the LDL therapeutic
goal established by the Brazilian Society of Cardiology
Guideline [23] (Table 1). The median (interquartile
range) IMT of the common carotid artery was 0.7 (0.6–
0.8) mm. The IMT was elevated in 18.6% of patients.
Atherosclerotic plaques were detected in 24 (23.5%) par-
ticipants (Table 2). A total of 36 participants (35.3%) ex-
hibited atherosclerotic plaques and/or increased IMT.
The serum IL-33 and sST2 levels were above the limit

of detection in 68 (66.7%) and 101 (99%) participants,
respectively (Table 2). No correlation was found between
IL-33 and sST2 levels (r = 0.123; p = 0.319).

Factors associated with the occurrence of atherosclerotic
plaques
The participants with atherosclerotic plaques had an
older average age (59.9 versus 54.2 years old; p = 0.014)
and longer mean disease duration (21.9 versus 16.3 years;
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p = 0.011). The prevalence of atherosclerotic plaques was
higher in postmenopausal women than in non-postmen-
opausal women (29.6% versus 8.7%; p = 0.043). The me-
dian IMT was higher in patients with atherosclerotic
plaques (0.8mm versus 0.6mm; p = 0.001). No patient
with LDL values within the therapeutic goal range exhib-
ited plaques, while the prevalence of plaques in the
remaining participants was 30% (p = 0.003). The Framing-
ham Risk Score values were higher for patients with ath-
erosclerotic plaques (8.7 versus 6.3, p = 0.048) (Table 3).
There was no association between IL-33 and sST2 levels

and the occurrence of atherosclerotic plaques (p > 0.05)
(Table 3). None of the other factors we assessed correlated
with plaque occurrence.
The multivariate analysis showed that each 0.1-mm in-

crease in IMT caused a 5.3-fold increase in the odds for
plaque occurrence (OR: 53.2; 95%CI 2.88–983.37). Each
additional year of disease duration increased the odds of
plaque occurrence by 6% (OR: 1.06; 95%CI 1.01–1.12).

Table 1 Demographic, clinical and laboratory characteristics of
participants

Variable Value

Age (years - mean ± SD) 55.5 ± 10

Age at onset of symptoms (years - mean ± SD) 37.9 ± 11.9

Disease length (years - mean ± SD) 17.6 ± 9.5

Female gender (n (%)) 94 (92.5)

Postmenopausal (n (% female participants)) 71 (75.5)

Non-white ethnicity (n (%)) 74 (72.5)

Seropositive RA (n (%))a 84 (82.4)

Extra-articular involvementb(n (%)) 23 (22.5)

DAS28 (mean ± SD) 4 ± 1.4

CDAI (mean ± SD) 13.4 ± 11.7

HAQ-DI (median (IQR)) 0.8 (0.3–1.4)

Sharp/van der Heijde score c(median (IQR)) 38 (10–75.5)

SAP/DAP (mmHg - mean ± SD) 123 ± 13 / 77.5 ± 8.6

Waist circumference (cm - mean ± SD) 94.5 ± 10.8

BMI (mean ± SD) 27.5 ± 4.7

Medications in use (n patients (%))

Oral hypoglycemic agents and/or insulin 14 (13.7)

Hypolipidemic agents 28 (27.5)

Antihypertensives 54 (52.9)

DMARDs 91 (89.2)

Methotrexate 66 (64.7)

Leflunomide 42 (41.2)

Anti-TNFα 15 (14.7)

Nonsteroidal anti-inflammatory drugs 22 (21.6)

Prednisone 62 (60.8)

Prednisone daily dose (mg - median (IQR)) 2.5 (0–5)

Prednisone cumulative dose (g - mean ± SD) 21.8 ± 15.7

Laboratory tests

HDL (mg/dL – mean ± SD) 58.4 ± 16.1

LDL (mg/dL – mean ± SD) 110.6 ± 28

TC/HDL (median (IQR))d 3.5 (2.8–4.1)

Triglycerides (mg/dL - median (IQR)) 112 (81–165.5)

Fasting glucose (mg/dL - median (IQR)) 89 (79–97)

CRP (mg/L - median (IQR)) 8.3 (4.9–16.9)

ESR (mm/h - median (IQR)) 22 (15–32)

Traditional risk factors for CAD (n (%))

Current smoker 12 (11.8)

Diabetes mellitus 17 (16.7)

Family history of early CVD 18 (17.6)

Metabolic syndrome 53 (52)

Systemic arterial hypertension 60 (58.8)

Dyslipidemia 65 (63.7)

Central obesity 88.2 (90)

Table 1 Demographic, clinical and laboratory characteristics of
participants (Continued)

Variable Value

Global Risk Score (Framingham) (Ref. 67)
(median (IQR))

7.1 (4.1–11.6)

High cardiovascular risk (Ref. 65) (n (%)) 64 (62.7)

LDL within therapeutic goal (BSC) (Ref. 65)
(n (%))

22 (21.6)

SD standard deviation, RA rheumatoid arthritis, DAS28 Disease Activity Score
based on 28 joints, CDAI Clinical Disease Activity Index, HAQ-DI Health
Assessment Questionnaire Disability Index, IQR interquartile range, BMI body
mass index, DMARDs disease-modifying antirheumatic drugs, CAD coronary
artery disease, CRP C-reactive protein, ESR erythrocyte sedimentation rate, CVD
cardiovascular disease; and BSC Brazilian Society of Cardiology
anumber of patients with positive rheumatoid factor and/or anti-CCP in any
titer at any time during the clinical course of disease
b number of patients with extra-articular involvement at any time during the
clinical course of disease
ctotal Sharp/Van der Heijde modified score (0–448)
dtotal cholesterol-to-HDL ratio

Table 2 Results of carotid artery ultrasounds and IL-33 and sST2
measurements

Variable Value

IMT - CCA (mm - median (IQR)) 0.7 (0.6–0.8)

Increased IMT (n (%)) 19 (18.6)

Atherosclerotic plaque (n (%)) 24 (23.5)

IL-33 (pg/mL - median (IQR))a 32.1 (0–78.7)

IL-33 (pg/mL - median (IQR))b 69.1 (31.6–114.5)

sST2 (pg/mL - median (IQR))c 469.8 (336.3–651)

IL-33/sST2 (median (IQR))d 0.1 (0–0.3)

IMTintima-media thickness, CCA common carotid artery; and IQR interquartile
range. According to the manufacturer, the minimum detectable concentration
of IL-33 and sST2 was 23.4 and 31.2 pg/ml, respectively
alevels below the limit of detection were considered as zero
bonly considering the 68 participants with levels above the limit of detection
|conly considering the 101 participants with levels above the limit of detection
dIL-33-to-sST2 ratio
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Factors associated with intima-media thickness
Significant direct correlations were found between IMT
and patient age (r = 0.613; p < 0.001), disease duration (r =
0.224; p = 0.024) and age at onset of RA symptoms (r =
0.334; p = 0.001). Similarly, IMT correlated with systolic ar-
terial pressure (r = 0.282; p = 0.004), fasting glucose (r =
0.264; p = 0.008) and Framingham Risk Score (r = 0.591; p

< 0.001). IMT inversely correlated with daily prednisone
dose (r = − 0.205; p = 0.039) (Table 4).
The IMT was higher in patients with a history of

extra-articular involvement (p = 0.014), systemic arterial
hypertension (p = 0.001), diabetes mellitus (p = 0.003),
and metabolic syndrome (p = 0.037). Within women, the
IMT was higher in those who were postmenopausal (p

Table 3 Comparison of patients with and without atherosclerotic plaques

Variable Plaques absent
(n = 78)

Plaques present
(n = 24)

p-value

Age (years - mean ± SD) 54.2 ± 9.8 59.9 ± 9.7 0.014a

Disease length (years - mean ± SD) 16.3 ± 9.7 21.9 ± 8 0.011a

Postmenopausal (n (%)): No
Yes

21 (91.3)
50 (70.4)

2 (8.7)
21 (29.6)

0.043b

LDL within goal (Ref. 65) (n (%)) No
Yes

56 (70)
22 (100)

24 (30)
0 (0)

0.003b

Global CVR score (median (IQR)) 6.3 (2.9–11.6) 8.7 (6.2–11.8) 0.048c

IMT (mm - median (IQR)) 0.6 (0.6–0.8) 0.8 (0.7–0.9) 0.001c

IL-33 (n (%))d: positive
negative

52 (76.5)
26 (76.5)

16 (23.5)
8 (23.5)

1b

IL-33 (pg/mL - median (IQR))e 33.1 (0–78.7) 12.1 (0–85.8) 0.856c

IL-33 (pg/mL - median (IQR))f 69.1 (33.1–124.3) 70.6 (12.1–90.1) 0.745c

sST2 (pg/mL - median (IQR))g 461.7 (316.6–651) 485.9 (372.9–649) 0.675c

IL-33/sST2 (median (IQR))h 0.1 (0–0.3) 0.1 (0–0.3) 0.965c

at-test; bchi-square; cMann-Whitney test
SD standard deviation, NPJ number of painful joints upon physical examination, IQR interquartile range, SAH systemic arterial hypertension, CVR cardiovascular
risk, NSAIDs nonsteroidal anti-inflammatory drugs; and IMT intima-media thickness
dIL-33 positive: serum IL-33 ≥ 23.4 pg/mL; and IL-33 negative: serum IL-33 < 23.4 pg/mL
elevels below the limit of detection were considered as zero
fonly considering the 68 participants with levels above the limit of detection
gdata from the 101 participants with detectable levels
hIL-33-to-sST2 ratio

Table 4 Correlation of IMT with clinical and laboratory characteristics

Variable Coefficienta p-value

Age (years) 0.613 < 0.001

Disease length (years) 0.224 0.024

Age at onset of symptoms (years) 0.334 0.001

Time since onset of symptoms to 1st rheumatology visit (years) 0.204 0.040

Fasting glucose (mg/dL) 0.263 0.008

SAP (mmHg) 0.282 0.004

Global Cardiovascular Risk Score 0.591 < 0.001

Current prednisone daily dose −0.205 0.039

IL-33 (pg/mL)b −0.77 0.439

IL-33 (pg/mL)c −0.035 0.775

sST2 (pg/mL)d 0.002 0.981

IL-33/sST2** − 0.071 0.566
aSpearman’s correlation coefficient
IMT intima-media thickness, IQR interquartile range, SD standard deviation, CRP C-reactive protein; and SAP systemic arterial pressure
blevels below the limit of detection were considered as zero
conly considering the 68 participants with levels above the limit of detection
ddata from the 101 participants with detectable levels
eIL-33-to-sST2 ratio
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= 0.001). The IMT was also higher in patients with a
high cardiovascular risk according to the Framingham
Risk Score (p < 0.001). In contrast, patients using metho-
trexate (MTX) and those with LDL values within the
therapeutic goal range had a lower IMT (p = 0.005 and
0.012, respectively) (Table 5).
None of the other factors we assessed, including serum

IL-33 and sST2 levels and the IL-33/sST2 ratio, were as-
sociated with IMT (Tables 4 and 5).
The variables remaining in the final model, i.e., those

associated with IMT, included age (p = 0.024; 95%CI 0–
0.007), Framingham Risk Score (p < 0.001; 95%CI 0.007–
0.016) and MTX use (p = 0.015; 95%CI -0.117 to −
0.013). Each additional year of patient age was associated
with a 0.004 mm increase in IMT. Each one-point in-
crease in the Framingham Risk Score was associated
with a 0.012 mm increase in IMT. Patients using MTX
at the time of assessment exhibited a 0.065 mm reduc-
tion in IMT. The model explained 45.2% of the data
variability and had a satisfactory goodness of fit as evi-
denced by the diagnostic plots.

Discussion
We did not find an association between IL-33 or its sol-
uble receptor and the presence of subclinical athero-
sclerosis in our RA patients. Due to the possible
fluctuations in IL-33 and sST2 levels during the course
of the disease, a single measurement may not accurately
reflect the role of these factors in vascular morphology
abnormalities and plaque development over time. IL-33
is released after the occurrence of cell damage and then
binds to its receptor and promotes cell activation; thus,
IL-33 and sST2 may only have a significant effect during
acute cardiovascular events. Therefore, the main limita-
tion of the present study was to make a single serum
measure of IL-33 and sST2. A single dosage may not be
the most appropriate to study the association of the bio-
markers in question with the development of athero-
sclerosis over time.
IL-33 and sST2 are involved in the pathogenesis of RA

[1] and can serve as markers of inflammation and dis-
ease activity [3, 5]. Similarly, IL-33 and sST2 participate
in atherosclerosis development and cardiac remodeling

Table 5 Correlation of IMT with demographic, clinical and laboratory characteristics

Variable IMT (mm - median (IQR)) P-value

Postmenopausal No 0.60 (0.55–0.65) 0.001a

Yes 0.71 (0.6–0.8)

Extra-articular involvement No 0.65 (0.58–0.76) 0.014a

Yes 0.72 (0.63–0.88)

SAH Absent 0.60 (0.55–0.71) 0.001a

Present 0.72 (0.63–0.81)

Using antihypertensives No 0.62 (0.56–0.71) 0.001a

Yes 0.73 (0.63–0.81)

Diabetes mellitus Absent 0.65 (0.58–0.76) 0.003a

Present 0.84 (0.63–0.95)

Using hypoglycemic agents/insulin No 0.65 (0.58–0.76) 0.001a

Yes 0.84 (0.7–1.02)

LDL within goal No 0.7 (0.6–0.8) 0.012a

Yes 0.6 (0.6–0.7)

Metabolic syndrome Absent 0.64 (0.58–0.74) 0.037a

Present 0.71 (0.6–0.84)

Using methotrexate No 0.75 (0.62–0.87) 0.005a

Yes 0.63 (0.58–0.73)

CVR classificationc High 0.73 (0.61–0.84) < 0.001b

Intermediate 0.71 (0.64–0.77)

Low 0.6 (0.54–0.64)

IL-33 positived No 0.69 (0.59–0.85) 0.449a

Yes 0.66 (0.59–0.78)
aMann-Whitney test; bKruskal-Wallis test
IMT intima-media thickness, IQR interquartile range, SAH systemic arterial hypertension; and CVR cardiovascular risk
caccording to the Global Risk Score (Framingham)
dIL-33 positive: serum IL-33 ≥ 23.4 pg/mL
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[6, 27]. The relationship between serum IL-33 and its
soluble receptor with atherosclerosis in RA patients re-
quires further study. It is not currently possible to deter-
mine if IL-33 participates in both RA and atherosclerosis
via antagonistic effects on vessels, acts as a marker of
inflammation in RA and/or exerts protective effects
against atherosclerosis. Indeed, thorough research on the
complex interactions between IL-33/sST2, atheroscler-
osis and RA is necessary.
The serum IL-33 level was undetectable in approxi-

mately one-third of patients. In a study by Matsuyama
and colleagues, the IL-33 level was above the limit of
detection in only 50.8% of patients, and 94% of the
participants used disease-modifying antirheumatic drugs
(DMARDs) [3]. Therefore, the low IL-33 levels found in
our study may be due to the use of at least one DMARD
in 90% of patients.
In the present study, 36 (35.3%) participants had

increased IMT and/or atherosclerotic plaques. Due to its
independent association with generalized atherosclerosis
and future cardiac events, IMT was selected as an indir-
ect marker of early vascular morphology abnormalities
in RA patients without a history of manifest atheroscler-
otic disease [18–22]. Similarly, plaque occurrence was
investigated because it can be used to identify individ-
uals at higher risk of coronary events in populations
without coronary atherosclerotic disease [28]. Awareness
of the presence of asymptomatic vascular morphological
abnormalities may motivate patients to change their
lifestyle and improve their adherence to treatment [29].
Both RA-related, e.g., disease duration and MTX use,

and traditional, e.g., age and Framingham Risk Score, risk
factors for coronary atherosclerotic disease were associ-
ated with the presence of subclinical atherosclerosis.
These findings agree with the hypothesis that the inter-
action between RA-related and traditional risk factors in-
creases a patient’s cardiovascular morbidity and mortality
in comparison to the overall population [10, 13, 14, 16].
Patients with atherosclerotic plaques had a longer RA dis-

ease duration and higher median IMT. Indeed, longer dis-
ease duration has been associated with plaque occurrence
in RA [30]. Thus, disease duration may serve as an indirect
marker of cumulative inflammation. Cross-sectional studies
conducted in the overall population found a positive
correlation between common carotid artery IMT and the
presence of carotid plaques [29, 31, 32]. This association
was also detected in populations of RA patients [30, 33].
MTX use was protective against intima-media thicken-

ing. This finding is in agreement with previous studies
and with the fact that MTX has been shown to have
cardioprotective effects. MTX also improves the lipid
profile, mainly by increasing HDL levels. However, this
improved lipid profile could be due to the control of
inflammation or a direct effect of the drug [34, 35].

Age is an essential determinant of CVD [11]. In
addition, age is one of the strongest determinants of IMT,
which increases 0.01 to 0.02mm per year in the overall
population [31, 36]. In agreement with previous studies in
RA patients, we determined that IMT increased with age
[30, 34, 37, 38]. Our multivariate analysis did not reveal
any significant correlations between IMT and any other
single traditional risk factor. However, an independent
correlation was found between IMTand Framingham Risk
Score, which combines several risk factors.
RA-related chronic inflammation plays a crucial role

in accelerated atherosclerosis [15]. Similar to previous
studies, none of the inflammation or disease activity
markers that we tested (ESR, C-reactive protein, DAS28
and CDAI) correlated with plaque occurrence or IMT
[30, 37, 38]. A possible explanation for this lack of asso-
ciation is that RA-related inflammation fluctuates, and
thus, the assessment of biomarkers in cross-sectional
studies may not accurately reflect the cumulative effect
of chronic inflammation on the vascular wall [34, 39].
Distinct factors were independently associated with

IMT and the presence of carotid plaques. This discrepancy
suggests that although IMT and plaque occurrence are
correlated phenomena, they correspond to different stages
and aspects of atherogenesis and thus have different deter-
minants [28, 29, 32, 40]. Diffuse adaptive thickening of the
carotid wall, which occurs in response to aging and sys-
temic arterial hypertension, is a more accurate reflection
of arteriosclerosis than plaque formation. The latter is a
focal process related to atherosclerotic phenomena, such
as inflammation, oxidation and endothelial dysfunction
[28, 40]. In the present study, systolic arterial pressure and
systemic arterial hypertension were associated with IMT
in our univariate analysis but were not robust enough to
constitute independent factors in the final model.

Conclusions
In view of the current evidence of IL-33/sST2 system
participation in the pathogenesis and evolution of both
RA and atherosclerotic disease, this study was designed.
However, no association between IL-33/sST2 serum
levels and subclinical atherosclerosis in patients with
established RA was found. Traditional risk factors for
atherosclerosis and rheumatoid arthritis duration were
associated with intima-media thickness and plaque oc-
currence; methotrexate use was associated with a lower
intima-media thickness. All these factors were previously
described as being associated with subclinical athero-
sclerosis in RA. There have been few clinical studies
evaluating the relationship between IL-33 and subclinical
atherosclerosis. The importance of determining the role
of specific cytokines in RA and their relationship to car-
diovascular disease lies in the fact that this understand-
ing may present in the future a clinical application in
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determining risk and prognostic markers, as well as
identifying new therapeutic targets.
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