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Background: Galectin-3 has emerged as a promising novel biomarker of cardiovascular fibrosis

in patients with cardiovascular diseases.

Hypothesis: We investigated whether galectin-3 correlates with markers of vascular fibrosis,

subclinical atherosclerosis, and cardiac function in patients with rheumatoid arthritis (RA), a dis-

ease accompanied by high cardiovascular risk.

Methods: RA and non-RA individuals underwent applanation tonometry, carotid ultrasound, and

impedance cardiography, to obtain markers of arterial stiffness, subclinical atherosclerosis, and

myocardial function, respectively. Cardiovascular risk was estimated from the Framingham

Heart Study. Serum levels of galectin-3 were determined by enzyme-linked immunosorbent

assay.

Results: Galectin-3 was elevated in RA patients (n = 85) compared to controls (n = 39), but this

difference was no longer significant after adjustment for the presence of cardiovascular comor-

bidities. In the univariate analysis, galectin-3 significantly correlated with markers of vascular

stiffness (including pulse wave velocity, central blood pressure, central and peripheral pulse

pressure, and total arterial compliance); atherosclerosis (carotid intima-media thickness); myo-

cardial blood flow (cardiac output, stroke volume) and contractibility (acceleration and velocity

index); systemic vascular resistance, and estimated cardiovascular risk. Multivariate analysis

models revealed an independent association between galectin-3 and both cardiac output

(β = −0.274, P = 0.039), as well as systemic vascular resistance (β = 0.266, P = 0.039).

Conclusions: In a relatively well-controlled cohort of RA patients with low-grade systemic

inflammation and long-standing disease, serum galectin-3 might be useful as a marker of cardiac

function and cardiovascular fibrosis.
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1 | INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, autoimmune disease that acti-

vates arthritogenic immunoresponses along with several systemic

inflammatory cascades.1 RA is accompanied by an aggravated cardio-

vascular profile, as it increases the risk of cardiovascular mortality by

approximately 50% compared to the general population,2 and the

incidence of heart failure (ischemic or non-ischemic) by as much as

72%.3 Notably, the presentation of cardiac involvement in RA differs

from the general population. The typical pattern of cardiac involve-

ment is often diastolic dysfunction preceding the onset of clinical

heart failure,4 while impaired myocardial perfusion has been reported

even in asymptomatic individuals.5 Subsequently, these patients are

less likely to exhibit typical signs and symptoms of cardiac disease and
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more likely to remain undiagnosed.6 Altogether, it is critical that novel

markers of cardiovascular risk are implemented in patients with RA.7

Galectin-3 has emerged as a promising novel biomarker of cardio-

vascular fibrosis and disease.8 Galectin-3 is a member of a

β-galactosidase binding lectin family with a broad biological function-

ality, including cell proliferation, adhesion, differentiation, and apopto-

sis. It is expressed in fibroblasts, endothelial cells, and inflammatory

cells such as activated macrophages, which are involved in most

models of vascular injury, and plays an active role in both acute and

chronic inflammatory response pathways.9 According to recent guide-

lines for the management of heart failure, it can be used to improve

risk stratification in both acute and chronic heart failure.10 Its predic-

tive value in terms of adverse cardiovascular outcomes has been dem-

onstrated not only among high-cardiovascular risk patients, but also in

non-heart failure population-based cohorts.11

Despite the abundant data from high-cardiovascular risk patients

and the general population, only limited studies have evaluated

galectin-3 in patients with RA. In such studies, galectin-3 appeared to

be increased among RA patients in both peripheral blood samples and

the synovial fluid and was associated with clinical disease mea-

sures.12–14 However, its potential utility as a biomarker of subclinical

cardiovascular disease in patients with RA has not yet been efficiently

examined. Therefore, the aim of the present study was to investigate

whether serum galectin-3 can be potentially used as marker of vascu-

lar fibrosis, subclinical atherosclerosis, and cardiac function in patients

with RA.

2 | METHODS

The study population consisted of consecutive patients with an estab-

lished diagnosis of RA according to the 1987 American College of

Rheumatology criteria,15 who were attending the Rheumatology Out-

patient Unit. Non-treated individuals without any known health prob-

lems, who attended typical check-up appointments in the Internal

Medicine Outpatient Unit, and healthy volunteers, comprised the con-

trol group. All individuals provided written informed consent before

inclusion in the study. The institutional ethics committee approved

the protocol of the study, which was conducted in accordance with

the Helsinki declaration.

In the RA group, disease activity was assessed by the treating rheu-

matologist, using the 28-joint Disease Activity Score (DAS28),16 which

was calculated based on the number of tender and swollen joints, the

subjective estimate (0-100 scale) of pain/discomfort due to RA, and

erythrocyte sedimentation rate (ESR) values. DAS28-ESR thresholds of

≤3.2, 3.2-5.1, and > 5.1 are indicative of low, moderate and high dis-

ease activity, respectively. Hypertension was defined as office systolic

and/or diastolic blood pressure (SBP/DBP) ≥ 140/90 mm Hg, and/or

current antihypertensive medication use.17 Previous cardiovascular

events were defined as history of stroke, angina, and myocardial infarc-

tion based on self-report and a review of medical record and current

medication. Body mass index (BMI) was calculated in kg/m2. All vascular

measurements were conducted within the same day between 10:00 AM

and 12:00 PM

2.1 | Measurement of blood pressure

SBP/DBP was measured in the arm with the highest blood pressure

using a validated oscillometric device (Microlife Exact BP, Microlife

AG, Widnau, Switzerland) in the sitting position according to the

guidelines17 Peripheral pulse pressure was estimated as an index of

arterial stiffness by subtracting the DBP from the SBP.

2.2 | Applanation tonometry

Applanation tonometry with the Sphygmocor device (AtCor Medical,

Sydney, Australia) was applied for the assessment of a number of arte-

rial stiffness indices. In particular, the radial pulse waveform was

detected with a micromanometer-tipped probe and was subsequently

analyzed to estimate the aortic pressure waveform and calculate

central aortic SBP/DBP. Central pulse pressure was obtained by

subtracting the central DBP from the central SBP. Only high-quality

recordings, defined as an in-device quality operator index of >80%,

and acceptable curves on visual inspection, were included in the

analysis.

Carotid-femoral pulse wave velocity (PWV) was estimated as the

gold-standard measure of arterial stiffness, using the same device and

a standard protocol. Sequential recordings of the pulse wave were

obtained in the carotid and femoral artery. Wave transit time was cal-

culated from a simultaneously recorded electrocardiogram. The dis-

tance traveled by the pulse wave was calculated from the difference

between the distances from sternal notch to the recording sites, over

the body surface in a direct line. PWV was calculated as the distance

traveled by the pulse wave between the carotid and the femoral sam-

pling site, divided by time (PWV = Δd/Δt). Participants were advised

to abstain from caffeine, smoking, alcohol, and intense physical activ-

ity for at least 2 hours before assessment of arterial stiffness.

2.3 | Carotid ultrasound

Subclinical atherosclerosis of the carotid arteries was evaluated by

measurement of carotid intima-media thickness (cIMT). Longitudinal

images of the common carotid arteries were obtained with carotid

ultrasound (Aloka ProSound A7 Ultrasound System, Tokyo, Japan).

Mean cIMT of the left and right common carotid artery was calculated

from three consecutive measurements taken in the far wall of the dis-

tal 10 mm of each artery.18

2.4 | Impedance cardiography

Myocardial performance and other indices of arterial stiffness were

non-invasively assessed with impedance cardiography (Cardioscreen

1000 impedance cardiography system, Medis, Germany), which offers

continuous, beat-by-beat measurements of central hemodynamics.19

As low-amplitude alternating electrical current is applied through

external sensors in the thorax, baseline thoracic impedance (Zo) is dig-

itally processed along with electrocardiogram recordings, to obtain

pulsatile impedance/time changes (dZ/dt). Cardiac output and stroke

volume were used to evaluate myocardial blood flow. Acceleration

index, which is the maximum rate of change of blood velocity in the

aorta, and velocity index, which corresponds to the blood velocity in
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the aorta, were calculated as markers of myocardial contractibility.

Systemic vascular resistance (SVR), an index of afterload, and total

arterial compliance, which describes the ability of the arterial wall to

distend and increase volume with increasing transmural pressure,

were additionally calculated.

Cardiac output, stroke volume, SVR, and total arterial compliance

were normalized for body size by indexing to each patient’s body sur-

face area to obtain cardiac index, stroke index, SVR index, and total

arterial compliance index, which were used for the analyses.20

2.5 | Cardiovascular risk score

As RA-specific cardiovascular risk algorithms do not seem to predict

cardiovascular risk more accurately, compared to the general popula-

tion cardiovascular risk calculators, including the Framingham Risk

Score,21 each patient's cardiovascular risk was calculated from the

Framingham Heart Study. The algorithm uses information regarding

sex, age, SBP, treatment for hypertension, smoking, diabetes, high-

density lipoprotein, and total cholesterol to estimate 10-year risk of

cardiovascular disease.22

2.6 | Biochemical measurements

After completion of vascular and other non-invasive measurements

analyzed above, blood sample was drawn and fasting lipids were esti-

mated. Samples from RA subjects were additionally analyzed for

inflammatory markers (C-reactive protein [CRP], with detection limit

of 3.19 mg/L, and ESR).

Galectin-3 was calculated in serum samples that were separated

and stored at −80�C. Commercially available competitive enzyme-

linked immunosorbent assay (ELISA) kit for human galectin-3 (Catalog

No: AMS.E0497h, AMS Biotechnology [AMSBIO Europe] Ltd.) was

used for the determination of serum galectin-3 levels (detection range

2.5-160.0 ng/dL).

2.7 | Statistical analysis

Analysis was performed using the Statistical Package for Social Sci-

ences (SPSS), version 22. Results were expressed as frequencies for

qualitative variables and as mean � SD (m � SD) or median (inter-

quartile range) for continuous variables, according to the normality of

their distribution. Comparison of frequencies for qualitative variables

was performed with the Pearson χ2 test, while differences between

mean values for continuous variables were estimated by Student t or

Mann-Whitney U test. One-way analysis of variance (ANOVA) with Bon-

ferroni post-hoc test was used to correct for multiple comparisons or

the non-parametric Kruskal-Wallis test for non-normally distributed

variables, when more than two groups were involved. Correlation

coefficients were calculated with the parametric Pearson or the non-

parametric Spearman rank tests. Multiple linear regression analysis

with the “Enter” method was used to identify the statistically signifi-

cant predicting factors of galectin-3. A probability value of P ≤ 0.05

was considered statistically significant.

3 | RESULTS

A total of 124 participants were included, 85 RA and 39 non-RA indi-

viduals, with a mean age of 59.6 � 11.6 years. RA was long-standing

(median disease duration of 10 [5-18] years) with low inflammatory

burden, based on the levels of ESR (20 [10-30] mm/hour) and CRP

(3.19 [3.19-4.1] mg/L). The vast majority of patients (88.2%) were

well-controlled as they presented with low-to-moderate disease

activity, with a mean DAS score of 3.6 � 1.2. All patients were

receiving treatment for RA, in particular: disease-modifying antirheu-

matic drugs (69.4%), biologics (47.1%), and glucocorticoids (31.8%).

Antihypertensive drugs were prescribed in 45.9% and statins in

22.4% of patients.

3.1 | Comparison of galectin-3 levels between RA
patients and controls

Baseline characteristics of the study population are presented in

Table 1. Serum galectin-3 was significantly higher in RA patients, com-

pared to the control group (17.7 [9.8-33.5] vs 9.1 [6.0-12.0] ng/dL,

P < 0.001). In addition, RA patients exhibited higher levels of arterial

stiffness and carotid atherosclerosis (Table 1).

To account for the presence of cardiovascular comorbidities

(hypertension, diabetes, and established cardiovascular disease) in our

RA population, we analyzed separately a subgroup of 38 RA patients

free of such comorbidities, in comparison with the control group

(n = 39). Both groups were comparable in terms of mean age,

SBP/DBP, heart rate and sex (P > 0.05 for all comparisons). Both

PWV (7.1 � 1.4 vs 7.3 � 1.3 m/s) and cIMT (0.62 � 0.11 vs

0.62 � 0.09 mm) were similar (P > 0.05 for all comparisons) between

patients without cardiovascular comorbidities and controls, and the

same pattern was observed with galectin-3 [10.7 (6.4-20.3) vs 9.1

(6.0-12.0) ng/dL], as depicted in Figure 1.

To identify potential associations of galectin-3 with markers of

arteriosclerosis, atherosclerosis, and central hemodynamics, univariate

analysis was performed in the RA group.

3.2 | Association of galectin-3 with anthropometric
characteristics and cardiovascular risk factors

In the RA group, galectin-3 levels were significantly associated with

age (r = 0.534, P < 0.001) and BMI (r = 0.226, P = 0.037), but not

with sex or lipids. A trend towards statistical significance was

observed with office SBP (r = 0.210, P = 0.054). Hypertensive

patients exhibited increased galectin-3 compared to normotensives

[30.5 (13.3-44.0) vs 11.8 (6.7-22.2) ng/dL, P < 0.001]. Galectin-3

was non-significantly higher in diabetics compared to non-diabetic

patients [23.6 (15.2-61.2) vs 17.0 (9.0-32.8) ng/dL, P = 0.225].

Patients who smoked exhibited significantly lower levels of

galectin-3 compared to non-smokers [11.7 (6.7-21.1) vs 20.7

(11.7-33.7) ng/dL, P = 0.030], but smokers were significantly youn-

ger compared to non-smokers (56.1 � 10.1 vs 62.2 � 12.2 years,

P = 0.025).
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3.3 | Association of galectin-3 with disease-related
parameters

Univariate analysis for galectin-3 did not reveal significant associa-

tions with any of the disease-related parameters that were studied,

including ESR (r = −0.033, P = 0.768), CRP (r = 0.187, P = 0.103),

DAS score (r = 0.139, P = 0.235), and disease duration (r = 0.102,

P = 0.380), neither did galectin-3 differ according to the use of bio-

logics nor corticosteroids (P > 0.05 for the respective comparisons).

3.4 | Association of galectin-3 with central
hemodynamics and markers of arteriosclerosis and
atherosclerosis

A strong, positive association was observed between galectin-3 and

both PWV (r = 0.341, P = 0.002) and cIMT (r = 0.312, P = 0.004)

among RA patients. In addition, increasing galectin-3 levels were

strongly associated with both increasing SVR (r = 0.364, P = 0.001)

and decreasing total arterial compliance (r = −0.301, P = 0.005).

Of note, a significant association was observed between galectin-

3 and central SBP (r = 0.269, P = 0.016), in contrast with the

observed association between galectin-3 and office SBP, which only

reached a trend towards statistical significance. Galectin-3 was signifi-

cantly associated with peripheral pulse pressure (r = 0.246,

P = 0.023), while this association was even stronger for central pulse

pressure (r = 0.345, P = 0.002).

3.5 | Association of galectin-3 with markers of
cardiac function and cardiovascular risk

In the RA group, an inverse association was found between galectin-3

and stroke volume (r = −0.279, P = 0.010), which was even stronger

with cardiac output (r = −0.409, P < 0.001). In addition, galectin-3

was strongly and inversely associated with both markers of cardiac

contractibility, including acceleration index (r = −0.317, P = 0.003)

and velocity index (r = −0.395, P < 0.001). Finally, galectin-3 levels

were positively associated with the estimated 10-year cardiovascular

risk from the Framingham Heart Study (r = 0.379, P = 0.001).

3.6 | Multivariate analysis

Multivariate analysis revealed an independent association between

galectin-3 and age (β = 0.389, P = 0.012), as well as cardiac output

(β = −0.274, P = 0.039), as depicted in Table 2. When cardiac output

was replaced by SVR, which could not be entered in the same model

due to multicollinearity, an independent association with SVR was

likewise observed (β = 0.266, P = 0.039).

4 | DISCUSSION

To the best of our knowledge, this is the first study to evaluate the

levels of galectin-3, a well-established marker of vascular fibrosis and

cardiovascular remodeling, in association with markers of arterial stiff-

ness, subclinical atherosclerosis, and myocardial function in RA. In our

cohort of relatively well-controlled RA patients with long-standing dis-

ease and low levels of systemic inflammation, serum galectin-3 was

not associated with disease-related parameters, including inflamma-

tory markers, disease activity, and duration. By contrast, galectin-3

was strongly associated in the correlation analysis with essentially

each and every marker of arterial stiffness that was studied, including

central SBP, SVR, total arterial compliance, central and peripheral

pulse pressure, and the gold-standard PWV; carotid atherosclerosis;

TABLE 1 Baseline characteristics of study population

Variable
RA Group
(n = 85)

Control group
(n = 39) P value

Cardiovascular risk factors

Age (years) 60.6 � 11.9 57.2 � 8.6 0.073

Male sex (%) 23.1 16.5 0.380

BMI (kg/m2) 26.5 � 4.6 26.9 � 4.2 0.613

Office SBP (mm Hg) 123.7 � 14.2 121.5 � 10.6 0.327

Office DBP (mm Hg) 73.6 � 7.6 76.0 � 8.2 0.140

Heart rate (beats/min) 69.9 � 11.4 68.1 � 7.7 0.094

Smoking (%) 22.3 17.9 0.786

Hypertension (%) 46.8 0.0 <0.001

Diabetes mellitus (%) 8.2 0.0 0.081

Cardiovascular events
(%)

9.4 0.0 0.059

Biochemical measurements

Total cholesterol
(mg/dL)

205.9 � 41.5 221.1 � 35.1 0.016

Triglycerides (mg/dL) 114.0 (79.0-150.0) 99.5 (76.0-142.0) 0.150

HDL-C (mg/dL) 54.4 � 12.8 53.4 � 12.5 0.677

LDL-C (mg/dL) 128.6 � 35.3 141.2 � 27.9 0.073

Galectin-3 (ng/dL) 17.7 (9.8–33.5) 9.1 (6.0–12.0) <0.001

Markers of arteriosclerosis and atherosclerosis

Central SBP (mm Hg) 115.7 � 12.8 112.6 � 11.6 0.199

Central DBP (mm Hg) 74.9 � 7.9 75.8 � 10.7 0.206

Central pulse
pressure (mm Hg)

40.8 � 10.8 36.8 � 10.6 0.022

Peripheral pulse
pressure (mm Hg)

50.1 � 11.5 45.4 � 7.3 0.007

PWV (m/s) 8.3 � 2.2 7.3 � 1.3 0.003

cIMT (mm) 0.68 � 0.13 0.62 � 0.09 0.004

Systemic vascular
resistance
(dyn�s�cm−5/m2)

2048 � 620 1986 � 533 0.813

Total arterial
compliance
(ml/m2/mm Hg)

1.08 � 0.39 1.15 � 0.33 0.273

Markers of cardiac function

Cardiac output
(l/min/m2)

3.4 � 0.8 3.5 � 0.8 0.477

Stroke volume
(ml/m2)

49.5 � 12.4 52.5 � 11.3 0.210

Acceleration index
(1/100/s2)

86.9 � 35.3 88.4 � 35.5 0.835

Velocity index
(1/1000/s)

56.3 � 17.0 54.8 � 15.9 0.662

Abbreviations: BMI, body mass index; cIMT, carotid intima-media thick-
ness; DBP: diastolic blood pressure; HDL-C, high-density lipoprotein cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; PWV, pulse wave
velocity; RA: rheumatoid arthritis; SBP, systolic blood pressure.
Results are demonstrated as Mean � SD / Median (IQ range).
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myocardial blood flow (cardiac output, stroke volume); cardiac con-

tractibility (acceleration index, velocity index), and cardiovascular risk

score. Of note, the association of galectin-3 with office SBP only

reached a trend towards statistical significance, in contrast with the

significant association with central SBP. Decreasing cardiac output

(Table 2) and increasing SVR were independently associated with ele-

vated galectin-3 levels in the RA population.

Another finding that merits further attention is the observed dif-

ference in galectin-3 levels between RA and non-RA individuals,

which appears to be driven by the presence of cardiovascular comor-

bidities. Interestingly, the distribution of galectin-3 levels among these

groups (RA patients with and without cardiovascular comorbidities

and non-RA individuals) followed the same pattern of PWV and cIMT

variance (Figure 1). Altogether, these results suggest that the increase

in galectin-3 levels in a relatively well-controlled cohort of RA patients

with low-grade inflammation is largely the derivative of cardiovascular

comorbidities and indicative of impaired cardiac output and

increased SVR.

Our findings suggesting an association between galectin-3 and

both arterial stiffness and cIMT, at least in the univariate analysis,

appear in accordance with previous reports. Galectin-3 predicted

PWV in community-dwelling individuals23 and was associated with

cIMT in asymptomatic individuals24 and high-cardiovascular risk

patients.25 After all, the observed independent association of galectin-

3 with both cardiac output and SVR in RA patients is consistent with a

large body of evidence, mostly derived from patients with heart fail-

ure, in whom galectin-3 correlates with cardiac function and the

degree of cardiovascular remodeling.26

By contrast, available studies evaluating galectin-3 in patients

with rheumatic diseases are by far fewer. It is rather surprising that in

this specific group of patients, galectin-3 has been mainly addressed

as a marker of the disease per se, whereas it has not yet been

FIGURE 1 Distribution of the levels of arterial stiffness, carotid atherosclerosis, and serum galectin-3 in RA patients, according to the presence

of cardiovascular diseases, and non-RA individuals of our study. Data are expressed as mean � SD

TABLE 2 Multiple regression model for galectin-3 levels among patients with rheumatoid arthritis

Variable

Unstandardized coefficients
Standardized coefficients

95% confidence intervals for B

PB SD Β Lower Bound Upper Bound

Age (years) 0.697 0.270 0.389 0.158 1.237 0.012

Body mass index (kg/m2) 0.810 0.539 0.177 −0.266 1.886 0.138

Hypertensiona −5.316 5.222 −0.126 −15.742 5.111 0.312

Smokinga 2.059 5.106 0.042 −8.135 12.254 0.688

PWV (m/s) 0.901 1.347 0.094 −1.788 3.590 0.506

Central pulse pressure (mm Hg) 0.069 0.236 0.035 −0.403 0.541 0.771

cIMT (mm) −42.514 23.732 −0.249 −89.896 4.869 0.078

Cardiac index (l/min/m2) −7.963 3.782 −0.274 −15.515 −0.412 0.039

Acceleration index (1/100/s2) 0.072 0.081 0.122 −0.089 0.233 0.373

Abbreviations: cIMT, carotid intima-media thickness; PWV, pulse wave velocity.
Dependent variable: galectin-3, P < 0.001, R2 = 0.371, adjusted R2 = 0.286.
a 1 = yes, 2 = no.
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examined as a potential cardiac biomarker. Of note, galectin-3 is mark-

edly present in the synovium during the inflammatory flares, where it

may play a causative role in the initiation and/or progression of arthri-

tis owing to its pro-inflammatory and pro-catabolic actions.27 This

notion is supported by studies showing elevated levels of galectin-3 in

both sera and synovial fluids,13,14 as well as an association with

CRP,14 among RA patients. According to the remarkable prospective

studies by Issa et al., serum galectin-3 is increased in patients with

early undifferentiated arthritis of pre-RA origin,12 while baseline levels

of galectin-3 in early RA correlate with anti-CCP seropositivity and

magnetic resonance imaging erosion score.13 Other than that,

increased galectin-3 has been associated with markers of disease

activity and severity in other rheumatic diseases, including juvenile idi-

opathic arthritis,28 systemic sclerosis,29 primary Sjögren's syndrome30

and Behcet's disease.31

On the contrary, galectin-3 was not associated with disease-

related parameters in the RA population of our study. This lack of

association might be attributed to the specific characteristics of our

RA population, who were relatively well-controlled and presented

with long-standing disease and low levels of systemic inflammation.

Moreover, it might be possible that circulating levels of galectin-3 in

the peripheral blood do not necessarily reflect the intra-articular levels

and activity of galectin-3, as has been previously observed with circu-

lating and endomyocardial galectin-3 levels.32 Further studies are

needed to examine whether galectin-3 has a dual role in RA, either as

disease biomarker in early RA and RA flares, or rather as a cardiac bio-

marker in well-controlled, long-standing disease, as is the case with

other high-cardiovascular risk populations and the general population.

The strengths of our study include the use of well-established

and validated methods for the assessment of arterial stiffness, subclin-

ical atherosclerosis, and cardiac parameters. Our study is limited by its

cross-sectional design and a relatively small number of participants.

Patients and controls were not adequately matched in terms of car-

diovascular comorbidities, but we tried to overcome this limitation by

performing a subgroup analysis of patients without cardiovascular

comorbidities. A single measurement of inflammatory markers does

not necessarily reflect their cumulative burden and fluctuation over

time. In addition, RA patients of our study did not undergo cardiac

ultrasound for the assessment of the cardiac structure and biometry;

neither were imaging modalities implemented to evaluate joint

destructive processes. Therefore, the present findings need to be

regarded as preliminary, pending confirmation by larger studies.

In conclusion, in our cohort of relatively well-controlled patients

presenting with low levels of systemic inflammation and long-standing

RA, galectin-3 levels were elevated in comparison with healthy, non-

RA individuals, but this difference appeared to be driven by the pres-

ence of hypertension and other cardiovascular comorbidities. In RA

patients, serum galectin-3 was associated with markers of arterial

stiffness, subclinical atherosclerosis, cardiac function, and cardiovas-

cular risk, but with none of the disease-related parameters that were

studied. The association between galectin-3 and cardiac output, as

well as SVR, remained significant even after adjustment for other fac-

tors. Further studies are needed to examine whether galectin-3 can

be used as a biomarker of cardiovascular fibrosis among patients

with RA.
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