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Abstract
Objective

Systemic sclerosis (SSc) is a chronic multisystem disease characterised by microcirculatory vascular dysfunction 
and progressive fibrosis of the skin and internal organs. Interleukin-6 (IL-6) is a proinflammatory cytokine that has 

been implicated in the pathogenesis of several autoimmune diseases and in the initiation and progression of the 
cardiovascular disease. In the present work we aimed to study the relationship of IL-6 with clinical manifestations

 and the cardiovascular risk in patients with SSc.

Methods
We carried out a cross-sectional study that included 53 individuals with SSc. A multivariate analysis was performed 
to study the relationship between IL-6 and disease characteristics and cardiovascular risk assessed by Systematic 

Coronary Risk Estimation (SCORE2) in SSc.

Results
The presence of digital ulcers, calcinosis, and anti-Scl70 antibody was associated with higher levels of IL-6. 

This was also the case for functional respiratory parameters where this association was found to be significant and 
negative after correction for covariates. In addition, the SCORE2 cardiovascular risk algorithm showed a positive 

and significant association with circulating IL-6.

Conclusion
IL-6 levels are associated with disease manifestations and cardiovascular risk in patients with SSc.
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Introduction
Systemic sclerosis (SSc) is a chronic 
multisystem disease characterised by 
widespread vascular dysfunction and 
progressive fibrosis of the skin and 
internal organs. It is considered a het-
erogeneous disease, reflected in a wide 
range of organic manifestations, disease 
progression and severity, and outcomes 
(1). SSc is traditionally classified based 
on the extent of skin involvement and 
the accompanying pattern of internal 
organ involvement, as well as the pres-
ence of overlapping features with other 
systemic rheumatic diseases. In this re-
gard, the major subsets of SSc include 
limited cutaneous, diffuse cutaneous, 
SSc sine scleroderma, and SSc overlap 
syndrome (2). Cutaneous manifesta-
tions such as thickening and indura-
tion, and Raynaud’s phenomenon, are 
almost universal clinical features of 
SSc. Other characteristics of the dis-
ease are the presence of digital ulcers 
and tissue loss, musculoskeletal mani-
festations, and gastrointestinal, pulmo-
nary, and cardiac involvement (3, 4). 
Cardiovascular disease is common in 
SSc but often unrecognised until late in 
the disease. Furthermore, SSc patients 
are at increased risk of atherosclerosis 
compared with healthy subjects (5).
Interleukin-6 (IL-6) is a proinflamma-
tory cytokine that mediates pleiotropic 
functions in immunologic responses 
during host infection, inflammatory 
disease, haematopoiesis, and oncogen-
esis. It regulates the immune response, 
specifically the proliferation and dif-
ferentiation of T cells and the terminal 
differentiation of B cells (6). IL-6 also 
activates macrophages and osteoclasts 
and is considered the major inducer of 
most acute phase reactants (7). IL-6 
has been implicated in the pathogen-
esis of several autoimmune diseases 
(8). Furthermore, IL-6 appears to have 
a direct causal role in the development 
of cardiovascular disease and is con-
sidered a future target for therapeutic 
interventions to prevent cardiovascular 
disease. This has been supported by the 
fact that high circulating IL-6 concen-
trations were associated with increased 
risk of coronary heart disease events 
in prospective observational studies 
(9, 10). Additionally, two large meta-

analyses have confirmed the crucial 
role played by IL-6 in the generation of 
inflammation and the associated risk of 
cardiovascular disease (11, 12)
There has been a growing emphasis 
on IL-6 as a mediator in SSc due to 
encouraging initial clinical findings 
regarding the use of anti-IL-6 antibod-
ies in diffuse SSc (13). Additionally, 
emerging clinical evidence suggests 
that elevated levels of serum IL-6 may 
be linked to more severe skin involve-
ment (14) and increased progression of 
lung fibrosis (15). In the present work 
we aimed to analyse the relationship 
of IL-6 with SSc clinical features and 
cardiovascular risk. To do this end, we 
assessed a series of well-characterised 
patients with SSc.

Methods
Study participants
This was a cross-sectional study that 
included 53 patients with SSc. All of 
them were 18 years or older and met 
the American College of Rheumatol-
ogy/European League Against Rheu-
matism 2013 classification criteria 
for systemic sclerosis (16). They had 
been diagnosed by rheumatologists 
and were periodically followed-up at 
rheumatology outpatient clinics of our 
institution. For inclusion in the present 
study, SSc disease duration needed to 
be ≥1 year. Patients who had suffered 
a cardiovascular event were excluded. 
The patients were also excluded if they 
were taking IL-6 inhibitors, had a his-
tory of cancer or any other chronic 
disease, evidence of active infection 
or a glomerular filtration rate <60 ml/
min/1.73m2. The study protocol was 
approved by the Institutional Review 
Committee at Hospital Universitario 
de Canarias and all subjects provided 
informed written consent (Approval 
code: EscleZ).

Assessments and data collection
Surveys in SSc patients and controls 
were performed to assess cardiovas-
cular risk factors and medication use. 
Subjects completed a questionnaire 
and underwent a physical examination 
to determine anthropometric meas-
urements and blood pressure. Medi-
cal records were reviewed to ascertain 
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specific diagnoses, medications, and 
comorbidities. Hypertension was de-
fined as a systolic or a diastolic blood 
pressure higher than, respectively, 140 
and 90 mmHg. Obesity, defined as 
a body mass index (BMI) equal to or 
greater than 30 kg/m2. Disease duration 
for SSc was defined as the time since 
the onset of the first SSc-related symp-
tom other than Raynaud’s phenomenon. 
SSc subtypes, limited and diffuse, were 
determined according to the distribu-
tion of skin thickness. The modified 
Rodnan Skin Score (mRSS) skin score 
was used to assess skin thickening (17). 
This score has been commonly used as 
an outcome measure in clinical trials. 
It rates the severity of these features 
from 0 (normal) to 3 (most severe) in 
17 distinct areas of the body and shows 
an acceptable degree of intra-rater 
variability. Oesophageal involvement 
was defined as any sign of dysmotil-
ity evident on manometry. Articular in-
volvement was determined by clinical 
evidence of joint swelling, deformity, 
contractures, and tendon friction rubs. 
Interstitial lung disease was defined 
instrumentally by forced vital capacity 
(FVC) ≤ 80%, forced expiratory volume 
in one second- FEV1/FVC ≥ 70%) and/
or diffusing capacity of the lung for 
carbon monoxide (DLCO) < 80% and 
interstitial changes on chest high-reso-
lution computed tomography. Nailfold 
capillaroscopy was performed as previ-
ously described (18) and scleroderma 
patterns were sub-graded as “early”, 
“active” and “late” (18).
Fasting serum samples were collected 
and frozen at -80°C until analysis. 
Cholesterol, triglycerides, and HDL-
cholesterol were measured using the 
enzymatic colorimetric assay (Roche). 
Lipoprotein A and lipoproteins were as-
sessed using a quantitative immunotur-
bidimetric assay (Roche). Cholesterol 
ranged from 0.08 to 20.7 mmol/l (intra-
assay coefficient of variation of 0.3%); 
triglycerides ranged from 4 to 1.000 
mg/dl (intra-assay coefficient of vari-
ation of 1.8%); and HDL-cholesterol 
ranged from 3 to 120 mg/dl (intra-assay 
variation coefficient of 0.9%). The ath-
erogenic index was calculated using 
the total cholesterol/HDL-cholesterol 
ratio according to the Castelli formula. 

LDL-cholesterol was calculated using 
the Friedewald formula. A standard 
technique was used to measure high-
sensitivity C-reactive protein (CRP). 
The homeostatic model assessment 
(HOMA) method was employed to as-
sess insulin resistance (IR), providing 
estimates of insulin sensitivity (%S) 
and β-cell function (%B) based on 
fasting plasma insulin, C peptide, and 
glucose concentrations. In this study, 
HOMA2, the updated computer HOMA 
model, was utilized (19). Human IL-6 
was measured by electrochemilumi-
nescence immunoassay method (Roche 
Diagnostics, Indianapolis, IN, USA). 
Both the intra- and inter-coefficients of 
variability were <10% for these assays.
Cardiovascular risk score (SCORE2) 
was calculated according to the 2021 
European Society of Cardiology guide-
lines on cardiovascular disease preven-
tion in clinical practice (20). SCORE2 
categorizes risk as low to moderate, 
high, or very high based on differ-
ent age groups (<50, 50-69, and ≥70 
years). The SCORE2 scoring system 
is designed to estimate the 10-year risk 
of both fatal and non-fatal cardiovas-
cular events in individuals between the 
ages of 40 and 69 years. However, for 
healthy individuals who are 70 years or 
older, the SCORE2-OP (older persons) 
algorithm provides estimates for both 
5-year and 10-year risk of fatal and 
non-fatal cardiovascular events.

Statistical analysis 
Demographic and clinical characteris-
tics of patients SSc were presented as 
mean (standard deviation) or percent-
ages for categorical variables. For con-
tinuous variables that did not follow a 
normal distribution, data were report-
ed as median and interquartile range 
(IQR). The association between dis-
ease-related data and IL-6 was exam-
ined using multivariable linear regres-
sion analysis, with adjustments made 
for confounding variables. Confound-
ers were selected from demographics 
and traditional cardiovascular risk fac-
tors if their p-values were below 0.20 
in the univariable analysis to IL-6. All 
analyses were conducted using Stata 
software, version 17/SE (StataCorp, 
College Station, TX, USA), with a 

two-sided significance level set at 5%. 
A p-value less than 0.05 was consid-
ered statistically significant.

Results
Demographic, laboratory, 
and disease-related data
A total of 53 patients with SSc (44 [83%] 
and 9 patients [17%] with the limited 
and diffuse type respectively) were in-
cluded in this study. The mean age at 
recruitment was 60 ± 10 years. The de-
mographic features of the patients are 
shown in Table I. Forty percent of them 
were hypertensive, 8% smoked, and 
11% had a diagnosis of diabetes. Obe-
sity was present in 32% of the patients. 
The median SCORE2 in the population 
was 3.8 (IQR2.6-6.2), and 62% were 
in the low or moderate cardiovascular 
risk category. The patients were taking 
statins or aspirin in about a third of the 
cases. Additional information on the li-
pid profile and insulin resistance indices 
is displayed in Table I.
Peripheral blood IL-6 was 2.5 (IQR 
1.8-4.2) pg/ml. The disease duration 
was 9 (IQR 3-11) years. The median 
mRSS score was 4 (IQR 1-8). Both the 
presence of digital ulcers and calcinosis 
was reported in 19% of the patients. At 
the time the study was conducted, about 
one-fourth of patients (23%) were tak-
ing prednisone with a median dose of 5 
(IQR 5-7.5) mg/day and 8% of the pa-
tients were taking methotrexate. Addi-
tionally, 35 (71%) patients were found 
to be positive for anti-centromere and 
8 (16%) were positive for anti-Scl70. 
The remaining patients, at the time of 
recruitment, were negative for anticen-
tromere or Scl-70. None of the patients 
were on mycophenolate mofetil of to-
cilizumab. Other features related to the 
disease are shown in Table I.

Relationship of demographics 
and disease related data to 
IL-6 serum levels
The relationship between disease char-
acteristics and IL-6 is shown in Table 
II. While BMI showed an almost sig-
nificant positive association with IL-6, 
abdominal adiposity indices, hip and 
circumferences abdominal pain were 
statistically significant and positively 
related to IL-6. Regarding cardiovas-
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cular risk factors, only current smoking 
revealed a significant relationship with 
IL-6. Although this was not the case for 
hypertension, diabetes or dyslipidae-
mia, the SCORE2 cardiovascular risk 
calculator showed a positive and sig-
nificant association with IL-6. This re-
lationship was observed both when the 
value of this calculator was analysed on 
a continuous or categorised basis. No 
associations were observed between 
lipid-related molecules and indices of 
insulin resistance and circulating IL-6 
(Table II).
Diffuse SSc was associated with higher 
serum IL-6 levels compared to the lim-
ited type. However, when this analysis 
was adjusted for covariates, although 
significance was lost, a trend in the 
same direction remained. Similarly, the 
presence of digital ulcers and anti-Scl70 
antibodies, as well as the use of metho-
trexate and bosentan, were significantly 
associated with higher levels of circulat-
ing IL-6. Interestingly, FVC and FEV1 
lung function tests revealed significant 
and negative associations with IL-6 af-
ter multivariable adjustment (Table II).

Discussion
Serum IL-6 levels are increased in SSc 
patients, especially in cases of aggres-
sive disease (21). In a recent report of 
50 patients with SSc, IL-6 was aug-
mented in the group with disease course 
≥5 years, interstitial lung disease, pul-
monary hypertension, and gastroin-
testinal involvement (22). In another 
study involving 68 SSc patients and 15 
healthy controls, the serum IL-6 level 
was found to be elevated in those with 
diffuse cutaneous SSc, thrombocytosis, 
and elevated acute phase markers (23). 
High early IL-6 expression in diffuse 
SSc appeared to be associated with 
more severe skin involvement at 3 years 
and poorer long-term survival than in 
patients without elevated IL-6 levels 
(23). Our study supports the associa-
tion of IL-6 with the presence of diffuse 
SSc, in particular with its marker, anti-
Scl70. In this sense, anti-Scl70 antibod-
ies are generally associated with diffuse 
cutaneous SSc and a higher risk of se-
vere interstitial lung disease (24) or the 
early occurrence of digital ulcerations 
(25). Besides, there are conflicting data 

Table I. Demographics of systemic sclerosis patients.

	 	 SSc patients (n=53)

Demographics	 
	 Female, n (%)	 49 	(92)
	 Age, years	 60 	± 10
	 BMI, kg/m2	 29 	± 6
	 Waist circumference, cm	 98 	± 14
	 Hip circumference, cm	 105 	± 11
	 Waist to hip ratio	 0.93 	± 0.07
Cardiovascular comorbidity	 
	 Hypertension, n (%)	 21 	(40)
	 Current smoking, n (%)	 4 	(8)
	 Diabetes, n (%)	 6 	(11)
	 BMI > 30, n (%)	 17 	(32)
	 Statins, n (%)	 19 	(36)
	 Aspirin, n (%)	 17 	(32)
	 Calcium-channel blockers, n (%)	 35 	(66)
SCORE 2,%	 3.8 	(2.6-6.2)
SCORE2 categories, n (%)	
	 Low to moderate	 33 	(62)
	 High	 16 	(30)
	 Very high	 4 	(8)
Laboratory data	 
	 IL-6, pg/ml	 2.5 	(1.8-4.2)
	 CRP, mg/dl	 2.0 	(0.6-4.8)
	 Cholesterol, mg/dl	 209 	± 33
	 Triglycerides, mg/dl	 203 	± 90
	 HDL-cholesterol, mg/dl	 53 	± 13
	 LDL-cholesterol, mg/dl	 116 	± 30
	 LDL:HDL cholesterol ratio	 2.29 	± 0.78
	 Non-HDL cholesterol, mg/dl	 156 	± 31
	 Lipoprotein A, mg/dl	 34 	(13-85)
	 Apolipoprotein A1, mg/dl	 163 	± 27
	 Apolipoprotein B, mg/dl	 108 	± 25
	 Apo B: Apo A ratio	 0.68 	± 0.21
	 Atherogenic index	 4.2 	± 1.2
Insulin resistance indices	 
	 Glucose, mg/dl	 100 	± 22
	 Insulin, µU/ml	 12.4 	(6.1-19.3)
	 C-peptide, ng/ml	 5.0 	± 3.2
	 HOMA2-IR	 1.62 	(0.85-2.51)
	 HOMA2-S%	 62 	(40-118)
	 HOMA2-B%-C-peptide	 201 	± 106
Systemic sclerosis related data	 
	 SSc type, n (%)	
	 Limited	 44 	(83)
	 Diffuse	 9 	(17)
	 Disease duration, years	 9 	(3-11)
	 Modified Rodnan Skin Score, units	 4 	(1-8)
	 Raynaud phenomenon, n (%)	 48 	(91)
	 Nailfold capillaroscopy pattern	
	 Normal	 9 	(19)
	 Early	 9 	(19)
	 Active	 15 	(31)
	 Late	 2 	(4)
	 Unclassified or not valuable	 13 	(27)
	 Digital ulcers, n (%)	 10 	(19)
	 Calcinosis, n (%)	 10 	(19)
	 Arthritis, n (%)	 3 	(6)
	 Gastric reflux, n (%)	 30 	(57)
	 Pathological oesophageal manometry, n (%)	 7 	(50)
	 Interstitial lung disease, n (%)	 7 	(14)
	 FVC, %	 96 	± 16
	 FEV1, %	 99 	± 18
	 DLCO, %	 83 	± 16
	 Pulmonary hypertension, n (%)	 2 	(5)
	 Anti-centromere antibody positivity, n (%)	 35 	(71)
	 Anti-Scl70 antibody, n (%)	 8 	(16)
	 Current NSAIDs, n (%)	 9 	(17)
	 Current prednisone, n (%)	 12 	(23)
	 Prednisone, mg/day	 5 	(5-7.5)
	 Methotrexate, n (%)	 4 	(8)
	 Chloroquine, n (%)	 3 	(6)
	 Bosentan, n (%)	 2 	(4)
 	 Sildenafil, n (%)	 1 	(2)

Data represent mean ± SD or median (IQR) when data were not normally distributed. BMI: body mass index; 
CRP: C reactive protein; LDL: low-density lipoprotein; IL-6: interleukin 6; HDL: high-density lipoprotein, 
SSc: systemic sclerosis; HOMA: homeostatic model assessment; NSAIDs: non-steroidal anti-inflammatory 
drugs; SCORE: Systematic Coronary Risk Assessment; FVC: forced vital capacity; FEV: forced expiratory 
volume; DLCO: diffusion capacity of the lung for the carbon monoxide.
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regarding whether the presence of anti-
Scl70 identifies a population of SSc pa-
tients who are more likely to have, or 
to develop, cancer (26). This could im-
ply that there is a specific link between 
Scl-70 and serum IL-6 levels. Remark-
ably, we also found a relationship be-
tween IL-6 and the presence of digital 
ulcers. This is also in accordance with 
previous reports. Interestingly, silde-
nafil treatment has been shown to sig-
nificantly reduce dermal fibroblast gene 
expression and cellular IL-6 release in 
patients with SSc (27), and tocilizumab 
has been reported to improve digital ul-
cers in small patient series (28).
In our series, high IL-6 levels were 
negatively associated with impaired 
respiratory function tests. This nega-
tive relationship is consistent with pre-
vious reports. In this sense, IL-6 was 
an independent predictor of decreased 
DLCO in a series of 74 patients with 
SSc. Therefore, circulating IL-6 levels 
have been proposed to be useful for the 
prediction of early disease progression 
in patients with mild interstitial lung 
disease of SSc (29). We also observed 
this negative association in the univari-
able analysis of our series. However, it 
was not confirmed in the multivariable 
analysis, probably due to the number 
of patients with diffuse SSc included 
in our study. With respect to this, two 
multicentre, randomised, double-blind, 
placebo-controlled trials demonstrated 
that the anti-IL-6 monoclonal antibody 
tocilizumab is associated with a less 
consistent decrease in predicted FVC in 
SSc patients with interstitial lung dis-
ease (30, 31). 
The plasma cytokine IL-6 plays an im-
portant role in mediating inflammation 
and is a central stimulus for the acute-
phase response. In particular, IL-6 in-
duces the hepatic synthesis of CRP 
(32). For this reason, the relationship 
found between CPR and IL6 found in 
our work in SSc is expected and appears 
to be maintained in this disease. In ad-
dition, a small number of patients had 
arthritis. Thus, this relationship seems 
not to be mediated by the joint involve-
ment that these patients may have.
Remarkably, in our cohort, the 
SCORE2 calculator was significantly 
and positively associated with serum 

Table II. Relationship of demographics and disease related data to IL-6 serum levels.
	  
	 IL-6 pg/ml beta coef. (95%CI),  p

	 Univariable	 Multivariable

Demographics	 	 	 	    
Female	 -0.5 	(-3-2)	 0.66		
Age, years	 0.02 	(-0.03-0.08)	 0.42		
BMI, kg/m2	 0.09 	(-0.01-0.2)	 0.089		
Waist circumference, cm	 0.05 	(0.008-0.09)	 0.020		
Hip circumference, cm	 0.06 	(0.003-0.1)	 0.038		
Waist to hip ratio	 6 	(-2-14)	 0.16		
Cardiovascular comorbidity	 	 	 	    
Hypertension	 -0.4 	(-2-0.8)	 0.49		
Current smoking	 4 	(2-6)	 <0.001		
Diabetes	 -0.1 	(-2-2)	 0.91		
BMI > 30 kg/m2	 0.7 	(-0.6-2)	 0.27		
Statins	 -0.7 	(-2-0.6)	 0.30		
Calcium-channel blockers	 0.3 	(-1-2)	 0.68		
Aspirin	 0.8 	(-0.5-2)	 0.25		
log SCORE 2	 0.8 	(0.05-1.5)	 0.036		
SCORE2 categories				  

Low to moderate	 ref.			 
High	 0.6 	(-0.7-2)	 0.38		
Very high	 3 	(0.7-5)	 0.011		

Laboratory data	 	 	 	    
CRP, mg/dl	 0.2 	(0.04-0.3)	 0.015	 0.1 	(-0.02-0.3)	 0.089
Cholesterol, mg/dl	 0.009 	(-0.01-0.03)	 0.35		
Triglycerides, mg/dl	 0.0007 	(-0.006-0.007)	 0.85		
HDL-cholesterol, mg/dl	 -0.2 	(-0.07-0.03)	 0.35		
LDL-cholesterol, mg/dl	 0.01 	(-0.007-0.03)	 0.20		
LDL:HDL cholesterol ratio	 0.7 	(-0.08-1.4)	 0.080	 0.3 	(-0.4-1)	 0.37
Non-HDL cholesterol, mg/dl	 0.01 	(-0.006-0.03)	 0.16	 0.009 	(-0.008-0.03)	 0.29
Lipoprotein A, mg/dl	 -0.0003 	(-0.008-0.008)	 0.95		
Apolipoprotein A1, mg/dl	 -0.005 	(-0.03-0.02)	 0.68		
Apolipoprotein B, mg/dl	 0.02 	(-0.002-0.05)	 0.077	 0.01 	(-0.006-0.04)	 0.16
Apo B: Apo A ratio	 2 	(-0.5-5)	 0.097	 1 	(-1-3)	 0.41
Atherogenic index	 0.4 	(-0.2-0.9)	 0.17	 0.09 	(-0.4-0.5)	 0.68
Insulin resistance indices	 	 	 	    
Glucose, mg/dl	 0.001 	(-0.03-0.03)	 0.94		
Insulin, µU/ml	 -0.9 	(-3-1)	 0.41		
C-peptide, ng/ml	 -0.05 	(-0.2-0.1)	 0.56		
HOMA2-IR	 -0.1 	(-0.4-0.2)	 0.42		
HOMA2-S%	 0.002 	(-0.006-0.01)	 0.58		
HOMA2-B%-C-peptide	 -0.002 	(-0.008-0.003)	 0.38		
Systemic sclerosis related data	 	 	 	    
SSc type				  

Limited	 ref.			 
Diffuse	 2 	(0.3-3)	 0.020	 1 	(-0.1-3)	 0.080

Disease duration, years	 0.02 	(-0.08-0.1)	 0.73		
Modified Rodnan Skin Score, units	 0.03 	(-0.06-0.1)	 0.55		
Raynaud phenomenon	 0.9 	(-1-3)	 0.39		
Nailfold capillaroscopy pattern				  

Early	 ref.			 
Active	 0.4 	(-2-3)	 0.73		
Late	 -0.9 	(-5-3)	 0.67		

Digital ulcers	 2 	(0.06-3)	 0.041	 2 	(0.6-3)	 0.003
Calcinosis	 1 	(-0.3-3)	 0.10		
Arthritis	 0.2 	(-2-3)	 0.88		
Gastric reflux	 -0.5 	(-2-0.7)	 0.44		
Pathological oesophageal manometry				  
Interstitial lung disease	 2 	(0.3-4)	 0.024	 1 	(-0.3-3)	 0.11
FVC, %	 -0.07 	(-0.1-(-0.3))	 0.001	 -0.07 	(-0.1-(-0.03))	 0.001
FEV1, %	 -0.06 	(-0.1-(-0.03)	 0.002	 -0.05 	(-0.08-(-0.01))	 0.013
DLCO, %	 -0.08 	(-0.1-(-0.01))	 0.019	 -0.03 	(-0.1-0.04)	 0.36
Pulmonary hypertension	 0.2 	(-2-3)	 0.87		
Anti-centromere antibody positivity	 -1 	(-3-0.3)	 0.11	 -0.6 	(-2-0.5)	 0.28
Anti-Scl70 antibody 	 3 	(1-4)	 <0.001	 2 	(0.2-3)	 0.025
Current NSAIDs	 -0.5 	(-2-1)	 0.53		
Current prednisone	 0.5 	(-1-2)	 0.52		
Prednisone, mg/day	 -0.06 	(-1-1)	 0.91		
Methotrexate	 2 	(0.06-4)	 0.044	 2 	(0.05-4)	 0.045
Chloroquine	 -0.8 	(-3-2)	 0.56		
Bosentan	 5 	(2-8)	 <0.001	 5 	(2-7)	 <0.001
Sildenafil	 2 	(-2-6)	 0.37	 	  

IL-6 is the dependent variable in this analysis.	 Oesophageal manometry assessment was available only for 14 
patients.	 BMI: body mass index; CRP: C reactive protein; LDL: low-density lipoprotein;	 IL-6: interleukin 6; 
HDL: high-density lipoprotein, SSc: systemic sclerosis;	
HOMA: homeostatic model assessment; NSAIDs: non-steroidalal anti-inflammatory drugs;	
SCORE: Systematic Coronary Risk Assessment; FVC: forced vital capacity; FEV: forced expiratory volume; 
DLCO: diffusion capacity of the lung for the carbon monoxide.			 
Multivariable analysis is adjusted for smoking, BMI, and abdominal circumference.	
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IL-6 levels. This occurred when this 
calculator was considered continuously 
or categorically. SCORE2 includes data 
related to age, sex, lipids, smoking, and 
blood pressure. This relationship be-
tween SCORE2, a predictor of cardio-
vascular events, and IL-6 is consistent 
with the previously mentioned associa-
tion between this cytokine and arterio-
sclerotic disease (9-12). 
We recognise the potential limitation 
of our study derived from its cross-
sectional nature and the number of pa-
tients included in the evaluation. In this 
regard, due to the low number of pa-
tients recruited, the frequency of some 
organ manifestations is also small. For 
this reason, some associations between 
IL-6 and these features must be taken 
with caution. However, we were able 
to perform a multivariate analysis and 
adjust for covariates. This allowed us to 
highlight relevant associations of IL-6 
with various disease manifestations and 
support the potential role of IL-6 as a 
marker of cardiovascular risk in patients 
with SSc. Obviously, IL-6 levels can 
vary over time and can be influenced by 
infections or other inflammatory states. 
For this reason, the presence of active 
infection and another inflammatory dis-
ease was an exclusion criterion in our 
work. We also acknowledge that the use 
of aspirin was frequent in our series. We 
do not have an exact explanation for 
this. We think this is probably because 
many patients had cardiovascular risk 
factors or because aspirin is used in the 
treatment of Raynaud’s phenomenon. 
Also, SCORE2 has not been validated 
in patients with SS. Thus, the relation-
ship of this tool with IL-6 could be con-
sequence of the association of IL-6 with 
cardiovascular risk factors rather than a 
true link between the risk of suffering 
an event and this interleukin. Finally, 
although the characterisation of the 
patients was extensive, cardiovascular 
imaging techniques of the patients were 
not collected. For this reason, we have 
not been able to study the relationship 
of IL-6 with, for example, carotid ath-
erosclerosis, echocardiographic para-
meters, etc.
In conclusion, IL-6 levels are associat-
ed with disease manifestations and car-
diovascular risk in patients with SSc.
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