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ABSTRACT Background: Systemic lupus erythematosus (SLE) is an inflammatory disease caused by 
autoimmune dysregulation, which mainly affects young women, usually free from atherosclerosis. Accelerated 
atherosclerosis is a well established complication of SLE and it cannot be explained by Framingham risk factors 
alone, and has been attributed to complex interactions between traditional risk factors and factors associated with the 
disease per se, or its treatment. Arterial stiffness and endothelium function may serve as a valuable measure to be 
counted in the follow-up of these patients prior to a potential cardiovascular event. The aim of the study was to 
evaluate atherosclerosis, inflammatory process, immune mediated, using imaging techniques and to identify the role 
of molecules known to be involved in inflammation, hsCRP, homocysteine, IL-6, ESR and fibrinogen, in the 
development and perpetuation of atherosclerosis in patients with systemic lupus erythematosus. Methods Our 
prospective study included 53 patients diagnosed with systemic lupus erythematosus and fulfilled the revised ACR 
(American College of Rheumatology) criteria for the classification of SLE. Exclusion criteria were <18 years of age, 
history of CVD, infections, diabetes mellitus, dyslipidemia. Results: We enrolled 53 patients with SLE, 50 (94%) 
women and 3 (6%) men, with a mean age of 31,92 years (SD 5,55; limits 22-44) with no significant difference 
between sex (31,65±3,4 years in women and 37,33±4,05 years in men). The measurement of inflammation markers 
revealed increased values for all the variables: ESR had a mean value of 69,19± 14,18mm, fibrinogen 445,66 
±4,56mg%; IL-6 had a mean value of 11,209 ±1,56pg/ml; homocysteine  17,721±2,5374 µmol/l and for hs CRP the 
mean value was 3,493±1,12 mg/l. The assesement of arterial stiffness showed a mean value of 23,32% (SD 5,82; 
95%CI 21,716 - 24,925) for AIx and 9,1m/s (SD 0,49; 95%CI 8,971 - 9,244) for cfPWV. There was a positive, 
significant correlation between AIx and hsCRP (r=0,612; 95%CI 0,4104 - 0,7576; p<0,001), (r=0,526; 95% CI 
0,2979 to 0,6971; p=0,0001), for AIx and homocysteine (r=0,526; 95%CI 0,2979 to 0,6971; p=0,0001). The 
correlation coefficient with AIx was similar for ESR and fibrinogen (r=0,63 and 0,60). IL-6 and AIx correlated 
correlated positively, (r=0,369; 95%CI 0,1097 - 0,5813), statistically significant (p=0,006), but the correlation was not 
powerful. hsCRP and cfPWV were related (r=0,652; 95%CI 0,4677-0,7862; p<0,001); cfPWV also correlated with IL-6 
(r=0,6552; 95%CI 0,4677- 0,7862; p<0,0001), homocysteine (r=0,9174; 95%CI 0,8606- 0,9517; p<0,0001), ESR 
(r=0,74) and fibrinogen (r=0,64). Conclusions: In summary, our data suggest that arterial stiffness is related to the 
level of systemic inflammation, and that inflammation is involved in the early alteration of arterial wall. Increase in 
arterial stiffness can be detected by applanation tonometry, and may serve as an important predictor of future 
cardiovascular events, since an early diagnosis may have a significant value in preventing the development of major 
vascular disease. 
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Background 
Systemic lupus erythematosus (SLE) is a 

complex multisystem inflammatory disease 
caused by autoimmune dysregulation, which 
mainly affects young women, usually free from 
atherosclerosis. 

Accelerated atherosclerosis is a well 
established complication of SLE. In individuals 
with SLE the prevalence of cardiovascular disease 
(CVD) ranges from 6% to 10%, and the risk of 
developing CVD is 4–8 times higher than in 
normal population [1, 2, 3, 4]. Moreover, acute 
myocardial infarction is reported as a cause of 
death in 3–25% of SLE patients in different 
surveys [5, 6, 7]. 

The high prevalence of atherosclerosis in SLE, 
however, cannot be explained by Framingham risk 
factors alone, and has been attributed to complex 
interactions between traditional risk factors and 
factors associated with the disease per se, or its 
treatment [8, 9, 10]. 

Arterial stiffness and endothelium function 
may serve as a valuable measure to be counted in 
the follow-up of these patients, prior to a potential 
cardiovascular event [11]. Two major estimates of 
vascular function, in particular augmentation 
index (AIx), indicating systemic arterial stiffness, 
and carotid-femoral pulse wave velocity (PWV), 
the parameter of regional arterial stiffness, have 
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intensively been explored during last decade in 
different ways in rheumatic patients [12, 13]. 

Study objective: The aim of the study was to 
evaluate atherosclerosis, inflammatory process, 
immune mediated, using imaging techniques and 
to identify the role of molecules known to be 
involved in inflammation, hsCRP, homocysteine, 
IL-6, ESR and fibrinogen, in the development and 
perpetuation of atherosclerosis in patients with 
systemic lupus erythematosus. 

Methods 
Our prospective study included 53 patients 

diagnosed with systemic lupus erythematosus 
between december 2007 until may 2009, in 
Rheumatology Department, Emergency County 
Hospital Craiova. At study enrolment, all patients 
signed the informed consent and fulfilled the 
revised ACR (American College of 
Rheumatology) criteria for the classification of 
SLE [14].  

Exclusion criteria were <18 years of age, 
history of CVD, infections, diabetes mellitus, 
dyslipidemia. Routine hematology and chemistry 
(fasting blood glucose and lipid profile), 
Westergren ESR, high sensitive C-reactive 
protein-hsCRP, fibrinogen, C3, C4, CH50, lupus 
anticoagulant, and IgG antibodies to dsDNA and 
IgG/ IgM anticardiolipin antibodies, chest X-ray 
and electrocardiography were done. In order to 
evaluate the inflammatory status we also 
determined homocysteine and IL-6. 

Arterial stiffness, was assessed measuring 
carotid to femoral pulse wave velocity (cfPWV) 
and augmentation index (AIx). Carotid and 
femoral pulse waves were obtained non-invasively 
by applanation tonometry (SphygmoCor device, 
AtCor Medical, Sydney, Australia). Pulse waves 
recorded consecutively from the carotid and 
femoral arteries were referenced to a 
simultaneously recorded ECG, and transit time 
was computed from the time difference between 
the carotid and femoral waveforms. The distance 
between the carotid and femoral arteries was 
measured, and PWV was calculated, as the ratio 
between distance and time. AIx was calculated 
from carotid pulse wave, using the integrated 
software. The systolic part of the central arterial 
waveform is characterized by two pressure peaks. 
The first peak is caused by left ventricular 
ejection, whereas the second peak is a result of 
pulse wave reflection. The difference between 
both pressure peaks reflects the degree to which 
central arterial pressure is augmented by wave 
reflection. AIx, a measure of systemic arterial 
stiffness, is calculated as the difference between 

the second and the first systolic peak expressed as 
a percentage of pulse pressure. For carotid-
femoral PWV, a threshold more than 12 m/s has 
been related to higher risk of coronary artery 
disease in hypertensive patients. So-called normal 
values of AIx are assessed individually for 
particular patient adjusting for age, blood 
pressure, height, weight and gender and the 
individual values of AIx can variate from around 
−20% in young athletes to about 40% in elderly 
hypertensive patients [11]. 

Results 
We enrolled 53 patients with SLE, 50 (94%) 

women and 3 (6%) men, with a mean age of 31,92 
years (SD 5,55; limits 22-44) with no significant 
difference between sex (31,65±3,4 years in 
women and 37,33±4,05 years in men). 

The measurement of inflammation markers 
revealed increased values for all the variables: 
ESR had a mean value of 69,19 mm (DS=14,18; 
CI95% 65,279 - 73,098), fibrinogen 445,66 mg% 
(DS 74,56; 95%CI 425,108-466,213mg%); for hs 
CRP the mean value was 3,493 mg/l, (SD 1,12; 
95%CI 3,181-3,804), 31 de patients (58%) had 
values that show an increased cardiovascular risk 
(>3mg/l). Homocysteine had a mean value of 
17,721 µmol/l (SD 2,5374; 95%CI 17,021 -
 18,420), most of the patients (51) having values 
over the limits. IL-6 had a mean value of 11,209 
pg/ml (SD 1,56; 95% CI 10,778-11,640).  

The assesement of arterial stiffness showed a 
mean value of 23,32% ( SD 5,82; 95%CI  21,716 - 
24,925) for AIx and 9,1m/s (SD 0,49; 95%CI 
8,971 - 9,244) for cfPWV. 

Correlations between inflammation 
markers and arterial stiffness 

The measurement of  hsCRP,  identified 31 
patients with values higher than 3mg/l, indicating 
a high cardiovascular risk. In these patients the 
mean AIx was 26,06% (SD 5,57; 95%CI 24,022-
28,107). For 41% (22 patients), hsCRP was 
between 1-3mg/l, values that show a medium 
cardiovascular risk, with a mean AIx of 19,45% 
(SD 3,58%; 95%CI 17,866 - 21,043). The 
difference between the two groups was 
statistically significant (p<0,001). There was a 
positive, significant correlation between AIx and 
hsCRP (r=0,612; CI 95% 0,4104 - 0,7576; 
p<0,001), linear regresing showing the same result 
(r2=0,375; F ratio=30,65; p<0,001) (figure 1).  
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Correlation coefficient Pearson 
Correlation coefficient r 0,6127 
Statistical significance P<0,0001 
Confidence interval  95%- r   0,4104 -0,7576 

Fig 1. Linear regression and correlation coefficient 
for AIx and hsCRP 

However, the correlation between AIx and 
hsCRP was different regarding the cardiovascular 
risk: there was a significant positive correlation in 
patients with hsCRP>3mg/l (r=0,41; 95%CI 
0,0654-0,0667) and a inverse correlation in 
patients with values between 1 and 3mg/l (r=-
0,017; 95%CI 0,435-0,407; p=0,94).  

AIx was higher (24,06%; SD 5,85%; 95%CI 
22,289-25,847) in patients with values of IL-6 
over the limits (>9,7pg/ml), compared with those 
with normal values (19,6%; SD 4,24; 95%CI 
16,405 - 22,928 ) (p=0,037).  IL-6 and AIx 
correlated positively, (r=0,369; 95%CI 0,1097 - 
0,5813), statistically significant (p=0,006), but the 
correlation was not powerful. Similar results were 
established using linear regression (r2=0,136; F 
ratio=8,04; p=0,007). Homocysteine significantly 
correlated with AIx (r=0,526; 95%CI 0,2979-
 0,6971) (p=0,0001). The correlation coefficient 
with AIx was similar for ESR and fibrinogen 
(r=0,63 and 0,60). 

Using multiple regression we tried to establish 
the dependence between AIx and inflammatory 
markers: the multiple correlation coefficient was 
0,6281 using  Enter method and  0,6127 using 
Stepwise method (table 1). 

Table 1. Multiple regression for AIx and 
inflammation markers 

Method Enter Stepwise 
Coefficient of determination R2 0,3946 0,3754 
R2-adjusted 0,3575 0,3632 
Multiple correlation coefficient 0,6281 0,6127 
Residual standard deviation 4,6654 4,6446 
F-Ratio  10,6441 30,6563 
Significance level P<0,001 P<0,001 

 

cfPWV was 9,342 m/s (DS 0,364; 95%CI 
9,208 – 9,475) in patients with hsCRP over 3mg/l, 
significantly higher than the ones with values 
between 1 and 3mg/l (8,777m/s; DS 0,471; 95% 
CI 8,568-8,986) (p <0,001). hsCRP and cfPWV 
were related (r=0,652; CI 95% 0,4677-0,7862; 
p<0,001), similar results being assessed using 
linear regression (r2=0,4293;  F-ratio=38,3572; 
p<0,001) (figure 2). cfPWV also correlated with 
IL-6 (r=0,6552; 95%CI 0,4677- 0,7862; 
p<0,0001), homocysteine (r=0,9174; 95%CI 
0,8606- 0,9517; p<0,0001), ESR (r=0,74) and 
fibrinogen (r=0,64). The multiple correlation 
coefficient between cfPWV and inflammatory  
markers was 0,91 using both methods (Enter and 
Stepwise) (table 2). 

Table 2 Multiple regression for cfPWV and 
inflammation markers 

Method Enter Stepwise 
Coefficient of determination R2 0,8443 0,8417 
R2-adjusted 0,8277 0,8386 
Multiple correlation coefficient 0,9188 0,9174 
Residual standard deviation 0,2054 0,1988 
F-Ratio  50,9551 271,1915 
Significance level P<0,001 P<0,001 

 

Disscution 
Our study confirmed the inflammatory status 

of SLE patients and showed that the inflammatory 
response is an important factor contributing to 
atherosclerotic damage. The main  findings from 
the present study are that vascular injury is an 
early event in patients with SLE, showing an 
organ damage, and that the level of systemic 
inflammation is an important mediator of this 
process, increasing the arterial stiffness. AIx, 
correlated with inflammation mediators, the 
strongest correlation being assessed for hsCRP. 
cfPWV, considered as the “gold-standard” 
measurement of arterial  stiffness [11], positively 
correlated with all inflammation markers, and the 
multiple correlation coefficient showed a strong 
dependence of the two variables (r=0,91). 

Our data  are in harmony with the results from 
the studies focusing on SLE and arterial wall 
functioning: Brodszki, et al., Roman, et al.,  
Selzer, et al. [15, 16, 17].  These studies 
demonstrated an increased arterial stiffness and 
signs of premature vascular ageing in SLE patients 
without manifest cardiovascular disease and 
without significant atherosclerotic lesions. The 
authors conclude that other mechanisms beside 
atherosclerosis might be involved in the 
pathogenesis of arterial stiffening in SLE patients. 
The association of arterial stiffening with 
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circulating levels of C-reactive protein and IL-6, 
the citokine that stimulates its synthesis, 
implicates chronic inflammation as important 
mediator of this process [15]. Serum levels of 
CRP predict cardiovascular risk [18, 19], and 
inflammation is believed to be a key process in 
atheroma formation. CRP is deposited in the 
arterial intima in early atherosclerotic lesions [20], 
induces an inflammatory and atherogenic 
phenotype in endothelial cells, interferes with 
endothelial progenitor cell survival and function, 
and stimulates cell migration and proliferation 
[21]. 

SLE itself remains an independent risk factor 
for early atherosclerosis, suggesting a link 
between chronic inflammation and accelerated 
vascular damage [22]. 

Given the cardiovascular risk associated with 
SLE and other connective tissue diseases, it would 
appear to be fundamental to identify potentially 
modifiable risk factors and establish evidence 
based guidelines to help clinicians in planning 
strategies able to reduce long-term cardiovascular 
morbidity and, consequently, mortality. 

Conclusions 
In summary, our  data suggest that arterial 

stiffness is related to the level of systemic 
inflammation, and that inflammation  plays a role 
in the process of arterial stiffening.  

Increase in arterial stiffness can be detected 
early, by applanation tonometry, and may serve as 
an important predictor of future cardiovascular 
events, directly linked to acceleration of 
atherosclerotic arterial wall damage. The 
assessment of augmentation index, the parameter 
of systemic arterial stiffness, and carotid-femoral 
pulse wave velocity, the parameter of regional 
muscular vessel flexibility, may have a beneficial 
diagnostic, prognostic and therapeutic relevance 
and may serve for designing algorithms of 
diagnosis and treatment. 
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