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Abstract 
Background: In recent years, there has been a growing interest in understanding the pathogenic pathways of premature accelerated 
atherosclerosis (AS) in systemic lupus erythematosus (SLE). However, the role of both traditional and non-traditional, SLE-specific risk 
factors is still under debate. Aim: To assess surrogate biomarkers of subclinical AS in SLE and to evaluate potential relations with 
cardiovascular risk factors. Patients and Methods: Prospective observational study on 35 consecutive SLE women (ACR 1987 diagnostic 
criteria) evaluated according to a standard protocol including traditional cardiovascular risk factors (hypertension, obesity, diabetes 
mellitus, cigarette smoking, abnormal lipid metabolism), SLE-specific risk factors (renal disease, SLE activity and duration, corticosteroid 
therapy) and surrogate biomarkers of subclinical AS (carotid intima-media thickness, plaque) (B-mode color Doppler ultrasound, 7–10 MHz 
probe). Data were analyzed in SPSS 16 software, p<0.05. Results: Significant differences (p<0.05) among subgroups (with and without 
plaque, thickened and normal intima) have been registered; moreover, statistical significant correlations between cIMT and age (r=0.476), 
age at onset (r=0.451), VLDL (r=0.382), hsCRP (r=0.436), Framingham score (r=0.421) have been reported. In addition, significant 
association between homocysteine and SLE-duration (r=0.460), SLEDAI (r=0.466), SLICC/ACR (r=0.846) has been demonstrated, while 
hsCRP was associated with ESR (r=0.472), C3 (r=0.396), SLEDAI (r=0.569) and age (r=-0.681). Several predictors for increased cIMT 
have also been identified (ANOVA): hsCRP (p=0.016), VLDL (p=0.037), Framingham (p=0.012). Conclusions: Our data advocate for 
increased cardiovascular burden in SLE and support the value of cIMT and carotid plaque as surrogate AS biomarkers in women with SLE. 
Keywords: systemic lupus erythematosus, atherosclerosis, surrogate biomarkers, carotid intima-media thickness, carotid plaque. 

 Introduction 

Patients with systemic lupus erythematosus (SLE) 
have a significantly increased risk of cardiovascular 
morbidity and mortality, particularly related to premature 
atherosclerosis (AS) [1–6]. Since the first recognition of 
high cardiovascular disease and the bimodal pattern of 
mortality in patients with SLE [7], major advances in 
the comprehensive understanding of the pathways of AS 
have been made [1, 3, 6]. Nowadays is widely accepted 
that accelerated AS in SLE is attributed to traditional 
and non-traditional, SLE-specific, risk factors [1, 2, 3, 
6]. Although traditional cardiac risk factors as defined 
by the Framingham Heart Studies [3], such as older  
age, high blood pressure (BP), high cholesterol and 
triglycerides, smoking, obesity, diabetes mellitus, appear 
to play a critical role in the determinism of AS, these 
factors alone cannot adequately explain the increased 
incidence of cardiovascular disease commonly reported 
in patients with SLE [1, 3]. Moreover, recent data 

definitely support that both inflammation and immune 
response are highly involved not only in the development 
but also in progression of AS plaques [3]. 

Accordingly, early accelerated AS in SLE is the result 
of a complex cross-talk between traditional cardiac risk 
factors and SLE-driven inflammation [1, 3, 4]. 

Non-invasive measures to assess and follow sub-
clinical AS, as recommended by the American Heart 
Association, are based on two main parameters, intima-
media thickness (cIMT) and plaque, assessed by B-
mode ultrasound at the carotid artery level [1–5]. 

Despite recent achievements in defining risk factors 
for subclinical AS and for the progress of preclinical AS 
associated with SLE [1, 2, 4, 5], the role of individual 
traditional and non-traditional risk factor in SLE is still 
controversial. 

The main outcomes of our study were to assess 
surrogate biomarkers of subclinical atherosclerosis in 
SLE and to evaluate potential relations with traditional 
and non-traditional cardiovascular risk factors. 
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 Patients and Methods 

We have performed a prospective observational study 
on 35 consecutive women with SLE (1987 American 
College of Rheumatology diagnostic criteria) seen at  
the Division of Rheumatology, Clinical Rehabilitation 
Hospital, Iassy, Romania, between July 2011 and January 
2012. 

Patients have been evaluated according to a standard 
protocol including (i) traditional cardiovascular risk 
factors: hypertension, obesity, diabetes mellitus, cigarette 
smoking, aberrant lipid metabolism based on abnormal 
total cholesterol (TC) and its fractions (high density and 
low density lipoproteins) (HDL- and LDL-cholesterol) 
(spectrophotometric enzymatic-colorimetric method), 
triglycerides (TG), very low density lipoproteins (VLDL), 

apolipoprotein A1 (apo-A1) (1.08–2.25 g/L, immuno-
turbidimetry), atherogenic index (AI) (calculated as 
log(TG/HDL-Cholesterol) [8] and familial history of 
cardiovascular disease; (ii) non-traditional (SLE-specific) 

risk factors including renal disease, SLE activity and 
duration, corticosteroid therapy; (iii) surrogate bio-
markers of subclinical atherosclerosis (cIMT, plaque). 
Novel biomarkers of AS such as homocysteine (chemi-
luminescent immunoenzymatic method, 5–12 µM/L) 
and high sensitivity (hsCRP) (latex-immunoturbidimetric 
method: <1 mg/L low risk, 1–3 mg/L medium risk, and 
>3 mg/L high risk) have also been collected in all 
patients. 

Duplex carotid-intima color Doppler ultrasound 
(Siemens Acuson X300, 7 MHz linear probe) has been 
performed by the same examiner; measurements have 
included the carotid intima-media thickness (cIMT) and 
carotid plaques. cIMT was assessed at three levels on 
each side: common carotid artery (10 mm before the 
bulb), bulb (5–10 mm cranially to the start of the bulb) 
and internal carotid artery (10 mm after the flow divider); 
mean cIMT (m-cIMT) was defined as the mean of  
the three cIMT measurements on each side, while the 
maximum cIMT, the highest cIMT value found among 
the six segments studied [9]. According to current 
sonographic criteria, we refer to “normal” cIMT when 
complex intima-media is <0.9 mm; the cIMT>0.9 mm 
was considered indicative of thickened intima, while 
>1.3 mm indicative of atherosclerotic plaque [4, 9]. In 
addition, the number and size of carotid AS plaques 
have also been assessed. 

The study was approved by the local ethics 
committee; all patients gave written informed consent 
before enrollment in the study. 

Statistical analysis was done in SPSS 16 software 
(non-parametric tests, univariate analysis, ANOVA), 
p<0.05. 

 Results 

Basic characteristics of the patients 

Clinical and biochemical parameters and cardio-
vascular risk factors of SLE patients are summarized in 
Table 1. 

Table 1 – Basic characteristics of SLE patients 
Parameter Value 

Demographics and SLE-related 
Age at entry [years]* 
Age at diagnosis [years]* 
SLE duration [years]* 

 
47.66±11.26 (20–68) 
41.66±11.53 (16–65) 
6.43±4.70 (1–15) 

Traditional cardiovascular risk 
factors 
BMI [kg/m2]* 
Hypertension [%] 

Systolic BP [mmHg]* 
Diabetes mellitus [%] 
Total cholesterol [mg/dL]* 
LDL cholesterol [mg/dL] 
HDL cholesterol [mg/dL] 
VLDL [mg/dL] 
Triglycerides [mg/dL] 
Apolipoprotein A1 [g/L] 
Homocysteine [µM/L] 
hsCRP [mg/L] 

 
 
24.64±5.57 (18.4–47.2) 
40 
137.29±24.53 (110–200) 
5 
203.83±40.09 (132–308.01) 
117.03±25.41 (80.07–174.24)
64.78±19.35 (29.39–113.90) 
19.89±8.96 (9.54–49.43) 
107.87±60.17 (47.73–314.80)
1.68±0.32(0.98–2.72) 
16.70±11.75(8.4–50) 
4.51±8.13 (0.53–32.60) 

Non-traditional SLE-specific 
risk factors 
Renal disease – proteinuria [%] 
SLE disease activity [SLEDAI] 
SLE duration 
Corticosteroid therapy [years] 
ESR [mm/hour] 
C3 [mg/dL] 
dsDNA ab [UI/mL] 
ACL antibodies [GPL/mL] 

 
 
14.3 
7.71±7.01(0–28) 
7.00±5.14 (1–15) 
2.66±2.48 (0–10) 
22.45±10.86 (5–40) 
101.03±24.97 (56–176) 
26.07±49.80 (0–245) 
5.48+9.87 (2-50) 

Surrogate biomarkers for 
subclinical AS 
Intima-media thickness [mm] 
Carotid plaque [%] 

 
 
0.89±0.16 (0.6–1.3) 
31.4 

*Mean±SD. 

Traditional risk factors 

The study of traditional risk factors in our SLE 
patients has shown the presence of hypertension in 40%, 
obesity in 14.3% of cases, mixed dyslipidemia in 11.4% 
of cases, mainly based on hypercholesterolemia (48.6%) 
with high LDL (76.7%) and high VLDL levels (13.3%), 
but also on high triglycerides (17.1%) and apo-A1 
(6.7%); the majority of SLE (85.7%) displayed a low 
cardiovascular risk as appreciated by the atherogenic 
index (values under 0.11). In addition, familial history 
of cardiovascular disease has been reported in more than 
half of patients (54.3%). 

High levels of novel biomarkers for AS have been 
demonstrated in 60% cases for homocysteine (mean 
value of 16.70±11.75 µM/L) and in 56.7% cases for 
hsCRP (mean value of 4.51±8.13 mg/L); 26.7% of SLE 
presented with increased hsCRP (>3 mg/dL) meaning 
high cardiovascular risk, 30% moderate risk (hsCRP 
between 1 and 3 mg/dL), while 43.3% a low cardio-
vascular risk. 

Both Framingham – general cardio-vascular disease 
score assessing the 10-years risk and SCORE 
(Systematic COronary Risk Evaluation, The European 
cardiovascular disease risk assessment model) were 
evaluated in all patients; the majority (91.4%) of our 
consecutive SLE presented low Framingham scores 
(<10%) (mean Framingham of 3.36±3.22), while only 
8.6% scores between 10–20; no patient featured high 
cardiovascular risk according to Framingham score. 

SLE-specific factors 

Several non-traditional, SLE-specific risk factors 
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have also been identified comprising disease activity 
(mild – 31.4%, moderate – 28.6%, high – 17.1%, 
extremely high – 8.6% SLEDAI, with a mean value of 
7.71±7.01) and damage scores (mean SLICC/ACR 
score of 1.51±1.14); proteinuria was reported in 14.3% 
cases, while high levels of double stranded DNA 
(dsDNA) antibodies in 37.1% (mean value 26.07±49.80 
UI/mL) and low C3 levels in 43.1% of cases (mean 
values 101.03±24.97 mg/dL). 

Surrogate biomarkers for subclinical AS 

Carotid ultrasound has shown a thickened intima 
(Figures 1 and 2) in half of cases (51.4%, mean value 
for cIMT of 0.89±0.16 mm), while carotid plaques have 
been demonstrated in 31.4% of SLE (Figure 3). 
Additionally, one carotid plaque has been reported in up 
to 20% of women with SLE, while two plaques have 
been counted in 11.4% of cases. 

 
Figure 1 – Carotid ultrasound (Siemens Acuson X300, 
7 MHz linear probe) in a SLE patient: (A) Sites of 
evaluation (common carotid artery – CCA, internal 
carotid artery – ICA, external carotid artery – ECA); 
(B) Normal cIMT. 

 
Figure 2 – Carotid ultrasound (Siemens Acuson X300, 
7 MHz linear probe) in a SLE patient: thickened 
cIMT (1 mm). 

 
Figure 3 – (A and B) Carotid ultrasound (Siemens 
Acuson X300, 7 MHz linear probe) in a SLE patient: 
plaques. 

Analysis of risk factors 

Subgroup analysis of various traditional and non-
traditional risk factors has revealed their contribution to 
the development of accelerated AS in our SLE (Table 2). 

Table 2 – Univariate analysis of risk factors for AS 
in consecutive women with SLE 

Thickened intima Carotid plaque

Risk factors 
Yes 

(0.9–1.3 
mm) 

(n=18) 

No 
(<0.9 
mm) 

(n=17) 

Yes 
(n=11)

No 
(n=24)

Traditional factors* 
Age [years] 
 
Age at SLE-onset [years] 
 
Systolic BP [mmHg] 
 
Total cholesterol [mg/dL] 
 
HDL-cholesterol [mg/dL] 
 
LDL-cholesterol [mg/dL] 
 
Triglycerides [mg/dL] 
 
VLDL [mg/dL] 
 
Apolipoprotein A1 [g/L] 
 
Atherogenic index (AI) 
 
Homocysteine [µM/L] 
 
hsCRP [mg/L] 
 

 
51.28 
(10.16) 
43.39 
(10.21) 
141.39 
(24.18) 
206.21 
(31.53) 
62.98 
(14.99) 
119.20 
(26.26) 
119.34 
(56.96) 
23.89 
(10.47) 
1.72 
(0.15) 
-0.09 
(0.26) 
12.31 
(4.08) 
2.20 
(1.68) 

 
43.82 
(11.37) 
39.82 
(12.84) 
132.94 
(24.87) 
201.31 
(48.43)  
66.68 
(23.44) 
115.12 
(25.34) 
95.72 
(62.78) 
16.40 
(5.67) 
1.64 
(0.43) 
-0.22 
(0.25) 
19.63 
(14.30) 
6.54 
(10.77) 

 
53.55 
(9.45) 
48.82 
(11.11) 
138.18 
(27.77) 
197.86 
(41.58) 
61.13 
(18.92) 
109.71 
(27.34) 
131.93 
(72.59) 
22.88 
(8.44) 
1.75 
(0.38) 
-0.06 
(0.28) 
13.05 
(4.62) 
2.03 
(2.17) 

 
44.96 
(11.15)
38.38 
(10.35)
136.88 
(23.53)
206.56 
(39.99)
66.45 
(19.71)
120.68 
(24.27)
96.84 
(51.55)
18.40 
(9.04) 
1.64 
(0.30) 
-0.20 
(0.24) 
18.27 
(13.60)
5.75 
(9.69) 

SLE-specific factors* 
SLE duration [years] 
 
SLEDAI 
 
SLICC/ACR 
 
C3 [mg/dL] 
 
dsDNA ab [UI/mL] 
 
ACL antibodies [GPL/mL] 
 
Corticosteroid therapy 
[years] 

 
7.17 
(4.81) 
5.56 
(3.48) 
1.67 
(1.02) 
97.00 
(28.25) 
20.51 
(33.52) 
3.72 
(6.44) 
3.50 
(2.93) 

 
5.65 
(4.59) 
10.00 
(9.00) 
1.35 
(1.27) 
105.29 
(20.96) 
31.95 
(63.28) 
7.01 
(12.13) 
1.76 
(1.52) 

 
4.00 
(3.79) 
7.82 
(8.17) 
1.82 
(1.25) 
103.00 
(30.16) 
28.50 
(35.12) 
2.00 
(0.00) 
2.55 
(1.03) 

 
7.54 
(4.72) 
7.67 
(6.61) 
1.38 
(1.09) 
100.13 
(22.88)
24.95 
(55.90)
7.22 
(11.80)
2.71 
(2.94) 

Cardiovascular risk 
score* 
Framingham 
 
SCORE 
 

 
 
4.33 
(3.21) 
1.39 
(1.85) 

 
 
2.94 
(3.17) 
1.41 
(2.67) 

 
 
4.27 
(3.43) 
1.91 
(1.92) 

 
 
3.38 
(3.16) 
1.17 
(2.39) 

*Mean±SD. 

Significant differences (p<0.05) among patients with 
and without plaque and with thickened and with normal 
intima have been registered: (i) age, systolic BP, TG, 
VLDL, atherogenic index, homocysteine and hsCRP, 
anticardiolipin (ACL) antibodies and anti-dsDNA 
antibodies, C3 levels, SLEDAI and corticosteroid 
therapy duration based on cIMT, and (ii) age at onset, 
TG, VLDL and atherogenic index, homocysteine and 
hsCRP, SLE duration, ACL and anti-dsDNA antibodies 
in subgroups based on plaque presence. 

We have also demonstrated significant associations 
between plaque or thickened intima, respectively, and 
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certain CVD risk factors. Therefore, statistical significant 
correlations between cIMT and age (r=0.476, p=0.04), 
age at SLE onset (r=0.451, p=0.007), VLDL (r=0.382, 
p=0.37) and hsCRP (r=0.436, p=0.016) have been 
reported; the same direct correlation was reported with 
Framingham score (r=0.421, p=0.012). In addition, 
Framingham score was significantly associated with two 
traditional CVD risk factors, age at onset and systolic 
BP respectively (r=0.603 and r=0.610, respectively, 
p=0.000), but also with SCORE (r=0.821, p=0.000). 
Other two SLE-specific parameters have been associated 
with Framingham including disease duration (r=0.359, 
p=0.034) and corticosteroid duration (r=0.451, p=0.007). 

Novel biomarkers of CVD risk in SLE patients  
have also been investigated, supporting the significant 
association between homocysteine level and SLE-
duration (r=0.460, p=0.041), disease activity (SLEDAI) 
(r=0.466, p=0.038) and damage scores (SLICC/ACR) 
(r=0.846, p=0.00). Moreover, hsCRP was associated 
with ESR (r=0.472, p=0.008), C3 levels (r=0.396, 
p=0.03), SLEDAI (r=0.569, p=0.001) and age (r=-0.681, 
p=0.000). 

Linear regression has demonstrated several predictors 
for increased cIMT, such as hsCRP (ANOVA, F=6.559, 
p=0.016), VLDL (p=0.037, F=4.794, t=2.190) and 
Framingham score (p=0.012, F=7.120, t=2.668). 
Conversely, no other traditional (apo-A1, TC, TG, 
HDL, AI, homocysteine) and non-traditional (SLEDAI, 
SLICC/ACR, corticosteroid duration, anti-double 
stranded DNA and C3 levels) risk factors have been 
demonstrated as predictors for thickened intima. 

 Discussion 

Our study was designed to investigate the role of 
traditional (as defined by Framingham Heart Studies) 
and SLE-related risk factors, including novel 
inflammatory and immunological biomarkers, in the 
development of subclinical AS in a cohort of 35 
consecutive SLE patients. As a surrogate measure of AS 
we have considered the carotid lesions assessed by B-
mode ultrasound, comprising thickened intima found  
in half of cases, and plaque described in about one third 
of cases. Differences in the cut-off values and plaque 
definition may account for the literature variability (17–
65%) [3, 5, 10]. 

Although they do not fully explain high levels of AS 
in SLE, both and SLE-specific risk factors have been 
identified [3–5, 10]. Moreover, their contribution to the 
development of AS is still under debate [3, 4], various 
prospective studies assessing the particular intervention 
of each factor. Nowadays it is widely accepted that 
several traditional risk factors including dyslipidemia 
[3, 11, 12], age [3, 12–20], high BP [3, 12, 14, 15, 21], 
diabetes mellitus [3, 14], cigarette smoking [3, 22], 
obesity [3, 12], menopausal status [3, 13] and homo-
cysteine [3, 17, 23] are associated with AS in SLE [4]. 
While the majority of studies based on Framingham risk 
assessment model have suggested higher 10-year risk of 
a cardiac event, demonstrating at least one to three 
traditional risk factors as predictors [3, 4, 10, 15], few 

data have shown that the risk for coronary heart disease-
related events did not significantly differ between 
patients with SLE and controls [4]. In our study, 
Framingham was significantly (p<0.05) associated with 
high BP (r=0.610), age and age at onset (r=0.603), but 
also correlates with SCORE (r=0.821), SLE-duration 
(r=0.359) and corticosteroid therapy duration (r=0.451). 

On the other hand, non-traditional, disease specific 
risk factors have also been largely associated with AS in 
SLE patients, including renal disease [3, 4, 24], SLE 
activity and duration [3, 4, 23], corticosteroid therapy 
(doses, duration) [3, 4, 12, 16], even if the relation has 
been poorly understood to date. It seems that plaque 
characteristics (size, number) have been mainly related 
to SLE duration [4, 16, 23] and corticosteroid admi-
nistration [4, 23]; while disease activity has been, 
surprisingly, inversely associated with plaque size 
[4, 11], high damage score (SLICC/ACR) has been 
considered an independent predictor of carotid plaque 
[4, 16]. Both high and low corticosteroid doses have 
been involved in plaque definition [4]. We have also 
reported several conflicting data about the intervention 
of classic (age, abnormal lipid levels and atherogenic 
index), novel biomarkers (hsCRP and homocysteine) 
and SLE-specific risk factors (disease duration, ACL 
levels) in plaque development. 

cIMT, and particularly thickened intima has been 
commonly associated with both traditional and non-
traditional risk factors, including age [5] and age of SLE 
diagnosis [3, 10], disease duration [5], C3 [5] and C4 
levels [3, 10], homocysteine [5]. Accordingly, we have 
evaluated the intervention of risk factors in 
atherogenesis, and we have demonstrated a significant 
association between increased cIMT and age of patient, 
age at onset of the disease and hsCRP level; moreover, 
hsCRP and VLDL have been identified as independent 
predictors of thickened intima in SLE patients. In 
addition, our results have suggested that high cIMT has 
been commonly identified in relation with certain 
parameters such as age and age at onset, SLE duration, 
systolic BP, TG and VLDL levels, atherogenic index, 
low C3 and longer corticosteroid administration. 
Surprisingly, not only SLEDAI activity and anti-dsDNA 
antibodies titers, but also homocysteine and hsCRP have 
been inversely related to thickened intima in our study. 

Whereas recent evidence have suggested that 
homocysteine may act as a predictor for AS in general 
population, the association of homocysteine level and 
AS in SLE patients is challenging [25–30]. Several 
papers have already illustrated the role of this novel 
biomarker in the pathogenesis of SLE and act as risk 
factor for premature AS in such patients [25–27], while 
other recent studies have clearly demonstrated no relation 
between the homocysteine and carotid plaque seen in 
ultrasound evaluation [16, 18, 23]. In addition, we have 
revealed the direct association between homocysteine 
levels and disease duration, activity and damage scores. 

Although a small cohort of women with SLE  
has been included in this study, several pertinent data 
with potential impact on current daily practice have 
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been obtained. Further research, particularly dynamic 
assessment in a higher number of patients, should be 
done in order to validate and implement results. 

 Conclusions 

Our data advocate for increased cardiovascular 
burden in SLE and support the value of cIMT and 
carotid plaque as surrogate AS biomarkers in women 
with SLE. 
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