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(10.0 and 5.4%, respectively; p =  NS). Markers of arte-
rial stiffness and the ABI do not appear to differ between 
patients with SLE and age- and gender-matched controls. 
However, given the small sample size, larger studies are 
needed to clarify whether SLE promotes arterial stiffness 
and PAD.
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Introduction

Systemic lupus erythematosus (SLE) is one of the com-
monest connective tissue diseases [1, 2]. In recent decades, 
cardiovascular disease (CVD) has emerged as a leading 
cause of morbidity and mortality in SLE [1, 3]. Several 
studies showed that patients with SLE are at higher risk of 
cardiovascular events than the general population [4, 5]. 
Both traditional cardiovascular risk factors and disease-
related factors appear to contribute to the increased inci-
dence of CVD in SLE [1, 6]. Indeed, hypertension, smok-
ing, type 2 diabetes mellitus (T2DM) and atherogenic 
dyslipidemia (i.e., the combination of high-density lipopro-
tein cholesterol (HDL-C) levels, elevated triglyceride (TG) 
levels and small-dense low-density lipoprotein cholesterol 
(LDL-C) particles) are more prevalent in patients with SLE 
[7–9]. Moreover, subclinical inflammation and oxidative 
stress are more pronounced in SLE and also play a role in 
the pathogenesis of CVD [8, 10].

Given the elevated cardiovascular risk in patients with 
SLE, several markers of subclinical CVD have been evalu-
ated in this population, aiming at improving cardiovascular 
risk stratification and preventing cardiovascular events [6]. 

Abstract  Systemic lupus erythematosus (SLE) is associ-
ated with increased cardiovascular risk. We aimed to eval-
uate arterial stiffness and the ankle brachial index (ABI), 
two markers of subclinical cardiovascular disease, in 
SLE. We studied 55 patients with SLE (12.7% males, age 
53.3 ±  15.3 years) and 61 age- and gender-matched con-
trols. Arterial stiffness was evaluated by measuring pulse 
wave velocity (PWV), augmentation index (AIx) and cen-
tral systolic, diastolic, pulse and mean blood pressure (BP). 
Peripheral arterial disease was defined as ABI  ≤  0.90. 
Regarding markers of arterial stiffness, patients with 
SLE had lower PWV and AIx than controls (p < 0.01 and 
p < 0.05, respectively). However, after adjusting for differ-
ences in cardiovascular risk factors between patients with 
SLE and controls, PWV and AIx did not differ between 
the two groups. Central systolic, diastolic, pulse and mean 
BP also did not differ between the two groups. In patients 
with SLE, PWV correlated independently with systolic 
BP (B =  0.05, p  <  0.001) and waist/hip ratio (B =  6.72, 
p  <  0.05). Regarding ABI, the lowest ABI was lower in 
patients with SLE than in controls (p  <  0.005). However, 
after adjusting for differences in cardiovascular risk factors 
between patients with SLE and controls, the lowest ABI did 
not differ between the two groups. The prevalence of PAD 
also did not differ between patients with SLE and controls 
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One of these markers is arterial stiffness, which is associ-
ated with increased cardiovascular risk in the general pop-
ulation [11, 12]. In patients with SLE, arterial stiffness is 
associated with left ventricular dysfunction [13, 14], left 
ventricular hypertrophy [14, 15] and carotid atherosclero-
sis [16]. Pulse wave velocity (PWV), the gold-standard for 
evaluating arterial stiffness, has been assessed in a number 
of studies in patients with SLE [17–20]. However, most 
of these reports included selected patients with SLE (i.e., 
without cardiovascular risk factors) and did not adjust for 
differences in established and emerging cardiovascular risk 
factors between patients with SLE and controls [17–20]. 
Moreover, there is a paucity of data on other markers of 
arterial stiffness, including augmentation index (AIx) and 
central blood pressure (BP), in patients with SLE [17, 
21]. Another noninvasive marker of subclinical CVD is 
the ankle brachial index, which is a sensitive and specific 
method for diagnosing peripheral arterial disease (PAD) 
and predicts cardiovascular events in the general population 
[22–24]. However, there are very limited data on the preva-
lence and determinants of abnormal ABI in patients with 
SLE [25–28]. Four previous studies evaluated the ABI in 
this population, but three of them did not include a control 
population [26–28], and the only controlled study applied a 
cutoff ABI value of 1.00 to identify PAD [25] instead of the 
recommended cutoff of 0.90 [22].

The aim of the present study was to compare markers 
of arterial stiffness and the ABI between patients with SLE 
and healthy controls and to identify the major determinants 
of arterial stiffness and ABI in SLE.

Patients and methods

We studied consecutive patients with SLE who attended a 
regular follow-up visit at the Clinical Immunology Unit of 
the Second Department of Internal Medicine, at Hippokra-
tion Hospital, Thessaloniki, Greece, between April of 2013 
and March of 2015. We then studied consecutive age- and 
gender-matched controls who visited for routine checkups 
the Internal Medicine Outpatient Clinic of the First Prope-
deutic Department of Internal Medicine, at AHEPA Hos-
pital, Thessaloniki, Greece, between October and Decem-
ber of 2015. Patients and controls with cancer or chronic 
inflammatory diseases were excluded from the study.

In all subjects, demographic data (age, sex), history of 
cardiovascular risk factors [hypertension, type 2 diabetes 
mellitus, atrial fibrillation, smoking, alcohol consump-
tion and family history of CVD] and history of concomi-
tant CVD (coronary heart disease, ischemic stroke) were 
recorded. Anthropometric parameters (weight, height, waist 
and hip circumference) and systolic and diastolic BP were 
also measured. The body mass index (BMI) was calculated 

by dividing the weight (in kilograms) by the square of 
the height (in meters), and the waist/hip ratio (WHR) was 
calculated by dividing the waist circumference by the hip 
circumference.

Laboratory investigations were performed after over-
night fasting and included full blood count, erythrocyte 
sedimentation rate (ESR), plasma levels of fibrinogen and 
serum levels of glucose, total cholesterol, HDL-C, TG, 
creatinine, uric acid and C-reactive protein levels. LDL-C 
levels were calculated using Friedewald’s formula [29]. 
Glomerular filtration rate (GFR) was estimated using the 
Modification of Diet in Renal Disease (MDRD) equation 
[30]. Chronic kidney disease was defined as estimated GFR 
(eGFR) <60  ml/min/1.73  m2. Serum levels of antinuclear 
antibodies and related epitopes, antibodies against double-
stranded DNA and anti-Scl-70 antibodies were measured 
only in patients with SLE.

The following markers of arterial stiffness were recorded 
with the SphygmoCor device (Atcor Medical, Sydney, Aus-
tralia): PWV, AIx, central systolic BP, central diastolic BP, 
central pulse pressure and central mean pressure. All meas-
urements were taken in the morning, in supine position, at 
the right side, after at least 10 min of rest and after fasting for 
at least 4 h [31]. The ABI was measured according to current 
guidelines immediately after the evaluation of arterial stiff-
ness [22]. The ABI was measured in both legs, and the low-
est ABI was used in the statistical analyses. Peripheral arte-
rial disease was defined as ABI ≤ 0.90 in either leg [22].

Statistical analysis

Data are presented as percentages for categorical variables 
and as mean and standard deviation for continuous variables. 
Differences in categorical and continuous variables between 
groups were assessed with the Chi-square test and the inde-
pendent samples t test, respectively. Correlations between 
parameters were assessed with Pearson’s correlation. Linear 
logistic regression analysis was used to identify independent 
correlations between clinical/laboratory characteristics and 
markers of arterial stiffness/ABI. Linear logistic regression 
analysis was also used to identify whether markers of arte-
rial stiffness and the ABI differed between patients with SLE 
and controls after adjusting for differences between the two 
groups in other clinical and laboratory characteristics. In all 
cases, a two-tailed p < 0.05 was considered significant. All 
data were analyzed with the statistical package SPSS (ver-
sion 17.0; SPSS, Chicago, IL, USA).

Results

We studied 55 consecutive patients with SLE (12.7% males, 
age 53.3 ±  15.3  years) and 61 age- and gender-matched 
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controls (8.2% males, age 55.4 ±  8.1  years). No patient 
or control refused to participate in the study. Clinical and 
laboratory characteristics of patients with SLE and controls 
are shown in Tables 1 and 2. Patients with SLE had smaller 
waist circumference and WHR than controls (<0.001 for 
both comparisons). On the other hand, patients with SLE 
reported higher alcohol intake (p  <  0.01) and had higher 
serum TG levels, lower eGFR, higher plasma fibrino-
gen levels and higher ESR than controls (p < 0.05 for all 

comparisons). Other clinical and laboratory characteristics 
did not differ between patients with SLE and controls.

Markers of arterial stiffness in patients with SLE and 
controls are shown in Table 3. Patients with SLE had lower 
PWV than controls (p  <  0.01). The AIx was also lower 
in patients with SLE (p  <  0.05). However, after adjust-
ing for differences in waist circumference, WHR, alcohol 
consumption, TG and fibrinogen levels, eGFR and ESR 
between patients with SLE and controls, PWV and AIx did 

Table 1   Clinical characteristics of patients with systemic lupus erythematosus (SLE) and controls

All values are expressed as mean ± SD unless otherwise specified

Patients with SLE (n = 55) Controls (n = 61) p

Age (years) 53.3 ± 15.3 55.4 ± 8.1 NS

Males [n (%)] 7 (12.7) 5 (8.2) NS

Systolic blood pressure (mmHg) 127 ± 19 121 ± 14 NS

Diastolic blood pressure (mmHg) 75 ± 10 72 ± 9 NS

Body mass index (kg/m2) 27.0 ± 6.3 27.2 ± 4.4 NS

Waist (cm) 90 ± 17 100 ± 10 <0.001

Waist/hip ratio 0.88 ± 0.08 0.96 ± 0.06 <0.001

Hypertension [n (%)] 18 (32.7) 18 (29.5) NS

Type 2 diabetes mellitus [n (%)] 4 (7.3) 1 (1.6) NS

Duration of type 2 diabetes mellitus (years) 15.2 ± 14.5 2 ± 0 NS

Smoking [current/past, n (%)] 17 (30.9)/10 (18.2) 25 (41.0)/7 (11.5) NS

Package-years 20 ± 18 24 ± 35 NS

Alcohol (units/week) 2.3 ± 2.0 0.4 ± 1.3 <0.01

Atrial fibrillation [n (%)] 2 (3.6) 0 (0.0) NS

Family history of cardiovascular disease [n (%)] 1 (1.8) 3 (4.9) NS

Coronary heart disease [n (%)] 2 (3.6) 0 (0.0) NS

Ischemic stroke [n (%)] 3 (5.5) 3 (4.9) NS

Family history of cardiovascular disease [n (%)] 1 (1.8) 3 (4.9) NS

Chronic kidney disease [n (%)] 11 (20.4) 4 (6.7) NS

Overweight/obese [n (%)] 26 (47.3)/15 (27.3) 19 (31.1)/30 (49.2) NS

Table 2   Laboratory 
characteristics of patients with 
systemic lupus erythematosus 
(SLE) and controls

All values are expressed as mean ± SD

LDL low-density lipoprotein, HDL high-density lipoprotein, GFR glomerular filtration rate

Patients with SLE (n = 55) Controls (n = 61) p

White blood cell (/μl) 7052 ± 3021 7067 ± 2278 NS

Hemoglobin (g/dl) 12.8 ± 1.5 12.9 ± 1.7 NS

Platelets (/μl) 236,310 ± 77,358 252,590 ± 101,532 NS

Glucose (mg/dl) 92 ± 16 92 ± 16 NS

LDL cholesterol (mg/dl) 116 ± 39 115 ± 41 NS

HDL cholesterol (mg/dl) 57 ± 14 60 ± 16 NS

Triglycerides (mg/dl) 120 ± 50 95 ± 37 <0.05

Uric acid (mg/dl) 4.2 ± 1.4 3.9 ± 0.9 NS

Estimated GFR (ml/min/1.73 m2) 80 ± 22 92 ± 23 <0.05

Erythrocyte sedimentation rate (mm/h) 24.0 ± 18.4 16.9 ± 7.9 <0.05

C-reactive protein (mg/dl) 3.5 ± 8.8 5.3 ± 7.0 NS

Fibrinogen (mg/dl) 350 ± 91 270 ± 65 < 0.05
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not differ between the two groups (B = 0.542, p = 0.107 
and B  =  0.446, p  =  0.319, respectively). Central sys-
tolic, diastolic, pulse and mean BP did not differ between 
patients with SLE and controls in both univariate and mul-
tivariate analyses.

In patients with SLE, PWV correlated with age 
(r = 0.557, p < 0.001), systolic BP (r = 0.581, p < 0.001), 
diastolic BP (r =  0.502, p  <  0.001), waist circumference 
(r  =  0.467, p  <  0.001), WHR (r  =  0.417, p  <  0.005), 
BMI (r  =  0.381, p  <  0.01), hemoglobin (r  =  0.369, 
p  <  0.01), fibrinogen levels (r  =  0.328, p  <  0.05) and 
eGFR (r = −0.402, p < 0.005). In linear logistic regression 
analysis, PWV correlated independently with systolic BP 
(B = 0.05, p < 0.001) and WHR (B = 6.72, p < 0.05).

The lowest ABI among the two legs was lower in 
patients with SLE than in controls (p  <  0.005; Table  3). 
However, after adjusting for differences in waist circumfer-
ence, WHR, alcohol consumption, TG and fibrinogen lev-
els, eGFR and ESR between patients with SLE and con-
trols, the lowest ABI did not differ between patients with 
SLE and controls (B = −0.249, p = 0.479). The prevalence 
of PAD also did not differ between patients with SLE and 
controls (10.0 and 5.4%, respectively; p = NS). In patients 
with SLE, the ABI did not correlate with any clinical or 
laboratory parameter.

Discussion

The main finding of the present study is that markers of 
arterial stiffness and the ABI do not differ between patients 
with SLE and age- and gender-matched controls. However, 
given the small number of patients and controls, larger 
studies are needed to confirm or refute these findings. On 
the other hand, in patients with SLE, the main determinants 
of arterial stiffness are systolic BP and WHR.

Pulse wave velocity did not differ between patients with 
SLE and controls in our study. In contrast, previous stud-
ies reported higher PWV in patients with SLE than in age-
matched controls [17–20]. However, most of the former 

studies excluded patients with cardiovascular risk factors, 
introducing selection bias in their results [18–20]. In addi-
tion, most studies reported only unadjusted comparisons 
of PWV between patients with SLE and controls [18–20]. 
In our study, PWV was lower in patients with SLE than in 
controls, but this difference became nonsignificant when 
adjustment for differences in obesity, renal function, obe-
sity and markers of inflammation was performed. Moreo-
ver, WHR, which emerged as an independent predictor of 
PWV in our population, was not evaluated in any of the 
studies that evaluated PWV in patients with SLE [17–20]; 
therefore, differences in WHR between patients with SLE 
and controls might have affected the findings of these 
reports. On the other hand, the lack of association between 
SLE and PWE in our study might be due to the small sam-
ple size and the low statistical power of adjusted analyses 
to identify differences.

In the present study, other markers of arterial stiffness 
besides PWV, i.e., AIx and central systolic BP, diastolic BP, 
pulse pressure and mean BP, did not differ between patients 
with SLE and controls. To the best of our knowledge, only 
one early study evaluated AIx and central systolic BP, dias-
tolic BP and pulse pressure in 27 patients with SLE and 27 
age-matched controls and did not identify any differences 
between the two groups [17]. In a more recent study in 30 
patients with SLE and 66 age-matched controls, the AIx 
was also similar in the two groups [21]. The lack of differ-
ence in these markers of arterial stiffness between patients 
with SLE and controls in these smaller studies further sup-
ports our findings that arterial stiffness is comparable in 
patients with SLE and controls when differences in cardio-
vascular risk factors between the two groups are accounted 
for. However, the small sample size of the present study 
also suggests the possibility of a type II statistical error 
in the comparison of markers of arterial stiffness between 
patients with SLE and controls.

In the present study, the only independent predictors of 
PWV in patients with SLE were systolic BP and the WHR. 
Previous studies also reported a correlation between PWV 
and systolic BP [19, 20, 32]. In the general population, BP 

Table 3   Markers of arterial 
stiffness and ankle brachial 
index in patients with systemic 
lupus erythematosus (SLE) and 
controls

All values are expressed as mean ± SD

Patients with SLE (n = 55) Controls (n = 61) p

Pulse wave velocity (m/s) 6.3 ± 1.8 7.3 ± 1.8 <0.01

Augmentation index (%) 28.7 ± 12.2 32.8 ± 8.8 <0.05

Central systolic blood pressure (mmHg) 112 ± 19 113 ± 14 NS

Central diastolic blood pressure (mmHg) 73 ± 11 74 ± 9 NS

Central mean blood pressure (mmHg) 89 ± 14 91 ± 10 NS

Central pulse pressure (mmHg) 38 ± 15 39 ± 11 NS

Ankle brachial index 1.04 ± 0.09 1.10 ± 0.13 <0.005
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is also a major determinant of arterial stiffness [33]. In con-
trast, the association between WHR and arterial stiffness has 
not been evaluated before in patients with SLE. In the gen-
eral population, the WHR is more strongly associated with 
both arterial stiffness and cardiovascular risk than BMI [34, 
35]. Our findings suggest that WHR, an easily measured and 
inexpensive marker of abdominal obesity, is also closely 
related to increased arterial stiffness in patients with SLE.

In our study, the ABI and the prevalence of PAD did 
not differ between patients with SLE and controls. Nev-
ertheless, the large numerical difference in the prevalence 
of PAD between the two groups (10.0 and 5.4%, respec-
tively) again suggests that our study had limited power to 
identify significant differences between patients with SLE 
and controls. Only one previous study compared the ABI 
between patients with SLE and controls and also did not 
identify any difference in the prevalence of PAD between 
the two groups [25]. Given this paucity of data on the asso-
ciation between SLE and PAD and the increased cardiovas-
cular risk of both diseases, it is clear that more research is 
needed to clarify whether SLE increases the risk of PAD. 
In previous uncontrolled studies in patients with SLE, the 
major determinants of abnormal ABI were age and smok-
ing [26–28]. In the present study, we did not identify any 
correlations between ABI and clinical or laboratory param-
eters, potentially due to the low prevalence of PAD and the 
narrow range of ABI values.

In conclusion, markers of arterial stiffness and the ABI 
do not appear to differ between patients with SLE and age- 
and gender-matched controls. However, the small size of 
our population suggests that our results are inconclusive 
rather than negative and that larger studies are needed to 
confirm or refute them. Systolic BP and the WHR, two eas-
ily obtained and inexpensive clinical parameters, are the 
most important determinants of PWV in patients with SLE. 
Therefore, they could be useful as indirect markers of arte-
rial stiffness in settings where dedicated devices for meas-
urement of arterial stiffness are not available.
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