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Abstract
Objective
To analyze endothelial function in systemic lupus erythematosus (SLE), and its relationship with disease activity and
subclinical arteriosclerosis.

Methods
We studied a group of 26 patients with SLE and 21 age- and sex-matched controls. None of the patients or controls had had
any ischemic event. Data were recorded on medical history, anthropometrics, prior treatment and the lupus activity index
(LAI). Endothelial function was quantified by flow-mediated dilatation in the brachial artery. The presence of subclinical
arteriosclerosis was assessed by the average intima-media thickness (IMT) on carotid ultrasound.

Results
The patients and the controls had a similar degree of carotid IMT (0.58+0.08 mm vs. 0.57+0.07 mm, NS) and a similar
prevalence of carotid plaque (27% vs. 24%, NS). However, the SLE patients had worse endothelial function than the
controls (FMD 12.4+4.4% vs. 16.9+5.5%, p<0.05). This difference remained after adjusting for age, smoking, body
mass index, waist circumference, total cholesterol, triglycerides, HDL cholesterol, apolipoproteins A-1 and B100 and
postmenopausal status. A significant association was found in the SLE patients between FMD and LAI
(Spearman Rho -0.462, p<0.05).

Conclusion
SLE-associated endothelial dysfunction is present in patients who have no prior ischemic events and with the same degree
of subclinical arteriosclerosis as controls. The endothelial dysfunction is significantly associated with the degree of
disease activity.
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Introduction

Systemic lupus erythematosus (SLE)
is associated with an increased risk for
cardiovascular disease as compared
with the general population of the same
age and sex (1, 2). In fact, cardiovascu-
lar disease is the leading cause of death
in SLE patients (3). This excess of car-
diovascular disease in SLE patients has
been attributed to a greater prevalence
of the traditional risk factors (hyperten-
sion, dyslipidemia, obesity, sedentary
life-style) (4, 5), as well as to the char-
acteristic inflammatory background of
the disease (6, 7).

The endothelium is a key element in the
regulation of vascular homeostasis and
its alteration is a precursor of vascular
disease (8). Endothelial dysfunction is
an inherent feature in most vascular risk
factors and established arteriosclerosis
(9-13). Of the methods available for the
clinical assessment of endothelial func-
tion, flow-mediated dilation (change in
brachial artery diameter) is currently the
standard for noninvasive assessment of
conduit artery endothelial function be-
cause of the considerable experience
with clinical trials and its validation, as
well as a firm link to biology and an as-
sociation with vascular events (14).
Endothelial function is altered in SLE
patients (15, 16), especially when coro-
nary disease already exists (17, 18). Asin
the general population (19), the presence
of subclinical arteriosclerosis, quantified
as intima-media thickness (IMT), is an
independent predictor of endothelial
dysfunction in SLE patients (20).
Arteriosclerosis is a systemic disease
that, except in cases of stable angina
or intermittent claudication, does not
manifest itself until the appearance of a
thrombotic event. The exclusion of per-
sons with ischemic clinical events does
not therefore guarantee the absence of
subclinical vascular disease. Hence the
importance of non-invasive diagnostic
techniques such as carotid ultrasound.
Whether this endothelial function, as-
sessed as flow mediated dilation (FMD)
in SLE patients, is due to the presence
of greater subclinical vascular disease
remains to be established.

The aim of this study was to evaluate the
endothelial function in SLE patients and
controls free of known vascular disease,
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and its association with subclinical arte-
riosclerosis, determined by the presence
of plaque in the carotid tree, and the
level of disease activity.

Subjects

All the SLE patients were recruited
from the Rheumatology Unit of Vir-
gen de la Victoria Hospital, in Malaga,
Spain. They fulfilled the revised cri-
teria of the ACR for the diagnosis of
the disease (21). The controls were se-
lected from age- and sex-matched per-
sons who were free of systemic disease
symptoms and had no family history of
SLE. Patients or controls were exclud-
ed if they had had prior vascular dis-
ease in any territory (coronary, cerebral
or peripheral), had thrombocytopenia
(present level <70000/mm?), any disor-
der predisposing to hemorrhage, Ray-
naud’s phenomenon, digital ischemia
or were being treated with statins or
other lipid-lowering drugs. No patient
or control had diabetes. Patients with
secondary antiphospholipid syndrome
were included just in case of fetal loss-
es or venous thrombosis.

All the SLE patients and the controls
signed the consent form. The study was
approved by the Ethics and Research
Committee of Virgen de la Victoria
Hospital, Malaga.

The study included a structured, medi-
cal interview, a physical examination
performed by a rheumatologist, labo-
ratory analyses, and, for the patients, a
review of their clinical history and the
database. Historical data were also re-
corded on clinical manifestations and
cumulative laboratory analyses, treat-
ments received to date, and the number
of flares experienced during follow-up.
Data were recorded at the time of study
on clinical manifestations and the last
treatment. For corticoids, in addition to
noting the last dose, we also recorded
the accumulative and mean doses over
the previous six months. Lupus activity
index (LAI) and SLEDAI were record-
ed in the last 15 days of the study.
Cardiovascular risk factors were record-
ed for both patients and controls dur-
ing the interview. Blood pressure was
measured as the average of two meas-
urements separated by at least 5 min-
utes. High blood pressure was defined



according to the criteria of the Sixth Re-
port of the Joint National Committee on
Detection, Evaluation, and Treatment of
High Blood Pressure (22). Hypercholes-
terolemia was considered to be present
when LDL cholesterol levels were
greater than 160 mg/dl, hypertriglyc-
eridemia if total triglycerides surpassed
150 mg/dl, and HDL cholesterol values
were defined as low when less than 50
mg/dl, according to international crite-
ria (23). Anthropometric measurements
included waist and hip circumferences,
height and weight, and calculation of
the body mass index (BMI) as the ra-
tio of weight in Kg to the square of the
height in meters. A BMI greater than 30
was considered to indicate obesity.

Laboratory tests

A blood sample was drawn between
8:30 and 9:30 AM after 12 hours fast-
ing by venopuncture from the fore-
arm of all subjects, both patients and
controls, using vacuum tubes. An au-
tomated blood chemistry profile was
performed (glucose, urea, creatinine,
ions, transaminases, creatinine kinase
and lactic dehydrogenase), as well as
a full blood count, and measurements
of the erythrocyte sedimentation rate
(ESR), C reactive protein (CRP), basic
coagulation, protein panel and antinu-
clear antibodies (ELISA ANA Screen-
ing Cormédica SA, Palex Group).

In addition, the C3 and C4 fractions of
the serum complement, fresh urine sedi-
ment, and routine urinalysis were per-
formed in the patients. The anti-double-
stranded DNA was assessed by Crithidia
lucillae kinetoplast assay. IgG and IgM
anti-cardiolipin (aCL) antibodies were
measured by ELISA (Reads Anti-Cardi-
olipin Test Kit) and levels were deemed
to be positive if they were greater than
40 GPL for IgG and 25 for IgM. Lupus
anticoagulant (LA) was measured using
an activated partial thromboplastin time-
sensitive test (Dade Actin FSL Activat-
ed Thromboplastin Time Reagent) and
the Russell Viper Venom Screen (LA 1
screening reagent and LA 2 screening
reagent, Dade Behring).

Plasma lipoproteins
A full lipoprotein analysis was per-
formed in both patients and controls.
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Table I. Clinical and anthropometric data (shown as mean + SD).

Controls SLE
Women/Men 20/1 25/1
Age (years) 35+ 9 34+ 10
BMI (Kg/m?) 242 + 3.1 258 + 5.1
Waist circumference (cm) 82+ 7 81 + 12
Waist-to-hip ratio 0.83 + 0.04 0.83 + 0.05
Systolic blood pressure (mmHg) 113 + 15 115 + 19
Diastolic blood pressure (mmHg) 68 + 9 72 £ 13
Current smokers n (%) 7 (33%) 9 (35%)
Obesity n (%) 2 (9%) 6 (23%)
Hypertension n (%) 2 (9%) 6 (23%)
Hypercholesterolemia n(%) 5 (23%) 8 (31%)
Hypertriglyceridemia n (%) * 0 9 (35%)
Low HDL cholesterol n (%) 11 (52%) 13 (50%)
Menopause n (%) 3 (15%) 6 (23%)
Past history of oral combined contraceptives n (%) 4 (19%) 9 (35%)
Drugs
Prednisone ND 16 (61%)

Hydroxycloroquine ND 12 (46%)

Immunosupressants ND 6 (23%)
Mean steroid dose (mg) ND 5.11 = 12.3
LAI ND 0.52 + 0.40
SLEDAI ND 5.58 + 8.60
Anti-phospholipid Ab ND 5 (19%)
Anti-phospholipid syndrome ND 3 (12%)

p<0.05
ND: not done or not applicable.

The plasma, obtained from blood anti-
coagulated with EDTA-K3 (1.2 mg/ml)
and following centrifugation at 3,000
rpm for 15 minutes, was stored in plas-
tic tubes with Sodium Azide (1 mg/ml)
at 4°C until subsequent processing.
Plasma lipoproteins were separated in
accordance with the standard Lipid Re-
search Clinic method: the VLDL were
isolated by ultracentrifugation for 18
h at 10°C, 40,000 rpm in a Beckman
L8-70 ultracentrifuge; the remainder,
containing LDL and HDL, underwent
precipitation with heparin-manganese
(24), thereby obtaining a supernatant
containing HDL. The plasma lipids and
various lipoprotein fractions (VLDL,
LDL, and HDL) were measured using
enzymatic techniques (Unimate, Ro-
che) with a Cobas Mira autoanalyzer
(Roche). LDL figures were expressed
as the result of subtracting HDL from
the residual lipoproteins after separat-
ing the VLDL. Apolipoprotein Al and
apolipoprotein B levels were measured,
using the plasma collected, by means
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of immunoturbidimetric analysis, fol-
lowing reagent calibration and control
(ApoA1l SPQ II Test System Antibody
Reagent Set DiaSorin and ApoB SPQ II
Test System Antibody Reagent Set Dia-
Sorin). Values were established using a
Cobas Mira autoanalyzer (Roche).

Carotid ultrasound

This was done using a Toshiba Power Vi-
sion 6000 SSA- 370 A device equipped
with a PLM 703 linear 6-11 MHz/32
mm transducer at 9 MHz frequency for
the evaluation of the carotid arteries
and focus centered on the intimal line.
Each ultrasound recording was stored
digitally and IMT measurements were
analyzed using VISILOG 6.0 (Noesis,
Velizy, France) in the University of Ma-
laga Digital Imaging Laboratory. IMT
was measured bilaterally and in tripli-
cate at the level of a) the deep wall of
the common carotid artery, b) the super-
ficial wall of the common carotid artery,
¢) the carotid bulb and d) the internal
carotid artery. Each measurement was
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recorded in mm and the mean of all the
measurements (a total of 24 measure-
ments for each case and control) was
recorded as the mean IMT, as pooling
measurements across artery walls often
yields the most efficient analyses (25).
Plaque was considered present when
the IMT>1 mm. When present, its vol-
ume was also measured.

Endothelial function

Brachial endothelial function was stud-
ied with an Acuson Aspen® (Acuson,
Mountain View, CA) equipped witha 7.0
MHz linear transducer, as described (9,
26). The diameter of the brachial artery
was measured in two-dimensional mode.
Recordings were made at rest, during re-
active hyperemia and again at rest. Lon-
gitudinal sections of the brachial artery
were recorded 2-15 cm above the elbow.
The first recording was made at rest and
arterial flow velocity was measured us-
ing the Doppler signal. Increased flow
was induced by means of a pneumatic
tourniquet around the arm (pressure of
250 mmHg for 5 min), which was then
deflated. A second recording was ob-
tained for 90 s after deflation, measuring
the flow velocity in the first 15 s. After
a 10-15 min wait for vascular recovery,
a further recording was made at rest. A
sublingual dose of 400ug nitroglycerin
was given and 3-4 min later the final re-
cording was made to measure the dila-
tation independent of the endothelium,
measured by nitrates (DIE).

The vascular diameter was measured by
an independent observer blinded to the
clinical characteristics of the patient.
The measurements were obtained from
the anterior to the posterior end-diastol-
ic “m” line, coinciding with the R wave
of the simultaneous electrocardiograph-
ic recording. For reactive hyperemia,
the diameters were measured 45-60s
after deflating the cuff. The vascular
diameter after the reactive hyperemia
and the administration of nitroglycerin
are expressed as the relative percentage
with respect to the mean diameter of the
artery on two baseline recordings (9,
27). This method has previously been
shown to be reproducible and reliable
for the measurement of small changes
in arterial diameter, with a low intra-
observer and interobserver variability,

Table II. Biochemical data and lipoprotein profile (shown as mean + SD).

Controls SLE
Hemoglobin (g/L) " 139 = 1.1 13.0 £ 1.0
Leucocytes (cells/mm?) * 6609 + 1862 5840 + 2488
C, (mg/dL) ND 114 £ 36
C, (mg/dL) ND 20 + 8.6
Positive anti-DNA ND 4 (15%)
Glycemia (mg/dL) 92 + 10 89 + 12
Urea (mg/dL) 31+ 6 37 + 23
Creatinine (mg/dL) 0.78 + 0.13 0.84 + 0.22
CRP (mg/dL) * 0.26 + 0.29 0.80 += 0.91
ESR (mm) * 10.7 + 4.3 223 £ 223
Cholesterol (mg/dL) 203 + 32 230 + 82
VLDL" 45 + 43 9.3 + 6.8
LDL 140 = 43 147 = 38
HDL 53 £ 17 46 = 20
Triglycerides” (mg/dL) 88 + 23 151 + 64
VLDL" 16 + 16 36 + 24
LDL 27 £ 11 35 £ 17
HDL" 29 + 12 38 + 11
Total Chol/HDL Chol” 39 £ 1.5 57 £ 25
Apo Al (mg/dL) 124 + 22 137 + 41
Apo B100 (mg/dL)" 71 = 16 84 + 22
Lp(a) (mg/dL) 22.6 + 15.6 284 + 19.3
p<0.05

ND: not done or not applicable.

to establish the DDE and the DIE (28).
The intraobserver variability of the ar-
terial diameter measurement in our lab-
oratory was 1.03 (0.44)% (correlation
coefficient = 0.88; p=0.04).

Statistical analysis

The variables are described as number
and percentage of cases or as mean =+
standard deviation. Comparisons be-
tween groups were studied with the
Student r-test. Comparisons between
qualitative variables were studied with
the 2 test. The association between two
continuous variables was measured by
Spearman’s correlation coefficient. The
General Linear Model was used to ad-
just the analysis between the SLE and
the control groups for co-variables. Sta-
tistical significance was set at p<0.05.
The statistical program used was SPSS
14.0 (Chicago, IL).

Results

Table I shows the clinical and anthro-
pometric data for the 26 SLE patients
and 21 controls who fulfilled the study
criteria. Overall, the SLE patients had
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had the disease for less than a mean of
10 years and had a low disease activ-
ity. Most were receiving low dose ster-
oids and hydroxycloroquine. Compared
with the controls, the patients more of-
ten had dyslipidemia and hypertension
and were more frequently overweight.
Table II shows the biochemical charac-
teristics. The SLE patients had notably
higher CRP and ESR than the controls,
but lower hemoglobin and leukocyte
levels. Compared with the controls,
the SLE patients had markedly higher
levels of total triglycerides, cholesterol
and VLDL triglycerides, HDL triglyc-
erides, apolipoprotein B100 and a trig-
lycerides/HDL cholesterol ratio.

Table III summarizes the main results
of the study. The endothelial function
was significantly reduced in the SLE
patients as compared with the controls
(Fig. 1), although no differences were
detected in endothelial-independent ar-
terial dilatation, in the carotid IMT, or
in the presence or severity of carotid
atheroma. The differences in FMD be-
tween the patients and the controls re-
mained significant after adjusting for
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Table III. Carotid ultrasonography and endothelial function in controls and SLE patients

(shown as mean + SD).

Controls SLE
Average carotid IMT (mm) 0.57 + 0.07 0.58 + 0.08
Carotid plaque n (%) 5 (24%) 7 (27%)
Plaque volume (u) 6.57 + 1.87 842 + 59
FMD (%)* 16.91 + 5.58 12.49 + 447
FIND (%) 25.34 + 5.78 23.21 + 6.55
*p<0.05

age, smoking, BMI, waist circumfer-
ence, total cholesterol, triglycerides,
HDL cholesterol, apolipoproteins A-1
and B100, and postmenopausal status.

The FMD was significantly correlated
in both groups and inversely correlated
with BMI (Spearman’s Rho - 0.462),

waist circumference (Spearman’s Rho
- 0.404) and with VLDL cholesterol
(Spearman’s Rho - 0.327) and triglyc-
erides (Spearman’s Rho - 0.407). No
correlation was seen between FMD and
other study variables, such as age, IMT,
CRP, ESR or lipid variables. No asso-

p <0.05
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ciation was found in the SLE patients
between FMD and IMT, although there
was an association between LAI and
FMD (Spearman’s Rho-0.479, p<0.05)
(Fig. 2) and a marked tendency for as-
sociation between SLEDAI and FMD
(Spearman’s Rho - 0.380, p=0.073).
Among patients, FMD was lower in
those taking steroids (11.3x4% vs.
15.1+4%, p=0.066) or immunosupre-
sants (8.5+3% vs. 14.0+4%, p<0.05).
No changes in FMD was found among
those treated with hydroxy-cloroquine.

Discussion

The results of this study clearly indicate
that patients with SLE have an anomaly
in their endothelial function, in agree-
ment with previous results from other
groups (15-18, 20). The cause, or causes,
of this poor endothelial function in SLE
patients remain unclear. One explana-
tion may be the arteriosclerosis itself;
given the systemic nature of arterioscle-
rosis, a sick vascular bed is a dysfunc-
tioning bed (29). In SLE, Johnson et al
showed a marked reduction in the FMD
in 5 women with SLE and symptomatic
ischemic heart disease as compared
with SLE patients with silent ischemic
involvement or no vascular involve-
ment (17). In the study by El Magadmi
et al, endothelial function was reduced
by 50% in 62 premenopausal women
with SLE in comparison with 38 age-
and sex-matched controls, although
16% of the sample had already had an
ischemic event, mostly cerebrovascular
(20). Likewise, one out of every four
patients in the study by Kiss et al. had
already had an arteriosclerotic ischemic
event (18). Only two studies (15, 16)
analyzed endothelial function in SLE
patients excluding patients with a his-
tory of angina or myocardial infarction;
however, neither of these studies looked
for the presence of subclinical arterio-
sclerosis in either patients or controls.
The subject of this study is of great sig-
nificance because subclinical involve-
ment of the carotid and the coronary ar-
teries in SLE is very common. Indeed,
the presence of atheroma plaque in the
carotid occurs in 9%-37% of women
with SLE when they are examined with
ultrasound (30-32). Myocardial per-
fusion defects studied by scintigraphy
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have been shown in 28% of women
with SLE (33) and calcification of the
coronary arteries using electron-beam
computed tomography in 30% of pa-
tients with SLE (34). Our study was de-
signed to eliminate this bias. The SLE
patients and the controls, unlike what
was initially expected, had the same
mean IMT and the same prevalence of
plaque. This may be partly due to ex-
clusion of patients who had had a clini-
cal event, as the presence of plaque in
the carotid arteries correlates well with
the presence and severity of lesions in
other territories (35). The marked dif-
ference in FMD between the SLE pa-
tients and the controls cannot therefore
be attributed to a greater arterioscle-
rotic burden in the former, and other
causes must thus be sought.

Of the factors analyzed in the two
groups, FMD was significantly asso-
ciated with the BMI, waist circumfer-
ence, increased cholesterol lipids and
VLDL triglycerides. These findings are
not surprising because fat distribution is
one of the determinant factors of FMD
in the healthy population, probably due
to its association with inflammatory
markers (IL-6, TNF-a,, CRP) and insu-
lin resistance (36). Nonetheless, the fat
distribution does not appear to explain
the differences in FMD between the
two groups. Although the SLE patients
were exposed to a situation of greater
inflammation, as demonstrated by the
higher levels of CRP and ESR than the
controls, no evidence was found for a
significant association in the SLE pa-
tients between these two variables and
FMD. The greater presence in the SLE
patients of dyslipidemia could have
contributed, at least partly, to the dif-
ferent endothelial function observed.
However, the most interesting result
was the inverse relation between the
degree of lupus activity, measured with
the LAI and SLEDAI nearest to the
analysis of endothelial function, and
FMD. The finding of lower FMD in pa-
tients taking steroids or immunosupres-
sants probably reflects higher disease
severity and activity. Previous studies
on endothelial function and lupus have
either failed to examine this associa-
tion (17), found it absent (15) or found
it positive but not significantly so (20).

It seems reasonable to assume that dis-
ease activity is related negatively with
FMD, even though the SLE patients
were selected from among patients with
no known previous vascular disease
and with a low arteriosclerotic burden,
as evidenced in the carotid study. As
mentioned earlier, the selection criteria
make our study of SLE patients differ-
ent to other studies.

Despite the consistency of our results,
the study does have certain limitations
that may weaken its conclusions. The
first concerns the number of cases and
controls, but this is justified by the strict
exclusion criteria as the study involved
just one center. The second limitation
relates to the fact that our evaluation
of asymptomatic arterial disease was
restricted to the carotid tree. No non-
invasive study was undertaken of the
coronary or peripheral vascular territo-
ries. Itis possible, though very unlikely,
that the number of patients or controls
with atheroma plaque would have been
greater if other vascular territories had
been included.

In summary, our study reinforces the
idea that anomalies of endothelial func-
tion in patients with SLE are independ-
ent of clinical and subclinical arterio-
sclerosis and at least partly associated
with the degree of disease activity.
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