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Objective. To describe vascular events during an 8-year followup in a multicenter systemic lupus erythematosus (SLE)
inception cohort and their attribution to atherosclerosis.
Methods. Clinical data, including comorbidities, were recorded yearly. Vascular events were recorded and attributed to
atherosclerosis or not. All of the events met standard clinical criteria. Factors associated with atherosclerotic vascular
events were analyzed using descriptive statistics, t-tests, and chi-square tests. Stepwise multivariate logistic regression
was used to assess the association of factors with vascular events attributed to atherosclerosis.
Results. Since 2000, 1,249 patients have been entered into the cohort. There have been 97 vascular events in 72 patients,
including: myocardial infarction (n � 13), angina (n � 15), congestive heart failure (n � 24), peripheral vascular disease (n �
8), transient ischemic attack (n � 13), stroke (n � 23), and pacemaker insertion (n � 1). Fifty of the events were attributed to
active lupus, 31 events in 22 patients were attributed to atherosclerosis, and 16 events were attributed to other causes. The
mean � SD time from diagnosis to the first atherosclerotic event was 2.0 � 1.5 years. Compared with patients followed for 2
years without atherosclerotic events (n � 615), at enrollment, patients with atherosclerotic vascular events were more
frequently white, men, older at diagnosis of SLE, obese, smokers, hypertensive, and had a family history of coronary artery
disease. On multivariate analysis, only male sex and older age at diagnosis were associated factors.
Conclusion. In an inception cohort with SLE followed for up to 8 years, there were 97 vascular events, but only 31 were
attributable to atherosclerosis. Patients with atherosclerotic events were more likely to be men and to be older at diagnosis
of SLE.

INTRODUCTION

Since the first description of the bimodal mortality pattern
of systemic lupus erythematosus (SLE) showing that cor-

onary artery disease (CAD) is a significant cause of mor-
bidity and mortality in this condition, multiple studies
have addressed the nature of these clinical outcomes and
the associated risk factors (1). However, the exact inci-
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dence and prevalence of atherosclerotic events is un-
known. A few studies have attempted to identify risk
factors for CAD in lupus (2–5). To date, these studies have
found elevated total cholesterol and older age at diagnosis
of SLE to be significantly associated with CAD. Other
factors implicated in one or two studies have been hyper-
tension (2,3), previous cardiac involvement with SLE, obe-
sity (2), and longer duration of corticosteroid use (3). How-
ever, lupus populations vary with regard to organ
involvement, and it has not been possible to adequately
address these variables in the past, given the limited
power of previous studies. Furthermore, incident SLE sub-
jects were rarely studied.

To address this complex clinical problem with appro-
priate epidemiologic tools in a relatively uncommon dis-
ease such as SLE would be impossible without a concerted
international effort. The Systemic Lupus International Col-
laborating Clinics (SLICC) is a group of rheumatologists
and methodologists from 27 international centers who

have a particular interest and expertise in SLE. The coop-
erating centers all follow large cohorts of SLE patients in
standardized databases. The group has been working to-
gether since 1987 (6). SLICC has developed an interna-
tional registry of newly diagnosed SLE patients in order to
provide a large diverse population to carry out a prospec-
tive longitudinal study. One of the major objectives of the
study is to determine the prevalence and type of athero-
sclerotic vascular disease in SLE and to identify associated
risk factors. The SLICC group has shown that a significant
number of CAD risk factors are present within the first year
of disease (7).

The aims of this SLICC investigation were to describe
the vascular events occurring during the first 8 years
of followup and to attribute the vascular events to athero-
sclerosis.

PATIENTS AND METHODS

The SLICC registry for atherosclerosis (SLICC-RAS).
Twenty-six SLICC centers from 11 countries in North
America, Europe, and Asia participated in this study. An
inception cohort of 1,249 SLE patients has been assembled
according to a standardized protocol between 2000 and
2008 to study risk factors for atherosclerosis. Data col-
lected include clinical and laboratory features of lupus,
CAD risk factors, and atherosclerotic outcomes based on a
glossary of established definitions.

Patients. Patients were enrolled in the registry within
15 months of their date of diagnosis based on �4 American
College of Rheumatology (ACR) classification criteria (8).
Demographic, clinical, and laboratory features of lupus,
CAD risk factors, and atherosclerotic outcome and attribu-
tion data collected were submitted to the coordinating
center at the University of Toronto at enrollment and once
annually. Disease activity was measured by the Systemic
Lupus Erythematosus Disease Activity Index 2000 update
(SLEDAI-2K) (9) and the adjusted mean SLEDAI-2K (10).
Damage was measured by the SLICC/ACR Damage Index
(11,12).

Definitions of atherosclerotic outcomes and attribution.
Myocardial infarction was defined on the basis of definite
electrocardiographic (EKG) abnormalities or symptoms of
chest pain with probable EKG abnormalities and abnormal
cardiac enzymes, typical symptoms and abnormal cardiac
enzymes, or fresh myocardial infarction or coronary occlu-
sion at postmortem examination (13). Its attribution to
atherosclerosis was inactive SLE at the time of the event
(based on the treating physician opinion and not associ-
ated with increase or new therapy), any of typical athero-
sclerotic changes on angiogram, and evidence of athero-
sclerosis elsewhere (cerebrovascular, peripheral vascular).
Examinations to confirm these criteria were at the discre-
tion of the treating physician.

Angina was defined as severe pain or discomfort over
the upper or lower sternum or anterior left chest and left
arm on exertion, relieved at rest. Its attribution to athero-
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sclerosis was inactive SLE at the time of the event (based
on the treating physician opinion and not associated with
increase or new therapy), any of typical atherosclerotic
changes on angiogram, and evidence of atherosclerosis
elsewhere (cerebrovascular, peripheral vascular).

Congestive heart failure was diagnosed clinically or on
chest radiograph. Its attribution to atherosclerosis was in-
active SLE at the time of the event (based on the treating
physician opinion and not associated with increase or new
therapy), any of typical atherosclerotic changes on angio-
gram, and evidence of atherosclerosis elsewhere (cerebro-
vascular, peripheral vascular).

Insertion of a pacemaker was attributed to atherosclero-
sis by inactive SLE at the time of the event (based on the
treating physician opinion and not associated with in-
crease or new therapy), any of typical atherosclerotic
changes on angiogram, and evidence of atherosclerosis
elsewhere (cerebrovascular, peripheral vascular).

Intermittent claudication consisted of classic symptoms,
including cramping pain and weakness in the legs, espe-
cially the calves, on walking that disappears after rest. Its
attribution to atherosclerosis was inactive SLE at the time
of the event (based on the treating physician opinion and
not associated with increase or new therapy), typical ath-
erosclerotic changes on angiogram, and evidence of ath-
erosclerosis elsewhere (cardiac, cerebrovascular).

Transient ischemic attack was defined as a transient and
completely reversible neurologic deficit with complete re-
covery within 24 hours. Its attribution to atherosclerosis
was inactive SLE at the time of the event (based on the
treating physician opinion and not associated with in-
crease or new therapy), typical atherosclerotic changes on
angiogram, and evidence of atherosclerosis elsewhere (car-
diovascular, peripheral vascular).

Stroke was defined as irreversible or partially reversible
motor and/or sensory deficits of sudden or recent onset on
the basis of vascular occlusion or insufficiency, including
complete or incomplete stroke or stroke in evolution. Its
attribution to atherosclerosis was inactive SLE at the time
of the event (based on the treating physician opinion and
not associated with increase or new therapy), any of typi-
cal atherosclerotic changes on angiogram, and evidence of
atherosclerosis elsewhere (cerebrovascular, peripheral
vascular).

Statistical analysis. Data presented for descriptive pur-
poses are the mean � SD for continuous variables as well
as percentages for categorical variables. Patients with ath-
erosclerotic vascular events were compared with patients
with no atherosclerotic vascular events using t-tests and
chi-square tests. Stepwise logistic regression analysis was
used to determine the contribution of multiple putative
risk factors and their association with the presence of
vascular events attributed to atherosclerosis. Adequacy of
model fit was established with the Hosmer and Lemeshow
goodness-of-fit test. Factors included in the model were
those that were significantly different in the univariate
analysis. Finally, comparisons between patients with vas-
cular events attributed to atherosclerosis and patients with
events attributed to SLE were made using nonparametric

tests due to the small sample size, including Fisher’s exact
test and Wilcoxon’s rank sum test. A multivariate analysis
was not conducted with the group of patients because of
sample size limitations.

RESULTS

Characteristics of the SLICC-RAS cohort at enrollment.
Of the 1,249 patients enrolled, 1,117 (89%) were women,
49% were white, 15% were African American, 16% were
Hispanic, 16% were Asian, and 4% were other. The mean
age at presentation was 34 years, and the mean disease
duration at entry to the cohort was 5.5 months. The mean
SLEDAI-2K score was 5.5 and the majority of patients were
already receiving corticosteroid and antimalarial therapy
(Table 1).

Vascular events. Ninety-seven vascular events occurred
in 72 patients. The majority of the events (n � 61) were
cardiovascular in nature, including myocardial infarction
(n � 13), angina (n � 15), congestive heart failure (n � 24),
pacemaker insertion (n � 1), and peripheral vascular dis-
ease (n � 8). Thirty-six events were cerebrovascular, in-
cluding transient ischemic attacks (n � 13) and stroke
(n � 23).

Attribution of vascular events. Of the 97 vascular
events, only 31 (in 22 patients) were attributed to athero-
sclerosis and occurred at a mean � SD of 2.0 � 1.5 years
after entry into the cohort. Of the 14 events due to myo-
cardial infarction, intermittent claudication, or transient
ischemic attack, 10 were confirmed by imaging studies.
Fifty of the 97 vascular events were attributed to active
lupus, and 16 were attributed to other causes (Table 2).

Baseline comparison of patients with and without ath-
erosclerotic vascular events followed for at least 2 years.
Baseline variables for the 22 patients with atherosclerotic
vascular events were compared with 615 SLE patients who

Table 1. Characteristics of the SLICC-RAS cohort
at enrollment*

Value

Women 1,117 (89.4)
Race/ethnicity, %

White 49
African American 15
Hispanic 16
Asian 16
Other 4

Age at diagnosis, mean � SD years 34.3 � 13.3
Disease duration, mean � SD months 5.5 � 4.1
SLEDAI-2K score, mean � SD 5.49 � 5.59
Corticosteroids 849 (69.7)
Immunosuppressive agents 485 (39.8)
Antimalarials 771 (63.3)

* Values are the number (percentage) unless otherwise indicated.
SLICC-RAS � Systemic Lupus International Collaborating Clinics
registry for atherosclerosis; SLEDAI-2K � Systemic Lupus Erythem-
atosus Disease Activity Index 2000 update.

Vascular Events Attributed to Atherosclerosis in an SLE Inception Cohort 883
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did not have atherosclerotic vascular events and were
followed for at least 2 years. A 2-year followup for the
controls was chosen since the atherosclerotic vascular
events occurred at an average of 2 years after entry into the
cohort. Men make up 11% of the inception cohort but
make up 41% of the patients with atherosclerotic events.
Other features of patients with atherosclerotic events were
white ethnicity, older age at diagnosis of SLE, hyperten-
sive, obese, smokers, and a positive family history for CAD
(Table 3). There was no difference at baseline in the fre-

quency of hypercholesterolemia, diabetes mellitus, and
use of corticosteroids, antimalarials, or immunosuppres-
sive drugs between patients with and without atheroscle-
rotic vascular events. SLEDAI-2K score at presentation as
well as adjusted mean SLEDAI-2K score at year 2 were
similar in both groups. A stepwise multivariate analysis
including the items that were significant on the univariate
analyses revealed only older age at diagnosis (odds ratio
[OR] 1.08, 95% confidence interval [95% CI] 1.05–1.11)
and male sex (OR 3.67, 95% CI 1.41–9.52) as being inde-
pendently associated with atherosclerotic vascular events.
Hosmer and Lemeshow goodness-of-fit test P � 0.59, indi-
cating that the model fit is adequate.

Patients with vascular events due to lupus compared
with those with atherosclerotic vascular events. We then
compared patients with atherosclerotic events with those
with vascular events due to lupus (Table 4). Male sex,
older age at diagnosis, white race, and use of antimalarials
at baseline were associated with atherosclerotic vascular
events.

DISCUSSION

This study reports on atherosclerotic events in an interna-
tional inception cohort of patients with SLE. Of the 97
vascular events documented among the 1,249 patients,
only 31 events were attributable to atherosclerosis. These
events occurred within 2 years of entry into the cohort, or
approximately 2.5 years from diagnosis. In long-term fol-
lowup studies, the prevalence of atherosclerotic vascular
events varies from 8–13% (14,15) and usually occurs at a
mean of 8–9 years from diagnosis (1,15).

This study describes atherosclerotic vascular events in
22 (1.8%) of 1,249 patients. As previously noted, SLE
patients with atherosclerotic vascular events tend to be

Table 2. Attribution of vascular events*

Attributed to
atherosclerosis

Attributed
to active

SLE

Attributed
to other
causes†

Total no. of events 31 50 16
Stroke 0 20 3
Congestive heart

failure
5 12 7

Transient ischemic
attack

2 10 1

Peripheral vascular
disease

4 3 1

Angina 12 2 1
Myocardial

infarction
8 2 3

Pacemaker
insertion

0 1 0

* SLE � systemic lupus erythematosus.
† List of causes: coagulopathy (n � 3), pregnancy complications
(n � 2), fluid overload (n � 2), postoperative complications (n � 1),
vertebral artery dissection (n � 1), pulmonary disease (n � 1),
gastrointestinal bleed (n � 1), renal failure on dialysis (n � 1),
coronary artery spasm (n � 1), hypertension (n � 1), and unknown
(n � 2).

Table 3. A comparison between patients with atherosclerotic vascular events (AVEs) due to atherosclerosis
and all other patients*

At enrollment Patients with AVEs All other patients† P

No. of patients 22 615
White 17 (77.3) 328 (53.3) 0.03
Men 9 (40.9) 72 (11.7) � 0.0001
Age at diagnosis, mean � SD years 54.6 � 13.1 34.6 � 13.7 � 0.0001
Hypertension 14 (73.6) 197 (32.3) 0.002
Obese‡ 12 (57.1) 163 (28.1) 0.004
Smoker (current or ex) 14 (63.6) 225 (36.6) 0.01
Family history of CAD (adjusted for age)§ 9 (42.9) 117 (20.0) 0.02
Hypercholesterolemia 12 (54.6) 228 (37.4) 0.10
Diabetes mellitus 2 (10.5) 14 (2.4) 0.08
Corticosteroids 17 (77.3) 417 (68.5) 0.38
Antimalarials 16 (72.7) 386 (63.5) 0.38
Immunosuppressive drug use 6 (27.3) 227 (37.3) 0.34
SLEDAI-2K score at presentation, mean � SD 3.32 � 3.09 5.53 � 5.63 0.11
Adjusted mean SLEDAI-2K score at year 2, mean � SD 3.02 � 3.11 4.15 � 3.78 0.12

* Values are the number (percentage) unless otherwise indicated. CAD � coronary artery disease; SLEDAI-2K � Systemic Lupus Erythematosus
Disease Activity Index 2000 update.
† Followed for at least 2 years.
‡ Body mass index �27 kg/m2 for women and �25 kg/m2 for men.
§ First-degree relative age �65 years for women and age �55 years for men.
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older at SLE diagnosis than those without these events
(2,3). In this study, patients with atherosclerotic vascular
events were 20 years older than those without events,
accounting in part for the earlier onset of atherosclerotic
vascular events (within 2.5 years of SLE diagnosis) in this
inception cohort. In univariate analyses, patients with vas-
cular events due to atherosclerosis were more likely to
have the classic risk factors for atherosclerotic disease than
patients without atherosclerotic vascular events who had
been followed for at least 2 years. They were more likely to
be men, older, hypertensive, obese, smokers, and have a
family history of CAD. Disease activity at presentation and
over the first 2 years was similar in patients who had
atherosclerotic vascular events and patients who did not.
There was also no difference in the baseline use of medi-
cations between the two groups. However, in multivariate
analysis, only male sex and older age remained indepen-
dently associated with atherosclerotic vascular events.

In the Baltimore study of 229 patients, 29 events were
reported. In a multivariate analysis, patients with events
had higher cholesterol, a history of hypertension, a longer
mean SLE duration, and greater duration and use of corti-
costeroids (Table 5). However, although the cohort was
followed for 4 years, it was a prevalent cohort with a mean
SLE disease duration of 12 years in those with atheroscle-
rotic vascular events compared with 8 years in those with-
out (2). In the Pittsburgh cohort, also a prevalent cohort of
498 women, there were 33 events. The risk factors identi-
fied in a multivariate analysis included older age at diag-
nosis, longer SLE duration, longer duration of corticoste-
roid use, hypercholesterolemia, and postmenopausal
status. In this cohort, the SLE disease duration in those

with atherosclerotic vascular events was 13.0 years com-
pared with 10.0 in those without (3). In the LUMINA
(LUpus in MInorities, NAture versus nurture) cohort,
which includes patients within 5 years of diagnosis, in 546
patients there were 34 vascular events, including angina,
myocardial infarction, vascular interventions, strokes, and
peripheral vascular events. Risk factors identified in mul-
tivariate analysis included older age, current smoking sta-
tus, longer followup time, elevated C-reactive protein
level, and the presence of antiphospholipid antibodies
(16). In the Toronto cohort, of 1,087 patients who did not
have atherosclerotic vascular events prior to entry to the
cohort, 144 atherosclerotic vascular events were docu-
mented. In a multivariate analysis of risk factors for ath-
erosclerotic vascular events, neuropsychiatric disease,
vasculitis, and number of Framingham CAD risk factors
were associated with coronary artery events (15). In the
inception patients in the Toronto Cohort that included 561
patients seen within 1 year of diagnosis and followed
through 9 years of followup, 9.6% had atherosclerotic
vascular events. A multivariate analysis of risk factors for
atherosclerotic vascular events revealed neuropsychiatric
disease and smoking to be associated with atherosclerotic
vascular events (15).

In the 2 inception cohorts with disease duration at entry
of less than 1 year (the Toronto inception cohort and the
current SLICC-RAS cohort study), the classic Framingham
risk factors were not clearly independently associated
with atherosclerotic vascular events because there was a
shorter exposure to these risk factors perhaps mitigating
their impact. It is possible that over time these risk factors
will exert their influence. Furthermore, the LUMINA, To-

Table 4. A comparison between patients with vascular events due to atherosclerosis and patients
with vascular events due to SLE*

Patients with
vascular events due
to atherosclerosis

Patients with
vascular events due

to SLE P

No. of patients† 22 42
White 17 (77.3) 21 (50.0) 0.03
Men 9 (40.9) 8 (19.1) 0.06
Age at diagnosis, mean � SD years 54.6 � 13.1 41.2 � 13.8 0.0004
Hypertension 14 (63.6) 28 (66.7) 0.81
Obese‡ 12 (57.1) 15 (36.6) 0.12
Diabetes mellitus 2 (10.5) 1 (2.4) 0.23
Smoker (current or ex) 14 (63.6) 16 (38.1) 0.052
Family history of CAD (adjusted for age)§ 9 (42.9) 13 (31.7) 0.39
Hypercholesterolemia 12 (54.6) 19 (45.2) 0.48
Antiphospholipid antibodies at enrollment, no./total (%) 8/20 (40.0) 15/35 (42.9) 0.84

aCL 3/17 (17.7) 5/32 (15.6) 1.00
LAC 6/20 (30.0) 14/35 (40.0) 0.46

Corticosteroids 17 (77.3) 30 (71.4) 0.62
Antimalarials 16 (72.7) 15 (36.6) 0.006
Immunosuppressive drug use 6 (27.3) 21 (50.0) 0.08
SLEDAI-2K score, mean � SD 3.32 � 3.09 5.93 � 7.47 0.43
Adjusted mean SLEDAI-2K score at year 2, mean � SD 3.02 � 3.11 4.91 � 4.82 0.15

* Values are the number (percentage) unless otherwise indicated. SLE � systemic lupus erythematosus; CAD � coronary artery disease; aCL �
anticardiolipin antibody; LAC � lupus anticoagulant; SLEDAI-2K � Systemic Lupus Erythematosus Disease Activity Index 2000 update.
† There were 31 atherosclerotic vascular events in 22 patients and 50 vascular events due to SLE in 42 patients.
‡ Body mass index �27 kg/m2 for women and �25 kg/m2 for men.
§ First-degree relative age �65 years for women and age �55 years for men.
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ronto, and SLICC studies included cerebrovascular and
peripheral vascular atherosclerotic vascular events, while
the Baltimore and Pittsburgh studies included only CAD
events. Although there were no cerebrovascular accidents
reported in the current study, there were 2 instances of
transient ischemic attack and 4 with peripheral vascular
disease. This difference in outcomes might have an effect
on the nature of the associated factors.

We have previously demonstrated in this cohort that
risk factors for atherosclerotic disease accumulate early in
the course of the disease (17). However, as suggested ear-
lier, these risk factors have not yet exerted their full im-
pact. In early disease it is likely that male sex and older age
states associated with increased risk factors for atheroscle-
rotic vascular events are dominant. This should not deter
from the necessity for aggressive intervention in the treat-
ment of classic CAD risk factors.

Atherosclerotic vascular events documented in this co-
hort included cardiac, cerebrovascular, and peripheral
vascular events. Cardiac and cerebral events are common
disease features of SLE. These clinical presentations often
pose a diagnostic challenge because they are often con-
founded by comorbid conditions. In addition, atheroscle-
rotic events may mimic SLE presentations; for example,
chest pain and stroke syndromes can be on the basis of
active SLE or atherosclerosis. Furthermore, this is made
more difficult by the fact that the patients who presented
with atherosclerotic vascular events early in the course of
their SLE disease had similar risk factors to patients who
presented with a lupus vascular event, except with regard
to older age at diagnosis, white race, and use of anti-
malarials. Unlike other studies where antimalarials have
been suggested to be protective for atherosclerotic or
thrombotic disease, in the current study, patients with
atherosclerotic events more often took antimalarials than
those who did not have atherosclerotic events (18–20).
The reason for this is unclear. Although it is possible that
patients with atherosclerotic events had had more severe

disease prior to enrolling in the SLICC-RAS, at 2 years,
patients without atherosclerotic events actually had higher
disease activity measured by the adjusted mean SLEDAI-
2K. Therefore, the reason for the lower use of antimalarials
in these patients is unknown. Clinicians must adopt attri-
bution rules, as used in this study, to differentiate those
events due to the disease itself from those due to athero-
sclerosis. In addition to the clinical attribution rules, most
patients in this study had confirmatory laboratory and
imaging studies.

A limitation of this study is the relatively short duration
of followup of an inception cohort, and therefore the num-
ber of events is small. Nevertheless, 31 events in 22 pa-
tients were detected within 2.5 years of diagnosis, high-
lighting the fact that in some individuals (older men) these
events may occur very early in the disease. Another pos-
sible limitation is the interval between assessments being
1 year, which may not reveal the full impact of disease
activity on the development of atherosclerotic events. The
strengths of this study are the size of the inception cohort,
its multiethnic composition, the uniform collection of data
on a common data retrieval protocol, and the use of stan-
dardized clinical attribution rules for atherosclerotic vas-
cular events. Nevertheless, in patients with known athero-
sclerotic disease, active lupus may make the attribution of
an event more difficult, and in cases of active lupus, sub-
clinical atherosclerosis may be missed. However, in the
majority of cases the attribution rules helped clarify the
situation. Patients in this cohort will continue to be fol-
lowed for 5 years.
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Table 5. Summary of risk factors for atherosclerotic vascular events in 5 cohorts*

Baltimore
(n � 229)

(2)

Pittsburgh
(n � 498)

(3)

LUMINA
(n � 546)

(16)

Toronto
inception
(n � 561)

(15)
SLICC

(n � 637)†

Type of cohort Prevalent Prevalent Inception, 5 years Inception, 1 year Inception, 1 year
Older age at diagnosis √ √ √ √
Longer duration of SLE √ √ √
Male sex √
Longer duration of prednisone use √ √
Hypercholesterolemia √ √
Hypertension √
Postmenopausal status √
Smoking √ √
Neuropsychiatric lupus √
C-reactive protein √
Antiphospholipid antibodies √

* Thirty-seven patients in SLICC have also been used in the Toronto inception study but had 3 more years of followup in the SLICC registry.
LUMINA � LUpus in MInorities, NAture versus nurture; SLICC � Systemic Lupus International Collaborating Clinics; SLE � systemic lupus
erythematosus.
† Includes only patients followed for at least 2 years.
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