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Risk Factors for Development of Coronary Artery
Disease in Women with Systemic Lupus
Erythematosus
ROBERT J. GOLDBERG, MURRAY B. UROWITZ, DOMINIQUE IBAÑEZ, MANDANA NIKPOUR,
and DAFNA D. GLADMAN

ABSTRACT. Objective. To ascertain coronary artery disease (CAD) outcomes and predictive factors in a prospec-
tive study of patients with systemic lupus erythematosus (SLE) and matched healthy controls.
Methods. SLE patients and non-SLE age-matched controls without a history of CAD were recruit-
ed into a prospective study between 1997 and 1999. CAD events were assessed at clinic visit for SLE
patients and through telephone interview and chart review for controls. All events were verified with
patient medical records.
Results. Followup information was available on 237 controls and 241 SLE patients. The mean fol-
lowup time was 7.2 years. Univariate analyses identified age and postmenopausal status as predic-
tors of CAD in both the groups. Sedentary lifestyle, hypertension, the presence of metabolic syn-
drome, and the number of Framingham risk factors were predictive in the control group only. The
10-year risk of CAD score was predictive in both groups but was not as marked in the SLE group as
in the controls. None of the lipid subfractions were predictive for CAD in the SLE group, whereas
in the controls, a high triglyceride level ≥ 2.8 was predictive. Time-to-event multivariate analysis for
CAD in all subjects revealed SLE itself, older age, and triglycerides ≥ 2.8 to be highly predictive for
CAD.
Conclusion.In a prospective study of patients with SLE and matched controls followed over a medi-
an of 8 years, patients with SLE developed significantly more CAD events than controls. Accounting
for demographic variability, CAD risk factors, and lipid factors, SLE is an independent risk factor
for the development of CAD. (First Release Oct 15 2009; J Rheumatol 2009;36:2454–61;
doi:10.3899/jrheum.090011)
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Systemic lupus erythematosus (SLE) is an inflammatory
disease that typically affects young women. Coronary artery
disease (CAD), including myocardial infarction (MI) and
angina pectoris, is uncommon in young women but is a
major cause of late morbidity and mortality among patients
with SLE1. Mortality in SLE follows a bimodal pattern
where early deaths are most often due to active SLE and
infection, while late deaths after more than 2 years of dis-
ease course are often caused by CAD2,3. In a Toronto SLE
cohort of 1087 patients followed from 1970 until 2004, the
prevalence of CAD was 9.4%4. A similarly high prevalence
for the development of CAD has been shown among the

Hopkins Lupus Cohort3 and the Pittsburgh SLE cohort5. It
is now well established that SLE patients have an increased
risk of atherosclerosis2,3,5,6. Overall, women with SLE are 5
to 8 times more likely and up to 50 times more likely in the
35–44 year age group than the general population to devel-
op an atherosclerotic vascular event (which includes stroke
and transient ischemic attack, TIA) than age- and
sex-matched controls7.
The Toronto Risk Factor Study (TRFS) was initiated in

1998 to compare the prevalence of cardiovascular risk fac-
tors in 250 women with SLE without clinical symptoms of
CAD with 250 aged-matched controls without clinical
symptoms of CAD8. Compared to matched controls,
patients with SLE in this study were more likely to have
hypertension, diabetes, and higher levels of very low-densi-
ty lipoprotein (VLDL) cholesterol, total triglycerides (TG),
and homocysteine. As well, SLE patients were more likely
than controls to have premature menopause, sedentary
lifestyle, and an at-risk body habitus. Nevertheless, there
was no difference in the 10-year risk calculation for coro-
nary heart disease using the Framingham risk factor
assessment.
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The aim of our study was to ascertain the development of
CAD in the lupus and control patients in the TRFS over 7 to
9 years of followup in order to determine which baseline
risk factors predicted development of CAD.

MATERIALS AND METHODS
SLE patients.Patients with SLE have been followed prospectively at the
University of Toronto Lupus Clinic since 1970 and constitute a cohort of
more than 1300 patients. Clinical and laboratory information, including the
details of therapy, are collected at 2–6 month intervals and stored on a com-
puter database. Patients in this cohort are similar to SLE cohorts in other
large centers9.
A description of the 250 SLE patients who participated in the TRFS has

been reported8. Briefly, 250 women with SLE who fulfilled ≥ 4 of the 1982
American College of Rheumatology classification criteria for SLE10, or met
3 of the criteria and had a typical biopsy lesion of SLE11, were approached
to participate from May 1998 to June 2000. Patients with a history of MI,
angina pectoris, stroke, TIA, or peripheral vascular disease were excluded.

Controls. A group of age-matched women attending a family practice unit
for a routine annual physical examination were recruited as controls
between May 1998 and June 2000. In addition to the above exclusions
applied to SLE patients, the following exclusion criteria were applied to
controls: a history of SLE or other chronic inflammatory arthritis, treatment
with corticosteroids or antimalarial drugs within the past 6 months, known
renal impairment (creatinine > 110 µmol/l) or significant proteinuria (> 1+
on dipstick analysis or > 500 mg/day).

Following development of CAD. Ethics approval to ascertain followup data
for our study was obtained from the University Health Network Research
Ethics Board in April 2007. SLE patients were followed at the University
of Toronto Lupus Clinic at the Toronto Western Hospital at 2–6 month
intervals, where clinical and laboratory information including the develop-
ment of CAD (MI and/or angina pectoris) were collected. Information on
the lupus patients was therefore available on the Lupus Clinic Oracle data-
base. Control patients were followed at the Toronto Western Hospital
Family Practice Unit. The development of CAD was confirmed through
telephone interview and chart review. Authorization for release of medical
information was obtained from any participant reporting an event. The clin-
ic directors reviewed pertinent medical records. Supporting documentation
included a hospital face sheet with diagnosis, discharge summary, admit-
ting history, pertinent laboratory results, and other diagnostic tests such as
electrocardiogram, echocardiogram, or coronary angiography.

Clinical assessments. Information on traditional and nontraditional cardio-
vascular risk factors as well as lupus-specific factors that may influence the
development of CAD was collected. Clinical assessments on each SLE and
control participant in the study were performed at study initiation using
described methods8. Each SLE patient and control underwent a complete
history and physical examination according to a standard protocol. This
assessment included basic demographic data, organ-specific disease-relat-
ed symptoms (for the SLE group), and physical findings. Overall disease
activity at presentation to the clinic and at the time of the study was derived
by calculation of the SLE Disease Activity Index (SLEDAI-2K)12. In addi-
tion, the adjusted mean SLEDAI score (AMS), which reflects the extent of
disease activity over time, was calculated for each patient13.
Therapy at the time of the baseline assessment was also noted, includ-

ing the current dose and mean dose of prednisone since the prior visit, as
well as the use of antimalarial and immunosuppressive medications. Data
were also collected on the following risk factors for all patients: blood pres-
sure at study onset, presence of diabetes and specific therapy, smoking his-
tory along with current smoking status and number of pack-years, body
mass index (BMI) in kg/m2, waist-hip ratio, recent change in body weight,
and presence of metabolic syndrome using the International Diabetes
Federation definition14. Information on a history of thyroid disease or cur-
rent thyroid replacement therapy, menstrual status, use of oral contracep-

tives or hormone replacement therapy was collected. In addition, a trained
interviewer administered 2 questionnaires. One questionnaire ascertained a
family history of premature coronary heart disease (defined as a definite MI
or sudden death in a first-degree relative: male, age < 55, or female, age <
65 yrs) and its associated risk factors, as well as any family history of SLE.
The second questionnaire assessed the level of physical activity using the
Physical Activity Index15.

Laboratory methods. Routine clinical samples. Laboratory assessment
included hemoglobin levels, leukocyte and platelet counts, serum creati-
nine levels, urine microscopy, fasting plasma glucose levels, antibodies to
double-stranded DNA, complement (C3 and C4) levels, antibodies to car-
diolipin (IgG > 23 IU), C-reactive protein (CRP), and the partial thrombo-
plastin time (> 32 s).

Lipids. Levels of the following measures were assessed using described
methods8: total cholesterol, TG, VLDL, intermediate-density lipoprotein,
low-density lipoprotein (LDL), high-density lipoprotein (HDL), lipopro-
tein(a) [Lp(a)], LDL size, and Apo E phenotype.

Homocysteine.Plasma homocysteine levels were measured, using
described methods8. In addition, since homocysteine levels are inversely
correlated with folate levels, plasma folate and red blood cell (RBC) folate
concentrations were also measured.

Outcomes. Outcomes included (1) CAD events, defined as the occurrence
of MI and/or angina pectoris due to atherosclerosis and (2) all-cause mor-
tality. MI was defined on the basis of definite electrocardiographic (ECG)
abnormalities or symptoms of chest pain with probable ECG abnormalities
and abnormal cardiac enzymes, or typical symptoms and abnormal cardiac
enzymes, or naked-eye fresh MI or coronary occlusion at post mortem16.
Angina was defined as severe pain or discomfort over the upper or lower
sternum or anterior left chest and left arm. Events were recorded at clinic
visit for SLE patients and through telephone interview and chart review for
controls. All events were verified with patient medical records.

Statistical analysis. Demographic features of SLE patients were compared
to controls using t tests and chi-squared tests. As few patients experienced
a CAD outcome, nonparametric tests were performed to compare the char-
acteristics of SLE patients who developed CAD to those who did not —
namely Fisher’s exact test for categorical variables andWilcoxon rank-sum
test for continuous ones. Categorical classification of Framingham risk fac-
tors was determined using currently accepted definitions, as outlined8. For
continuous variables, means, standard deviations and median values are
provided. P values indicate comparisons between median levels between
groups. In most cases, continuous variables were dichotomized to reflect
normal/abnormal levels and compared. The same analysis was performed
to establish differences within controls who developed CAD versus those
who did not.
A time-to-event regression model was performed to establish the role of

baseline lipid subfractions, other metabolic risk factors, lifestyle variables,
and demographic characteristics in relation to the development of CAD.
SLE patients and controls were included in a single model. SLE patients
who did not have a CAD were censored as of the time of their last clinic
visit or time of death. Controls were censored as of the time of last contact
or time of death. Variables retained for the model were those that were sta-
tistically significant either in SLE patients or in controls in the univariate
analyses. This stepwise approach was used to limit the number of variables
in the model.

RESULTS
Study population. We collected baseline demographic, labo-
ratory, and biochemical data for 250 patients and 250 con-
trols matched for age at study onset. Followup information
regarding the development of CAD was available for 241 of
the SLE patients and 237 controls. Nine SLE patients were
excluded (6 patients were lost to followup and 3 were sub-
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sequently found to have had an event prior to study onset).
Despite repeated efforts, 13 controls were lost to followup.
Study followup time (based on the time from the initiation
of the original study to the earliest of death, CAD, last clin-
ic visit for SLE patients, or last contact date for controls)
was 7.2 years (± 2.3). The median followup time was 8.1
years (Table 1). In the SLE patients the mean duration of
SLE at study onset was 13.7 years (± 9.7), and the mean
SLEDAI-2K score was 4.4 (± 4.5). Their Systemic Lupus
International Collaborating Clinics Damage Index was 1.33
± 1.62. Among the SLE patients, 55.0% were taking
steroids, 53.9% were taking antimalarials, and 31.1% were
taking immunosuppressives at the study start. In total, 10
(4.2%) of the SLE patients have died since the original
study, compared to only 1 (0.4%) in the control group (p =
0.007). Causes of death in the lupus patients were malig-
nancy in 3, respiratory failure in 1, systemic inflammatory
response syndrome in 1, cerebral aneurysm in 1, sudden
death with thrombocytopenia in 1, and unknown in 3. The
control patient died of malignancy.
A greater proportion of SLE patients had a below-college

level of education (p < 0.0001), underwent menopause at a
younger age (p < 0.0001), had higher levels of creatinine (p
= 0.0002), maintained a more sedentary lifestyle (p = 0.02),
and had an increased waist-hip ratio (p < 0.0001) relative to
controls (Table 1). However, there was no difference
between the 2 groups in the BMI or prevalence of metabol-
ic syndrome. In addition there was no difference in the
10-year risk calculation for coronary heart disease based on
classic Framingham risk factors (data not shown).

Outcomes. The main outcome evaluated in this followup
study was the development of CAD. In the SLE group, 17
(7.1%) patients and among the controls 5 (2.1%) patients
(p = 0.01) developed CAD.

Demographic and lipid subfractions among SLE patients
and controls categorized by the development of CAD.
Univariate analyses were performed to compare demo-
graphic, clinical, and biochemical variables of SLE patients
and controls who developed CAD relative to those who did
not develop CAD. SLE patients with CAD were more like-
ly to be older (p = 0.002) and postmenopausal (p = 0.03)
compared to SLE patients without CAD (Table 2). There
was no difference in level of education, racial distribution,
age at menopause, use of oral contraceptives, serum creati-
nine levels, physical activity index, waist-hip ratio, and BMI
between SLE patients who developed CAD relative to SLE
patients without CAD. Controls with CAD were more like-
ly to be older (p = 0.006), postmenopausal (p = 0.02), and
were more likely to have a lower level of education (p =
0.03) and a sedentary lifestyle (p = 0.05) compared to con-
trols without CAD (Table 2). Median age at study onset was
56.0 years among SLE patients who developed CAD com-
pared to 69.0 years among controls who developed CAD
(p = 0.055). There was no difference in racial distribution,
age at menopause, use of oral contraceptives, serum creati-
nine levels, waist-hip ratio, and BMI between control
patients who developed CAD relative to control patients
without CAD.
A comparison between groups revealed that CRP levels

were higher among SLE patients with CAD compared to
SLE patients without CAD (p = 0.02), but this was not the
case among non-SLE controls (Table 3). Controls with CAD
were more likely to have elevated TG relative to controls
without CAD (p = 0.005). Differences between groups in
total cholesterol, LDL, VLDL, total TG, HDL, Lp(a), homo-
cysteine, and RBC folate did not reach significance.

Framingham risk factors and metabolic syndrome among
SLE patients and controls by development of CAD. We com-

Table 1. Demographic information of participants at baseline.

Characteristic SLE, n = 241 Controls, n = 237 p

Age, yrs* 44.2 ± 12.2 44.5 ± 14.4 0.77
White/Black/Chinese/other, % 77/10/6/7 89/3/5/3 0.003
Education, < college, no. (%) 95 (40.1) 36 (15.2) < 0.0001
Menopause
Postmenopausal, no. (%) 95 (39.4) 65 (27.4) 0.006
Age at menopause, yrs (n = 89) 45.5 ± 5.8 (n = 46) 49.3 ± 4.0 < 0.0001
Oral contraceptive, no. (%) 12 (5.0) 32 (13.6) 0.001
Serum creatinine*, µmol/l 78.9 ± 32.0 70.5 ± 10.4 0.0002
≥ 110 µmol/l, no. (%) 21 (8.9) 0 (0) < 0.0001
Sedentary lifestyle†* 37.1 ± 10.3* 41.1 ± 11.2* < 0.0001
< 28, no. (%) 38 (15.8) 21 (8.9) 0.02
Waist-hip ratio* 0.80 ± 0.06* 0.78 ± 0.05* < 0.0001
> 0.80, no. (%) 112 (46.5) 70 (29.5) 0.0001
Body mass index, kg/m2* 25.1 ± 6.4* 25.6 ± 5.9* 0.43
> 27 kg/m2, no. (%) 66 (27.4) 71 (30.0) 0.53
Metabolic syndrome, no. (%) 25 (10.4) 20 (8.4) 0.47
Length of followup, yrs* 7.0 ± 2.4* 7.5 ± 2.2 0.05

* Mean ± standard deviation;† lifestyle scale15.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


2457Goldberg, et al: CAD in SLE women

pared the prevalence of Framingham risk factors among
patients with SLE and controls who developed CAD com-
pared to participants who did not develop CAD (Table 4).
The presence of hypertension (p = 0.02), the presence of
metabolic syndrome (p = 0.005), a greater number of
Framingham risk factors (p = 0.05), and a greater 10-year
Framingham risk of a CAD-related event (p = 0.003) were
more common among controls with CAD compared to con-
trols without CAD. Among SLE patients with CAD com-
pared to SLE patients without CAD, only the 10-year
Framingham risk of a CAD-related event was greater,
although the magnitude of the risk was very small. While
other risk factors were also more prevalent among patients
who developed CAD relative to patients who did not devel-
op CAD, these differences did not reach significance.

Multivariate analysis. A multivariate time-to-event analysis
performed to identify risk factors for the development of
CAD revealed that age [hazard ratio (HR) 1.08, p < 0.0001],
total TG levels (HR 7.96, p < 0.0002), and SLE itself (HR
4.23, p = 0.007) were significant predictors for the develop-

ment of CAD (Table 5). Postmenopausal status, education,
hypertension, number of risk factors, Framingham 10-year
risk, sedentary lifestyle, metabolic syndrome, CRP, and
homocysteine were not independent predictors of CAD.
However, when metabolic syndrome is substituted for TG it
is a significant predictor (HR 2.7, p = 0.03).

DISCUSSION
It is well established that women with SLE have a much
higher than expected rate of atherosclerotic cardiovascular
disease, with an estimated relative risk of 5- to 8-fold5,7.
After an average followup of 7.2 years, SLE patients in the
TRFS had, as expected, a greater rate of CAD, 7.1% (vs
2.1% in the control group), confirming a dramatically
increased prevalence of CAD in women with SLE in our
case-control study of women followed in the same health-
care facility.
This elevated rate of atherosclerosis may be attributable

to cardiovascular risk factors that affect the general popula-
tion, SLE itself, or its treatment, but the relative role of con-

Table 2.Analysis of demographic and clinical characteristics among SLE and control patients by development of coronary artery disease (CAD).

SLE Controls
Characteristic No CAD, CAD, p† No CAD, CAD, p†

n = 224 n = 17 n = 232 n = 5

Age, yrs 43.5 ± 11.9* 53.6 ± 12.4 44.1 ± 14.1 65.6 ± 13.6
Median 43.0 56.0 0.002 42.0 69.0 0.006
Caucasian/Black/Chinese/other, % 75/11/7/7 94/0/0/6 0.32** 88/3/5/3 100/0/0/0 1.00**
Education, < college, no. (%) 87 (39.6) 8 (47.1) 0.54 33 (14.2) 3 (60.0) 0.03
Postmenopausal, no. (%) 84 (37.5) 11 (64.7) 0.03 61 (26.3) 4 (80.0) 0.02
Age at menopause*, yrs (n = 78) 45.6 ± 5.9 (n = 11) 45.0 ± 5.8 0.59 (n = 43) 49.4 ± 4.1 (n = 3) 47.7 ± 1.5
Median 47.0 46.0 50.0 48.0 0.19
Oral contraceptive, no. (%) 11 (5.0) 1 (5.9) 0.87 32 (13.9) 0 (0) 1.00
Serum creatinine*, µmol/l 78.9 ± 32.9 78.1 ± 19.1 70.3 ± 10.2 76.4 ± 18.2
Median 70.0 70.0 0.47 70.0 76.0 0.49
≥ 110 µmol/l, no. (%) 20 (9.1) 1 (5.9) 1.00 0 (0) 0 (0) NA
Sedentary lifestyle* 37.0 ± 10.5 38.7 ± 8.4 41.3 ± 11.2 30.9 ± 9.9
Median 34.9 36.5 0.31 40.9 29.6 0.05
< 28, no. (%) 36 (16.1) 2 (11.8) 1.00 19 (8.2) 2 (40.0) 0.06
Waist-hip ratio* 0.80 ± 0.06 0.82 ± 0.05 0.77 ± 0.05 0.82 ± 0.08
Median 0.79 0.81 0.12 0.77 0.85 0.16
> 0.80, no. (%) 102 (45.5) 10 (58.8) 0.29 67 (29.8) 3 (60.0) 0.15
BMI, kg/m2* 25.0 ± 6.4 26.3 ± 6.1 25.5 ± 5.8 29.7 ± 6.7
Median 23.7 23.8 0.30 24.3 30.7 0.14
> 27 kg/m2 59 (26.3) 7 (41.2) 0.26 68 (29.3) 3 (60.0) 0.16
Length of followup*, yrs 7.3 + 2.2 3.2 ± 2.4 7.5 + 2.1 3.1 ± 1.8
Median 8.1 3.5 < 0.0001 8.2 2.8 0.002
Disease duration, yrs* 13.6 ± 9.7 15.0 ± 10.6
Median 11.8 16.0 0.65
SLEDAI-2K 4.27 ± 4.40 5.94 ± 5.71
Median 4.00 6.00 0.19
SLICC Damage Index 1.32 ± 1.61 1.50 ± 1.67
Median 1.00 1.00 0.62
Steroids, no. (%) 117 (52.7) 14 (82.4) 0.02
Antimalarials, no (%) 119 (53.4) 11 (64.7) 0.37
Immunosuppressives, no. (%) 70 (31.4) 4 (23.5) 0.50

† Wilcoxon rank-sum test to compare medians or Fisher’s exact test to compare percentages as appropriate. * Mean ± standard deviation; ** comparing
Caucasian to all others. BMI: body mass index; SLEDAI: SLE Disease Activity Index; SLICC: SLE International Collaborating Clinics. NA: not available.
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ventional cardiovascular risk factors remains controversial.
The underlying basis of this increased risk has been exam-
ined retrospectively or prospectively in a number of large

SLE cohorts by comparing characteristics of SLE patients
with cardiovascular disease to those of patients lacking
it3-6,17-19. Multivariate analyses of these cohorts showed to

Table 3.Analysis of lipid subfractions and CRP levels among SLE and control patients by development of coronary artery disease (CAD). Values are mean
± standard deviation; unless otherwise indicated.

SLE Controls
Characteristic No CAD, CAD, p† No CAD, CAD, p†

n = 224 n = 17 n = 232 n = 5

Total cholesterol 4.65 ± 1.07 5.15 ± 1.65 4.80 ± 0.95 5.44 ± 1.24
Median 4.48 5.07 0.19 4.75 4.99 0.29
≥ 5.2, no. (%) 59 (27.4) 6 (40.0) 0.37 71 (30.7) 2 (40.0) 0.65
LDL cholesterol 2.75 ± 0.93 3.16 ± 1.49 2.94 ± 0.85 3.00 ± 0.68
Median 2.65 3.08 0.20 2.88 3.09 0.80
> 3.4, no. (%) 42 (19.5) 5 (33.3) 0.20 69 (29.9) 1 (20.0) 1.00
VLDL cholesterol 0.44 ± 0.35 0.50 ± 0.29 0.37 ± 0.23 0.94 ± 0.87
Median 0.37 0.42 0.24 0.31 0.44 0.16
Total triglycerides 1.36 ± 0.86 1.74 ± 1.08 1.16 ± 0.57 2.70 ± 2.26
Median 1.16 1.36 0.10 1.05 1.38 0.12
≥ 2.8, no. (%) 9 (4.2) 2 (13.3) 0.16 4 (1.7) 2 (40.0) 0.005
HDL triglycerides 0.28 ± 0.11 0.27 ± 0.10 0.27 ± 0.09 0.38 ± 0.21
Median 0.27 0.31 0.98 0.26 0.23 0.35
Lp(a) 16.0 ± 17.1 17.8 ± 18.7 14.9 ± 16.7 9.9 ± 14.1
Median 9.6 14.8 0.94 8.0 2.8 0.38
> 30, no. (%) 37 (20.0) 2 (20.0) 1.00 29 (15.0) 0 (0) 1.00
Homocysteine 9.6 ± 4.2 10.3 ± 5.6 6.4 ± 3.1 8.9 ± 3.3
Median 9.2 10.0 0.81 6.2 8.6 0.08
> 15, no. (%) 233 (10.7) 2 (13.3) 0.67 2 (0.9) 0 (0) 1.00
RBC folate 1091 ± 539 1215 ± 541 1015 ± 418 1253 ± 600
Median 925 1173 0.29 936 1353 0.38
CRP 0.32 ± 0.86 0.47 ± 0.71 0.33 ± 0.84 0.59 ± 0.63
Median 0.10 0.23 0.02 0.13 0.32 0.19
Quartile**, no. (%)
Q1 86 (40.8) 4 (23.5) 76 (33.0) 1 (20.0)
Q2 52 (24.6) 3 (17.7) 0.05† 50 (21.7) 1 (20.0) 0.36††

Q3 32 (15.2) 4 (23.5) 56 (24.4) 1 (20.0)
Q4 41 (19.4) 6 (35.3) 48 (20.9) 2 (40.0)

†Wilcoxon rank-sum test to compare medians or Fisher’s exact test to compare percentages as appropriate. ** Q1 < 0.08; Q2 0.08 to < 0.16, Q3 0.16 to 0.35,
Q4 > 0.35.†† Mantel-Haenszel chi-square test.

Table 4. Framingham risk factors among SLE and control patients by development of coronary artery disease (CAD).

SLE Controls
Characteristic No CAD, CAD, p* No CAD, CAD, p*

n = 224 n = 17 n = 232 n = 5

Hypertension, no. (%) 69 (30.8) 8 (47.1) 0.17 29 (12.6) 3 (60.0) 0.02
Hypercholesterolemia, no. (%) 71 (31.7) 9 (52.9) 0.07 85 (36.6) 2 (40.0) 1.00
Low HDL, < 0.9, no. (%) 19 (8.8) 1 (6.7) 1.00 24 (10.4) 1 (20.0) 0.43
Current smoker, no. (%) 38 (17.0) 2 (11.8) 0.75 41 (17.7) 2 (40.0) 0.22
Diabetes, no. (%) 10 (4.5) 1 (5.9) 0.56 2 (0.9) (0) 1.00
Metabolic syndrome, no. (%) 21 (9.4) 4 (23.5) 0.08 17 (7.3) 3 (60.0) 0.005
Family history of CHD†, no. (%) 83 (37.1) 9 (52.9) 0.19 94 (40.5) 3 (60.0) 0.40
No. of risk factors 1.29 ± 1.00 1.76 ± 1.35 1.19 ± 0.97 2.20 ± 1.30
Median 1.00 1.00 0.19 1.00 3.00 0.05
10-year risk 2.93 ± 3.99 5.76 ± 4.24 3.17 + 4.60 11.6 ± 7.89
Median 0.0 6.0 0.004 0.0 8.0 0.003

* Wilcoxon rank-sum test to compare medians or Fisher’s exact test to compare percentages as appropriate.† Definite myocardial infarction or sudden death
in a first-degree relative: male age < 55 or female age < 65 years. CHD: coronary heart disease.
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different degrees that traditional and other cardiovascular
risk factors such as older age, smoking, hypertension, hyper-
cholesterolemia, hypertriglyceridemia, lower HDL choles-
terol levels, obesity, and higher levels of homocysteine were
more common in SLE patients with CAD. Heterogeneous
results have also been reported with respect to SLE-specific
risk factors in these cohorts, with some of these studies
demonstrating in univariate or multivariate analyses that
SLE patients with CAD have a longer disease duration,
greater corticosteroid exposure, higher levels of CRP, more
antiphospholipid or oxidized LDL antibodies, and a higher
SLE damage index, and are more likely to have had neu-
ropsychiatric or renal disease, or vasculitis.
None of the above studies included a control group and

none examined actual clinical events. The TRFS was con-
ducted to prospectively ascertain the predictive value of var-
ious risk factors for CAD determined at the beginning of the
study in 250 SLE patients and compare results with a con-
trol group of 250 patients from a family practice clinic. We
reported previously8 that initial comparison of cardiovascu-
lar risk factor profiles in SLE and control patients revealed
that patients with SLE had a greater frequency of hyperten-
sion and diabetes, and had a slightly greater number of clas-
sic Framingham risk factors (1.01 vs 0.7) at the beginning of
the study. Despite this, the overall Framingham 10-year risk
was not significantly different, suggesting other risk factors
may be more relevant. In fact, SLE patients were more like-
ly to have had higher TG and VLDL cholesterol, a more
sedentary lifestyle, abnormal waist-hip ratios, elevated cre-
atinine, and greater homocysteine levels.
In our current study, CAD occurred in 7.1% of the

patients with SLE. This rate of CAD was comparable to the
6.2% to 11.7% rate observed in other large SLE
cohorts3-6,18,19. Interestingly, most of the traditional and
nontraditional CAD risk factors did not explain the
increased CAD in these SLE patients. In a univariate analy-
sis, SLE patients with CAD were more likely to be older,
postmenopausal, have a higher CRP (0.47 vs 0.32 mg/dl),
and to have a slightly greater, but clinically insignificant
10-year Framingham risk (5.76% vs 2.93%). In contrast,
control patients with CAD were more likely to have hyper-
tension or be postmenopausal, and to have a clinically sig-
nificant higher 10-year Framingham risk (11.6% vs 3.17%).
Age, total triglyceride levels, and SLE itself were the
strongest predictors of CAD in a multivariate analysis. Thus

our results show in a prospective controlled study that
SLE-related factors are important risk factors for accelerat-
ed CAD in women with SLE.
Our study did not detect the effects of traditional CAD

risk factors, such as hypertension, smoking, and hypercho-
lesterolemia, which were previously associated with CAD
in lupus cohorts from London17, Baltimore3, Toronto4, and
Pittsburgh5, and in the LUMINA study19. First, this differ-
ence from those studies may reflect a lack of statistical
power due to the relatively small number of patients with
CAD in our current study. This disparity with other studies
could also be due to differences in the prevalence of risk fac-
tors in the different patient populations. For example, hyper-
tension was present in 63% of the Pittsburgh non-CAD SLE
patients, but in only 30% of the patients in our study. Only
11.8% of the patients in our study were current smokers,
whereas the smoking (past or present) was reported in 53%,
41%, and 56% of the Pittsburgh, Toronto, and Baltimore
cohorts, respectively. Treatment for some of the risk factors,
such as hypertension, has improved over the years, perhaps
lessening their impact on CAD. Excluding patients with pre-
existing CAD may have eliminated patients where tradition-
al CAD risk factors had a greater influence, as observed in a
study by Esdaile,et al7. Nevertheless, our present data do
not discount the overall role of traditional risk factors for
CAD in SLE patients and the need to treat these risk factors.
Rather, in this group of SLE patients, SLE-related factors
and to a lesser extent elevated TG or the presence of the
metabolic syndrome play a more prominent role in predis-
position to CAD.
In contrast, our results are consistent with a retrospective

case-control study of patients from the Stockholm SLE
cohort6, which did not associate traditional CAD risk factors
with CAD in SLE patients. Instead, this report identified
nontraditional risk factors (decreased HDL, and increased
TG, Lp(a), and homocysteine) and SLE-related factors
(greater cumulative dose of prednisone, higher CRP, lupus
anticoagulant levels, and anti-oxidized LDL antibodies) as
being responsible for CAD in the setting of SLE. Esdaile,et
al found in a retrospective study that Framingham risk equa-
tions could not explain the elevated risk of CAD in SLE7.
Further supporting our current results, some of the other
cohorts also implicated SLE-related factors, such as greater
corticosteroid exposure3,5,17,20, SLE damage index19, SLE
duration3,5,19, lupus anticoagulant17,19, CRP levels19, and
the occurrence of neuropsychiatric or renal disease, or vas-
culitis20 in SLE-associated CAD.
The presence of elevated TG levels (< 2.8 mmol/l) was

an independent risk factor for CAD in the multivariate
analysis in our study, although TG levels > 2.8 mmol/l
occurred in only 13% of patients with CAD. Consistent with
these data, other groups have reported that SLE patients
with CAD6,7 or carotid artery atherosclerosis21,22 had
greater TG levels than SLE patients without atherosclerosis.

Table 5. Predictors of CAD based on multivariate time-to-event analysis.

Parameter Hazard Ratio
Estimate ± SE (95% CI) p

Group, SLE vs controls 1.44 ± 0.53 4.23 (1.49, 11.97) 0.007
Age 0.078 ± 0.018 1.08 (1.04, 1.12) < 0.0001
Total triglycerides,
≥ 2.8 vs < 2.8 2.07 ± 0.56 7.96 (2.65, 23.97) 0.0002
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The increased TG levels in our study may originate from
SLE-associated inflammation, which can alter TG metabo-
lism directly by lowering lipoprotein lipase activity23-25and
indirectly through insulin resistance (see above). Indeed, the
characteristic dyslipoproteinemia of SLE consists of elevat-
ed TG and VLDL levels, and decreased HDL levels24-27.
Corticosteroids can also augment TG levels, but the magni-
tude of their effect appears to be much less than SLE itself24.
TG levels correlate well with lupus activity and tumor
necrosis factor-αlevels, indicating they may be primarily a
marker for active SLE23,24. On the other hand, TG are an
independent risk factor for CAD28,29, especially in women,
due to the formation of atherogenic, remnant TG-rich
lipoproteins29, and the strong association of elevated TG
with insulin resistance and the metabolic syndrome28. In this
regard, Sato,et al30 found that remnant-like particle-choles-
terol (likely derived from TG-rich VLDL) was increased in
postmenopausal patients with SLE. This is also reflected in
the predictive ability of the metabolic syndrome, which is
defined by the presence of central obesity, elevated TG,
reduced HDL, hyptertension, or diabetes.
There are several limitations to our study. Because we

aimed to predict the cardiovascular risk using baseline
values at the beginning of the study, there is no followup
information on risk factors that can accumulate or change
over time31. As a result of the relatively small number of
SLE patients with CAD, our study may have lacked suffi-
cient statistical power to detect the influence of some risk
factors. This problem, which is common to many SLE stud-
ies, is being addressed by the multicenter international SLE
inception cohort31. Only clinically apparent CAD was mon-
itored during the 7-year average period of followup. MI is
more likely to present with atypical symptoms in women32,
making diagnosis more difficult. Moreover, computed
tomography studies suggest a high rate of asymptomatic
CAD in SLE patients33-35. Therefore, our study likely
underestimated the true extent of CAD in lupus patients.
Another possible limitation may be the difference in the
rigor of the followup process in patients and controls. While
the family medicine patients were not followed regularly
according to a standard protocol, the outcomes are hard out-
comes, and recorded in hospital records and in family med-
icine clinics. In patients reviewed by telephone interview the
outcomes were confirmed by obtaining physician records.
Last, data were not available for some potential CAD risk
factors such as levels of insulin, small dense LDL particles,
or oxidized LDL or HDL, which might be relevant to CAD
in patients with SLE.
In summary, the results of a prospective, controlled study

of clinical CAD events in patients with SLE showed that the
development of CAD and mortality were significantly
greater in SLE patients than control subjects, and that the
dominant risk factors in multivariate analyses were lupus
itself, age, and high TG levels, but not the traditional

Framingham risk factors. Taken together with other studies
on clinical and subclinical CAD, which also highlighted
lupus-specific factors to varying extents, this finding
emphasizes the need to identify measurable lupus-related
factors that accelerate atherosclerosis in SLE and to deter-
mine prospectively the value of screening for subclinical
atherosclerotic disease.
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