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Evolution of Risk Factors for Atherosclerotic
Cardiovascular Events in Systemic Lupus
Erythematosus: A Longterm Prospective Study
Konstantinos Tselios, Dafna D. Gladman, Jiandong Su, Olga Ace, and Murray B. Urowitz

ABSTRACT.  Objective. We previously reported the effect of certain factors on cardiovascular disease (CVD) in 250
women with systemic lupus erythematosus (SLE) followed for 8 years. The aim of this study was to
delineate their evolution after 15 years of followup.

                       Methods. There were 210 women with SLE and 138 age-matched healthy women available for analysis
after 15 years. Cardiovascular events (CVE) included angina pectoris, myocardial infarction (fatal
and nonfatal), transient ischemic attack, and stroke (fatal and nonfatal). Analysis was performed with
SAS 9.3 software; p < 0.05 was considered significant.

                       Results. CVE occurred in 41/210 patients (19.5%) and 9/138 controls (6.5%), most of them in the
second part (2008–2015) of the study (24/210, 11.4% vs 17/241, 7.1% in SLE group). Coronary artery
disease was more common in patients (32/210, 15.2% vs 5/138, 3.6%, p = 0.0041). There was no
significant difference for cerebrovascular disease (10/210, 4.8% vs 3/138, 2.2%, p = 0.213). SLE was
the most prominent CVE predictor in the first 8 years (HR 2.8, 95% CI 1.3–6.3). Hypertension and
diabetes were more frequent in patients who developed CVE during the second half of the study.
Thirty-one deaths occurred in patients with SLE (10 because of CVD) and 6 in controls (none because
of CVD).

                       Conclusion. The relative importance of atherosclerotic risk factors is significantly differentiated over
time in SLE. Disease-related factors seem to dominate CV risk during the early stages while traditional
factors, partially related to corticosteroid treatment, play a significant role later in the disease course.
(First Release November 1 2017; J Rheumatol 2017;44:1841–9; doi:10.3899/jrheum.161121)
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Beginning with case series in 1976, it has become well estab-
lished that there is an increased incidence of premature
coronary artery disease (CAD) in patients with systemic
lupus erythematosus (SLE) as compared to the general
population1. Large cohort studies in Toronto2, Pittsburgh3,
and Baltimore4 have all shown a high prevalence of athero-
sclerotic cardiovascular events (CVE) in these patients,
ranging from 6.6% to 10.9%. In addition, CVE in patients

with SLE occur at a significantly younger age than in
population controls, with many events in the fourth and fifth
decade of life rather than the general population peak of
65–74 years5. Apart from CVE, new imaging modalities such
as carotid Doppler ultrasound and coronary artery computed
tomography have demonstrated an increased amount of
carotid plaque and coronary artery calcification in patients
with SLE compared to matched healthy controls, adding
further evidence for the acceleration of the atherosclerotic
process in SLE6,7,8,9. Further, coronary angiography studies
have demonstrated that SLE is associated with increased
CAD severity because SLE patients with a mean age of 49
years had comparable coronary atherosclerotic burden to
non-SLE patients with a mean age of 70 years10.
    Both traditional [e.g., age, hypertension (HTN), diabetes
mellitus (DM), dyslipidemia, smoking] and disease-related
risk factors (e.g., disease activity and cumulative damage,
renal involvement, inflammatory mediators, medications)
have been implicated in increasing the atherosclerotic risk in
SLE11. The former cannot fully explain the increased risk for
CAD in patients with SLE because it has been demonstrated
that there is still an excess relative risk of 7.5 (95% CI
5.1–10.4)12. Research has shown that novel factors such as
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homocysteine, C-reactive protein (CRP), proinflammatory
high-density lipoprotein (HDL), and certain autoantibodies
are also implicated in the accelerated atherosclerotic process
in SLE13.
    The Toronto Risk Factor Study began in 1998 and
recruited 250 female patients with SLE and 250 age-matched
healthy women (controls) from a Family Practice Clinic to
prospectively study risk factors and ascertain outcomes for
CVE14. Subjects in both groups had a low 10-year CAD risk
according to the Framingham Risk Score (FRS). After 7 years
of followup, patients with SLE were found to have a signifi-
cantly higher rate of clinical CAD15. Multivariate analysis
revealed that SLE itself, older age at study entry, and trigly-
cerides (TG) above 2.8 mmol/l were predictive of CAD; other
risk factors had no significant effect.
    The aim of our present study was to further assess the
incidence of atherosclerotic CVE in the initial cohort after 15
years of followup and evaluate any differences in the relative
importance of traditional and SLE-related risk factors over
time. Particular emphasis was given to identify the factors
implicated in CVE development later in disease course.

MATERIALS AND METHODS
Patients with SLE. Patients with SLE were recruited from the University of
Toronto Lupus Clinic and followed prospectively. Clinical and laboratory
information, including therapy and relevant outcome measures, are system-
atically collected at 2- to 6-month intervals and stored in an electronic
database. Detailed description of the initial 250 patients has been published
elsewhere14,15. Briefly, women with SLE attending the Lupus Clinic from
May 1998 to June 2000 were invited to participate in the study. All patients
(mean disease duration 13.7 ± 9.7 yrs) fulfilled the 1997 American College
of Rheumatology classification criteria (n = 241) or 3 criteria and a confir-
matory skin or renal biopsy (n = 9)16. Patients were excluded if they had a
history of myocardial infarction (MI), angina pectoris, stroke, transient
ischemic attack (TIA), and/or peripheral vascular disease.
Controls. Two hundred and fifty age-matched women who were attending
the Family Practice Unit at the same hospital for routine annual assessment
were recruited during the same period. In addition to the aforementioned
exclusion criteria, controls were also excluded if they had a history of
connective tissue disease, treatment with corticosteroids or antimalarials or
immunosuppressives within the last 6 months, known renal impairment
(serum creatinine > 110 µmol/l), or significant proteinuria (+1 in dipstick or
≥ 500 mg/day in 24-h collection).
      Patients and controls gave informed consent that was reconfirmed for
the present report, and the University Health Network Research Ethics Board
provided approval for the initial and followup studies (UHN/REB: 14-7975
AE).
Methods and study design. Initial characteristics and risk factor documen-
tation have been described previously14. Briefly, all participants were
assessed for blood pressure at study onset and use of antihypertensive
therapy, presence of diabetes and specific therapy, lipid proteins and subfrac-
tions, smoking history, body mass index (BMI), waist-hip ratio, metabolic
syndrome, history of thyroid disease, menstrual status, and use of oral contra-
ceptives or hormone replacement therapy. Specific questionnaires were used
to assess any positive family history for premature CAD (defined as a CAD
event before the age of 55 for male and 65 for female first-degree relatives)
as well as the level of physical activity [Physical Activity Index (PAI)]. For
patients with SLE, SLE Disease Activity Index 2000 (SLEDAI-2K) and the
3-year adjusted mean SLEDAI (AMS; 3 yrs before enrollment up to study
entry and between 2005 and 2007) were calculated to quantify overall

disease activity. Information on the use of antimalarials, prednisone, and
immunosuppressive medications was also collected.
      Laboratory measures for all participants included complete blood count,
serum creatinine, fasting plasma glucose, CRP, activated partial thrombo-
plastin time, lipid profile [including total cholesterol (TC), TG, HDL,
low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), and
lipoprotein(a)], and urinalysis. Plasma homocysteine was also measured
along with plasma and red blood cell folate levels. In patients only, these
were also measured: complement fragments C3 and C4, anti-dsDNA
antibodies, lupus anticoagulant, and anticardiolipin antibodies (IgM, IgG).
Outcome definition. Outcome data regarding patients with SLE were
obtained from the Lupus Clinic Oracle database. In case of lost-to-followup
patients, most were accessed through telephone interviews and/or responded
to pre-established questionnaires; reported events were cross-referenced with
the respective Electronic Patient Record. For controls, clinical CVE were
documented through telephone interviews and clarified through chart
reviews. Outcomes included angina pectoris, acute MI (fatal and nonfatal),
TIA, stroke (fatal and nonfatal), and cardiovascular (CV) death; in all
occasions atherosclerosis was the underlying cause. Outcome definitions
were based upon internationally accepted criteria and have been described
previously15. For the needs of our present study, we characterized the
evolution of risk factors and CV outcomes in 2 different epochs (2000–2007
and 2008–2015).
Statistical analysis. Demographic features of patients with SLE were
compared to controls using t test and chi-square test. Categorical classifi-
cation of Framingham risk factors was determined using currently accepted
definitions. For continuous variables, means, SD, and p values are provided.
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 CVE versus those who
did not.
      Kaplan-Meier cumulative event curve was plotted and stratified
according to the presence of SLE. Log-rank test was used to compare the
probability of CVE developed over time between patients with and without
SLE. A Cox proportional regression model was performed to the role of
traditional and disease-related risk factors in relation to the development of
CVE. Patients with SLE and controls were included in a single model.
Patients were censored as of the time of their last clinic visit or death whereas
controls were censored as of the time of last contact or death. Cox propor-
tionality and linearity for continuous variables were satisfied. Stepwise
variable selection method was used in the multivariate analysis; p values
were set to 0.15 and 0.10 for variable entry and retention.

RESULTS
CVE and initial risk factor profile (2000). The findings of the
first epoch of the study have been published15. Briefly, there
were 17/241 (7.1%) CAD events in the SLE cohort and 5/237
(2.1%) in the control population. Independent risk factors
identified were SLE, older age at enrollment, and TG > 2.8
mmol/l. Followup data, after 15 years, were available for 210
patients with SLE and 138 controls from the initial cohort.
Baseline (2000) characteristics are shown in Table 1.
    In total (2000–2015), atherosclerotic CVE occurred in
41/210 patients (19.5%) and 9/138 controls (6.5%); more
than 1 CVE occurred in certain individuals. Angina and MI
were simultaneously documented in 4 controls, while 1
patient with SLE developed both MI and stroke. The
incidence of CVE was 0.015 events/patient-years for patients
with SLE and 0.004 events/patient-years for controls.
Coronary artery disease (CAD, angina, and MI) was more
common in SLE than controls (32/210, 15.2% vs 5/138,
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3.6%, p = 0.0041), whereas there was no statistically signifi-
cant difference for cerebrovascular disease (TIA and stroke;
10/210, 4.8% vs 3/138, 2.2%, p = 0.213). The mean time for
the occurrence of a CVE in patients with SLE was 8.8 ± 5.2
years. The probability of CVE development in patients with
SLE and controls was statistically different (p = 0.0001,
nonparametric log-rank test). Kaplan-Meier survival curve
demonstrated that patients with SLE always had higher rates
of CVE, and this difference became greater with longer
followup (Figure 1). The actual numbers of CVE that

occurred in patients with SLE were 17/241 (7.1%) between
2000 and 2007 and 24/210 (11.4%) between 2008 and 2015.
In addition, no CVE-related deaths were observed between
2000 and 2007 whereas 10/210 (4.8%) such deaths occurred
between 2008 and 2015 in patients with SLE. No
CVE-related death was observed in controls.
    Initial risk factor profile revealed a higher prevalence of
arterial HTN (67/210, 31.9% vs 17/138, 12.3%, p < 0.001)
and DM (9/210, 4.3% vs 0/138, 0%, p = 0.036) in the patient
group. Patients also had higher serum creatinine and lower
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Table 1. Baseline characteristics of patients and controls in 2000. Values are n (%) unless otherwise specified.

Variables                                                               SLE, n = 210               Controls, n = 138                   p

Age at study entry, yrs, mean ± SD                      44.29 ± 11.76                  44.93 ± 13.02                  0.634
Race                                                                                                                                                           
     White                                                                 158 (75.2)                       123 (89.1)                     0.013
     Black                                                                   24 (11.4)                            6 (4.4)                             
     Asian                                                                    13 (6.2)                            7 (5.1)                             
     Others                                                                   14 (6.7)                            2 (1.5)                             
Post-menopause                                                       82 (39.0)                         39 (28.3)                      0.039
Family history for CAD                                           81 (38.6)                         58 (42.0)                      0.519
Arterial hypertension                                               67 (31.9)                         17 (12.3)                     < 0.001
Diabetes mellitus                                                       9 (4.3)                               0 (0)                          0.036
Dyslipidemia                                                            67 (31.9)                         53 (38.4)                      0.212
Smoking, current                                                      32 (15.2)                         22 (15.9)                      0.710
Physical Activity Index score, mean ± SD          37.24 ± 10.70                  41.54 ± 11.14                 < 0.001
Body mass index, mean ± SD                               24.96 ± 6.27                    25.68 ± 5.33                   0.269
Creatinine, µmol/l, mean ± SD                            79.01 ± 32.60                   70.21 ± 9.47                   0.003
Oral contraceptive                                                     10 (4.8)                          17 (12.3)                       0.02
10-yr Framingham Risk Score, mean ± SD           3.09 ± 3.96                      3.43 ± 4.90                    0.485
Followup duration, yrs, mean ± SD                      13.19 ± 4.65                    15.63 ± 2.60                  < 0.001

SLE: systemic lupus erythematosus; CAD: coronary artery disease.

Figure 1. Kaplan-Meier plot for atherosclerotic CVE occurrence in patients and controls.
Patients with SLE always had higher rates of CVE, the difference becoming greater with longer
followup. CVE: cardiovascular events; SLE: systemic lupus erythematosus.
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PAI. On the contrary, proportionally more controls were
white and oral contraceptive users. The frequency of other
variables did not differ significantly (Table 1). Notably, the
prevalence of all traditional risk factors at baseline was highly
comparable with the initial cohorts for both patients with SLE
and controls14.
Traditional and disease-related risk factors by CVE
(2000–2007). Further analysis of patients and controls on the
basis of CVE development showed that arterial HTN was
more frequent in patients and controls who had a CVE (Table
2). Hypercholesterolemia and smoking rates were signifi-
cantly higher in controls with CVE, while these differences
were marginal in patients with SLE. Low levels of HDL were
more frequent in SLE patients without CVE. The number of
risk factors and the 10-year FRS were higher in both patients
with CVE and controls with CVE. Interestingly,
disease-related factors positive rate did not differ between
SLE patients with CVE and those without (Table 2): the
SLEDAI-2K, AMS (3 yrs up to baseline), corticosteroid,
antimalarial and immunosuppressive frequency of use,
average daily prednisone dose, and antiphospholipid
antibodies (aPL; lupus anticoagulant and IgM and IgG
anticardiolipin antibodies).
    Regarding the lipid profile, none of the initially studied
variables was found to differ significantly between CVE and
non-CVE patients in the SLE group. It should be mentioned
that about one-third of SLE patients with CVE were receiving
statins at baseline. On the contrary, controls with CVE had
higher TC, LDL, VLDL, TG, and CRP.
    Multivariate Cox regression analysis for patients and

controls covering the entire study period (2000–2015)
demonstrated these to be important predictors for CVE in all
participants (Table 3): SLE, age at study entry, number of
traditional risk factors, VLDL, homocysteine ≥ 15 µmol/l,
and CRP.
Evolution of traditional and disease-related risk factors
(2008–2015). Given that there was no interim assessment of
the control population regarding the traditional risk factors,
analysis was performed only within the SLE group on the
basis of CVE development (Table 4). Apart from increasing
age, the prevalence of arterial HTN was significantly
increased in the entire SLE cohort as well as the average
BMI. The prevalence of diabetes was also increased, although
insignificantly. On the contrary, the frequency of other tradi-
tional risk factors, such as low HDL, was decreased. The FRS
between 2000 and 2008 was only marginally increased (Table
4). Regarding disease-related risk factors, time-adjusted
disease activity (as assessed with AMS from 1998–2000 and
2005–2007, respectively) was significantly lower in 2008
while cumulative damage (excluding CV component) was
increased.
    Patients who had a CVE between 2008 and 2015 were
older at 2008 baseline and more frequently had HTN
[although mean systolic and diastolic blood pressure (BP), as
assessed by the actual measurements of the last 4 clinic visits,
did not differ; Table 5]. Interestingly, 60% of the HTN cases
were attributed to corticosteroids because HTN was detected
after corticosteroid initiation or a significant increase in
prednisone daily dose. Regarding diabetes, there was a signifi-
cant increase in the CVE group and all these cases were
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Table 2. Baseline traditional and disease-related risk factors by outcome in patients and controls (2000–2015). Values are n (%) unless otherwise specified.

Variables                                                                                     SLE Patients                                                                               Controls
                                                                 CVE, n = 41          No CVE, n = 169               p                     CVE, n = 9            No CVE, n = 129               p

Hypertension                                               20 (48.8)                   47 (27.8)                    0.01                     6 (66.7)                      11 (8.5)                  < 0.001
Hypercholesterolemia                                 18 (43.9)                   49 (29.0)                   0.066                    7 (77.8)                     46 (35.7)                  0.012
Low HDL, < 0.9 mmol/l                               2 (4.9)                      13 (7.7)                     0.01                     1 (11.1)                     13 (10.1)                  0.921
Current smoker                                              4 (9.8)                     28 (16.6)                   0.074                    4 (44.4)                     18 (14.0)                  0.016
Diabetes mellitus                                           3 (7.3)                       6 (3.6)                     0.069                          0                                 0                           n/a
Family history of CAD                               19 (46.3)                   62 (36.7)                   0.255                    6 (66.7)                     52 (40.3)                  0.121
No. risk factors, mean ± SD                      1.61 ± 1.02                1.21 ± 1.01                 0.025                 2.67 ± 1.00                 1.09 ± 0.88               < 0.001
Framingham 10-yr risk, mean ± SD          4.78 ± 4.67                2.69 ± 3.68                 0.003                  12.9 ± 6.8                  2.74 ± 3.96               < 0.001
SLEDAI-2K, mean ± SD                          3.88 ± 3.47                3.69 ± 4.35                 0.805                           
Adjusted mean SLEDAI-2K, 1998–2000, 
   mean ± SD                                              3.98 ± 4.16                4.04 ± 4.21                 0.933                           
Corticosteroid treatment                              26 (63.4)                   89 (52.7)                   0.215                           
Prednisone daily dose, mean ± SD            9.74 ± 7.23               11.72 ± 9.78                0.324                           
Cumulative prednisone dose, 1998–2000, 
   mean ± SD                                              43.0 ± 45.2                28.4 ± 28.9                 0.099                           
Antimalarial treatment                                23 (56.1)                   90 (53.3)                   0.743                           
Immunosuppressive treatment                      16 (39)                     48 (28.4)                   0.185                           
Antiphospholipid antibodies*                      8 (19.5)                      27 (16)                     0.54                            

*Antiphospholipid antibodies included lupus anticoagulant and IgM/IgG anticardiolipin antibodies. SLE: systemic lupus erythematosus; CVE: cardiovascular
events; HDL: high-density lipoprotein; CAD: coronary artery disease; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000; n/a: not
applicable.
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diagnosed as corticosteroid-induced diabetes. Dyslipidemia
was more frequent in the CVE group, although the average
levels of HDL and LDL were about the same between groups.
In addition, patients with CVE had a higher BMI; their
overall FRS was higher (Table 5).

    Concerning disease-related risk factors, patients with CVE
had a lower, yet insignificantly, global disease activity, but
significantly higher cumulative prednisone dose (between
2000 and 2008). These patients had a higher rate of active
renal (14/41, 34.1% vs 33/169, 19.5%, p = 0.044) and
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Table 3. Multivariate Cox regression analysis for CVE predictors 2000–2015 (210 patients with SLE and 138
controls).

Variables                                        HR                      95% Lower                  95% Upper                           p
                                                                             Confidence Limit         Confidence Limit                        

SLE                                               2.82                           1.27                              6.28                              0.011
Age at study entry                         1.06                           1.03                              1.09                           < 0.0001
No. traditional risk factors (family history of CAD, 

diabetes, HTN, hypercholesterolemia, 
low HDL, smoking)                   1.61                           1.16                              2.24                              0.004

VLDL cholesterol                         3.03                           1.49                              6.15                              0.002
Homocysteine ≥ 15 µmol/l           1.09                           1.02                              1.16                              0.008
CRP                                               1.77                           1.07                              2.92                              0.027

CVE: cardiovascular events; SLE: systemic lupus erythematosus; CAD: coronary artery disease; HTN: hyper-
tension; HDL: high-density lipoprotein; VLDL: very low-density lipoprotein; CRP: C-reactive protein.

Table 4. Comparison between the 2 phases of the study (2000–2007 and 2008–2015). Values are n (%) unless
otherwise specified.

Variables                                                    Patients without         Patients with          All Patients,             p
                                                                    CVE, n = 169            CVE, n = 41               n = 210                  

Age at 2000, yrs, mean ± SD                        43.1 ± 11.8               49.3 ± 10.2             44.3 ± 11.8        < 0.0001
Age at 2008, yrs, mean ± SD                          51 ± 12.1                 56.8 ± 10.4               52.1 ± 12                
HTN 2000                                                    47/169 (27.8)            20/41 (48.8)           67/210 (31.9)             
HTN 2008                                                     35/152 (23)              26/41 (63.4)           87/193 (45.1)      < 0.0001
High total cholesterol 2000, 

> 5.2 mmol/l                                             49/169 (29.0)            18/41 (43.9)           67/210 (31.9)             
High total cholesterol 2008, 

> 5.2 mmol/l                                             48/155 (31.0)            16/40 (40.0)           64/195 (32.8)         0.106
Low HDL 2000, < 1 mmol/l                         13/166 (7.8)               2/34 (5.9)              15/200 (7.5)              
Low HDL 2008, < 1 mmol/l                          3/149 (2.0)                1/39 (2.6)               4/188 (2.1)         < 0.001
Diabetes mellitus 2000                                  6/169 (3.6)                3/40 (7.5)               9/209 (4.3)               
Diabetes mellitus 2008                                  8/155 (5.2)               7/40 (17.5)             15/195 (7.7)          0.132
Smoking, current, 2000                               28/169 (16.6)               4/40 (10)             32/209 (15.3)             
Smoking, current, 2008                               15/155 (9.68)                2/40 (5)               17/195 (8.7)       < 0.0001
Body mass index 2000                                   24.7 ± 6.0                 26.0 ± 7.2                 25 ± 6.3                  
Body mass index 2008                                   25.4 ± 5.8                 28.6 ± 7.4                 26 ± 6.2          < 0.0001
Framingham Risk Score 2000                         2.7 ± 3.7                   4.8 ± 4.7                 3.1 ± 4.0                 
Median                                                                                                                                  2.0                      
Framingham Risk Score 2008                         3.5 ± 3.6                   5.6 ± 4.6                 4.1 ± 2.5            0.0534
Median                                                                                                                                  3.0                      
Serum creatinine ≥ 110 mmol/l 2000             10/168 (6)                7/40 (17.5)             17/208 (8.2)              
Serum creatinine ≥ 110 mmol/l 2008           15/155 (9.7)              7/40 (17.5)            22/195 (11.3)         0.156
Adjusted mean SLEDAI 2000                         4.0 ± 4.2                   4.0 ± 4.2                 4.0 ± 4.2                 
Adjusted mean SLEDAI 2008                         3.2 ± 2.9                   2.8 ± 2.5                 3.1 ± 2.8            0.0447
SLICC/ACR DI 2000, excluding

CV component                                                                                                              1.4 ± 1.7                 
SLICC/ACR DI 2008, excluding

CV component                                              1.8 ± 1.9                 3.05 ± 2.86               2.1 ± 2.2          < 0.0001

CVE: cardiovascular events; HTN: hypertension; HDL: high-density lipoprotein; SLEDAI: Systemic Lupus
Erythematosus Disease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics; ACR:
American College of Rheumatology; DI: damage index.
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neuropsychiatric involvement (7/41, 17.1% vs 14/169, 8.3%,
p = 0.092) during that period (data not shown). Cumulative
damage was higher in patients with CVE, although the
Damage Index components that are directly linked to longterm
corticosteroids (cataract, muscle atrophy, avascular necrosis,
and osteoporosis with fractures) were more prevalent in
patients who did not develop any CVE (Table 5).
Predictors for all-cause mortality. There were 31 deaths
among patients with SLE and 6 among controls. In the SLE
cohort, 10 deaths were attributed to CV causes (6 MI, 2
strokes, 1 cerebral aneurysm, and 1 aortic dissection), 8 to
malignancy, 6 to infection, 1 to active SLE, 1 to respiratory
failure, and 5 to other causes. For controls, 5 deaths were
attributed to malignancy and 1 to infection. Important
predictors for all-cause mortality were SLE (HR 4.2, 95% CI
1.02–17.4, p = 0.04), age at study entry (HR 1.09, 95% CI
1.04–1.14, p = 0.0003), and number of traditional risk factors
(HR 2.49, 95% CI 1.28–4.81, p = 0.007).

DISCUSSION
Accelerated atherosclerosis leading to CVE represents one

of the major causes of death in SLE, with the respective
standardized mortality ratio to be the only one that did not
diminish over time17. Moreover, a greater relative risk has
been demonstrated in younger ages because patients with
SLE aged 20–39 years had a 16-fold increased risk of death
from CAD in a population-wide study from Sweden18.
Increased morbidity for CAD has been confirmed even
during the first year after diagnosis (relative risk for MI =
5)19, as well as 2 years preceding diagnosis20.
    The pathophysiology of premature atherosclerosis in SLE
is incompletely understood and involves complex inter-
actions between traditional and disease-related risk factors21.
Among the latter, SLE itself confers the greater risk for
premature CAD and disease activity, and cumulative damage;
certain autoantibodies, soluble inflammatory factors, and
medications seem to be involved as well13. Nevertheless, the
importance of traditional risk factors cannot be underesti-
mated, because early detection and management may
improve longterm prognosis.
    Several studies have thus far attempted to address the
question of which factors can drive CAD development in
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Table 5. Traditional and disease-related atherosclerotic risk factors for SLE patients with and without CVE at the
2008 baseline. Values are mean ± SD unless otherwise specified.

Variables                                                               Patients without              Patients with                   p
                                                                               CVE, n = 169                 CVE, n = 41

Age, yrs                                                                  50.98 ± 12.13                56.80 ± 10.37                0.005
HTN, n (%)                                                                62 (36.7)                        26 (63.4)                   0.015
Steroid-induced HTN, n (%)                                   25/62 (40.3)                    15/25 (60)                  0.001
Systolic BP, mmHg                                               120.83 ± 15.15              126.35 ± 20.60               0.059
Diastolic BP, mmHg                                              73.86 ± 10.15                73.70 ± 11.11                0.931
Diabetes, n (%)                                                            8 (4.7)                           7 (17.1)                    0.006
Steroid-induced diabetes, n (%)                                  4/8 (50)                         7/7 (100)                  < 0.001
Dyslipidemia                                                              21 (12.4)                        16 (39.0)                  < 0.001
Total cholesterol, mmol/l                                         4.76 ± 0.86                    5.21 ± 1.35                  0.011
Triglycerides, mmol/l                                               1.36 ± 0.76                    1.80 ± 0.92                  0.003
HDL, mmol/l                                                            1.66 ± 0.48                    1.63 ± 0.49                  0.653
LDL, mmol/l                                                            2.52 ± 0.81                    2.69 ± 0.84                  0.234
Body mass index                                                     25.40 ± 5.80                  28.57 ± 7.45                 0.013
    Median (IQR)                                                      24 (22–27)                     28 (23–33)                  0.018
Smoking, current, n (%)                                         15/155 (9.68)                     2/40 (5)                    1.000
Framingham Score 2008                                          2.26 ± 2.45                    3.44 ± 2.39                  0.006
    Median (IQR)                                                         3 (0–4)                           3 (2–5)                     0.004
Adjusted mean SLEDAI 2005–2007                       3.15 ± 2.85                    2.83 ± 2.55                  0.525
    Median (IQR)                                                         3 (1–5)                           2 (1–4)                     0.622
SLICC/ACR DI, excluding CVD component          1.83 ± 1.91                    3.05 ± 2.86                  0.002
    Median (IQR)                                                         1 (0–3)                           3 (1–5)                     0.012
Cumulative prednisone dose, g, between 2000 
    and 2008                                                            33.92 ± 31.45                50.49 ± 40.88                0.015
    Median (IQR)                                                      24 (11–48)                     34 (20–82)                  0.034
SLICC steroid-related 2008 (cataract or muscle atrophy or 
    weakness or osteoporosis with fractures 
    or avascular necrosis), n (%)                                141 (83.4)                       29 (70.7)                   0.063

SLE: systemic lupus erythematosus; CVE: cardiovascular events; HTN: hypertension; BP: blood pressure; HDL:
high-density lipoprotein; LDL: low-density lipoprotein; IQR: interquartile range; SLEDAI: Systemic Lupus
Erythematosus Disease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics; ACR:
American College of Rheumatology; DI: damage index; CVD: CV disease.
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patients with SLE2,3,4,22–40; their usual followup was about
8 years. The major differentiation of the present prospective
study was that the average followup period was 13–15 years,
covering the first 15 years after menopause, which is
reportedly the most dangerous period for atherosclerotic CVE
in female patients with SLE. The longterm followup allowed
for the evaluation of differences in the relative importance of
certain risk factors over time and eventually for timely
management of these factors.
    Considering the entire duration of our study, the relative risk
for atherosclerotic CVE in patients with SLE was increased
4-fold as compared to controls; the difference was more
substantial in CAD and not in cerebrovascular disease. In
addition, the difference in CVE prevalence increases over time.
Several factors were independent predictors of CVE in the
combined cohort, such as SLE itself, age at study entry, number
of traditional risk factors, VLDL, homocysteine, and CRP.
    The concept of SLE as an independent variable for accel-
erated atherosclerosis is multifactorial. Apart from the
well-known role of the aPL, which have been demonstrated
to significantly affect CV risk22,23,25,27,31,35, anti-dsDNA
antibodies were also implicated31. Of note, aPL possibly
contribute to the development of CVE by promoting throm-
bosis on a preexisting plaque rather than being directly
involved in the atherosclerotic process. Other factors include
renal function impairment25,31 and/or proteinuria39,40, as well
as neuropsychiatric involvement2,22,24. Besides the aforemen-
tioned variables, the most important, and consistently demon-
strated, disease-related risk factors are increased disease
activity22,23,31,32,36 and cumulative damage22,27,33.
    In our present study, SLE itself was a powerful predictor
for CVE in the first 8 years of the study when the patients’
age ranged from 32 to 54 years. However, during the second
half of the study, traditional risk factors (HTN, diabetes,
dyslipidemia, BMI) became more important because disease
activity was significantly decreased. Patients with CVE had
been administered a significantly higher cumulative
prednisone dose; these patients also had higher rates of corti-
costeroid-induced HTN and diabetes and they had a higher
BMI and higher prevalence of dyslipidemia. Despite
adequate control of disease activity (as indicated by the
reduction in AMS) and HTN and dyslipidemia (as by the
comparable mean systolic and diastolic BP and LDL levels),
these patients developed CVE more frequently. Cortico-
steroids have been demonstrated to increase the burden of
CV risk30,31,39; other studies, however, did not reach similar
conclusions33,38. Antimalarials are thought to be protec-
tive32,40. Corticosteroids are capable of interfering with
several biochemical pathways, thus increasing the severity
of traditional risk factors, such as glucose and lipoprotein
metabolism impairment and blood pressure21.
    Most of the traditional risk factors were detected in higher
frequency in patients and controls who had a CVE, as already
described by other investigators22–40. Regarding dyslipidemia

in particular, there was a higher frequency of elevated choles-
terol and TG in patients with CVE, despite statin therapy and
achieving LDL and HDL targets (as indicated by the 2008
values). In line with this observation, previous reports have
described the role of TC3,22,32,34,36 and TG15,36 in
SLE-related accelerated atherosclerosis. Surprisingly, there
is no solid evidence that increased LDL is an independent
predictor for CVE in patients with SLE27,33,38. This
discrepancy, as compared to the general population, may be
attributed to the relatively small number of patients and CVE
in SLE studies. It has been shown that time-adjusted values
of TC are more accurate in predicting CV risk32; thus,
frequent assessment of lipid profile is important in assessing
CV risk and the need for treatment.
    A global assessment of the effect of traditional risk factors
on CV risk is achieved through the FRS, a validated tool for
the general population. In our study, FRS significantly under-
estimated CVE in patients with SLE at 2000 baseline
(predicted for 10 yrs = 3.1%, actual in 8 yrs = 7.1%), as well
as at 2008 baseline (predicted for 10 yrs = 4.1%, actual in 8
yrs = 11.4%). The explanation is that the FRS relies heavily
on age (younger patients have a significantly lower score)
and does not take into account the chronic systemic inflam-
mation of SLE. In this context, it was recently demonstrated
that a doubling of FRS dramatically increases its accuracy41.
    The disease itself was found to be a strong predictor of
all-cause mortality, conferring a 4-fold increased risk of
death, a finding that is in agreement with previous reports42.
About one-third of deaths in our cohort were attributed to
CV disease; however, it was demonstrated that increased
mortality in patients with SLE remains even after adjustment
for CV causes20. Nevertheless, the total number of tradi-
tional atherosclerotic risk factors was also an independent
predictor for all-cause mortality, reflecting their contribution
to CVE.
    Limitations of our present study are primarily the lost-to-follow-
up patients (16%) and controls (44.8%); however, the
longterm followup (13–15 yrs) and the fact that controls were
healthy women with minimal needs for repeated medical
appointments may justify these numbers. Consequently, the
evolution of traditional risk factors in controls could only be
documented by telephone interview, which has inherent
weaknesses. Moreover, the evolution of lipid profile over
time has not been documented in controls. It should be noted
that novel risk factors for accelerated atherosclerosis, such as
certain cytokines and autoantibodies, were not available at
inception and therefore could not be followed over time.
    SLE-related risk factors drive accelerated atherosclerosis
in the early stages of the disease while traditional risk factors,
partially attributed to increased cumulative prednisone dose,
significantly affect CV risk in later stages. Thus, as patients
survive longer and their disease is better controlled,
continued vigilance in monitoring and treating CV risk
factors must remain a priority.
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