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Abstract
Patients with systemic lupus erythematosus (SLE) are at increased risk for cardiovascular (CV)
disease. The aim of this study was to investigate the association between subclinical CV disease as
measured by carotid intima-media thickness (IMT) and plaque using B-mode carotid ultrasound
and incident CV events in a combined cohort of female patients with SLE. This was a prospective,
2-center observational study of 392 adult women with SLE and no previous CV events with a
mean 8 years of follow-up. Incident CV events confirmed by clinicians were defined as angina,
myocardial infarction, percutaneous transluminal coronary angioplasty, coronary artery bypass
graft, fatal cardiac arrest, transient ischemic attack, and cerebrovascular accident. Incident hard
CV events excluded angina and transient ischemic attack. The mean age was 43.5 years, and most
patients were Caucasian (77.3%). During follow-up, 38 patients had incident CV events, and 17
had incident hard CV events. Patients with incident hard CV events had higher mean carotid IMT
(0.80 vs 0.64 mm, p <0.01) and presence of carotid plaque (76.5% vs 30.4%, p <0.01) compared
with those without incident hard CV events. Baseline carotid IMT and presence of plaque were
predictive of any incident hard CV event (hazard ratio 1.35, 95% confidence interval 1.12 to 1.64,
and hazard ratio 4.26, 95% confidence interval 1.23 to 14.83, respectively), independent of
traditional CV risk factors and medication use. In conclusion, in women with SLE without
previous CV events, carotid IMT and plaque are predictive of future CV events. This suggests that
carotid ultrasound may provide an additional tool for CV risk stratification in patients with SLE.

Systemic lupus erythematosus (SLE), an autoimmune inflammatory disease primarily
affecting women of child-bearing age, manifests with frequent disease flares that may
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ultimately lead to organ failure. Patients with SLE are at higher risk for cardiovascular (CV)
disease (CVD) compared with women of similar ages.1–5 Young women aged 36 to 45 years
with SLE were found to have a 50-fold greater risk for myocardial infarction compared with
women of similar ages in the Framingham Offspring study.6 Cross-sectional and
retrospective cohort studies have shown that hypertension, obesity, diabetes mellitus,
smoking, hyperlipidemia, and a sedentary lifestyle play a role in accelerated
atherosclerosis.2,3,7 However, the diagnosis of SLE remains a strong risk factor for CVD,
even after controlling for traditional Framingham risk factors.8 The most important SLE
factors contributing to premature CVD remain unknown. Noninvasive imaging techniques
have been used to explore why SLE predisposes women to excess CVD burden. Increased
rates of carotid plaque (37.1% vs 15.2%)9 and coronary calcification (30.7% vs 8.7%)10

have been reported in women with SLE compared with controls. Other studies have found
higher than expected rates of subclinical atherosclerosis in women with SLE.9–11 To the best
of our knowledge, noninvasive assessment of carotid intima-media thickness (IMT) and
plaque have not been evaluated for prediction of risk for incident CV events in longitudinal
studies of women with SLE. Noninvasive measures that can predict CV events would be
invaluable. The purpose of this study was to determine whether baseline carotid IMT and
plaque predict incident CV events in asymptomatic women with SLE.

Methods
A total of 392 women with SLE were enrolled in this study. We enrolled 289 women from
the Pittsburgh Lupus Cardiovascular Study (1995 to 1998) as part of a longitudinal National
Institutes of Health—funded study of CVD in patients with SLE. This cohort includes
patients seen either at the University of Pittsburgh Medical Center inpatient and outpatient
facilities or by rheumatologists in the Pittsburgh metropolitan area. Thus, the sample
represents a community-based spectrum of mild to severe SLE with minimal tertiary care
center referral bias. We also enrolled 185 women from the Study of Lupus Vascular and
Bone Long-Term Endpoints (SOLVABLE) at Northwestern University, a National Institutes
of Health—funded study. All subjects from the Pittsburgh Lupus Cardiovascular Study
fulfilled the 1982 American College of Rheumatology revised criteria for the classification
of SLE.12 All women from SOLVABLE fulfilled the 1982 or updated 1997 American
College of Rheumatology classification criteria for SLE12,13 and were ≥ 18 years of age.
CVD history was defined as having any of the following: myocardial infarction, angina,
cerebrovascular accident, transient ischemic attack, or coronary revascularization. Because
the aim of this study was to investigate the predictive values of carotid IMT and plaque at
baseline for incident CV events, we excluded subjects with SLE with histories of CVD as
defined earlier. At baseline, each participant completed B-mode carotid ultrasound, an
interview, a physical examination, and laboratory tests. In this study, the follow-up period
for the Pittsburgh cohort began in July 1995 and ended in April 2008, and the follow-up
period for the Chicago cohort began in December 2002 and ended in March 2012. Each
participant provided written informed consent and authorization for release of medical
information. The Pittsburgh Lupus Cardiovascular Study was approved by the University of
Pittsburgh’s Institutional Review Board, and SOLVABLE was approved by the Institutional
Review Board of Northwestern University.

Study procedures were uniform between the sites; the study visit included anthropomorphic
measurements (height, weight, and waist and hip circumferences), 2 consecutive blood
pressure readings (with patients seated and at rest for ≥5 minutes), and a blood draw after a
required overnight fast. Blood samples were used to measure total cholesterol, triglycerides,
and high-density lipoprotein cholesterol at the Lipid Laboratory in the University of
Pittsburgh Graduate School of Public Health, which has been Clinical Laboratory
Improvement Amendments certified by the Centers for Disease Control and Prevention.
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Low-density lipoprotein cholesterol was calculated from measured total cholesterol, high-
density lipoprotein, and triglycerides (using the Friedewald equation).14 Hypertension was
defined by physician diagnosis, measured mean blood pressure ≥ 140/90 mm Hg, or
antihypertensive medication use. Information was also collected on family history of CVD
(first-degree relative having a minor stroke before 60 years of age), cigarette smoking
(current, past, or never), childbearing history, and menopausal status.

Information was recorded on corticosteroid treatment (current, ever, and dosage) and current
use of hydroxychloroquine, immunosuppressant agents, nonsteroidal anti-inflammatory
drugs, antihypertensive drugs, hormonal therapy, and lipid-lowering medications. SLE
disease activity was measured by the Systemic Lupus Activity Measure.15 Cumulative
damage from SLE and/or its treatment was measured using the Systemic Lupus International
Collaborating Clinics damage index.16 Antiphospholipid antibodies, including
anticardiolipin immunoglobulin G/immunoglobulin M and lupus anticoagulant (i.e., mixed
partial thromboplastin time and dilute Russell viper venom time), were measured. An
enzyme-linked immunosorbent assay was used for the determination of high-sensitivity C-
reactive protein. All specialized laboratory tests (e.g., lipids, inflammatory markers,
antiphospholipid antibodies) for the 2 sites were performed at the same laboratory.

The sonographers from the 2 study sites were trained at the University of Pittsburgh
Ultrasound Research Laboratory. Carotid ultrasound was performed at the University of
Pittsburgh Ultrasound Research Laboratory and at the Northwestern University, as
previously described. All carotid ultrasound studies were read at the University of Pittsburgh
Ultrasound Research Laboratory. The common carotid artery, carotid bulb, and the first 1.5
cm of the proximal internal carotid artery and external carotid artery were digitized
bilaterally using a 5-MHz linear-array transducer on a Toshiba 140 (Toshiba, Tustin,
California) ultrasound machine. IMT readings were performed across 1-cm segments for
baseline and follow-up exams by a consistent reader using automated edge-detection
software (AMS, Stockholm, Sweden). Readings were blinded and spaced ≥ 1 month apart.
Values from these 8 measures were averaged to obtain the mean average IMT. The
intraclass correlation coefficient for carotid IMT was ≥0.90 between sonographers and 0.87
between readers.

Plaque was defined as a focal projection within the intima-media layer that was ≥50%
greater than adjacent IMT. The number of plaques was totaled bilaterally. The plaque index
was calculated by summing the number of plaques and plaque grades present in the bilateral
common carotid artery, bulb, and proximal ICA, which provided an estimate of overall
plaque burden.

CV events were defined as angina, myocardial infarction, percutaneous transluminal
coronary angioplasty, coronary artery bypass grafting, fatal cardiac arrest, transient ischemic
attack, and/or cerebrovascular accident. CV events were confirmed by (1) patient report with
physician confirmation, (2) chart review (by JRE, ZA, and RR-G), or (3) National Death
Index causes of death. The outcome variables were (1) time to any incident CV event, which
included all CV events, and (2) time to any incident hard CV event, which excluded angina
and transient ischemic attack. Of the 289 women with SLE enrolled at baseline in
Pittsburgh, 65 with previous CV events were excluded from this study and 4 were lost to
follow-up; of the 185 women with SLE enrolled at baseline in Chicago, 12 with previous
CV events were excluded and 1 did not have baseline carotid measures. Therefore, the
present study sample was composed of the remaining 392 (220 from Pittsburgh and 172
from Chicago) women with SLE and without CV events.
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The 10-year absolute risk score for hard CV events was calculated using gender-specific
regression equations described by the Framingham Heart Study, which included age,
smoking, diabetes, systolic blood pressure, antihypertensive medication use, and total and
high-density lipoprotein cholesterol.17 Low, intermediate, and high risk in that study were
defined as 0% to <6%, 6% to 20%, and >20%, respectively. Because our mean observed
follow-up at the time of analysis was 8 years, we redefined the low-, intermediate-, and
high-risk intervals for 8-year risk for hard CV events to be 0% to <4%, 4% to 14%, and
>14% on the basis of the proportionality assumption of incidence rate.18

Descriptive statistics are reported as mean ± SD or as median (interquartile range) for
continuous variables on the basis of distribution and as percentages for categorical variables.
The means or medians of continuous variables were compared using either Student’s t tests
or Wilcoxon’s rank-sum tests, depending on the distribution of the data. Categorical
variables were analyzed using Fisher’s exact or chi-square tests. Age-adjusted and
multivariate Cox proportional-hazards models were used to identify predictors of time to
any incident CV event and time to any incident hard CV event. Carotid IMT and plaque
were treated as 2 separate predictors in the regression models. The test of proportional
assumptions was also performed. Kaplan-Meier survival analysis and log-rank and
Wilcoxon’s tests for equality were performed for carotid plaque. All tests were 2 sided, with
a significance level of 0.05. Analyses were performed using Stata SE version 11.0 for
Windows (StataCorp, College Station, Texas).

Results
The 392 female subjects with SLE had a mean age of 43.5 years and were predominantly
Caucasian (77.3%). The 2 study sites differed by ethnicity, level of education, and duration
of follow-up (Table 1). The mean SLE disease duration was 10.7 years, and the mean
Systemic Lupus International Collaborating Clinics damage score was 1.27 (Table 2). The
overall mean duration of follow-up was 7.9 years. A total of 65 new CV events occurred
during follow-up: 22 episodes of angina, 10 myocardial infarctions, 10 percutaneous
transluminal coronary angioplasty procedures, 5 coronary artery bypass graft procedures, 3
cardiac arrests, 7 transient ischemic attacks, and 8 cerebrovascular accidents. A total of 38
patients had incident CV events and 17 patients had incident hard CV events. The incidence
rates per 1,000 person-years for any CV events and any hard CV events were 0.04 and 0.02,
respectively. The SLE-specific factors, including SLE duration, disease activity, damage,
and clinical manifestations by American College of Rheumatology criteria were not
significantly different between those with and without any incident hard CV events (Table
2). However, compared with patients without incident hard CV events, those with any
incident hard CV events were significantly older, reported longer durations of glucocorticoid
use, had higher total cholesterol levels, had higher systolic blood pressures, and were more
likely to be taking lipid-lowering drugs at baseline. Furthermore, women with SLE and with
any incident hard CV events also had significantly higher mean carotid IMT at baseline
(0.80 vs 0.64 mm) and were more likely to have carotid plaque at baseline (76.5% vs 30.4%)
compared with those without any incident hard CV events (all p values <0.01).

Longer SLE disease duration and duration of glucocorticoid use at baseline were
significantly associated with any incident CV event in age-adjusted Cox regression models
(Table 3). Carotid IMT (hazard ratio [HR] 1.14, 95% confidence interval [CI] 1.00 to 1.31, p
= 0.05) and plaque at baseline (HR 1.83, 95% CI 0.91 to 3.66, p = 0.09) were borderline
predictors of any incident CV events in age-adjusted Cox regression models. However,
carotid IMT and carotid plaque at baseline were significant predictors of incident hard CV
events (Tables 3 and 4). Carotid plaque at baseline was associated with a nearly 5-fold
increased risk for any incident hard CV event (HR 4.67, 95% CI 1.41 to 15.53, p = 0.01),
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whereas carotid IMT was associated with an HR of 1.35 (95% CI 1.15 to 1.59, p <0.01) in
the separate multivariate Cox regression models. The significant association between carotid
measures and incident hard CV events was independent of other significant predictors,
including Framingham risk score, lipid-lowering medication use, and longer duration of
glucocorticoid use. The addition of study site location, smoking history, menopausal status,
antiphospholipid antibodies, Systemic Lupus International Collaborating Clinics damage
score, hormonal therapy, or immunosuppressive therapy did not attenuate the significant
association in the multivariate regression models. The proportionality assumption was met.
Figure 1 illustrates the Kaplan-Meier estimates for incident hard CV events stratified by
patients with SLE with and without carotid plaque. Log-rank tests and Wilcoxon’s tests for
equality of survival showed significant differences between the 2 groups (p <0.01 for both).
Figure 2 illustrates that patients with SLE and without carotid plaque at baseline appeared to
have lower risk for any incident hard CV event, regardless of Framingham risk category,
compared with those with carotid plaque at baseline.

Discussion
In this cohort of women with SLE who were free of CV events at study entry, carotid IMT
and the presence of carotid plaque at baseline were significantly associated with incident
hard CV events during a mean follow-up period of 7.9 years. The presence of carotid plaque
at baseline was associated with a greater than fourfold increased risk for any hard CV
events. Kaplan-Meier estimates indicated that the presence of plaque was related to a higher
rate of any CV event compared with the absence of plaque. These results suggest that
indicators of preclinical CVD are associated with worse CV outcomes over time.

Several population-based studies have shown significant associations between incident CV
events and carotid IMT.19–22 In the Framingham Offspring cohort, the maximal and mean
common carotid IMT measurements were predictive of CV outcomes, whereas the presence
of plaque significantly improved the prediction of incident CV events and added predictive
value to the Framingham risk score. Similar to these population-based studies, we also found
the predictive value of carotid IMT and plaque with incident CV events to be independent of
known modifiable CV risk factors in women with SLE, such as hypertension and
hyperlipidemia requiring lipid-lowering medication. Similar to non-SLE studies, we found a
significant association between longer duration of glucocorticoid use at baseline and
incident hard CV events.23,24 This association may be explained by the metabolic disorder
induced by glucocorticoids and the need for continued use of glucocorticoids to treat
SLE.25–27 Glucocorticoids exert significant immunosuppressant and anti-inflammatory
effects that are important and often necessary in the management of SLE but are not without
side effects, including osteonecrosis and osteoporosis. Many studies have also found
associations between glucocorticoid use and higher rates of CVD.

Although an increased risk for CVD is present in patients with SLE, there is evidence
suggesting glucocorticoids themselves may be a contributing factor. Longer duration of
prednisone use and higher cumulative prednisone dose have been associated with presence
of carotid plaque,11 and years of steroid use is associated with progression of IMT in women
with SLE.28 However, more active SLE may suggest the need for more or longer
glucocorticoid use, and it is unclear if there is a direct relation between glucocorticoid use
and CVD or if it is a marker of cumulative disease activity.29

Our study had some limitations and strengths. Our combined cohort consists of only female
patients with SLE, predominantly Caucasian, who had mild SLE disease and damage on the
basis of their Systemic Lupus Activity Measure and Systemic Lupus International
Collaborating Clinics scores, respectively. Therefore, our findings may not be generalized to
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male patients with SLE, non-Caucasians, or those with more severe SLE. Because of the
limited number of CV events observed during the study period, the CI for the association
between carotid plaque and hard CV events was wide. Instead of measuring only the
common carotid artery, as was done in many studies, we used all segments of carotid
arteries in the measurement of carotid IMT. Although our combined cohort was from 2
different study sites, the carotid ultrasonographers were trained by the same site, and all
carotid ultrasound studies were also read at the same site.

Our findings suggest that these noninvasive carotid measures may have independent value in
the estimation of future CV outcomes in CV event—free women with SLE. In women with
SLE, who are already known to have greater CV risks compared with patients without SLE,
the presence of carotid plaque increases the risk for incident CV events. Therefore, carotid
measures, especially the presence of carotid plaque, in CV event—free women with SLE
should alert clinicians to treat modifiable CV risk factors more aggressively. Awareness of
the additional CV risk posed by the presence of carotid plaque may also encourage these
women with SLE to adhere to prescribed medical management for CVD prevention.
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Figure 1.
Kaplan-Meier estimates for time to any incident hard CV event by carotid plaque. Women
with SLE with carotid plaque (solid line) were more likely to have any incident hard CV
events compared with those without carotid plaque (black line with a dot) at follow-up (p
<0.01 by log-rank and Wilcoxon’s tests).
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Figure 2.
Kaplan-Meier estimates for time to any incident hard CV event by Framingham risk groups:
(A) all women with SLE (p <0.01 by log-rank and Wilcoxon’s tests); (B) with carotid
plaque (p <0.01 by log-rank and Wilcoxon’s tests); and (C) without carotid plaque (p = 0.11
by log-rank test and p = 0.09 by Wilcoxon’s test).
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Table 1

Demographic characteristics of women with systemic lupus erythematosus by study site

Variable Pittsburgh Chicago p Value

(n = 220) (n = 172)

Age (yrs) 51.4 ± 11.4 43.1 ± 10.1 0.15

Caucasian 198 (90%) 105 (61.1%) <0.01

African-American 9 (8.6%) 48 (27.9)

Others 3 (1.4%) 19 (11.0%)

Education (yrs) 14 (12–16) 16(12–18) <0.01

Follow-up (yrs) 10 ± 2.1 5.2 ± 1.6 <0.01

Data are expressed as mean ± SD, number (percentage), or median (interquartile range).

Am J Cardiol. Author manuscript; available in PMC 2014 October 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kao et al. Page 12

Table 2

Baseline characteristics of women with systemic lupus erythematosus

Variable All Subjects (n = 392) Hard CV Events p Value

Yes (n = 17) No (n = 375)

Age (yrs) 43.5 ± 10.4 51.4 ± 11.4 43.1 ± 10.1 <0.01

Caucasian 303 (77.3%) 15 (88%) 288 (76.8%) 0.91

African-American 67 (17.1%) 2 (12%) 65 (17.3%)

Others 22 (5.6%) 0 22 (5.9%)

Education (yrs) 15 (12–17) 13 (12–14) 15 (12–17) 0.01

Family history of CVD 176/380 (46%) 8/14 (57%) 168/366 (46%) 0.43

Postmenopausal 144 (36.7%) 11 (65%) 133 (35.5%) 0.01

Smokers

    Ever 160 (40.8%) 10 (59%) 150 (40%) 0.12

    Current 50 (12.8%) 3 (18%) 47 (12.5%) 0.47

Diabetes mellitus* 17 (4.3%) 1 (6%) 16 (4.3%) 0.54

Hypertension* 142 (36.2%) 14 (82%) 128 (34.1%) <0.01

Systolic blood pressure (mm Hg) 118.4 ± 16.8 134.5 ± 19.3 117.7 ± 16.3 <0.01

Diastolic blood pressure (mm Hg) 75.8 ± 10.2 78.8 ± 11.7 75.7 ± 10.1 0.28

Total cholesterol 0.03

    mmol/L 4.9 ± 1.1 5.6 ± 1.2 4.9 ± 1.1

    mg/dl 190.2 ± 41.4 214.3 ± 47.3 189.1 ± 40.8

High-density lipoprotein cholesterol

    mmol/L 1.5 ± 0.4 1.4 ± 0.3 1.5 ± 0.4 0.97

    mg/dl 56.0 ± 15.7 55.2 ±11.4 56.1 ± 15.9

Low-density lipoprotein cholesterol

    mmol/L 2.8 ± 0.9 3.3 ± 1.1 2.8 ± 0.8 0.12

    mg/dl 109.0 ± 32.9 126.0 ± 41.1 108.3 ± 32.4

Triglycerides

    mmol/L 1.39 ± 0.9 1.7 ± 0.9 1.4 ± 0.9 0.07

    mg/dl 123.3 ± 80.9 146.2 ± 82.8 122.3 ± 80.8

Glucose

    mmol/L 5.3 ± 1.01 5.1 ± 0.7 5.3 ± 1.0 0.42

    mg/dl 94.8 ± 18.3 92.5 ± 12.8 94.9 ± 18.5

Body mass index (kg/m2) 27.2 ± 6.8 28.3 ± 5.5 27.1 ± 6.9 0.25

Waist circumference (cm) 87.5 ± 16.6 92.5 ± 12.8 94.9 ± 18.5 0.42

Serum creatinine (mg/dl) 0.99 ± 1.1 0.88 ± 0.2 0.99 ± 1.2 0.26

SLE duration (yrs) 10.7 ± 7.9 13.7 ± 10.7 10.6 ± 7.7 0.35

Systemic Lupus Activity Measure score 6.5 ± 3.6 6.3 ± 4.0 6.5 ± 3.6 0.63

Systemic Lupus International Collaborating Clinics damage score 1.3 ± 1.61 1.7 ± 1.7 1.3 ± 1.6 0.17

High-sensitivity C-reactive protein (mg/L) 1.6 (0.6–4.1) 3.8 (1–7.8) 1.6 (0.6–3.9) 0.09

Complement C3 (g/L) 94.5 ± 25.9 95.1 ± 32.4 94.5 ± 25.6 0.74

Complement C4 (g/L) 20.3 ± 8.3 21.7 ± 9.5 20.3 ± 8.2 0.75
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Variable All Subjects (n = 392) Hard CV Events p Value

Yes (n = 17) No (n = 375)

Antinuclear antibody 380 (97%) 17 (100%) 363 (97%) 1.0

Antiphospholipid antibodies 128/386 (33%) 5 (29%) 123/369 (33%) 0.74

    Lupus anticoagulant 52/386 (14%) 3 (18%) 49/369 (13%) 0.49

    Anticardiolipin antibodies 79/385 (21%) 4 (24%) 75/368 (20%) 0.75

Anti-double-stranded deoxyribonucleic acid antibody 125/390 (32%) 6 (35%) 119/373 (32%) 0.79

Medications at baseline

    Length of glucocorticoid use (yrs) 0.75 (0.11–4) 7 (1–17) 0.6(0.1–4) 0.01

    Glucocorticoid 165 (42%) 10 (59%) 155 (41%) 0.15

    Aspirin 41/319 (13%) 0/5 (0%) 41/314 (13%) 0.39

    Warfarin 25 (6%) 2 (12%) 23 (6%) 0.30

    Lipid-lowering drugs 18/388 (5%) 3 (18%) 15/371 (4%) 0.04

    Hydroxychloroquine 228 (58%) 7 (41%) 221 (59%) 0.21

    Nonsteroidal anti-inflammatory drugs 137 (35%) 8 (47%) 129 (34%) 0.31

    Immunosuppressant agents† 82 (21%) 2 (12%) 80 (21%) 0.54

    Hormonal therapy 57 (15%) 5 (29%) 52 (14%) 0.08

SLE manifestations by the American College of Rheumatology criteria

    Skin (malar/discoid rash) 246 (63%) 10 (59%) 196 (52%) 0.78

    Photosensitivity 268 (68%) 12 (71%) 256 (68%) 1.0

    Oral ulcer 229 (58%) 9 (53%) 220 (59%) 0.83

    Arthritis 360 (92%) 17 (100%) 343 (92%) 0.38

    Serositis 167 (43%) 8 (47%) 159 (42%) 0.80

    Renal 119 (30%) 6 (35%) 113 (30%) 0.60

    Central nervous system (seizure/psychosis) 34 (9%) 1 (6%) 33 (9%) 1.0

    Hematologic 212 (54%) 7 (41%) 205 (55%) 0.32

Framingham risk score‡

    Low risk (0% to <4%) 225 (57%) 2 (12%) 223 (60%) <0.01

    Intermediate risk (4%–14%) 142 (36%) 8 (47%) 134 (36%)

    High risk (> 14%) 25 (6%) 7 (41%) 18 (5%)

Carotid ultrasound

    IMT (mm) 0.65 ± 0.12 0.80 ± 0.16 0.64 ± 0.12 <0.01

    Presence of plaque 127 (32%) 13 (77%) 114 (30%) <0.01

Data are expressed as mean ± SD, number (percentage), or median (interquartile range).

*
Diabetes mellitus was defined fasting blood glucose > 126 mg/dl and/or treatment for diabetes. Hypertension was defined as blood pressure ≥

140/90 mm Hg and/or treatment for hypertension.

†
Azathioprine, methotrexate, mycophenolate mofetil, mycophenolic acid, cyclophosphamide, tacrolimus, leflunomide, cyclosporine, and 6-

mercaptopurine.

‡
Redefined Framingham risk categories in terms of 8-year risk.
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