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ABSTRACT

BACKGROUND

Although systemic lupus erythematosus is associated with premature myocardial in-
farction, the prevalence of underlying atherosclerosis and its relation to traditional risk
factors for cardiovascular disease and lupus-related factors have not been examined in
a case—control study.

METHODS

In 197 patients with lupus and 197 matched controls, we performed carotid ultraso-
nography, echocardiography, and an assessment for risk factors for cardiovascular dis-
ease. The patients were also evaluated with respect to their clinical and serologic features,
inflammatory mediators, and disease treatment.

RESULTS

The risk factors for cardiovascular disease were similar among patients and controls.
Atherosclerosis (carotid plaque) was more prevalent among patients than the controls
(37.1percentvs. 15.2 percent, P<0.001). In multivariate analysis, only older age, the pres-
ence of systemic lupus erythematosus (odds ratio, 4.8; 95 percent confidence interval,
2.6 t0 8.7), and a higher serum cholesterol level were independently related to the pres-
ence of plaque. As compared with patients without plaque, patients with plaque were
older, had a longer duration of disease and more disease-related damage, and were less
likely to have multiple autoantibodies or to have been treated with prednisone, cyclophos-
phamide, or hydroxychloroquine. In multivariate analyses including patients with lupus,
independent predictors of plaque were a longer duration of disease, a higher damage-
index score, alower incidence of the use of cyclophosphamide, and the absence of anti-
Smith antibodies.

CONCLUSIONS
Atherosclerosis occurs prematurely in patients with systemic lupus erythematosus and
is independent of traditional risk factors for cardiovascular disease. The clinical profile
of patients with lupus and atherosclerosis suggests a role for disease-related factors in
atherogenesis and underscores the need for trials of more focused and effective antiin-
flammatory therapy.
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HE DIAGNOSTIC CRITERIA FOR SYSTEM-

ic lupus erythematosus, the prototypical

autoimmune disease, focus on its major
clinical manifestations, particularly renal, neurolog-
ic, and hematologic disease. In 1976, Urowitz et al.
noted premature myocardial infarction among pa-
tients with lupus,? a finding confirmed by subse-
quent studies.3

However, the reported cardiovascular outcomes
are based on relatively few events, and the prevalence
of atherosclerosis among patients with lupus and
its relation to that in a control population are un-
known. Furthermore, controversy remains regard-
ing the mechanism of premature atherosclerosis.
The prevailing hypothesis holds that premature ath-
erosclerosis in lupus is attributable to an increased
frequency of conventional risk factors, such as hy-
pertension, dyslipidemia, and diabetes, all of which
may be provoked or exacerbated by corticosteroid
therapy.+- A recent study,” however, suggested that
lupus itself may be atherogenic through chronic ac-
tivation of the immune system. This hypothesis is
supported by data demonstrating an inflammatory
component in atherosclerosis in the general popu-
lation.8-11
In view of the profound alterations in immune

function and inflammation that characterize lupus,
we used a case—control approach to assess the prev-
alence of atherosclerosis and risk factors for car-
diovascular disease in a population of patients with
lupus. We hypothesized that atherosclerosis would
be more prevalent among the patients and would
notbe attributable to traditional risk factors. We also
assessed whether disease factors, treatment, and
immune and inflammatory mediators are indepen-
dently related to atherosclerosis in lupus.

METHODS

STUDY POPULATION

A total of 204 sequential nonhospitalized patients
with systemic lupus erythematosus who were en-
rolled in the Autoimmune Disease Registry at the
Hospital for Special Surgery in New York were re-
cruited at the time of outpatient visits. Patients were
recruited between April 1999 and October 2002. All
patients met the diagnostic criteria of the American
College of Rheumatology.12 Patients were exclud-
ed if they were younger than 18 years of age, were
pregnant, or had renal failure (defined by a serum
creatinine level of 3.0 mg per deciliter [265 pmol per

liter] or more or a creatinine clearance of no more
than 30 ml per minute). Eight patients had preex-
isting clinical coronary disease: myocardial infarc-
tion in two (documented on the basis of segmen-
tal wall-motion abnormalities) and angina in six
(as defined by abnormal results on coronary angi-
ography in five and an abnormal perfusion study
in one). Cerebrovascular disease was presentin 17,
of whom 8 had had a transient ischemic attack (in-
cluding 1 with angina), and 9 had had a stroke.

Patients with lupus were individually matched
to control subjects on the basis of age (within five
years), sex, race, and hypertension status. Control
subjects were drawn from normotensive and hyper-
tensive subjects participating in studies performed
at Cornell University and funded by the National In-
stitutes of Health.13.14 These subjects were partici-
pants in studies that used a similar imaging proto-
col to examine the effect of job strain, aging, and
hypertension on preclinical cardiovascular disease.
The traditional risk factors assessed were the pres-
ence or absence of a family history of premature my-
ocardial infarction (before 55 years of age in first-
degree male relatives or before 65 years in female
relatives), smoking status, the presence or absence
of hypertension (as defined by a blood pressure of
at least 140/90 mm Hg or the use of antihyperten-
sive medications), the presence or absence of dia-
betes mellitus, and the cholesterol level after an over-
night fast. None of the control subjects had clinical
evidence of myocardial infarction or cerebrovascu-
lar disease. Control subjects with hypertension were
studied after antihypertensive medications had been
withheld for at least three weeks. Brachial blood
pressures were obtained immediately after the ultra-
sound studies. Of 204 patients with lupus, 6 young
women could not be matched to suitable control
subjects and 1 patient did not complete the study
protocol owing to equipment failure.

All patients were interviewed and examined with
the use of a standardized data-collection instru-
ment. Disease activity and disease-related damage
were assessed at the time of enrollment in the study
with use of the Systemic Lupus Erythematosus Dis-
ease Activity Index!> and the Systemic Lupus In-
ternational Collaborating Clinics damage index, ¢
respectively. Comprehensive medication histories
were obtained through interviews with the patients
and chart review. The use of corticosteroid thera-
py was categorized as current, former, or none and
quantified in terms of the average daily dose over
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the preceding five years. The study protocol was ap-
proved by the institutional review board; all partic-
ipants gave written informed consent.

ULTRASONOGRAPHIC STUDIES
The extracranial carotid arteries were examined ul-
trasonographically with the use of a standardized
protocol.14 In brief, both the right and left common,
internal, and external carotid arteries were examined
in multiple projections to identify the presence of
atherosclerosis — that s, plaque, defined as a focal
protrusion of more than 50 percent of the surround-
ing wall. The intimal-medial thickness and diame-
ters of the common carotid arteries were measured
from two-dimensionally guided M-mode images
during several cycles, and the values were averaged.
Carotid cross-sectional area, a measure of vascu-
lar volume or mass, was calculated as previously de-
scribed.14

Echocardiography, performed with the use of
standard techniques,!” included identification of
the presence and degree of pulmonary hypertension
from the peak velocity of the tricuspid regurgitation
signal with use of the modified Bernoulli equation,
the presence of Libman—Sacks lesions (focal leaf-
let thickening of a nature unlikely to represent age-
related valvular thickening), and the presence of
pericardial thickening, effusion, or both. All ultra-
sonographic studies were performed on the day of
the study visit by an experienced research technician
and interpreted by a single cardiologist who was un-
aware of the clinical characteristics of the patients
and control subjects.

LABORATORY ASSESSMENT

Patients with lupus were assessed at the time of the
study visit by means of routine chemical analyses;
a complete blood count; measurement of Lp(a) lipo-
protein by cholesterol content; measurement of se-
rum complement (C3 and C4); tests for antibodies
against double-stranded DNA, Smith (Sm), ribonu-
clear protein (RNP), and antiphospholipid antibody
(considered positive if the level of either anticardi-
olipin IgG or IgM exceeded 40 isotype phospholipid
units per milliliter or if lupus anticoagulant was
present?8); and a high sensitivity test for C-reactive
protein. CD40 ligand in serum was measured as pre-
viously described.9 These tests were performed by
the same clinical laboratory with use of assays that
were invariant during the study period. Serum inter-
leukin-6, tumor necrosis factor p55 receptor, and tu-
mor necrosis factor p75 receptor were measured

with the use of kits (Biosource International). Solu-
ble intracellular adhesion molecule 1 and vascular-
cell adhesion molecule 1 were measured with an
enzyme-linked immunosorbent assay. Fasting ho-
mocysteine levels were measured before and after
the oral administration of 5 g of methionine.2°

STATISTICAL ANALYSIS

Comparisons between patients and control subjects
and between patients with and those without athero-
sclerosis were made by means of two-sample t-tests
or Mann-Whitney tests (in the case of non-normal
distribution) for continuous variables and by chi-
square analysis for categorical variables. The inde-
pendence of the association with atherosclerosis
was assessed with use of a stepwise, forward-selec-
tion logistic-regression procedure in which all var-
iables that had a significant bivariate relation (as de-
fined by a Pvalue of less than 0.05) with the outcome
were evaluated for inclusion in the model; results are
reported as odds ratios with 95 percent confidence
intervals. Two-sided P values of less than 0.05 were
considered to indicate statistical significance.

RESULTS

COMPARISON OF PATIENTS AND CONTROLS

The two groups were similar with respect to all dem-
ographic variables and risk factors for cardiovascu-
lar disease (Table 1) except blood pressure; the con-
trol subjects had higher blood pressure than the
patients at the time of study. The overall prevalence
of atherosclerosis (plaque) was higher among the
patients than the controls (relative risk, 2.4; 95 per-
cent confidence interval, 1.7 to 3.6; P<0.001) in ev-
ery age group (Fig. 1), especially the youngest age
group; the prevalence was 5.6 times as high among
patients less than 40 years of age as among control
subjects in this age group. A similar trend was seen
in older patients, but the small numbers in each
group precluded the difference from being statisti-
cally significant. Intimal-medial thickness was sig-
nificantly less and the luminal diameter was larger
in the patients than in the controls (Table 1), result-
ing in a slight but significant reduction in vascular
mass or carotid cross-sectional area.

In a multivariate analysis that included age, hy-
pertension status, diabetes status, smoking status,
fasting cholesterol level, and lupus status, only age
(odds ratio, 2.4 per 10 years; 95 percent confidence
interval, 1.8 to 3.1), the presence of lupus (odds ra-
tio, 4.8; 95 percent confidence interval, 2.6 to 8.7),

N ENGL J MED 349;25 WWW.NEJM.ORG DECEMBER 18, 2003

Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission.

Copyright © 2003 Massachusetts Medical Society. All rights reserved.

2401



Table 1. Characteristics of Patients with Systemic Lupus Erythematosus
and Control Subjects.*
Patients Controls

Characteristic (N=197) (N=197) P Value
Age (yr) 44+13 44+12 =
Female sex (%) 94.4 94.4 —
White race (%) 55.8 57.9 —
Hypertension (%) 28.9 234 —
Body-mass indext 26.0£6.9 25.2+4.5 0.16
Blood pressure (mm Hg)

Systolic 110+18 119+22 <0.001

Diastolic 71£10 74+13 0.002
Current smoker (%) 14.9 15.8 0.80
Diabetes (%) 3.7 15 0.18
Cholesterol (mg/dl)i: 208+50 20644 0.69
Plaque (%) 37.1 15.2 <0.001
Features of common carotid arteries

Intimal-medial thickness (mm) 0.61+0.16  0.67+0.14 <0.001

Diameter (mm) 5.4+0.62 5.2+0.55 <0.001

Cross-sectional area (mm2) 11.7+3.8 12.4+3.6 0.05

* Plus—minus values are means +SD.

T The body-mass index is the weight in kilograms divided by the square of the

height in meters.

1 To convert values for cholesterol to millimoles per liter, multiply by 0.02586.
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Figure 1. Prevalence of Atherosclerotic Plaque among Control Subjects and
Patients with Systemic Lupus Erythematosus, According to Decade of Life.
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and the serum cholesterol level (odds ratio, 1.1 per
10 mg per deciliter [0.26 mmol per liter]; 95 per-
cent confidence interval, 1.0 to 1.5) were indepen-
dently associated with atherosclerosis. The exclu-
sion of patients with clinical cardiovascular disease
and their controls did not alter the results.
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COMPARISON OF PATIENTS WITH AND THOSE
WITHOUT ATHEROSCLEROTIC PLAQUE

In univariate analyses, patients with lupus who
had plaque were older, were more likely to be white
and postmenopausal, and had higher systolic blood
pressures and total and low-density lipoprotein
cholesterol levels than those without plaque (Ta-
ble 2). Patients with plaque were older at the time
of diagnosis, had had lupus longer, and had high-
er scores on the damage index. Twenty-two percent
of the patients with plaque had damage-index scores
of atleast4, as compared with 11 percent of the pa-
tients without plaque (P=0.03). Since the scores for
the damage index may also represent adverse effects
of therapy, we repeated the analyses using a revised
index that excluded conditions such as cataracts,
osteoporosis, ovarian failure, avascular necrosis,
diabetes, alopecia, and cancer. The damage-index
scores remained higher in patients with plaque than
in those without plaque (1.2 vs. 0.8, P=0.07). Like-
wise, the scores remained higher in patients with
plaque when coronary events were excluded (1.9 vs.
1.2, P=0.02). Patients with plaque were more likely
to have pulmonary hypertension and preexisting
coronary artery disease (angina or a history of myo-
cardial infarction), but not clinical cerebrovascular
disease, than patients without plaque.

Comparison of serologic markers of lupus
showed that antibodies against Sm and RNP were
less frequent in patients with plaque than in those
without plaque; antibodies against any of the ribo-
nuclear proteins (Sm, RNP, La, and Ro) were present
in 60.2 percent of patients without plaque and in
40.8 percent of those with plaque (P=0.009). The
frequency of anti-double-stranded DNA and any an-
tiphospholipid antibodies did not differ significant-
ly between patients with and those without plaque,
nor were these antibodies associated with the pres-
ence of clinical coronary or cerebrovascular disease
(data not shown). However, when the components
of antiphospholipid-antibody status (anticardiolip-
in antibodies and lupus anticoagulant) were exam-
ined individually, anticardiolipin antibodies were
less common in patients with plaque than in those
without plaque.

Drug therapy differed between patients with
plaque and those without plaque. Former or current
treatmentwith prednisone tended to be less frequent
in patients with plaque; the average dose of predni-
sone was also lower in these patients. Use of cyclo-
phosphamide and hydroxychloroquine (defined as
current or former) was lower in those with plaque.
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There were no significant differences between the
groups in the use of warfarin, nonsteroidal antiin-
flammatory drugs, or lipid-lowering agents (data
not shown).

The levels of inflammatory mediators associat-
ed with cardiovascular disease in the general popu-
lation are compared in the two groups of patients
in Table 3. Although average values were increased
in the patients as a whole, there were no significant
differences in the levels between patients with and
those without plaque. Similarly, the presence of ab-
normal elevations of these mediators was not asso-
ciated with plaque.

We used logistic-regression analyses to exam-
ine demographic variables and risk factors for car-
diovascular disease that were significantly more
common in patients with plaque than in those with-
out plaque; only age remained in the model. A sec-
ond analysis examined disease-related factors that
were significant in univariate analyses; the age at di-
agnosis, the duration of disease, the damage-index
score, and the presence of anti-Sm antibodies re-
mained in the model. A final analysis (Table 4) add-
ed significant treatment variables to disease-related
variables. Independent correlates of atherosclerosis
included an older age at diagnosis, a longer duration
of disease, a higher damage-index score, absence
of the use of cyclophosphamide, and the absence
of anti-Sm or anticardiolipin antibody. Restriction
of analyses to patients who were younger than 35
years of age when the disease began confirmed
the association of atherosclerosis with a longer du-
ration of the disease, a higher damage-index score,
and the lack of immunosuppressive therapy.

DISCUSSION

This case—control study assessed the presence or
absence, magnitude, and determinants of athero-
sclerosis in patients with systemic lupus erythema-
tosus in a population-based sample. The main find-
ings, confirming those of our pilot study,2! are that
the prevalence of atherosclerosis is significantly in-
creased among patients with lupus and that this in-
crease is not attributable to traditional risk factors
for cardiovascular disease. Similar findings are re-
ported elsewhere in this issue of the Journal.22 Our
finding of an association of atherosclerosis with a
longer duration of disease, a higher damage-index
score, and less aggressive immunosuppressive ther-
apy argues strongly that chronic inflammation is
atherogenic in this population.
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Table 2. Characteristics of Patients with Systemic Lupus Erythematosus,
According to the Presence or Absence of Plaque.*

Characteristic

Age (yr)

White race (%)

Postmenopausal (%)

Body-mass index

Systolic blood pressure (mm Hg)
Current smoker (%)

Hypertension (%)

Diabetes (%)

Family history of premature Ml (%)

Cholesterol (mg/dl){
Total
Low-density lipoprotein

Lp(a) lipoprotein (mg/dl)

Homocysteine (mg/dl)
Before methionine loading
After methionine loading

Age at diagnosis (yr)
Duration of disease (mo)
Disease-activity-index scorei:
Damage-index score§
Raynaud’s phenomenon (%)
Valvular lesions (%)
Pulmonary hypertension (%)
Coronary artery disease (%)
Cerebrovascular disease (%)
Renal involvement (%) 9]

Antiphospholipid antibodies (%)
Lupus anticoagulant
Anticardiolipin antibody

Anti-RNP (%)

Anti-Sm (%)
Anti—double-stranded DNA (%)
C3 (mg/dl)

C4 (mg/dl)

Prednisone use (%) |

Duration of corticosteroid use (mo)
Azathioprine use (%) |
Cyclophosphamide use (%) |
Hydroxychloroquine use (%) |

5-yr daily dose of prednisone (mg)

No Plaque
(N=124)
39+11
47.6
35.0
25.8+7.0
107+15
16.2
24.2
1.7
13.9

201+51
113+46

36+34

7.3£2.9
9.5x15.1

28+11
129+99
4.6+5.3
1.2+1.8
45.6
5.9
113
0
8.6
38.7

18.0
10.4
115

31.7
14.6
36.6
92+32
18+8

92.6
11.9+6.9

67+75
36.4
26.0
823

Plaque
(N=73)
52+12
67.1
72.0
26.4+6.6
116+21
12.7
37.0
7.1
21.1

219+46
125+40

36+36

8.6+4.3
12.4+27.8

38+13
173+116
3.2+4.7
2.0£2.5
58.0
11.3
27.4
11.4
15.7
27.4

14.1
153
2.8

14.1
1.4
50.4
97+32
2149

84.9
6.9+6.8

91+94

24.2
9.6

63.0

P Value

<0.001
0.008

<0.001
0.53

<0.001
0.51
0.06
0.06
0.33

0.005
0.01

0.63

0.06
0.23

<0.001
0.01
0.07
0.006
0.11
0.19
0.004

<0.001
0.40
0.11

0.48
0.37
0.04

0.007
0.003
0.33
0.33
0.13

0.09
0.002

0.24
0.10
0.005
0.003

* Plus—minus values are means +SD. MI denotes myocardial infarction.

7 To convert values for cholesterol to millimoles per liter, multiply by 0.02586.
i Scores can range from 0 to 105, with higher scores indicating greater disease

activity.

§ Scores can range from 0 to 46, with higher scores indicating greater disease-

related damage.

9§ Renal involvement was defined on the basis of American College of Rheuma-

tology diagnostic criteria.

| “Use” indicates current or former use of medication.
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Table 3. Comparison of Serum Levels of Inflammatory Mediators in Patients with Systemic Lupus Erythematosus,
According to the Presence or Absence of Plaque.*
% Above Patients Patients
Upper Limit ~ Upper Limit ~ without Plaque  with Plaque P

Variable of Normalf of Normal (N=124) (N=73) Value
C-reactive protein (mg/dl) 3.0 41.5 4.9+7.4 5.9+9.0 0.31
Interleukin-6 (pg/ml) 5.0 54.1 8.8+15.9 6.2+7.1 0.34
Tumor necrosis factor (ng/ml)

p55 receptor 1.7 35.5 1.6+0.85 1.9+1.6 0.66

p75 receptor 5.5 25.7 5.5+11.8 4.3+2.6 0.58
CD40 ligand (ng/ml) 15.0% 17.9 11.0+8.3 9.9+7.5 0.44
Intracellular adhesion molecule 1 (ng/ml) 103 65.4 124147 151+214 0.72
Vascular-cell adhesion molecule 1 (ng/ml) 7145 223 693+273 720+267 0.41

* Plus—minus values are means +SD.

T Unless otherwise stated, the upper limit of normal is defined as the upper limit of the normal range according to the assay
manufacturer or high-risk threshold in the case of C-reactive protein.
I The upper limit of normal is defined as 2 SD above the mean.

We determined the correlates of preclinical ath-
erosclerosis in patients with systemic lupus erythe-
matosus. One previous case—control study?3 found
greater carotid intimal-medial thickness in patients
with lupus who had had a myocardial infarction,
angina, stroke, or claudication than in those with-
out clinical cardiovascular disease. The small sam-
ple size (26 in each group) precluded a determina-
tion of the prevalence and independent correlates
of atherosclerosis. An observational study of wom-
en enrolled in the Pittsburgh Lupus Registry report-
ed a prevalence of plaque that was similar to that in
our study (40 percent and 37 percent, respectively);

Variable

Anti-Sm antibodyi

Age at diagnosis (per 10 yr)
Disease duration (per 10 yr)
Damage-index score (per point) T

Cyclophosphamide use

Table 4. Logistic-Regression Analysis of Independent Predictors
of Atherosclerosis in Patients with Systemic Lupus Erythematosus.
Beta Odds Ratio
Coefficient (95% Cl)* P Value
0.93 2.52 (1.74-3.65) <0.001
0.76 2.14 (1.28-3.57)  0.004
0.23 1.26 (1.03-1.55) 0.03
-117 0.31 (0.10-0.96)  0.04
-2.21 0.11 (0.01-0.98)  0.05
-0.71 0.49 (0.21-1.12)  0.09

Hydroxychloroquine use

3

lated damage.

Cl denotes confidence interval.
i Scores can range from 0 to 46, with higher scores indicating greater disease-re-

i Similar results were obtained when anticardiolipin antibody was substituted

for anti-Smith antibody (i.e., there was a negative association between the
presence of autoantibody and plaque; P=0.01).
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the risk of plaque was independently related to old-
er age, higher systolic blood pressure, a higher level
of low-density cholesterol, and a history of myo-
cardial infarction or angina.2* Differences between
these findings and ours may relate to the higher pro-
portion of whites in the Pittsburgh study (87 percent
and 55 percent, respectively) and the greater preva-
lence of clinical coronary disease (8.6 percent and
3.9 percent, respectively).

Interestingly, although the Pittsburgh study?+
did notinclude a control population, the mean in-
timal-medial thickness in women with lupus was
slightly lower than that in women participating
in the Women’s Healthy Lifestyle Project conduct-
ed at the same institution (0.68 mmvs. 0.71 mm).
This observation is similar to our finding in a case—
control study and demonstrates the potential for
dissociation between intimal-medial thickness,
commonly considered a marker of early or diffuse
atherosclerosis, and unequivocal evidence of ath-
erosclerosis (i.e., plaque). The presence of plaque
is a more potent predictor of clinical events, usually
myocardial infarction, than is intimal-medial thick-
ness.25:26 The independent association of athero-
sclerosis with the duration of disease and extent of
disease-induced damage is noteworthy, because the
damage index is a marker of the cumulative severity
of disease.

In the general population, increased serum lev-
els of C-reactive protein, intracellular adhesion mol-
ecule 1, and CDA40 ligand are associated with an in-
creased risk of cardiovascular events.8-11 Although
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these inflammatory mediators were elevated in our
patients with lupus who had plaque, there were no
significant differences between these patients and
those without plaque. This finding suggests that
these markers lose their discriminatory power with
respect to cardiovascular outcomes among patients
with conditions in which levels of inflammatory
molecules are elevated, such as lupus, in contrast to
the general population, where mostvalues fall with-
in the normal range. Nevertheless, levels of these
markers of inflammation were abnormal in many
patients with lupus, and longitudinal, rather than
cross-sectional, studies may yet define their relation
to the development and progression of atheroscle-
rosis.

Although inflammatory mediators were not re-
lated to atherosclerosis in our patients, our data
show that anti-Sm, anti-RNP, and anticardiolipin
antibodies were less frequent in patients with plaque
than in those without plaque. Although antiphos-
pholipid antibodies have been implicated in ather-
ogenesis,?? possibly as a result of their activation of
endothelial cells,28 our study, as well as those of oth-
ers, found no association between anticardiolipin
antibody and carotid plaque2#2° or cardiovascular
disease.23 The clinical features and autoantibody
specificities that differentiate patients with lupus
who have plaque from those who do not have plaque
may define two patterns of lupus: one characterized
by more prolonged and seemingly less virulent dis-
ease that fosters atherosclerosis and the other by
more prominent autoimmunity and aggressive dis-
ease, which is more likely to be treated with immu-
nosuppressive therapies.

That treatment with corticosteroids may have a
role in modifying the pathogenesis of atherosclero-
sis in systemic lupus erythematosus has been sug-
gested.+> However, the average five-year daily dose
of prednisone was actually significantly lower in
our patients with lupus who had plaque. The signif-
icant negative relation between the use of hydroxy-
chloroquine and the presence of atherosclerosis,
even with high rates of use, is also striking. This
trend has been noted before* and has been attribut-
ed to reduced serum cholesterol levels.3° In our
study, cholesterol levels were similar in patients
who had taken hydroxychloroquine and those who
had not.

The limitations of our study include difficulties
in accurately quantifying the severity of disease and
disease treatment. Systemic lupus erythematosus
is a chronic disease characterized by exacerbations

and remissions; thus, measures of disease activity,
laboratory assays, and therapy vary with time. How-
ever, scores for the disease-activity index, measured
at the time of study, did not differ significantly
between patients with plaque and those without
plaque, whereas the damage-index score, a summa-
tion of the cumulative effects of disease, was great-
er in patients with plaque, associating chronic tissue
damage with atherogenesis. Although we cannot
exclude the possibility that our population had more
severe disease than the overall population of patients
with lupus, the prevalence of clinical cardiovascu-
lar disease in our study was similar to the rates re-
ported by other North American registries.*7:24 Our
case—control design precluded the identification of
a causal relation between disease factors and ath-
erosclerosis.

In conclusion, systemic lupus erythematosus is
associated with an increased prevalence of athero-
sclerosis, which was most striking in young pa-
tients. Although the traditional risk factors for car-
diovascular disease are not primarily responsible for
such an accelerated development of atherosclero-
sis, their importance in the population as a whole
is well established, and their role in the progression
of atherosclerosis could not be examined in this
cross-sectional study. Thus, itis prudent to identify
and treat traditional risk factors aggressively in all
patients with lupus.31

In our study, the presence of systemic lupus
erythematosus was the most important indepen-
dent correlate of atherosclerosis other than age. Our
results suggest two clinical patterns of lupus, one
characterized by smoldering disease with higher
damage-index scores, limited production of auto-
antibodies, and atherosclerosis, and the other with a
wider autoantibody spectrum, associated with more
aggressive immunosuppressive therapy and a low-
er likelihood of plaque.

The negative correlation between atherosclero-
sis and aggressive therapy suggests that more vigo-
rous therapy might decrease the likelihood and bur-
den of atherosclerosis in patients with lupus and,
perhaps, in those with other chronic inflammatory
diseases. Our results also suggest that the use of
immunosuppressive therapy primarily for clinical
flares may not adequately control the chronic ath-
erogenic inflammatory milieu. The identification of
biologic markers of disease activity associated with
atherosclerosis may help optimize therapy for this
important manifestation of systemic autoimmune
disease.
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CORRECTION

Prevalence and Correlates of Accelerated
Atherosclerosis in Systemic Lupus Erythematosus

Prevalence and Correlates of Accelerated Atherosclerosis in Sys-
temic Lupus Erythematosus . On page 2403, in Table 2, the 12th entry
should have read “Homocysteine (umol/liter),” not “"Homocysteine
(mg/dl),” as printed.
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