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ABSTRACT
Rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) are associated with increased mortality, largely as a consequence of cardiovascular disease. Increased cardiovascular morbidity and mortality
in patients with RA and SLE cannot be entirely explained by traditional risk factors, suggesting that the
systemic inflammation that characterizes these diseases may accelerate atherosclerosis. We used carotid
ultrasonography to investigate the prevalence and correlates to preclinical atherosclerosis in patients with
RA and SLE. Because atherosclerosis is a systemic disease, assessment of carotid plaque by ultrasonography provides a robust, direct measure of systemic atherosclerosis. We observed a substantially increased
prevalence of carotid plaque in RA and SLE patients compared with age- and sex-matched controls, which
remained after adjustment for traditional risk factors. The presence of carotid atherosclerosis was associated with disease duration in both RA and SLE and damage in SLE. These data support the hypothesis that
inflammation associated with RA and SLE contributes to accelerated atherosclerosis and argue that RA and
SLE disease activity should be more aggressively managed.
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Rheumatic diseases have a major impact on the overall
health burden in the United States.1-6 Patients with conditions such as rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE) experience premature mortality compared with the general population,1-3 and there is increasing
evidence that chronic inflammation contributes to accelerated atherogenesis and plays a role in all stages of atherosclerosis (i.e., atherogenesis, atheroma progression, and the
development of thrombosis).7-10 This article reviews the
data supporting the association of RA and SLE with increased risk factors for atherosclerosis.
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CARDIOVASCULAR MORBIDITY AND MORTALITY
IN THE RHEUMATOID ARTHRITIS AND
SYSTEMIC LUPUS ERYTHEMATOSUS
POPULATIONS
Studies of populations and cohorts have clearly demonstrated that inflammatory diseases such as RA and SLE are
associated with an increased mortality, largely as a consequence of cardiovascular disease. In a population-based
cohort study of 606 rheumatoid factor–positive RA patients
in Sweden between 1979 and 1994, the age-adjusted standardized mortality ratio for cardiovascular death was 50%
higher in RA patients compared with age- and sex-matched
controls.6 Similarly, data from the UK General Practice
Research Database (median duration of follow-up, ⬃5
years) showed that age- and sex-adjusted all-cause mortality
and mortality related to myocardial infarction (MI) and all
vascular events was 1.5 to 1.6 times higher in patients with
RA than in patients without RA.11 Data from the Norfolk
Arthritis Register showed excess mortality (median followup, 6.9 years) from all causes in patients with early inflammatory polyarthritis who were positive for rheumatoid factor (standardized mortality ratio, 1.41 in women and 1.51 in
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men; 95% confidence interval [CI], 0.93 to 2.05 in women
and 1.06 to 2.08 in men), with cardiovascular disease being
the most common cause of death (47% and 33% in women
and men, respectively).12 Indeed, it has been suggested that
rheumatoid factor is an independent risk factor for ischemic
heart disease, even in the absence of RA.13
The increased cardiovascular morbidity and mortality in
patients with RA and SLE cannot be entirely explained by
traditional risk factors.14-16 In a prospective cohort study of
114,342 women from the Nurses’ Health Study (representing 2.4 million years of follow-up), Solomon and colleagues14 reported an approximately 2-fold higher risk for
acute MI in women with RA than in women without RA,
and this association remained after adjustment for known
and potential cardiovascular risk factors. Compared with a
general community-dwelling cohort, another group of patients with RA had a nearly 4-fold higher risk for new
cardiovascular events (mean 1-year follow-up) after adjusting for age and sex (incidence rate ratio [IRR], 3.96; 95%
CI, 1.86 to 8.43), and this risk remained ⬎3-fold higher
after adjustment for traditional cardiovascular risk factors
(IRR, 3.17; 95% CI, 1.33 to 6.36).16 Similarly, data from the
large UK General Practice Research Database (8,688 patients with a first-time acute MI and 33,923 matched controls) showed a 1.47-fold higher risk (95% CI, 1.23 to 1.76)
for acute MI in patients with RA than in matched controls
without RA, even after adjustment for a number of covariates relating to cardiovascular disease.15
The risk of acute MI is even more pronounced in patients
with SLE relative to matched controls. Analysis of the
California Hospital Discharge Database between 1991 and
1994 showed that young women (18 to 44 years of age) with
lupus were 2.27 times more likely to be hospitalized for
acute MI.17 Similarly, studies of the Pittsburgh Lupus Cohort showed a 52-fold increase in cardiovascular events in
35- to 44-year old women with SLE.4 Even after controlling
for Framingham Heart Study risk factors, cardiovascular
events remained increased in SLE (for nonfatal MI: relative
risk, 10.1 and 95% CI, 5.8 to 15.6; for death due to coronary
heart disease [CHD]: relative risk, 17.0 and 95% CI, 8.1 to
29.7; for overall CHD, relative risk, 7.5 and 95% CI, 5.1 to
10.4).18
The fact that cardiovascular morbidity and mortality observed in RA and SLE cannot be explained solely by traditional risk factors suggests that the chronic inflammation
associated with these conditions may accelerate the development of atherosclerosis and thus lead to increased cardiovascular morbidity and mortality. Indeed, severe extra-articular manifestations have also been associated with
increased risk for cardiovascular events.19
If RA activity is related to atherogenesis, therapy should
ameliorate progression of disease. Treatment with methotrexate reduces markers of inflammation and has been associated with decreased cardiovascular mortality. A cohort
study of 1,240 patients with RA reported lower all-cause
mortality and cardiovascular mortality in patients treated
with methotrexate (after adjustment for greater disease se-

verity) than in those with no methotrexate use (mortality
hazard ratios [HRs], 0.4 and 0.3, respectively; 95% CIs, 0.2
to 0.8 and 0.2 to 0.7, respectively).20 A large longitudinal
study also showed a reduction in the risk for fatal and
nonfatal acute MI in successive birth and RA incidence
cohorts with increasing use of methotrexate. In 3 successive cohorts, methotrexate use was 11%, 25%, and 37%
(P ⬍0.05 for trend test). For patients in these cohorts,
standardized mortality ratios were 1.60, 1.83, and 1.28,
respectively, although causality could not be assigned to
this association.21 Treatment with tumor necrosis factor
(TNF) antagonists has also appeared to significantly reduce the rate of first cardiovascular disease event after
controlling for age, sex, and disability (relative risk, 0.46;
95% CI, 0.25 to 0.85; P ⫽ 0.013),22 although this has not
been confirmed by other studies. In a nested case-control
study of 3,501 patients with RA, biologic immunosuppressive agents showed neither protective nor deleterious
effects, compared with RA patients receiving methotrexate monotherapy, whereas use of oral glucocorticoids or
cytotoxic immunosuppressive agents was associated with
an increased risk of hospitalization for cardiovascular
events.23 No reason for the differing results in these
studies has been identified.
When evaluating the aforementioned findings, it is
important to note that there are a number of methodologic
issues associated with the use of epidemiologic and cohort data to link RA and SLE with the occurrence of
cardiovascular events: the studies are retrospective, clinical event rates are low, conventional risk factors are not
matched, and the impact of treatment and disease activity/severity is difficult to quantify. Strategies to address
some of these shortcomings include the following: (1)
matched case-control study design to control for traditional risk factors; (2) prospective study design with
careful characterization of disease and therapy; and (3)
identification of preclinical atherosclerosis to overcome
the problem of low clinical event rates.

CAROTID ULTRASOUND STUDIES TO DETECT
PRECLINICAL ATHEROSCLEROSIS IN
RHEUMATOID ARTHRITIS AND SYSTEMIC LUPUS
ERYTHEMATOSUS: STUDIES MEASURING
INTIMAL-MEDIAL THICKNESS
Although it is apparent that RA and SLE may enhance the
risk for cardiovascular disease, the prevalence of preclinical
atherosclerosis in these patients compared with the general
population has been unclear. An approach to assessing the
presence and extent of preclinical atherosclerosis is carotid
ultrasonography. Because atherosclerosis is a systemic disease, there is strong correlation between coronary atherosclerosis and that in the carotid arteries.24 In the general
population, carotid ultrasound has been used for cardiovascular risk stratification; intimal-medial thickness (IMT) and
plaque are associated with clinical cardiovascular disease
and have independent prognostic value for such events.25
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Figure 1 Comparison of the prevalence of atherosclerotic plaque as assessed by
carotid ultrasonography in patients with rheumatoid arthritis (RA), patients with systemic lupus erythematosus (SLE), and matched controls. (Adapted with permission from
Ann Intern Med 51 and N Engl J Med.36)

Carotid artery ultrasound studies have identified relations
between IMT and traditional risk factors for cardiovascular
events, including type 2 diabetes mellitus,26 hypercholesterolemia,27,28 and hypertension.29-32 Discrete carotid atherosclerotic plaque is a potent independent predictor of
incident cardiovascular disease, whereas IMT in areas free
of discrete plaque may have limited value after consideration of traditional risk factors for cardiovascular disease.33-35 In fact, it has been suggested that IMT does not
always correlate with atherosclerosis,36,37 particularly in
relatively young individuals with chronic inflammatory disease, and it may measure other aspects of vascular disease.
Nonetheless, there are many studies of IMT to assess preclinical atherosclerosis in RA.
In 2 studies of East Asian patients with RA38,39 and in a
study from Poland40 carotid IMT was increased in patients
with RA compared with matched controls, but in a study
from the United States, there was no significant difference
in IMT.41 IMT increased in association with RA disease
duration and severity in some studies,38,39,42 but there are
conflicting results with regard to the association with C-reactive protein [CRP] as a measure of disease activity.38,41,42
In a study of 631 patients with RA examined by carotid
ultrasonography, the relative contribution of cardiovascular
risk factors (diabetes, hypercholesterolemia, smoking, hypertension, and body mass index) and RA clinical manifestations (disease duration; tender, swollen, and deformed
joint counts; nodules; erythrocyte sedimentation rate [ESR];
rheumatoid factor status; human leukocyte antigen-DRB1
status; and cumulative glucocorticoid dose) to prevalence of
carotid atherosclerosis was calculated. In the overall group
(patients and controls), it was estimated that demographic
variables explained 11% to 16% of carotid IMT variance,
cardiovascular risk factors explained 4% to 12%, and RA

clinical manifestations explained 1% to 6%.43 Significant
interaction was found between the number of risk factors
present and ESR, supporting the possibility of additive or
synergistic effects between RA factors and traditional risk
factors in the acceleration of atherosclerosis as detected by
IMT.43,44 An association of the HLA-DRB1 gene with premature death in RA and inflammatory arthritis patients has
been suggested. In a study of 1,022 inflammatory arthritis
patients, those having 2 copies of the HLA-DRB1 shared
epitope (SE) showed an increased risk for cardiovascularrelated death (HR, 1.68; 95% CI, 1.1 to 2.7]). Additionally,
the combination of smoking, SE alleles, and anti-CCP antibodies led to the greatest risk for death from cardiovascular disease in this trial (HR, 7.81; 95% CI, 2.6 to 23.2]).45

ACCELERATED PRECLINICAL ATHEROSCLEROSIS
IN RHEUMATOID ARTHRITIS AND SYSTEMIC
LUPUS ERYTHEMATOSUS: INCREASED PRESENCE
OF CAROTID PLAQUE
Although carotid IMT strongly predicts cardiovascular
events45,46 and is correlated with the formation of plaque,47-49
the presence of carotid plaques (which can be measured in a
reproducible, noninvasive manner by ultrasonography36,50-52)
is a more reliable predictor of cardiovascular events than
IMT.33,53,54 Because of the conflicting data regarding assessment of premature preclinical atherosclerosis in RA and SLE,
we chose a direct measure of atherosclerotic plaque rather than
IMT as a primary outcome to evaluate the prevalence of
atherosclerosis. A substantially increased prevalence of carotid
plaques was shown in patients with RA or SLE compared with
unaffected controls of similar age, sex, ethnicity, and traditional risk factors (Figure 1).36,50,51
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Figure 2 Comparison of the prevalence of atherosclerotic plaque as assessed by carotid
ultrasonography in patients with rheumatoid arthritis (RA), patients with systemic lupus erythematosus (SLE), and matched controls, according to age. (Adapted with permission from Ann Intern
Med 51 and N Engl J Med.36)

In our study, to define the prevalence and correlates of
atherosclerosis in SLE, we recruited 197 patients, and each
was individually matched to a control subject based on age
(⫾5 years), sex, race, and hypertension status. We found the
prevalence of atherosclerosis (plaque) was higher in patients
(relative risk, 2.4; 95% CI, 1.7 to 3.6; P ⬍0.001). Indeed,
this was the case in every age group (Figure 2), especially
in the youngest patients (5.6 times higher than controls in
patients ⬍40 years of age).36 Accelerated atherosclerosis in
SLE was not attributable to traditional cardiovascular risk
factors or corticosteroid therapy, but it was related to aspects of SLE. The association of atherosclerosis with longer
disease duration, higher damage score, and less aggressive
immunosuppressive therapy argues that chronic inflammation is atherogenic in SLE.
In a cross-sectional study of 98 patients with RA and 98
age-, sex-, and ethnicity-matched controls, we also found
the presence of carotid atherosclerotic plaques to be substantially greater in RA patients compared with controls
(44% vs. 15%; P ⬍0.001).51 As in patients with SLE, when
the prevalence of atherosclerotic plaque was broken out by
age groups, it remained higher in all age groups, especially
among the younger patients (Figure 2).51 After correcting
for traditional risk factors (age, hypertension, cholesterol,
smoking), a marked effect of RA remained (prevalence of
atherosclerosis for patients with RA was 38.5% vs. 7.4% for
controls; P ⬍0.001). Diabetes was present in only 1 individual in each group and did not affect the results. The
increased risk for preclinical atherosclerosis was similar to
that observed in the aforementioned patients with SLE.36

Importantly, the prevalence of carotid plaque was also comparable with that observed in similarly aged patients with
diabetes (M. J. Roman, unpublished observations from the
Strong Heart Study).
Because age is such a strong correlate of plaque, factors
exhibiting a significant bivariate association with plaque
(blood pressure, cholesterol, TNF antagonist therapy) were
reevaluated in our study while controlling for age.51 The
only factor significantly associated with the development of
plaques in RA patients was the use of TNF antagonists.
Although this result at first appears paradoxical, the use of
TNF antagonists may have been a surrogate marker for
disease severity because more patients receiving these drugs
had a higher number of diagnostic criteria for RA (5.2 vs.
4.8; P ⫽ 0.029) and higher mean scores on the Multidimensional Health Assessment Questionnaire (0.68 vs .0.48; P ⫽
0.050) compared with patients who did not. Circulating
inflammatory mediators (CRP, interleukin-6, vascular cell
adhesion molecule, intercellular cell adhesion molecule–1)
did not predict plaque, although it should be noted that they
were measured at 1 time point only, and, thus, total inflammatory burden could not be determined.

CLINICAL IMPLICATIONS
It is well established that patients with RA and SLE die
prematurely relative to the general population and that cardiovascular disease is an important driver of the increased
mortality in these populations. Moreover, the increase in
cardiovascular events in patients with RA and SLE occurs

Salmon and Roman

Subclinical Atherosclerosis in RA and SLE

even in the absence of traditional risk factors for CHD. The
higher rates of cardiovascular death in patients with more
severe disease, supported by the suggestion in some studies
that elevated inflammatory mediators are biomarkers for
atherosclerosis, support the concept that systemic inflammation confers an additional risk.
Clearly, the development of preclinical atherosclerosis is
more prevalent and accelerated in patients with RA and
SLE. Increased atherosclerosis occurs independently of traditional risk factors. Studies in RA suggest that it is associated with longer and more severe disease. In SLE, atherosclerosis is associated with longer duration of disease,
higher damage, and less immunosuppressive therapy.
It is essential for rheumatologists and cardiologists to
recognize RA and SLE as important risk factors for cardiovascular events and to apply this knowledge to patient
care.55 Clinicians should assess cardiovascular risk in individual patients and aggressively treat modifiable risk factors. If chronic inflammation is a driving force for premature
atherosclerosis, we must be more aggressive in managing
SLE and RA disease activity. The standard practice of using
immunosuppressive therapy only for clinical flares does not
inhibit chronic low-level inflammation that promotes atherosclerosis.56 Rather, protection against atherosclerosis
may warrant a more aggressive approach to limit even low
disease activity in RA and SLE.
Many questions are still unanswered: What are the direct
links between chronic inflammation and the initiation and
progression of vascular stiffening and atherosclerosis? Are
certain patients at greater risk than others, and, if so, how
can they best be identified? Should patients, particularly
young ones, be screened for premature atherosclerosis, and,
if so, by what means? Should chronic inflammatory diseases
be considered CHD equivalents, similar to diabetes? What
are the safest and most effective pharmacologic approaches
to limit inflammation even in the absence of disease-related
activity?
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