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Progression of Carotid Intima-Media Thickness and Plaque in
Women With Systemic Lupus Erythematosus
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Objective. Women with systemic lupus erythema-
tosus (SLE) are at high risk of cardiovascular disease
(CVD). The goals of this study were to determine the
extent of atherosclerotic progression among women with
SLE compared with a group of healthy controls and to
determine whether factors attributed to SLE or its
treatment were associated with atherosclerotic progres-
sion independent of traditional CVD risk factors.

Methods. A longitudinal study of women with SLE
from the Pittsburgh Lupus Registry was conducted.
Women 18 years of age and older (n � 217) underwent
carotid ultrasound at baseline and at followup, an
average of 4.19 years later. Clinical, serologic, and
SLE-related factors, and disease treatment were evalu-
ated. Outcomes were changes in carotid intima-media
thickness (IMT) and plaque. Progression of CVD in a
sample of women without lupus was used for compari-
son.

Results. The patients’ mean � SD age at baseline
was 45.1 � 10.3 years, and the mean � SD IMT
progression rate was 0.011 � 0.03 mm per year. After
controlling for traditional CVD risk factors, higher
serum creatinine levels were associated with IMT pro-
gression (P � 0.0006). Plaque prevalence was 31% at

baseline and 40% at followup; plaque progression oc-
curred in 27% of the patients. Higher serum C3 levels
and immunosuppressant use at baseline were related to
plaque progression (P � 0.04 and P � 0.02, respec-
tively) independent of traditional CVD risk factors. The
plaque progression rate was higher than, and the IMT
progression rate was similar to, those in the control
group.

Conclusion. SLE patients have accelerated plaque
progression compared with controls. SLE-related risk
factors are associated with the progression of IMT and
plaque after controlling for traditional CVD risk fac-
tors. Carotid B-mode ultrasound may serve as a surro-
gate end point in SLE intervention trials and clinically
to track SLE management.

Systemic lupus erythematosus (SLE) is an auto-
immune inflammatory disease that primarily affects
women. It manifests with frequent exacerbations of
inflammatory flares that ultimately may cause organ
failure. Treatment consists of antiinflammatory and
immunosuppressive agents. Patients with SLE are at
higher risk of cardiovascular disease (CVD) compared
with women of similar ages (1–5). Individuals with SLE
who are younger than 45 years of age were found to have
a 50-fold higher risk of myocardial infarction (MI)
compared with women of similar age in the Framingham
Study (6). Cross-sectional and retrospective studies have
shown that traditional risk factors, including hyperten-
sion, obesity, diabetes mellitus, smoking, hyperlipid-
emia, hyperhomocysteinemia, and sedentary lifestyle,
play a role in this accelerated atherosclerosis (3,7,8).
However, the diagnosis of SLE remains a strong risk
factor for CVD, even after controlling for traditional
risk factors. The most important SLE factors contribut-
ing to premature CVD remain unknown.

Noninvasive imaging techniques have been used
to explore why SLE predisposes women to excess CVD
risk. Using these modalities, increased rates of carotid
focal plaque (37.1% versus 15.2%) (7) and coronary
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calcium (30.7% versus 8.7%) (9) have been reported in
women with SLE compared with controls. Other studies
have also shown higher-than-expected rates of subclini-
cal atherosclerosis in women with SLE (4,5,10,11). To
date, intima-media thickness (IMT) and plaque assess-
ment have not been used in longitudinal studies of
women with SLE to evaluate rates of progression and
the factors that predict change in subclinical atheroscle-
rosis. The ability to measure change in subclinical ath-
erosclerosis among these women would provide the
option of using surrogate cardiovascular end points in
clinical trials of SLE therapies. The purpose of this study
was to evaluate the extent of carotid atherosclerosis
progression in women with SLE and to determine the
relative contribution of SLE-related risk factors.

PATIENTS AND METHODS

Patient population. Patients were recruited from the
Pittsburgh Lupus Registry as part of a longitudinal study of
CVD in SLE funded by the National Institutes of Health. The
registry includes patients who have been seen either at the
University of Pittsburgh Medical Center inpatient and outpa-
tient facilities or by practicing rheumatologists in the Pitts-
burgh metropolitan area. Thus, the sample represents a
community-based spectrum of mild to severe SLE with mini-
mal tertiary care center referral bias. Patients met the 1982
American College of Rheumatology revised criteria for SLE
(12). The updated criteria for SLE had not been published
when the study began. All women 18 years of age or older were
invited to participate regardless of CVD history, which in-
cluded MI, angina, stroke, transient ischemic attack, and
coronary revascularization. Baseline and followup carotid du-
plex scans were obtained in 217 patients. At baseline, each
patient also completed an interview, a physical examination,
and laboratory tests, and provided written informed consent
and authorization for release of medical information. The
study was approved by the University of Pittsburgh’s Institu-
tional Review Board.

Another ongoing study had recruited 104 female con-
trols with similar demographic characteristics from the same
geographic area (R01-HL4664-01A2). These women com-
prised our control group. The controls were used only to
compare progression rates of IMT and plaque. The control
women had carotid scans performed and read by the same
sonographers, using the same equipment as with the SLE
patients. All blood assays were conducted in the same labora-
tory. The 104 controls were selected using a combination of
voter registration tapes for 1992 for the greater Pittsburgh area
and Cole’s Criss-Cross Directory of households. A nonrepeat-
ing random selection process was used.

Measurement of covariates and traditional CVD risk
factors. At the baseline clinical examination, age, ethnicity,
education, smoking habits, family history of CVD, diagnosis of
diabetes, and postmenopausal status were documented. This
visit also included anthropometric measurements (height,
weight, and waist and hip circumference), 2 consecutive seated
blood pressure measurements (averaged), and a 12-hour fast-

ing blood draw. Blood samples were used to measure total
cholesterol, low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, and triglycerides. Lipid
assays were performed at the Heinz Lipid Laboratory at the
University of Pittsburgh Graduate School of Public Health,
which is certified by the Centers for Disease Control and
Prevention. The Friedewald equation was used to estimate
LDL cholesterol (13).

Plasma glucose levels were determined by enzymatic
assay, and plasma insulin levels were measured by radioimmu-
noassay. Hypertension was defined as an average systolic blood
pressure of �140 mm Hg, an average diastolic blood pressure
of �90 mm Hg, or the use of antihypertensive agents. Meta-
bolic syndrome was defined, using the National Cholesterol
Education Program Adult Treatment Panel III clinical guide-
lines (14), as the presence of �3 of the following components:
waist circumference �88 cm, triglycerides �150 mg/dl, HDL
cholesterol �50 mg/dl, blood pressure �130/85 mm Hg, and a
fasting glucose level �110 mg/dl. The definition of hypergly-
cemia used was determined prior to the creation of the recent
American Diabetes Association impaired glucose regulation
(impaired fasting glucose/impaired glucose tolerance) criterion
of �100 mg/dl (15).

SLE-related disease risk factors. SLE disease activity
and cumulative organ damage were measured by the same
physician (SM) using the Systemic Lupus Activity Measure
(SLAM) (16) and the Systemic Lupus International Collabo-
rating Clinics/ACR Damage Index (SDI) (17). The SDI mea-
sures irreversible damage from lupus or its treatment in 12
organ systems (ocular, neuropsychiatric, renal, pulmonary,
cardiovascular, peripheral vascular, gastrointestinal, musculo-
skeletal, skin, premature gonadal failure, diabetes, and malig-
nancy). Because the disease end point for this study was
carotid atherosclerosis, the SDI score was modified to remove
values for cardiovascular and peripheral vascular disease, to
avoid higher scores in patients with known cardiovascular
damage. The results of the modified version are reported.

Patients also provided information on corticosteroid
usage (past/current, maximum dosage, and duration), and
current use of hydroxychloroquine and immunosuppressants.
Immunosuppressants included cyclophosphamide, azathio-
prine, cyclosporine, and methotrexate. Renal disease was
defined according to the ACR criteria (12). Laboratory studies
included tests for lupus anticoagulant (partial thromboplastin
time or dilute Russell’s viper venom time with mix), serum C3
and C4 levels, anticardiolipin antibodies (IgG �15 IgG phos-
pholipid units, IgM �10 IgM phospholipid units) (Incstar,
Stillwater, MN), and double-stranded DNA (dsDNA) antibod-
ies (by Crithidia luciliae).

Markers of inflammation. Serum albumin, C-reactive
protein (CRP), and fibrinogen levels were measured at base-
line. A dye-binding assay was used to measure albumin, an
enzyme-linked immunosorbent assay was used to determine
CRP levels, and a modified clot-rate assay was used to measure
fibrinogen (18). These assays were performed at the University
of Vermont.

Carotid atherosclerosis measurements. Carotid ultra-
sound was performed at the University of Pittsburgh Ultra-
sound Research Laboratory and has been previously described
(1). The common carotid artery (CCA), bifurcation, and
proximal internal carotid artery (ICA) were digitized bilater-
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ally with a 5-mHz linear array transducer on a Toshiba 140
ultrasound machine (Toshiba, Tustin, CA). IMT at the base-
line and followup examinations was determined by the same
reader under blinded conditions, across 1-cm segments, using
automated edge-detection software (Artery Measurement Sys-
tem, Gothenburg, Sweden) (19). Readings were spaced at least
1 month apart. Values of 8 measurements were averaged to
obtain the mean average IMT. The IMT intraclass correlation
coefficient (ICC) between sonographers was �0.90, and be-
tween readers it was 0.87. IMT progression was assessed on a
continuous scale.

Plaque was defined as a focal projection within the
intima-media layer that was at least 50% greater than the
adjacent IMT. The number of plaques was totaled bilaterally.
The previously reported ICC for plaque measures was 0.93
(20). To assess the increase in plaque size, the plaque index
was used. The CCA, carotid bulb, and proximal ICA were used
to report the number and grades of plaque, an estimate of
severity. The number of plaques was totaled bilaterally, and
grades were also summed to create the plaque index, an
estimate of overall plaque burden.

Plaque progression was defined as any increase in the
number or size of plaques. When progression was based on
increased plaque size, scans were reviewed and progression
was verified. The change in the number of plaques ranged from
�1 to 4. The 11 patients with negative change values were
considered nonprogressers.

Statistical analysis. Descriptive statistics were re-
ported as the mean � SD or median (interquartile range) for
continuous variables and as percentages for categorical vari-
ables. Age-adjusted linear and logistic regression analyses were
used to determine the association between baseline risk factors

Table 1. Baseline demographic characteristics of the female SLE patients and controls*

Patients
(n � 217)

Controls
(n � 104) P

Age, mean � SD years 45.1 � 10.3 44.3 � 6.8 0.407
White, no. (%) 194 (89) 95 (91) 0.586
Education, no. (%) 0.08

�12 years 78 (36) 27 (26) –
13–16 years 98 (45) 43 (42) –
�16 years 41 (19) 33 (32) –

Postmenopausal, no. (%) 93 (43) 35 (34) 0.13
Hormone replacement therapy, no. (%) 45 (48) 17 (48.6) 0.99

Hypertension, no. (%)† 79 (36.4) 10 (10) �0.001
Systolic blood pressure, mean � SD mm Hg 120 � 18 114 � 15.4 0.005
Diastolic blood pressure, mean � SD mm Hg 78 � 10.7 74 � 10 0.001
Total cholesterol, mean � SD mmoles/liter 193.0 � 42.3 206.8 � 33.7 0.002
HDL, mean � SD mmoles/liter 55.6 � 15.9 59.6 � 14.8 0.034
LDL, mean � SD mmoles/liter 112.2 � 34.6 121.6 � 29.0 0.017
Triglycerides, median (IQR) mmoles/liter 103 (74–154) 110 (78–153) 0.795
Ever smoked, no. (%) 92 (42) 46 (45) 0.702
Currently smoke, no. (%) 26 (12) 16 (16) 0.361
BMI, mean � SD kg/m2 27.5 � 7.0 27.8 � 6.9 0.655
Metabolic syndrome, no. (%) 46 (21) NA NA
C-reactive protein, median (IQR) mg/liter 2.0 (0.8–4.0) 1.5 (0.9–2.8) 0.019
Fibrinogen, mean � SD �moles/liter 298.9 � 71.2 NA NA

* SLE � systemic lupus erythematosus; HDL � high-density lipoprotein; LDL � low-density lipoprotein; IQR � interquartile
range; BMI � body mass index; NA � not available.
† Diagnosed by physician or defined as systolic blood pressure �140 mm Hg or diastolic blood pressure �90 mm Hg.

Table 2. SLE-specific CVD risk factors at baseline

SLE duration, mean � SD years 10.5 � 7.5
ACR criteria at baseline

Skin (malar or discoid rash) 115 (56.4)
Oral ulcer 119 (58)
Arthritis 198 (93)
Serositis 72 (36)
Renal 42 (20.9)
CNS (seizure/psychosis) 15 (7.5)
Hematologic 105 (50.5)

Serum creatinine, mean � SD �moles/liter 0.9 � 0.7
Albumin, mean � SD gm/liter 4.7 � 0.4
C3, mean � SD gm/liter 94.2 � 25.1
C4, mean � SD gm/liter 21.4 � 7.8
SLAM score, mean � SD 6.9 � 3.7
Modified SDI score, mean � SD 1.2 � 1.5
Antiphospholipid antibodies 60 (27.6)

Lupus anticoagulant 45 (20.7)
Anticardiolipin 34 (15.6)

Steroid use, mean � SD years 5.5 � 6.8
Steroid use ever 203 (94)
Steroid use at baseline 96 (44)
Aspirin use at baseline 6 (2.8)
Warfarin drug use at baseline 26 (13)
Lipid-lowering drug use at baseline 11 (5)
Hydroxychloroquine use at baseline 97 (44.7)
Nonsteroidal antiinflammatory drug use

at baseline
77 (35.5)

Immunosuppressant use at baseline 29 (13)

* Except where indicated otherwise, values are the number (%).
SLE � systemic lupus erythematosus; CVD � cardiovascular disease;
ACR � American College of Rheumatology; CNS � central nervous
system; SLAM � Systemic Lupus Activity Measure; SDI � Systemic
Lupus International Collaborating Clinics/ACR Damage Index.
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and progression in IMT and plaque measures. Univariate
associations were used to select the covariates for stepwise
regression. The associated variables (P � 0.10) were then used
to build the final regression models. The multivariate progres-
sion models were adjusted for the baseline value (IMT or
plaque) and the time between scans. Progression outcomes
were reported as both overall and annual changes. When
multiple candidate variables were available to measure related
characteristics (e.g., systolic blood pressure and pulse pres-
sure), the most significant factor (lowest P value) in the
univariate analysis was selected for inclusion in the stepwise
selection procedure. If distributional assumptions of the re-
gression procedures were not met, variable transformations
were considered. Statistical analysis was performed using the
SAS software package, version 9.1.3 (SAS Institute, Cary, NC).

RESULTS

Baseline characteristics of the patients and con-
trols. The 217 women with lupus included in this study
were recruited from among 289 women participating in
a longitudinal prospective observational study of CVD
in SLE that began in 1996. The 289 women had baseline
carotid scans completed between 1996 and 2000. The
risk factor assessments were obtained at the time of the
baseline scans. Of the 289 participants at baseline, 13
declined followup, 43 were lost to followup, 1 underwent
carotid surgery and was excluded, and 15 had inade-
quate followup scans. Thus, 217 women were available
for followup scans. These 217 women did not differ
significantly from the 72 who had no followup data. The
followup scans in the 217 patients were completed
between 1999 and 2005. There was a mean of 4.1 years
(median 3.9 years) between scans.

The 217 patients had a mean � SD age of 45.1 �
10.3 years and were predominantly white (89%) (Table
1). This reflects the racial composition of the Pittsburgh
metropolitan area. Ninety-three women (43%) were
postmenopausal at baseline. Among the postmeno-
pausal women, 45 (48%) were taking hormone replace-
ment therapy (HRT). Seventy-nine of the 217 patients
(36%) had hypertension. The mean � SD total choles-
terol level was 193 � 42 mmoles/liter, and the LDL

cholesterol level was 112 � 35 mmoles/liter. One hun-
dred twenty-three women (57%) had elevated LDL
levels (�100 mmoles/liter) (data not shown). Of those
with elevated LDL cholesterol, �5% were being treated
with cholesterol-lowering medication. Although 42% of
the women reported having smoked at some time, only
12% were current smokers. Forty-six patients (21%) met
the criteria for metabolic syndrome. Twenty-seven pa-
tients (12%) had a known history of vascular disease at
baseline.

The mean age, ethnicity, socioeconomic and
menopausal status, use of HRT, triglyceride level, smok-
ing history, and body mass index were similar between
the patients and the controls (Table 1). Fewer controls
had hypertension (P � 0.001), but they had higher total
cholesterol (P � 0.002), LDL (P � 0.017), and HDL
levels (P � 0.034). CRP levels were higher in women
with SLE than in the controls (median 2.0 versus 1.5;
P � 0.019).

Lupus-related variables are shown in Table 2.
This population of lupus patients represented a
community-based sample with minimal tertiary care
referral bias. Approximately two-thirds of the women
with lupus were seen at the University of Pittsburgh
Medical Center and one-third were seen by practicing
rheumatologists in the community. As such, 21% of the
women had renal disease and 13% were taking immu-
nosuppressants. Ninety-four percent had taken pred-
nisone at some time, with a mean � SD duration of
5.5 � 6.8 years. Antinuclear antibodies, anti-dsDNA or
anti-Sm, and antiphospholipid antibodies were con-
firmed positive in �95%, 45%, and 28% of the patients,
respectively (Table 2 and data not shown). The modified
SDI score ranged from 0 to 7 (mean 1.2, median 1), and
the SLAM score ranged from 0 to 21 (mean 6.9, median
6) (the higher the SLAM and SDI scores, the more
disease activity and organ damage, respectively). These
values demonstrate a broad range of disease activity and
damage in this relatively young patient cohort.

Table 3. Ultrasound data in the female SLE patients and controls*

SLE patients
(n � 217)

Controls
(n � 104) P

Time between scans, mean � SD years 4.19 � 1.95 4.97 � 0.5 �0.001
Mean IMT at baseline, mean � SD mm 0.632 � 0.13 0.631 � 0.08 0.71
Mean IMT at followup, mean � SD mm 0.681 � 0.14 0.672 � 0.09 0.54
IMT yearly progression, mean � SD mm 0.011 � 0.03 0.008 � 0.01 0.22
Plaque at baseline, no. (%) 67 (31) 18 (17) 0.01
Plaque at followup, no. (%) 85 (40) 21 (20) �0.001
Plaque progression, no. (%) 58 (27) 10 (10) �0.001

* SLE � systemic lupus erythematosus; IMT � intima-media thickness.
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Prevalence and progression of IMT and plaque.
The mean � SD time between scans in the patients was
4.19 � 1.95 years, which was shorter than in the controls
(4.97 � 0.5 years) (P � 0.001) (Table 3). The average
total IMT progression rate in the patients was 0.05 mm,
with a mean � SD annual IMT progression rate of
0.011 � 0.03 mm (P � 0.001). The prevalence of plaque
was 31% at baseline and 40% at followup. Plaque
progression was seen in 27% of the women, while a
decrease of 1 plaque was seen in 5% (n � 11). The
majority of patients (68%) showed no change in the
number or size of plaques.

The mean � SD yearly IMT progression rate was
0.008 � 0.01 mm in the controls, similar to the rate of

progression in the patients (P � 0.22). Baseline plaque
prevalence was significantly higher in the patients com-
pared with the controls (31% versus 17%; P � 0.01). The
same was true for plaque prevalence at followup (40%
versus 20%; P � 0.001). Plaque progression was signif-
icantly more frequent in the patients (27% versus 10%;
P � 0.001).

Risk factors associated with IMT progression in
SLE patients. After age adjustment, traditional as well
as SLE-related risk factors were associated with greater
IMT progression (Table 4). The strongest risk factors
were lower diastolic blood pressure, lower serum albu-
min level, higher serum creatinine level, years of steroid
use, use of cholesterol-lowering medications, and not

Table 4. Age-adjusted relationship of CVD risk factors to IMT and plaque progression*

IMT progression Plaque progression

� (SE) P OR (95% CI) P

Traditional CVD risk factors
Age, univariate 0.001 (0.0005) 0.05 1.09 (1.05–1.13) �0.001
SES, level of education �0.0004 (0.003) 0.89 0.84 (0.71–1.00) 0.05
Postmenopausal 0.009 (0.014) 0.51 1.46 (0.63–3.36) 0.38
Hypertension �0.007 (0.011) 0.54 1.55 (0.80–3.03) 0.20
Diastolic blood pressure �0.001 (0.0005) 0.02 1.02 (0.99–1.05) 0.22
Total cholesterol �0.0001 (0.0001) 0.28 1.01 (1.00–1.02) 0.10
HDL �0.0003 (0.0003) 0.36 0.98 (0.95–1.00) 0.04
LDL �0.0001 (0.0002) 0.42 1.01 (1.00–1.02) 0.09
Triglyceride �0.00002 (0.00006) 0.81 1.01 (1.00–1.01) 0.02
Ever smoked 0.012 (0.010) 0.25 1.27 (0.66–2.44) 0.47
Currently smoke 0.019 (0.016) 0.24 4.00 (1.51–10.53) �0.01
BMI 0.0009 (0.0007) 0.24 1.01 (0.97–1.06) 0.56
Metabolic syndrome 0.021 (0.013) 0.10 1.39 (0.66–2.96) 0.39
C-reactive protein �0.0003 (0.0006) 0.61 1.01 (0.98–1.06) 0.47
Fibrinogen 0.00003 (0.00007) 0.68 1.01 (1.0–1.01) 0.05

SLE-related risk factors
Duration of SLE 0.0008 (0.0007) 0.24 1.03 (0.99–1.01) 0.12
C3 �0.00003 (0.0002) 0.89 1.01 (1.00–1.03) 0.09
C4 0.0004 (0.0007) 0.51 1.03 (0.99–1.07) 0.22
Albumin �0.0278 (0.013) 0.03 0.94 (0.40–2.21) 0.88
Serum creatinine 0.0494 (0.026) 0.06 3.31 (0.73–15.04) 0.12
SLAM score �0.0007 (0.001) 0.61 1.10 (1.00–1.20) 0.04
SDI, modified 0.005 (0.003) 0.16 1.18 (0.95–1.46) 0.13
Positive LAC 0.007 (0.013) 0.57 1.01 (0.46–2.21) 0.99
Positive ANA 0.008 (0.018) 0.66 1.29 (0.42–3.96) 0.66
Positive anti-dsDNA 0.00004 (0.00004) 0.32 1.00 (1.00–1.01) 0.17
Years of steroid use 0.0014 (0.0008) 0.07 1.01 (0.96–1.06) 0.73
Anticardiolipin 0.005 (0.015) 0.75 0.99 (0.40–2.47) 0.98
Steroid use ever 0.0216 (0.021) 0.30 1.55 (0.37–6.53) 0.55
Steroid use at baseline �0.0004 (0.010) 0.97 1.23 (0.64–2.38) 0.53
Aspirin use at baseline 0.020 (0.018) 0.27 1.05 (0.32–3.47) 0.93
Warfarin use at baseline 0.0308 (0.016) 0.47 2.05 (0.32–13.31) 0.45
NSAID use at baseline �0.013 (0.011) 0.24 1.07 (0.54–2.11) 0.85
Hydroxychloroquine use at baseline �0.006 (0.010) 0.57 0.73 (0.38–1.42) 0.36
Cholesterol-lowering medication use at baseline 0.069 (0.023) 0.003 3.77 (0.96–14.86) 0.06
Immunosuppressant use at baseline �0.028 (0.015) 0.07 3.57 (1.39–9.16) �0.01

* CVD � cardiovascular disease; IMT � intima-media thickness; OR � odds ratio; 95% CI � 95% confidence interval; SES � socioeconomic status;
HDL � high-density lipoprotein; LDL � low-density lipoprotein; BMI � body mass index; SLE � systemic lupus erythematosus; SLAM � Systemic
Lupus Activity Measure; SDI � Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; LAC �
lupus anticoagulant; ANA � antinuclear antibody; anti-dsDNA � anti–double-stranded DNA (Crithidia luciliae titer �2); NSAID � nonsteroidal
antiinflammatory drug.

CVD PROGRESSION IN WOMEN WITH SLE 839



taking immunosuppressants. In multivariate analysis,
controlling for traditional CVD risk factors, elevated
serum creatinine was significantly related to IMT pro-
gression (P � 0.0006) (Table 5).

Risk factors for plaque progression. After con-
trolling for age, several traditional and SLE-related
factors were associated with carotid plaque progression
(Table 4). These included lower socioeconomic status,
lower level, higher LDL level, higher triglyceride level,
current smoking, higher serum fibrinogen level, higher
serum C3 level, SLAM score, use of cholesterol-
lowering medications, and immunosuppressant use at
baseline. Controlling for traditional CVD risk factors,
higher serum C3 level and immunosuppressant use at
baseline were significantly related to plaque progression
(Table 5).

DISCUSSION

This study shows for the first time that CVD
progression can be measured using B-mode carotid
ultrasound in women with lupus. In the lupus patients,
the frequency of plaque progression was higher (27%
versus 10%) and the degree of IMT progression was
similar (0.011 mm/year versus 0.008 mm/year) compared
with those in a control group. While IMT difference was
not statistically significant, the 0.003 mm/year difference
between patients and controls is annualized and thus
accumulates over time. A larger sample or a longer
duration of followup may have resulted in significant
differences. Since IMT is known to be predictive of
subsequent CVD outcomes in other high-risk popula-
tions (8,21,22), it seems unlikely that it would not play
some role in SLE, especially if there is intervention
targeting traditional risk factors.

IMT progression was measurable in this group of
patients, and SLE-associated risk factors were related to

IMT progression. Higher serum creatinine was an inde-
pendent predictor of IMT progression. This finding
suggests 2 things: the vasculature is a target of the
generalized organ damage that occurs with SLE, and the
renal damage caused by SLE either contributes to or is
a marker of CVD progression. The health of the kidneys
and that of the vasculature are intimately intertwined,
and the kidneys are particularly susceptible to the con-
sequences of vascular damage (23). Thus, monitoring
kidney function likely provides useful information on the
vascular effects of SLE. This idea is supported by
cross-sectional data on women with SLE, which have
shown that impaired renal function is related to coro-
nary artery calcification (11) and carotid atherosclerosis
(24).

Of interest was the negative association between
diastolic blood pressure and IMT progression. Low
diastolic blood pressure is a marker of arterial stiffening,
and arterial stiffening is associated with atherosclerosis
progression (25). Thus, this is a possible explanation for
this observation.

The 31% prevalence of carotid plaque found
here is similar to that in other populations of women
with SLE (17–40%) (1,5,7,8,24,26). These rates are
higher than in our control group (17%; P � 0.01) and
also in other populations of healthy women, where
frequencies have been reported to be 11–25% (7,8,27).
The 31% prevalence is even higher than the 19.3%
prevalence reported in an older population of women
(ages 59–71 years) in the Aging Vascular Study (EVA)
(28). Twenty-seven percent of our patients had plaque
progression, which is also higher than in the control
group (10%), despite the fact that the patients had lower
LDL levels and a shorter time between scans. The 27%
progression rate is also higher than that of an older
population in the EVA (18.3%) (28). Thus, it appears

Table 5. Multivariate relationships of CVD risk factors to IMT and plaque progression*

IMT progression† Plaque progression†

� (SE) P OR (95% CI) P

Age per 5 years 0.013 (0.003) 0.0001 1.39 (1.12–1.72) 0.003
Diastolic blood pressure per 10 mm Hg �0.013 (0.005) 0.004 – –
Triglycerides per 25 mg/dl – – 1.13 (1.01–1.27) 0.04
Serum creatinine, mg/dl 0.086 (0.025) 0.0006
Serum C3 per 25 units – – 1.46 (1.02–2.09) 0.04
Immunosuppressant use at baseline – – 3.43 (1.20–9.82) 0.02

* See Table 4 for definitions.
† Adjusted for baseline value and time between scans.
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that women with SLE develop lesions earlier and these
lesions may progress faster than among age-similar and
older women.

Both prevalence and progression of plaque were
associated with SLE-related factors after controlling for
age. It is likely that the heightened inflammation process
in SLE contributes to higher CVD risk. Elevated serum
C3 levels were found to be related to plaque progression
(P � 0.04). We have previously reported that high serum
C3 levels are related to increased aortic stiffness in
women with SLE (26,29). Serum C3 levels have also
been found to be associated with coronary calcification
(11). These observations are particularly surprising be-
cause decreased levels of C3 (a precursor of complement
activation) are traditionally associated with lupus patho-
genesis.

There are 2 possible explanations for our obser-
vation that increased serum levels of C3 are associated
with carotid plaque progression and vascular stiffness in
lupus. First, it may reflect an acute-phase response. We
believe this is unlikely since other acute-phase proteins,
such as CRP and fibrinogen, were not independently
associated with plaque or vascular stiffness in the same
patients. Second, activation of the complement system
may actually contribute to increased vascular disease
and progression of disease; however, compensatory in-
creases in C3 and C4 synthesis mask consumption, a
situation that cannot be resolved with standard assays
for C3 and C4.

It is recognized that inflammation is involved in
all stages of atherosclerosis development, and comple-
ment is the final common pathway in all physiologic and
pathophysiologic inflammatory processes (30–33). One
direct mechanism includes increased endothelium per-
meability, which leads to plasma protein influx into the
arterial wall (34). Indirectly, serum C3 may be involved
through stiffening of the vasculature, which later creates
an environment in which plaques are more likely to
form. SLE-related inflammatory abnormalities may also
function synergistically with traditional risk factors, mak-
ing them particularly harmful.

Immunosuppressant use at baseline was associ-
ated with plaque progression. This finding is inconsistent
with cross-sectional data indicating that cyclo-
phosphamide nonuse was associated with plaque among
women with SLE (7). It is important to point out that the
objective of our study was to determine the risk factors
measured at one point in time (baseline visit) that
predict the progression of vascular disease over the
4-year followup period. Cumulative disease activity and
changing therapies over the course of the 4 years were

not ascertained in this study. Therefore, the role that
sustained disease activity and long-term immunosup-
pression plays in CVD and SLE remains unclear and
requires further investigation. This limitation applies to
changes in all risk factor profiles over the course of
followup. It is important to point out that the women
with lupus in this study were primarily white and repre-
sented a mix of tertiary care center referral patients and
those seen by practicing rheumatologists. Our results
may not be applicable to all lupus populations.

In conclusion, both carotid IMT and plaque
progression can be measured using B-mode ultrasound
in women with SLE. Plaque progression appears to be
greater in women with SLE than in healthy women, and
monitoring the progression of plaque may be more
useful than monitoring IMT in women with SLE. It is
important to note that the controls chosen for this study
were similar to the patients with regard to demographic
features and mix of traditional CVD risk factors, but
they were otherwise healthy with no underlying inflam-
matory disease or exposure to corticosteroids. Rates of
progression of both IMT and plaque are related to both
SLE-associated and traditional risk factors, and these
may work together to increase CVD risk. This study
provides data to support the use of carotid B-mode
ultrasound as a surrogate end point in future clinical
trials that examine the efficacy of CVD prevention
strategies in SLE.
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