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ABSTRACT. Objective. To evaluate the prevalence and pattern of arterial calcification in patients with asympto-
matic systemic lupus erythematosus (SLE) compared with control subjects. SLE patients are prone
to adverse cardiovascular events; however, the underlying atherosclerotic process is unknown.
Multidetector computed tomography (MDCT) measured arterial calcium score (CS) reflecting
underlying atherosclerosis and is closely associated with cardiovascular events.

Methods. Fifty age and sex matched SLE patients and controls were enrolled. All subjects under-
went 64 slice MDCT scan to evaluate CS in coronary, carotid arteries and the aorta.

Results. As compared with controls, SLE patients had higher mean CS and prevalence of CS > 0
across all vascular beds. After adjustment for age and sex, SLE patient odds of having CS > 0 in any
vascular bed was 33.6 (95% CI: 9.5-165.2) were higher versus patients in the control group, main-
ly due to more prevalent coronary calcification (OR 30.0, 95% CI: 6.7-203.8). In SLE patients, the
most frequent vessel with CS > 0 was coronary (42%) followed by carotid artery (24%). Further,
arterial calcification occurred early involving 40% of SLE patients at age < 40 years , with increas-
ing prevalence as age advanced.

Conclusion. Our study confirms that patients with SLE have significantly higher prevalence and
extent of systemic arterial calcification compared with age and sex matched controls. (First Release

Sept 15 2009; J Rheumatol 2009;36:2212-7; doi:10.3899/jrheum.090312)
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Systemic lupus erythematosus (SLE) is associated with an
increased prevalence of subclinical atherosclerosis and car-
diovascular events!2. In female SLE patients aged between
35 and 44 years there was a 52-fold increased risk of having
myocardial infarction as compared with age- and
sex-matched healthy subjects'. Although the mechanisms
for premature atherosclerosis are unknown, it is likely to be
contributed by multiple factors, including immune-mediated
damage, prevalent traditional cardiovascular risk factors,
chronic inflammation, and prothrombotic factors®®. With
the use of electron beam computed tomography (CT), previ-
ous studies have demonstrated a higher prevalence of coro-
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VASCULAR CALCIFICATION

nary calcification in SLE patients compared with
age-matched controls’-®. As SLE is a systemic disease, the
atherosclerosis related to SLE also likely involves the whole
vascular system. Indeed, clinical ischemic events such as
stroke and peripheral vascular disease are also more preva-
lent in SLE patients than in controls>°. However, the extent
and distribution of atherosclerosis in patients with SLE
remains unclear.

Recent advances in multidetector computed tomography
(MDCT) allows rapid, effective and noninvasive detection
of extent and severity of atherosclerosis in different arterial
beds by imaging calcified atherosclerotic plaque!'®!!. The
purpose of our study was to investigate the distribution and
extent of subclinical calcified atherosclerotic plaque in thor-
acic aorta and in coronary and carotid arteries using MDCT,
in patients with SLE versus age-matched controls. In partic-
ular, we aimed to determine whether the prevalence and pat-
tern of arterial calcification in asymptomatic SLE patients
are different versus control subjects.

MATERIALS AND METHODS

Study population. To calculate the sample size needed for each group, we
assumed the baseline prevalence of developing calcification in any vascu-
lar bed to be 0.5, and the prevalence of the control subjects to be about 25%.
Using a one-sided test with a 0.05 level of significance with power of 0.8,
we needed at least 46 subjects in each group. From January 2006 to January
2007, 50 consecutive Chinese patients age > 18 years who met classifica-
tion criteria for SLE!? and suffered from the disease for at least one year
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were enrolled. Further, 50 age- and sex-matched controls who did not meet
classification criteria for SLE or another inflammatory disease were also
recruited as controls from a local health check program. No study subject
had a history of cardiovascular diseases, including stroke, myocardial
infarction, peripheral vascular disease, and angina. The study was approved
by the institutional ethical review board, and all subjects gave their written
informed consent.

Study protocols. Data on baseline demographic and clinical characteristics
and blood sampling were obtained prospectively in the same day from
study subjects. Cardiovascular risk factors, including tobacco smoking, dia-
betes mellitus, hypercholesterolemia, and hypertension were assessed.
Body height and weight, blood pressure and body mass index of all subjects
were measured as described'®!4. Hypertension was defined as either rest-
ing systolic or diastolic blood pressure = 140/90 mmHg at 2 different times
or on medications. Diabetes mellitus was defined as a serum fasting glucose
of = 7.1 mmol/l or on oral hypoglycemic agent. Hypercholesterolemia was
defined as a fasting total serum cholesterol level of > 4.9 mmol/l or on med-
ications. Smoking status was recorded as either smoker (past and current)
or nonsmoker. A family history of coronary artery disease was defined as a
first-degree relative having a myocardial infarction or stroke before age 55
years in men and age 65 years in women. For patients with SLE, demo-
graphic data including sex, age at onset of SLE, duration of disease, cumu-
lative clinical manifestations, immune profiles including anti-double
stranded DNA antibodies (anti-dsDNA), C3 and C4 levels; and their current
and prior use of medications were retrieved from the patients’ medical
record.

Fasting blood samples were obtained from all subjects to determine
serum creatinine, glucose, and lipid levels. C-reactive protein (CRP) level
was measured by using a Hitachi 747 analyzer (Boehringer Mannheim,
Mannheim, Germany), and a particle-enhanced immunoturbidimetric assay
(Roche Diagnostics, Mannheim, Germany) as described!3.

MDCT imaging. All subjects underwent CT imaging of coronary, carotid
artery and aorta using a 64 slice MDCT (Lightspeed, VCT, GE Healthcare,
xxxx USA). In brief, all scans were performed with subjects in supine posi-
tion, which included regions from the arch of the aorta to the fundus of the
heart. Prospective electrocardiogram-gated cardiac scan was obtained with
the following scan variables: rotation time = 0.35 s; slice thickness = 2.5
mm; 120 kV; 250 mA; trigger delay = 70% R-R interval. Carotid artery
scan was performed from the level of C6 vertebral body to C2 vertebral
body with following variables: rotation time = 0.35 s; slice thickness = 2.5
mm; 120 kV; 250 mA; trigger delay = 70% R-R interval. Aorta scan includ-
ed the ascending aorta, aortic arch, and proximal 10 cm of the thoracic
descending aorta. Patients were instructed to hold breath for 30 s during
scanning.

The acquired MDCT images were reviewed at the post-processing
image workstation (Advantage windows 4.02, GE Healthcare). Complete
data were available from all scans, with no misregistration of slices due to
artifacts of motion, respiration, or asynchronous electrocardiographic trig-
gering. To ensure continuity and consistency of interpretation of calcium
scores (CS), 2 expert investigators (SW, GCO), who were unaware of sub-
jects’ clinical status, analyzed all scans. The interobserver and intraobserv-
er variability correlation coefficients of CS measurements were 0.92 and
0.91, respectively.

Analysis of MDCT CS. Measurement of CS was performed by a commer-
cially available software “smart score” (GE Healthcare) using the threshold
option set for pixels > 130 Hounsfield units and expressed in Agaston units.
Coronary CS was calculated as sum of CS in the left main coronary artery,
left anterior descending artery, left circumflex coronary artery, right coro-
nary artery, and posterior descending artery. Carotid artery CS was calcu-
lated as the sum of CS in carotid arteries including common carotid artery,
internal carotid artery, and bulb. Aortic CS was defined as sum of CS in
ascending and descending thoracic aorta in the scanning region. Total CS is
the summation of coronary, carotid, and aortic CS.

Statistical analysis. Continuous variables were presented as mean + stan-

dard deviation or median (IQR) as appropriate. Categorical data were pre-
sented as frequencies and percentages. Mann-Whitney U test was used to
evaluate statistical differences of continuous variables and Fisher’s exact
test was applied to test for statistical associations between 2 categorical
variables. Logistic regression analysis was used to evaluate the odds ratios
(OR) of having coronary, carotid, aortic and total CS > 0 in SLE patients to
the control subjects, after adjusting for age and sex. Spearman’s rank cor-
relation test was used to evaluate the correlation between CS and disease
duration of patients. All statistical analyses were performed using the sta-
tistical package SPSS for windows (Version 15.0, SPSS, Chicago, IL,
USA). P value < 0.05 was considered to be statistically significant.

RESULTS

Clinical characteristics. Demographic characteristics of the
study populations are shown in Table 1. The majority of
SLE patients and controls were female. For patients with
SLE, their mean duration of disease was 14.2 + 8.0 years
and the mean anti-dsDNA level was 21.7 + 41.7 IU/ml.
There were no significant differences in age, sex, prevalence
of hypertension, hyperlipidemia, smoking, diabetes, and
family history of coronary artery disease between SLE
patients and controls (Table 1, all p > 0.05). Both groups
have similar prevalence of family history of medical illness
(Table 1, p > 0.05), except that patients with SLE had a sig-
nificantly higher prevalence of family history of SLE than
the controls (22% vs 0%, p = 0.001).

Prevalence and extent of vascular calcification. Table 2

Table 1. Clinical characteristics of study subjects.

SLE Patients Controls p
Variables (n =50) (n =50)
Age, yrs 457+ 8.8 47.7+4.8 0.15
Female, % (n) 92 (46) 80 (40) 0.15

Systolic blood pressure, mm Hg 120.1 £ 163 1203 +12.6 0.26

Diastolic blood pressure, mm Hg 755 8.2 759 +£9.7 0.46
Body-mass index kg/m? 224 +3.7 23.0+3.0 0.40
Menopause, % (n) 32 (16) 34 (17) 0.09
Medical history
Hormone replacement therapy, % (n) 26 (13) 80 (40) 0.06
Oral contraceptive, % (n) 10 (5) 0 (0) 0.06
Current smoker, % (n) 8 (4) 10 (5) 1.00
Hypertension, % (n) 20 (10) 14.(7) 0.60
Diabetes, % (n) 4(2) 2(1) 1.00
Hypercholesterolemia, % (n) 8 4) 12 (6) 0.74
Thyroid disease, % (n) 8 (4) 8 (4) 1.00
Family history
SLE, % (n) 22 (11) 0(0) 0.001
Coronary artery disease, % (n) 8 (4) 12 (6) 0.74
Hypertension, % (n) 22 (11) 34 (17) 0.27
Diabetes, % (n) 16 (8) 22 (11) 0.61

Serum lipid profile and renal function

Total cholesterol, mmol/l 47 +1.2 4.9 +0.6 0.20
Triglycerides, mmol/l 1.1+0.5 1.2+0.6 0.47
High-density lipoprotein, mmol/l 1.5+ 0.4 1.6 +0.5 0.10
Low-density lipoprotein, mmol/l 25+09 2.7+0.6 0.21
Urea, mmol/l 49+1.3 4.9 +0.9 0.87
Creatinine, pmol/l 669 +209 665+14.1 0.87

SLE: systemic lupus erythematosus.
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Table 2. Prevalence and extent of calcium scores in patients with systemic lupus erythematosus (SLE) and controls.

Sites Median (IQR) Calcium Score Prevalence of Calcium Score > 0 (%) Adjusted for Age and Sex
SLE Patients  Controls p SLE Patients  Controls p OR (95% CI) p
Coronary 0.0 (14.75) 0.0 (0.0) < 0.001 42 (n=21) 8(n=4) <0.01 30.0 (6.7-203.8) <0.01
Carotid artery 0.0 (0.25) 0.0 (0.0) < 0.001 24 (n=12) 0(n=0) <0.01 NAT —
Aortic 0.0 (0.0) 0.0 (0.0) 0.01 20 (n = 10) 4(n=2) 0.03 6.9 (1.6-48.0) 0.02
Total calcification 2.5(29.5) 0.0 (0.0) <0.001 64(n=32) 10(n=5) <0.01 #33.6 (9.5-165.2) <0.01

* OR for presence of calcification in any vascular bed; " The odds ratio cannot be estimated due to the complete separation of the data we have no case from

the control group. OR: odds ratio; CI: confidence interval.

summarizes the coronary, carotid, aortic, and total CS in
patients with SLE and controls. For the presence of calcifi-
cation in different vascular beds, SLE patients had the high-
est prevalence of CS > 0 in the coronary arteries, followed
by carotid, and aortic arteries. Similarly, controls had the
highest prevalence of CS > 0 in the coronary arteries, but
followed by the aorta, and with no calcification in the
carotid artery.

As compared with controls, patients with SLE had sig-
nificantly higher mean coronary, carotid, aortic, and total CS
(Table 2, all p < 0.05). Further, the prevalence of CS > 0 in
coronary and carotid arteries, aorta, and overall arteries
(total) was also significantly higher in SLE patients com-
pared with controls. After adjusting for age and sex, SLE
patients had a significantly higher odds of developing calci-
fication in any vascular bed (OR =33.6, 95% CI: 9.5-165.2)
mainly driven by a high frequency of coronary calcification
(OR =30.0, 95% CI: 6.7-203.8) (Table 2).

Figure 1 shows the distribution and prevalence of calcifi-
cation (CS > 0) as stratified by vascular bed and age catego-
ry (35-39, 40-44, and 45—49, and over 50 years). The preva-
lence of calcification across different age groups was signif-
icantly higher in patients with SLE compared with controls
(all p < 0.05). In addition, simultaneous presence of calcifi-
cation over thoracic aorta, coronary, and carotid arteries was
observed only in patients with SLE and not in control sub-
jects (Figure 1).

In the control group, calcification was only observed in

patients aged > 45 years and clustered in the coronary arter-
ies (Figure 1). In contrast, a significant proportion (40%) of
SLE patients had arterial calcification even at age < 40
years, and this prevalence is even higher than in subjects
aged > 49 years in the control group (~10%). For SLE
patients > 49 years old, all had coronary arterial calcifica-
tion, and 60% had calcification in 2 or more vascular beds
(Figure 1).
Predictors for vascular calcifications in SLE patients. As
shown in Table 3, SLE patients with vascular calcifications
(i.e., total > 0) were significantly older, and had higher
anti-dsDNA than those patients without any vascular calci-
fication. However, there were no significant differences
between the 2 groups in other cardiovascular risk factors,
including prevalence of hypertension, hypercholestero-
lemia, smoking, diabetes, blood pressure, lipid prolife, med-
ication, and inflammatory markers (Table 3, all p > 0.05).
After adjusting for age and sex, hypertension, a higher anti-
dsDNA and current use of azathioprine were found to be
significant predictors for the occurrence of vascular calcifi-
cations in patients with SLE (Table 3). We further analyzed
the data by evaluating individual predictors for coronary cal-
cification. It was found that age (hazard ratio 1.40, confi-
dence interval 1.14-1.72, p = 0.002) was the only variables
associated with presence of coronary calcification but not
with conventional cardiovascular risk factors, anti-dsDNA,
or use of immunosuppressant.

In SLE patients, total CS was significantly correlated

SLE
Control
J O CINone
>49 \ \ }
\\\\\\ >49 £3accs
| ) E=CACS
° 45-49 ////// o 45497 [IDACS
< 7 < 228 CCS+CACS
40-444 ——— II"I //// 40-44+ ESICCS+ACS
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35-394 = 35-39+ A
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Figure 1. Prevalence and distribution of vascular calcification, by age group, in patients with SLE and in controls and patients with SLE.
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Table 3. Clinical characteristics of SLE patients with or without vascular calcification.

Total CS>0 Total CS=0 p Adjusted for Age and Sex
(n=32) (n=18) OR (95% CI) p

Female, % (n) 86.9 (29) 85.5(17) 1.0 — —
Age, years 48.5+9.6 40.7+3.9  0.002 — —
Body-mass index, kg/m? 22.8+4.0 219+3.0 0.52 1.05 (0.87-1.27) 0.62
Disease duration, yrs 15.1 £ 8.7 12.6 £ 6.6 0.34 1.01 (0.92-1.10) 0.88
Systolic blood pressure, mm Hg 121.1 179 1183 +133 0.85 0.99 (0.94-1.03) 0.52
Diastolic blood pressure, mm Hg 742 £8.5 77.7+7.3 0.14 0.91 (0.83-1.01) 0.06
Hormone replacement therapy, % (n) 25 (8) 27.7 (5) 1.0 0.85 (0.15-4.67) 0.85
Oral contraceptive, % (n) 9.4 (3) 11.1 2) 1.0 — —
Current smoker, % (n) 6.3 (2) 11.1 (2) 0.61 1.81 (0.06-5.08) 0.59
Hypertension, % (n) 21.9 (7) 16.6 (3) 0.73 5.26 (0.04-50) *0.02
Diabetes, % (n) 6.3 (2) 0 (0) 0.53 — —
Hypercholesterolemia, % (n) 12.5 (40 0 (0) 0.28 — —
Cholesterol, mmol/l 47+1.2 48+ 1.1 0.98 1.02 (0.59-1.76) 0.95
Triglycerides, mmol/l 1.1 +£0.5 1.1 +0.7 0.68 1.12 (0.37-3.36) 0.84
High-density lipoprotein, mmol/l 1.6 +04 14+03 0.22  1.77 (0.27-11.60) 0.55
Low-density lipoprotein, mmol/l 2509 26+1.0 0.54 0.76 (0.37-1.54) 0.44
Urea, mmol/l 48+1.3 50+1.3 0.98 0.93 (0.50-1.73) 0.83
Creatinine, mmol/l 67.3+239 662+150 055 1.10 (0.96-1.03) 0.97
C-reactive protein, mg/dl 0.61 £0.60 047+035 0.21 2.56 (0.38-17.2) 0.34
Anti-dsDNA, IU/ml 28.59 £48.64 833876 *0.007 1.11(1.01-1.22) *0.03
C3, mg/dl 78.86 +24.83 86.81 £22.16 0.28 0.99 (0.96-1.02) 0.58
C4, mg/dl 1772 £ 741 16.84 +£7.35 0.64 1.01 (0.92-1.11) 0.88
Current medications, % (n)
Hydroxychloroquine 46.9 (15) 38.8 (7) 0.77 2.07 (0.48-8.90) 0.33
Corticosteroid 53.1(17) 61.1 (11) 0.55 0.80 (0.20-3.27) 0.76
Azathioprine 47.9 (15) 16.7 (3) 0.06  6.56 (1.25-34.34) *0.03
Cyclophosphamide 0 (0) 11.1 (2) 0.12 — —
Mycophenonate mofetil 9.4 (3) 5.6 (1) 1.0 2.50 (0.23-27.57) 0.45
Nonsteroidal antiinflammatory drug 344 (11) 27.8 (5) 1.0 1.07 (0.24-4.79) 0.92
Previous medications, % (n)
Hydroxychloroquine 62.5 (20) 50 (9) 0.55 3.93 (0.78-19.7) 0.10
Corticosteroids 65.6 (21) 66.7 (12) 1.00 1.18 (0.27-5.17) 0.83
Azathioprine 50 (16) 33.3 (6) 0.38  2.99 (0.70-12.70) 0.14
Cyclophosphamide 6.25 (2) 11.1 (2) 0.60 — —
Mycophenonate mofetil 9.4 (3) 5.6 (1) 1.00  2.50 (0.23-27.57) 0.45
Nonsteroidal antiinflammatory drug 43.8 (14) 33.3(6) 0.76 1.36 (0.34-5.49) 0.67

OR: odds ratio; CI: confidence interval. * p < 0.05.

with age and anti-dsDNA level (Table 4). Conversely, total
CS was not correlated with body mass index, blood pres-
sure, lipid profile, blood creatinine, and inflammatory
markers.

DISCUSSION

By using MDCT imaging of thoracic aorta, coronary, and
carotid arteries, our study investigated the prevalence and
extent of vascular calcification over multiple vascular beds
in patients with SLE compared with age- and sex-matched
controls. Our results extend previous observations on the
occurrence of premature coronary atherosclerosis in patients
with SLE®8, and further demonstrate that SLE patients had
early onset of diffuse calcification over multiple vascular
beds. The risk of vascular calcification in patients with SLE
was 33.6 fold higher than control subjects after adjusting for

age and sex. Moreover, the prevalence and extent of calcifi-
cation over thoracic aorta and coronary and carotid arteries
were significantly greater in patients with SLE than controls
across all age strata. In this study, the prevalence of vascular
calcification observed in SLE patients with age < 40 years
was higher than those observed in controls age > 49 years
old, and all SLE patients had vascular calcification at age >
49 years compared to 10% in age-matched controls. Further,
coronary calcification was the most prevalent site for calci-
fication in both patients with SLE and control subjects. This
is in accordance with Allison, et al'>, where coronary bed
had the highest prevalence of disease at young age (< 50
years). Indeed, in our study, simultaneous presence of calci-
fication over thoracic aorta and coronary and carotid arteries
was observed only in SLE patients over the age of 49 years,
suggesting a different and accelerated pattern of vascular
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Table 4. Relationship between total calcium score and characteristics.

Rho p
Age 0.54 *<0.01
Body-mass index, kg/m? 0.12 0.41
Disease duration, years 0.22 0.12
Systolic blood pressure, mm Hg 0.06 0.69
Diastolic blood pressure, mm Hg -0.19 0.19
Cholesterol, mmol/l -0.02 0.99
Triglycerides, mmol/l 0.17 0.23
High-density lipoprotein, mmol/l 0.20 0.18
Low-density lipoprotein, mmol/l -0.34 0.82
urea, mmol/l 0.03 0.86
Creatinine, mmol/l 0.05 0.71
C-reactive protein (mg/dl) 0.13 0.38
Anti-dsDNA 0.42 *< 0.01
Cc3 -0.21 0.16
C4 0.32 0.83

*p < 0.05

involvement in the atherogenesis process related to SLE
compared to that observed in normal controls.

Except for the presence of hypertension, conventional
risk factors for atherosclerosis including history of smoking,
diabetes mellitus and hyperlipidemia were not associated
with vascular calcification in this study. This lack of associ-
ation with conventional cardiovascular risk factors for the
development of premature atherosclerosis has also been
shown by others*1®, while others have shown the oppo-
site!”. Systematic inflammation and immune mechanisms
have been increasingly recognized as important causes for
premature atherosclerosis. In this study, the level of anti-
dsDNA and current use of azathioprine predicted the pres-
ence of arterial calcification but not coronary calcification in
patients with SLE. Kiana, et al'” also demonstrated that the
level of anti-dsDNA did not independently predict the pres-
ence of coronary calcification. This finding highlights that
the process of atherosclerosis related to SLE disease activ-
ity is more diffuse and widespread rather than limited to the
coronary arteries. Therefore, the use of coronary calcifica-
tion alone as marker for atherosclerosis may fail to disclose
this association. Nevertheless, future studies are required to
identify the potential predictors for vascular calcification in
patients with SLE.

While coronary CS has been extensively studied regard-
ing its relationship with coronary atherosclerotic burden!8 as
well as future cardiovascular events!®19, the assessments of
calcification over thoracic aorta and carotid artery have not
been adequately evaluated. Previous studies showed that
carotid artery CS reflects the calcium content of plaques in
the carotid artery?°, which correlates with coronary CS2!
and predicts the risk of stroke?2, Similarly, thoracic aorta
atherosclerosis has also been shown to be associated with
coronary calcification?? and future risk of stroke and cardio-
vascular events!!24, Therefore screening of CS in carotid
and thoracic aorta of patients with SLE in addition to coro-

nary arteries may allow earlier detection of subclinical ath-
erosclerosis and provide incremental values in identifying
high risk patients for secondary prevention measures reduc-
ing cardiovascular events. The potential benefits of
screening and secondary preventive measures, such as lipid
lowering and aspirin therapy for prevention of subclinical
atherosclerosis in patients with SLE need to be confirmed by
future studies.

Study limitations. First, this was a cross-sectional observa-
tional study and the temporal relationship between
inflammation related to SLE and occurrence of calcified
atherosclerotic plaques could not be assessed. Second, detail
clinical assessment of disease severity of SLE was not per-
formed, and only serum C-reactive protein level was meas-
ured to determine degree of systemic inflammation. Third,
non-calcified atherosclerotic plaques can be detected by
MDCT and therefore we may not have been able to detect
the exact atherosclerotic burden.

In conclusion, our study demonstrates that the prevalence
and extent of vascular calcification over thoracic aorta and
coronary and carotid arteries is higher in patients with SLE
compared with age- and sex matched controls. Further, the
coronary artery was the most prevalent vascular bed, with
calcification in both SLE patients and normal controls. Our
findings have important implications for the understanding
of the premature atherogenesis process and provide a cor-
nerstone for future studies in this regard.
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