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Abstract
Women with systemic lupus erythematosus (SLE) have increased risk for coronary heart disease
(CHD) which is underestimated by the Framingham risk score (FRS). We hypothesized that new
risk scores that include inflammation or vascular age in the risk calculation would better identify
women with SLE at risk for CHD, particularly in those with subclinical coronary atherosclerosis.
We calculated the FRS and Reynolds risk score (RRS) in 121 women with SLE and 65 age-
matched female controls; coronary age-modified risk scores (camFRS, camRRS) were calculated
using coronary age derived from the coronary artery calcium (CAC) score. Risk scores were
compared in SLE and controls, and in SLE patients with and without CAC. Although CAC was
present in 21 SLE patients (17%) and 4 controls (6%) (P=0.033); the FRS, camFRS, RRS, and
camRRS, did not differ significantly among SLE and controls (P>0.05), but were all significantly
higher in SLE patients with CAC compared to those without (P< 0.001 for all). The cam-FRS
(8%, P=0.016) but not cam-RRS (5%, P=0.221) assigned significantly more SLE patients to a
category of ≥10% risk than conventional FRS (1%) and RRS (2%). The RRS was of limited use
but coronary age may improve CHD risk prediction in SLE.
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Introduction
Systemic lupus erythematosus is associated with premature atherosclerosis1,2 and an
increased prevalence of coronary heart disease.3 Lupus affects predominantly young
women, and the risk of CHD relative to age-matched control subjects is higher in younger
women with SLE. For example, the risk of CHD was increased 52-fold in women with lupus
who were 35 to 44 years old and 2–4 fold in those 45 to 64 years old, compared to women of
similar age without SLE.4 Nevertheless, although the relative risk is high, because coronary
events are rare in healthy young women, the average absolute risk in women with SLE
remains low. Therefore strategies are needed to identify those patients at greatest risk for
risk factor modification or other therapy.
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Large epidemiologic studies of cardiovascular outcomes in the general population have
defined the predictive contribution of individual and combined cardiovascular risk factors
and provided composite measures to assess future cardiovascular risk.5,6 For example, the
Framingham risk score (FRS) is widely used to stratify asymptomatic patients into different
cardiovascular risk categories in order to target the intensity of primary medical
intervention.7,8 The National Cholesterol Education Program (NCEP) has recommended that
a FRS score of ≥10% be considered as a threshold for potential drug therapy initiation.7

The FRS, which is strongly influenced by age, has limited usefulness in patients with SLE
who are primarily relatively young.9 We have reported that the FRS categorized 99% of
women in our cohort of lupus patients as being at low-risk, with a median 10-year predicted
risk of 1%; furthermore, the FRS was not significantly different in women with SLE and
control subjects, despite more prevalent and severe coronary artery atherosclerosis in
lupus.10

The limitations of the FRS in predicting cardiovascular risk, particularly in women and in
younger populations, have also been recognized in the general population.11–14 Efforts to
improve cardiovascular risk prediction have centered on two major modifications to existing
models: 1) the incorporation of biomarkers, particularly markers of inflammation such as C-
reactive protein (CRP) into models that predict cardiovascular risk, and 2) the incorporation
of information provided by non-invasive measures of coronary atherosclerosis such as
coronary artery calcification (CAC).

Accordingly, a new cardiovascular risk score, the Reynolds Risk score (RRS), incorporates
CRP concentration in the risk model and reclassifies approximately 50% of women in the
10-year FRS 5–20% risk category into different risk categories.15 A second novel approach
is to measure CAC, calculate the age associated with this CAC score, and use this “coronary
age” in place of the patient’s chronological age in the risk score calculations.16–18

These new approaches developed to predict CHD risk in the general population are
particularly attractive in application to SLE because most patients are young women, and the
illness is associated with inflammation and increased CAC.1 Therefore, we examined two
hypotheses: 1) that the RRS is higher in patients with SLE than controls and increases the
proportion of lupus patients assigned to moderate and high risk categories compared to the
traditional FRS, and 2) that substituting coronary age in the place of chronological age in the
conventional FRS and RRS risk score calculations alters risk stratification in patients with
SLE.

Methods
Design and study participants

A cohort of patients with SLE and control subjects, frequency-matched for age, race and
sex, are participating in an ongoing study of the mechanisms of atherosclerosis in SLE;
detailed methods describing recruitment and measurement of clinical and biochemical
variables have been described.10 For the present analysis we included women with SLE and
female controls ≥18 years old who had no history of diabetes (defined as the use of anti-
diabetic medications or a fasting blood glucose ≥ 126 mg/dL) and no previous
cardiovascular event (myocardial infarction, angina, or stroke) or cardiovascular procedure
(coronary artery bypass or graft). The presence of any of these conditions automatically
places a patient into a high risk group (10-year risk >20%) and our objective was to evaluate
if the RRS performed better than the FRS in identifying patients with subclinical
atherosclerosis who were not already known to have high CHD risk. Patients met the
classification criteria for SLE19 with disease duration of at least one year, and controls had
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no inflammatory rheumatic disease. The study was approved by the Institutional Review
Board at Vanderbilt University and all subjects provided written informed consent.

Clinical assessment
Patients with SLE and controls were evaluated using a standardized clinical interview,
physical examination, laboratory tests, and review of medical records as described in detail
previously.1,10 Parental history of cardiovascular disease (myocardial infarction or stroke)
before the age of 65 was recorded. We measured height and weight, and body mass index
(BMI) was calculated by dividing the weight in kilograms by the square of height in meters.
Blood pressure was recorded as the average of two consecutive measurements performed 5
minutes apart after subjects had rested supine for 10 minutes.

Coronary artery calcium assessment
Electron beam tomography (EBT) was performed as described previously.1 An Imatron
C-150 scanner (GE Imatron, South San Francisco, CA) was used in all the controls and in 96
patients with SLE; a 64-row multidetector CT (LightSpeed VCT, GE, Milwaukee, WI) was
used in 25 patients with SLE. All the scans were scored, as described by Agatston et al.20 by
a single experienced investigator (PR) unaware of the subjects’ clinical status. Agatston
scores above zero were considered positive for CAC.

Laboratory tests
A fasting blood sample was collected and total cholesterol, high-density and low-density
lipoprotein cholesterol, and triglyceride concentrations measured in the hospital clinical
laboratory. C-reactive protein (CRP) was measured by the hospital clinical laboratory in
patients with SLE. For 41 patients with SLE who had CRP concentrations below 3 mg/dl,
and for all the controls, a high sensitivity CRP (hsCRP) assay was performed using ELISA
(Millipore) with a lower sensitivity limit of 0.125 mg/dl.

Cardiovascular risk scores
Framingham Risk Score (FRS)—The 10-year risk (%) of having a hard coronary event
(myocardial infarction or coronary death) was calculated using the ATP III algorithm.7 The
model includes age, sex, smoking status, systolic blood pressure, treatment for hypertension,
and total and HDL cholesterol concentrations. The FRS classifies individuals as having low
(<10%), intermediate (≥10% to <20%) or high (≥20%) 10-year risk. The risk score for a 19
year-old subject was calculated using the values for a 20-year old woman.

Reynolds Risk Score (RRS)—The RRS calculates the 10-year risk (%) of having
myocardial infarction, ischemic stroke, coronary revascularization or cardiovascular death.15

The model includes age, sex, systolic blood pressure, total and HDL cholesterol
concentrations, smoking status, hsCRP concentration, and parental history of myocardial
infarction before the age of 60 years. The RRS classifies individuals as having low (<10%),
intermediate (≥10% to <20%) or high (≥20%) 10-year predicted risk. The RRS was
calculated using the published formula for women.15

Cardiovascular scores modified according to coronary age—Coronary age was
calculated from the CAC score as described by McClelland.17 The prevalence and severity
of CAC increases with age. This relationship, defined in large populations, can be used to
infer a modified chronological age for an individual that is termed coronary age. For
example, a CAC score of 100 Agatston units results in an estimated coronary age of 73 years
(95% confidence interval 71–76).17 Therefore, if a 40 year old woman (who would be
expected to have a CAC of 0 Agatson units) has a score of 100 units, her coronary age
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would be 73 years17. The calculated coronary age can also be younger than the
chronological age in individuals who have a CAC score that is lower than expected. For
example, a CAC score of 10 Agatston units results in an estimated coronary age of 56 years
(95CI % 53–60), and if a 73 year old woman had a CAC score of 10, her coronary age
would be 56 years.17

Coronary calcification is not usually present in healthy women younger than 39 years of
age.21–24 If a subject was ≤39 years of age and had no coronary calcium, the chronological
age was used as the coronary age. If a woman with a chronological age >39 years had no
coronary calcium, the assigned coronary age was 39 years.17 When the coronary age was
>79 years, we assigned the highest number of points in the Framingham model (16 points)
for the age component.

The coronary age-modified FRS (camFRS) and RRS (camRRS) were calculated by
replacing the chronological age with coronary age rounded to the next integer. Other risk
factors that are scored according to age in the FRS (lipid profile and smoking status) were
scored using the chronological age.

In order to compare the performance of the 10-year risk scores (FRS, RRS, camFRS and
camRRS), we assigned a risk score of 30% to individuals who reached or exceeded this risk
level since the FRS risk estimates above this level are reported as ≥30%.

Statistical Analysis
Demographic and clinical characteristics were described as frequencies and proportion of
categorical variables, or median with interquartile ranges [IQR] for continuous variables.
Clinical characteristics were compared using Wilcoxon rank sum tests for continuous
variables and Pearson Chi-square test for categorical variables. Participants were classified
as <10% risk and ≥10% risk using the 10-year cardiovascular scores; comparisons between
conventional risk scores and corresponding coronary-age modified risk scores were assessed
by McNemar’s test. To assess whether having SLE or not (disease status) was an effect
modifier of the association between the 10-year risk scores and the severity of coronary
calcification, we used the proportional odds model with cross-product term of disease status
and the 10-year risk scores (FRS or RRS). Statistical analysis was performed using R 2.10.0
and a two-sided 5% significance level was considered significant.

Results
The clinical characteristics of the study population are described in Table 1. As described
previously in this cohort,10 women with SLE had lower total and LDL-cholesterol and
higher triglyceride concentrations compared to controls. We show in Table 1 that 8%
(10/121) patients with SLE and 8% (5/65) controls were receiving statins. Statin use was
more common in lupus patients with atherosclerosis than those without (19% vs. 6%, P
value=0.05). When we excluded patients and controls who were receiving statins from the
analysis, the median level (IQR) of LDL cholesterol was 95.0 (77.5–124.5 mg/dL) in
patients with SLE and 108.0 (88.8–137.3 mg/dL) in controls (P=0.02); total cholesterol and
HDL cholesterol were not statistically significant (P=0.10 and P=0.64, respectively).
Women with SLE were more likely to use antihypertensive medications, and concentrations
of CRP and CAC scores were higher than in controls (P=0.002, P<0.001 and P=0.027
respectively).

Comparison of Risk Scores in Patients with SLE and Controls
None of the risk scores differed significantly among women with SLE and controls (P>0.05
for all). As we have reported previously,10 the FRS assigned almost all controls and women
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with SLE to the low risk category (<10%) (Figure 1); only 3% (2/65) of controls and 1%
(1/121) of women with SLE fell into the intermediate risk (≥10% to <20%) (Table 2). The
RRS assigned 1.5% (1/65) of controls and 2% (2/121) of women with SLE to intermediate
risk (≥10% to <20%) (Table 2). Neither the FRS nor the RRS score assigned any control or
lupus patient to high risk (≥20%) (Figure 1).

The coronary age modified risk scores tended to be higher in women with SLE than controls
(camFRS P=0.072; camRRS P=0.091) but these differences were not significant. Eight
percent (10/121) of women with SLE and 3% (2/65) of controls had a camFRS score of
≥10% (p=0.170) (Table 2). Compared to the conventional FRS (1/121; 1%), the camFRS
assigned more patients with SLE (10/121; 8%) to a risk category of ≥10% (P=0.016). Five
percent (6/121) of women with SLE and 1.5% (1/65) of controls had a camRRS score ≥10%
(P=0.243) (Table 2). Compared to the conventional RRS (2/121; 2%), the camRRS assigned
6/121 (5%) patients with SLE to a risk category of ≥10% (P=0.221).

The interaction between disease status, conventional 10-year risk scores and CAC severity
was not significant for FRS (P=0.237) and RRS (P=0.156), likely due to the small number of
participants with CAC.

Coronary Age versus Chronological Age
Subclinical atherosclerosis, characterized by the detection of CAC, was present in
21/121(17%) of women with SLE and in 4/65 (6%) of the controls (Table 1). One patient
with SLE had a CAC score that was appropriate for her chronological age, and another had a
CAC score that corresponded to a lower coronary age compare to her chronological age (17
years of difference). In all the remaining women with subclinical atherosclerosis, the CAC
scores were higher than expected for their age range which resulted in higher coronary ages
compared to their chronological ages (Figure 2).

Risk Scores in Patients with SLE with and without Coronary Artery Calcification
Chronological Age

Among the 21 SLE patients with CAC, twenty (95%) had a CAC score above the 75th age-
adjusted percentile, and 13/20 (65%) patients had at least one major cardiovascular risk
factor (cigarette smoking, blood pressure ≥140/90 mmHg or on antihypertensive medication,
HDL cholesterol <40 mg/dL, coronary heart disease in female first-degree relative <65
years, women ≥55 years). All cardiovascular risk scores were significantly higher among
patients with CAC compared to those without (P<0.001 for all) (Table 3). However, the FRS
assigned none of the 21 patients with SLE who had CAC to the intermediate risk (≥10% to
<20%) category; 1/100 (1%) of patients without CAC was assigned to the intermediate risk
category (Table 3) (Figure 1). The RRS assigned 1/21 (5%) patients with CAC and 1/100
(1%) without CAC to the intermediate risk category (Table 3) (Figure 1). Moreover, the
FRS and RRS did not assign the same patients to the intermediate risk category.

Coronary Age Modified Risk Scores in Patients with SLE with and without Coronary Artery
Calcification

Compared to the conventional FRS and RRS, coronary age-modified risk scores decreased
significantly in lupus patients without CAC, but increased significantly in those with CAC
(Table 3). The camFRS reassigned 6/21 (29%) SLE patients with CAC from FRS low risk
(<10%) to intermediate risk (10% to <20%) and 4/21 (19%) from FRS low risk to high risk
(≥20%) (Figure 1). All of the patients assigned to a higher risk had an original FRS between
0% and 5%. The one patient that was categorized as intermediate risk with the original FRS
(FRS=11%) had no CAC and shifted to low risk with a camFRS of 2%. In total, the camFRS
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assigned 10/21 (48%) patients with CAC and 0/100 (0%) without CAC to a risk category of
≥10% (Table 3) (Figure 1).

The camRRS reassigned 3/21 (14%) of patients with CAC from RRS low risk to
intermediate risk, 2/21 (10%) from low risk to high risk, and 1/21 (5%) from intermediate
risk to high risk (Figure 1). One (1%) patient with a RRS of 10% shifted to low risk with a
camRRS of 2%; this patient did not have CAC. In total, the camRRS assigned 6/21 (29%)
with CAC and 0/100 (0%) without CAC, to a risk category of ≥10% (Table 3) (Figure 1).

Discussion
Our major findings regarding the use of novel cardiovascular risk prediction models in SLE
are: 1) despite having increased cardiovascular risk4,25 and accelerated atherosclerosis,1,2

women with SLE and age-matched controls have similar risk scores irrespective of the
cardiovascular risk model used; 2) in SLE patients, the 10-year risk estimates were
significantly higher in those with CAC compared to those without, but in almost all patients
these were below the 10% threshold for 10-year risk often used to guide treatment
intervention; 3) risk scores that used coronary age in place of chronological age assigned
30–50% of patients with CAC to the ≥10 % 10-year predicted risk category.

As we have reported previously,10 the FRS performed poorly, assigning low risk estimates
to almost all patients with SLE, even those with CAC. Thus, new risk models such as the
Reynolds risk score (RRS) that include a measure of inflammation (CRP), are attractive
alternatives in predicting cardiovascular risk in SLE patients. We hypothesized that the RRS
would be higher in women with lupus than control subjects. However, the RSS was similar
in patients with lupus and controls and assigned low risk estimates to almost all subjects.

The reason that the RRS does not differ markedly in patients with lupus and controls is that
elevated CRP concentrations do not have a large effect on the risk estimate in the absence of
major risk factors because risk is calculated from the interaction between multiple risk
factors.6,8 For example, the median values for risk factors in our patients with SLE (40 year
old non-smoking woman, SBP 115 mmHg, total cholesterol 163 mg/dL, HDL cholesterol 49
mg/dL, and no parental history of myocardial infarction) result in a RRS between 0.1% and
0.3% for a CRP concentration between 0.5 mg/L and 20 mg/L. If instead we consider a 73
year old woman with the same measurements, the RRS ranges from 10% to 18% for a CRP
concentration between 0.5 mg/L and 20 mg/L. In the general population, the RRS improved
risk stratification most in individuals with FRS in the 5–20% range;15 however, in our
population only 2.5% of patients with SLE fell into this category.

The analysis examining the effect modification role of disease status on the 10-year risk and
coronary calcification suggested a differential relationship with SLE patients having more
severe calcium for any given score compare to controls; however the low number of
participants with CAC, especially among controls, limited the power of our analysis (P
interaction, 0.237 and 0.156 for FRS and RRS, respectively).

The FRS and RRS 10-year risk models are useful to identify individuals that require therapy
but these short-term models neglect the cumulative damage of modifiable risk factors26 and
underestimate risk in young patients.26,27 In order to improve risk prediction in the general
population, measures of vascular age have been examined for prediction efficacy.

Increased atherosclerosis, detected as CAC, is a robust finding in lupus,1 suggesting that risk
scores that incorporate this information may be used to improve risk stratification. The
amount of CAC increases with age and is correlated with the amount of atherosclerosis and
cardiovascular risk. 28,29 CAC and traditional risk scores, such as the FRS, provide
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independent information about cardiovascular risk.7,30 One approach to incorporating the
information provided by both CAC and FRS into risk prediction is to calculate coronary age
from the CAC score, and to use it, rather than chronological age, in risk score calculations.
As we have reported previously, this approach increased 10-year risk estimates in SLE
patients with CAC.10 In the present study we used a model that was derived from a
population-based sample from six communities in the United States, the Multi-Ethnic Study
of Atherosclerosis (MESA) study.17 In that population replacing chronological age with
coronary age in the risk estimation model improved the ability of the FRS score to predict
future cases of cardiovascular events with the area under the receiver operating
characteristic curve increasing from 0.75 to 0.79 (P<0.001)17.

We found that the coronary age- modified FRS assigned 8% of patients with SLE, and 48%
of those with CAC, to a 10-year risk category of >10%. This suggests that strategies that use
coronary age rather than chronological age in risk score calculations may identify patients
with higher cardiovascular risk more accurately. One could argue that using coronary age, a
variable that is derived from CAC scores, in risk models is a circular process. However, it is
important to recognize (as shown in Figure 2) that the presence of CAC does not
automatically increase coronary age and therefore predicted risk. A CAC score higher than
expected for a particular age would indeed result in a coronary age higher than the
chronological age. However, CAC scores equal or lower than predicted for age would result
in coronary age equal or lower than the chronological age, as happened in two patients with
SLE who had subclinical atherosclerosis.

Another way to use CAC to assess cardiovascular risk is to determine the severity of CAC
relative to age and sex-appropriate values. The National Cholesterol Education Program
(NCEP) ATP III guidelines suggest that a CAC score ≥75th sex-age-related percentile is an
indication of advanced coronary atherosclerosis and requires preventive therapy if other risk
factors are present.7 In our study 95% of lupus patients with CAC (20/21) had scores ≥75th

sex-age-related percentile, and 65% of these patients (13/20) had at least one major CHD
risk factor. The use of the 75th percentile CAC score as a risk threshold would identify more
patients than the coronary age modified risk scores; however the ability of these different
approaches to predict hard cardiovascular outcomes is unknown.

The role of coronary artery calcium (CAC) screening for stratification of cardiovascular risk
in patients with SLE is not known. Because CAC screening is expensive and exposes
patients to radiation, current consensus statements consider CAC measurement reasonable
only in asymptomatic patients at intermediate risk (10-year risk >10% and <20%).31 This
guidance would mean that CAC measurement would not be indicated in most women with
lupus, since the vast majority are at low risk (<10% 10-year risk) by conventional
cardiovascular risk prediction models. However, conventional risk prediction models
perform poorly in lupus and additional studies to define methods for better risk stratification
in SLE, including the use of CAC, will be important.

One of the limitations of our study is that we cannot define the true predictive value of the
risk scores. To do so would require prospective information about both baseline risk factors
and future cardiovascular events; however, lupus is an uncommon disease, and although
coronary events are more frequent than in the general population, they occur in only a few
patients. Thus, prospective studies of cardiovascular risk prediction models in SLE will be
logistically difficult. Instead, we have examined the association between risk scores and the
presence of coronary calcification, a marker of subclinical atherosclerosis, in a cross-
sectional study. Nevertheless, because an increased prevalence of CAC is one of the most
reproducible differences in cardiovascular risk markers in patients with lupus compared to
controls1, we anticipate that the most useful CHD risk scores in SLE will be those that
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incorporate CAC. Another limitation is that the risk models we applied were not derived in
lupus populations.

In conclusion, our findings suggest that the RRS, although it includes C-reactive protein in
the risk calculation, is of limited use in women with SLE. Coronary age, calculated from
CAC scores, may improve CHD risk prediction women with SLE.
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Figure 1. 10-year risk estimates (%) in women with SLE and age-matched controls
Subjects with coronary calcium are represented by red filled circles, and those without
coronary calcium are represented by black empty circles. FRS= 10-year Framingham risk
score; RRS: 10-year Reynolds risk score; camFRS: coronary age-modified FRS; cam-RRS:
coronary age-modified RRS.
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Figure 2. Relationship between chronological age and coronary age among controls and patients
with SLE
Each line represents a single subject. Blue dotted lines represent subjects with a
chronological age ≤ 39 years old who did not have coronary calcium and therefore
chronological age = coronary age. Red dotted lines represent subjects with a chronologic age
>39 years without coronary calcium. Solid lines represent subjects with coronary calcium;
solid green lines represent those with chronological age < coronary age, and solid red lines
those with chronological age ≥ coronary age.
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Table 1

Prevalence of traditional cardiovascular risk factors and biologic measurements in women with SLE and
female controls

Controls
(n=65)

SLEs
(n=121) P*

Demographics

Age (years) 41 (32–46) 39 (30–46) 0.470

Caucasian (%) 48 (74%) 81 (67%) 0.330

Disease duration (years) NA 6.0 (3.0–11.0) ---

Lipid profile

Total cholesterol (mg/dL) 184 (161–206) 163 (138–203) 0.031

High-density lipoprotein cholesterol (mg/dL) 47 (40–61) 49 (37–56) 0.776

Low-density lipoprotein cholesterol (mg/dL) 112 (89–137) 92 (76–124) 0.005

Triglycerides (mg/dL) 77 (61–108) 96 (71–146) 0.008

Current use of statins 5 (8%) 10 (8%) 0.879

Other cardiovascular risk factors

Systolic blood pressure (mmHg) 114 (106–127) 115 (106–124) 0.724

Diastolic blood pressure (mmHg) 70.0 (65.0–78.0) 71.5 (65.0–78.5) 0.606

Body mass index (kg/m2) 24.9 (22.0–30.3) 26.6 (23.2–32.5) 0.110

Use of anti-hypertensive drugs 7 (11%) 37 (31%) 0.002

Current smoking status 11 (17%) 25 (21%) 0.538

Family history of coronary heart disease 9 (14%) 21 (17%) 0.535

C-reactive protein (mg/L) 0.57 (0.17–2.48) 3.00 (0.68–6.00) <0.001

Presence of subclinical atherosclerosis¶ 4 (6%) 21 (17%) 0.033

Data are presented as median (interquartile range) for continuous variables, count (percentage) for categorical variables.

¶
Subclinical atherosclerosis present if coronary artery calcium >0 Agatston units

*
Wilcoxon’s rank sum test was used for comparing continuous variables, and percentages were compared using the chi-square test.
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