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Abstract

Objective—An increased frequency of atherosclerosis (ATH) in systemic lupus erythematosus

(SLE) is well-documented but not fully explained by the presence of traditional cardiac risk

factors. Several nontraditional biomarkers, including proinflammatory high-density lipoprotein

(piHDL) and leptin, have been individually associated with subclinical ATH in SLE. The aim of

this study was to examine whether these and other biomarkers can be combined into a risk profile,

the Predictors of Risk for Elevated Flares, Damage Progression, and Increased Cardiovascular

Disease in Patients with SLE (PREDICTS), that could be used to better predict future progression

of ATH.

Methods—In total, 210 patients with SLE and 100 age-matched healthy control subjects (all

women) participated in this prospective cohort study. The longitudinal presence of carotid plaque

and intima-media thickness (IMT) were measured at baseline and followup (mean ± SD 29.6 ± 9.7

months).

Results—At followup, carotid plaque was present in 29% of SLE patients. Factors significantly

associated with plaque, determined using Salford Predictive Modeling and multivariate analysis,

included age ≥48 years (odds ratio [OR] 4.1, P = 0.002), high piHDL function (OR 9.1, P <
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0.001), leptin levels ≥34 ng/dl (OR 7.3, P = 0.001), plasma soluble TWEAK levels ≥373 pg/ml

(OR 28.8, P = 0.004), and history of diabetes (OR 61.8, P < 0.001). Homocysteine levels ≥12

μmoles/liter were also a predictor. However, no single variable demonstrated an ideal combination

of good negative predictive values (NPVs), positive predictive values (PPVs), sensitivity, and

specificity. A high-risk PREDICTS profile was defined as ≥3 positive biomarkers or ≥1 positive

biomarker plus a history of diabetes; for high-risk SLE patients, the PPV was 64%, NPV was

94%, sensitivity was 89%, and specificity was 79%. In multivariate analysis, SLE patients with

the high-risk profile had 28-fold increased odds for the longitudinal presence of plaque (P <

0.001) and increased progression of IMT (P < 0.001).

Conclusion—A high-risk PREDICTS score confers 28-fold increased odds of the presence of

any current, progressive, or acquired carotid plaque, both in patients with SLE and in control

subjects, and is significantly associated with higher rates of IMT progression.

Accelerated atherosclerosis (ATH) is more common in women with systemic lupus

erythematosus (SLE) compared to the general population (1). In women with SLE, ATH

often occurs at a younger age (2) and causes significant morbidity and mortality (1).

Traditional cardiac risk factors do not explain the high incidence of ATH in SLE (3); in

multivariable analyses accounting for the presence of traditional Framingham cardiac risk

factors, the odds ratio (OR) for coronary artery disease (CAD) in SLE patients is still 8–10

(2–4). Yet, despite the high risk of cardiac disease in SLE, the ideal cardiovascular

prevention strategies are still unclear, as results from trials of statins in SLE patients have

been disappointing (5,6). Identification of disease-related risk factors for ATH in SLE will

therefore be essential for classification of high-risk subjects to allow for more effective trial

designs and discovery of preventive strategies.

In a cross-sectional study by our group, proinflammatory high-density lipoprotein (piHDL)

was found to be associated with the presence of plaque on carotid ultrasound images (7).

Although in the general population quantitative HDL levels are inversely related to ATH

(8), the relationship is complex and depends on both the quantity of HDL and its function.

HDL particles are antiinflammatory in the basal state but proinflammatory during an acute-

phase response (8). Chronic inflammation in SLE may therefore contribute to an increased

incidence of ATH, because piHDLs fail to prevent the oxidation of low-density lipoprotein

(LDL), and promote additional oxidation of LDL (9). In another study by our group, 50% of

women with SLE had piHDL, as compared with fewer than 10% of age-matched healthy

women (10). More strikingly, in our cross-sectional study, 87% of SLE patients with plaque

on carotid ultrasound had piHDL, as compared with 41% of those without carotid plaque

(7).

Plasma levels of the adipokine leptin are also significantly higher in SLE patients with

plaque when compared to control subjects with plaque (11). Leptin modulates food intake

and fat stores (12), and hyperleptinemia in the general population is associated with

hypertension (12), oxidative stress (13), and endothelial dysfunction (14). Leptin levels are

elevated in adult (15,16) and pediatric (17) SLE patients. In one cross-sectional study by our

group, leptin levels were independently associated with carotid plaque and positively

correlated with piHDL and oxidized phospholipids in lupus patients (11).
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Several groups of investigators have identified homocysteine levels as a predictor for the

development of CAD and the occurrence of stroke in the general population (18). In

addition, homocysteine levels have been identified as a predictor of ATH in patients with

SLE, in whom high levels may be predictive of increased levels of coronary calcium (19),

plaque progression (20), and intima-media thickness (IMT) progression (21). It should be

noted, however, that multiple clinical trials and a recent meta-analysis of homocysteine-

lowering therapies have been unable to demonstrate a cardioprotective benefit, calling into

question the relative importance of homocysteine alone in the pathogenesis of ATH (22).

The presence of soluble TWEAK (sTWEAK) is linked to increased rates of ATH,

inflammation, angiogenesis, and apoptosis (23). The combination of high plasma levels of

sTWEAK and high levels of interleukin-6 was associated with increased cardiovascular-

related mortality and all-cause mortality in patients undergoing hemodialysis (24).

The likelihood that a single biomarker would be adequate for predicting the risk of ATH in

all SLE patients is slim. We hypothesized that a combination of biomarkers and risk factors

would be a better predictor for the presence and progression of atherosclerotic plaque. We

therefore examined combinations of the biomarkers described above and traditional

biomarkers of ATH and SLE, to develop a clinically available screening tool for the

identification of SLE patients at high risk of current or future carotid plaque.

PATIENTS AND METHODS

Study population

All participants in the longitudinal cohort of the Biomarkers of Atherosclerosis in SLE study

were recruited prospectively from the rheumatology practices of the University of

California, Los Angeles (UCLA) and Cedars-Sinai Medical Center in Los Angeles from

February 2004 to January 2010. Eligible participants were women ≥18 years of age who

fulfilled ≥4 of the American College of Rheumatology (ACR) 1997 revised criteria for the

classification of SLE (25). The controls were age-matched healthy women with no clinical

manifestations of SLE (identified as healthy by self-report on Connective Tissue Screening

Questionnaires) (26). When possible, controls were recruited using a “friend of the same

age” referral strategy. When patients did not have a friend who was willing to participate,

additional controls were recruited using fliers posted in the UCLA medical clinics.

Because statins (27) and renal failure (28) are known to alter HDL inflammatory function,

subjects were excluded at baseline if they had received statins within the prior 3 months or if

they had renal failure (defined as a serum creatinine level of >2.0 mg/dl); however, these

subjects were still included in the longitudinal followup if they initiated treatment with

statins or developed renal failure after the baseline ultrasound. Followup ultrasound studies

were planned for 24–36 months after the baseline ultrasound; however, to minimize loss of

patients to followup due to scheduling difficulties, subjects were allowed to complete a

followup ultrasound at any time after 18 months from the baseline examination. In total, 309

SLE patients and 167 controls completed the baseline carotid ultrasound studies. Of those,

210 SLE patients and 100 controls returned for a followup ultrasound. Failure to complete a

followup study was attributed to death (n = 5), loss of contact information (n = 14), moving
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out of the area (n = 23), refusal (n = 5), scheduling difficulties (n = 70), or undergoing the

baseline carotid ultrasound test after June 30, 2009 (insufficient time for followup) (n = 60).

There were no significant demographic or clinical differences between these subjects and

the larger baseline cohort. Detailed data on the patients who completed both the baseline and

the followup ultrasound studies are presented in Table 1.

The study was approved by the Institutional Review Boards at UCLA and Cedars-Sinai

Medical Center. All participants gave their written informed consent.

Sample collection

All eligible subjects provided a fasting blood sample, underwent a carotid ultrasound, and

completed a set of questionnaires. Plasma levels of lipids, homocysteine, and high-

sensitivity C-reactive protein (hsCRP) were measured in samples at the UCLA clinical

laboratory using standard methods. On the day of plasma sampling, SLE disease activity

was assessed using the Safety of Estrogens in Lupus Erythematosus National Assessment

version of the SLE Disease Activity Index (29). Organ damage was determined using the

Systemic Lupus International Collaborating Clinics/ACR Damage Index (30). Body mass

index (BMI) was calculated from height and weight measurements. Information about

cardiovascular events, cardiac risk factors, and current medications was obtained at baseline

and at followup from self-administered health history questionnaires and confirmed by a

study physician using chart review.

Carotid ultrasound

B-mode gray-scale, color, and spectral Doppler techniques were used to investigate the

carotid arteries. All ultrasounds were performed by 4 registered vascular technologists, who

were trained to perform the studies according to a preset protocol (7). The same radiologist

(NR) interpreted all studies, and was blinded with regard to the patients’ demographic

characteristics, SLE status, and any previous ultrasound results. The same ultrasound unit

(Iu22; Philips Medical Systems) was used to scan all subjects.

The following anatomic sites were examined for the presence of atherosclerotic plaque,

defined as the presence of focal protrusion into the arterial lumen with a thickness exceeding

that of the surrounding wall of at least 50%: the bilateral common carotid, internal carotid,

external carotid, and carotid bulbs. The number, location, and sonographic appearance of the

plaques were recorded. IMT of the far wall of the distal common carotid artery was

measured 1 cm proximal to the flow divider and at end diastole, using automated QLab

software (Philips Medical Systems). IMT was never measured at the level of a plaque, and

results are presented as the mean of 3 values in the left and right segments. This definition of

plaque has been found to be an independent predictor of coronary heart disease events in the

general population (31).

Measurement of biomarkers

Enzyme-linked immunosorbent assay kits were used to measure plasma levels of leptin

(BioVendor), adiponectin, apolipoprotein A-I, and sTWEAK (R&D Systems). HDL

function was measured as described previously (7,9), using a cell-free assay based on the
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ability of HDL to prevent oxidation. Normal HDL prevents oxidation of LDL and

dichlorofluorescein diacetate (DCF-DA), which releases a fluorochrome upon interaction

with lipid oxidation products (DCF). To determine HDL function, the change in

fluorescence intensity (in fluorescence units [FU]) from oxidation of DCF/LDL in the

presence or absence of test HDL was measured. LDL was prepared from normal plasma as

previously described (9,32), and HDL was prepared from test plasma using a dextran sulfate

magnetic bead reagent (33). Twenty-five microliters of LDL cholesterol (100 μg/ml) was

mixed with 6.25 μl of test HDL (100 μg HDL cholesterol/ml) in black, flat-bottomed

polystyrene microtiter plates and incubated at 37°C with rotation for 30 minutes. Twenty-

five microliters of 2.0 mg/ml DCF solution was then added to each well, mixed, and

incubated at 37°C for 1 hour with rotation. Fluorescence was determined with a SpectraMax

Gemini XS Fluorescence Microplate Reader (Molecular Devices) plate reader at an

excitation wavelength of 485 nm, emission wavelength of 530 nm, and cutoff of 515 nm,

with the sensitivity of the photomultiplier set at medium. Values of DCF activated by LDL

in the absence of HDL were normalized to 1.0 FU as the positive control. In assays with test

HDL added, FU values >1.0 indicate HDL that is dysfunctional and proinflammatory

(piHDL); FU values <1.0 indicate that the HDL is antiinflammatory. Each assay was

performed in a blinded manner, and the interassay and intraassay variation was <8%.

Statistical analysis

Data were analyzed using SPSS version 13.0. Skewed continuous variables were

logarithmically transformed to attain a normal distribution (nontransformed data are

presented herein to facilitate interpretation of the results). For variables that did not attain a

normal distribution after logarithmic transformation, nonparametric tests were used. Study

groups were compared using analysis of variance/Student’s t-test for continuous parametric

variables, Mann-Whitney test for nonparametric variables, and the chi-square test or Fisher’s

exact test for categorical variables. The significance level was set at P values less than 0.05.

Multiple regression was used to build models identifying risk factors associated with plaque

and high IMT in SLE patients (logistic regression was used for categorical outcome

variables such as plaque presence, and linear regression was used for continuous outcomes

such as IMT).

Salford Predictive Modeling software was also used to identify significant predictors for the

presence of carotid plaque. This software creates multiple classification trees for prediction,

identifies those independent variables that best segregate as important predictors, and

identifies the most predictive cutoff point for each independent variable (34). All

demographic variables, traditional cardiac risk factors, markers of SLE disease activity and

damage, and biomarkers were entered into the software; the variables/cutoff points that were

identified as most predictive for plaque were then evaluated with univariate and multivariate

regression analyses.
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RESULTS

Association of traditional cardiac risk factors and demographic variables with carotid
artery plaque on baseline or followup ultrasound

Subjects underwent followup carotid ultrasound at a mean ± SD of 29.6 ± 9.7 months after

the baseline ultrasound (range 18–64 months). In total, 29% of SLE patients and 28% of

control subjects demonstrated ≤1 carotid plaque on the baseline or followup ultrasound. At

the followup ultrasound, 22% of SLE patients and 16% of control subjects had plaque

progression (new plaque), while 7.1% of SLE patients and 12% of control subjects had

stable plaque. One SLE patient (0.5%) and 5% of control subjects had plaque regression (P

not significant for all comparisons). The mean time from the baseline to the followup carotid

ultrasound was not different between the subjects with and those without plaque

progression.

Univariate analysis was used to determine whether any baseline traditional cardiac risk

factors, SLE disease factors, or demographic variables were predictive of the presence of

carotid plaque at baseline and/or followup (Tables 1 and 2). The following variables were

significantly associated with carotid plaque in both the SLE group and the control group:

older age, increased total cholesterol level, increased LDL cholesterol level, and any

dyslipidemia. In SLE patients, additional factors were significant, including higher BMI,

family history of cardiovascular disease, history of diabetes, African American race,

baseline homocysteine level ≥12 μmoles/liter, and longer disease duration. Increased hsCRP

and triglyceride levels were associated with carotid plaque in control subjects only (Table

2). Treatment with statins was initiated during the study period in 10% of SLE patients and

6% of controls; statin initiation was significantly associated with carotid plaque in controls

but not in SLE patients (Table 1).

Association of carotid plaque with nonstandard biomarkers

Univariate analysis was used to determine whether any inflammatory biomarkers were

associated with the presence of plaque detected on the baseline or followup ultrasound.

Higher quantity and extent of piHDL function, increased plasma leptin levels, and increased

plasma sTWEAK levels were significantly associated with the presence of carotid plaque

(Table 2).

Using Salford Predictive Modeling software, the most significant independent predictors and

cutoff points were as follows: piHDL function ≥0.94 FU, leptin levels ≥34 ng/ml, sTWEAK

levels ≥373 pg/ml, homocysteine levels ≥12 μmoles/liter, age ≥48 years, and history of

diabetes. These variables were designated the Predictors of Risk for Elevated Flares,

Damage Progression, and Increased Cardiovascular Disease in Patients with SLE, or

PREDICTS.

Logistic regression analysis determined which variables were most consistently associated

with any carotid plaque at baseline or followup in SLE patients. The model included

individual PREDICTS variables, other significant predictors on univariate analysis, and

traditional cardiac and SLE-associated factors that are known potential confounders for our

biomarkers of interest (e.g, hypertension, BMI, tobacco use, and statin use). Independent
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predictors of carotid plaque included age ≥48 years, history of diabetes, high piHDL

function, increased plasma leptin levels, and increased plasma sTWEAK levels (Table 3).

Better predictive capacity of a high-risk PREDICTS score for ATH in SLE patients, when
compared with individual biomarkers or traditional cardiac risk factors

The overall profile for the prediction of any longitudinal carotid plaque was evaluated for

each cardiac risk factor and biomarker by calculating the positive predictive value (PPV)

and negative predictive value (NPV), the specificity, and the sensitivity (Table 4). For

example, history of diabetes had a specificity of 98% for the presence of plaque; however,

the sensitivity was only 13%. A combination of ≥3 traditional cardiac risk factors also had

good specificity but low sensitivity. High piHDL function and increased sTWEAK levels

individually had high NPV but low PPV.

When the PREDICTS markers were grouped together to classify a high-risk profile, defined

as ≥3 positive biomarkers or ≥1 biomarker plus a history of diabetes, it had the best overall

predictive profile of any of the variables tested (Table 4). The high-risk PREDICTS profile

also had the best overall predictive profile for incident plaque, with a sensitivity of 81%,

specificity of 79.2%, PPV of 40.4%, NPV of 95.4%, and area under the receiver operating

characteristic curve of 0.80 (95% confidence interval [95% CI] 0.71–0.90) (results available

from the corresponding author upon request).

Multivariate analysis using PREDICTS as a single variable showed that SLE patients with

the high-risk PREDICTS profile had 27.7-fold increased odds (P < 0.001) for the presence

of any plaque on the baseline or followup carotid ultrasound (Table 5). In a separate logistic

regression analysis in control subjects, the high-risk PREDICTS profile conferred 8.1-fold

(95% CI 1.8–36.4) increased odds for the presence of carotid plaque (P = 0.006). A history

of hypertension was also a significant independent predictor in control subjects (OR 9.4,

95% CI 1.5–60.4, P = 0.019).

Association of high-risk PREDICTS profile with a higher rate of ATH progression over time

A high PREDICTS score was also associated with progression of subclinical ATH over time

(Table 6). In univariate analyses, SLE patients with a high PREDICTS score were

significantly more likely to have new plaque progression and a higher mean IMT at

followup. They also had a higher rate of change in IMT per year and a higher mean number

of new plaques per year (Table 6).

Multivariate analyses for predictors of plaque progression in SLE included the significant

predictors identified on univariate analysis, potential confounders, and the baseline presence

of carotid plaque. The only variable that remained significantly associated with carotid

plaque progression using logistic regression was a high PREDICTS score, with an OR of

15.5 (95% CI 5.3–45.3, P < 0.001). The high-risk PREDICTS profile was also significantly

associated with the mean change in IMT per year in SLE patients, as determined using linear

regression (P = 0.004).

Five subjects in our cohort experienced a documented incident cardiovascular event, and 17

experienced a cerebrovascular event; all of these events occurred in patients with SLE.
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Among the 5 SLE patients who had a cardiovascular event, all had a high baseline

PREDICTS score (P = 0.01). Nine of the 17 patients with a cerebrovascular event had a

high baseline PREDICTS score (P not significant).

DISCUSSION

We found that the PREDICTS panel of 4 inflammatory biomarkers and 2 traditional cardiac

risk factors (age and diabetes), as compared with individual bio-markers or risk factors, had

overall better predictive capacity for the presence, progression, or acquisition of carotid

artery plaque in SLE patients who were followed up for ~2 years. The PREDICTS profile

also demonstrated a better predictive capacity than a panel of traditional cardiac risk factors.

Thus, PREDICTS is a good instrument for identifying SLE patients at increased risk of

developing ATH in our cohort. Future studies will be needed to validate PREDICTS in other

lupus cohorts.

Multiple recent studies in individuals from the general population without any history of

CVD showed that the addition of nonstandard markers (including lipid-related markers and

measures of inflammation, endothelial function, fibrinolysis, and oxidant stress) to risk

scores containing standard cardiac risk factors led to only slight improvement in the

prediction of cardiovascular events (35–38) or progression of subclinical ATH (39). It may

be, however, that novel biomarkers have a greater impact on risk prediction in higher-risk

populations and in populations in whom alternate pathways play a more important role in

the pathogenesis of disease than traditional risk factors; thus, PREDICTS might be used to

identify risk more effectively in higher-risk populations such as patients with SLE. Our

finding that a panel combining inflammatory biomarkers and select traditional risk factors is

more predictive of subclinical ATH than are traditional risk factors alone supports the

hypothesis that inflammatory processes play a vital role in the development of ATH in SLE.

PREDICTS was surprisingly also significantly predictive of subclinical ATH in our female

control subjects. Although these results are intriguing, larger and longer studies are

necessary to determine how accurately PREDICTS assesses cardiovascular risk in both the

general population and SLE populations.

Each of the biomarkers identified in the PREDICTS profile has been linked to both SLE and

CVD in the non-lupus population. These markers also appear to be direct contributors to the

pathogenesis of plaque, as opposed to being mere passive bystanders associated with ATH.

For example, homocysteine is thought to exert its atherogenic effects through oxidative

damage (40), and homocysteine-induced oxidative stress causes endothelial dysfunction (41)

and lipid peroxidation (42).

Proinflammatory HDL also contributes to endothelial dysfunction (43) and impairs reverse

cholesterol transport (9). We previously demonstrated that the presence of piHDL in SLE

patients results in up-regulation of monocyte chemotaxis and ATH-promoting transcripts in

monocytes. Inhibition of piHDL, through reduction of piHDL oxidation or blockade of

platelet-derived growth factor receptor β kinase activity, restored normal monocyte

chemotaxis (33).
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Similarly, elevated leptin levels induce oxidative stress in endothelial cells (14) and

cardiomyocytes (13). When exogenous leptin was administered to lupus-prone mice,

formation of piHDL and atherosclerotic plaque was accelerated (44), suggesting that there is

biologic interplay between these 2 PREDICTS components.

To our knowledge, this is the first study to link high plasma TWEAK levels to ATH in SLE.

TWEAK might be a potential biomarker for active SLE renal disease; high urinary TWEAK

levels were significantly associated with lupus nephritis (45). TWEAK is expressed in the

kidney and acts synergistically with oxidized LDL in promoting inflammatory gene

expression in renal tubular cells (46). Administration of TWEAK to apolipoprotein E–

deficient mice resulted in a significant increase in plaque, which was inhibited when mice

were pretreated with anti-TWEAK antibodies (46). In contrast to these data suggesting that

there is an association between sTWEAK and ATH, other clinical data have suggested that

plasma sTWEAK levels are inversely related to subclinical ATH in the general population

(47). However, another study showed that sTWEAK levels were significantly elevated in

patients with acute myocardial infarction compared to patients with stable coronary disease

and healthy controls, and higher levels were associated with adverse short-term post–

myocardial infarction outcomes (48). The sTWEAK levels also positively correlated with

coronary artery calcification (49) and increased mortality (24) in patients undergoing

hemodialysis.

There are some limitations to our study. The median followup time for subjects in our cohort

was 2.3 years; thus, the presence of subclinical ATH, rather than cardiovascular events, was

the end point assessed. It is possible that the PREDICTS profile could not be used to predict

future cardiovascular events over time; however, it is noteworthy that all 5 SLE patients

with a cardiovascular event in our cohort had both a high PREDICTS score and carotid

plaque (P = 0.03) at baseline. The PREDICTS panel seems to be associated more strongly

with cardiovascular events than with cerebrovascular events in our cohort, but given the

small number of events seen in this relatively short-term study, we interpret these data with

caution.

Unlike the published findings in other cohorts (4), the incidence of subclinical ATH in our

lupus cohort was not significantly higher than that in the healthy control cohort, and plaque

prevalence in both the SLE group and control group at baseline was lower than has been

previously reported (4,50). Individuals with active renal disease or statin use were excluded,

and thus there was a selection bias that excluded patients with known inflammation and

hyperlipidemia (27). The age of the SLE patients in our cohort at study entry was also

slightly lower (mean ± SD 41.8 ± 13.0 years) compared to that in other cohorts (4,50).

Interestingly, there was a trend toward accelerated progression of subclinical ATH in SLE

patients compared to healthy controls, as new plaque progression was seen in 48% of SLE

patients and 25% of controls (P = 0.1). The number of new plaques per year (P = 0.053)

and change in IMT per year (P = 0.06) also showed a trend toward higher values in SLE

patients compared to controls. It is possible that there is a critical age threshold during which

the rates of ATH progression in SLE patients and controls begin to separate. It is also

possible that the SLE population in Los Angeles differs significantly from that in other

areas.
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Finally, although we examined multiple biomarkers for ATH in SLE patients both in this

study and in previous studies (7,11), our study was not exhaustive. It is likely that other

additional biomarkers have been or will be identified as promising candidates. Future studies

will be needed to assess the utility of adding or substituting alternate biomarkers into the

PREDICTS panel.

In summary, the PREDICTS panel—a combination panel of independent variables,

including 4 inflammatory biomarkers and 2 traditional cardiac risk factors—had overall

better predictive capacity for the longitudinal presence of plaque in SLE patients than did

any individual biomarker or traditional risk factor. A high PREDICTS score conferred 28-

fold increased odds for the presence of any current, progressive, or acquired carotid plaque

in SLE patients, and also was significantly associated with higher rates of plaque and IMT

progression. PREDICTS could aid clinicians in identifying SLE patients at risk of ATH.

Future studies will be needed to determine whether PREDICTS can be used to predict

cardiovascular events in SLE patients and controls from other centers, and whether

identification of high-risk subjects can direct future preventative treatment strategies.

Acknowledgments

Supported by grants from the Lupus Research Institute (to Drs. McMahon and Hahn), the Alliance for Lupus
Research (to Dr. Hahn), the Rheumatology Research Foundation (Chapter Grant to Drs. McMahon, Skaggs, and
Hahn), the NIH (1K23-AR0-53864-01A1 to Dr. McMahon and K01-AR-059095 to Dr. Skaggs), the Arthritis
Foundation (to Drs. McMahon, Skaggs, and Hahn), the Iris Cantor Women’s Health Foundation (to Dr. McMahon),
and the Arthritis National Research Foundation (to Dr. Skaggs). Dr. Hahn is recipient of a Kirkland Scholar Award.

Dr. Hahn has received consulting fees, speaking fees, and/or honoraria from Biogen Idec and Astellas Pharma (less
than $10,000 each); she is principal investigator on a grant to University of California, Los Angeles from Teva.

References

1. Bernatsky S, Boivin JF, Joseph L, Manzi S, Ginzler E, Gladman DD, et al. Mortality in systemic
lupus erythematosus. Arthritis Rheum. 2006; 54:2550–7. [PubMed: 16868977]

2. Manzi S, Meilahn EN, Rairie JE, Conte CG, Medsger TA Jr, Jansen-McWilliams L, et al. Age-
specific incidence rates of myocardial infarction and angina in women with systemic lupus
erythematosus: comparison with the Framingham Study. Am J Epidemiol. 1997; 145:408–15.
[PubMed: 9048514]

3. Esdaile JM, Abrahamowicz M, Grodzicky T, Li Y, Panaritis C, du Berger R, et al. Traditional
Framingham risk factors fail to fully account for accelerated atherosclerosis in systemic lupus
erythematosus. Arthritis Rheum. 2001; 44:2331–7. [PubMed: 11665973]

4. Roman MJ, Shanker BA, Davis A, Lockshin MD, Sammaritano L, Simantov R, et al. Prevalence
and correlates of accelerated atherosclerosis in systemic lupus erythematosus. N Engl J Med. 2003;
349:2399–406. [PubMed: 14681505]

5. Schanberg LE, Sandborg C, Barnhart HX, Ardoin SP, Yow E, Evans GW, et al. for the
Atherosclerosis Prevention in Pediatric Lupus Erythematosus Investigators. Use of atorvastatin in
systemic lupus erythematosus in children and adolescents. Arthritis Rheum. 2012; 64:285–96.
[PubMed: 22031171]

6. Petri MA, Kiani AN, Post W, Christopher-Stine L, Magder LS. Lupus Atherosclerosis Prevention
Study (LAPS). Ann Rheum Dis. 2010; 70:760–5. [PubMed: 21177297]

7. McMahon M, Grossman J, Skaggs B, FitzGerald J, Sahakian L, Ragavendra N, et al. Dysfunctional
proinflammatory high-density lipoproteins confer increased risk of atherosclerosis in women with
systemic lupus erythematosus. Arthritis Rheum. 2009; 60:2428–37. [PubMed: 19644959]

McMahon et al. Page 10

Arthritis Rheumatol. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



8. Navab M, Berliner JA, Watson AD, Hama SY, Territo MC, Lusis AJ, et al. The Yin and Yang of
oxidation in the development of the fatty streak: a review based on the 1994 George Lyman Duff
Memorial Lecture. Arterioscler Thromb Vasc Biol. 1996; 16:831–42. [PubMed: 8673557]

9. Navab M, Hama SY, Hough GP, Subbanagounder G, Reddy ST, Fogelman AM. A cell-free assay
for detecting HDL that is dysfunctional in preventing the formation of or inactivating oxidized
phospholipids. J Lipid Res. 2001; 42:1308–17. [PubMed: 11483633]

10. McMahon M, Grossman J, FitzGerald J, Dahlin-Lee E, Wallace DJ, Thong BY, et al.
Proinflammatory high-density lipoprotein as a biomarker for atherosclerosis in patients with
systemic lupus erythematosus and rheumatoid arthritis. Arthritis Rheum. 2006; 54:2541–9.
[PubMed: 16868975]

11. McMahon M, Skaggs BJ, Sahakian L, Grossman J, FitzGerald J, Ragavendra N, et al. High plasma
leptin levels confer increased risk of atherosclerosis in women with systemic lupus erythematosus,
and are associated with inflammatory oxidised lipids. Ann Rheum Dis. 2011; 70:1619–24.
[PubMed: 21670088]

12. Beltowski J. Role of leptin in blood pressure regulation and arterial hypertension. J Hypertens.
2006; 24:789–801. [PubMed: 16612235]

13. Dong F, Zhang X, Ren J. Leptin regulates cardiomyocyte contractile function through endothelin-1
receptor-NADPH oxidase pathway. Hypertension. 2006; 47:222–9. [PubMed: 16380530]

14. Bouloumie A, Marumo T, Lafontan M, Busse R. Leptin induces oxidative stress in human
endothelial cells. FASEB J. 1999; 13:1231–8. [PubMed: 10385613]

15. Sada KE, Yamasaki Y, Maruyama M, Sugiyama H, Yamamura M, Maeshima Y, et al. Altered
levels of adipocytokines in association with insulin resistance in patients with systemic lupus
erythematosus. J Rheumatol. 2006; 33:1545–52. [PubMed: 16881111]

16. Garcia-Gonzalez A, Gonzalez-Lopez L, Valera-Gonzalez IC, Cardona-Munoz EG, Salazar-Paramo
M, Gonzalez-Ortiz M, et al. Serum leptin levels in women with systemic lupus erythematosus.
Rheumatol Int. 2002; 22:138–41. [PubMed: 12172951]

17. Al M, Ng L, Tyrrell P, Bargman J, Bradley T, Silverman E. Adipokines as novel biomarkers in
paediatric systemic lupus erythematosus. Rheumatology (Oxford). 2009; 48:497–501. [PubMed:
19269958]

18. Homocysteine Studies Collaboration. Homocysteine and risk of ischemic heart disease and stroke:
a meta-analysis. JAMA. 2002; 288:2015–22. [PubMed: 12387654]

19. Von Feldt JM, Scalzi LV, Cucchiara AJ, Morthala S, Kealey C, Flagg SD, et al. Homocysteine
levels and disease duration independently correlate with coronary artery calcification in patients
with systemic lupus erythematosus. Arthritis Rheum. 2006; 54:2220–7. [PubMed: 16802358]

20. Roman MJ, Crow MK, Lockshin MD, Devereux RB, Paget SA, Sammaritano L, et al. Rate and
determinants of progression of atherosclerosis in systemic lupus erythematosus. Arthritis Rheum.
2007; 56:3412–9. [PubMed: 17907140]

21. Rua-Figueroa I, Arencibia-Mireles O, Elvira M, Erausquin C, Ojeda S, Francisco F, et al. Factors
involved in the progress of preclinical atherosclerosis associated with systemic lupus
erythematosus: a 2-year longitudinal study. Ann Rheum Dis. 2010; 69:1136–9. [PubMed:
19687018]

22. Pan Y, Guo LL, Cai LL, Zhu XJ, Shu JL, Liu XL, et al. Homocysteine-lowering therapy does not
lead to reduction in cardiovascular outcomes in chronic kidney disease patients: a meta-analysis of
randomised, controlled trials. Br J Nutr. 2012; 108:400–7. [PubMed: 22244447]

23. Blanco-Colio LM, Martin-Ventura JL, Munoz-Garcia B, Moreno JA, Meilhac O, Ortiz A, et al.
TWEAK and Fn14: new players in the pathogenesis of atherosclerosis. Front Biosci. 2007;
12:3648–55. [PubMed: 17485328]

24. Carrero JJ, Ortiz A, Qureshi AR, Martin-Ventura JL, Barany P, Heimburger O, et al. Additive
effects of soluble TWEAK and inflammation on mortality in hemodialysis patients. Clin J Am Soc
Nephrol. 2009; 4:110–8. [PubMed: 18945991]

25. Hochberg MC. for the Diagnostic and Therapeutic Criteria Committee of the American College of
Rheumatology. Updating the American College of Rheumatology revised criteria for the
classification of systemic lupus erythematosus [letter]. Arthritis Rheum. 1997; 40:1725. [PubMed:
9324032]

McMahon et al. Page 11

Arthritis Rheumatol. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



26. Walitt BT, Constantinescu F, Katz JD, Weinstein A, Wang H, Hernandez RK, et al. Validation of
self-report of rheumatoid arthritis and systemic lupus erythematosus: the Women’s Health
Initiative. J Rheumatol. 2008; 35:811–8. [PubMed: 18398940]

27. Ansell BJ, Navab M, Hama S, Kamranpour N, Fonarow G, Hough G, et al. Inflammatory/
antiinflammatory properties of high-density lipoprotein distinguish patients from control subjects
better than high-density lipoprotein cholesterol levels and are favorably affected by simvastatin
treatment. Circulation. 2003; 108:2751–6. [PubMed: 14638544]

28. Kalantar-Zadeh K, Kopple JD, Kamranpour N, Fogelman AM, Navab M. HDL-inflammatory
index correlates with poor outcome in hemodialysis patients. Kidney Int. 2007; 72:1149–56.
[PubMed: 17728705]

29. Kim MY, Buyon JP, Petri M, Skovron ML, Shore RE. Equivalence trials in SLE research: issues to
consider. Lupus. 1999; 8:620–6. [PubMed: 10568898]

30. Gladman D, Urowitz M, Fortin P, Isenberg D, Goldsmith C, Gordon C, et al. Systemic Lupus
International Collaborating Clinics Group. Systemic Lupus International Collaborating Clinics
conference on assessment of lupus flare and quality of life measures in SLE. J Rheumatol. 1996;
23:1953–5. [PubMed: 8923374]

31. Polak JF, Szklo M, Kronmal RA, Burke GL, Shea S, Zavodni AE, et al. The value of carotid artery
plaque and intima-media thickness for incident cardiovascular disease: the multi-ethnic study of
atherosclerosis. J Am Heart Assoc. 2013; 2:e000087. [PubMed: 23568342]

32. Havel RJ, Eder HA, Bragdon JH. The distribution and chemical composition of ultracentrifugally
separated lipoproteins in human serum. J Clin Invest. 1955; 34:1345–53. [PubMed: 13252080]

33. Skaggs BJ, Hahn BH, Sahakian L, Grossman J, McMahon M. Dysfunctional, pro-inflammatory
HDL directly upregulates monocyte PDGFRβ, chemotaxis and TNFα production. Clin Immunol.
2010; 137:147–56. [PubMed: 20637704]

34. Breiman L. Random forests. Machine Learning. 2001; 45:5–32.

35. Melander O, Newton-Cheh C, Almgren P, Hedblad B, Berglund G, Engstrom G, et al. Novel and
conventional biomarkers for prediction of incident cardiovascular events in the community.
JAMA. 2009; 302:49–57. [PubMed: 19567439]

36. Wang TJ, Gona P, Larson MG, Tofler GH, Levy D, Newton-Cheh C, et al. Multiple biomarkers for
the prediction of first major cardiovascular events and death. N Engl J Med. 2006; 355:2631–9.
[PubMed: 17182988]

37. Folsom AR, Chambless LE, Ballantyne CM, Coresh J, Heiss G, Wu KK, et al. An assessment of
incremental coronary risk prediction using C-reactive protein and other novel risk markers: the
Atherosclerosis Risk in Communities Study. Arch Intern Med. 2006; 166:1368–73. [PubMed:
16832001]

38. Emerging Risk Factors Collaboration. Lipid-related markers and cardiovascular disease prediction.
JAMA. 2012; 307:2499–506. [PubMed: 22797450]

39. Okwuosa TM, Greenland P, Ning H, Liu K, Bild DE, Burke GL, et al. Distribution of coronary
artery calcium scores by Framing-ham 10-year risk strata in the MESA (Multi-Ethnic Study of
Atherosclerosis): potential implications for coronary risk assessment. J Am Coll Cardiol. 2011;
57:1838–45. [PubMed: 21527159]

40. Zhou J, Austin RC. Contributions of hyperhomocysteinemia to atherosclerosis: causal relationship
and potential mechanisms. Biofactors. 2009; 35:120–9. [PubMed: 19449439]

41. Lentz SR, Sobey CG, Piegors DJ, Bhopatkar MY, Faraci FM, Malinow MR, et al. Vascular
dysfunction in monkeys with diet-induced hyperhomocyst(e)inemia. J Clin Invest. 1996; 98:24–9.
[PubMed: 8690798]

42. Davi G, Falco A. Oxidant stress, inflammation and atherogenesis. Lupus. 2005; 14:760–4.
[PubMed: 16218483]

43. Vazquez E, Sethi AA, Freeman L, Zalos G, Chaudhry H, Haser E, et al. High-density lipoprotein
cholesterol efflux, nitration of apolipoprotein A-I, and endothelial function in obese women. Am J
Cardiol. 2012; 109:527–32. [PubMed: 22105786]

44. Hahn BH, Lourencco EV, McMahon M, Skaggs B, Le E, Anderson M, et al. Pro-inflammatory
high-density lipoproteins and atherosclerosis are induced in lupus-prone mice by a high-fat diet
and leptin. Lupus. 2010; 19:913–7. [PubMed: 20410156]

McMahon et al. Page 12

Arthritis Rheumatol. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



45. Schwartz N, Su L, Burkly LC, Mackay M, Aranow C, Kollaros M, et al. Urinary TWEAK and the
activity of lupus nephritis. J Autoimmun. 2006; 27:242–50. [PubMed: 17257812]

46. Munoz-Garcia B, Moreno JA, Lopez-Franco O, Sanz AB, Martin-Ventura JL, Blanco J, et al.
Tumor necrosis factor–like weak inducer of apoptosis (TWEAK) enhances vascular and renal
damage induced by hyperlipidemic diet in ApoE-knockout mice. Arterioscler Thromb Vasc Biol.
2009; 29:2061–8. [PubMed: 19778942]

47. Blanco-Colio LM, Martin-Ventura JL, Munoz-Garcia B, Orbe J, Paramo JA, Michel JB, et al.
Identification of soluble tumor necrosis factor–like weak inducer of apoptosis (sTWEAK) as a
possible biomarker of subclinical atherosclerosis. Arterioscler Thromb Vasc Biol. 2007; 27:916–
22. [PubMed: 17272745]

48. Chorianopoulos E, Jarr K, Steen H, Giannitsis E, Frey N, Katus HA. Soluble TWEAK is markedly
upregulated in patients with ST-elevation myocardial infarction and related to an adverse short-
term outcome. Atherosclerosis. 2010; 211:322–6. [PubMed: 20303491]

49. Gungor O, Kircelli F, Asci G, Carrero JJ, Tatar E, Demirci MS, et al. Soluble TWEAK level: is it a
marker for cardiovascular disease in long-term hemodialysis patients? J Nephrol. 2013; 26:136–
43. [PubMed: 22505251]

50. Manzi S, Selzer F, Sutton-Tyrrell K, Fitzgerald SG, Rairie JE, Tracy RP, et al. Prevalence and risk
factors of carotid plaque in women with systemic lupus erythematosus. Arthritis Rheum. 1999;
42:51–60. [PubMed: 9920014]

McMahon et al. Page 13

Arthritis Rheumatol. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

McMahon et al. Page 14

T
ab

le
 1

B
as

el
in

e 
de

m
og

ra
ph

ic
 a

nd
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

pa
tie

nt
s 

w
ith

 s
ys

te
m

ic
 lu

pu
s 

er
yt

he
m

at
os

us
 (

SL
E

) 
an

d 
he

al
th

y 
co

nt
ro

ls
 w

ith
ou

t p
la

qu
e 

or
 w

ith
 a

hi
st

or
y 

of
 a

ny
 p

la
qu

e 
at

 b
as

el
in

e 
or

 f
ol

lo
w

up
*

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

C
on

tr
ol

 s
ub

je
ct

s
SL

E
 p

at
ie

nt
s

N
o 

pl
aq

ue
 (

n 
= 

72
)

A
ny

 p
la

qu
e 

(n
 =

 2
8)

P
†

N
o 

pl
aq

ue
 (

n 
= 

14
9)

A
ny

 p
la

qu
e 

(n
 =

 6
1)

P
†

T
im

e 
to

 s
ec

on
d 

ul
tr

as
ou

nd
, m

ea
n 

±
 S

D
 m

on
th

s
28

.0
 ±

 1
0.

0
29

.2
 ±

 9
.7

N
S

30
.6

 ±
 9

.8
29

.5
 ±

 8
.6

N
S

A
ge

, m
ea

n 
±

 S
D

 y
ea

rs
40

.5
 ±

 1
1.

8
54

.6
 ±

 1
0.

1
<

0.
00

1
39

.6
 ±

 1
3.

5
51

.9
 ±

 1
0.

2
<

0.
00

1

H
is

to
ry

 o
f 

C
A

D
0

0
–

0
2 

(3
.2

)
N

S

H
is

to
ry

 o
f 

C
V

E
0

0
N

S
9 

(6
.0

)
4 

(6
.6

)
N

S

B
od

y 
m

as
s 

in
de

x,
 m

ea
n 

±
 S

D
 k

g/
m

2
23

.7
 ±

 5
.1

25
.3

 ±
 5

.8
N

S
25

.7
 ±

 5
.9

28
.0

 ±
 7

.1
0.

03

Fa
m

ily
 h

is
to

ry
 o

f 
C

V
D

10
 (

13
.9

)
7 

(2
5)

N
S

31
 (

20
.8

)
23

 (
37

.7
)

0.
01

H
is

to
ry

 o
f 

hy
pe

rt
en

si
on

6 
(8

.3
)

10
 (

35
.7

)
0.

00
1

41
 (

27
.5

)
25

 (
41

)
0.

06

H
is

to
ry

 o
f 

dy
sl

ip
id

em
ia

13
 (

18
.1

)
13

 (
46

.4
)

0.
00

4
22

 (
14

.8
)

20
 (

32
.7

)
0.

00
3

H
is

to
ry

 o
f 

di
ab

et
es

0
1 

(3
.6

)
N

S
3 

(2
.0

)
8 

(1
3.

1)
0.

00
3

Sm
ok

in
g 

hi
st

or
y

 
E

ve
r 

sm
ok

er
20

 (
27

.8
)

8 
(2

8.
5)

N
S

44
 (

29
.5

)
18

 (
29

.5
)

N
S

 
C

ur
re

nt
 s

m
ok

er
8 

(1
1.

1)
3 

(1
0.

7)
N

S
10

 (
6.

7)
5 

(8
.1

)
N

S

E
th

ni
ci

ty
/r

ac
e

 
W

hi
te

40
 (

55
.6

)
17

 (
60

.7
)

N
S

79
 (

53
)

25
 (

41
.0

)
N

S

 
A

si
an

 o
r 

Pa
ci

fi
c 

Is
la

nd
er

16
 (

22
.2

)
4 

(1
4.

3)
N

S
24

 (
16

.1
)

9 
(1

4.
8)

N
S

 
A

fr
ic

an
 A

m
er

ic
an

4 
(5

.5
)

3 
(1

0.
7)

N
S

8 
(5

.4
)

12
 (

19
.7

)
0.

00
1

 
H

is
pa

ni
c

9 
(1

2.
5)

3 
(1

0.
7)

N
S

32
 (

21
.5

)
9 

(1
4.

0)
N

S

 
M

ix
ed

 o
r 

ot
he

r
3 

(4
.2

)
1 

(3
.6

)
N

S
6 

(4
.0

)
6 

(9
.8

)
N

S

St
at

in
s 

in
iti

at
ed

1 
(1

.4
)

5 
(1

7.
8)

0.
00

7
13

 (
8.

7)
8 

(1
3.

1)
N

S

D
is

ea
se

 d
ur

at
io

n,
 m

ea
n 

±
 S

D
 y

ea
rs

N
A

N
A

N
A

11
.4

 ±
 8

.0
14

.9
 ±

 1
1.

4
0.

01

SE
L

E
N

A
–S

L
E

D
A

I,
 m

ea
n 

±
 S

D
N

A
N

A
N

A
3.

5 
±

 4
.0

3.
9 

±
 3

.5
N

S

SD
I 

sc
or

e,
 m

ea
n 

±
 S

D
N

A
N

A
N

A
1.

2 
±

 1
.5

1.
4 

±
 2

.0
N

S

A
ny

 a
C

L
 a

nt
ib

od
ie

s
N

A
N

A
N

A
59

 (
39

.6
)

17
 (

27
.8

)
N

S

H
is

to
ry

 o
f 

gl
om

er
ul

on
ep

hr
iti

s
N

A
N

A
N

A
44

 (
29

.7
)

14
 (

23
.0

)
N

S

B
as

el
in

e 
m

ed
ic

at
io

n

 
M

yc
op

he
no

la
te

 m
of

et
il

N
A

N
A

N
A

12
 (

19
.7

)
44

 (
23

.3
)

N
S

Arthritis Rheumatol. Author manuscript; available in PMC 2014 July 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

McMahon et al. Page 15

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

C
on

tr
ol

 s
ub

je
ct

s
SL

E
 p

at
ie

nt
s

N
o 

pl
aq

ue
 (

n 
= 

72
)

A
ny

 p
la

qu
e 

(n
 =

 2
8)

P
†

N
o 

pl
aq

ue
 (

n 
= 

14
9)

A
ny

 p
la

qu
e 

(n
 =

 6
1)

P
†

 
H

yd
ro

xy
ch

lo
ro

qu
in

e
N

A
N

A
N

A
36

 (
59

.0
)

12
4 

(6
5.

6)
N

S

 
A

za
th

io
pr

in
e

N
A

N
A

N
A

4 
(6

.6
)

26
 (

13
.8

)
N

S

 
Pr

ed
ni

so
ne

 
 

C
ur

re
nt

 d
os

e,
 m

ea
n 

±
 S

D
 m

g
N

A
N

A
N

A
4.

8 
±

 9
.1

4.
3 

±
 7

.7
N

S

 
 

6-
m

on
th

 d
os

e,
 m

ea
n 

±
 S

D
 m

g
N

A
N

A
N

A
68

7.
0 

±
 1

,0
41

.1
82

1.
7 

±
 1

,3
04

.8
N

S

 
 

L
if

et
im

e 
us

e 
>

20
 g

m
N

A
N

A
N

A
44

 (
29

.5
)

18
 (

29
.5

)
N

S

* H
is

to
ry

 o
f 

co
ro

na
ry

 a
rt

er
y 

di
se

as
e 

(C
A

D
) 

w
as

 d
ef

in
ed

 a
s 

ei
th

er
 a

 h
is

to
ry

 o
f 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n 
(M

I)
 o

r 
do

cu
m

en
te

d 
C

A
D

 o
n 

an
gi

og
ra

m
 o

r 
st

re
ss

 te
st

. H
is

to
ry

 o
f 

ce
re

br
ov

as
cu

la
r 

ev
en

ts
 (

C
V

E
) 

in
cl

ud
ed

tr
an

si
en

t i
sc

he
m

ic
 a

tta
ck

s 
(c

on
fi

rm
ed

 b
y 

a 
ph

ys
ic

ia
n)

 a
nd

 s
tr

ok
e 

(c
on

fi
rm

ed
 b

y 
ap

pr
op

ri
at

e 
im

ag
in

g)
. F

am
ily

 h
is

to
ry

 o
f 

co
ro

na
ry

 v
as

cu
la

r 
di

se
as

e 
(C

V
D

) 
w

as
 d

ef
in

ed
 a

s 
an

y 
pa

re
nt

al
 h

is
to

ry
 o

f 
M

I 
be

fo
re

ag
e 

60
 y

ea
rs

. D
ys

lip
id

em
ia

 w
as

 d
ef

in
ed

 a
s 

an
y 

of
 th

e 
fo

llo
w

in
g,

 e
ith

er
 a

lo
ne

 o
r 

in
 c

om
bi

na
tio

n:
 le

ve
ls

 o
f 

lo
w

-d
en

si
ty

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l ≥

13
0 

m
g/

dl
, t

ot
al

 c
ho

le
st

er
ol

 ≥
20

0 
m

g/
dl

, h
ig

h-
de

ns
ity

lip
op

ro
te

in
 c

ho
le

st
er

ol
 ≥

40
 m

g/
dl

, a
nd

/o
r 

tr
ig

ly
ce

ri
de

s 
≥1

50
 m

g/
dl

. H
yp

er
te

ns
io

n 
w

as
 d

ef
in

ed
 a

s 
us

e 
of

 a
nt

ih
yp

er
te

ns
iv

e 
m

ed
ic

at
io

n 
or

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e 

>
14

0 
m

g 
H

g 
or

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
>

90
m

m
 H

g.
 D

ia
be

te
s 

m
el

lit
us

 w
as

 d
ef

in
ed

 a
s 

a 
fa

st
in

g 
gl

uc
os

e 
le

ve
l ≥

7.
0 

m
m

ol
es

/li
te

r 
(1

26
 m

g/
dl

) 
or

 tr
ea

tm
en

t w
ith

 in
su

lin
 o

r 
an

 o
ra

l h
yp

og
ly

ce
m

ic
 a

ge
nt

. S
m

ok
er

s 
w

er
e 

de
si

gn
at

ed
 a

s 
su

bj
ec

ts
 w

ho
 h

ad
sm

ok
ed

 a
ny

 c
ig

ar
et

te
s 

w
ith

in
 th

e 
pr

io
r 

3 
m

on
th

s.
 R

ac
e/

et
hn

ic
ity

 c
at

eg
or

iz
at

io
n 

w
as

 b
as

ed
 o

n 
pa

tie
nt

 s
el

f-
de

sc
ri

pt
io

n.
 E

xc
ep

t w
he

re
 in

di
ca

te
d 

ot
he

rw
is

e,
 v

al
ue

s 
ar

e 
th

e 
nu

m
be

r 
(%

) 
of

 s
ub

je
ct

s.
 N

S 
=

 n
ot

si
gn

if
ic

an
t; 

N
A

 =
 n

ot
 a

pp
lic

ab
le

; S
E

L
E

N
A

–S
L

E
D

A
I 

=
 S

af
et

y 
of

 E
st

ro
ge

ns
 in

 L
up

us
 E

ry
th

em
at

os
us

 N
at

io
na

l A
ss

es
sm

en
t v

er
si

on
 o

f 
th

e 
Sy

st
em

ic
 L

up
us

 E
ry

th
em

at
os

us
 D

is
ea

se
 A

ct
iv

ity
 I

nd
ex

; S
D

I 
=

Sy
st

em
ic

 L
up

us
 I

nt
er

na
tio

na
l C

ol
la

bo
ra

tin
g 

C
lin

ic
s/

A
m

er
ic

an
 C

ol
le

ge
 o

f 
R

he
um

at
ol

og
y 

D
am

ag
e 

In
de

x;
 a

C
L

 =
 a

nt
ic

ar
di

ol
ip

in
.

†  O
nl

y 
P

 v
al

ue
s 

<
0.

1 
ar

e 
sh

ow
n.

Arthritis Rheumatol. Author manuscript; available in PMC 2014 July 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

McMahon et al. Page 16

T
ab

le
 2

B
as

el
in

e 
lip

id
 a

nd
 in

fl
am

m
at

or
y 

bi
om

ar
ke

r 
m

ea
su

re
m

en
ts

 in
 p

at
ie

nt
s 

w
ith

 s
ys

te
m

ic
 lu

pu
s 

er
yt

he
m

at
os

us
 (

SL
E

) 
an

d 
he

al
th

y 
co

nt
ro

ls
 w

ith
ou

t p
la

qu
e 

or

w
ith

 a
 h

is
to

ry
 o

f 
an

y 
pl

aq
ue

 a
t b

as
el

in
e 

or
 f

ol
lo

w
up

*

B
as

el
in

e 
m

ea
su

re
m

en
t

C
on

tr
ol

 s
ub

je
ct

s
SL

E
 p

at
ie

nt
s

N
o 

pl
aq

ue
 (

n 
= 

72
)

A
ny

 p
la

qu
e 

(n
 =

 2
8)

P
†

N
o 

pl
aq

ue
 (

n 
= 

14
9)

A
ny

 p
la

qu
e 

(n
 =

 6
1)

P
†

T
ot

al
 c

ho
le

st
er

ol
, m

g/
dl

18
8.

9 
±

 3
9.

5
20

8.
3 

±
 4

1.
6

0.
03

18
5.

0 
±

 4
1.

8
19

9.
1 

±
 4

1.
0

0.
03

H
D

L
, m

g/
dl

60
.8

 ±
 1

5.
2

60
.7

 ±
 1

5.
3

N
S

57
.3

 ±
 1

7.
9

58
.3

 ±
 1

7.
1

N
S

L
D

L
, m

g/
dl

10
7.

5 
±

 3
2.

8
12

0.
0 

±
 3

0.
9

0.
09

10
5.

7 
±

 3
3.

8
11

6.
5 

±
 3

5.
8

0.
04

T
ri

gl
yc

er
id

es
, m

g/
dl

10
4.

0 
±

 5
0.

4
13

9.
5 

±
 8

1.
2

0.
01

11
1.

7 
±

 7
5.

7
11

2.
8 

±
 4

5.
7

N
S

H
ig

h-
se

ns
iti

vi
ty

 C
R

P,
 m

g/
lit

er
1.

6 
±

 1
.7

4.
0 

±
 6

.7
0.

05
3.

2 
±

 7
.9

3.
0 

±
 5

.1
N

S

A
di

po
ne

ct
in

, μ
g/

m
l

13
.3

 ±
 6

.3
13

.8
 ±

 8
.0

N
S

14
.3

 ±
 7

.6
16

.3
 ±

 1
0.

2
N

S

A
po

lip
op

ro
te

in
 A

–I
, m

g/
m

l
0.

9 
±

 1
.0

1.
7 

±
 3

.3
N

S
1.

2 
±

 1
.5

1.
6 

±
 3

.0
3

N
S

H
om

oc
ys

te
in

e 
≥1

2 
m

m
ol

es
/li

te
r,

 n
o.

 (
%

)
9 

(1
2.

5)
8 

(2
8.

6)
0.

05
7

41
/1

46
 (

28
.1

)
26

 (
42

.6
)

0.
04

L
ep

tin

 
Pl

as
m

a 
le

ve
l, 

ng
/m

l
10

.3
 ±

 8
.5

24
.5

 ±
 2

2.
3

<
0.

00
1

20
.9

 ±
 2

3.
9

32
.1

 ±
 2

8.
8

0.
00

5

 
Pl

as
m

a 
le

ve
l ≥

34
 n

g/
m

l, 
no

. (
%

)
1 

(1
.4

)
8 

(2
8.

6)
<

0.
00

1
14

 (
9.

4)
22

 (
36

.1
)

<
0.

00
1

pi
H

D
L

 f
un

ct
io

n

 
L

ev
el

, F
U

0.
67

 ±
 0

.3
1.

0 
±

 0
.6

6
0.

00
3

0.
98

 ±
 0

.5
6

1.
30

 ±
 1

.1
<

0.
00

1

 
Fu

nc
tio

n 
≥0

.9
4 

FU
, n

o.
 (

%
)

12
 (

16
.7

)
15

 (
53

.6
)

<
0.

00
1

59
 (

39
.6

)
50

 (
82

.0
)

<
0.

00
1

So
lu

bl
e 

T
W

E
A

K

 
Pl

as
m

a 
le

ve
l, 

pg
/m

l
20

7.
94

 ±
 3

95
.5

8
63

4.
98

 ±
 1

,5
45

.9
6

N
S

22
9.

94
 ±

 8
46

.3
1

52
3.

69
 ±

 8
98

.9
4

0.
00

2

 
Pl

as
m

a 
le

ve
l ≥

37
3 

pg
/m

l, 
no

. (
%

)
61

 (
84

.7
)

25
 (

89
.3

)
N

S
12

0 
(8

0.
5)

60
 (

98
.4

)
<

0.
00

1

* E
xc

ep
t w

he
re

 in
di

ca
te

d 
ot

he
rw

is
e,

 v
al

ue
s 

ar
e 

th
e 

m
ea

n 
±

 S
D

. H
D

L
 =

 h
ig

h-
de

ns
ity

 li
po

pr
ot

ei
n;

 N
S 

=
 n

ot
 s

ig
ni

fi
ca

nt
; L

D
L

 =
 lo

w
-d

en
si

ty
 li

po
pr

ot
ei

n;
 C

R
P 

=
 C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 p

iH
D

L
 =

 p
ro

in
fl

am
m

at
or

y
H

D
L

; F
U

 =
 f

lu
or

es
ce

nc
e 

un
its

.

†  P
 v

al
ue

s 
in

 u
ni

va
ri

at
e 

an
al

ys
is

 w
er

e 
de

te
rm

in
ed

 u
si

ng
 S

tu
de

nt
’s

 t-
te

st
, M

an
n-

W
hi

tn
ey

 te
st

, o
r 

ch
i-

sq
ua

re
 te

st
. O

nl
y 

P
 v

al
ue

s 
<

0.
1 

ar
e 

sh
ow

n.

Arthritis Rheumatol. Author manuscript; available in PMC 2014 July 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

McMahon et al. Page 17

Table 3

Associations of traditional cardiac risk factors and nonstandard biomarkers with the presence of any carotid

plaque on baseline or longitudinal ultrasound in patients with systemic lupus erythematosus*

Explanatory variable Odds ratio 95% CI P

Age ≥48 years (yes, no) 4.1 1.7–10.3 0.002

History of dyslipidemia 2.6 0.8–8.2 NS

History of diabetes (yes, no) 61.8 6.4–598.1 <0.001

Hypertension (yes, no) 0.9 0.35–2.4 NS

History of tobacco use (yes, no) 0.6 0.2–1.5 NS

Family history of cardiovascular disease (yes, no) 2.0 0.7–5.2 NS

Body mass index (in kg/m2) 0.997 0.92–1.07 NS

African American race (yes, no) 3.5 0.8–15.7 0.1

Lifetime prednisone use >20 gm 0.5 0.28–1.6 NS

Initiation of statin therapy 1.9 0.4–9.2 NS

piHDL ≥0.94 FU 9.1 3.3–24.6 <0.001

Leptin ≥34 ng/ml 7.3 2.2–24.0 0.001

Soluble TWEAK ≥373.0 pg/ml 28.8 2.9–281.1 0.004

Homocysteine ≥12 μmoles/liter 1.2 0.5–2.9 NS

*
Associations were assessed by logistic regression. 95% CI = 95% confidence interval; NS = not significant; piHDL = proinflammatory high-

density lipoprotein; FU = fluorescence units.
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Table 5

Associations of the PREDICTS variables with the presence of any carotid plaque on baseline or longitudinal

ultrasound in patients with systemic lupus erythematosus*

Explanatory variable Odds ratio 95% CI P

History of dyslipidemia (yes, no) 3.2 1.06–9.8 0.04

Hypertension (yes, no) 0.8 0.3–2.0 NS

Current tobacco use (yes, no) 1.6 0.3–7.5 NS

Family history of cardiovascular disease (yes, no) 1.3 0.5–3.2 NS

Body mass index (in kg/m2) 1.01 0.95–1.07 NS

African American race (yes, no) 4.6 1.1–18.6 0.03

Lifetime prednisone use >20 gm (yes, no) 0.6 0.2–1.7 NS

Initiation of statin therapy (yes, no) 0.7 0.2–2.5 NS

Disease duration 1.03 0.98–1.09 NS

High PREDICTS score (yes, no)† 27.7 10.6–72.7 <0.001

*
Associations were determined by logistic regression. 95% CI = 95% confidence interval; NS = not significant.

†
 Variables include age ≥48 years, proinflammatory high-density lipoprotein levels ≥0.94 fluorescence units, leptin levels ≥34 ng/ml, soluble

TWEAK levels ≥373 pg/ml, and homocysteine levels ≥12 μmoles/liter. A high Predictors of Risk for Elevated Flares, Damage Progression, and
Increased Cardiovascular Disease in Patients with Systemic Lupus Erythematosus (PREDICTS) score was defined as the presence of ≥3 of the risk
factors or history of diabetes plus ≥1 of the risk factors.
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