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Abstract

Objectives: To assess the prevalence of atherosclerotic cardiovascular disease (ASCVD) and its
individual phenotypes of coronary artery disease (CAD), peripheral artery disease (PAD), and
cerebrovascular disease (CVD) by age and sex in a large cohort of patients with SLE hospitalized
in the United States.

Methods: A nested case-control study of adults with and without SLE was conducted from the
January 1, 2008-December 31, 2014 National Inpatient Sample. Patients hospitalized with a
diagnosis of SLE were matched (1:3) by age, sex, race, and calendar year to patients hospitalized
without a diagnosis of SLE. The prevalence of CAD, PAD, and CVVD were evaluated and
associations with SLE were determined after adjustment for common cardiovascular risk factors.

Results: Among the 252,676 patients with SLE and 758,034 matched patients without SLE, the
mean age was 51, 89% were women, and 49% were white. Patients with SLE had a higher
prevalence of ASCVD compared to those without SLE (25.6% vs. 19.2%; OR 1.45, 95% CI 1.44
to 1.47, P<.001). After multivariable adjustment, SLE was associated with a greater odds of
ASCVD (aOR 1.46, 95% CI 1.41-1.51). The association between SLE and ASCVD was observed
in women and men and was attenuated with increasing age. SLE was also associated with
increased odds of CAD (aOR 1.42, 95% CI 1.40-1.44), PAD (aOR 1.25, 95% CI 1.22-1.28), and
CVD (aOR 1.68, 95% CI 1.65-1.71).
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Conclusions: Among patients hospitalized in the United States, SLE is associated with
increased prevalence of ASCVD. The increased prevalence of ASCVD in SLE was observed in
both sexes and was greatest in younger patients.
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Introduction

Methods

Systemic lupus erythematosus (SLE) is a chronic multisystem autoimmune disorder that
affects 20-150 per 100,000 individuals, with a majority of cases (70-90%) occurring in
women.! In the United States, individuals of African, Hispanic, or Asian ancestry have an
increased incidence and prevalence of SLE compared with individuals of European ancestry.
2.3 Infection, nephritis, and atherosclerotic cardiovascular disease (ASCVD), including
myocardial infarction, stroke, and peripheral artery disease, are common complications of
SLE that result in significant morbidity and mortality.#> Although causal mechanisms have
not been firmly established, ASCVD in SLE is believed to be related to chronic
inflammation,®7 increased platelet activity,® increased oxidative stress,10:11 a
hypercoagulable state,12 endothelial dysfunction,13-14 chronic kidney disease,?? and
dyslipidemia.1516

ASCVD occurs more frequently in SLE patients compared with age and gender matched
controls,17=20 but the magnitude of this increased risk is uncertain and associations between
age, sex, and the prevalence of ASCVD in SLE are imprecisely characterized.>-21-24
Although prior literature demonstrates a 50-fold higher risk of myocardial infarction in SLE
women 35-44 years of age, these data are based upon small sample sizes with low event
rates.® Existing data do not quantify the prevalence of ASCVD and its subtypes in SLE by
age and sex compared with subjects without SLE. Therefore, the aim of the present study
was to assess the prevalence of coronary artery disease (CAD), peripheral artery disease
(PAD), and cerebrovascular disease (CVD) by age and sex in a large cohort of SLE patients
hospitalized in the United States.

Study Population

Adults age =18 hospitalized between January 2008 and December 2014 were identified
using the Healthcare Cost and Utilization Project’s (HCUP) National Inpatient Sample
(NIS), an administrative database of discharge level data from a 20% stratified sample of all
hospitals in the United States.?®> The NIS is the largest publicly available all-payer inpatient
healthcare database in the United States, containing unweighted data from approximately 8
million hospital stays annually. Each hospitalization is considered separately, and individual
patients are not tracked across NIS hospitalizations.

Patients hospitalized with SLE were identified based on the presence of the International
Classification of Diseases, Ninth Revision (ICD-9) diagnosis code 710.0 for SLE, organ or
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system involvement unspecified, in any position.29 All hospitalizations with a diagnosis
code 710.0 were included in the analysis. Each hospitalization with SLE was matched by
age, sex, race, and calendar year of hospitalization to 3 hospitalizations without a diagnosis
code for SLE.

Outcomes and Statistical Analysis

Results

The primary outcome was the prevalence of ASCVD identified using ICD-9 diagnosis codes
for CAD, PAD, and CVD as described in the supplemental appendix. Patients were
subdivided by sex and decade of age (ages 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80—
89, and 90+ years) for analysis. In order to determine independent associations between SLE
diagnoses and ASCVD prevalence, multivariable logistic regression models were used to
estimate odds ratios adjusted for clinical covariates (aOR). Hypertension, hyperlipidemia,
diabetes, tobacco use, obesity, and chronic kidney disease (CKD) were included as
covariates in all models. ICD-9 codes for CKD are listed in the supplemental appendix.
Two-sided AP-values <.05 were considered to be statistically significant. Statistical analyses
were performed using SAS 9 (SAS Institute, Carey NC) and SPSS 23 (IBM SPSS Statistics,
Armonk NY). The NIS is a publicly available dataset that does not contain identifiable
protected health information, and the study was exempt from Institutional Review Board
review.

Study Population

From Januaryl, 2008 to December 31, 2014, 252,676 hospitalizations with SLE and 758,034
matched hospitalizations without SLE were identified. Demographics and baseline
characteristics of patients with and without SLE are shown in Table 1. The mean age of
patients with and without SLE was 51, 89% were women, and 49% were white. Patients
with SLE were more likely to have hypertension and renal disease, but less likely to have
hyperlipidemia, diabetes, obesity, or active tobacco use than patients without SLE.

Prevalence of ASCVD

The prevalence of ASCVD is shown in Figure 1. Patients with SLE had a higher prevalence
of ASCVD compared with control patients (25.6% vs. 19.2%, OR 1.45, 95% CI 1.44 to
1.47, £<.001), which was observed in both women (OR 1.47, 95% CI 1.45 to 1.48) and men
(OR 1.40, 95% CI 1.36-1.44). Unadjusted odds ratios of ASCVD in patients with SLE and
controls are noted in the Supplemental Table. The association between SLE and ASCVD
was most apparent in younger individuals. Men (OR 4.05, 95% CI 3.33-4.93) and women
(OR 12.44, 95% CI 11.13-13.91) age 20—29 with SLE had the greatest odds of ASCVD in
comparison to age and sex matched controls. In contrast, men (OR 1.25, 95% CI 1.18-1.34)
and women (OR 1.29 95% CI 1.26-1.32) age 60-69 with SLE had only a modest increased
odds of ASCVD in comparison to age and sex matched individuals without SLE. The
absolute increase in ASCVD prevalence in patients with SLE peaked in patients 30 to 49
years (Figure 2). Based on these data, 1 additional diagnosis of ASCVD would be
anticipated for every 13 women and 9 men age 30-49 with SLE in comparison to individuals
without SLE.
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After multivariable adjustment for traditional cardiovascular risk factors, SLE was
independently associated with greater odds of ASCVD (aOR 1.46, 95% CI 1.41-1.51; Table
2). The increased odds of ASCVD in SLE varied by sex after multivariable adjustment (P for
interaction <.0001). Younger women with SLE had the greatest adjusted odds of ASCVD in
comparison to matched control patients (Figure 3 A, B).

Prevalence of ASCVD Subtypes

The prevalence of ASCVD subtypes is shown in Figure 4. The absolute increase in the
prevalence of ASCVD subtypes in patients with SLE are shown in the Supplemental Figure.
In all but the oldest individuals, SLE patients of both sexes had a higher prevalence of CAD
(17.8% vs. 14.2%, OR 1.31, 95% CI 1.29 to 1.32, /<.001), PAD (4.6% vs. 3.7%, OR 1.26,
95% CI 1.23 to 1.29, /<.001), and CVD (7.8% vs. 4.8%, OR 1.67, 95% CI 1.64 to 1.70, A<.
001) in comparison to matched patients without SLE. After multivariable adjustment for
traditional ASCVD risk factors, SLE was independently associated with increased odds of
CAD (aOR 1.42, 95% CI 1.40-1.44), PAD (aOR 1.25, 95% Cl 1.22-1.28), and CVD (aOR
1.68, 95% CI 1.65-1.71). The increased odds of each vascular phenotype were attenuated
with age (Figure 3 C-H).

Discussion

The present analysis is the largest study to evaluate the prevalence of ASCVD in SLE by age
and sex in the contemporary era. The majority of prior studies have examined cohorts
ranging from several dozen to several hundred patients and have not included a sample
sufficiently large to provide precise estimates with narrow confidence intervals of ASCVD
prevalence in SLE by age and sex.#517-24 |n this study, the relative magnitude of increased
cardiovascular risk associated with SLE was greatest in women and younger patients and
was attenuated with increasing age. These data corroborate prior reports of a >10-fold
increased prevalence of ASCVD in young patients with SLE,® although the magnitude of
increase was less than previously described.> Among individuals younger than 70, absolute
increases in ASCVD prevalence associated with SLE were 5-12% in men and 5-8% in
woman. These data provide useful clinical quantification for risk stratification in patients
with SLE. Based on the present data, this corresponds to an additional diagnosis of ASCVD
observed for every 13 woman age <50 with SLE and every 8 men age <50 with SLE. These
findings are also consistent with previous vascular imaging studies that demonstrate the
relationship between SLE and subclinical ASCVD, including coronary calcium,?? carotid
intimal media thickness,?! and significant epicardial coronary artery stenoses.26

Although treatment for both lupus and ASCVD has improved since the increased prevalence
of ASCVD wias first described in SLE patients, it is unclear whether current management
strategies in SLE optimally reduce the burden of ASCVD. Treatment of individuals with
SLE is particularly challenging, as SLE appears to confer increased risk beyond that
predicted by traditional cardiovascular risk factors, and atherosclerosis may not necessarily
correlate with validated measures of SLE disease activity.21:27 Although the mechanisms
that underlie this increased risk are complex and not fully understood, increased oxidative
stress, platelet activation, endothelial dysfunction, CKD, and hypercoagulability are
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theorized to play a role. Due to the increasing prevalence of SLE,? identification of
subpopulations at high risk for ASCVD that warrant cardiovascular prevention may be
beneficial. Given the observed increased prevalence of ASCVD in women and men and
across different age groups, careful risk stratification and evaluation for ASCVD should be
considered for many patients with SLE.

Study Limitations

The present study has a number of limitations. First, analyses based on administrative
coding data are subject to reporting bias or coding errors. This is of particular importance
with regard to ICD-9 diagnoses of SLE; in some cohorts, as few as 16% of patients who
received 1CD-9 codes for SLE truly had this diagnosis.2® Incorrect coding may also
underestimate the true increased prevalence of ASCVD in patients with SLE. Second, since
both renal dysfunction and hypertension can be direct manifestations of SLE disease
activity, adjustment for these variables may lead to underestimation of the magnitude of
cardiovascular risk associated with SLE. However, both adjusted and unadjusted differences
in ASCVD risk demonstrated similar magnitude and directionality, suggesting the validity of
the observed associations. Third, use of a hospital admission dataset may not provide
reliable data on ASCVD prevalence in the overall SLE population, given the potential for
differential associations between ASCVD and inflammatory disease in stable outpatients
with SLE. Furthermore, since patients are not linked from one hospitalization to another in
the NIS, our results are described by patient hospitalizations rather than unique patients.
Fourth, hypercoagulable states associated with SLE, such as antiphospholipid syndrome,
may be responsible for ischemic events in the study population. Unfortunately,
administrative data cannot accurately identify antiphospholipid syndrome or the presence of
antiphospholipid antibodies. Thus, the impact of antiphospholipid antibodies on the
progression of ASCVD in this cohort is uncertain. Similarly, we are unable to distinguish
atherosclerotic disease from de novo thrombotic events in otherwise healthy vessels. Fifth,
our analysis does not have the ability to assess disease duration, control or treatment in SLE,
so we are unable to determine associations between SLE disease parameters with prevalence
of ASCVD. These limitations notwithstanding, this is a very large, contemporary analysis to
quantify the magnitude of increased ASCVD prevalence in patients with SLE by age and
sex. The data are derived from a national cohort of adults hospitalized in the United States,
with adequate representation of men and women of all ages. Finally, in the present study we
report associations between SLE and the prevalence of clinically relevant ASCVD, both
overall and by the specific vascular distribution affected.

Conclusions:

In this large, cross-sectional analysis of patients with and without SLE hospitalized in the
United States, SLE was associated with a substantial prevalence of ASCVD. The increased
odds of ASCVD was observed in both women and men and was greatest in younger patients.
Provider recognition of the increased risk of ASCVD associated with SLE is essential, since
current cardiovascular disease guidelines do not address risk in this high-risk group. Studies
investigating optimal screening strategies and prevention and treatment strategies of
cardiovascular disease in this high-risk SLE group of patients are essential.
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Figure 1.

Prevalence of atherosclerotic cardiovascular disease (ASCVD) by age decile in A) women
and B) men with and without Systemic Lupus Erythematosus hospitalized in the United

States between 2008-2014
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Figure 3A:

Absolute prevalence increase for ASCVD in women by age decile
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Absolute increase in prevalence of ASCVD in (A) women and (B) men with and without

Systemic Lupus Erythematosus hospitalized in the United States between 2008-2014.
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Figure 3.
Adjusted odds ratio for ASCVD in woman (A) and men (B), coronary artery disease (CAD

or AMI) in women (C) and men (D), peripheral artery disease in women (E) and men (F),
and cerebrovascular disease (CVA or TIA) in women (G) and men (H) by age decile and sex
in adults with and without Systemic Lupus Erythematosus hospitalized in the United States
between 2008-2014 when adjusted for hypertension, hyperlipidemia, diabetes, obesity,
tobacco use, and chronic kidney disease. Error bars indicate 95% confidence intervals.
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Figure 4.

Prevalence of coronary artery disease (CAD or MI) in (A) women and (B) men; peripheral
artery disease (PAD) in (C) women and (D) men; and cerebrovascular disease (TIA or CVA)
in (E) women and (F) men by age decile in adults with and without Systemic Lupus
Erythematosus hospitalized in the United States between 2008-2014.
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Table 1.

Clinical characteristics of adults with and without Systemic Lupus Erythematosus hospitalized between 2008
and 2012, matched by age, sex, race, and year of hospitalization.

Adults with SLE (n =252,676)  Adults without SLE (n = 758,034) P Value

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Age (Mean + SD) 51.4+16.9 51.4+16.9 99
Age Groups >.99
20-29 27185 (10.9%) 81552 (10.9%)
30-39 37754 (15.1%) 113259 (15.1%)
40-49 48039 (19.2%) 144132 (19.2%)
50-59 54154 (21.6%) 162456 (21.6%)
60-69 43479 (17.4%) 130434 (17.4%)
70-79 26049 (10.4%) 78150 (10.4%)
80-89 12038 (4.8%) 36114 (4.8%)
90+ 1473 (0.6%) 4492 (0.6%)
Female Sex 225061 (89.1%) 675180 (89.1%) .99
Race / Ethnicity >.99
White NH 123157 (48.7%) 369471 (48.7%)
Black NH 68827 (27.2%) 206478 (27.2%)
Hispanic 27287 (10.8%) 81867 (10.8%)
Other 12539 (5.0%) 37620 (5.0%)
Unknown 20866 (8.3%) 62598 (8.3%)
Hypertension 147124 (58.2%) 343996 (45.4%) <.001
Hyperlipidemia 52644 (20.8%) 171496 (22.6%) <.001
Diabetes 49651 (19.7%) 175917 (23.2%) <.001
Obesity 31350 (12.4%) 108143 (14.3%) <.001
Current or former smoking 55808 (22.1%) 170196 (22.5%) <.001
CKD 58486 (23.1%) 71701 (9.5%) <.001
ESRD 27156 (10.7%) 24627 (3.2%) <.001
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Multivariable regression model of the odds ratio for ASCVD in patients with SLE compared with control

Adjusted Odds Ratio (95% CI)

Risk Factor

All Patients”

Women

Men

SLE

Age (per year)

Female Sex
Hypertension

Diabetes
Hyperlipidemia
Obesity

Chronic kidney disease

Tobacco use

1.46 (1.41-1.51)
1.048 (1.048-1.049)
0.61 (0.59-0.62)
1.82 (1.80-1.84)
1.76 (1.74-1.78)
2.33 (2.30-2.36)
0.98 (0.96-0.99)
1.70 (1.67-1.72)
1.71 (1.68-1.73)

1.59 (157 - 1.61)
1.05 (1.05 — 1.05)
1.84 (1.82 - 1.87)
1.79 (1.76 - 1.81)
2.25(2.23-2.28)
0.97 (0.95 - 0.98)
1.75 (.72 - 1.78)
1.74 (.72 - 1.76)

153 (1.48 — 1.58)
1.05 (1.05 - 1.05)
1.72 (1.67 - 1.78)
157 (152 - 1.62)
2.87 (2.78 — 2.96)
1.06 (1.01 - 1.11)
1.43 (1.37 - 1.48)
151 (1.47 - 1.56)

*
Includes interaction term for Lupus*Sex (P<.001).
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