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Abstract

Objective.—Non-white populations are at higher risk of developing systemic lupus 

erythematosus (SLE) and have more severe outcomes, including mortality. How specific causes of 

death vary by race and ethnicity has largely been unexplored, particularly for Asian and Hispanic 

individuals.

Methods.—The California Lupus Surveillance Project included SLE cases identified among 

residents of San Francisco County, CA during January 1, 2007–December 31, 2009. Cases were 

matched to the National Death Index over a ten-year period. Logistic regression examined age-

adjusted differences in causes of death by race, ethnicity, and sex. Age-standardized mortality 

ratios (SMRs) between individuals with SLE and the corresponding general population were 

calculated for the leading cause of death, and observed versus expected deaths were estimated.

Results.—The study included 812 individuals of White (38%), Asian (36%), Black (20%), and 

mixed/other/unknown (5%) race; 15% identified as Hispanic. 135 deaths were recorded, with 

mean age at death of 62.2 (+/− 15.6) years. Cardiovascular disease (CVD) was the leading cause 

of death overall (33%), and across all racial and ethnic groups, followed by rheumatic disease 

(18%) and hematological/oncological conditions (18%). CVD as the underlying cause of death 

was 3.63 times higher among SLE cases than in the general population. CVD deaths for those 

with SLE were nearly four and six times higher for Asian and Hispanic individuals with SLE, 

respectively, compared to the general population.

Conclusion.—Individuals with SLE experience a disproportionate burden of CVD mortality 

compared to the general population, which is magnified for Asian and Hispanic groups.

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that can lead to severe 

clinical outcomes, with patients having higher rates of mortality when compared to the 

general population (1–4). Despite improving trends in mortality, with the SLE mortality 

rate decreasing 2.7% every year from 1999 through 2013, overall mortality rates from SLE 
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remain high (5). For example, previous population-based studies have shown that individuals 

with SLE are three times more likely to die over a ten-year period than age-matched 

individuals in the general population (1–2).

Recent work has also demonstrated that disparities in SLE mortality persist according to 

sex, race, ethnicity, age, and geographic region (5). SLE as a leading causes of death in 

young women is consistently ranked higher among non-white women (6). Mortality among 

hospitalized patients with SLE has been shown to be higher for Asian, Hispanic, and Black 

individuals compared to White individuals (7). Population-based studies have also found that 

Black females with SLE are two to three times more likely to die over a ten-year period than 

Black females in the general population (1–2), and Asian and Hispanic individuals with SLE 

are nearly four times more likely to die over a ten-year period than their counterparts in the 

general population (2). While this research underscores the burden of mortality in non-white 

individuals with SLE, there is a paucity of contemporary data exploring the contributing 

factors to mortality, such as specific causes of death, in the SLE population, and whether 

they differ by demographic factors.

We sought to determine the top causes of death among individuals with SLE in the 

California Lupus Surveillance Project using National Death Index (NDI) records over a 

ten-year period and examine whether the top causes of death varied by race, ethnicity, and 

sex. Finally, we measured whether mortality of the leading cause of death differed in the 

SLE population compared to the general population.

PATIENTS AND METHODS

Study Population

The study population included individuals with SLE from the California Lupus Surveillance 

Project (CLSP). Individuals with SLE were identified among residents of San Francisco 

County, California during January 1, 2007–December 31, 2009 using community 

rheumatology and nephrology clinics, community hospitals, and integrated health care 

systems (8,9). Individuals were not contacted for this linkage study. The following 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9 

CM) diagnostic codes were used: 710.0 (SLE), 695.4 (lupus erythematosus, discoid 

lupus, or other local lupus), 710.8 (other specified diffuse connective tissue disease), and 

710.9 (unspecified diffuse connective tissue disease). Individuals with SLE were also 

identified though a commercial laboratory, which was queried for a comprehensive panel 

of SLE-related serologic tests and the California Office of Statewide Health Planning and 

Development hospital discharge database (8). A waiver was granted for this public health 

surveillance study by the State of California Institutional Review Board. The project was 

also reviewed and approved by the University of California, San Francisco, Institutional 

Review Board and the CDC, and was conducted in accordance with applicable federal law 

and CDC policy.

Diagnoses of SLE were defined using either the American College of Rheumatology 

(ACR) classification criteria (at least 4 of the 11 revised criteria as defined in 1982 and 

updated in 1997) (10,11), or two alternative definitions: SLE diagnosed by the patient’s 
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treating rheumatologist plus three ACR criteria or lupus-related kidney disease (World 

Health Organization class II–VI lupus nephritis upon biopsy or documented record of SLE 

diagnosis and dialysis or renal transplantation). All individuals in CLSP with sufficient 

information (812/909, 89%) were submitted to the NDI (2007–2017) to search for potential 

matches (general sensitivity of 87.0%–97.9% and specificity of approximately 100%) (12). 

Matching required at least one of the following data items or combinations: first and last 

name and social security number; first and last name and month and year of birth; or social 

security number full date of birth, and sex; otherwise, the case was excluded from analyses. 

Individuals were considered a match based on provided information including social security 

number, except for one case in which the social security number was not included in the 

NDI record but was considered a match through first and last name, month and year of birth, 

and state where death took place.

Exposure

Race, ethnicity, and sex were collected for individuals in the study. Of note, Hispanic 

ethnicity is considered a distinct concept from race, therefore it was collected and reported 

separately from race. The intercensal database of the Census Bureau codes race and 

Hispanic ethnicity using two variables; one collapses all persons into four mutually 

exclusive categories defined by bridged race, without accounting for Hispanic ethnicity: 

Black, White, Asian/Pacific Islander, and American Indian/Alaska Native (13). The other 

codes Hispanic ethnicity as a separate construct. Consistent with prior analyses using 

California Lupus Surveillance Project data (2,8), race and ethnicity were considered 

separate variables in statistical analyses; therefore, persons in the ethnicity category are 

also represented in the race categories.

Outcome

Cause of death reports for this study were provided by the NDI as ICD-10 codes. An 

“underlying cause of death” is indicated on the reports, as well as “any cause of death” 

fields, each of which can contain up to 20 cause of death codes. The underlying cause of 

death is defined as “(a) the disease or injury which initiated the train of events leading 

directly to death, or (b) the circumstances of the accident or violence which produced the 

fatal injury” (14). As described in the NDI User’s Guide, the underlying cause of each 

death is selected from an array of conditions reported in the medical certification section on 

the death certificate. The rules for selecting the underlying cause of death are included in 

ICD as a means of standardizing classification, which contributes toward comparability and 

uniformity in mortality medical statistics among countries (15). For “any cause of death” 

analyses, record-axis codes were utilized. Record-axis codes are a set of ICD codes that 

best describe the overall medical certification portion of the death certificate, based on an 

algorithmic process (16). ICD-10 codes for “underlying” and “any” cause of death were then 

categorized into groups based on organ system and disease according to a previous study 

examining in-hospital mortality in adult SLE (17).

Statistical Analysis

Fisher’s exact tests were used to examine unadjusted differences in underlying and any 

cause of death by race (White, Black, Asian), ethnicity (Hispanic, non-Hispanic), and sex 
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(female, male). We also conducted logistic regression to examine age-adjusted differences 

in underlying and any cause of death by race, ethnicity, and sex; when cell sizes contained 

zero, the Fisher’s exact unadjusted p-value is reported. In secondary analyses, we calculated 

the corresponding expected number of deaths in San Francisco County attributed to the 

leading cause of death found in our study population. Population estimates by age group, 

sex, race, and Hispanic ethnicity for San Francisco County for 2007–2017 were obtained 

from CDC Wonder (18) and used to calculate standardized mortality ratios (SMRs) of 

observed-to-expected deaths among persons with SLE using indirect age-standardization in 

11 age groups, as the ratio of observed deaths among persons with SLE to expected deaths 

in the San Francisco County population. Expected deaths were calculated by multiplying 

the age-specific death rate of the general population in San Francisco County by the total 

number of individuals with SLE in each age group for race, ethnicity, and sex comparisons. 

Three individuals were excluded from SMR analyses, as rates from CDC Wonder were not 

available for ages < 15 years. Two-sided hypothesis tests were conducted controlling the 

type I error rate at 5% (alpha = 0.05) and estimated 95% confidence intervals. Stata (version 

16.0; Stata Corp) was used to conduct all analyses.

RESULTS

Demographic characteristics of the 812 individuals with SLE included in the study are 

shown in Table 1. The majority of individuals were in the age range 10–34 years (25%), 

followed by 45–54 years (23%) during the ascertainment window of the surveillance study. 

Women constituted approximately 90% of the study population; and race and ethnicity 

included White (38%), Asian (36%), Black (20%), mixed/other race (3%), and unknown 

(2%). Fifteen percent of individuals identified as Hispanic.

There were 135 deaths (16.6%) identified during the ten-year period. The mean age at death 

was 62.2 (+/−15.6) years. Black individuals with SLE had the highest mortality (25%), 

followed by Asian (15%), White (14%), and other race (9%) individuals. With respect 

to ethnicity, non-Hispanic individuals with SLE experienced higher mortality compared to 

Hispanic individuals with SLE, at 18.5% and 15.5%, respectively. Men (19.8%) with SLE 

also had a higher mortality than women with SLE (16.3%).

Underlying Cause of Death

Underlying causes of death by race, ethnicity, and sex are shown in Table 2. The top 

underlying cause of death among individuals with SLE was cardiovascular disease (33%). 

This was also the top underlying cause of death among Black (39%), Asian (32%), and 

White (28%) individuals, as well as Hispanic (37%) and non-Hispanic (32%) individuals. 

When examining differences in top underlying causes of death by race, ethnicity, and sex, 

we found that males were more likely to have rheumatic disease listed as an underlying 

cause of death (38%) than females (15%) (p=0.03). Additionally, genitourinary diseases 

were more likely to be the underlying of death among Hispanic individuals with SLE 

(11%) compared to non-Hispanic individuals with SLE (1%) (p=0.01). No other statistically 

significant differences were found.
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In a multivariable model examining the top underlying cause of death (cardiovascular 

disease [CVD]) adjusted for age, sex, race, and ethnicity, we found that odds were not 

significantly higher for Asian (OR=1.90; 95%CI: 0.70, 5.12) and Black (OR=1.29; 95% 

CI: 0.49, 3.38) individuals with SLE compared to White individuals with SLE (Table 3). 

Similarly, the adjusted odds of CVD as the underlying cause of death did not differ by 

ethnicity or sex.

Any Cause of Death

Across any causes of death, CVD was the most common among all individuals with SLE 

(56%), as well as for Asian (61%), Black (59%), non-Hispanic (57%), and Hispanic (53%) 

individuals (Supplementary Table 1). Among White individuals, the most common cause 

of death was rheumatic disease (50%), in comparison to Asian (46%) and Black (27%) 

individuals with SLE; however, this difference was not statistically significant (p=0.48). 

Further, there were no differences in any cause of death among SLE patients by ethnicity or 

sex. A multivariable model examining the top any cause of death (CVD) adjusted for age, 

sex, race, and ethnicity demonstrated consistent findings as the underlying cause of death 

analysis (data not shown).

Standardized Mortality Ratios

In secondary analyses, we explored whether differences in the overall leading cause of 

death, CVD, differed in the SLE population compared to the general San Francisco County 

population during the same period (2007–2017) (Table 4). Using SMRs, we found that 

CVD as the underlying cause of death was over three times higher in the SLE population 

compared to the general San Francisco population (SMR=3.63, 95% CI 2.65, 4.86), with 

the largest difference found among Asian race individuals (SMR=3.83, 95% CI 2.09, 6.42). 

Additionally, Hispanic individuals with SLE were over six times more likely to die of 

CVD than Hispanic individuals in the general population (SMR=6.45, 95% CI 2.59, 13.29). 

Females with SLE were also over four times more likely than females in the general 

San Francisco County population to experience CVD as the underlying cause of death 

(SMR=4.65, 95% CI 3.32, 6.34). Across all other groups, those with SLE were consistently 

two to three times more likely to die of CVD than the corresponding general population. 

Findings remained consistent when examining CVD as any cause of death (Supplementary 

Table 2).

DISCUSSION

This is the first study to comprehensively assess causes of death in individuals with SLE by 

race, ethnicity, and sex, including Asian and Hispanic individuals, using a population-based 

sample in the U.S. With a racially and ethnically diverse dataset merged with records from 

the National Death Index spanning ten years, we found that the top five underlying causes 

of death among individuals with SLE were cardiovascular, rheumatic, hematology/oncology, 

gastrointestinal, and respiratory diseases. We did not find any statistical differences in 

underlying or any causes of death by race or ethnicity, except among genitourinary disease, 

where Hispanic individuals with SLE were more likely to have this listed as an underlying 

cause of death compared to non-Hispanic individuals with SLE (11% vs. 1%, respectively). 
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However, this difference could be due to chance, given the small absolute number of 

individuals in each group. Codes within this category included two related to chronic kidney 

disease, and one related to urinary tract infection. Important to note, codes relating to lupus 

nephritis could also be categorized under “rheumatologic” disease (e.g. “glomerular disease 

in SLE”).

Among individuals with SLE, odds of death by CVD did not differ by sex, race, or ethnicity. 

Overall, those with SLE were nearly four times more likely to experience CVD as the 

underlying cause of death compared to the general population. Estimates were particularly 

elevated for Asian and Hispanic individuals with SLE, who were approximately four and six 

times more likely to die of CVD compared to the general population.

Although several studies have determined that individuals with SLE experience higher 

mortality than the general population (1,2), less is known about the causes contributing 

to death. Similar to prior research (17,19,20), this study found CVD to be among the top 

causes of mortality among individuals with SLE. CVD risk in individuals with SLE is not 

fully explained by traditional risk factors (21). Atherosclerosis develops at younger ages in 

individuals with SLE, and those with lupus nephritis demonstrate even higher risk of CVD 

outcomes, given increased rates of hypertension, hyperlipidemia, and use of glucocorticoids 

(22–24). The pathogenesis of premature vascular damage in the SLE population is still 

unknown, but thought to involve not only traditional cardiovascular risk factors, but also 

chronic inflammation, endothelial dysfunction, and cytokines such as type I interferons 

leading to abnormal vascular repair (25).

Manadan et al. used data from the National Inpatient Sample and found that infections 

accounted for 37% of deaths, followed by CVD (21%) (17). Among our population-based 

study of individuals with SLE, CVD was listed as the underlying cause of death for 33% of 

individuals, followed by rheumatic disease (18%); infections represented only 2% of deaths. 

Differences in findings with respect to infections are likely due to severe infections being 

overrepresented within the hospitalized population in previous studies; additionally, the 

National Inpatient Sample (NIS) does not provide data on an individual level, and therefore 

may include repeated hospitalizations for infections in certain individuals. Similarly, the NIS 

does not include some of the additional information captured on death certificate data.

A study published in 1995 by Ward et al. found the leading causes of death among SLE 

patients to be SLE itself (34%), infection (22%), and cardiovascular disease (16%) (26). 

Although treatment paradigms, and therefore causes of mortality, have changed considerably 

since that time, the study was comparable to ours with respect to follow-up time. Deaths 

were assessed more comprehensively by Ward et al., including detailed review of clinical 

records in addition to death certificates. Further, the average age at death was 48.3 years, 

while our population’s average age at death was 62.2 years. It has been shown that causes of 

death in SLE can vary with the duration of SLE disease, with SLE being the most common 

cause of death in younger individuals (19–22 year olds) (26–29). Since we identified a 

prevalent cohort of individuals with SLE, rather than an inception cohort, and our cohort 

reflects more contemporary treatment paradigms for SLE, differences in causes of death 

recorded are expected.
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Few studies have previously examined causes of death by race or ethnicity in the SLE 

population. Unlike the results in our study, Ward et al. found differences in the leading 

causes of death between White and Black individuals (26); the leading causes of death 

among Black individuals with SLE were SLE itself (39%) and infection (36%), while 

our results showed that cardiovascular disease (39%) and hematologic/oncologic conditions 

(17%) were the leading causes. Again, these differences likely reflect advances in treatment 

options for inflammatory manifestations related to SLE over the last 25 years, including 

lupus nephritis. We did not find any significant differences in underlying or any causes of 

death by race or ethnicity; however, due to small numbers of deaths, our analyses could have 

been underpowered. In agreement with Ward et al., we found no differences in “any” causes 

of death between males and females; however, we did find a significantly higher percentage 

of males having a diagnosis within the rheumatologic category as the underlying cause of 

death compared to females (38% vs 15%, respectively).

Interestingly, we found that only 41% of individuals in our study population had a 

rheumatologic condition listed as “any” cause of death on their death certificate. These 

findings mirror a study by Falasinnu et al. which found that among a cohort of Swedish 

individuals with SLE, only 41% of over 1800 deaths had SLE listed as a cause of death 

on their death record (30). Older patients were less likely to have SLE listed as a cause of 

death, indicating that there may be an underestimation of the true burden of disease in older 

patients, a group more likely to have clinically quiescent disease. Similarly, a study from 

France found that individuals with SLE that were under 40 years of age were more likely 

to have SLE coded as an underlying cause of death; researchers in that study found that 

SLE was listed as any cause of death in 60% of patients (31). Therefore, previous studies 

examining SLE as a cause of death (6) may be substantially underestimating the burden in 

various populations.

Our findings also suggest that there are substantial health disparities in the burden of 

CVD death among individuals with SLE. Asian and Hispanic individuals with SLE were 

four to six times more likely to experience CVD as their underlying cause of death than 

their counterparts in the general population. One meta-analysis found that compared to 

the general population, the risk of CVD in individuals with SLE increased by two times 

(32). This risk includes a higher risk of atherosclerosis, stroke, myocardial infarction, 

peripheral vascular disease, and heart failure (32). Less is known regarding how CVD 

mortality in SLE varies by race and ethnicity, although some studies have indicated higher 

rates of certain CVD events in Black and Hispanic individuals with SLE as compared to 

White individuals with SLE (33). Barbhaiya et al. also found lower risk of CVD rates 

and MI events among Asian individuals with SLE compared to white individuals with 

SLE, although this finding may be due to differences in the individuals included in the 

study (i.e. SF county population-based vs. Medicaid eligible) and varied risks among Asian 

subgroups. Our results demonstrated that compared to the general population of individuals 

in San Francisco, SMRs of CVD as the underlying cause of death were highest among 

Asian and Hispanic individuals with SLE. The larger magnitudes of effect could be due to 

lower baseline rates of CVD in Asian and Hispanic individuals in the U.S. (34), or greater 

disease severity in Asian and Hispanic individuals with SLE (35). More research is needed 

to understand the mortality disparities found in our study, and determine how they may 
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relate to access to care, treatment effectiveness, and social determinants of health in order to 

improve health in vulnerable populations. Targeted outreach and aggressive disease control 

in these populations is also warranted.

Strengths of this study include the ability to examine causes of death by race and ethnicity 

among White, Black, Asian, and Hispanic populations in a population-based sample of 

individuals with SLE. Further, we utilized national records and death certificates to ascertain 

mortality and causes of death over a ten-year span. We were also able to compare rates for 

specific causes of death in individuals with SLE to the general population of San Francisco 

County adjusted for age, race, and ethnicity during the same period.

Limitations of the study include that the multiple cause of death analysis is based on the 

accuracy of information presented on death certificates, for which processes vary from 

state to state. Underlying cause of death was identified via the NDI, which notates a 

singular underlying cause of death in addition to other demographic data available (15). 

To validate the underlying cause of death for individuals within our study population, ICD 

codes listed on the death certificates for a random set of 10 patients were examined by 

a rheumatologist (CA). The review identified 2/10 instances where the underlying cause 

of death was potentially incorrectly coded based on the collection of ICD codes listed. 

Additionally, we were able to access medical records for two different patients who died 

in the cohort. Detailed chart review by the same reviewer (CA) found that for one of the 

two patients, the underlying cause of death listed on the death certificate differed from the 

cause of death listed in the medical record. Given these findings, future work is needed to 

assess the validity of the NDI algorithm among certain disease populations, such as SLE. 

Our limited chart review was not designed as a full validation study and the small sample 

size precludes conclusions about error rates. In the general population, NDI‐derived CVD 

mortality had sensitivity 73.4%, specificity 84.5%, positive predictive value 70.6%, and 

negative predictive value 86.2% (36). We think it is reasonable to assume that these numbers 

apply to our sample, which increases our confidence in the findings. Finally, our findings 

may not be generalizable outside of San Francisco County.

There is a timely and critical need to gain a more holistic understanding of the 

interconnections between racial and ethnic health disparities and main causes of death 

among individuals with SLE in the U.S. While studies have examined the top causes of 

death among individuals with SLE, or racial disparities in various health outcomes, there is 

a lack of contemporary studies that examine the top causes of death by race and ethnicity 

among individuals with SLE in the U.S., and virtually none within the Asian-American 

SLE population. Hispanic and Asian individuals currently comprise 19% and 6% of the US 

population and those figures are estimated to increase to 26% and 8% by the year 2050 (37); 

thus, reliable estimates of the burden of SLE are essential for future health care planning. 

Studying how various causes of death contribute to mortality rates in SLE by race and 

ethnicity will help deepen our understanding of disparities in SLE outcomes in the U.S. and 

assist in creating targeted interventions to reduce mortality in at-risk populations.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding:

This work was supported by the Centers for Disease Control and Prevention (grants A114297 and cooperative 
agreements U01DP005120 and U01DP006486). Additional support came from NIH/NIAMS P30 AR070155 
and K24 AR074534 (JY). Dr. Anastasiou is supported by the Rheumatology Research Foundation, the Russell/
Engleman Medical Research Center for Arthritis, and PREMIER, an NIH/NIAMS P30 Center for the Advancement 
of Precision Medicine in Rheumatology at UCSF (P30 AR070155). Dr. Gianfrancesco is supported by grant 
K01AR070585 (NIH/NIAMS). Dr. Yazdany is supported by the Alice Betts Chair in Arthritis, and Drs. Yazdany 
and Dall’Era are supported by the Russell/Engleman Medical Research Center for Arthritis. This research also 
received additional support from the Lupus Foundation of America and the Rheumatology Research Foundation 
(TT).

References

1. Lim SS, Helmick CG, Bao G, Hootman J, Bayakly R, Gordon C, et al. Racial disparities in mortality 
associated with systemic lupus erythematosus – Fulton and DeKalb Counties, Georgia, 2002–2016. 
MMWR Morb Mortal Wkly Rep. 2019 May 10;68:419–422. [PubMed: 31071073] 

2. Gianfrancesco MA, Dall’Era M, Murphy LB, Helmick CG, Li J, Rush S, et al. Mortality Among 
Minority Populations with Systemic Lupus Erythematosus, Including Asian and Hispanic/Latino 
Persons — California, 2007–2017. MMWR Morb Mortal Wkly Rep. 2021;70:236–239. [PubMed: 
33600382] 

3. Moghaddam B, Marozoff S, Li L, Sayre EC, Zubieta JAA. All-cause and cause-specific 
mortality in systemic lupus erythematosus: a population-based study. Rheumatology (Oxford). 
2021; doi:10.1093/rheumatology/keab362

4. Yen EY, Shaheen M, Woo JMP, Mercer N, Li N, McCurdy DK, et al. 46-year trends in systemic 
lupus erythematosus mortality in the United States, 1968 to 2013: A nationwide population-based 
study. Ann Intern Med. 2017;167:777–785. [PubMed: 29086801] 

5. Singh RR, Yen EY. SLE mortality remains disproportionately high, despite improvements over the 
last decade. Lupus. 2018;27:1577–1581. [PubMed: 30016928] 

6. Yen EY, Singh RR. Lupus- An Unrecognized Leading Cause of Death in Young Women: 
Population-based Study Using Nationwide Death Certificates, 2000–2015. Arthritis Rheumatol. 
2018;70(8):1251–1255. [PubMed: 29671279] 

7. Anastasiou C, Trupin L, Glidden D, Li J, Gianfrancesco M, Shiboski S, et al. Mortality among 
Hospitalized Individuals with Systemic Lupus Erythematosus in the United States between 2006 
and 2016. Arthritis Care Res (Hoboken). 2021;73:1444–1450. [PubMed: 32558160] 

8. Dall’Era M, Cisternas MG, Snipes K, Herrinton LJ, Gordon C, Helmick CG. The incidence and 
prevalence of systemic lupus erythematosus in San Francisco County, California: The California 
Lupus Surveillance Project. Arthritis Rheum. 2017 Oct;69:1996–2005.

9. Maningding E, Dall’Era M, Trupin L, Murphy LB, Yazdany J. Racial/ethnic differences in 
prevalence of and time to onset of SLE manifestations: The California Lupus Surveillance Project 
(CLSP). Arthritis Care & Research. 2020 May;72:622–629. [PubMed: 31115180] 

10. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, et al. The 1982 revised criteria 
for the classification of systemic lupu erythematosus. Arthritis Rheumatol. 1982 Nov;25:1271–7.

11. 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. Arthritis Rheumatol. 1997 Sep;40:1725.

12. Cowper DC, Kubal JD, Maynard C, Hynes DM. A primer and comparative review of major US 
mortality databases. Ann Epidemiol. 2002;12:462–468. [PubMed: 12377423] 

13. Ingram DD, Parker JD, Schenker N, Weed JA, Hamilton B, Arias E, et al. United States 
Census 2000 population with bridged race categories. Vital Health Stat 2. 2003;1–55. [PubMed: 
14556588] 

Taylor et al. Page 9

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Manual of the international statistical classification of diseases, injuries, and causes of death; 1975 
revision (Volume 1). World Health Org. 1977;733.

15. National Center for Health Statistics. National Death Index user’s guide. Hyattsville, MD. 2013.

16. Wall MM, Huang J, Oswald J, McCullen D. Factors Associated with Reporting Multiple Causes of 
Death. BMC Med Res Methodol. 2005;5:4. [PubMed: 15655070] 

17. Manadan AM, Kambhatla S, Gauto‐Mariotti E, Okoli C, Block JA. Reasons for Hospitalization 
and In‐Hospital Mortality in Adult Systemic Lupus Erythematosus. ACR Open Rheumatol. 
2020;2:683–689. [PubMed: 33164350] 

18. Centers for Disease Control and Prevention, National Center for Health Statistics. National Vital 
Statistics System, Mortality 1999–2019 on CDC WONDER Online Database, released in 2020 
<http://wonder.cdc.gov/ucd-icd10.html> Accessed 10 Jan 2021.

19. Bartels CM, Buhr KA, Goldberg JW, Bell CL, Visekruna M, Nekkanti S, et al. Mortality 
and cardiovascular burden of systemic lupus erythematosus in a US population-based cohort. J 
Rheumatol. 2014;41:680–687. [PubMed: 24532834] 

20. Hermansen ML, Lindhardsen J, Torp-Pedersen C, Faurschou M, Jacobsen S. The risk of 
cardiovascular morbidity and cardiovascular mortality in systemic lupus erythematosus and 
lupus nephritis: A Danish nationwide population-based cohort study. Rheumatology (Oxford). 
2017;56:709–715. [PubMed: 28053276] 

21. 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 Rheumatol. 2001;44(10):2331–2337.

22. Gomez-Puerta JA, Feldman CH, Alarcon GS, Guan H, Winkelmayer WC, Costenbader KH. Racial 
and ethnic differences in mortality and cardiovascular events among patients with end-stage renal 
disease due to lupus nephritis. Arthritis Care Res (Hoboken). 2015;67:1453–1462. [PubMed: 
25624071] 

23. Danila MI, Pons-Estel GJ, Zhang J, Vila LM, Reveille JD, Alarcon GS. Renal damage is the 
most important predictor of mortality within the damage index: data from LUMINA LXIV, a 
multiethnic US cohort. Rheumatology (Oxford). 2009;48:542–545. [PubMed: 19233884] 

24. Gomez-Puerta JA, Waikar SS, Solomon DH, Liu J, Alarcon GS, Winkelmayer WC, et al. 
Erythropoiesis-stimulating agent use among patients with end-stage renal disease due to lupus 
nephritis. J Clin Cell Immunol. 2013;4:179. [PubMed: 24672742] 

25. Kahlenberg JM, Kaplan MJ. The interplay of inflammation and cardiovascular disease in systemic 
lupus erythematosus. Arthritis Res Ther. 2011;13(1):203. [PubMed: 21371346] 

26. Ward MM, Pyun E, Studenski S. Causes of death in systemic lupus erythematosus, long‐term 
followup of an inception cohort. Arthritis Rheumatol. 1995;38:1492–1499.

27. Urowitz MB, Bookman AAM, Koehler BE, Gordon DA, Smythe HA, Ogryzlo MA. The bimodal 
mortality pattern of systemic lupus erythematosus. Am J Med. 1976;60:221–225. [PubMed: 
1251849] 

28. Rosner S, Ginzler EM, Diamond HS, Weiner M, Schlesinger M, Fries JF, et al. A multicenter study 
of outcome in systemic lupus erythematosus. ii. Arthritis Rheumatol. 1982;25:612–617.

29. Karsh J, Klippel JH, Balow JE, Decker JL. Mortality in lupus nephritis. Arthritis Rheumatol. 
1979;22:764–769.

30. Falasinnu T, Rossides M, Chaichian Y, Simard JF. Do death certificates underestimate the burden 
of rare diseases? The example of systemic lupus erythematosus mortality, Sweden, 2001–2013. 
Public Health Rep. 2018;133:481–488. [PubMed: 29928843] 

31. Thomas G, Mancini J, Jourde-Chiche N, Sarlon G, Amoura Z, Harle JR, et al. Mortality 
associated with systemic lupus erythematosus in France assessed by multiple-cause-of-death 
analysis. Arthritis Rheumatol. 2014;66:2503–2511. [PubMed: 24910304] 

32. Lu X, Wang YH, Zhang J, Pu D, Hu N, Luo J, et al. Patients with systemic lupus 
erythematosus face a high risk of cardiovascular disease: A systematic review and Meta-analysis. 
Int Immunopharmacol. 2021;94:107466. [PubMed: 33636561] 

33. Barbhaiya M, Feldman CH, Guan H, Gomez-Puerta JA, Fischer MA, Solomon DH, et al. 
Race/Ethnicity and Cardiovascular Events Among Patients With Systemic Lupus Erythematosus. 
Arthritis Rheumatol. 2017;69:1823–1831. [PubMed: 28598016] 

Taylor et al. Page 10

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://wonder.cdc.gov/ucd-icd10.html


34. U.S. Department of Health and Human Services, Office of Minority Health. 
<minorityhealth.hhs.gov/omh> Accessed 12 May 2022.

35. DeQuattro K, Trupin L, Murphy LB, Rush S, Criswell LA, Lanata CM, et al. High Disease 
Severity Among Asian Patients in a US Multiethnic Cohort of Individuals with Systemic Lupus 
Erythematosus. Arthritis Care Res (Hoboken). 2020; DOI: 10.1002/acr.24544

36. Olubowale OT, Safford MM, Brown TM, Durant RW, Howard VJ, Gamboa C, et al. Comparison 
of Expert Adjudicated Coronary Heart Disease and Cardiovascular Disease Mortality with the 
National Death Index: Results From the Reasons for Geographic And Racial Differences in Stroke 
(REGARDS) Study. J Am Heart Assoc. 2017;6(5):e004966. [PubMed: 28468785] 

37. US Census Bureau. Projected population by single year of age, sex, race and Hispanic origin for 
the United States: July 1, 2000 to July 1, 2050. URL: https://www.census.gov/programs-surveys/
popproj.html.

Taylor et al. Page 11

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2024 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://minorityhealth.hhs.gov/omh
https://www.census.gov/programs-surveys/popproj.html
https://www.census.gov/programs-surveys/popproj.html


SIGNIFICANCE AND INNOVATIONS

• Contemporary data exploring the contributing factors to mortality in the 

SLE population, such as specific causes of death and whether they differ 

by demographics, is limited.

• Using a large, diverse population-based study of individuals with SLE, this 

study found that cardiovascular disease (CVD) was the leading cause of death 

overall, and across all racial and ethnic groups, followed by rheumatic disease 

and hematological/oncological conditions.

• CVD as the underlying cause of death was nearly four times higher among 

SLE cases than in the general population. CVD deaths for those with SLE 

were nearly four and six times higher for Asian and Hispanic individuals with 

SLE, respectively, compared to the general population.

• Studying how various causes of death contribute to mortality rates in SLE 

by race and ethnicity help deepen our understanding of disparities in SLE 

outcomes among non-white populations in the U.S., and assist in creating 

targeted interventions to reduce mortality in this population.
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Table 1.

Mortality among cases of systemic lupus erythematosus (SLE) for 2007–2017—California Lupus Surveillance 

Project*

Characteristic No. Deaths / No. SLE Cases % Mortality

Overall 135/812 16.6

Sex

 Female 119/731 16.3

 Male 16/81 19.8

Age group (years)

 10–34 11/204 5.4

 35–44 15/175 8.6

 45–54 26/185 14.1

 55–64 33/153 21.6

 65–74 35/70 50.0

 75+ 15/25 60.0

Race

 White 45/312 14.4

 Asian 45/295 15.3

 Black 41/164 25.0

 Other <10/22 9.1

Ethnicity
§

 Non-Hispanic/Latino 112/604 18.5

 Hispanic/Latino 19/123 15.5

CI = Confidence Interval

*
Nineteen cases were missing race information, including two who died, and 85 cases were missing Hispanic/Latino ethnicity status, including four 

who died.

§
Hispanic/Latino ethnicity is considered a distinct concept from race, therefore it was collected and reported separately from race.
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