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Abstract

Objective—To evaluate time trends in mortality for hospitalized adults with systemic lupus
erythematosus (SLE) compared to the general hospitalized population (GHP), and to identify
factors associated with increased risk of death among hospitalized SLE patients.

Methods—We used the National (Nationwide) Inpatient Sample to estimate all-cause mortality
for adults discharged from U.S. community hospitals between 2006 and 2016. Poisson regression
models were used to estimate the risk of in-hospital death among all patients, including
demographics, socioeconomic factors, comorbidity score, hospital region, SLE diagnosis and race/
ethnicity as covariates.

Results—Among 340,467,049 hospitalizations analyzed, 1,903,279 had a discharge diagnosis of
SLE. In adjusted analysis, the risk of inpatient death decreased among hospitalizations for patients
with SLE from 2.2% to 1.5% (p-value<0.001) between 2006 and 2016. All of the decrease in SLE
mortality occurred between 2006 and 2008; after 2008, mortality stabilized at a rate statistically
similar to the GHP. Hospitalizations for Blacks, Hispanics, and Asian/Pacific Islanders with SLE
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were more likely to end in death compared to hospitalizations for either whites with SLE, or
individuals of the same non-white race/ethnicity without SLE.

Conclusions—In the largest study of in-hospital SLE mortality published to date, we found
significant improvements in mortality for U.S. hospitalized patients with SLE from 2006 until
2008, after which mortality stabilized at a level similar to that of the GHP. Our results also
demonstrate a persistently high mortality burden among U.S. Blacks and Hispanics with SLE, and
contribute new data revealing high mortality among Asian/Pacific Islanders with SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease that can result

in organ damage, frequent hospitalization, and premature death[1-4]. Advances in therapy
in recent decades have altered rates of damage accrual, hospitalizations, and mortality for
patients with SLE, with observational studies suggesting overall SLE survival has improved
from less than 50% 5-year survival in the 1950s[5] to over 90% 10-year survival by 2000[6].
A recent analysis based on death certificate data in the U.S. noted a decrease in the SLE

age standardized mortality rate between 1968 and 2013, but reported that the ratio of

SLE to non-SLE mortality had increased 30% since 1968[7], which raises the question of
whether SLE advances have lagged behind medical improvements for other conditions. Most
other studies evaluating SLE mortality have been based on patient cohorts which may not
represent the general population and capture a relatively small number of total deaths[1, 6,
8-10].

The most commonly cited reasons for SLE hospitalization both in the U.S. and
internationally are SLE flare and infection[11-15]. SLE and connective tissue disorders

had a 27% thirty-day hospital readmission rate in the U.S. in 2010, ranking it as the sixth
most likely principal diagnosis associated with readmission[4]. It is known that the majority
of deaths in the general population occur in the hospital, and that patients are more likely

to be admitted to the hospital in the six months prior to their death[16]. Nevertheless,
studies evaluating SLE in-hospital mortality are limited. The most recent multi-year national
evaluation of mortality for U.S. hospitalized SLE patients is from data spanning 1998-
2002[17]. The few studies describing SLE in-hospital mortality in the U.S. over the past 15
years suggest mortality may be decreasing over time[12,18]. To our knowledge, this research
conducted over the past two decades also did not investigate U.S. in-hospital mortality risk
differences by race or ethnicity.

Previous cohort and population-based studies of SLE mortality have consistently shown
increased damage accrual and mortality among Black patients compared to whites[1, 7,

10, 19-21]. Although studies of Hispanic mortality rates have sometimes had conflicting
results[1, 21-23], most studies suggest Hispanic ethnicity is associated with more active
SLE and higher mortality. Population-based U.S. studies conducted in the 1970s and 1980s
described mortality rates three to five times greater among Asian/Pacific Islanders compared
to whites[24-25]. A study in the early 1990s evaluating 10,000 hospitalizations similarly
showed a higher odds of mortality among hospitalized Asians compared to whites (OR 1.77,
95% CI 1.26-2.47)[26]. Other studies of Asian/Pacific Islander damage accrual and all-
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cause mortality in the U.S. and internationally that did not focus specifically on in-hospital
mortality have had inconsistent results[1, 7, 23-28].

In this manuscript, we present results from the largest investigation of SLE hospital
mortality to date. We evaluated mortality trends over the time span 2006—-2016 for
admissions with and without a diagnosis of SLE, and assessed risk factors we hypothesized
would be associated with death. We also analyzed discrepancies in mortality risk by race/
ethnicity, performing the first large-scale study in the past 20 years to evaluate in-hospital
mortality for U.S. Asian/Pacific Islanders with SLE.

METHODS

Data source and population

We analyzed 2006-2016 data from the National Inpatient Sample and the Nationwide
Inpatient Sample (NIS)*, Healthcare Cost and Utilization Project (HCUP), Agency for
Healthcare Research and Quality[29-30]. In 2016, the NIS yielded annual national estimates
for more than 35 million hospitalizations after weighting, representing over 97% of U.S.
community hospital discharges (non-federal, general, and specialty hospitals, including
public hospitals and academic medical centers). Details regarding the NIS sampling design
and available data elements have been published extensively elsewhere[29-32]. In 2012, the
NIS was redesigned from a sample of hospitals from which all discharges were retained,

to a sample of discharges from all hospitals participating in HCUP[33]. The NIS is ideal

for longitudinal analyses, and estimates over study years can be reliably calculated for the
entire time of interest using discharge trend weights provided by HCUP for data prior to
2012[33-34]. The primary unit of analysis in the NIS is discharge record, and individual
patients are not identifiable. Discharge diagnoses used included one primary and up to 30
secondary diagnosis codes as well as up to 15 procedure codes. International Classification
of Diseases, Ninth Revision-Clinical Modification (ICD-9-CM) codes were used prior to
October 2015 and ICD-10-CM codes were used thereafter. Given that this analysis uses
publicly available data and contains no individual patient identifiers, it was exempt from
UCSEF Institutional Review Board approval.

Measures

The primary outcome in this study was all-cause mortality during hospitalization. SLE

was captured in ICD-9-CM code 710.0 and ICD-10-CM codes M32.1x, M32.8, M32.9.
Demographic characteristics for hospitalized individuals included age, sex, and race/
ethnicity (white, Black, Asian/Pacific Islander, Hispanic, Native American, or other).
Socioeconomic status was categorized based on quartiles of median household income for
the patient’s ZIP Code. Primary expected payer was categorized as Medicare, Medicaid,
private insurance, self-pay, or other (no charge, workers compensation, Title V and

other government programs). Analyses were performed using the primary payer for each
admission. Hospital census region was as defined by the U.S. Census Bureau, localizing
hospitals to the Northeast, Midwest, East, or West. A Charlson Comorbidity Index score[35]

*The Nationwide Inpatient Sample was renamed to the National Inpatient Sample in 2012 at the time of the sampling redesign.
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was calculated with discharge diagnoses for each encounter using coding algorithms
previously published[36] with minor modifications to include a small number of additional
billing codes to ensure accurate index score calculations for U.S. discharges from 2006—
2016 (see Supplementary Table).

Analysis

All analyses were designed and performed in adherence with the guidelines and
recommendations outlined by the HCUP for appropriate use and interpretation of NIS
data[29-30]. We applied discharge weights and trend weights provided by HCUP to account
for the stratified sampling design of the NIS and to generate nationally representative
estimates over multiple years[34]. The proportion of hospitalizations with SLE was
compared between years using chi-squared tests. We compared the characteristics of
hospitalized individuals with and without SLE using t-tests for continuous measures and
chi-squared tests for categorical measures. We used Poisson regression with a log link and
robust variance estimate to calculate the relative risk of in-hospital death associated with the
following variables: demographics (age, sex, race/ethnicity), hospital region, comorbidity
index score, socioeconomic factors (health insurance and income quartile for ZIP Code) and
diagnosis of SLE. We fit a model to investigate possible interaction between SLE diagnosis
(yes/no) and year of admission to evaluate trends in these hospitalizations over time. We also
fit an expanded model to investigate possible interaction between SLE diagnosis (yes/no)
and race/ethnicity. Finally, we restricted the original model to only include hospitalized

SLE patients. Marginal predictions with 95% confidence intervals were calculated. The race/
ethnicity variable had 13% missing values, while vital status, age, sex, primary expected
payer, and income quartile by ZIP Code had between 0.06% and 2.3% missing values. In
order to assess potential bias due to missing observations for these variables, we estimated
regression results with and without imputation. Missing values were imputed using multiple
imputation by chained equations (MICE)[37] using NIS hospital number, hospital stratum,
discharge/trend weights, hospital region, SLE diagnosis, comorbidity index score, and year
as predictors. The MICE method adheres to the recommendations outlined by HCUP for
handling missing values[38]. We present results using imputation for missing observations.
Restricting the analysis to complete case data results in no substantial change in study
conclusions (results not presented). Data analysis was performed using Stata/MP 16.0
(StataCorp, College Station, TX)[39], and survey data analysis commands were used to
account for the complex sampling design of the NIS. Multiple imputation was performed
using the Stata mi package[40], and marginal estimates were obtained using the mimargins
program[41].

RESULTS

After weighting, there were 1,903,279 adult hospitalizations with a discharge diagnosis of
SLE during the studied time frame. The percent of hospitalizations containing a diagnosis
code for SLE increased slightly between 2006 and 2016 from 0.5% (n=153,645) to 0.6%
(n=173,749) (p-value <0.001). A description of the demographic and clinical characteristics
for all hospitalized adults stratified by SLE diagnosis is provided in Table 1. Compared with
the general hospitalized population, individuals with SLE were more likely to be young,
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female, Black or Hispanic race/ethnicity, reside in a lower income ZIP Code quartile, live in
the South, and have a higher mean comorbidity index score.

Next, we performed an analysis designed to assess time trends in hospital mortality. In
unadjusted analysis, the proportion of hospitalizations for patients without SLE that ended
in death slightly decreased from 2.35% (95% ClI: 2.29%, 2.42%) in 2006 to 2.19% (95%
Cl: 2.16%, 2.23%) in 2016 (Figure 1). Among hospitalizations with a diagnosis code of
SLE, in-hospital mortality decreased without statistical significance from 2.23% (95% CI:
2.05%, 2.40%) in 2006 to 1.95% (95% CI: 1.80%, 2.10%) in 2016. After including age,
sex, race/ethnicity, income quartile for ZIP Code, and comorbidity index score as covariates
in the regression, all cause yearly inpatient mortality decreased among admissions for
individuals without SLE from 1.92% (95% CI: 1.87%, 1.98%) to 1.43% (95% ClI: 1.40%,
1.46%) between 2006 and 2016. During the same time period, the risk of inpatient death
decreased by 30% among hospitalizations for individuals with SLE, from 2.20% (95% CI:
2.03%, 2.37%) to 1.54% (95% CI: 1.42%, 1.66%). Nationally, there were an estimated 2,672
inpatient SLE deaths in U.S. community hospitals in 2016. This amounts to an estimated
1,147 fewer deaths in 2016 compared to what would have been expected under 2006

rates. All of the decrease in SLE in-hospital mortality occurred between 2006 and 2008,
after which the mortality rate was statistically similar to that of the general hospitalized
population and remained stable throughout the rest of the years analyzed.

In an analysis designed to assess potential interactions between SLE diagnosis and race/
ethnicity (Figure 2), we found that hospitalized Asians with SLE had a 43% higher risk

of death compared to those without SLE (p-value<0.001), and a 79% higher risk of death
compared to hospitalizations for whites with SLE (p-value<0.001). Hospitalizations for
Black and Hispanic individuals with SLE were more likely to end in death compared to
hospitalizations for people of the same racial/ethnic group without SLE (p-value<0.001),
and compared to hospitalizations for whites with SLE (p-value<0.001). Conversely,
hospitalizations among whites with SLE were less likely to end in death compared to those
without SLE (p-value<0.001).

Finally, we performed an analysis designed to assess factors associated with death among
hospitalizations with an SLE diagnosis. Asian/Pacific Islander race/ethnicity was associated
with a 1.65 (95% ClI: 1.42, 1.92) higher risk of death compared to whites (Table 2; all
results from Poisson regression including covariates described above). The relative risk of
in-hospital mortality was lower in the Midwest (RR 0.84; 95% CI 0.77, 0.92) compared

to the Northeast. In comparison to SLE hospitalizations covered by Medicare, those not
covered by insurance (self-pay) were associated with a higher risk of death (RR 1.36; 95%
Cl 1.18, 1.57). Older patients, men, and those with a higher comorbidity index score also
had a higher risk of death during hospitalization.

DISCUSSION

We conducted the largest primary data analysis of SLE hospitalizations in the U.S.
performed to date. Our results showed that in adjusted analysis, SLE hospitalizations were
more likely than non-SLE hospitalizations to end in death in 2006 and 2007; the mortality
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rate for SLE hospitalizations decreased through 2008, after which mortality was statistically
similar between the two groups. Our findings also demonstrate the continued high mortality
burden of SLE among admitted Blacks, Hispanics and men and contribute data highlighting
high mortality among Asian/Pacific Islanders.

Overall, our study and others conducted in prior years suggest improved in-hospital survival.
An earlier publication describing a Californian cohort from 1991-1994 estimated that 5.1%
of patients died during their admission[26]. In-hospital mortality was estimated at 3.1%
using the NIS from 1998-2002[17]. This decreasing mortality rate parallels that found in
Washington state where in-hospital mortality was estimated to decrease from 3.1% in 2003
to 1.3% by 2011[18]. Our results suggest that interventions to reduce all cause in-hospital
mortality, such as programs to lessen hospital-acquired infections[42-43], and interventions
primarily targeting patients with SLE, such as a broader array of immunosuppressive drugs,
may have successfully improved in-hospital survival over one decade. The percent of SLE
admissions only marginally increased in our study, suggesting that the findings cannot be
explained by a change in admission thresholds. Furthermore, differences in coding practices
over time would likely affect all hospitalized patients, highlighting once again the important
strength of our study comparing SLE mortality to that of the general hospitalized population.

Despite significant advances in survival among individuals hospitalized with SLE, racial/
ethnic minorities continue to have a disproportionately high risk of death. Our results
demonstrate that Asians, Hispanics, and Blacks with SLE all have a higher adjusted risk

of in-hospital death compared to hospitalized individuals of the same ethnic/racial group
without SLE. Each of these SLE ethnic/racial minority groups also had a higher risk of
in-hospital death compared to whites with SLE. We note the strikingly high mortality

rate for Asians/Pacific Islanders discharged with SLE from U.S. community hospitals;

these hospitalizations were associated with a 79% higher risk of death compared to
hospitalizations for whites, and a 43% higher risk of death compared to hospitalizations

for Asians/Pacific Islanders without SLE. Since our unit of analysis is hospital discharges,
it could be possible that Asian/Pacific Islanders have unmeasured factors which make them
less likely than other race/ethnicity groups to present to the hospital except when severely
ill. This explanation however would not account for the clinically important difference

in mortality we report between hospitalized SLE and non-SLE patients of Asian/Pacific
Islander race/ethnicity, nor the results of smaller prior studies using individual patients as the
unit of analysis which similarly reported high Asian mortality rates compared to whites[24—
26]. Future studies should further investigate potential reasons for persistent inequalities in
outcomes among these minority groups.

Male sex was also associated with a higher risk of SLE in-hospital mortality in our study.
These findings are similar to prior analyses in hospitalized patients showing worse outcomes
in men[17-18, 26]. Although SLE is more common in females, males may have faster
disease progression and damage accrual[1, 44-45]. As expected, increasing age and higher
comorbidity index score were associated with higher mortality among patients hospitalized
with SLE. Self-pay status, which reflects a lack of insurance, was also associated with
higher mortality. Future work could investigate whether self-pay SLE patients receive a
different quality of inpatient care as a result of monetary constraints, whether likely limited
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primary preventive care may be driving differences in outcomes, or whether higher inpatient
mortality per admission is a reflection of a higher threshold of illness severity to present for
medical evaluation compared to individuals with insurance.

One potential limitation of this study is that we rely on ICD-9-CM and ICD-10-CM codes
for SLE to be included in the discharge summary from the treating physician. Prior studies
evaluating the accuracy of administrative data diagnoses using ICD-9-CM coding for SLE
have suggested sensitivities of 67-98% and specificities of 72-90%[46-47]. The Charlson
Comorbidity Index using the Quan coding algorithms has been validated as an acceptable
predictor of in-hospital mortality (AUC 0.76-0.87)[36,48]. Another potential limitation of
the study is the 13% missing race values in the NIS, which are known to not be missing
completely at random. In order to decrease the risk for bias, we performed multiple
imputation by chained equations according to the recommendations from HCUP[38].
Additionally, the NIS sampling scheme was redesigned in 2012. We have fully addressed
this change in design using trend weights specifically developed by the NIS to allow for
analysis over time[33-34]. There was no significant change in mortality among either SLE
patients or the general adult population in our study between 2011-2012 when a change in
mortality could potentially be expected to have been due to changes in survey design.

In summary, our results demonstrate a decrease in adjusted all-cause mortality among SLE
hospitalizations in the U.S. to levels similar to that of the general hospitalized population.
We show that mortality was relatively stable for both SLE and non-SLE admissions from
2008-2016, reflecting a shift from previous decades when inpatient mortality levels were
decreasing over time. Despite advances in overall all-cause mortality among all patients
with SLE, hospitalized ethnic and racial minorities including Asians/Pacific Islanders,
Hispanics, and Blacks have a higher risk of inpatient death compared to both patients
without SLE and to whites. Our study results demonstrate the importance of considering
U.S. Asian/Pacific Islanders with SLE as at potentially heightened risk for poor outcomes,
and therefore warranting special clinical attention and inclusion in future research studies.
Comprehensive efforts addressing differences in disease severity, access to healthcare, and
social determinants of health are likely necessary to narrow disparities in hospital mortality
among men and racial/ethnic minorities with SLE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovations

. To our knowledge, this is the largest ever performed primary analysis of
hospitalizations for individuals with SLE, and the first large-scale population-
based study in over 20 years to evaluate U.S. Asian/Pacific Islander in-
hospital mortality among individuals with SLE.

. In-hospital survival for individuals with SLE improved from 2006 through
2008, and then plateaued.

. Hospitalizations for Asian/Pacific Islanders, Hispanics, and Blacks with SLE
had a higher risk of ending in death compared to hospitalizations for whites.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2022 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Anastasiou et al.

Page 12

2.50
2.25
2.00
1.75

1.50

1.25

Percent Predicted Mortality

0.00
2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016

Year of Hospital Discharge

—e— No SLE, Adjusted Analysis —— SLE, Adjusted Analysis --+-- No SLE --+-- SLE

Figure 1.
Predicted Mortality During Hospitalization Based on SLE Diagnosis, by Year of

Hospitalization.

Adjusted analysis results show marginal predictions from Poisson regression model
including age, sex, race/ethnicity, residence in a low income ZIP Code, comorbidity index
score, primary payer, and an interaction term for SLE and time.

Vertical error bars represent 95% confidence intervals.
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Figure 2.
Predicted In-Hospital Mortality (%) by Race and SLE Diagnosis, 2006—-2016.

Marginal predictions and 95% confidence intervals from Poisson regression model including
age, sex, race, income quartile by patient ZIP Code, comorbidity index score, primary payer,
and an interaction term for race and SLE.

Asian/Pacific Islander abbreviated to Asian/Pl in figure. Native American and Other race/
ethnicity not included in the figure.
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Demographic and Clinical Characteristics of Adults, With and Without SLE, Discharged from US Community

Hospitals between 2006 and 2016.

Characteristic SLE (n"=1,903,279) No SLE (n"=338563,769) p value®
Mean Age, years (SE) 51.4 (0.07) 57.2 (0.08) <0.001
Female, % 89.0 59.4 <0.001
Race, % <0.001
White 53.0 68.9
Black 29.7 14.4
Hispanic 12.0 10.7
Asian/Pacific Islander 21 2.4
Native American 0.7 0.7
Other 2.6 3.0
Primary Payer, % <0.001
Medicare 47.0 455
Private 28.2 29.7
Medicaid 18.1 15.9
Self-pay 3.7 5.0
Other 3.0 3.8
Income Quartile ™ <0.001
Quartile 1 (Low Income) 33.7 29.6
Quartile 2 24.8 26.0
Quartile 3 22.6 23.7
Quartile 4 18.9 20.7
Hospital Region ™™ <0.001
Northeast 17.7 19.5
Midwest 20.2 229
South 43.7 38.6
West 18.4 18.9
Comorbidity Index, mean (SE) 2.61 (0.005) 1.54 (0.005) <0.001

*
National estimates were generated from raw counts using discharge and trend weights provided by HCUP. There were 69,526,462 observations for
adults without SLE, and 390,360 observations for adults with SLE

Hok

Median household income in ZIP Code of residence, classified into quartiles

Aok

a . . s .
p value from t-test for continuous variables and Pearson’s chi-squared test for categorical measures

*
Hospital location by census region defined by U.S. Census Bureau
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Risk of In-Hospital Death for Adults with SLE Discharged from U.S. Community Hospitals between 2006 and

2016.

Characteristic

RR for death (95% CI)

p value

Age, per decade
Female

Race

Primary Payer

*
Low Income

Hospital Region >

Comorbidity Index

White
Black

Hispanic

Asian/Pacific Islander

Native American

Other

Medicare
Private
Medicaid
Self-pay
Other

Northeast
Midwest
South
West

1.31(1.28, 1.33)
0.81 (0.76, 0.86)

ref
1.03 (0.97, 1.09)
1.10 (1.02, 1.19)
1.65 (1.42, 1.92)
0.97 (0.71, 1.33)
1.36 (1.16, 1.60)

ref
0.99 (0.93, 1.06)
1.06 (0.98, 1.15)
1.36 (1.18, 1.57)
1.26 (1.08, 1.46)
1.02 (0.97, 1.08)

ref
0.84 (0.77, 0.92)
1.04 (0.96, 1.13)
1.05 (0.96, 1.15)
1.32 (1.30, 1.33)

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

Results from Poisson regression model controlling for survey year and including all covariates shown.

Analyses weighted to reflect the sampling design. RR=relative risk

*
Based on residence in a ZIP Code in the lowest quartile of median household income.

Aok

Hospital located in census region defined by U.S. Census Bureau.
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