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Abstract

Objectives: Racial and ethnic minority groups have excess morbidity related to renal disease
in pediatric-onset systemic lupus erythematosus (SLE). We evaluated temporal trends in renal
outcomes and racial disparities among hospitalized children with SLE over 14 years.

Methods: We identified patients <21 years-old with discharge diagnoses of SLE in the Pediatric
Health Information System® inpatient database (2006-2019). Adverse renal outcomes included
end-stage renal disease (ESRD), dialysis, or transplant, analyzed as a composite and separately.
We estimated the odds of adverse renal outcomes at any hospitalization, or the first occurrence of
an adverse renal outcome, adjusted for calendar period, patient characteristics, and clustering by
hospital. We tested whether racial disparities differed by calendar period.

Results: There were 20,893 admissions for 7,434 SLE patients, of which 32%, 16%, 12%

and 8% were Black, Hispanic White, Hispanic Other and Asian, respectively. Proportions of
admissions with adverse renal outcomes decreased over time (p<0.01). Black children remained
at highest risk of adverse renal outcomes at any admission (OR 2.5, 95% CI [1.8-3.5] vs. non-
Hispanic White). Black and Asian children remained at higher risk of incident adverse renal
outcomes, driven by ESRD among Black children (OR 1.6 [1.2-2.1]) and dialysis among Asians
(OR 1.7 [1.1-2.7]). Relative disparities did not change significantly over time.

Conclusion: Significant reductions in ESRD and dialysis occurred over time for children with
SLE across all racial and ethnic groups. The lack of corresponding reductions in racial disparities
highlights the need for targeted interventions to achieve greater treatment benefit among higher
risk groups.

Introduction

The burden of pediatric-onset systemic lupus erythematosus (SLE) and its comorbidities
falls disproportionately upon racial and ethnic minority groups. Children with SLE from
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historically marginalized groups have a higher incidence of disease, a younger age of disease
onset, and are more likely to have severe renal disease (1-5). As of 2006, Black children
accounted for nearly half of all children in the United States (U.S.) with end-stage renal
disease (ESRD) due to lupus (6). Similarly, in the LUMINA (Lupus In Minorities: Nature
vs. Nurture) cohort, renal damage occurred more frequently among Hispanic and Black
individuals (4).

Over the last two decades, there have been several advances in the care of children with
lupus, including an expansion of therapeutic options and increasing emphasis on quality
metrics that may be associated with improved renal outcomes (7). Mycophenolate mofetil
(MMF) has become a mainstay of therapy for pediatric lupus nephritis (8), and the use

of B-cell depleting therapies has also become increasingly common (9). Simultaneously,
several consensus guidelines for management of pediatric lupus were released (10,11). It

is unclear what impact these advances have made on renal outcomes of pediatric lupus.
Moreover, treatment advances have potential to either decrease or exacerbate existing racial
inequities. Advances in care that fail to reach underserved groups could result in widening
disparities, as previously observed in some pediatric cancers (12). Conversely, targeted
treatments have the potential to reduce disparity if, for example, instituting a therapeutic
intervention such as MMF conferred greater benefit to racial and ethnic minority groups, as
suggested in the Aspreva Lupus Management Study (13).

The objectives of this epidemiologic study were to: 1) describe trends in renal outcomes
over time from 2006-2019 among hospitalized children with SLE and 2) determine whether
the rate of change in renal outcomes has differed by race or ethnicity. We hypothesized that
hospitalizations related to adverse renal outcomes have decreased in the setting of overall
advances in pediatric lupus care, and that these changes over time may have affected racial
and ethnic minority groups differently.

Patients and Methods

Data Source

The Pediatric Health Information System (PHIS) inpatient database contains de-identified
information from 50 U.S. free standing pediatric hospitals, including demographic data,
inpatient ICD-9/10-CM diagnosis codes, procedure codes, dates of service, discharge
disposition, and indicator variables for certain comorbidities classified by diagnosis groups.
For this study, data on inpatient admissions from January 1, 2006 — December 31, 2019 were
extracted from the database version as of July 1, 2020. This study was granted an exemption
by the Children’s Hospital of Philadelphia Institutional Review Board for secondary use of
data.

Study Population

We identified patients with a primary or secondary ICD-9/ICD-10-CM discharge diagnosis
for SLE (710.0, M32.1x, M32.8. M32.9), who were admitted to a PHIS hospital at least
once from 2006-2019. All patients were between the ages of 5 — 21 years old at the time
of the index admission, which was defined as the first admission assigned an SLE code at

Arthritis Rheumatol. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chang et al.

Page 3

any PHIS hospital during the study period. Admissions with a <24-hour length of stay and a
code for cyclophosphamide were excluded.

Study Measures

The primary outcome was a composite measure of adverse renal outcomes, defined as
assignment of an ESRD diagnosis code, a procedure code for dialysis, or renal transplant.
ESRD, dialysis, and renal transplant were also each modeled as separate secondary
outcomes. The ICD-9 to ICD-10-PCS crosswalk for all codes used are provided in
Supplemental Table 1.

The exposures of interest were calendar time and racial or ethnic category. Due to the
presence of interactions between race and Hispanic ethnicity, as well as changes over

time in the reporting of race among those of Hispanic ethnicity, the following combined
racial and ethnic categories were determined g priori for use in the primary analysis: Asian/
Pacific Islander, Black, Hispanic Other, Hispanic White, Non-Hispanic Other (including a
small number of patients reported as American Indian), and Non-Hispanic White (reference
group). Race and ethnicity data are submitted by contributing hospitals according to
hospital-specific procedures, including self-reported race and ethnicity at the time of patient
registration.

Additional covariates tested in the models included sociodemographic factors (age at
admission, sex, insurance type, quartile of median household income for zip code derived
from 2010 U.S. Census data, US census region); disease-related comorbidities including
ICD-9-CM diagnosis codes for nephritis, seizure or stroke, as previously described (14,15),
and cross walked to ICD-10-CM (Supplemental Table 1), mental health disorders classified
in PHIS by the Child and Adolescent Mental Health Disorders Classification System
(CAMHD-CS) diagnosis groups; the All Patients Refined Diagnosis Related Groups (APR-
DRG) classification of severity of illness; and hospital characteristics (hospital volume of
SLE admissions categorized into quartiles).

Statistical Analysis

Patient-level demographic and disease characteristics were summarized using standard
descriptive statistics. Cuzick’s Wilcoxon rank sum test was used to evaluate unadjusted
temporal trends in the proportion of all PHIS hospital admissions comprised by patients

in the SLE cohort, and the proportion of SLE admissions with adverse renal outcomes.
For the primary adjusted analysis, we used separate mixed effects logistic regression
models to estimate differences by race in: 1) overall burden of adverse renal outcomes,
represented by the odds of an ESRD, dialysis or transplant code at any given hospital
admission, and 2) the odds of an SLE patient having their first occurrence of an adverse
renal outcome at a PHIS hospital. In the second model, all subsequent admissions after the
first hospitalization for an adverse renal outcome were censored for each patient. Based
on graphical representations of the raw data, calendar time was incorporated in all models
as a categorical indicator variable (2006-2010, 2011-2015, 2016-2019). We used a robust
variance estimator to account for heteroscedasticity and included a random intercept to
account for correlations within hospitals. To determine whether rates of improvement over
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time differed by race, we tested interactions between calendar period and race and ethnicity
(on the log odds scale using Wald chi-square tests). We also calculated average adjusted
predictions for the probability of each outcome by race and calendar period. Assuming a
total sample size of 20,000 admissions and a 5-10% probability of an adverse renal outcome,
we had 80% power to detect an odds ratio (OR) of 1.3-1.4 for the smallest minority group
(Asian) and an OR 1.2-1.3 for the largest minority group (Black) compared to the reference
group (non-Hispanic White). Assuming a 1.5-fold disparity between two groups and a
0.75-fold reduction in renal outcomes between two calendar periods, the detectable OR for
interactions was 1.7-2.0 for the smallest and 1.5-1.7 for the largest minority group.

We performed several sensitivity analyses. First, we excluded patients whose index year of
admission was 2019 to ensure that the observed trends were not due to insufficient follow-up
time. Second, we performed a separate subgroup analysis limited to subjects that were

ever assigned an inpatient non-ESRD nephritis code to account for potential differences

in the incidence of renal involvement. Lastly, we tested random effects for within-subject
correlation instead of within-hospital correlation to account for multiple admissions per
subject. We also performed a secondary analysis, in which we disaggregated American
Indian race from Other race and Pacific Islander from Asian race, using Hispanic ethnicity
as an independent variable, to assess whether the broader racial and ethnic categorizations
masked risks specific to minority groups with small sample sizes.

Lastly, to assess potential ascertainment bias due to differences between the ICD-9

and ICD-10-CM coding systems, we graphically evaluated year-to-year stability of the
proportion of SLE admissions over total hospital admissions per year plotted against
calendar year and tested for a change point at 2016 using Bayesian change point analysis.
For the SLE patients identified from our institution, we also reviewed their medical records
to compare positive predictive values (PPV) of ICD-9 and ICD-10-CM SLE and ESRD
diagnosis codes.

I. Summary Statistics and Patient Characteristics

We identified 7,434 SLE patients who had a total of 20,893 admissions at 50 hospitals
during the study period. There was a median of one admission [IQR 1-3] per individual
patient, and a median of 332 admissions per hospital [IQR 195 — 515]. Patient-level
characteristics by race and ethnicity are shown in Table 1.

As a proportion of total hospital admission volumes, SLE admissions decreased over time
from 0.29% in 2006 to 0.24% in 2019 (p-value=0.001 for trend). There was a decrease
over time in the proportion of SLE admissions comprised by Black and Hispanic White
patients, and corresponding increase in those reporting as Hispanic Other (p<0.001 for
non-parametric trend) (Supplemental Figure 1).

Il. Descriptive Trends in Adverse Renal Outcomes over Time

There were 667 (9%) unique SLE patients who had any adverse renal outcome during the
study period, of which 471 (6%) were assigned at least one ESRD diagnosis, 566 (8%) had
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at least one procedure code for dialysis, and 162 (2%) underwent renal transplant. Median
time from the index admission to the first assignment of an ESRD, dialysis and transplant
code was 81 days [IQR 10 — 666], 43 days [14 — 423] and 498 days [9 — 1141], respectively.

There was a significant trend over time towards a decrease in the proportion of SLE
admissions per year assigned codes for adverse renal outcomes (p<0.001 for non-parametric
trend) (Figure 1). The proportion of admissions with a first occurrence of an adverse renal
outcome for any given SLE patient also decreased over time from 7% to 3.1% (p=0.035 for
trend), censoring subsequent occurrences.

lll. Change in Adverse Renal Outcomes over Time by Race and Ethnicity

Burden of all SLE hospitalizations associated with adverse renal

outcomes: On average across all racial and ethnic groups, the adjusted odds of an adverse
renal outcome at any given hospital admission decreased over time by 0.60-fold (95% ClI
[0.46-0.79]) in 2011-2015 and 0.54-fold (95% CI [0.42-0.68]) in 2016-2019 compared to
2006-2010 (p<0.001 for trend), adjusted for demographic and disease characteristics as well
as hospital random effects. Similar decreases over time were observed in separate models
for ESRD diagnosis and dialysis (Table 2). Despite overall improvements over time in renal
outcome rates, Black patients with SLE maintained a persistent 2.5-fold higher adjusted
odds of an adverse renal outcome at any hospital admission (95% CI [1.77 — 3.52], p
<0.001) compared to non-Hispanic White patients. Inclusion of random effects to account
for clustering by hospital had a significant impact on the estimates and accounted for 12%
of the total variance. There was no significant difference in rates of improvement in adverse
renal outcomes over time between any racial or ethnic group (p=0.094 for overall interaction
between racial or ethnic group and calendar period), and no significant change in the relative
Black vs. non-Hispanic White disparity over time (p = 0.728 for specified interaction)
(Figure 2).

When ESRD and dialysis were modeled as separate outcomes, Asians had significantly
greater decreases over time in the odds of dialysis compared to Hispanic Whites (OR 0.92,
95% CI [0.47-1.81] in 2006-2010 vs. OR 0.27, 95% CI [0.12 — 0.64] in 2016-2019, p=0.023
for specified interaction). Asians also had statistically non-significant greater decreases over
time compared to non-Hispanic Whites (OR 1.30, 95% CI [0.66 — 2.6] in 2006-2010 vs. OR
0.35, 95% CI [0.16 — 0.76] in 2016-2019; p=0.054 for interaction). However, there was no
significant change over time in the relative disparity between Black and non-Hispanic White
patients for either ESRD or dialysis (Supplemental Figure 2). There was no significant
change in odds of renal transplant by calendar period (OR 0.91, 95% CI [0.51 — 1.63] in
2016-2019 vs. 2006-2010) or by racial and ethnic group.

Among patients with ESRD, Black children had the highest number of admissions
associated with ESRD per patient (median 3 [IQR 1 - 6], N = 205 patients) compared

to a median of 2 ESRD admissions for non-Hispanic White children (IQR [1 - 3], N =61).
In contrast, children belonging to Asian and non-Hispanic Other race categories had the
lowest number of repeat admissions associated with ESRD (median 1.5 [1 - 3], N = 28 and
1[1-5], N = 35, respectively). Similarly, Black children with SLE had the greatest number

Arthritis Rheumatol. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chang et al.

Page 6

of hospital admissions requiring dialysis (median 2 [IQR 1 — 5]) compared to a median of 1
[IQR 1 — 3] for Hispanic Other race and 1 [IQR 1 - 2] for all other race categories.

First occurrence of an adverse renal outcome requiring hospitalization: On
average across all racial and ethnic groups, there was a decrease over time in the odds of

a first occurrence of any adverse renal outcome at a PHIS hospital (adjusted OR 0.58,

95% CI [0.47-0.73] and OR 0.46, 95% CI [0.36-0.58] in years 2011-2015 and years
2016-2019, respectively, compared to 2006-2010; p-value for trend <0.001). Compared to
Non-Hispanic White race, Black race was associated with 1.39-fold higher adjusted odds of
a first occurrence of any adverse renal outcome in any calendar period (95% CI [1.08-1.79],
p=0.011) (Table 3). Asian race was also associated with 1.49-fold higher adjusted odds of
first occurrence of any adverse renal outcome (95%CI [0.94-2.35], p=0.087), though this did
not reach statistical significance. There was no significant difference in rates of change in
adverse renal outcomes over time by any racial or ethnic group (p=0.354 for overall test of
interaction) (Figure 3).

Black SLE patients had the highest adjusted odds of a first occurrence of an ESRD diagnosis
(OR 1.57,95% CI [1.16 — 2.12] compared to non-Hispanic White). There was no significant
change in the relative disparity over time (p=0.284 for specified interaction). With respect

to dialysis, Asian, Black, and Non-Hispanic Other SLE patients all had significantly higher
adjusted odds of an initial hospital admission for dialysis compared to non-Hispanic Whites
(Table 3). These relative disparities also remained unchanged over time despite overall
improvements in rates of dialysis (p=0.377 for overall interaction) (Supplemental Figure 3).
There were no significant differences in odds of an initial renal transplant admission by
calendar period or by racial or ethnic group (data not shown).

Sensitivity analyses: The effects of race and calendar period on composite adverse renal
outcomes, ESRD and dialysis were robust to exclusion of patients whose index date of
admission occurred in 2019 (Tables 2 and 3). Adding within-subject random effects resulted
in failure of the models to converge, however accounting for within-subject random effects
alone instead of hospital random effects did not significantly change the magnitude of the
estimates. In the subgroup analysis limited to N = 15,157 admissions assigned any nepbhritis
diagnosis codes, Black SLE patients still had a nearly two-fold increased odds of an adverse
renal outcome at any hospital admission compared to non-Hispanic Whites (OR 1.94, 95%
CI [1.38 — 2.75]), with no significant changes in the relative disparity over time. Changing
the racial and ethnic categorizations also did not impact our conclusions. There was no
significant independent effect of Hispanic ethnicity alone on the primary outcome when
modeled separately from race. There were also no significant differences in the primary
outcome identified among Pacific Islanders or American Indians compared to non-Hispanic
Whites when disaggregated from Asians and Other race, respectively (Supplemental Table
2).

ICD-10 crosswalk: Prior to October 1, 2015, the PPV of an ICD-9-CM discharge
diagnosis code for SLE among patients at the Children’s Hospital of Philadelphia was

95% (112/118 patients reviewed). Similarly, the PPV of an ICD-10-CM discharge diagnosis
code after October 1, 2015 was 96% (55/57 patients). Of patients with ESRD ICD-9 and
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ICD-10-CM diagnosis codes, 91% (10/11) and 100% (2/2) were confirmed to have ESRD
by manual chart review, respectively. The single false positive for ESRD was a patient who
required dialysis for acute kidney injury. Of 20 randomly selected SLE patients without
ESRD codes (10 with index admission prior to October 1, 2015 and 10 after), none had
ESRD by manual chart review.

Discussion

This U.S. population-based study is the largest to date describing trends in renal outcomes
over time among children with lupus, highlighting key findings and future directions
pertaining to inequities in pediatric lupus care. Renal outcomes among children with lupus
have improved significantly since 2006. At the population level, these improvements have
equally benefited racial and ethnic groups, demonstrating progress with regard to treatment
and outcomes. However, failure to close the Black-White disparity in outcomes emphasizes
the critical need for additional health equity initiatives. Furthermore, a significant proportion
of variation in renal outcomes is attributable to hospital-level effects, raising the possibility
of area-level differences in racial disparities that warrant further exploration at local levels.

From 2006 to 2019, the overall burden of severe renal outcomes associated with pediatric
SLE hospitalizations decreased by nearly half. Similar trends in global rates of ESRD were
observed at the turn of the century for adults with lupus nephritis amid increased MMF and
cyclophosphamide use and decreased severity at presentation from earlier diagnosis (16,17).
Although we cannot determine the definitive reasons for improving trends in pediatric

SLE, several contemporary care processes may have contributed. First, MMF became
widely adopted for pediatric lupus nephritis after non-inferiority to cyclophosphamide was
demonstrated in adults in 2005, and similar efficacy was described in small pediatric studies
(18-20). In 2012, the Childhood Avrthritis and Rheumatology Research Alliance (CARRA)
released a consensus treatment plan solidifying the role of MMF as first-line therapy for
proliferative lupus nephritis in children (8). Use of B-cell depleting therapies also became
increasingly common—up to 25% of lupus nephritis patients in the CARRA registry’s
contemporary pediatric lupus cohort have received rituximab (9). There have also been
several initiatives to develop standards for pediatric lupus care, including international
consensus recommendations for quality indicators in 2013 (10), and European guidelines
for management of pediatric lupus in 2016 (11,21). It is possible we did not observe
corresponding decreases in renal transplantation due to the longer latency between initial
SLE hospitalization and the outcome. Of note, improvements in ESRD risk for adults

with lupus nephritis largely plateaued from 1990-2000 in developed countries (16). Our
findings suggest rates of improvement in children may just be beginning to plateau, perhaps
reflecting delayed introduction of new therapies in pediatric populations relative to adults
(22,23). With increasing adoption of aforementioned practices, as well as recent approvals
of newer therapies for lupus nephritis, it is reasonable to anticipate continued progress,

but close monitoring over time and increased efforts to include children and adolescents in
clinical trials will be essential.

While renal outcomes improved at the population level, we did not observe the
heterogeneous effects needed to achieve reduction of relative Black-White disparities
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over time. Black children with SLE remained at significantly higher risk of ESRD or
dialysis compared to non-Hispanic White children, and the magnitude of this relative
disparity persisted over the study period. Moreover, Black children had more recurrent
hospitalizations and assumed the greatest burden of hospital care for adverse renal
outcomes. These differences were partially attenuated, but not explained, by median
household income or insurance status. The disparity persisted even when limited to patients
with nephritis codes and therefore was not due to a higher incidence of renal involvement
among Black children. Our findings mirror persistent relative Black-White disparities in
care processes across the U.S., including timely receipt of pre-dialysis nephrology care
among adults with chronic kidney disease and insulin pump use among children with

type 1 diabetes mellitus, independent of socioeconomic factors (24-27). Standardizing
care processes to reduce variability has been proposed as a systems level approach to
addressing health inequities (28), with varying rates of success (29,30). Our data suggests
that while advances in pediatric lupus care may have reached groups that have been
historically marginalized, they have not achieved greater benefit for Black children with
lupus. It remains possible, however, that further efforts to improve standardization where
treatment variability exists could still preferentially benefit Black children with lupus and
reduce disparities. Examples of successful child health interventions include the safe sleep
campaigns, which targeted high-risk communities and reduced overall rates of Sudden Infant
Death Syndrome while narrowing the Black-White disparity in infant mortality (31,32).
These efforts can inform targeted approaches for children with chronic diseases such as
lupus, as treatment advances alone are insufficient to close the gap.

Regarding other minority groups, Asians had the highest probability of a new dialysis
requirement during hospitalization compared to any other racial or ethnic group but were
not at increased risk of ESRD. Our findings are consistent with a disease trajectory analysis
of a Canadian pediatric lupus cohort, which found that Asian children with SLE more
commonly present with severe disease but subsequently achieve good long-term outcomes.
By comparison, Black children more often experience a refractory, remitting disease course
(33). Of note, outcomes among Pacific Islanders may differ from East Asians and South
Asians. In one series of Maori children with SLE in New Zealand, 100% developed lupus
nephritis and 12/15 had proliferative disease (34). In our study, attempting to disaggregate
Pacific Islanders did not reveal differential risk for adverse renal outcomes. However, we
advocate for dedicated studies to fully characterize lupus outcomes among children of
Pacific Islander descent and greater efforts to report disaggregated results (35).

In contrast to previous studies (36,37), Hispanic ethnicity was not associated with worse
outcomes among hospitalized children with SLE. There may be several reasons for this
difference, including the use of Hispanic ethnicity as a single construct to represent a
heterogeneous and dynamic population. Historical shifts in the composition of the U.S.
Hispanic population and how those with Hispanic ethnicity report race present unique
challenges in the evaluation of trends over time in health outcomes (38). Between the
2010 to 2020 U.S. censuses, the proportion of Hispanic individuals who reported Other
race rather than White race increased (39,40). Certain countries of origin, younger age,
and first generation immigrant status are associated with increased self-identification with
Other race and may confer different risks (38). Furthermore, socioeconomic and health
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disparities by country of origin are not captured in this database or other national registries
(41). Consequently, our findings warrant cautious interpretation and underscore the need for
health systems data to reflect the complexities of Hispanic ethnicity, including country of
origin and immigration status.

Institutional-level reporting may uncover high-risk populations within hospital catchment
areas and differential risks for minority groups between areas. The contribution of hospital-
level random effects to the overall variance in adverse renal outcomes suggests there is

a smaller subset of patients accounting for a significant burden of renal disease-related
admissions. This highlights the importance of local context, because social factors that drive
population-level disparities may be systematically concentrated in resource-constrained
communities (42). While characteristics of the areas served by each hospital were not
available in this study, individual institutions contributing data to the PHIS can leverage
their own data to monitor disparities in near real-time and examine local factors that

can be targets for intervention. For example, the Colorado Hospital Association mapped
hospital claims to social risk scores to track relationships between social factors and health
care utilization (43). Uncovering local factors that drive disparities and directing hospital
resources to the highest-risk patients will be an important future direction for pediatric lupus
care.

There are several limitations to this study. First, health systems data lack individual and
area-level socioeconomic indicators, such as education, area-level poverty, and family
structure. Thus, it is unclear how much of the effect of race is mediated by socioeconomic
conditions versus structural racism. Second, this dataset was limited to inpatient admissions,
so we were unable to establish disease duration or follow-up time to estimate ESRD
incidence. Similarly, prescription medication data was unavailable, therefore we were unable
to test associations between changes in medication use and outcomes. Third, the broad
categorizations and hospital variation in the quality and completeness of race and ethnicity
reporting may result in misclassification. Lastly, we were unable to fully evaluate trends

for the small number of American Indian children in the database, although distinct health
inequities have been described for this marginalized group, including earlier age of SLE
onset, more frequent vasculitis, and higher disease prevalence (44-46). In our cohort, only
1.25% of children were classified as American Indian with high likelihood of underreporting
(47). Although they did not appear to have worse renal outcomes than non-Hispanic White
children, findings may not be generalizable to American Indian children who live in areas
remote from tertiary pediatric hospitals or receive care from the Indian Health Service and
rely on inter-facility transfer to access subspecialty care (48). Similarly, the generalizability
of this study is limited by the low proportion of rural hospitals.

Conclusions

In summary, considerable progress has been made in pediatric lupus care and is reflected

in improved renal outcomes. Now more than ever, specific attention is needed to identify
what care processes or interventions can preferentially improve renal outcomes among

the highest risk groups. Consistent failure to close the persistent Black-White disparity
across many conditions indicates that the same structural barriers are preventing meaningful
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change. Lessons from successful interventions targeted toward historically marginalized
communities will need to be applied to the chronic care model. From a research standpoint,
it is also critical for health systems to collect individual and area-level social determinants
of health, as well as disaggregated race and ethnicity data to ensure that risks among
marginalized groups are not obscured by population averages. This will require coordinated
efforts at both local and national levels to systematically evaluate risk and target the root
causes of persistent health inequities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Proportion of yearly SLE hospital admissions assigned adverse renal outcomes of interest,

including assignment of an ESRD diagnosis, a dialysis procedure code, or a renal transplant
code, each as separate outcomes and as a composite outcome.
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Figure 2:
Marginal predictions from a mixed logit model by race and ethnicity and calendar period,

representing the average adjusted probability of the composite adverse renal outcome
(assignment of ESRD diagnosis, dialysis procedure, or renal transplant code) at any given
hospital admission. Model is adjusted for age, insurance type, income, census region,
APR-DRG illness severity level, seizure, and hospital-level random effects. Error bars
represent 95% confidence intervals for the mean prediction calculated using the Delta
method estimates of standard errors and are not shown for racial and ethnic categories that
were not significantly different from the reference group (non-Hispanic White) on the log
odds scale.
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Figure 3:

Marginal predictions from a mixed logit model by race and ethnicity and calendar period,
representing the average adjusted probability of the first occurrence of any adverse renal
outcome at a given hospital admission, excluding all subsequent admissions. Model is
adjusted for age, insurance type, income, census region, APR-DRG illness severity level,
seizure, and hospital-level random effects. Error bars represent 95% confidence intervals
for the mean prediction calculated using the Delta method estimates of standard errors and
are not shown for racial and ethnic categories that were not significantly different from the
reference group (non-Hispanic White) on the log odds scale.
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Table 1.

Characteristics of Hospitalized Children with SLE by Race and Ethnicity

Total N=7,434

Asian®
N=563

Black
N=2,370

Hispanic
Other
N=891

Hispanic
White
N=1,217

Non-Hispanic

Other
N=1,617

Non-Hispanic
White
N=1,667

Calendar period, n (%)
2006-2010
2011-2015
2016-2019

Age at index

admission, mean (SD)

Female Sex, n (%)

Insurance type, n (%)
Public
Private
Other/Unknown

Census Region, n (%)
Midwest
West
Northeast
South

Urban Area Hospital

Income Quartilec
<$31,061
$31,061-$39,625
$39,626- $52,223
>=$52,224
Unknown/Missing

Nephritis

Seizure

Stroke

Mental health

disorderd

152 (27%)
210 (37%)
201 (36%)

13.8 (3.1)
478 (85%)

245 (44%)
285 (51%)
33 (6%)

90 (16%)
283 (50%)
46 ( 8%)
144 (26%)
525 (93%)

45 ( 8%)
98 (17%)
129 (23%)
273 (49%)
18 (3%)
359 (64%)
49 (9%)
24 (4%)

129 (23%)

941 (40%)
712 (30%)
717 (30%)

14.6 (3.0)
1993 (84%)

1423 (60%)
761 (32%)
186 ( 8%)

487 (21%)
226 (10%)
263 (11%)
1394 (59%)
2108 (89%)

680 (29%)
568 (24%)
545 (23%)
511 (22%)
66 ( 3%)
1429 (60%)
261 (11%)
130 ( 5%)

787 (33%)

240 (27%)
347 (39%)
304 (34%)

13.9 (3.4)
717 (80%)

640 (72%)
183 (21%)
68 ( 8%)

120 (13%)
473 (53%)
85 (10%)
213 (24%)
785 (88%)

188 (21%)
247 (28%)
270 (30%)
161 (18%)
25 (3%)
523 (59%)
85 (10%)
41 (5%)

286 (32%)

533 (44%)
323 (27%)
361 (30%)

142 (3.1)
990 (81%)

823 (68%)
284 (23%)
110 ( 9%)

84 ( 7%)
594 (49%)
49 ( 4%)
490 (40%)
1078 (89%)

277 (23%)
351 (29%)
311 (26%)
248 (20%)
30 ( 2%)
775 (64%)
113 (9%)
53 ( 4%)

372 (31%)

262 (36%)
241 (33%)
223 (31%)

14.2 (3.0)
601 (83%)

389 (54%)
257 (35%)
80 (11%)

130 (18%)
244 (34%)
171 (24%)
181 (25%)
649 (89%)

136 (19%)
174 (24%)
192 (26%)
204 (28%)
20 (3%)
406 (56%)
64 ( 9%)
41 (6%)

219 (30%)

506 (30%)
647 (39%)
514 (31%)

145 (3.1)
1335 (80%)

641 (38%)
907 (54%)
119 ( 7%)

459 (28%)
374 (22%)
211 (13%)
623 (37%)
1339 (80%)

237 (14%)
361 (22%)
462 (28%)
557 (33%)
50 (3%)
839 (50%)
126 ( 8%)
56 (3%)

585 (35%)

alncludes Pacific Islanders (n=193)

blncludes Other race (n=1117), unreported race (n=407), and American Indian race (n=93)

cMedian household income for zip code

dChiId and Adolescent Mental Health Disorders Classification System (CAMHD-CS) diagnosis groups
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Table 2.

Average effects of race and ethnicity and calendar period on adverse renal outcomes among hospitalized
children with SLE

Fixed effects Unadjusted Demograph;cs Fully adj ustedb Senstlvné/
& severity Analysis
Random effects None None Hospital-level Hospital-level

OR [95% ClI]

Composite adverse renal outcome (ESRD, dialysis, transplant) at any hospital admission

Race and ethnicity
Non-Hispanic White (reference)
Asian 1.09 [0.86-1.38]

Black

1.03 [0.80-1.31] 0.95 [0.48-1.89] 0.95 [0.48-1.88]

* *

2,50 [1.75-3.58] ***
1.13 [0.59-2.15]
1.16 [0.76-1.78]

250 [1.77-3.52] **
1.15[0.62-2.14]
1.16 [0.76-1.76]

2.16 [1.87-2.50] **
1.17 [0.96-1.43]
1.04 [0.87-1.26]

2.41[2.10-2.76] **

Hispanic Other 1.12 [0.93-1.34]

Hispanic White 1.21[1.02-1.43] *

Non-Hispanic Other ~ 1.10 [0.90-1.36] 1.10 [0.88-1.38] 1.24[0.73-2.10] 1.23[0.71-2.13]

Calendar period

2006-2010 (reference)
2011-2015 0.81[0.73-0.89] ™  0.60 [0.54-0.67] *** 0.60[0.46-0.79] *** 0.60 [0.46-0.79]
2016-2019 0.81[0.73-0.90] ™ 051 [0.46-0.58] *** 0.54[0.42-0.68] ™ 057 [0.45-0.73] ***

ESRD diagnosis code assigned to any given hospital admission
Race and ethnicity

Non-Hispanic White (reference)

Asian 0.92[0.68-1.23] 0.88 [0.64-1.19] 0.82 [0.40-1.69] 0.81[0.39-1.68]

* * *

Black 2,59 [1.81-3.70] *

1.16 [0.55-2.43]
1.32 [0.84-2.08]

2.61[1.85-3.68] 7
1.16 [0.56-2.41]
1.32 [0.84-2.06]

2.60 [2.22-3.05] **  2.23[1.89-2.65]
1.17 [0.94-1.45] 1.18 [0.94-1.50]

1.38[1.13-167] 7 1.16[0.94-144]
1.03[0.79-1.33]

Hispanic Other
Hispanic White
Non-Hisp. Other 1.03 [0.79-1.35]

1.19 [0.64-2.23] 1.19 [0.63-2.24]

Calendar period

2006-2010 (reference)
2011-2015 0.73[0.65-0.83] ***  0.56 [0.50-0.64] ***  0.56[0.39-0.80] **  0.56[0.39-0.80] **
2016-2019 * *

0.84[0.75-0.95] ™ 0.56 [0.49-0.64] *** 0.59[0.44-0.80] ***  0.64[0.48-0.86] **
Dialysis procedure code at any given hospital admission
Race and ethnicity

Non-Hispanic White (reference)

1duosnuep Joyiny

Asian

Black

Hispanic Other
Hispanic White
Non-Hisp. Other

Calendar period

2006-2010

1.34[1.02-1.77] *

*

2.25[1.90-2.66] **
0.96 [0.76-1.22]
1.22[0.99-1.50]
1.07 [0.82-1.40]

(reference)

1.15 [0.86-1.54]

2.02[1.68-2.42]
0.99 [0.76-1.28]
1.06 [0.84-1.34]
1.02 [0.77-1.34]

*

1.07 [0.64-1.80]

*

2.33[1.69-3.21] **
1.07 [0.61-1.90]
1.24[0.84-1.84]
1.15[0.72-1.85]

1.08 [0.64-1.81]

*

2.35[1.68-3.29]
1.06 [0.60-1.89]
1.24[0.82-1.87]
1.15[0.71-1.87]
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Fixed effects Unadjusted Demograph;cs Fully adj ustedb Senstlvné/
& severity Analysis
Random effects None None Hospital-level Hospital-level
OR [95% CI]
2011-2015 0.67[0.59-0.75] ™ 0.48 [0.42-0.55] ***  0.47[0.34-0.66] 7 0.47 [0.34-0.66] ***

* * *

2016-2019 0.58 [0.51-0.67] ™ 0.36[0.31-0.42] *** 0.37[0.27-0.51] ™ 0.39[0.28-0.53] ***

Separate unadjusted (N = 20893) and adjusted (N = 20393) mixed effects logistic regression models of the odds of each renal outcome: 1)
composite adverse renal outcome, 11) ESRD diagnosis, or I11) dialysis, at any given hospital admission.

*
p<0.05;

Hok

p<0.01;

Hook:

*
p<0.001
a)

Adjusted for age, census region, insurance type, median household income, APR-DRG illness severity, and seizure diagnosis. Patient sex, urban
hospital, hospital volume, stroke diagnosis, and CAMHD-CS mental health disorder classifications were tested in the models and did not meet
criteria for retention.

b)Adjusted for all variables in a) as fixed effects, and hospital-level clustering as a random effect.

c)

Fully adjusted model with hospital-level random effects in b), excluding patients whose index admission occurred in 2019 (N=20033)
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Table 3.

Average effects of race and ethnicity and calendar period on the odds of an initial hospital admission for an
adverse renal outcome
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Fixed effects

Random effects

Unadjusted

None

Demographics Fully adjusted®
& severity
None Hospital-level

OR [95% ClI]

Sensitivity
AnaJysisC
Hospital-level

Race and ethnicity
Non-Hispanic White
Asian

Black

Hispanic Other
Hispanic White
Non-Hispanic Other
Calendar period
2006-2010
2011-2015

2016-2019

Race and ethnicity
Non-Hispanic White
Asian
Black
Hispanic Other
Hispanic White
Non-Hispanic Other

Calendar period
2006-2010
2011-2015

2016-2019

Race and ethnicity
Non-Hispanic White
Asian
Black
Hispanic Other
Hispanic White
Non-Hispanic Other

Calendar period

First hospital admission with a composite adverse renal outcome

(reference)
1.56 [1.10-2.21] *

1.44[1.14-1.82] 7
1.12[0.83-1.52]
1.18[0.90-1.56]
1.33[0.96-1.84]

(reference)
0.83[0.69-0.99] *

0.76 [0.62-0.92] **

1.53[1.05-2.21] * 1.490.94-2.35]

*

1.37 [1.06-1.76]
1.27[0.92-1.77]
1.07 [0.79-1.46]
1.36 [0.96-1.93]

1.39[1.08-1.79] *
1.35[0.93-1.94]
1.18 [0.89-1.55]
1.40 [0.97-2.04]

*

0.60 [0.49-0.73] ™

*

0.46 [0.37-0.57] ™™

First hospital admission with an ESRD diagnosis

(reference)

1.41[0.89-2.21]

1.77 [1.33-2.36] ***

1.380.96-1.99]

1.55[1.11-2.16] *
1.29 [0.84-1.96]

(reference)

0.86 [0.69-1.06]

0.81 [0.65-1.02]

1.35 [0.84-2.17] 1.27[0.76-2.14]

157 [1.16-2.12] **
1.43[0.94-2.16]
1.38[0.91-2.08]

159 [1.17-2.16] **
1.41[0.95-2.09]
1.29 [0.90-1.85]

1.29 [0.83-2.00] 1.31[0.76-2.25]

0.67 [0.54-0.85] **  0.66 [0.49-0.90] **

*

0.55 [0.43-0.70] ***  0.55 [0.42-0.72] **

First hospital admission with a dialysis procedure code

(reference)

*

1.83[1.27-2.65] ~

*

1.56 [1.20-2.01] *
1.18 [0.84-1.65]
1.30 [0.96-1.76]
1.37[0.96-1.97]

*

1.73[117-258] **  1.66[1.07-259] *

*

1.53 [1.14-2.05] **
1.44[0.96-2.17]
1.31[0.94-1.83]

1.50 [1.14-1.98] *
1.33[0.92-1.92]
1.20 [0.86-1.69]

142[097-208] 147 [1.01-2.13] ¥

0.58 [0.47-0.73]

0.46 [0.36-0.58]

*+

1.55 [0.99-2.44]

1.43[1.11-1.84] 7
1.33[0.91-1.94]
1.18 [0.90-1.55]
1.43[0.97-2.11]

0.59 [0.47-0.74] ™™

0.45 [0.36-0.58] ***

1.30[0.78-2.17]

157 [1.15-2.13] **
1.41[0.91-2.18]
1.37[0.92-2.03]

1.31[0.76-2.24]

0.66 [0.49-0.90] **

*

0.56 [0.44-0.73] **

1.73[1.10-2.71] *

158 [1.17-2.13] **
1.44[0.94-2.19]
1.31[0.93-1.83]

1.50 [1.02-2.21] *
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Fixed effects Unadjusted Demograph;cs Fully adj ustedb Senstlvné/
& severity Analysis
Random effects None None Hospital-level Hospital-level

OR [95% Cl]

2006-2010 (reference)
2011-2015 0.85[0.70-1.03] (.60 [0.49-0.74] ™ 0.58 [0.45-0.75] “** 0.58 [0.45-0.74]
2016-2019 0.70 [0.57-0.87] ¥ 0.42[0.33-0.53] *** 0.41[0.31-0.55] *** 0.39[0.30-0.53] ***

Separate unadjusted and adjusted mixed effects logistic regression models of the odds of a first PHIS hospital admission with a: I) composite renal
outcome, I1) ESRD diagnosis, or I11) dialysis, excluding all subsequent admissions. N = 18008 for fully adjusted model of the composite renal
outcome.

*
p<0.05;

*:

A
p<0.01;

Hook:

*
p<0.001
a, . Lo . . . . . . . .
)Adjusted for age, census region, insurance type, median household income, APR-DRG illness severity, and seizure diagnosis. Patient sex, urban
hospital, hospital volume, stroke, and CAMHD-CS mental health disorder classifications were tested in the model and did not meet criteria for
retention.

b)Adjusted for all variables in a) as fixed effects, and hospital-level clustering as a random effect.

C)Fully adjusted model with hospital-level random effects in b), excluding patients whose index admission occurred in 2019 (N=17204 for
composite outcome)
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