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Abstract

Background: Disparities in outcomes of adult sepsis are well described by insurance status and
race/ethnicity. There are limited data looking at disparities in sepsis outcomes in children. We
investigated whether disparities in outcome of sepsis occur according to a child’s race/ethnicity or
insurance type.

Methods: We performed a population-based retrospective cohort study in the United States.
Using multilevel logistic regression, clustered by hospital we tested the association of race/
ethnicity and insurance status with hospital mortality adjusting for individual and hospital level
characteristics. The secondary outcome of length of stay was examined through multilevel time to
event (hospital discharge) regression, with death as a competing risk.

Findings: 9,816 children with sepsis were included. Black children had higher odds of death
than White children (adjusted OR =1:19, 95 % CI 1-02-1-38; p = 0-028), driven by higher Black
mortality in the South (aOR 1-30, 95% CI 1.04-1.62; p = 0-019) and West (aOR 158, 95% ClI
1.05-2-38; p = 0:027) of the country. There was evidence of longer hospital stays in Hispanic and
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Black children, particularly Black neonates. There was no difference in survival between publicly
and privately insured children; however, other insurance status (self-pay, no charge, and other) was
associated with increased mortality (aOR 1-30, 95% CI 1.04-1.61; p = 0:021).

Interpretation: In this large representative analysis of pediatric severe sepsis in the United
States, we found evidence of outcome disparity by race/ethnicity and insurance status. Our
findings suggest that there may be differential sepsis recognition, approaches to treatment, access
to health care service, and/or provider bias that contribute to poorer outcomes from sepsis for
minority patients and those of lower socioeconomic position. Studies are warranted to investigate
the mechanisms of worse outcomes in Black and Hispanic children.

Funding: Nadir Yehya is supported by National Institutes of Health (NIH) grant number K23-
HL136688.

Introduction:

Sepsis is a leading cause of morbidity and mortality in children globally.! In the United
States (US), prevalence estimates of severe sepsis and septic shock in hospitalised children
range from 1-26%, with an estimated inpatient mortality ranging from 10 to 20%.1:2
National healthcare costs of pediatric sepsis were an estimated $7-31 billion in 2016.3

Despite improvements in care delivery, disparities in incidence and outcome from sepsis
persist in adults, both by socioeconomic position and race/ethnicity.# Rates of sepsis in
adults are higher in high poverty areas,® with increased risk of death in uninsured patients.®
Studies focused on race and ethnicity have shown nearly double the incidence of sepsis in
Black and Hispanic patients, compared to White, with persistent difference after adjusting
for chronic illness and neighborhood privation.> Black and Hispanic patients tended to
present with sepsis at a younger age.>8 There is strong evidence of racial disparities in
survival, with Black patients aged 18 to 65 years being twice as likely to die of sepsis than
White patients.® Black patients with severe sepsis were less likely than White patients to be
cared for in the intensive care unit (ICU), however once admitted to the ICU they had higher
case fatality.> There was also evidence of longer hospital length of stay in Black patients as
compared to White.”

Disparities in disease outcomes between different racial/ethnic and socioeconomic groups
have been described across a range of pediatric conditions. Literature looking specifically

at disparities in survival of pediatric sepsis by race/ethnicity and socioeconomic position

is sparse, with little published data outside of the neonatal period.-11 Therefore, using a
large hospital discharge database, we aimed to determine whether disparities in outcome
from childhood severe sepsis were associated with race/ethnicity and insurance status. We
hypothesised that non-White children would have higher rates of mortality and longer length
of hospital stay compared to White children and that public insurance would be associated
with higher mortality.
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This is a population-based retrospective cohort study, using data from the 2016 database
release from the Healthcare Cost and Utilization Project (HCUP) Kids’ Inpatient Database
(KID). This study analysed de-identified, publicly available data. The Children’s Hospital of
Philadelphia Institutional Review Board reviewed the protocol, and determined that ethical
approval and IRB oversight was not required.

The 2016 KID included 3,117,413 discharges which accounts for 80% of national pediatric
discharges from 4,200 U.S. hospitals across 47 states.12

We included patients aged 0-20 years with a diagnosis of severe sepsis in 2016. Children at
the upper limit of this age group are commonly managed in pediatric floors, hospitals, and
ICUs, particularly if they have comorbidities; hence the decision to include patients up to 20
years old.

We used International Classification of Diseases, Tenth Revision, Clinical Modification
codes to identify patients admitted with severe sepsis without septic shock (R65:20) and
severe sepsis with septic shock (R65-21).13 Subjects with missing data on one of the primary
exposures (race/ethnicity or insurance type) were excluded. Children transferred out to a
different hospital were also excluded as they could not experience the primary outcome and
to ensure they were not included twice in the analysis.

The co-primary exposures were race/ethnicity and insurance status. Race and ethnicity are
reported to KID by hospitals as a single variable. If a hospital provides both race and
ethnicity, ethnicity takes precedence over race as the reported variable. This variable is
subdivided in KID as White, Black, Hispanic, Asian and Pacific Islander, Native American,
and other. Insurance status is subdivided as Medicare, Medicaid, private insurance, self-pay,
no charge, and other.

For our analysis, race/ethnicity exposures were grouped into White, Black, Hispanic and
other (Asian and Pacific Islander, Native American, and other). Insurance status was
grouped into public (Medicaid and Medicare), private and other (self-pay, no charge, and
other). Groupings were justified based on concerns that self-pay, no charge, and other were
too small a group to be analysed individually.

The primary outcome was death prior to discharge. The secondary outcome was length of
hospital stay with death as a competing risk, censored at day 30.

Available patient characteristics were age, sex, presence of any of ten complex chronic
conditions as defined by Feudtner,14 and median household income for patient’s zip code
(subdivided by KID into quartiles with 1 being lowest and 4 being highest). Characteristics
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related to the admission included whether the patient was admitted on weekday or weekend,
admitted through the emergency department (ED), admitted electively, or transferred in, and
in what quarter of the year the admission occurred. Available hospital level characteristics
were hospital size (small, medium, or large), rural or urban location, teaching hospital status,
and hospital control (government or private). Geographic location was subdivided by KID
into Northeast, Midwest, South, and West. All the above variables were included in the
multivariate analyses.

Power analysis

Analysis

Assuming a mortality of 16:9%, to detect 1.2 times odds of death in Black and Hispanic
children compared to White children with 80% power and 0-05 significance, a sample size
of 7,959 would be needed.

All analyses were performed with hospital sampling weights, per HCUP guidance.2
Baseline characteristics of the cohort were described. Univariate association with hospital
mortality was done using mixed effects logistic regression, clustered by hospital, to calculate
crude odds of mortality and 95% confidence intervals for each of the available variables.
Likelihood ratio tests were done to look for an overall association of each variable with
mortality. For the multivariate analysis, multilevel causal mixed effects logistic regression
models were constructed, clustered by hospital. Results are presented as adjusted odds ratios
(aOR) interpreted as within-hospital effects (i.e., aOR for a Black patient relative to a White
patient admitted to the same hospital).

For the secondary outcome of hospital length of stay, a multilevel mixed effects competing
risk regression model was constructed with hospital length of stay as the outcome of
interest and death as a competing event. Length of stay was censored at 30 days, making
this outcome comparable to discharge alive or hospital-free days by 30 days. Results are
presented as adjusted hazard ratios (aHR).

Pre-planned interaction tests were performed looking for any evidence of modification of
the effect of race/ethnicity by either insurance status, median household income by zip code,
or hospital region. As these were exploratory analyses, we used a threshold of p < 005 for
interaction terms without correction of multiple comparisons.

Given the substantial evidence of neonatal disparities,® a planned secondary analysis was
repeated restricted to patients flagged by KID as neonates on admission (first 28 days after
birth indicator).

Finally, to test the possibility of residual confounding of between-hospital effects of race/
ethnicity, we performed an analysis to explicitly disentangle within- and between-hospital
effects of race/ethnicity. A variable was created showing what proportion of patients treated
at a hospital were Black. To create this variable, we started with all 3,117,413 discharges.
Hospitals treating fewer than 100 patients were excluded, and the proportion of Black
patients being treated at a hospital was calculated and ordered into quintiles, with 1 being
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hospitals treating the lowest proportion of Black patients and 5 being the highest. We then
added this variable to the multilevel models for mortality and length of stay.

The dataset was examined for missing data. Overall amount of missing data for the exposure
variables was judged to be small and unlikely to alter final results, so patients missing data
on key exposures were excluded from the final analysis. Analyses were done using Stata
version 15 (StataCorp, College Station, Texas, USA).

There was no funding source and the corresponding author had full access to all of the data
and the final responsibility to submit for publication.

Description of cohort

A total of 12,297 patients with sepsis were admitted to 1,253 hospitals in the 2016 KID
dataset. 1,265/12,297 (10-3%) patients did not have a race/ethnicity recorded, 15/12,297
(0-1%) children were missing data on insurance and 1,324/12,297 children were transferred
out of the hospital, leaving a final cohort of 9,816 (Fig 1, Tables 1 and 2).

Most patients (54-8%) were publicly insured. The most common race/ethnicity was White
(47-6%), followed by Hispanic (25:5%), and then Black (16-9%). There was a strong
association between race/ethnicity and socioeconomic position. More White children were
privately insured than Black or Hispanic (51-8% vs 22:9% and 20:-4%, respectively; p <
0-001). Fewer White children lived in zip codes with the lowest quartile median income
compared to Black and Hispanic children (24-1% vs 52:9% and 41-5%, respectively; p <
0-001).

Overall prevalence of chronic complex conditions in the cohort was high (73-4%), however
a higher proportion of Black and Hispanic children had a complex chronic condition
compared to White children (p < 0-001) (Tables 1 and 2; Supplementary Table 1).

Univariate analysis

Overall mortality was 14-6%. Black children experienced significantly higher mortality than
White or Hispanic children (p < 0-001; Supplementary Table 1). In univariate analysis Black
race/ethnicity was associated with increased mortality compared to White (OR 1-37, 95%
Cl 1-19-1-58; p < 0-0001; Table 3). Hispanic children had similar odds of death to White
children. There was no association between insurance status and mortality in univariate
analysis (p = 0-26; Table 4).

Children with a chronic complex condition had seven-fold increased odds of death compared
to children without a chronic complex condition (p < 0-0001; Supplementary Table 1).
Males had increased odds of death compared to females (OR 1:28, 95% CI 1.16-1-42;

p = 0-0001). Mortality decreased with increasing age, with highest mortality observed in
children less than 1 year of age (p < 0-0001; Supplementary Table 2).
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Multivariate analysis

In the multivariable analysis Black race remained associated with higher mortality (aOR
1-19, 95% CI 1-02-1-38; p = 0-028; Table 3), relative to White. Hispanic children continued
to have similar mortality to White (p = 0-55; Table 3). The variables that most attenuated
the association between Black race and mortality were presence of chronic complex
condition, age, and hospital region. Other insurance was associated with increased mortality
in multivariable analysis (aOR 1-30, 95% CI 1.04-1.61; p = 0:021; Table 4).

Black and Hispanic children had evidence of longer hospital stays than White children. With
death accounted for as a competing risk, both Black and Hispanic children were less likely
to be discharged alive from hospital by 30 days (aHR for discharge alive for Black children
0-88, 95% C1 0-82-0-94; p = 0:001; aHR for Hispanic children 0-94, 95% CI 0-88-1.00; p =
0-049; Table 3). There was no difference in length of hospital stay by insurance status (Table
4).

Stratified analysis

There was no evidence of interaction between race/ethnicity and insurance status (p = 0-32)
or between race/ethnicity and median household income by zip code (p = 0-16). There

was strong evidence of interaction between race/ethnicity and hospital region (p < 0-001).
Therefore, results were stratified by geographic region and re-analysed (Table 5). Highest
odds of mortality in Black children were observed in the West of the country, where Black
children had nearly 60% higher odds of mortality compared to White children; odds were
30% higher in the South. There was also evidence of longer hospital stays for both Black
and Hispanic children in the South and West of the US (Table 5).

Additional analyses

When analysing neonates and non-neonates separately (Supplementary Table 4), the effect
size for the association between Black race and mortality was similar to the primary analysis
(aOR for neonates 1-21; aOR for non-neonates 1-15; compared to aOR 1.19 for entire
cohort). However, these estimates did not reach statistical significance. Black neonates
demonstrated dramatically reduced probability of discharge (i.e. longer length of stay) by
day 30 (aHR 0-53, 95% CI 0-36-0-77; p = 0-001; Supplementary Table 4).

To separate the between- and within-hospital effects of race/ethnicity, we assessed the effect
of the proportion of Black patients treated at a hospital as an additional between-hospital
variable (Supplementary Table 5). In the univariate analysis, higher mortality was observed
in hospitals with a larger percentage of Black patients, odds of mortality increased as the
percentage of Black patients increased. In the multivariable analyses, this between-hospital
variable was not significant, and inclusion of the between-hospital variable did not attenuate
the within-hospital increased mortality observed in Black children (aOR 1:18, 95% CI 1.01-
1.38; p = 0-037).
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Discussion:

We present a large cohort of children with severe sepsis admitted to a range of hospitals
across the United States to assess the influence of race/ethnicity and socioeconomic position
on survival of childhood sepsis. There was a clear relationship between race/ethnicity and
socioeconomic position, with a higher proportion of Black and Hispanic children residing in
lower income areas compared to White children. More White children had private insurance
compared to Hispanic and Black children. There was evidence of increased mortality in
Black children, driven by higher mortality in the South and West of the country. There was
evidence of higher mortality in hospitals which treated a higher proportion of Black patients
in univariate analysis; however, this was not observed in the multivariate analysis. We found
evidence of longer hospital stays in Black and Hispanic children with Black neonates having
nearly half the probability of being discharged alive by day 30 relative to White neonates.

We used insurance status as an additional proxy for socioeconomic position,18 with
evidence of inferior survival in the “other” insurance group. Due to heterogeneity of
insurance categories grouped into “other,” we cannot make inferences on the mechanism

of the association between “other” insurance status and increased mortality. No difference
was observed in mortality between publicly and privately insured children. A possible
explanation for this is that insurance functions as an invisible variable, insofar as treating
providers are often not aware of individual insurance status and so may be less likely to
treat patients differentially by insurance status. While insurance status and median income
by zip code are plausibly proxies for socioeconomic status, and are used pragmatically given
their availability, neither perfectly capture the child or their caretaker’s true socioeconomic
position.17:18 We cannot exclude that more marked disparities exist by socioeconomic
position, and potentially mediate the differential outcomes we observed in Black and
Hispanic children. Better markers of socioeconomic position are needed in research to
elucidate the role of socioeconomic position in health outcomes and understand mechanisms
of disparities.19

In addition to being a proxy for socioeconomic position, insurance can also function as a
financial instrument which equalises access to care without burdening families financially.
Thus, the presence of any insurance, including public insurance, sufficiently improves access
to care and reduces disparities. No difference was observed in mortality between publicly
and privately insured children, suggesting that being covered by public insurance improves
health outcomes. This finding is consistent with data on Medicaid expansion after 2010.20

In our study we found clear regional differences in outcomes for sepsis. Mortality was
overall higher in children residing in the South of the country and racial disparities were
most pronounced in this region. Worse health outcome for children in the South have

been previously described.2! There is rising evidence that racism functions as important
upstream social determinants of health and health disparities in children. As such, our
findings indicate a need to examine the contribution of racism either at the structural,
interpersonal or individualised level, to sepsis-related decision making and associated
outcomes. Understanding the mechanisms underlying regional disparity in pediatric sepsis
outcome by race/ethnicity is a crucial next step.

Lancet Child Adolesc Health. Author manuscript; available in PMC 2022 April 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mitchell et al.

Page 8

It is plausible that some of the differential outcomes seen could be related to differences

in access to healthcare and quality of care received in different parts of the country. In a
study of adult patients hospitalised with sepsis, hospital characteristics drove much of the
difference in mortality, with evidence of systematic differences in hospitals used by different
racial/ethnic groups.* The racial disparities described in prior studies of neonates are driven,
in part, by differences in neonatal-specific outcomes and process of care quality.22 In our
study, an analysis explicitly modeling between-hospital differences in racial composition
did not suggest that this was a significant contributor to disparate outcomes, although these
conclusions may be sensitive to how we defined between-hospital effects. Additional work
identifying characteristics of hospitals that treat disproportionate numbers of Black and
Hispanic children with sepsis is indicated based on the findings of our study.

Consistent with adult literature, we found evidence of increased mortality in Black children
and increased length of stay in Black and Hispanic children.” Some of the disparity in
adult sepsis is driven by the presence of comorbidities (e.g. diabetes and chronic kidney
disease) which increase susceptibility to sepsis.”8 In our cohort, increased prevalence of
complex chronic condition was found in Black and Hispanic children, and adjustment for
this partially attenuated the increased mortality. Increasing age and presence of a complex
chronic condition were the main non-geographic drivers of mortality risk. While beyond
the scope of this paper, addressing early life comorbidities, related to chronic conditions or
prematurity, is likely to be central to efforts to reduce disparities.23

There are known racial disparities in neonatal outcomes, with higher rates of prematurity
and low birth weight in Black infants.1® Consistent with some prior literature,® we found
strong evidence of increased length of stay in Black neonates, which we speculate could
carry forward and propagate worse outcomes later in childhood, potentially via increased
frequency of complex chronic conditions. In the univariate analysis Black neonates had
signficantly higher odds of mortality; however, this did not reach statistical significance in
the multivariable analysis, similar to the existing literature.® While some prior literature
has shown higher case fatality in Black preterm infants with early-onset sepsis, and lowest
case fatality in White term infants,10 this has not been consistently demonstrated.® It should
be noted that our sample size was reduced when restricted to neonates, and as such our
estimates are inprecise. Further research looking at larger samples of neonates is warranted
using more recent datasets.

The higher mortality and longer length of stay in Black children may have also been related
to Black patients being more sick on arrival to the hospital, presenting at later stages of
iliness (either due to healthcare access barriers or mistrust due to ongoing discrimination?4).
Due to limitations of the KID database, namely the absence of severity of illness data, it is
unclear whether Black children were sicker on presentation.

Delayed recognition and treatment of sepsis are known to be associated with poor outcomes
and it is plausible that differential recognition and treatment by race/ethnicity contributes

to the disparities seen.? Evidence of differential recognition of sepsis in children by race

is evident in the literature.25 Provider bias in medicine is well described, with documented
bias among resident physicians against both Black adult and paediatric patients.2 Evidence
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also exists of differential antibiotic prescribing according to patients’ race, with Black

and Hispanic children being less likely to receive antibiotics than White children for viral
infections.2’ In an adult ER population, Black patients were triaged differently than White
patients with lower acuity and longer wait times for equivalent conditions.28 The use of
standardised sepsis triggers and clinical pathways for complaints such as head injury have
been associated with less differential care, leaving less room for provider biases to affect
timing and type of care.2529 Standardised care pathways may counter provider-driven
discrimination, and thus represent a health disparities-oriented intervention which should be
explored. Additionally, while interventions to mitigate potential provider-based disparities in
care are important, our data also suggests continued work on systematic changes are likely
needed to combat the disparate outcomes seen.

There are important limitations of our study. KID provides race/ethnicity as an aggregate
variable, so we were unable to examine the separate effects of Hispanic ethnicity from

race. The data collected was primarily for administrative purposes, meaning that severe
sepsis could be coded incorrectly or over/under-reported. However, the degree to which

this potential coding inaccuracy is affected by race/ethnicity is unknown, and we used

a validated administrative definition for sepsis used in other large database studies.13
Additionally, because KID doesn’t contain identifiable information, we were unable to
ascertain which patients were readmissions and how many unique children were captured

by our study. Re-admission could be a contributor to outcome differences if there was an
association seen between re-admission and race/ethnicity.39 Children admitted to emergency
departments who died before admission are not captured by this study. It is unclear if the
race/ethnicity of those children who died prior to admission would contribute to or attenuate
the disparities found in this study. Importantly, we did not have definitive data on which
patients were uninsured and assumed they were included in other, self-pay, or no charge;

the increased mortality seen with other insurance status suggests they may be captured by
this designation. Finally, we did not have data on language preference and thus could not
explore disparities among patients with limited English proficiency. Given the longer lengths
of stays we documented in Hispanic children, this represents another area for future study.

Strengths of our work include use of a large, modern, representative cohort of paediatric
severe sepsis. While the mortality rate was slightly lower than we powered for, the sample
size was large enough to overcome this difference. The cohort includes children from a
variety of hospitals and a wide range of geographic areas in the United States, improving
generalisability. Length of stay was analysed in a competing risk framework, mitigating
biased effect sizes by ignoring death. Overall, we had a small amount of missing data. We
were also able to identify and adjust for the presence of multiple individual and hospital
level confounders including complex chronic condition, which is a particularly significant
variable.14

Conclusion:

Disparate outcomes exist in childhood sepsis based on race/ethnicity and insurance status,
with evidence of significantly worse outcomes in the Southern and Western United States
for non-White children. There are a number of plausible mechanisms underpinning these
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disparities. Future research should look for further disparities in sepsis care and outcome,
as well as explore the mechanisms behind their existence. A clearer understanding of the
reason these disparities exist will enable health care systems to develop interventions to
combat them.
Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Data sharing statement:

This paper uses publicly accessible data from Healthcare Cost and Utilization Project
(HCUP) Kids’ Inpatient Database (KID).
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Research in context:
Evidence before this study

Disparities in outcome of adult sepsis have been described by socioeconomic position
and race/ethnicity, and there is a large body of evidence showing substantially higher
mortality from sepsis in Black adult patients. Higher rates of sepsis are seen in patients
residing in high poverty areas with higher mortality seen in uninsured patients. There are
very limited data looking at racial/ethnic and socioeconomic disparities in outcome of
sepsis in children. Two studies investigating racial disparities in outcome from neonatal
sepsis showed higher incidence and case fatality of sepsis in Black preterm neonates

and higher mortality in neonates without insurance and from lower income households.
There are currently no published studies looking at pediatric sepsis outcome disparities
by race/ethnicity and socioeconomic position outside of the neonatal period.

Added Value of this study

This is one of the first papers to explore racial/ethnic and socioeconomic disparities in
survival from pediatric sepsis outside the neonatal period in detail. Black children and
children without public or private insurance experience higher mortality from sepsis.
Black and Hispanic children had longer lengths of hospital stay.

Implications of all the available evidence

This initial study shows clear evidence of racial disparities in childhood sepsis outcomes.
Our findings suggest that there may be differential sepsis recognition, approaches to
treatment, access to health care service, and/or provider bias that contribute to poorer
outcomes from sepsis for minority patients and those of lower socioeconomic position.
Future research should explore the mechanisms behind these disparities. A clearer
understanding of the reason these disparities exist will enable health care systems to
develop interventions to combat them.
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KID 2016
discharges
(n=3,117,413)

v

Severe sepsis with
or without shock
(n=12,297)

>

Unknown race/ethnicity (n=1,265)

Unknown insurance status (n=15)

>

Transferred out (n=1,324)

Y

Final cohort
n=9,816 (79.8%)

Figure 1:
Flow chart of sample size

*numbers add to over 100% as some patients missing data for multiple variables
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