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Geography and age drive racial and ethnic disparities in
hospital mortality for paediatric community-acquired
pneumonia in the United States: a retrospective population
based cohort study of hospitalized patients
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Summary

Background Racial disparities in the outcomes of adult community-acquired pneumonia are well described. However,
the presence of racial and ethnic disparities in paediatric community-acquired pneumonia and the mechanisms
underlying these disparities remain unclear. Motivated by disparities related to age and geography in paediatric
sepsis, we evaluated the association between the joint exposure of race/ethnicity, age, and geographic region and
mortality for community-acquired pneumonia to provide opportunities for assessment of future interventions that
provide equitable healthcare. We hypothesized that geographic region and age would inform the association
between race or ethnicity and mortality in community-acquired pneumonia.

Methods This was a retrospective cohort study of children age < 18 years with community-acquired pneumonia
hospitalized between 2016 and 2021 in the Public Health Information System (PHIS) database. Models included a
priori stratification of age < 1 year and geographic region. Racial and ethnic groups (White, Black, Hispanic/
Latino, and Other), four geographic regions (Northeast, South, Midwest, or West), and two age categories (<1
and >1 year) were combined to create a joint exposure variable. Multivariable logistic regression, clustered by
hospital and adjusting for sex, primary insurance payer, median household income quartile, urban identification,
and the presence of a complex chronic condition(s), quantified the relationship between the joint exposure and
all-cause mortality for paediatric community-acquired pneumonia.

Findings Among 783,744 patients (median age 4 years [interquartile range 1-9 years], 45.9% female) with CAP, the
overall mortality rate was 0.9%. Region and age strongly impacted mortality in all racial and ethnic groups, with
higher mortality for Black, Hispanic/Latino, and Other patients <1 year. Among patients <1 year, Black patients in the
South (OR 2.35, 95% CI 1.52-3.63, p < 0.001) and West (OR 2.47, 95% CI 1.35-4.49, p = 0.003) and Hispanic/Latino
patients in the Northeast (OR 2.36, 95% CI 1.46-3.66, p = 0.031) had the highest mortality, relative to White patients
<1 year in the Northeast.

Interpretation We found evidence of racial and ethnic disparities in mortality for children diagnosed with community-
acquired pneumonia. Joint associations of race, ethnicity, age, and geographic region may partially inform potential
mechanisms underlying these disparities.
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chopulmonary dysplasia
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Research in context

Evidence before this study

Racial disparities in the incidence and outcomes for
community-acquired pneumonia (CAP) exist in adults, with
Black patients having higher incidence and mortality. While
similar disparities in paediatric CAP have not yet been
identified, racial disparities exist in mortality for paediatric
sepsis (primarily caused by pneumonia), particularly for Black
children in the South and West. We searched PubMed with
the terms “community-acquired pneumonia,” “bacterial,”
“race,” “racial,” "ethnic,” "ethnicity,” “disparities,” and
“hospital” to identify potential studies reporting on the
association between race and/or ethnicity and bacterial CAP
published in English up to September 30, 2024. One study
reported racial and socioeconomic disparities in the incidence
of bacterial CAP. Another study demonstrated that racial
disparities in mortality from CAP can potentially be attributed
to variations in hospital quality. However, these studies were
limited to adults. A paediatric study published in 2004
revealed racial and ethnic disparities in hospital admission
rates and procedures for children with pneumonia. Yet, there
was no significant difference between various racial and
ethnic groups in mortality for pneumonia. With paediatric
healthcare in the United States becoming increasingly
regionalized and vulnerability to pneumonia highly
dependent on age, the contribution of geography and age to
mortality for paediatric CAP warrants investigation.

"o

Introduction

Pneumonia is a leading cause of inpatient admissions
for children in the United States (US), with approxi-
mately 35,000 children hospitalized each year, totaling
US $1 billion annually in medical costs."? While ad-
vancements in medical care have improved the treat-
ment and management of community-acquired
pneumonia (CAP) in adults and children, racial dispar-
ities persist in the incidence and outcomes of CAP in
adults.** Although previous studies have demonstrated
racial and ethnic disparities in hospital admissions and
procedures for children with CAP, there is limited
literature regarding racial and ethnic disparities in
mortality for paediatric CAP.>*

Pervasive racial and ethnic disparities are a para-
mount concern across a spectrum of challenges
affecting children.”* Paediatric sepsis, primarily caused
by CAP, has well-documented disparities in mortality in
the United States.”® In an effort to understand these
disparities, age and geographic region were evaluated by
Mitchell et al. and found to significantly modify the

Added value of this study

This study demonstrates that the combination of age,
geographic region, and race or ethnicity significantly
delineates mortality for paediatric CAP. Specifically, children
under one year of age have higher mortality, and this
association is significantly amplified for Black children
throughout the United States, Hispanic/Latino children in the
Northeast, Midwest, and West, White children in the South
and West, and children of Other race in all geographic regions.

Implications of all the available evidence

This study demonstrates significant racial and ethnic
disparities in paediatric CAP, which are affected by age and
geography. When considering the joint association of race or
ethnicity, age, and geographic region, differences in
healthcare delivery across racial and ethnic groups, inequities
in neonatal outcomes, and regional variation in healthcare
may contribute to disparities in mortality for paediatric CAP.
These findings may be applicable to other countries with
similar healthcare challenges. It should be acknowledged that
the specific drivers of healthcare disparities, such as structural
inequities and access to specialized paediatric care, may differ
in other international contexts.

association between race and ethnicity and mortality for
paediatric sepsis. Specifically, Black children in the
South and West and neonates had higher mortality.’
However, most studies provide only a limited analysis
of potential mechanisms that lead to these racial
disparities.*

Utilizing methods to assess effect modification can
help discern the relationship between race, ethnicity,
and mortality across age or geographic regions. How-
ever, these methods are limited in their ability to
determine the combined effect of multiple exposures on
an outcome, which may be more representative of
plausible mechanisms. Joint exposure modeling pre-
sents a novel opportunity to examine which subgroups
are most affected by mortality related to paediatric CAP.
As such, utilizing a joint exposure variable of race or
ethnicity, age, and geographic region in a large paedi-
atric database to identify potential interventions to
improve CAP outcomes, we aimed to examine the col-
lective association of race/ethnicity, age, and geographic
region on mortality for paediatric CAP. We
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hypothesized that age and geographic region could
further delineate racial and ethnic disparities in paedi-
atric CAP.

Methods

Study design and participants

This was a retrospective cohort study from the Public
Health Information System (PHIS) database. PHIS is
an administrative database containing clinical and
resource utilization data for inpatient, ambulatory sur-
gery, emergency department, and observation unit en-
counters for more than 49 tertiary-care paediatric
hospitals affiliated with the Children’s Hospital Associ-
ation in the United States."" Data are de-identified at
admission and subjected to various liability and validity
checks before inclusion in the database. This study fol-
lowed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline
for observational studies.””? The study was deemed
exempt by the Children’s Hospital of Philadelphia
Institutional Review Board (IRB-20-017696) due to the
use of de-identified data from the PHIS database which
does not include personal identifiers. As such, there is
minimal risk to patient privacy or safety.

The study cohort comprised patients less than 18
years old who were admitted to an inpatient or obser-
vational unit between 2016 and 2021 with a diagnosis of
CAP. CAP was defined by the International Classifica-
tion of Diseases (ICD), Tenth Revision, and Clinical
Modification codes to identify patients admitted with
common causes of bacterial CAP (primary or secondary
ICD 10 codes J13-J18). Patients were excluded if both
race and ethnicity were missing from the database. We
also excluded patients with encounters in the emergency
department, clinic, ambulatory surgery, or classified as
“other” encounter. Additionally, patients with disposi-
tion status missing or transferred while inpatient were
excluded.

Variables

The primary exposures for this study were hospital-
reported race or ethnicity, geographic region, and age,
analyzed as a joint exposure variable. Race and ethnicity
were combined into Black, Hispanic/Latino, Other, and
White to facilitate comparisons with other large US
databases and protect against smaller sub-cohorts. Race
and ethnicity were recorded separately in PHIS, with
race recorded as Black, Other (Asian, Pacific Islander,
American Indian, or Other race), or White. Ethnicity
was recorded as Hispanic/Latino or Not Hispanic/
Latino. For the purposes of this analysis, race and
ethnicity were combined such that all subjects with
Hispanic/Latino ethnicity classified as such, regardless
of recorded race.” Geographic regions were reported as
Northeast, South, Midwest, or West based on hospital
location. We reported age as less than 1 year and 1-18
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years. Patient characteristics included in the multivari-
able analysis were sex, primary insurance payer, median
household income quartile, urban identification, and
the presence of a complex chronic condition (CCC). The
primary insurance payer was defined as commercial,
government (Medicaid or Medicare), or other (self-pay
or charity care). Median household income quartiles
were defined utilizing patient ZIP code according to the
median household income in 2019.>* The first quartile
included all patients with a household income of less
than $48,000; second quartile $48,000-$60,999; third
quartile $61,000-$81,999; fourth quartile more than
$81,999. Urban identification was pre-defined in the
PHIS database as a dichotomized variable of urban or
not urban. CCC was defined in the PHIS database in
accordance with the CCC version 2 classification
system."

Outcome
The primary outcome was death from any cause prior to
hospital discharge.

Data analysis

Assuming a paediatric CAP mortality rate of less than
1% to detect a 1.25 times odds of death (informed by
racial and ethnic differences in paediatric sepsis)® in
Black and Hispanic/Latino children compared to White
children with 80% power and 0.05 significance for a 2-
sided t-test, a sample size of 29,100 patients from a
subgroup of the joint exposure variable (e.g., Black
children <1 year old from the South) was required. Pa-
tient characteristics were evaluated using Chi-square
tests for categorical variables and Student’s t-tests for
continuous variables.

We a priori conducted a multivariable logistic
regression analysis adjusting for age, sex, primary in-
surance payer, median household income quartile, ur-
ban identification, and CCC to analyze the association of
race or ethnicity with mortality for paediatric CAP based
on previous studies demonstrating racial, ethnic, or
socioeconomic disparities in sepsis mortality.*'* Given
the contribution of age and geography to sepsis out-
comes (a diagnosis related to CAP), a joint exposure
variable was created utilizing race or ethnicity, age, and
geographic region to analyze the combined effects of
age and geography on potential racial or ethnic dispar-
ities in mortality for paediatric CAP.

For all regressions, we evaluated age as <1 year and
>1 year, given the differences in maternal health, access
to neonatal intensive care, and healthcare delivery be-
tween these two age groups. Joint exposure modeling
has been utilized previously to analyze the combined
effects of two or more exposure variables on an outcome
of interest.'*"” For the joint exposure multivariable lo-
gistic regression analysis, we adjusted for sex, primary
insurance payer, median household income quartile,
urban identification, and the presence of a CCC
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(Supplemental Figs. S2 and S3). We additionally clus-
tered by hospital as a random effect to account for the
inherent dependencies and variations within hospitals
while simultaneously analyzing the overall relationships
between exposure groups for all analyses. The reference
group was White children <1 in the Northeast given the
known racial and ethnic differences in mortality for
paediatric sepsis in all regions except the Northeast.’
We also assessed the association of the joint expo-
sure of race or ethnicity and geography stratified by < 1
year and >1 year. Confounder adjusted predicted mor-
talities of subjects are additionally presented utilizing
this stratification. As children with CCC are at particular
risk for poor outcomes, we performed an analysis
restricted to these subjects. Joint exposure regression
results are presented as adjusted odds ratios (aOR) with
95% confidence intervals (CI) and correlate to within-
hospital effects. Predicted mortality is presented as
percentages with 95% CI and correlate to within-
hospital effects. All analyses were performed using
Stata version 17.0 (College Station, TX: StataCorp LLC).

Role of funding source

The funding source had no role in the study design, data
collection, data analysis, data interpretation, or manu-
script preparation. The researchers maintained com-
plete independence in conducting the study and
reporting its findings.

Results
Patient characteristics
Cohort demographics are shown in Table 1. Among
4,626,887 patients at 47 hospitals, 783,981 children
(median age 4 years [IQR 1-9 years], 45.9% female) met
the inclusion criteria for CAP (Fig. 1). The 1-18 year age
group (83.0%) comprised the largest age group. White
children constituted 45.0% of the cohort, Black children
21.8%, Hispanic/Latino children 15.6%, and children of
Other race 17.5%. Most encounters occurred in the
South (39.8%) and urban areas (86.0%). Most children
were in the lowest household income quartile (65.5%),
utilized government insurance (63.6%), and were clas-
sified as having a CCC (69.2%). There is a similar dis-
tribution of demographics of children with a CCC as
compared to all children in the inclusion cohort.
Among children with CAP, 6827 (0.9%) did not
survive to hospital discharge. Of those children who did
not survive to hospital discharge, 1767 (25.9%) were less
than 1 year of age, 2920 (42.8%) were White, 1331
(19.5%) were Black, 1236 (18.1%) were Hispanic/Latino,
1340 (19.6%) were Other race, and 2866 (42%) were in
the South.

Multivariable logistic regression outcomes
On multivariable logistic regression analyzing the as-
sociation of race or ethnicity with mortality, Hispanic/

Latino children (aOR 1.21, 95% CI 1.13-1.30) and chil-
dren of Other race (aOR 1.22, 95% CI 1.13-1.31) had a
higher odds of mortality as compared to White children
(Table 2, Fig. 2). There was no significant difference in
survival rates for Black children as compared to White
children (aOR 1.01, 95% CI 0.94-1.08).

Joint exposure modeling outcomes

On multivariable logistic regression analyzing the joint
association of race or ethnicity, age, and geographic re-
gion with mortality, children <1 year of age in all
geographic regions and children <1 year of age in all
racial and ethnic groups had a higher odds of mortality
compared to White children <1 year of age in the
Northeast (Table 3 and Fig. 3). Particularly, Hispanic/
Latino children in the Northeast (aOR 2.36, 95% CI
1.08-5.15), Hispanic/Latino children in the Midwest
(aOR 2.16, 95% CI 1.26-3.70), Black children in the
South (aOR 2.35, 95% CI 1.52-3.63), and Black children
in the West (aOR 2.47, 95% CI 1.35-4.49) had the
highest odds of mortality in each geographic region as
compared to White children <1 year of age in the
Northeast. There was no significant association between
the joint association of race or ethnicity, age 1-18 years
of age, and geographic region with mortality. Joint as-
sociations across all groups are illustrated in Fig. 3.
Predicted probabilities of mortality were similar to re-
sults of the joint exposure logistic regression with the
highest mortality among Hispanic/Latino and Black
children <1 in all regions and Hispanic/Latino children
1-18 years of age in all regions (Table 4, Figs. 4 and 5).
Results were additionally similar when we restricted the
analysis to children with a CCC (Supplemental Fig. S1
and Table S2) and when stratified by age with a joint
exposure of race/ethnicity and geographic region
(Supplemental Figs. S2 and S3 and Table S3).

Discussion

In this large, retrospective cohort study analyzing the
joint association of race or ethnicity, age, and geographic
region with mortality, we found evidence of significant
disparities in mortality for paediatric CAP, particularly
for children who are less than 1 year of age. This asso-
ciation was amplified for Black children <1 year
throughout the United States, Hispanic/Latino children
<1 year in the Northeast, Midwest, and West, White
children <1 year in the South and West, and children of
Other race <1 year in all geographic regions, compared
to White children <1 in the Northeast.

Racial and ethnic disparities in paediatric critical
care, particularly for respiratory illnesses, have been
documented.*'*" Furthermore, racial and ethnic dis-
parities in the incidence and outcomes of CAP exist in
adult literature, in addition to racial and ethnic dispar-
ities in antibiotic use for respiratory viral illnesses in
children.** Moreover, racial and ethnic disparities in
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outcomes based on geographic region exist for paedi-
atric sepsis.” Our study expands on previous literature
by highlighting the contribution of age and geographic
region to racial and ethnic disparities in outcomes for
paediatric CAP. The magnification of mortality for
paediatric CAP via younger age and geographic region
further highlights the complexities of structural in-
equities in paediatric inpatient care, specifically for
paediatric CAP.** Given previous literature high-
lighting modes of structural inequity in paediatric
healthcare, our results suggest that differences in
healthcare delivery across racial and ethnic groups,
inequities in neonatal outcomes continuing to affect
mortality up to 1 year of age, and regional variation in
healthcare may contribute to disparities in mortality for
paediatric CAP. Moving forward, precisely tailoring
healthcare delivery to vulnerable populations based on
these disparities may be paramount in preventing child
health inequities.”

Racial and ethnic disparities in paediatric critical care
have been established in previous literature.® Factors
likely contributing to these disparities include differences
in access to care, comorbidities, severity of illness, pre-
hospital interventions, timing of presentation to care,
hospital quality, healthcare delivery, interpretation ser-
vices for families with limited English proficiency, the
family experience at bedside, and implicit bias.”*” To
date, there has been a limited analysis of factors
contributing to mortality for paediatric CAP. However, a
previous study of emergency departments at academic
children’s hospitals showed that White children were
more likely to receive antibiotics for viral acute respiratory
tract infections than Black children, Hispanic/Latino
children, and children of Other race.” This paradoxical
“reverse disparity” is concerning as children were pre-
scribed inappropriate antibiotics for a respiratory viral
illness. This discrepancy is particularly striking, consid-
ering that pediatricians and teaching hospitals have lower
antibiotic prescription rates for viral illnesses as
compared to other specialties and non-teaching hospi-
tals.”** These differences in prescribing practices may be
due to provider bias in predicting family expectations for
an antibiotic prescription across racial and ethnic
groups.” While children with CAP, as defined in our
study, should receive (at least initial) antibiotics by defi-
nition, when considering provider implicit bias and
practice variations, it is plausible that differential anti-
biotic prescribing, the existence of institutional CAP
protocols, or adherence to such protocols, may mediate
disparities in paediatric CAP." Future studies should
better elucidate the association between race and
ethnicity, age, geographic region, and mortality for pae-
diatric CAP by evaluating modifiable mechanisms,
including differences in antibiotic administration, avail-
ability of interpretation services, the existence of hospital
protocols for managing CAP, criteria for escalation of
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Survive to Hospital Discharge Total p-value
Yes No (N = 783,981)
(N =777,154) (N = 6827)

Sex, n (%) 0.007
Male 419,982 (54.0) 3576 (52.4) 423,558 (54.0)

Female 356,958 (45.9) 3245 (47.5) 360,203 (45.9)
Missing 214 (0.03) 6 (0.10) 220 (0.03)

Age in years (IQR) 4 (1-9) 5 (0-12) 4 (1-9) <0.001

Age group, n (%) <0.001
Less than 1 year 131,675 (16.9) 1767 (25.9) 133,442 (17.0)

1-18 years 645,479 (83.1) 5060 (74.1) 650,539 (83.0)

Race/ethnicity, n (%) <0.001
White 350,256 (45.1) 2920 (42.8) 353,176 (45.0)

Black 169,637 (21.8) 1331 (19.5) 170,968 (21.8)
Hispanic/Latino 121,035 (15.6) 1236 (18.1) 122,271 (15.6)
Other 136,226 (17.5) 1340 (19.6) 137,566 (17.5)

Geographic region, n (%) <0.001
Northeast 87,255 (11.2) 645 (9.4) 87,900 (11.2)

South 309,047 (39.8) 2866 (42.0) 311,913 (39.8)
Midwest 237,392 (30.5) 1801 (26.4) 239,193 (30.5)
West 143,460 (18.5) 1515 (22.2) 144,975 (18.5)

Urban identification, n (%) <0.001
Rural 97,006 (12.5) 1098 (16.1) 98,104 (12.5)

Urban 668,587 (86.0) 5598 (82.0) 674,185 (86.0)
Missing 11,561 (1.5) 131 (1.9) 11,692 (1.5)

Household income quatrtiles, n (%) 0.002
0-47,999 508,672 (65.5) 4586 (67.2) 513,258 (65.5)
48,000-60,999 141,722 (18.2) 1196 (17.5) 142,918 (18.2)
61,000-81,999 86,529 (11.1) 676 (9.9) 87,205 (11.1)
>82,000 23,465 (3.0) 200 (2.9) 23,665 (3.0)

Missing 16,766 (2.2) 169 (2.5) 16,935 (2.2)

Insurance type, n (%) <0.001
Commercial 255393 (32.9) 2117 (31.0) 257,510 (32.8)
Government 494,167 (63.6) 4437 (65.0) 498,604 (63.6)

Other 18,866 (2.4) 196 (2.9) 19,062 (2.4)
Missing 8728 (1.1) 77 (1.1) 8805 (1.1)

Complex chronic condition, n (%) <0.001
Absent 241,216 (31.0) 106 (1.6) 241,322 (30.8)

Present 535,938 (69.0) 6721 (98.4) 542,659 (69.2)
Table 1: Cohort demographics.

care, overall hospital payor mix as a marker of quality, and
bias in clinical decision-making.

Complex chronic conditions in infancy may manifest
in the neonatal period due to sequelae of prematurity.
Specifically, the development of bronchopulmonary
dysplasia as a neonate places children at increased risk
for recurrent CAP, additional comorbidities, and mor-
tality.”’ While two previous studies have shown that
children born to White mothers have increased odds of
developing bronchopulmonary dysplasia as compared to
children born to non-White and Black mothers, the
studies also demonstrated that children born to White
mothers have a decreased likelihood of respiratory
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All encounters with diagnosis of
bacterial community acquired

Encounter before 2016 or

after 2021

N = 1,260,297 (27.2%)

Age > 18 years of age

N =25,341 (0.55%)

Missing race and

ethnicity
N =57,789 (1.23%)

Emergency department,

pneumonia
N =4,626,887
N=3,392,123
A 4
N = 3,366,782
N =3,308,993
N =942,236

clinic, ambulatory surgery,
or other encounter

N =2,366,757 (51.2%)

Missing disposition or

N = 783,981 inpatient
encounters

Fig. 1: CONSORT diagram.

comorbidities in the first 2 years of life.**** Moreover,
another study that adjusted for hospital site and had no
differences in overall bronchopulmonary dysplasia

Race/Ethnicity aOR (95% Cl)
White Reference

Black 1.01 (0.94-1.08)
Hispanic/Latino 1.21 (1.13-1.30)
Other 122 (1.13-131)

Model adjusts for sex, age, geographic region, primary insurance payer, median
household income quartile, urban identification, and the presence of a complex
chronic condition. aOR = adjusted odds ratio, Cl = confidence interval.

Table 2: Association of race/ethnicity with all-cause mortality.

»> patient transfer

N = 158,255 (3.42%)

disease severity between racial groups identified racial
differences in mortality during the initial birth hospi-
talization.** Neonates born to Black mothers had higher
mortality and increased length of stay than neonates
born to White mothers. We hypothesize that these racial
disparities in bronchopulmonary dysplasia risk as a
neonate and respiratory comorbidities later in life may
result in increased mortality for CAP for non-White
infants. However, given that Black children have lower
rates of bronchopulmonary dysplasia (possibly due to
higher mortality precluding development of broncho-
pulmonary dysplasia), but higher mortality associated
with bronchopulmonary dysplasia, it is critical to
consider other aspects of care, including the experience
of Black families, perinatal care for Black women,
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Association of Race/Ethnicity with All-Cause Mortality

White - @
Black{ —@—
Hispanic/Latino—
Other
1 T T T 1
0.9 1 1.1 1.2 1.3 14

Fig. 2: Association of race or ethnicity with all-cause mortality.

provider communication, and bias in the intensive care
setting as these drivers likely magnify disparities in
bronchopulmonary  dysplasia-related  outcomes.**
These factors are particularly contributory given that
our study did not identify CCCs as an effect modifier of
mortality. While the previously mentioned studies spe-
cifically emphasize disparities between Black and White
mothers, similar drivers of disparities likely apply to
other racial and ethnic groups. This notion is especially
plausible when considering adverse outcomes related to
language disconcordance.”’ The interplay of disparities
in neonatal outcomes with differences in healthcare
delivery continues to highlight the complexity of disen-
tangling drivers of disparate outcomes. Given the dis-
parities in preterm birth and bronchopulmonary
dysplasia in historically marginalized racial and ethnic
communities, the implementation of community-based
interventions to enhance access to prenatal and infant
care is essential to reducing disparities in maternal and
infant health outcomes. Community health worker
programs, mobile health units, and structured group
prenatal care models provide culturally competent care,
facilitate navigation of healthcare barriers, and promote
health literacy to enhance access to prenatal and infant
care.””* These approaches address both immediate
healthcare access needs and underlying social de-
terminants of health, ultimately advancing maternal
health and reducing racial and ethnic disparities in
preterm birth and bronchopulmonary dysplasia
outcomes.

Geography has been shown to magnify existing dis-
parities in outcomes in paediatric critical care. A previ-
ous study of a large, nationally representative registry
demonstrated that racial disparities in sepsis mortality
are further amplified in the South and West.” Moreover,
it has been shown that distance to paediatric intensive
care services increases with poverty.”” While our study
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Odds Ratio (95% ClI)

did not examine markers of socioeconomic status as the
primary exposure, we expand upon previous literature
showing that geographic region plays an important role
in driving mortality for CAP. The implications for
regional variation in outcomes are critical, as the utili-
zation of paediatric intensive care unit services is
increasing and becoming more regionalized.” More-
over, children who require transfer for critical services

Less than 1 Year of Age 1-18 Years of Age

aOR (95% Cl)

aOR (95% Cl)

Northeast Northeast
White Reference White
Black 2.31 (1.46-3.66) Black

Hispanic/Latino 2.36 (1.08-5.15) Hispanic/Latino

Other 1.96 (1.24-3.11) Other
South South
White 1.87 (1.21-2.88) White
Black 235 (1.52-3.63) Black
Hispanic/Latino 1.55 (0.99-2.44) Hispanic/Latino
Other 2.31 (1.45-3.66) Other
Midwest Midwest
White 1.40 (0.90-2.17) White
Black 1.75 (1.11-2.77) Black
Hispanic/Latino 216 (1.26-3.70) Hispanic/Latino
Other 1.78 (1.09-2.89) Other
West West
White 2.32 (1.46-3.66) White
Black 2.47 (1.35-4.49) Black
Hispanic/Latino 1.90 (1.17-3.09) Hispanic/Latino
Other 1.79 (1.12-2.86) Other

0.87
0.68
1.48
0.74

0.62-1.22)
0.46-1.00)
0.92-2.37)
0.51-1.07)

0.76 (0.50-1.16)
0.80 (0.52-1.23)
0.94 (0.61-1.44)
111 (0.72-1.71)

0.74 (0.48-1.13)
0.69 (0.45-1.07)
0.96 (0.60-1.54)
0.88 (0.56-1.38)

1.01 (0.65-1.58)
0.70 (0.41-1.17)
1.05 (0.67-1.64)

(
(
(
1.16 (0.74-1.81)

Model adjusts for sex, primary insurance payer, median household income quartile, urban identification, and the

presence of a complex chronic condition. aOR = adjusted odds ratio, Cl = confidence interval.

Table 3: Joint associations of age, region, and race or ethnicity with all-cause mortality.
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Fig. 3: Joint association of age, region, race or ethnicity with all-cause mortality. NE = Northeast, S = South, MW = Midwest, W = West.

have higher mortality and delayed definitive treatment.*
When considering the impact of regional care in more
rural areas, typically concentrated in the South and
West, critical care for paediatric CAP may be delayed
and contribute to increased mortality in these regions.
Additionally, non-paediatric emergency medicine pro-
viders, often the providers transferring the patient to a

paediatric intensive care unit, may be less comfortable
with managing paediatric patients.” This is especially
true for infants who sustain higher mortality in our
study. Lastly, disparities in care may be related to dif-
ferences in hospital quality. Previous studies have
demonstrated that hospital characteristics contribute to
variable outcomes across racial and ethnic groups, with
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Black patients racially segregated and concentrated at
lower-quality hospitals.** Racial segregation impacts
many components of health (access to medical care,
nutrition, emotional well-being, education, environ-
ment, and economic stability) in addition to health care
delivery.” In a study by Horbar and colleagues, the au-
thors identified significant racial and ethnic segregation
across neonatal intensive care units, with large differ-
ences in neonatal intensive care unit quality across
geographic regions and Black infants receiving care at
lower-quality neonatal intensive care units.”” Future
studies should examine the characteristics of high-
performing centers that better mitigate disparities in
outcomes for paediatric CAP. Additionally, future
policy implications should prioritize paediatric health-
care in underserved regions, continued education for
non-paediatric emergency medicine providers, and
equitable care across paediatric hospitals.

Our study should be interpreted in the context of its
limitations. We constructed our age groupings on the
presumption that maternal factors may continue to
drive disparities in infancy. However, a different age
grouping could result in a different conclusion for this
study, and future studies should elucidate between
children in the neonatal intensive care unit with CAP
and children primarily admitted from home with CAP,
as the joint association in this study may partially be
driven by healthcare delivery and medical complexity
in the neonatal intensive care unit population. We also
did not impute data for patients with missing insur-
ance status, urban designation, or geography. This data
had <3% missingness and should not significantly bias
the results. Additionally, the “Other” race group rep-
resents a heterogeneous population of children. As
such, conclusions on granular factors contributing to
disparate outcomes for this racial group are difficult to
discern. We used the definition of a CCC in the PHIS
database, and this definition may not fully account for
the granularity of medical complexity seen in paediatric
health.” We also did not evaluate markers or composite
indices of socioeconomic status as the primary expo-
sure since we aimed to build upon previous literature
that noted geographic variations in outcomes across
racial and ethnic groups. We were limited by the data
available in PHIS, and notable variables that were not
recorded in this deidentified dataset include the pri-
mary language of the patient, perinatal care, distance to
care, duration of symptoms before presentation, pre-
encounter medical contact, provider variability
care, and specific cause of death. Future studies should
evaluate these granular factors to better understand
mechanisms associated with mortality for children
with CAP. Additionally, we did not incorporate com-
munity consultation in the research design. Future
studies incorporating community input could better
align findings with community-specific needs and
enhance the relevance and potential impact of
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Less than 1 year of age

1-18 years of age

Predicted probability
of mortality [%] (95% Cl)

Predicted probability
of mortality [%] (95% Cl)

Cl = confidence interval.

Northeast Northeast
White 0.83 (0.44-1.23) White 0.78 (0.59-0.97)
Black 1.84 (0.99-2.69) Black 0.61 (0.42-0.80)
Hispanic/Latino 1.74 (0.41-3.08) Hispanic/Latino 1.36 (0.82-1.89)
Other 1.61 (0.87-2.35) Other 0.67 (0.48-0.86)
South South
White 138 (1.06-1.71) White 0.71 (0.60-0.81)
Black 172 (131-2.14) Black 0.74 (0.63-0.86)
Hispanic/Latino 1.13 (0.82-1.44) Hispanic/Latino ~ 0.89 (0.74-1.03)
Other 1.91 (1.38-2.45) Other 0.97 (0.79-1.14)
Midwest Midwest
White 0.99 (0.74-1.25) White 0.71 (0.60-0.82)
Black 138 (0.99-1.76) Black 0.64 (0.52-0.75)
Hispanic/Latino 1.69 (1.02-2.37) Hispanic/Latino ~ 0.88 (0.65-1.10)
Other 1.37 (0.91-1.82) Other 0.81 (0.64-0.98)
West West
White 1.84 (1.24-2.45) White 0.92 (0.74-1.10)
Black 1.92 (1.00-2.84) Black 0.64 (0.43-0.85)
Hispanic/Latino 1.48 (0.97-1.99) Hispanic/Latino ~ 0.96 (0.77-1.16)
Other 1.33 (0.89-1.76) Other 1.08 (0.87-1.29)

Model adjusts for sex, primary insurance payer, median household income quartile, and urban identification.

Table 4: Predicted probability of all cause in-hospital mortality.

interventions. PHIS is entirely composed of tertiary
children’s hospitals, which likely have more consistent
and well-developed paediatric resources compared to
community hospitals. While our findings may not be fully
explained by differential hospital quality, these tertiary
hospital settings may not fully capture the variability and
systemic inequities present in broader paediatric pneu-
monia admissions across tertiary children’s hospitals.
Given complex correction methods for the various sub-
groups in our study, we did not apply formal correction
methods for our power calculation. However, our power
calculation was constructed on the premise that age and
geography are effect modifiers for racial and ethnic dis-
parities in mortality for CAP. As such, we mirrored pre-
vious studies that were adequately powered to detect
racial and ethnic differences in mortality. Given that
ethnicity was reported if both race and ethnicity were
recorded in PHIS, we are limited in assessing the full
diversity of our inclusion cohort. However, an additional
3% of the cohort had missing ethnicity data, and we
prioritized including all individuals with a race or
ethnicity flag reported to ensure we were adequately
powered to detect racial and ethnic differences in mor-
tality. Lastly, while race and ethnicity are presumed to be
self-identified, there is potential for exposure misclassifi-
cation as this is a large administrative database of hospital
reported data.
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Fig. 4: Predicted probability of all-cause mortality age < 1 year. NE = Northeast, S = South, MW = Midwest, W = West.
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Fig. 5: Predicted probability of all-cause mortality age 1-18 years. NE = Northeast, S = South, MW = Midwest, W = West.
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Conclusion

We found evidence of racial and ethnic disparities in
mortality for hospitalized children with CAP. Joint as-
sociations of age and geographic region may partially
inform mechanisms underlying these racial disparities.
Future work should incorporate community engage-
ment with maternal and infant care, in addition to
evaluating the contribution of healthcare delivery and
hospital variation in clarifying the mechanism for racial
and ethnic disparities for paediatric CAP.
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