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Abstract

Introduction In the United States (US), racial and socioeconomic disparities have been implicated in pediatric inten-
sive care unit (PICU) admissions and outcomes, with higher rates of critical illness in more deprived areas. The degree
to which this persists despite insurance coverage is unknown. We investigated whether disparities exist in PICU
admission and mortality according to socioeconomic position and race in children receiving Medicaid.

Methods Using Medicaid data from 2007-2014 from 23 US states, we tested the association between area level
deprivation and race on PICU admission (among hospitalized children) and mortality (@among PICU admissions). Race
was categorized as Black, White, other and missing. Patient-level ZIP Code was used to generate a multicomponent
variable describing area-level social vulnerability index (SVI). Race and SVI were simultaneously tested for associations
with PICU admission and mortality.

Results The cohort contained 8,914,347 children (23-0% Black). There was no clear trend in odds of PICU admission
by SVI; however, children residing in the most vulnerable quartile had increased PICU mortality (@OR 1-12 (95%Cl
1-04-1-20; p=0:0021). Black children had higher odds of PICU admission (aOR 1-04; 95% Cl 1-03-1-05; p < 0-0001)

and higher mortality (@OR 1-09; 95% Cl 1-02-1-16; p=0-0109) relative to White children. Substantial state-level variation
was apparent, with the odds of mortality in Black children varying from 0-62 to 1-8.

Conclusion In a Medicaid cohort from 2007-2014, children with greater socioeconomic vulnerability had increased
odds of PICU mortality. Black children were at increased risk of PICU admission and mortality, with substantial state-
level variation. Our work highlights the persistence of sociodemographic disparities in outcomes even among insured
children.
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Introduction

Background

There is substantial evidence from the United States
(US) of disparities in incidence and outcome of child-
hood critical illness by race, ethnicity and socioeconomic
position [1, 2]. Disparities in mortality according to race
(as a social construct and a proxy for individual or sys-
temic racism) have been reported in critically ill children
with oncologic diagnoses and sepsis [1, 3—5]. However,
the association of race with mortality has not been con-
sistently reported, and inclusion of severity of illness or
related socioeconomic variables, such as insurance status
and access to healthcare, can affect the reported relation-
ship [6, 7]. Admission to the pediatric intensive care unit
(PICU) is often used either as evidence of illness severity,
and occasionally as inclusion criteria for a study. How-
ever, this creates a selection bias if PICU admission itself
is impacted by race. Evidence regarding disparities in
PICU admission according to race and/or ethnicity show
mixed results [8—10]. Overall, accuracy of recorded of
race, ethnicity and socioeconomic position, unintentional
selection biases, and inconsistent control for confounders
contribute to conflicting results across studies [11, 12].

One important plausible confounder of the associa-
tion between race and outcomes (PICU admission or
mortality) is the social vulnerability of the area where a
child resides, which is intrinsically linked to racism and
socioeconomics in the US [13]. The most common rea-
sons for PICU admission are respiratory illness [14, 15],
congenital illness [14], and injury or poisoning [14, 15].
Prior studies from the US have shown higher rates of
PICU admission in children residing in more socioeco-
nomically deprived areas [16—19], and certain common
PICU diagnoses, specifically severe asthma and traumatic
injuries, are also associated with socioeconomic depriva-
tion [20, 21].

Prior research has yielded conflicting evidence on
the role of neighborhood-level socioeconomic posi-
tion and race and/or ethnicity on rates of PICU admis-
sions and outcomes, highlighting a significant gap in our
understanding of these dynamics [1, 2]. This ambigu-
ity underscores the need for targeted investigation into
how specific racial disparities influence these healthcare
metrics.

Objectives

We analyzed a multistate Medicaid database, aiming
to isolate the effects of social vulnerability and race on
PICU admission and mortality. We reasoned that using
a Medicaid database would restrict our analysis to chil-
dren with a baseline level of access to public insurance,
thus minimizing access due to insurance as a potential
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confounder or mediator of any reported associations.
Recognizing Medicaid’s state-level administration, we
also consider the potential for state-specific variations
to elucidate the complex interplay between state policy,
cultural milieu, sociodemographic factors and outcomes.
We acknowledge the significant changes in healthcare
access and policy, particularly post-ACA, and the shifting
perceptions regarding race as a social construct following
recent societal events. Although this study looks at data
which is 10 years old, this paper can still provide a useful
benchmark for future research using more recent data.
We hypothesised that racial disparities exist in PICU
admission rates and mortality, influenced by area-level
socioeconomic vulnerability.

Methods

Design and setting

This was a population-based, retrospective cohort study,
using Medicaid Analytic eXtract (MAX) data maintained
by the Centers for Medicare and Medicaid Services
from the years 2007 to 2014. MAX includes person-level
claims on Medicaid demographics, eligibility, and uti-
lization on individuals with qualifying socioeconomic
status. Medicaid, one of the largest healthcare payers in
the United States, covers approximately 37% of children.
We chose to use MAX rather than more recent (2015
and later) Transformed Medicaid Statistical Information
Systems (T-MSISs) because MAX provided extensive
quality-control, data validation, and harmonization at
the federal level, permitting a cleaner multistate analysis;
by comparison, T-MSIS data quality and validation var-
ies by state. We included states based on data availability
and quality for the years studied. Quality was assessed by
how complete the data were longitudinally over time, and
whether managed care claims were available in the data-
set, versus just including information on enrolment of
children in a managed care plan [22, 23]. Variables were
assessed using individual variable quality reports [24].

Data sources

We used Medicaid data from 23 US states (Arizona,
Arkansas, Connecticut, Georgia, Hawaii, Indiana, Iowa,
Louisiana, Michigan, Minnesota, Mississippi, Missouri,
New York, Ohio, Oklahoma, Oregon, South Dakota, Ten-
nessee, Utah, Vermont, Virginia, Washington and Wyo-
ming) from the years 2007 to 2014.

Participants

The study population included patients under 21 years of
age (who had not yet reached their 21st birthday) in the
MAX database from 2007 to 2014. Neonates managed
in the NICU were excluded from the study by excluding
patients with the neonatal CPT codes (appendix 1).
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PICU population was defined by using CPT codes and
revenue codes (appendix 1). Revenue codes have been
shown in the adult population to be a sensitive and spe-
cific way of identifying an ICU population [25].

Variables

The co-primary independent variables under investiga-
tion were area-level social vulnerability index (SVI) and
race. We selected SVI because it encompasses a compre-
hensive set of indicators across multiple domains of soci-
oeconomic status, which allowed us to see what aspects
of deprivation are more closely associated with PICU
admission and outcome. Socioeconomic position was
defined using patient-level ZIP Code to extract socioeco-
nomic variables from the CDC/ATSDR SVI, allowing us
to generate a multicomponent variable describing area-
level SVI [26]. The SVI uses 16 variables from the US
census data to determine the social vulnerability of every
census tract. Variables are grouped into the following
four themes. 1) socioeconomic (below poverty, unem-
ployed, income, no high school diploma, 2) household
composition/disability (aged 65 and over, aged 17 and
younger, civilian with a disability, single-parent house-
hold), 3) minority status/language (minority, speaks
English “Less than Well”), 4) housing type/transporta-
tion (multi-unit structures, mobile homes, crowding, no
vehicle, group quarters). We report composite SVI as the
main area-level socioeconomic exposure, but also sepa-
rately analyzed each of the four themes above. A higher
SVI score indicates higher vulnerability (quartile 1 least
vulnerable and quartile 4 most vulnerable).

Race was categorized as Black, White, Other, or Miss-
ing. These were examined separately in univariable
analyses and then included together in models. Due to
substantial state-level inconsistencies regarding the
availability and accuracy of ethnicity coding (Hispanic/
Latino versus not Hispanic/Latino), we could not reliably
capture Hispanic/Latino ethnicity. Hispanic patients are
included in the “other” category.

The primary outcome was any PICU admission dur-
ing the 8 years of the analysis. The secondary outcome
was mortality (patient disposition codes 20,40,41 and 42
were flagged as death) in an analysis restricted to PICU
patients.

Other included variables based on relevant individ-
ual variables (age categories, sex, presence of complex
chronic condition (as defined by Feudtner [27]) reason
for being on Medicaid (poverty, expansion waver, CASH
or other). Federal Information Processing System (FIPS)
codes (numbers which uniquely identify counties and
county equivalents in the United States average popu-
lation 100,000) were included as a random effect in the
overall and state-specific models.
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Sample size

A pragmatic approach was taken, and all eligible
records were used. No formal sample size calculation
was done.

Statistical methods

Descriptive statistics were used to characterize the
cohort. For composite SVI and race, and separately for
each of the four component SVI themes, univariate and
multivariable logistic regression were used to test for
association with PICU admission and PICU mortality.
SVI and race were modelled together in the main analy-
ses. FIPS (i.e., local geographic area) was modelled as a
random effect. We performed separate regressions for
the entire cohort and individually by state to investi-
gate state-level variability. In the analysis by state some
models failed to converge with FIPS as a random effect
due to small numbers in some local geographic areas;
in those states, effect estimates are presented without
accounting for FIPS.

A pre-planned interaction tests were done to assess
whether there was any evidence of effect modification
of race by SVIL.

The amount of missing data on race and ethnicity
varied substantially by state, with South Dakota and
Connecticut recording no missing data on race or eth-
nicity and Iowa recording 50-5% patients with missing
ethnicity. Most states had < 10% missing data (supple-
mental Table 1 and supplemental Fig. 1)- There was no
missing data for patient age and sex, and 1.7% of the
cohort were missing data on ZIP Code. The percent-
age of records missing area level socioeconomic vari-
ables was 9-8% which again varied substantially by state
(supplemental Table 1). Because of conceptual limita-
tions introduced by imputing missing race or SVI with
incomplete information (e.g., without surnames), we
restricted our analyses to analyses where race or SVI
were not missing. Analyses were done using SAS ver-
sion 9.4 (2016) and R Core Team (2022).

Ethics approval and consent to participate

The Institutional Review Board of The Children’s
Hospital of Philadelphia reviewed this project and
declared that it met the criteria for non-human sub-
jects research, compliant with the terms outlined in a
data use agreement with the Centers for Medicare and
Medicaid Services for use of the data. Because patients
were not contacted or identified in the dataset, consent
to participate was waived by the Institutional Review
Board of The Children’s Hospital of Philadelphia.
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Results

Participants

The final cohort included 8,914,347 patients of twenty
years of age or less, of whom 425,330 were admitted to
PICU between 2007 and 2014 (Table 1). Data from 23
states were included. New York contributed the larg-
est number of patients (n=1,675,492) and Vermont the
least (n=24,359).

Description of the cohort

Most children in the cohort were less than 1 year of age
(57-3% n=>5,106,440), with the median age of the PICU
cohort (5 years [IQR 1-15 years]) being older than the
non-PICU cohort (median O years [IQR 0-13 years]).
The prevalence of chronic complex condition was sig-
nificantly higher in the PICU cohort (69-1%) compared
to children not admitted to the PICU (15-9%). Mortality
in the PICU cohort was 2-2% compared to 0-1% in the
remainder of the cohort (Table 1). In the entire cohort,
23.0% had race recorded as Black and 42-8% as White,
11-9% of the cohort were missing data on race and/or
ethnicity, with substantial variation between states (sup-
plemental Fig. 1).

Page 4 of 11

When restricted to PICU admissions, non-survivors
were significantly more likely than survivors to be less
than 1 year of age (30-5% vs 22-1% respectively) and to
have a chronic complex condition (92-4% vs 68-6%)
(Table 2). Among PICU survivors, 26-8% were of Black
race, while 43-4% were White. Among the children who
died, 27-2% were of Black race and 41-8% were White.

There was a clear association between SVI and race:
across all states, a higher proportion of Black children
resided in the most vulnerable SVI quartile compared to
White (Fig. 1).

Outcomes according to composite SVI

When investigating the association between PICU admis-
sion and composite SVI, in univariable analysis there
were reduced odds of PICU admission for children liv-
ing in more deprived quartiles, this was not significant in
multivariable analysis (Table 3). Children residing in the
most vulnerable quartile had increased PICU mortality
(aOR1-12, 95%CI 1-04-1-20; p=0-002) (Table 4). In the
analysis looking at the association of the most vulnerable
composite SVI quartile and PICU admission and mortal-
ity across states, there was some variability, although not

Table 1 Baseline characteristics of entire cohort by PICU admission status (n=9,439,919)

Not admitted to PICU Admitted to PICU P-value
8,489,017 425,330
n (%) n (%)
Age (years) <1 year 5,011,529 (59.04%) 94,931 (22.32%) <0.0001
1-5 804,781 (9.48%) 122,935 (28.9%)
6-12 543,735 (641%) 64,780 (15.23%)
13-16 532,461 (6.27%) 53,054 (12.47%)
17-20 1,596,511 (18.81%) 89,630 (21.07%)
Presence of chronic complex condition 1,350,678 (15.91%) 293,791 (69.07%) <0.0001
Died in hospital 10,680 (0.13%) 9,189 (2.16%) <0.0001
Foster child 137,136 (1.62%) 14,012 (3.29%) <0.0001
Male sex 3,735,086 (44%) 225,299 (52.97%) <0.0001
Black 1,938,628 (22.84%) 114,044 (26.81%)
White 3,628,472 (42.74%) 184,277 (43.33%)
All other race 1,919,397 (22.6%) 72,418 (17.0%)
Missing 1,002,520 (11.81%) 54,591 (12.83%)
Year 2007 1,033,412 (12.17%) 43,244 (10.17%) <0.0001
2008 1,030,862 (12.14%) 45,099 (10.6%)
2009 1,094,879 (12.9%) 53,508 (12.58%)
2010 1,023,096 (12.05%) 52,890 (12.44%)
201 1,107,725 (13.05%) 57,768 (13.58%)
2012 1,107,683 (13.05%) 59,039 (13.88%)
2013 1,084,014 (12.77%) 57,539 (13.53%)
2014 1,007,346 (11.87%) 56,243 (13.22%)
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Table 2 Baseline characteristics of PICU cohort by mortality (n=425,330)
Did not die Died P-value
416,141 9,189
n (%) n (%)
Age (years) <1 year 92,131 (22.14%) 2,800 (30.47%) <0.0001
1-5 120,572 (28.97%) 2,363 (25.72%)
6-12 63,638 (15.29%) 1,142 (12.43%)
13-16 51,976 (12.49%) 1,078 (11.73%)
17-20 87,824 (21.1%) 1,806 (19.65%)
Presence of chronic complex condition 285,304 (68.56%) 8,487 (92.36%) <0.0001
Foster child 13,750 (3.3%) 262 (2.85%) 0.0161
Male sex 220,056 (52.88%) 5,243 (57.06%) <0.0001
Black 111,548 (26.81%) 2,496 (27.16%)
White 180,441 (43.36%) 3,836 (41.75%)
All other race 70,894 (17.0%) 1,524 (16.6%)
Missing 53,258 (12.8%) 1,333 (14.51%)

as pronounced as for race (supplemental Fig. 2) for PICU
admission.

Outcomes according to individual SVI themes

In the analysis exploring the association between indi-
vidual SVI themes, PICU admission, and risk of mortality
(supplementary Table 2), four key themes were exam-
ined: socioeconomic (theme 1), household composition/
disability (theme 2), minority status/language (theme 3),
and housing type/transportation (theme 4). Divergent
results between themes were found for both outcome
measures.

For Theme 1 (socioeconomic)multivariable analysis,
patients showed increasing odds of PICU admission with
higher degrees of vulnerability. When testing the asso-
ciation between social vulnerability and mortality among
children admitted to PICU there were non-significant
trends towards increased mortality in the more vulner-
able quartile compared to the least for socioeconomic
vulnerability.

In Theme 2 (household composition/disability), analy-
ses indicated a trend towards lower odds of PICU admis-
sion in the more vulnerable quartile. The most vulnerable
quartile exhibited a 5% decrease in the odds of admission
compared to the least vulnerable quartile (aOR 0-95; 95%
confidence interval [CI] 0-94—0-97, p <0-0001). There was
a non-significant trend towards increased mortality in
more vulnerable quartiles.

In the analysis for Theme 3 (minority status/language),
the most deprived quartile showed a 2% reduction in the
odds of PICU admission compared to the least deprived
quartile (aOR 0-98; 95% CI 0-96-1-00, p=0-0179).
No significant trend was observed in the analysis for

Theme 4 (housing type/transportation). Significantly
increased mortality was seen in children residing in the
most vulnerable quartile for housing type/transporta-
tion compared to the least (aOR 1-09; 95%CI 1-00-1-19
p=0-0421).

Outcomes according to race

In the fully adjusted multivariable models for all states
(with SVI included in the model), Black race was asso-
ciated with higher odds of PICU admission (aOR 1-04;
95% CI 1-03-1-05; p<0-0001) (Fig. 2, Table 3). Black
race was associated with 1-08 increased odds of mortal-
ity once admitted to PICU, compared to White (95% CI
1-01-1-15; p=0-0176) (Fig. 3, Table 4). When looking at
racial disparities in admission and mortality by state, sig-
nificant variance was seen (Figs. 2 and 3). The state with
the highest odds of mortality for Black children, relative
to White children, had nearly double the mortality odds
(aOR 1-75; 95% CI 1-:04—2-97 p=0-04). There was no evi-
dence of interaction between race and deprivation for the
outcome of PICU mortality (p=0.898). For the outcome
of PICU admission the test is significant for the inclusion
of an interaction (p <0.0001. Results are presented strati-
fied in the supplemental material (supplemental Table 3).

Discussion

In our large nationally representative study using data
from 2007-2014, we found disparities by race and by SVI
for PICU admissions and mortality rates in children cov-
ered by Medicaid. Black children had higher odds of both
PICU admission and increased risk of mortality once
admitted to PICU, even when conditioned on Medicaid
and controlling for SVI. Relative odds of PICU admission



Mitchell et al. BMC Pediatrics (2024) 24:565 Page 6 of 11

Theme 1: Socioeconomic

Theme 2: Household Composition/Disability

AR —
A —

CT - ———

GA

H‘L
'Nh

LA
R
N - ——
- —————
MS
NY
| ey
OK - —
OR - ——
SD —
ey
U - —
VA

"&

i

Race

- Black
. White

State
State

State

VU —

va—

0 10 20 30 40
Percentage

Theme 3: Minority Status/Language

0 10 20 30 40
Percentage
Fig. 1 Proportion of Black and White Children in the Most Deprived Social Vulnerability Quartile by State

vve\

WY —

10 20 30 40
Percentage

[

Theme 4: Housing Type/Transportation

 ——
A7 —

CT - ——
GA

H'L
'Nh

LA
M ————
N - —
- —

I

State
=

cH4 w000
JZ03XI <O

= s
i

WA
wY—-

10 20 30 40
Percentage

o]



Mitchell et al. BMC Pediatrics (2024) 24:565

Page 7 of 11

Table 3 Univariable and multivariable association of composite social vulnerability index and race with PICU admission (quartile 1
indicates least vulnerable with quartile 4 being the most vulnerable)

Univariable Multivariable*

Quartile OR 95% Cl P-value OR 95% Cl P-value
Composite SVI 1 ref ref

2 0.981 0.971 0.991 0.0002 1.01 1.00 1.02 0.2616

3 0.975 0.964 0.985 <0.0001 0.99 0.98 1.00 0.1604

4 0.982 0.971 0.993 0.0011 0.99 0.98 1.00 0.1222
Race White ref

Black 1.11 1.1 1.12 <0.0001 1.04 1.03 1.05 <0.0001

All other race 091 0.9 0.92 <0.0001 097 0.96 0.98 <0.0001

Missing 1.18 117 1.2 <0.0001 1.02 1.01 1.03 0.0035

*adjusted for other variables in the table, reason for being on Medicaid (CASH, expansion waver, poverty, other), sex, age, and presence of chronic complex condition

Table 4 Univariable and multivariable association of social vulnerability index with PICU mortality (quartile 1 indicates least vulnerable

with quartile 4 being the most vulnerable)

Univariable Multivariable*
OR 95% Cl P-value OR 95% Cl P-value
Composite SVI 1 ref ref
2 1.01 0.94 1.08 0.8092 1.04 097 .11 0.3126
3 1.01 0.95 1.08 0.7072 1.03 0.97 (RA 0.3381
4 1.09 1.02 117 0.0122 1.12 1.04 1.20 0.0021
Race White ref ref
Black 1.05 0.99 1.11 0.1135 1.08 1.01 1.15 0.0176
All other race 1.03 0.96 1.1 0436 1.02 0.95 1.1 0.6056
Missing 1.17 1.09 1.25 <0.0001 097 0.90 1.05 04418

*adjusted for other variables in the table, reason for being on Medicaid (CASH, expansion waver, poverty, other), sex, age, and presence of chronic complex condition

and mortality in Black children varied according to the
state in which they were admitted, with some states
showing over 50% increased odds of mortality in Black
children. Race was significantly associated with neigh-
borhood SVI, with Black children more likely to reside in
more vulnerable ZIP Codes. There was increased mortal-
ity observed in PICU in children living in the most vul-
nerable areas after accounting for race, with higher odds
of mortality in children residing in the most vulnerable
quartile of housing type/transportation (Theme 4) when
analyzing SVI components.

We found limited evidence of an association between
PICU admissions and worsening SVI in our multistate
analysis, with slightly increased odds of PICU admission
in children in the most vulnerable quartile for socioeco-
nomics (Theme 1) and lower odds of PICU admission
in the most vulnerable quartile for household composi-
tion/disability (Theme 2) and minority status/language
(Theme 3). One prior study investigating the area sur-
rounding a single major children’s hospital found that

census tracts with the highest rates of childhood poverty
had the highest rates of PICU admissions and most PICU
bed-day rates [16]. Additionally, worse socioeconomic
status has been associated with higher rates of asthma
and injury [14, 15], which are two of the most common
reasons for admission to the PICU [20, 21]. Deeper anal-
yses into whether specific medical diagnoses or ability to
access care despite insurance (e.g., household composi-
tion, vehicle ownership) drive associations with PICU
admission (either higher or lower odds) are warranted.
Specifically, an assessment as to whether household com-
position/disability and minority status/language repre-
sent barriers to recognition of illness severity, and thus
lower odds of PICU admission, are indicated.

Our study confirms strong overall and regional trends
in racial disparities in outcomes of hospitalized children
across the US, with worse outcomes for Black children
[3, 4]. The persistence of racial disparities in this cohort,
despite restricting to a Medicaid cohort and adjusting
for area-level SVI, suggests that racism, either systemic,
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States OR**
South Dakota (n=73,577) 0.98
Michigan® (n=590,931) 1.03
Ohio* (n=510,357) 1.04
Minnesota (n=258,288) 1.06
lowa (n=224,997) 1.07

Missouri* (n=521,345) 1
Indiana® (n=442,549) 1
Connecticut* (n=234,591) 0
Vermont (n=24,359) 0
New York (n=1,675,492) 1
Arkansas (n=301,096) 0
Mississippi (n=278,064) 0
Tennessee (n=358,600) 1
Louisiana (n=432,155) 1
Georgia® (n=844,396 1:
Oklahoma® (n=436,806) 1
Virginia* (n=291,140) 1
Washington® (n=284,681) 0
Wyoming*™™ (n=45,719) 0
Oregon (n=239,889 0
Arizona® (n=611,776) 1
Utah (n=178,486) 1
Hawali (n=55,053) 1
Summary: whole cohort* 1
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*** Model did not converge - effect estimate presented not including FIPS as random effect)
Fig. 2 Multivariable odds of PICU admission in Black children with White children as reference by state (n=number of hospital admissions for state)

(entire cohort n=9,439,919)

institutional, or personal, is a strong residual mechanism
behind the disparities found. Importantly, the interre-
latedness of race, socioeconomic deprivation, health-
care access, and related factors makes it challenging to
determine which variables are driving worse outcomes in
Black children. The state-level disparities suggest possible
effects of state-level variation in Medicaid implementa-
tion or in patient case-mix, suggesting that higher PICU
admissions and higher mortality for Black children may
be modifiable by state-level policies. Our study time-
period ends at the time of the 2014 Affordable Care Act
(ACA) Medicaid expansion, and future studies assess-
ing longitudinal rates of PICU admission and mortality
in Black children in states with and without Medicaid
expansion are necessary. Medicaid expansion has been
associated with some improved insurance coverage in
pediatric oncology in expansion states [28]. Overall, the
interaction between states’ economic metrics, racial
demographics and Medicaid policy remains understud-
ied in pediatrics.

It is notable that while some signal towards worse
outcome is apparent in children from more socially vul-
nerable areas, this is not particularly pronounced. There
are several plausible explanations for this. Patient-level
socioeconomic position and community SVI, while cor-
related, are not precise analogues [29]. Area-level SVI
may not be a true marker of individual socioeconomic
position, risking ecological bias. This dataset is also
conditioned on patients who are on Medicaid and so is
selecting a more homogenous group, and residual soci-
oeconomic differences may not be as apparent within
this dataset. Many children’s hospitals are located in
high poverty areas with high needs [30], and it is pos-
sible that this might mitigate some of the pejorative
effects of socioeconomic disparities due to improved
access to care, thereby explaining the limited evidence
for disparities found by area-level SVI. Finally, model-
ling SVI and race together risks over-adjusting, and
thus potentially biasing the causal association between
SVI (and race) and outcomes.
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Georgia 1.02 —a— = South
Oklahoma™* 1.10 ——
Louisiana*** 1.1 —a—
Arkansas” 1.73 ——
Utah*** 0.62 -
Arizona 0.75 ——
Washington™** 1.18 — West
Oregon 1.41 -
Wyoming*™* 1.81 —
Summary: whole cohort* 1.08 - .‘ |
*significant p value 026 035 080 071 1.0 25

**adjusted for composite SVI, reason for being on Medicaid (CASH, expansion waver, poverty, other), sex, age,
and presence of chronic complex condition.

***Model did not converge - effect estimates presented not including FIPS as random effect)

*%%%* No estimates for Hawaii and Vermont due to small sample size

Fig. 3 Multivariable odds of PICU mortality in Black children with White children as reference by state (PICU cohort n=476,886)

Our study had some important limitations. As routine
data there may be coding errors and misclassification of
race/ethnicity, socioeconomic position or outcome. We
identified our pediatric intensive care cohort using CPT
billing codes and it is possible that these may not accu-
rately capture the PICU population; however, we can see
clear differences in this cohort, such as higher mortality
and greater number of complex chronic condition, mak-
ing it plausible that this cohort reflects a typical PICU
cohort. We also were not able to identify patients with
multiple readmissions, risking inappropriate precision of
our effect estimates. As an administrative dataset, there
was a substantial amount of missing data, and inconsist-
ency with coding Hispanic/Latino patients meant we
could not reliably capture patients with Hispanic/Latino
ethnicity. Not analyzing Hispanic/Latino children sepa-
rately limits our understanding of the unique healthcare
challenges and disparities faced by this demographic
group. Hispanic/Latino children represent a significant
and growing portion of the pediatric population in the
United States, and prior research has shown that they

often face unique barriers to healthcare access, such as
language barriers, and potential immigration-related
fears, which can all contribute to disparities in health out-
comes [31]. By grouping Hispanic/Latino children with
other races/ethnicities, we may not capture the specific
factors influencing their PICU admissions and outcomes,
potentially overlooking critical areas for intervention and
policy improvement.

Studies have shown that patients who are missing data
on race/ethnicity differ systematically from those who
do, such as being more likely to be low income [32]. It is
unclear what resources are dedicated to collecting and
cleaning this data, with some data being gathered by self-
report and other data being assigned with varying accu-
racy [33]. To account for this missing data, we included
patients missing data as a category in our analysis and
present results for this group. We are also only able to
capture PICU mortality, and as such our study potentially
underestimates mortality, although is likely a reason-
able estimate of hospital mortality. Pre-hospital mecha-
nisms contributing to childhood mortality, such as from
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accidents or injuries, could not be assessed, including if
subjects died in an emergency department and were not
hospitalized.

The limitations of our study are partly offset by some
important strengths. We use a large dataset including
over 4 million patients over 7 years. The dataset allowed
us to look at ZIP Code-level socioeconomic indica-
tors using a multi-themed metric. Although this data
is 10 years old it is the most complete set of multi-state
Medicaid data available, making it potentially more gen-
eralizable. This study provides a landscape of the state
disparities in PICU prior to expansion of Medicaid, and
will provide a baseline for future studies to assess for
improvements. Additionally, the dataset includes diag-
nostic codes allowing us to identify and adjust for chil-
dren with chronic complex conditions, which is an
important confounder. [28] A range of states are repre-
sented geographically making our study more repre-
sentative than many single-center and regional databases.
Medicaid covered approximately 26.8% of children in
the US in 2008, increasing to 37.7% in 2014, providing
robust demographic information on individuals with low
socioeconomic status at the national level, allowing us
to account for the geographic heterogeneity in the USA
with respect to racial disparities and outcome [34].

Conclusion

Children covered by Medicaid of Black race were at
increased risk of PICU admission and mortality, with
substantial state-level variation, emphasizing geo-
graphic variability as a major driver of systemic racism
in Pediatrics. Race was associated with neighborhood
socioeconomic vulnerability, and children in areas
with higher levels of vulnerability had higher mortal-
ity. Further work is needed to develop targeted policy
and healthcare interventions to reduce racial and socio-
economic disparities. Future research should focus on
evaluating the effectiveness of any interventions and
exploring strategies to ensure equitable healthcare
access. A decade of Medicaid access in some of these
states will provide a natural experiment for assessing
whether disparities were impacted. Accurate docu-
mentation of a child’s race/ethnicity in administrative
records is essential to understand if healthcare dispari-
ties occur. The Transformed Medicaid Statistical Infor-
mation System (T-MSIS) the current largest national
database of children’s Medicaid race/ethnicity data
collection quality is low of for the majority of states.
T-MSIS could improve its data collection on racial dis-
parities by standardizing race and ethnicity categories
and formatting, and supporting complete and accurate
data collection across states to understand the racial
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disparities experienced by Black children. Our study
findings underscore the complex interplay between
race, social vulnerability and outcomes, emphasizing
the need for comprehensive assessment and tailored
interventions to address disparities in PICU utilization
and outcomes.
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