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Abstract
Objective To describe variation in mortality and morbidity effects of high-level, high-volume delivery hospital between
racial/ethnic groups and insurance groups.
Study Design Retrospective cohort including infants born at 24–32 weeks gestation or birth weights ≤2500 g in California,
Missouri, and Pennsylvania between 1995 and 2009 (n= 636,764). Multivariable logistic random-effects models determined
differential effects of birth hospital level/volume on mortality and morbidity through an interaction term between delivery
hospital level/volume and either maternal race or insurance status.
Result Compared to non-Hispanic white neonates, odds of complications of prematurity were 14–25% lower for minority
infants in all gestational age and birth weight cohorts delivering at high-level, high-volume centers (odds ratio (ORs)
0.75–0.86, p < 0.001–0.005). Effect size was greatest for Hispanic infants. No difference was noted by insurance status.
Conclusions Neonates of minority racial/ethnic status derive greater morbidity benefits than non-Hispanic white neonates
from delivery at hospitals with high-level, high-volume neonatal intensive care units.

Introduction

In the United States, approximately 2–3% of infants
born annually are <34 weeks gestation and 1–2% weigh
<1500 g [1]. These premature and very low birth weight
(VLBW) infants experience significant complications
of prematurity, resulting in extended hospital stays and
life-long medical challenges. VLBW infants represent
54.8% of deaths in the first year after birth and, in 2005,
cost the health care system US$26.2 billion between
neonatal intensive care unit (NICU) care expenses,
delivery costs, early intervention services, and loss of
household productivity [2, 3].

Since the 1960s, efforts have been made to consolidate
neonatal intensive care services to improve quality and
access to care, also known as “regionalization of perinatal
care.” [4] Numerous studies demonstrating significantly
improved survival for premature and low birth weight
infants born at hospitals with high-level and high-volume
intensive care nurseries underscore the regionalization
movement [5–8]. Further, associations have been demon-
strated between delivery hospital NICU level, delivery
hospital volume, and complications of preterm birth. These
relationships vary by state and by the improvement in
mortality associated with delivery at a high-level, high-
volume hospital, which may reflect the fact that improved
survival allows infants who otherwise would die to survive
and develop complications [9].

While considerable evidence supports the mortality
benefits of delivering VLBW and preterm infants at hos-
pitals with high-level NICUs, limited data exist on the
differential impact of delivery hospital level on individuals
of varying races and socioeconomic statuses. Prematurity
rates for minority and publicly insured infants are
consistently higher than those for non-Hispanic white and
privately insured neonates [1, 10, 11]. Additionally,
differential delivery hospital quality explains up to 40% of
racial disparities in outcomes for these premature infants,
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and black infants are cared for at lower quality hospitals
than their non-Hispanic white, Asian, or Hispanic counter-
parts [12–14]. However, no study has examined the effect
of delivery hospital level on patients of different racial or
socioeconomic status. Given these prior findings, our study
aims to identify those racial and socioeconomic groups who
benefit most from high-level neonatal intensive care ser-
vices and who should be targeted for delivery at hospitals
with high-level NICU facilities.

Methods

Study design

Data population

A retrospective cohort was constructed from birth and death
certificates linked to hospital records of all infants born at
gestational ages of 24–32 weeks or birth weights <2500 g in
California, Missouri, and Pennsylvania between 1995 and
2009. Infants were excluded for gestational age <24 weeks
(11,005 infants) or birth weight <500 g (3,332 infants) given
inconsistent resuscitation and treatment standards applied in
these cohorts. Infants were also excluded for the presence
of congenital anomalies (41,565 infants, Supplemental
Material A); for birth weight >5 SDs from the mean birth
weight for gestational age (391 infants)—because of concern
that either birth weight or gestational age may have
been incorrectly entered into the birth certificate; and
for missing gestational age, birth weight, birth hospital,
birth year, race, payment status, or death status (80,402
infants) [9]. From a total of 773,450 births at 24–32 weeks
or birth weights ≤2500 g, our final cohort included 636,764
neonates. This study was approved by the IRBs of California,
Missouri, Pennsylvania, and The Children’s Hospital of
Philadelphia.

NICU level definitions

According to American Academy of Pediatrics guidelines,
level 1 NICUs offer only well newborn care and post-
delivery stabilization of sicker infants. Level 2 NICUs have
the ability to care for neonates at or beyond 32 weeks
gestation and may provide mechanical ventilation for <24 h.
Level 3 NICUs provide care for very ill and premature
infants, whereas level 4 NICUs offer pediatric cardiothor-
acic surgery and cardiopulmonary bypass services [15]. For
each hospital and year, neonatal intensive care unit levels
were hand-verified based on American Academy of Pedia-
trics guidelines and characteristics of the patients delivering
at each hospital during the given year. As in prior work,
specific characteristics that determined the assigned level

included the number of extremely low birth weight (ELBW)
and VLBW infants cared for annually, the frequency of
mechanical ventilation, number of infants mechanically
ventilated for longer than 96 h, the presence of patients
receiving extracorporeal membrane oxygenation and car-
diac surgery services, and each hospital’s self-identified
NICU level [5, 9].

A high-level, high-volume hospital was defined as a
facility with a level 3 or level 4 NICU that cares for more
than 50 VLBW neonates annually based on prior work
[5, 9]. As in prior work, infants were assigned to their initial
birth hospital to account for the effects of resuscitation and
initial delivery room management on both short-term and
long-term outcomes of care [5, 9].

Study outcome definitions

The primary outcomes for our analysis were pre-discharge
mortality and composite morbidity. Pre-discharge mortality
did not include deaths after transfer out of the birth hospital.
In keeping with prior studies, pre-discharge mortality
included fetal deaths given the possibility for variable
interpartum management to convert some fetal deaths to
neonatal deaths [5, 9]. Composite morbidity included
infants with any of necrotizing enterocolitis, retinopathy of
prematurity, bronchopulmonary dysplasia, and grades 3 and
4 intraventricular hemorrhage, which were identified using
ICD-9-CM codes (Supplemental Material B). These specific
complications of prematurity were selected as they are
among the most common morbidities, are consistently
represented in similar studies, and are strong predictors of
future death and neurocognitive delay [5, 9, 16, 17].

Covariate variable definitions

Maternal chronic medical conditions, pregnancy complica-
tions, gestational age, and birth weight were included as
covariate variables given their known associations with
study outcomes (Supplemental Material C) [5, 9, 18–25].
Maternal race and insurance status were analyzed through
interaction terms with birth hospital NICU level.
Maternal race was categorized as either non-Hispanic white
or minority racial/ethnic group in the primary analysis and
subsequently subdivided by racial and ethnic group. Racial
and ethnic subgroups included non-Hispanic white, non-
Hispanic Black, Hispanic, Asian/Pacific Islander, and
Other. Insurance status was categorized as either privately
insured or publicly insured/uninsured and was used as a
proxy for patient income. Private insurance included health
maintenance organizations and fee-for-service plans, while
public insurance included federal plans and Medicaid plans.
Uninsured individuals were those whose insurance status
was coded as self-pay or none.
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Data analysis

We used χ2 tests or t tests to determine univariate associa-
tions between factors. Multivariable logistic random-effects
models determined the differential effect of high-level,
high-volume birth hospital on mortality and complications
of prematurity through an interaction term between delivery
hospital level and maternal race or insurance status after
adjusting for the covariates described above and listed in
Supplemental Material C. Models adjusted for clustering at
the hospital level by the calculation of standard errors using
the methods of Huber and White.

Code availability

Stata 15.1 code for this analysis is available in Supplemental
Material G or by contacting the authors.

Results

Population Demographics

Sixty nine percent of non-Hispanic white neonates delivered
at high-level, high-volume hospitals vs. 76% of minority
neonates (p < 0.001). Seventy percent of publicly insured and
uninsured neonates delivered at high-level, high-volume
centers vs. 75% of privately insured neonates (p < 0.001)
(Table 1). Minority neonates were disproportionately publicly
insured or uninsured. While 50% of infants overall were
publicly insured or uninsured, 61% of minority neonates
were publicly insured or uninsured (p < 0.001). Sixty seven
percent of non-Hispanic black neonates and 69% of Hispanic
neonates were publicly insured or uninsured, while 35% of
non-Hispanic white, 29% of Asian, and 41% of other race
neonates were publicly insured or uninsured (p < 0.001)
(Supplemental Material D).

Population outcomes

Our cohort had an overall pre-discharge mortality rate of
1.29% with mortality rates in the gestational age and birth
weight subgroups ranging from 1.37% in the LBW cohort
to 18.80% in the ELBW cohort (Supplemental Material E).
There was a 26–38% reduction in odds of mortality for all
neonates born at high-level, high-volume centers across
gestational age and birth weight categories (p < 0.001)
(Supplemental Material F). Meanwhile, the overall rate of
composite morbidity was 5.23% with subgroup morbid-
ities ranging from 5.55% in the LBW cohort to 54.41% in
the ELBW cohort (Supplemental Material E). There was a
42–64% increase in odds of composite morbidity for
infants born at high-level, high-volume centers across

gestational age and birth weight cohorts (p < 0.001)
(Supplemental Material F). There were increased odds of
necrotizing enterocolitis, retinopathy of prematurity, and
bronchopulmonary dysplasia for infants born at high-level,
high-volume hospitals, but decreased odds of high grade
intraventricular hemorrhage (Supplemental Material F).

Interaction between maternal race and hospital
level

Minority neonates demonstrated less of an increase in odds
of morbidity when delivered at high-level, high-volume
centers compared to non-Hispanic white neonates deliver-
ing at high-level, high-volume centers. This reduction in
odds of morbidity ranged between 14 and 25% and spanned
all gestational age and birth weight cohorts (Fig. 1). There
was no such statistically significant difference noted for pre-
discharge mortality (Fig. 1).

When further subdivided by racial/ethnic group, Hispanic
infants were notable for a composite morbidity reduction of
19–30% (odds ratio (OR) 0.70–0.81, p < 0.001–0.003) com-
pared to non-Hispanic white neonates when delivering at
high-level, high-volume centers (Fig. 2). There was no sta-
tistically significant difference in delivery hospital effect on
composite morbidity for infants of black, Asian, or other races
compared to non-Hispanic white infants. However, all of

Table 1 Population demographics

Birth hospital NICU level P value

High-level, high-volume Low-level, low-volume;
low-level, high-volume;
high-level, low-volume

Gestational age

24–32 weeks 135,759 (82%) 30,230 (18%) <0.001

24–28 weeks 38,839 (84%) 7448 (16%) <0.001

Birth weight

LBW (≤2500 g) 438,194 (73%) 159,402 (27%) <0.001

VLBW (≤1500 g) 71,698 (88%) 9815 (12%) <0.001

ELBW (≤1000 g) 26,103 (89%) 3202 (11%) <0.001

Maternal payment type <0.001

Private 240,443 (75%) 79,075 (25%)

Public and uninsured 223,599 (70%) 93,647 (30%)

Maternal race <0.001

Non-Hispanic white 187,681 (69%) 83,068 (31%)

Non-Hispanic black 72,845 (81%) 17,309 (19%)

Hispanic 147,686 (73%) 54,454 (27%)

Asian/Pacific Islander 48,944 (76%) 15,687 (24%)

Other 6886 (76%) 2204 (24%)

Maternal pregnancy complications <0.001

Yes 334,989 (77%) 98,866 (23%)

No 129,053 (64%) 73,856 (36%)

Maternal preexisting conditions <0.001

Yes 24,710 (82%) 5257 (18%)

No 439,332 (72%) 167,465 (28%)

NICU neonatal intensive care unit, LBW very low birth weight, VLBW
very low birth weight, ELBW extremely low birth weight,
CI confidence interval
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these groups demonstrated trends toward a reduction in
odds of composite morbidity compared to non-Hispanic white
neonates.

Meanwhile, subgroup analysis by complication of pre-
maturity highlights the differential benefit for minority
neonates born at high-level, high-volume centers is driven
by reductions in odds of necrotizing enterocolitis, retino-
pathy of prematurity, and bronchopulmonary dysplasia
(Table 2). The same differential benefit was not demon-
strated for grade 3 and 4 intraventricular hemorrhage.

Interaction between maternal payment status and
hospital level

There was no statistically significant interaction between
insurance status and birth hospital NICU level/volume in
predicting neonatal mortality or morbidity (Fig. 3).

Discussion

Past research has consistently demonstrated improved
mortality outcomes for premature and low birth weight
neonates born at high-level, high-volume centers [5–8]. Our
study reaffirms this finding. Consistent with past studies,
our analysis also highlights increased odds of developing
common complications of prematurity among infants born
at high-level, high-volume centers, likely resulting from this
improvement in survival [9]. Compared to non-Hispanic
white neonates, infants of minority race delivered at high-
level, high-volume hospitals had a 14–25% lower rate of
common complications of preterm birth, such as necrotizing
enterocolitis, retinopathy of prematurity, and broncho-
pulmonary dysplasia, across all gestational age and birth
weight cohorts. Among racial and ethnic subgroups, this
effect was statistically significant for Hispanic infants. In
contrast to these findings, we found no differential effect by
delivery hospital for infants of mothers with different
insurance coverage.

The three outcomes that drove the improved morbidity
effect for delivery at a high-level, high-volume center for
minority racial/ethnic groups—necrotizing enterocolitis,
retinopathy of prematurity, and bronchopulmonary dys-
plasia—are identified later in an infant’s hospital course
after preterm birth and may be more heavily influenced
by ongoing medical interventions [26–31]. In contrast,
intraventricular hemorrhage is an acute event that
often occurs very early in neonatal life and can be more
heavily influenced by interpartum factors—such as
antenatal glucocorticoid administration, delivery room
intubation, and use of vasoactive medications—than by
long-term NICU management [32–34]. These dynamics
could explain why hospital volume and experience in

Fig. 1 a Mortality effect of high-level, high-volume delivery hospital
on minority versus non-hispanic white neonates. b Morbidity effect of

high-level, high-volume delivery hospital on minority vs. non-
Hispanic white neonates

Fig. 2 Morbidity effect of high-level, high-volume delivery hospital
for individual racial/ethnic groups vs. non-hispanic white neonates
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caring for low birth weight and preterm infants may
protect against acute outcomes like severe intraventricular
hemorrhage while also increasing survival of very

premature or ill infants who go on to develop more
chronic complications [9]. It also may reflect ongoing
lower quality care for minority patients at lower-volume,

Fig. 3 a Mortality effect of high-level, high-volume delivery hospital
on publicly insured/uninsured vs. privately insured neonates. b

Mortality effect of high-level, high-volume delivery hospital on pub-
licly insured/uninsured vs. privately insured neonates

Table 2 High-level, high-
volume delivery hospital effect
on minority vs. non-hispanic
white neonates by complication
of prematurity

NEC ROP

Odds ratio P value 95% CI Odds ratio P value 95% CI

24–32 weeks 0.82 0.073 0.65–1.02 0.79* 0.001 0.68–0.91

24–28 weeks 0.71** 0.030 0.53–0.97 0.72* 0.001 0.59–0.87

LBW (≤2500 g) 0.80** 0.022 0.67–0.97 0.82* 0.003 0.71–0.94

VLBW (≤1500 g) 0.81 0.080 0.63–1.03 0.76* 0.001 0.66–0.89

ELBW (≤1000 g) 0.70** 0.038 0.51–0.98 0.67*** <0.001 0.54–0.83

BPD Grade 3/4 IVH

Odds ratio P value 95% CI Odds ratio P value 95% CI

24–32 weeks 0.88 0.084 0.76–1.02 1.05 0.74 0.80–1.36

24–28 weeks 0.87 0.13 0.73–1.04 1.07 0.66 0.80–1.43

LBW (≤2500 g) 0.89 0.097 0.77–1.02 1.01 0.95 0.78–1.29

VLBW (≤1500 g) 0.83** 0.015 0.71–0.96 1.01 0.97 0.77–1.31

ELBW (≤1000 g) 0.77* 0.008 0.63–0.93 1.08 0.60 0.79–1.50

Composite morbidity

Odds ratio P value 95% CI

24–32 weeks 0.85 0.005* 0.76–0.95

24–28 weeks 0.79 0.002* 0.68–0.91

LBW (≤2500 g) 0.86 0.004* 0.78–0.96

VLBW (≤1500 g) 0.81 <0.001*** 0.72–0.91

ELBW (≤1000 g) 0.75 0.001* 0.63–0.89

NEC necrotizing enterocolitis, ROP retinopathy of prematurity, BPD bronchopulmonary dysplasia, IVH
intraventricular hemorrhage, LBW low birth weight, VLBW very low birth weight, ELBW extremely low birth
weight, CI confidence interval

P value: *<0.01, **<0.05, ***<0.001
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lower-level hospitals compared to non-Hispanic white
patients [35, 36].

The observed reduction in complications of prematurity
for Hispanic neonates born at high-level, high-volume
hospitals is likely due to disparities in baseline birth hospital
quality between these infants and non-Hispanic white
infants. Howell et al.’s [12] study demonstrates that hospital
quality contributes 29.5% of Hispanic–white neonatal out-
come disparities and 39.9% of black–white neonatal out-
come disparities in New York City. Meanwhile, Horbar,
et al.’s [13, 14] analysis found significant segregation and
inequality in NICU care. Black infants were clustered at
NICUs with lower quality scores than non-Hispanic white
infants, while Hispanic and Asian infants were clustered at
NICUs with higher quality scores. This study also high-
lights significant geographic variation, with high NICU
quality in the Pacific region explaining much of the dif-
ferential in delivery hospital quality for Hispanic infants.
Given that a large portion of our study population is com-
prised of Hispanic infants from California, it is likely that
differential outcomes between high-quality, regionalized
California NICUs and the lower-volume and lower quality
NICUs at which Hispanic women deliver elsewhere
explains the morbidity benefit we found for Hispanic neo-
nates at high-level, high-volume NICUs. Future research
should analyze the interaction between race and NICU level
for different geographic areas to clarify whether regional
trends in NICU structure and quality explain racial differ-
ences in birth hospital effects.

The differential effect of high-level, high-volume deliv-
ery hospital demonstrated for racial and ethnic groups was
not seen for insurance groups, despite significant overlap
between minority racial or ethnic identity and lower
socioeconomic status. Hispanic neonates were more likely
to be publicly insured or uninsured and demonstrated a
morbidity benefit from high-level, high-volume delivery
hospital across all cohorts. Meanwhile, Asian infants were
among the least likely to be publicly insured, but demon-
strated a trend toward benefit from high-level, high-volume
delivery hospital that was similar to the trend noted for
Hispanic neonates. This suggests that the morbidity
effect may be truly associated with race/ethnicity rather
than a confounding payment status effect. The absence of
a significant interaction between payment status and
delivery hospital may reflect a smaller difference in baseline
delivery hospital quality between privately insured and
publicly insured neonates than the difference that has been
previously described between racial/ethnic groups [12–14].
Regional variation between states with different health care
payment structures could also minimize the overall payment
status effect size. Finally, it is also important to acknowl-
edge that our study was not powered to detect differences in
morbidity effect between insurance subgroups and our

insurance categorizations may therefore not ideally reflect
socioeconomic status. Further analyses should seek to
describe and explain this discrepancy between racial/ethnic
and payment status effects.

There are some limitations when assessing our data.
First, we did not specifically consider how social and eco-
nomic factors impact delivery hospital choice. In our cohort,
a higher percentage of minority and privately insured neo-
nates were born at hospitals with high-level, high-volume
NICUs. If the factors prompting these differences in birth
hospital choice also altered infants’ baseline risks for mor-
tality and morbidity, they could have confounded our
interaction terms. There are limited to no data on the
factors influencing choice of delivery hospitals for patients,
particularly those with public insurance or of minority
racial/ethnic status. These factors could also vary between
states with different health care funding and delivery
structures. Future studies should consider factors such as
hospital demographics and distance between residence and
birth hospital to account for factors underlying birth hospital
choice [9].

Further, we relied on self-identified racial and ethnic
categories in our data analysis. There is widespread uncer-
tainty about the utility of racial and ethnic grouping
in predicting outcomes for individual patients given het-
erogeneity within groups and variable self-identification
[37–40]. The categories in our dataset also preclude
potentially important distinctions by subgroup, such as
Middle Eastern and North African individuals or Hispanic
individuals of variable geographic origin. Finally, we relied
on International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) codes to identify neo-
natal complications. Variability in birth hospital coding
methods could therefore have affected accuracy in enu-
merating our outcome measures, although this has not been
demonstrated in other work.

Ultimately, our results suggest that minority premature
infants—Hispanic infants in particular—show a reduction
in the odds of common morbidities of preterm birth com-
pared to non-Hispanic white neonates when they deliver at
hospitals with high-level and high-volume neonatal inten-
sive care units. Neonatal intensive care unit regionalization
efforts should continue and special efforts should be made
to ensure that minority women can access these high-level
services. To reduce disparities between hospitals serving
primarily minority versus primarily non-Hispanic white
patients, efforts should be made to equalize the quality of
standard obstetric and neonatal services.
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