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Abstract

IMPORTANCE—Racial and ethnic minorities receive lower-quality health care than white non-
Hispanic individuals in the United States. Where minority infants receive care and the role that
may play in the quality of care received is unclear.

OBJECTIVE—To determine the extent of segregation and inequality of care of very low-birth-
weight and very preterm infants across neonatal intensive care units (NICUs) in the United States.

DESIGN, SETTING, AND PARTICIPANTS—This cohort study of 743 NICUs in the Vermont
Oxford Network included 117 982 black, Hispanic, Asian, and white infants born at 401 g to 1500
g or 22 to 29 weeks’ gestation from January 2014 to December 2016. Analysis began January
2018.
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MAIN OUTCOMES AND MEASURES—The NICU segregation index and NICU inequality
index were calculated at the hospital level as the Gini coefficients associated with the Lorenz
curves for black, Hispanic, and Asian infants compared with white infants, with NICUs ranked by
proportion of white infants for the NICU segregation index and by composite Baby-MONITOR
(Measure of Neonatal Intensive Care Outcomes Research) score for the NICU inequality index.

RESULTS—Infants (36 359 black [31%], 21 808 Hispanic [18%], 5920 Asian [5%], and 53 895
white [46%]) were segregated among the 743 NICUs by race and ethnicity (NICU segregation
index: black: 0.50 [95% ClI, 0.46-0.53], Hispanic: 0.58 [95% CI, 0.54-0.61], and Asian: 0.45
[95% CI, 0.40-0.50]). Compared with white infants, black infants were concentrated at NICUs
with lower-quality scores, and Hispanic and Asian infants were concentrated at NICUs with
higher-quality scores (NICU inequality index: black: 0.07 [95% CI, 0.02-0.13], Hispanic: —0.10
[95% CI, —0.17 to —0.04], and Asian: —0.26 [95% CI, —0.32 to —0.19]). There was marked
variation among the census regions in weighted mean NICU quality scores (range: —0.69 to 0.85).
Region of residence explained the observed inequality for Hispanic infants but not for black or
Asian infants.

CONCLUSIONS AND RELEVANCE—BIack, Hispanic, and Asian infants were segregated
across NICUEs, reflecting the racial segregation of minority populations in the United States. There
were large differences between geographic regions in NICU quality. After accounting for these
differences, compared with white infants, Asian infants received care at higher-quality NICUs and
black infants, at lower-quality NICUs. Explaining these patterns will require understanding the
effects of sociodemographic factors and public policies on hospital quality, access, and choice for
minority women and their infants.

Minority individuals in the United States live in lower-income neighborhoods,1~3 attend
lower-quality schools,** and receive medical care at lower-quality hospitals than their white
counterparts.5-11 These inequalities perpetuate the social and economic injustices of
structural racism1-12-15 and contribute to racial and ethnic disparities in health outcomes.
16-20 The relationship between segregation and the quality of care received by high-risk
infants has not been studied on a national scale, to our knowledge.

The goal of this study was to determine the extent of segregation and inequality in the care
of black, Hispanic, and Asian very low-birth-weight and very preterm infants compared with
white infants across neonatal intensive care units (NICUs) in the United States. Segregation
refers to the uneven distribution of racial or ethnic groups across NICUs. Inequality refers to
the concentration of racial or ethnic groups in lower-quality NICUs.

We defined 2 indices, the NICU segregation index and NICU inequality index, based on the
Gini coefficients associated with the corresponding Lorenz curves.22! These indices
quantify the extent of segregation and inequality for black, Hispanic, and Asian infants
compared with white infants. Because racial and ethnic minorities reside disproportionately
in certain regions of the United States, we also explored differences in NICU quality
between regions.
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Vermont Oxford Network is a voluntary worldwide community dedicated to improving the
quality, safety, and value of perinatal and neonatal care.22 Member NICUs in the United
States contributed standardized data on all infants aged 22 to 29 weeks’ gestation or with
401 g to 1500 g birth weight who were inborn or transferred to the hospital within 28 days
of birth.23 We included 134 871 infants born from January 2014 to December 2016.
Analysis began January 2018. We excluded Native American infants (n = 915), infants of
other races (n = 2499) or unknown race (n = 873), infants with serious congenital anomalies
(n = 6220), deaths in the delivery room or within 12 hours of birth (n = 5244), and those
transferred more than once (n = 1138), leaving 117 982 eligible infants at 743 hospitals. The
University of Vermont institutional review board determined that use of the Vermont Oxford
Network repository for this analysis was not human subjects research.

Race and Ethnicity

Definitions of race and ethnicity were derived from the 2010 United States Census.2425
Abstractors were instructed to obtain the information by personal interview with the mother,
review of the birth certificate, or review of the medical record, in that order.2> We combined
race and ethnicity to yield non-Hispanic white, non-Hispanic black, Hispanic (any race), and
non-Hispanic Asian categories, which we refer to as white, black, Hispanic, and Asian,
respectively.

Baby-MONITOR Scores

Baby-MONITOR (Measure of Neonatal Intensive Care Outcomes Research) is a hospital-
level composite score of NICU quality based on 9 infant-level measures: antenatal steroid
exposure; hypothermia on admission; non-surgically induced pneumothorax; health care-
associated bacterial or fungal infection; chronic lung disease; timely retinal examination;
discharge on human breast milk; mortality during the birth hospitalization; and growth
velocity.28 The measures were designed to attribute events appropriately for infants who
were transferred to a NICU from another hospital after birth. The measures were
individually risk adjusted and standardized relative to other hospitals in the data set.2”28 The
standardized scores for the 9 measures were equally weighted, after placing them on a
common scale, and averaged to derive the composite NICU Baby-MONITOR score. A
higher Baby-MONITOR score indicates higher quality of care. Baby-MONITOR, which
was tested in samples of California NICUSs, is a robust discriminator of quality of care
delivery.26:29

Lorenz Curves, NICU Segregation Index, and NICU Inequality Index

Lorenz curves for segregation and inequality were generated at the hospital level separately
for black, Hispanic, and Asian infants with white infants as the reference group. Gini
coefficients associated with the curves were calculated for the NICU segregation index and
NICU inequality index for each racial or ethnic group. This approach is based on the method
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used by Firebaugh and colleagues? and Farrell and colleagues?! for measuring segregation
and inequality of income across residential neighborhoods.

To construct Lorenz curves for segregation, NICUs were ranked by the proportion of white
infants from highest to lowest. The cumulative study population percentages of white and
minority infants were plotted on the x- and y-axes. If all NICUs had the same racial
distribution as the study population, the Lorenz curves would be diagonal lines. When the
racial composition at NICUs differs from the study population, the curve falls below the
diagonal. The NICU segregation index was defined as the Gini coefficient for the curve, ie,
the proportion of the area below the diagonal that is above the curve. The NICU segregation
index could range from 0 (no racial segregation) to 1 (complete segregation). Because
hospitals were ranked to maximize the difference in cumulative distributions, the Lorenz
curve always fell below the diagonal and the NICU segregation index was always positive.

In the Lorenz curves for inequality, NICUs were ranked by Baby-MONITOR scores and the
cumulative study population percentages of white and minority infants were plotted on the
x- and y-axes. If all NICUs had identical quality scores or if the proportion of each racial
group was the same in every NICU as in the study population, the Lorenz curves would be
diagonal lines. If minority infants were cared for at lower-quality hospitals, the curve would
fall below the diagonal and the NICU inequality index was calculated as above. If minority
infants were cared for at higher-quality hospitals, the curve would appear above the
diagonal. The NICU inequality index was defined as the proportion of the area above the
diagonal that was below the curve and given a negative sign. A negative NICU inequality
index indicated that minority infants were treated at higher-quality NICUs than white
infants.

The NICU segregation and NICU inequality indices were calculated by race. Confidence
intervals for the indices were obtained by bootstrap resampling by hospital.3° To investigate
regional differences in care, the weighted mean composite Baby-MONITOR score for
United States Census divisions3! and the distributions of race/ethnicity by region were
determined. Linear regression at the hospital level was used to estimate the associations of
racial distribution within hospitals and Baby-MONITOR scores with and without adjusting
for region. The reduction in coefficients for races between the 2 models was interpreted to
represent the extent that region accounted for NICU-level racial disparities. R version 3.4.3
(R Project for Statistical Computing) was used for all data analyses.32

Of the 743 hospitals in the study, 98 (13%) had restrictions on assisted ventilation, 236
(32%) had no ventilation restrictions and did not perform neonatal surgery, 299 (40%) had
no ventilation restrictions and performed neonatal surgery except cardiac surgery requiring
bypass, and 110 (15%) had no ventilation restrictions and performed neonatal surgery
including cardiac surgery requiring bypass. Overall, 358 (48%) were teaching hospitals.
Thirty-eight hospitals (5%) contributed 1 year of data, 28 hospitals (4%) contributed 2 years
of data, and 677 hospitals (91%) contributed data for all 3 years. The characteristics of the
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117 982 eligible infants (36 359 black [31%], 53 895 white [46%], 21808 Hispanic [18%],
5920 Asian [5%] infants) are shown in Table 1.

The Lorenz curves for segregation are shown in Figure 1. The NICU segregation indices for
black, Hispanic, and Asian infants were 0.50 (95% Cl, 0.46-0.53), 0.58 (95% ClI, 0.54—
0.61), and 0.45 (95% Cl, 0.40-0.50), respectively, indicating that nonwhite infants were
segregated into different hospitals than white infants and demonstrating substantial
segregation of minority patients. The average proportions of white, black, Hispanic, and
Asian infants by quintiles of the ranked cumulative distribution of white infants are shown in
eTable 1 in the Supplement.

The Lorenz curves for inequality are shown in Figure 2. The NICU inequality indices for
Hispanic and Asian infants were —0.10 (95% CI, —0.17 to —0.04) and -0.26 (95% CI, —0.32
to —0.19), respectively, and the curves were above the diagonal indicating that these infants
were treated at higher-quality NICUs than white infants. The NICU inequality index for
black infants was 0.07 (95% CI, 0.02-0.13) and the curve was below the diagonal, indicating
that black infants were treated at lower- quality NICUs. The average proportions of white,
black, Hispanic, and Asian infants by quintiles of ranked Baby-MONITOR scores are shown
in the eFigure in the Supplement.

The weighted mean Baby-MONITOR scores for the NICUs and the proportion of all infants
in each racial/ethnic group in each Census division are shown in Table 2. Mean Baby-
MONITOR scores ranged from 0.85 in the Pacific region to —0.69 in the Mountain region.
Thirty-two percent of all Hispanic infants (n = 6877) and 42% of Asian infants (n = 2476)
were at NICUs in the Pacific region, which had the highest mean Baby-MONITOR scores of
all regions, whereas 31% of Hispanic infants (n = 6846) and 15% of Asian infants (n = 875)
were at NICUs in the regions with the lowest Baby-MONITOR scores (East South Central,
West South Central, and Mountain). Only 6% of all black infants (n = 2022) were at NICUs
in the Pacific region and 76% (n = 9686) were in regions with the lowest Baby-MONITOR
scores.

The results of linear regression models of Baby-MONITOR scores with and without
adjusting for region are shown in Table 3. In the regression model without region, a 10%
increase in the percentage of black infants corresponded to an estimated Baby-MONITOR
score decrease of 0.05, a 10% increase in the percentage of Hispanic infants corresponded to
an increase of 0.04, and a 10% increase in the percentage of Asian infants corresponded to
an increase of 0.31. After adjusting for region, the model coefficient for Hispanic ethnicity
decreased to 0.02 and the model coefficient for Asian race decreased to 0.14, indicating that
the concentration of these infants at higher-quality NICUs may be substantially but not
entirely explained by region. The association of a higher proportion of black infants at
NICUs with lower Baby-MONITOR scores was not affected by adjusting for region
suggesting that the concentration of black infants at lower-quality NICUs cannot be
explained by region.
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Discussion

Our results provide evidence for segregation and inequality in the care of very low-birth-
weight and very preterm infants. Black, Hispanic, and Asian infants were distributed
unevenly across NICUs compared with white infants. Compared with white infants, black
infants received care at lower-quality NICUs and Asian infants at higher-quality NICUs after
accounting for region of residence.

Residential segregation in the United States is a manifestation of the structural racism
inherent in our society.1-3.14.15.33.34 |t affects opportunities across many dimensions
including economic well-being, education, and health care. Previous research has
documented the relationship between segregation and access to quality health care. In New
York City, New York, black mothers were less likely than white mothers to live in
neighborhoods that had hospitals with the lowest risk-adjusted infant mortality rates.® Adult
black patients in New York City were 2 to 3 times less likely than white patients to be
treated at academic medical centers, while minority patients in Boston were overrepresented
at academic medical centers.35 Jha and colleagues? found that the lowest-quality, highest-
cost hospitals in the United States, primarily located in the south, cared for twice the
proportion of elderly black patients compared with the highest-quality, lowest-cost hospitals.
Dimick and colleagues!! found that adult black surgical patients who lived in racially
segregated health care service areas or markets were significantly more likely to receive care
at lower-quality hospitals even if they lived closer to higher-quality hospitals. Although
Asian American individuals generally have higher educational and income attainment than
other races and ethnicities,36-37 Asian adults, as well as black and Hispanic adults, can
experience problems accessing preventive care,38:39 particularly in rural areas.*041 We
found substantial segregation in NICU care nationally for black, Hispanic, and Asian infants
as indicated by the NICU segregation indices of 0.50, 0.58, and 0.45, respectively. The role
of residential segregation in access to quality health care cannot be overlooked and demands
further study at the neighborhood, city, state, and regional levels.

The NICU inequality index for black infants compared with white infants was 0.07 (95% Cl,
0.02-0.13), indicating that black infants received care at lower-quality NICUs than white
infants, whereas the inequality indices for Hispanic and Asian infants of —0.10 (95% Cl,
-0.17 to —0.04) and —0.26 (95% CI, —0.32 to —0.19), respectively, indicated they received
care at higher-quality NICUs. Because inequality is bounded by segregation, the inequality
differences were not as profound as the segregation differences. (Across hospitals, racial
inequality is possible only when there is racial segregation.) Black and white infants were
spread more evenly across higher-quality and lower-quality hospitals than they were across
hospitals in general. Several underlying pathways explain the observed differences, requiring
further study.

We found marked, clinically important differences in the mean NICU quality scores among
the Census divisions, ranging from —0.69 in the Mountain region to 0.85 in the Pacific
region, which helped explain some of these findings. For Hispanic infants, the NICU
inequality index may have been explained by higher-quality NICUs in the Pacific region
where a large proportion of Hispanic infants resided. The NICU inequality index for Asian
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infants also may have been partially explained by the regions in which they resided. The
concentration of black infants in lower-quality NICUs was not explained by region. Like the
regional differences, segregation and inequality in NICU care at the city and state levels
likely vary widely around the national mean values that we report.

Other studies have found differences in NICU inequality and outcomes by race and
ethnicity, but the directions and magnitudes of the differences have not been consistent. In
New York City, 40% of the black-white disparity and 30% of the Hispanic-white disparity in
neonatal morbidity and mortality occurred because white pregnant women received care at
better performing hospitals, but there was no evidence of within NICU differences.2 In
California, Hispanic infants had significantly lower Baby-MONITOR scores than white
infants while black and Asian infants did not; however, in California there were within-
NICU disparities by race and ethnicity. White infants appeared to have higher scores than
black infants as NICU quality scores increased, and white infants appeared to have higher
scores than Hispanic infants in most NICUs irrespective of a NICU’s overall performance.
Still, even in low-performing NICUs in California, Asian infants often had higher scores
than white infants.2? Whether these patterns will be observed in other states and regions will
be the topic of a future Vermont Oxford Network study. Additional research on factors that
influence access, referral patterns, and hospital choice is required to fully understand the
variation in inequality of NICU care among different cities, health care markets, states, and
regions.*2

The roles of racism?314 and bias*3 in health care inequalities also deserves further
investigation. The Institute of Medicine found that “bias, stereotyping, prejudice, and

clinical uncertainty on the part of healthcare providers may contribute to racial and ethnic
disparities in healthcare.”#4 Sigurdson et al*> summarized provider and family experiences
with unequal NICU care and characterized them as neglectful, judgmental, or systems based,
targeting families rather than infants. Research is needed to establish the effects of individual
or institutional attitudes and behaviors on clinical outcomes. Additionally, the role of nursing
cannot be overlooked. Previous research from Vermont Oxford Network has found that
nurse-patient ratios and worse nursing work environments,*® higher rates of missed nursing
care,*” and recognition for nursing excellence play roles in disparities in care.

A further factor that must be considered is the effect of state policies on access and referral
patterns for pregnant women and their infants. Approximately 15% of the infants in this
analysis required transport to a hospital that could take care of them, but not every state has
policies supporting financial reimbursement for neonatal or maternal transport.® Further,
states have widely inconsistent policies on criteria for levels of NICU care, a barrier to
monitoring, regulation, and standardized care provision.0 Insufficient policies governing
access to and payment for high-quality obstetric, perinatal, and neonatal care may also play
arole in quality disparities by race.

Our study makes 3 contributions to the understanding of racial disparities in NICU care.
First, there is segregation and inequality in NICU care for very low-birth-weight and very
preterm infants, with black infants receiving care at lower-quality NICUs and Asian infants
at higher-quality NICUs than white infants. Second, NICU quality varies markedly across
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regions but does not fully explain the racial disparities in care. Third, 2 new indices, the
NICU segregation index and NICU inequality index, may have value in future studies of
segregation and inequality within cities, states, regions, and health care markets.

Strengths and Limitations

The strength of our study is the use of a large national data set including nearly 90% of very
low-birth-weight and very preterm infants born each year in the United States. A limitation
is the classification of race and ethnicity based on abstractors’ identification of maternal race
and ethnicity. The possibility of misclassification cannot be excluded. Because race is a
social construct contingent on history,®! not an inherent biological characteristic, all studies
of race, ethnicity, and health will be subject to this limitation to some extent, regardless of
whether they rely on vital records, medical records, or personal interview.52 Our data did not
collect information on Asian and Hispanic subethnicities, and other studies have reported
significant heterogeneity in health outcomes within these subgroups.>3-55 Other measures of
NICU quality could lead to different results. Black and white infants scored differently on
the process and outcome components of Baby-MONITOR.2% A NICU quality score that
weighted these components differently might change the quality rankings of NICUs. Finally,
there are many unmeasured factors including neighborhood of residence, insurance
coverage, immigration status, hospital location and financing, and public policies, among
others, that could explain our findings. These will be addressed in future studies.

Conclusions

Black, Hispanic, and Asian very low-birth-weight and very pre-term infants are segregated
across NICUs reflecting the uneven distribution of minority populations in the United States.
Even after accounting for differences in NICU quality among geographic regions, Asian
infants received care at higher-quality NICUs and black infants at lower-quality NICUs than
white infants. Explaining these patterns will require understanding the effects of
sociodemographic factors and public policy on hospital quality, access, and choice for
minority women and their infants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
Question
What is the extent of segregation and inequality in neonatal intensive care units (NICUs)?
Findings

A cohort study of 117 982 very low-birth-weight and very preterm infants found that
NICUs were segregated by race and ethnicity. Compared with white infants, black infants
were concentrated at lower-quality NICUs and Hispanic and Asian infants, at higher-
quality NICUs.

Meaning

Segregation explains where infants receive care but not why black infants receive care at
lower-quality NICUs and Asian infants receive care at higher-quality NICUs than white
infants.
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NICU Segregation Index (95% Cl) ‘

Black 0.50(0.46-0.53)
Hispanic 0.58 (0.54-0.61)
Asian 0.45 (0.40-0.50)
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Figure 1. Lorenz Curvesfor Segregation by Race/Ethnicity in US Neonatal I ntensive Care Units

(NICUS)

Hospitals were ranked by the proportion of white infants from highest to lowest, and the
cumulative population percentages of white and minority infants were plotted on the x- and
y-axes. If all NICUs had the same racial distribution as the overall population, the curves
would fall on the 45° diagonal line. The light blue line (left) represents Asian infants. The
dark blue line (middle) represents black infants. The orange line (right) represents Hispanic

infants.
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NICU Inequality Index (95% Cl)
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Figure 2. Lorenz Curvesfor Inequality of Care by Race/Ethnicity in US Neonatal I ntensive Care

Units (NICUs)

Hospitals were ranked by their Baby-MONITOR (Measure of Neonatal Intensive Care
Outcomes Research) scores, and the cumulative population percentages of white and
minority infants were plotted on the x-and y-axes. If all racial/ethnic groups had the same
quality distribution as the overall population, the curves would fall on the 45° diagonal line.
The light blue line (left) represents Asian infants. The orange line (middle) represents
Hispanic infants. The dark blue line (right) represents black infants.
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