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Abstract

Objective—To assess the influence of racial and economic residential segregation of home or 

hospital neighborhood on very preterm birth morbidity and mortality.

Study Design—We constructed a retrospective cohort of n=6461 infants born <32 weeks using 

2010-2014 New York City vital statistics-hospital data. We calculated racial and economic Index 

of Concentration at the Extremes (ICE) for home and hospital neighborhoods. Neonatal mortality 

and morbidity (NMM) was death and/or severe neonatal morbidity. We estimated relative risks 

for ICE measures and NMM using log binomial regression, and the risk-adjusted contribution of 

delivery hospital using Fairlie decomposition.

Results—Infants whose mothers live in neighborhoods with the highest relative concentration 

of Black residents had a 1.6 times higher risk of NMM than those with the highest relative 
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concentration of White residents (95% Confidence Interval=1.2, 2.1). Delivery hospital explained 

over half of neighborhood differences. Infants with both home and hospital in high-concentration 

Black neighborhoods had a 38% adjusted risk of NMM, compared to 25% of those with both 

home and hospital high-concentration White neighborhoods (p=0.045).

Conclusions—Structural racism influences very preterm birth NMM through both the home and 

hospital neighborhood. Quality improvement interventions should incorporate a framework that 

includes neighborhood context.

Introduction

Racial residential segregation is acknowledged as a fundamental cause of high rates of 

infant mortality among Black infants in the U.S.(1) Racial residential segregation is 

also associated with very preterm birth,(2, 3) which is a causal factor in over half of 

infant deaths.(4) Meanwhile, the survival rate of infants born very preterm (< 32 weeks 

gestation) is increasing,(5) resulting in a substantial number of neonates with severe neonatal 

morbidities or long term neurodevelopmental sequelae.(6) The clinical focus has now shifted 

to prevention of these morbidities and their subsequent adverse developmental outcomes.(7) 

Given the strong evidence connecting racial residential segregation to very preterm birth and 

infant mortality, it is likely that another consequence of highly segregated neighborhoods 

is a high burden of severe neonatal morbidity. Yet, the consequences of racial residential 

segregation on the outcomes of very preterm birth infants is largely unknown.

Racial residential segregation is a type of structural racism – a system by which racial 

oppression structures privilege, institutions, and resources, serving to perpetuate racial 

inequality.(8) Likewise, economic residential segregation is in part a result of economic 

inequity, and is often closely tied to racial residential segregation. A variety of mechanisms 

may explain associations between residential segregation and very preterm birth, such as 

the built and social environment, toxic exposures, psychosocial stress, and health knowledge 

and behaviors. When an infant is born very preterm, residential segregation may play a 

role in neonatal morbidity and mortality via the delivery hospital. Hospitals also experience 

de facto segregation, including in neonatal intensive care units (NICUs), such that Black 

and Hispanic infants receive care in lower quality NICUs.(9, 10) The neighborhood of the 

hospital may also play a role; hospitals located in poorer, Black neighborhoods may lack 

resources or other barriers to NICU quality improvement, and staff may experience some of 

the same stressors that residence experience in these neighborhoods.

Using linked birth certificate and hospital discharge data from New York City from 

2010-2014, we examined associations between neighborhood racial and economic 

segregation and a composite outcome of death or any of four severe neonatal morbidities 

(necrotizing enterocolitis, intraventricular hemorrhage, retinopathy of prematurity, and 

bronchopulmonary dysplasia). Our objectives were to: 1) Estimate associations between 

racial and economic segregation of the mother’s neighborhood and very preterm neonatal 

morbidity-mortality (NMM); 2) Estimate the contribution of delivery hospital to differences 

in very preterm NMM between mothers’ neighborhoods; and 3) Test if racial or economic 
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segregation of the hospital’s neighborhood moderates associations between mother’s 

neighborhood and very preterm NMM.

Methods

We used Vital Statistics birth records linked with New York State discharge abstract 

data, The Statewide Planning and Research Cooperative System (SPARCS), for all live 

births in New York City hospitals in the years 2010-2014. We obtained approval from 

the Institutional Review Boards of the New York City Department of Health and Mental 

Hygiene, the New York State Department of Health, and the Icahn School of Medicine at 

Mount Sinai. The linked dataset included birth data, death data, and the infant’s SPARCS 

record for all births between 2010 – 2014 who were discharged by December 31, 2014, and 

all deaths 2010-2015. The linked dataset was comprised of 596,295 births in 41 hospitals. 

We excluded births from one hospital that was not open for the majority of the study 

period, leaving 595,835 births in 40 hospitals. We merged additional maternal procedures 

and diagnoses codes from maternal SPARCS records for assessment of covariates.

We created a very preterm birth (VPTB) cohort and included infants born from 24-31 

completed weeks of gestation (n=8311). We excluded infants with congenital anomalies and 

infants born in one hospital with a total volume of VPTB infants not meeting our inclusion 

criteria of >25 for 2010-2014 (n=11). We then excluded infants to mothers who did not 

reside in NYC, leaving a final cohort for analysis of 6461 infants in 39 hospitals. Neonatal 

mortality was attributed to the hospital of birth, regardless if the infant was transferred 

before death (n=522). Neonatal morbidities occurring after an infant was transferred to a 

different hospital after birth were not included in our analysis.

The Index of Concentration at the Extremes (ICE) is a measure of racial and economic 

segregation. The ICE is a measure of relative population concentration which portrays a 

form of extreme segregation known as spatial polarization.(11) The ICE is an appropriate 

segregation measure to describe neighborhoods, as opposed to larger metropolitan statistical 

areas.(12) The ICE has been studied as a proxy of structural racism in association with 

adverse maternal and infant outcomes.(13-16) ICE Race measures the amount of an urban 

space occupied by Black residents relative to White residents. ICE Income measures the 

proportion of poor households relative to wealthy households. ICE Race-income measures 

joint racial-economic spatial polarization, or the amount of urban space occupied by poor 

Black households relative to wealthy White households. The joint racial-economic ICE 

measure overcomes the issue of collinearity when attempting to assess the independent 

contributions of racial segregation and economic segregation.

We calculated ICE measures at the zip code level using American Community Survey (ACS) 

data for 183 zip codes in NYC. ICE Race was calculated as [(N of non-Hispanic White 

persons) – (N of non-Hispanic Black persons) / total non-Hispanic Black and non-Hispanic 

White population]. The resulting measure ranges from −1 (all non-Hispanic Black) to 1 (all 

non-Hispanic White). ICE Income was computed analogously using ACS population counts 

of the number of households in the bottom and top quintiles of US household income: 

households earning <$25,000 (low-income) and those earning ≥$100,000 (high-income). 
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ICE Race-income was computed using ACS population counts of black-headed households 

earning <$25,000 (Black low-income) and White-headed households earning >$100,000 

(White high-income).

Our outcome variable was a combined measure of neonatal mortality and severe neonatal 

morbidity (VPTB NMM). We defined neonatal mortality as death within the first 27 days 

of life regardless of inpatient status, or within 1 year of life if continuously hospitalized. 

Severe neonatal morbidity was defined by the presence on the infant hospital record of the 

ICD-9 code for any of the following diagnoses or procedures: bronchopulmonary dysplasia 

(BPD), necrotizing enterocolitis; NEC (unspecified, Stage 2-3, laparotomy), retinopathy of 

prematurity; ROP (Stage 3-5), intraventricular hemorrhage; IVH (Grade 3-4).(17)

We obtained self-reported maternal sociodemographic characteristics from the birth 

certificate, including race, ethnicity, maternal education, nativity, and age. We created 

categories of combined race-ethnicity: non-Hispanic black (here forth referred to as 

“Black”), Hispanic, non-Hispanic white (here forth referred to as “White”), Asian (including 

Pacific Islander), and other. If a woman chose Hispanic origin, she was classified as 

Hispanic regardless of race. We used a combination of the mother’s SPARCS record 

and infant birth certificate to ascertain maternal morbidities to maximize sensitivity of 

our measures.(18, 19) We used the clinical estimate of gestational length in weeks and 

birthweight from the birth certificate. Infants with congenital anomalies were identified 

using diagnosis codes from the infant’s SPARCS record, and excluded as described 

previously.(20) Similar to other models on neonatal mortality rates, we included maternal 

and infant characteristics associated with neonatal death or severe morbidity for our adjusted 

models.(21) We included maternal sociodemographic characteristics (age, race, nativity, 

education, insurance), maternal behaviors (tobacco use during pregnancy, alcohol use, 

drug use, prenatal care visits), maternal medical risk factors (age, parity, comorbidities, 

pregnancy complications, body mass index), infant factors (multiple birth, gender, birth 

weight, gestational age, Apgar score at 5 minutes, and delivery method).

Statistical analysis

We examined the distributions of ICE measures across zip codes in NYC and divided them 

into quintiles.(12, 15, 22) We conducted a bivariate analysis of ICE measures and covariates 

with VPTB NMM using chi-squared tests for categorical variables and analysis of variance 

for continuous variables. We estimated log binomial models to calculate risk ratios for 

quintile of racial-economic segregation and VPTB NMM, accounting for the clustering of 

observations into zip code using the robust cluster estimator to calculate the standard error. 

We present unadjusted risk ratios to represent differences in burden of VPTB NMM between 

neighborhoods.

Our second objective was to estimate the contribution of delivery hospital to differences 

in VPTB NMM between mothers’ neighborhoods, after adjusting for patient case-mix. We 

used the Fairlie non-linear decomposition approach(23) with random variable ordering to 

test the contribution of patient factors and hospital of delivery to differences in VPTB 

NMM between ICE quintiles.(24) Patient factors were selected to adjust for hospital 

case-mix, and included maternal education, maternal age, maternal race-ethnicity, parity, 
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insurance, smoking, alcohol use, drug use, delivery method, obesity, gestational diabetes, 

pre-pregnancy diabetes, pregnancy hypertension, pre-pregnancy hypertension, placental 

abnormalities, precipitous labor, premature rupture of membranes, sex, multiple gestation, 

chorioamnionitis, birth weight z-score, and gestational age. For the decomposition analysis 

we collapsed Q2-Q5 into a single group due to violations of positivity – there were sparse or 

null cases of VPTB NMM from women in Q2-Q5 neighborhoods in some hospitals.

Our final objective was to test if racial or economic segregation of the hospital’s 

neighborhood moderates associations between home neighborhood and VPTB NMM. 

We estimated a logit model with VPTB NMM as the dependent variable, and main 

effect and interaction terms for home and hospital neighborhood (Q1 vs. Q2-Q5). We 

estimated predicted probabilities for each combination of home and hospital neighborhood 

combination. To adjust for hospital case-mix, we repeated models adjusting for patient 

factors.

Results

We display sample characteristics of women by quintile of ICE measures in Table 1. 

For simplicity, we show results for Q1 and Q5 only. Infants to mothers residing in 

neighborhoods with a high relative concentration of Black residents (ICE Race Q1) 

compared to those residing in neighborhoods with a high relative concentration of White 

residents (ICE Race Q5) had lower mean birth weight (1172g vs. 1275g), were born earlier 

(28.2 weeks vs. 28.3 weeks), were less likely to be multiples (19.5% vs. 45.8%), less likely 

to be male (49.8% vs. 54.7%), and more likely to have chorioamnionitis (16.7% vs. 11.2%). 

Mothers residing in ICE Race Q1 vs. Q5 neighborhoods had higher BMI (29.1kg/m2 vs. 

24.7kg/m2), were younger (29.4 years vs. 33.6 years), were more likely to be Black (74.4% 

vs. 7.3%), be insured by Medicaid (71.5% vs. 20.3%), have smoked during pregnancy (5.0% 

vs. 2.3%), be multiparous (55.8% vs. 47.8%), and less likely to have a college education 

(49.0% vs. 81.5%). In regard to obstetric characteristics, mothers residing in ICE Race 

Q1 vs. Q5 neighborhoods were less likely to have cesarean delivery (69.9% vs. 77.6%), 

less likely to have PROM (32.4% vs. 32.9%), less likely to have precipitous labor (2.6% 

vs. 4.3%), and less likely to have placental abruption (6.8% vs. 11%). P-values for most 

comparison tests were <0.05 (Table 1). Mothers in ICE Race Q1 vs. Q5 neighborhoods were 

also more likely to have co-morbidities such as diabetes and hypertension (data not shown). 

Sample characteristics for ICE Income and ICE Race-income followed similar patterns 

(Table 1).

The overall risk of NMM in the study sample was 28.0% (Table 2). We calculated risk 

ratios to estimate associations between racial and economic segregation and VPTB NMM. 

Very preterm infants whose families reside in ICE Race Q1 neighborhoods had 1.6 times 

the risk of NMM than did those whose families reside in ICE Race Q5 neighborhoods 

(95% Confidence Interval(CI)=1.2, 2.1) (Table 2). Risk in ICE Race Q2 was also elevated 

relative to Q1 (Risk ratio (RR)=1.4, 95%CI=1.1, 1.8), while risk in ICE Race Q3 and Q4 

was not (RR for Q3 vs. Q1=1.0, 95%CI=0.7, 1.5; RR for Q2 vs. Q1=1.1, 95%CI=0.9, 1.4). 

In models testing associations between ICE Income and VPTB NMM, risk was elevated in 

ICE Income Q1 compared to Q5 (RR=1.4, 95%CI=1.4, 1.9), and slightly elevated in Q2 and 
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Q3, although confidence intervals included 1 (RR for Q4 vs. Q1 and for Q3 vs. Q1=1.2, 

95%CI=0.9, 1.7). Risk ratios for ICE Race-income were similar to ICE Race.

The decomposition analysis tested the contribution of delivery hospital to differences 

in VPTB NMM risk between neighborhoods, adjusting for patient case-mix (Table 3). 

The decomposition analysis combined Q2-Q5 as a reference group to increase precision. 

Delivery hospital accounted for 63% (p<0.001) of the difference in VPTB NMM between 

neighborhoods with the highest relative concentration of Black residents and all other 

neighborhoods (ICE Race Q1 vs. ICE Race Q2-Q5). The contribution of delivery hospital 

for ICE Income was 61% (p=0.006) and for ICE Race-income was 57% (p<0.001).

In Figure 1 we display results testing if a moderating effect exists of the infant’s mother’s 

neighborhood (“Home”) and the hospital neighborhood (“Hospital”), adjusting for patient 

case-mix. Very preterm infants whose mothers live in neighborhoods with a high relative 

concentration of Black residents and deliver in hospitals located in similarly segregated 

neighborhoods experienced an adjusted risk of NMM of 38%. In contrast, the risk of 

NMM was only 25% if infants whose mothers live in neighborhoods with a high relative 

concentration of Black residents delivered in hospitals with a higher relative concentration 

of White residents (p-value for additive interaction=0.045). For ICE Income and ICE Race-

income, joint effects of Home and Hospital neighborhoods were not apparent (p-value for 

additive interaction=0.622 and 0.794, respectively).

We conducted several sensitivity analyses. We adjusted risk ratios for associations between 

ICE Measures and VPTB NMM by individual-level race-ethnicity, to demonstrate that 

associations were not solely due to neighborhood composition. Risk ratios were attenuated 

only slightly, for example, the risk ratio for ICE Race Q1 vs. Q5 was attenuated from 1.6 

in the unadjusted model to 1.5 (95%CI=1.2, 1.9) in the model adjusting for race-ethnicity. 

Because very preterm birth infants who are transferred after birth may have higher mortality 

rates,(25) we performed a second sensitivity analysis excluding infants that were transferred, 

resulting in a risk ratio for ICE Race Q1 vs. Q5 of 1.5 (95%CI=1.1, 1.9).

Discussion

We found that very preterm infants whose families reside in neighborhoods that have a high 

relative concentration of Black residents and poor households suffered a disproportionate 

burden of severe neonatal morbidity and mortality. Our analysis suggested this excess risk is 

explained in part by the hospital in which infants from poor, Black neighborhoods received 

care. We also found that home and hospital neighborhood are jointly associated with NMM 

-- infants from more Black neighborhoods experienced worse outcomes if they were born 

in hospitals located in similar neighborhoods than if they were born in hospitals located in 

more White neighborhoods.

Our findings add to an emergent focus on the influence of social determinants of health care, 

including racism, on the outcomes of very preterm infants.(26) We previously reported that 

Black and Hispanic infants were more likely to be born in hospitals in NYC with higher 

risk-adjusted rates of severe neonatal morbidity-mortality.(10) In a national study, Horbar 
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et al. similarly found that Black very preterm infants received care in lower-quality NICUs 

than did White infants.(9) In the present analysis, we studied whether structural racism in 

the form of racial and economic residential segregation, both of the mothers’ and hospital 

neighborhood, underlie patterns of risk for morbidity and mortality after very preterm birth. 

Very few studies have examined the neighborhood context of very preterm birth morbidity. 

Murosko et al. recently reported an association between racial segregation of metropolitan 

areas with risk of intraventricular hemorrhage among very preterm infants.(27) Our analysis 

goes a step further and suggests that hospital care is a mechanism by which structural racism 

influences very preterm birth NMM, even after accounting for patient case-mix.

The measure of neighborhood racial and economic segregation we used, the Index of 

Concentration at the Extremes, has previously been associated with preterm birth and infant 

mortality in New York City.(15) In the present study, we found that after very preterm birth, 

infants whose families reside in poor, Black neighborhoods are also at increased risk of 

severe neonatal morbidities, which are likely to translate into developmental disadvantage 

in childhood. Without intervention to disrupt the cycle of disadvantage, the influence 

of neighborhood environment will perpetuate after discharge. A study of a cohort of 

infants hospitalized in the NICU in the Eastern U.S. found that residence in a high-risk 

neighborhood, defined by socioeconomic indicators and racial concentration, was associated 

with increased risk of emergency department use 30 or 90 days after discharge.(28) In 

France, rehospitalization of infants born very preterm was higher for children living in 

deprived neighborhoods.(29) Intervention on this cycle of disadvantage for very preterm 

infants should start in the NICU.

Our finding that the neighborhood location of the hospital is associated with an increased 

risk of NMM, even after accounting for patient case-mix, is provocative. Farhenbach et 
al recently reported that hospitals located in neighborhoods with elevated proportions of 

Black or unemployed residents are associated with worsening Medicare Hospital Compare 

rank.(30) The mechanisms by which the neighborhood in which a hospital is located may 

influence VPTB outcomes may be similar to those suggested by Farhenbach, such as fewer 

resources and healthcare provider burnout. Staffing and overwork have been associated with 

health care-associated infection in the NICU,(31, 32) although further research linking these 

factors to racial and economic segregation is needed.

This multilevel study has multilevel program and policy implications. Interventions at the 

hospital level incorporating social determinants of health should be developed and tested, 

which bridge the gap between the NICU and the community. At the same time, macro-level 

policies to address racial and economic residential segregation could also be studied in 

regard to their influence on hospital quality and neonatal health. Racial segregation is 

rooted in historical oppression and racist redlining practices in New York City, which are 

themselves associated with preterm birth.(33) Housing policies which aim to dismantle 

structural racism must parallel efforts that engage hospitals.(34)

We note several limitations to our study. Our dichotomization of the ICE measures for 

decomposition analysis and for the home-hospital moderation analysis may oversimplify 

racial and economic spatial patterns. It was necessary to dichotomize for sufficient sample 

Janevic et al. Page 7

J Pediatr. Author manuscript; available in PMC 2022 October 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



size for those analyses, because the distribution of VPTB infants was skewed such that 

a third of all VPTB infants reside in Q1 (high relative concentration Black or poor) 

neighborhoods. Further, we did not have sufficient sample size to test if the influence of 

racially or economically segregated neighborhoods had a greater influence on Black infants 

than on infants of other racial-ethnic backgrounds. However, because the majority of VPTB 

infants residing in “Q1” neighborhoods are Black, it is clear that the burden of segregation 

falls heaviest on these infants. Further, our findings may only be generalizable to infants 

and hospitals in urban locations. Finally, as our cohort was selected based on gestational 

age, our findings cannot be used to infer the total population impact of racial and economic 

segregation on VPTB NMM.(35) Our results estimate risk of VPTB NMM conditional 

on those born <32 weeks; however, such estimates may still be subject to collider bias 

and underestimate true associations.(36) As with all studies using billing data to ascertain 

outcomes, coding intensity of hospitals may account for some hospital variation in neonatal 

morbidity outcomes.

Our study also features certain strengths. We examined neighborhood-level segregation 

within a city using the Index of Concentration at the Extremes, which identifies poor 

Black and wealthy White neighborhoods simultaneously, allowing us to identify at-risk 

neighborhoods within one metropolitan area.(22) Second, we used a combined mortality-

morbidity outcome in order to circumvent survival bias – the potential to underestimate the 

impact of segregation on neonatal morbidity due to a decreased risk of survival. Finally, 

although New York City is a unique setting, results are likely generalizable to other large 

metropolitan areas.

In conclusion, structural racism in the form of racial segregation influences mortality and 

morbidity after very preterm birth through both the mother’s neighborhood and the hospital 

neighborhood. Economic segregation of the mother’s neighborhood showed similar patterns, 

but associations were more moderate and did not interact with the economic segregation 

of the hospital neighborhood. Quality improvement interventions should be developed that 

consider neighborhood context.
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Figure 1. 
Joint effects of home neighborhood and hospital neighborhood on very preterm morbidity 

and mortality.

ICE Race is the relative concentration of non-Hispanic black vs. non-Hispanic white 

population in mother’s zip code of residence (“home”) or zip code of birth hospital 

(“hospital”); Q1 is the highest relative concentration non-Hispanic black, Q5 is the lowest.

ICE Income is the relative concentration of low-income households vs. high-income 

households in mother’s zip code of residence (“home”) or zip code of birth hospital 

(“hospital”); Q1 is the highest relative concentration low-income households, Q5 is the 

lowest.

ICE Race-income is the relative concentration of low-income black households vs. high-

income white households in mother’s zip code of residence (“home”) or zip code of 

birth hospital (“hospital”); Q1 is the highest relative concentration of low income black 

households, Q5 is the lowest.
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Table 2.

Racial and economic neighborhood segregation and risk of neonatal morbidity or mortality among very 

preterm birth infants, New York City, 2010-2014

Total

Died <28 days (or
<365 days if
continuously

hospitalized) OR
neonatal morbidity

from birth to
discharge

Variable* n n (%)
Risk
Ratio 95% Confidence Interval

Total 6461 1809 (28.0) - -

ICE Race

Q1 (Highest relative concentration Black) 2216 736 (33.2) 1.6 1.2, 2.1

Q2 1903 554 (29.1) 1.4 1.1, 1.8

Q3 823 177 (21.5) 1.0 0.7, 1.5

Q4 956 225 (23.5) 1.1 0.9, 1.4

Q5 (Highest relative concentration White) 563 117 (20.8) 1 ref

ICE Income

Q1 (Highest relative concentration poor) 2506 782 (31.2) 1.4 1.1, 1.9

Q2 1647 450 (27.3) 1.2 0.9, 1.7

Q3 1109 300 (27.1) 1.23 0.9, 1.7

Q4 677 162 (23.9) 1.09 0.8, 1.4

Q5 (Highest relative concentration wealthy) 522 115 (22.0) 1 REF

ICE Race-income

Q1 (Poor/Black) 2554 869 (34.0) 1.59 1.2, 2.2

Q2 1558 414 (26.6) 1.24 0.9, 1.7

Q3 1130 264 (23.4) 1.09 0.8, 1.5

Q4 671 145 (21.6) 1.01 0.8, 1.3

Q5 (Wealthy/White) 548 117 (21.4) 1 ref
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