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Introduction: Given limited evidence of previous studies, we evaluated the role
of environmental justice (EJ) burden (i.e., a neighborhood characterized by both
increased environmental burden and socioeconomic deprivation) in Black-White
disparities in spontaneous preterm birth (sPTB) in Harris County, Texas and
compared results that evaluated neighborhood-level socioeconomic
deprivation alone.
Methods: We conducted a retrospective analysis using PeriBank, a database and
biospecimen repository of gravidae giving birth at two hospitals in the Texas
Medical Center. We included 3,703 non-Hispanic Black and 5,475 non-Hispanic
white gravidae who were U.S.-born, delivered from August 2011-December
2020, and resided in Harris County, TX. We used data from the U.S. EPA EJScreen
to characterize the EJ burden of participant’s zip code of residence from fine
particulate matter (PM2.5), ozone, and proximity to National Priorities List (NPL)
sites and calculated zip-code level Area Deprivation Index (ADI). We assessed the
contribution of neighborhood-level variables to the Black-White disparity in sPTB
by evaluating attenuation of the odds ratio (OR) representing the effect of race in
multivariable logistic regression models, controlling for individual-level
characteristics. We also conducted race-stratified analyses between each
neighborhood variable and sPTB. Exposure indices were treated as continuous
variables; in stratified models, ORs and 95% Confidence Intervals (CIs) are
presented per 10-unit increase in the neighborhood variable.
Results: Accounting for individual-level variables, Black gravidae had 79% higher
odds of sPTB than white gravidae (OR= 1.79, 95%CI = 1.32, 2.44); the disparity
was moderately attenuated when accounting for EJ burden or ADI (ORs ranged
from 1.58 to 1.69). Though we observed no association between any of the EJ
burden indices and sPTB among white gravidae, we found increased risks among
Black gravidae, with ORs of similar magnitude for each EJ variable. For example,
Black gravidae experienced 17% increased odds of sPTB associated with a 10-unit
increase in the EJ burden index for PM2.5 (OR= 1.17, 95%CI = 0.97, 1.40). No
racial differences were observed in the association of ADI with sPTB.
Discussion: Thoughweobserved limited evidenceof the contributionof living in EJ
neighborhoods to the Black-White disparity in sPTB, our study suggests living in an
EJ neighborhood may differentially impact Black and white gravidae.
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1. Introduction

Preterm birth (i.e., the delivery of a neonate prior to 37 weeks

gestation) has broad economic and social implications, for both

maternal and newborn health. The economic burden of preterm

birth in the United States (U.S.) was estimated to be more than

$25 billion in 2016; while the majority of these costs were

associated with newborn and early childhood medical care, more

than $5 billion was attributed to lost productivity in adulthood

(1). Pregnant gravidae who deliver a preterm neonate are more

likely than their counterparts to develop significant medical co-

morbidities later in life, particularly cardiac complications, and

preterm neonates are at increased risk of complications ranging

from neurologic deficits to pulmonary, cardiac, or metabolic

disorders (2–5). Moreover, preterm birth is not borne equally

among racial and ethnic groups in the U.S. In 2018, the

prevalence of preterm birth among non-Hispanic Black gravidae

in this country was 14.1% compared with 9.1% among non-

Hispanic white gravidae; further, the prevalence of preterm birth

among Black individuals is increasing at a steeper rate than their

white counterparts (6) and the burden of the Black-White preterm

birth disparity is largely limited to gravidae born in the U.S (7).

Though there are a number of individual-level risk factors

associated with the occurrence of preterm birth including maternal

age, marital status, parity, maternal smoking, and access to

healthcare, these factors alone do not explain the majority of the

observed Black-White disparity in prevalence of preterm birth in

the U.S (8–13). Thus, there is a need to consider the broader

social context within which women live. Following the Ecosocial

Theory as outlined by Krieger (14), social inequalities in health

and wellbeing are embodied through simultaneous and diverse

routes involving, for example, exposure to social inequality and

economic deprivation, exogenous hazards (e.g., environmental

chemical exposures), and historic trauma. Stressors in the

neighborhood environment activate the hypothalamic pituitary

adrenal (HPA) axis (15), resulting in release of cortisol that can

cross the placenta and adversely impact pregnancy (16, 17). This

stress response provides a potential route through which

neighborhood features may impact preterm birth risk and

potentially mediate racial disparities in preterm birth.

It is also possible that, due to systemic and structural racism,

Black and white women “embody” the neighborhood context

differently, providing a pathway for race to modify associations

between neighborhood contextual factors. Previous U.S.-based

studies have attempted to quantify maternal risks associated

with living in a socioeconomically deprived neighborhood

though results have been mixed (18–21). Further, previous

reviews of the U.S.-based literature provide evidence that this

association may vary by maternal race (18, 19, 21). In the most

recent meta-analysis of the topic published in 2016, Ncube

et al. (19) reported a 27% increased risk of preterm birth

associated with living in the most socioeconomically deprived

neighborhoods compared with the least deprived neighborhoods

[odds ratio (OR) = 1.27, 95% confidence interval (CI) = 1.16,

1.39]. However, there was no association between neighborhood

socioeconomic deprivation and preterm birth for the sub-set of
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studies that adjusted for race (OR = 1.01, 95% CI = 0.94, 1.09).

Further, this meta-analysis found that the magnitude of ORs

representing associations between living in neighborhoods with

higher vs. lower levels of socioeconomic deprivation was greater

among white (OR = 1.61, 95% CI = 1.30, 2.00) than Black

gravidae (OR = 1.15, 95% CI = 1.09, 1.21).

Beyond socioeconomic deprivation, other features of the

neighborhood, such as environmental toxicant exposures like air

pollution, may adversely impact perinatal health (22, 23).

Unfortunately, some communities are doubly burdened by both

socioeconomic disadvantage and environmental exposures and

are deemed environmental justice (EJ) communities. Hence,

measures of neighborhood-level environmental exposure alone do

not fully capture the dual dimensions of EJ. In an analysis

applying formal decomposition methods, zip-code level air

pollution exposure provided only a modest contribution to

observed racial disparities in preterm birth in California, pointing

to the need to evaluate the impact of the neighborhood context

beyond environmental exposure burden to further our

understanding of key drivers of racial differences in perinatal

health outcomes (10). Yet, few studies, to our knowledge, have

explored the impact of living in an EJ communty (i.e., a

neighborhood characterized not only by socioeconomic

deprivation but also by increased environmental burden) on

racial disparities in preterm birth and those investigations have

reported equivocal findings. In one study using data for the

period 2000–2005, inverse associations were reported between

county-level prevalence of preterm birth and county-level

environmental quality (considering factors related to both

environmental contamination and socioeconomic deprivation)

[Rappazzo et al. (24)]. In contrast, a more recent investigation

using data from the U.S-based ECHO Cohort found moderately

increased odds of preterm birth associated with living in a census

tract with higher combined burden of environmental and social

stressors (25). Moreover, in a stratified analysis, the association

persisted only for Black women, suggesting that living in an EJ

neighborhood may differentially impact risk of preterm birth

among Black and white women.

Given equivocal and limited evidence of previous studies, we

aimed to evaluate the role of EJ burden in Black-White

disparities in preterm birth in Harris County, Texas, home to the

fourth largest and most diverse city in the U.S. (Houston, TX). A

secondary objective was to compare results to the impact of

neighborhood-level socioeconomic deprivation alone.
2. Methods

2.1. Study population

We conducted a retrospective data analysis of deidentified data

from gravidae enrolled in PeriBank, an IRB-approved perinatal

database and biospecimen repository maintained by trained full-

time research coordinators at Baylor College of Medicine in

Houston, Texas. All gravid patients who are at least 18 years of

age (or at least 16 years of age if emancipated) who deliver at our
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two institutional hospitals (Ben Taub Hospital and Texas Children’s

Pavilion for Women) are approached and offered participation in

PeriBank, which began recruitment on August 1, 2011 (26). The

rate of enrollment into PeriBank among qualified patients has not

changed significantly with consent rates ranging from 86% to 90%

over the study interval. Regular quarterly audits are done to

ensure data accuracy. Maternal sociodemographic characteristics,

zip codes in which gravidae lived and worked during the

preconception period and in the 1st and 2nd/3rd trimesters during

pregnancy, comorbidities, previous pregnancy history, and delivery

data are collected and stored in PeriBank via abstraction of

electronic medical records and participant interviews. PeriBank

and the current study were approved by the Baylor College of

Medicine Institutional Review Board.

The present analysis was based on data from self-identified

non-Hispanic Black and non-Hispanic white (hereafter referred

to as Black and white) gravidae who delivered a singleton live

birth with no identified congenital anomaly between August

2011 and December 2020. If gravidae had more than one

eligible pregnancy, we randomly selected one pregnancy for the

present analysis resulting in 14,043 pregnancies from 5,864

(41.8%) Black and 8,179 (58.2%) white gravidae. We then

assessed eligibility based on residence in Harris County using

the self-reported zip code of domicile residence in the 2nd/3rd

trimester. If this zip code was missing, we relied on the 1st

trimester (n = 22) or the preconception (n = 4) zip code. We

excluded 2,466 (17.6%) gravidae with reported zip codes outside
FIGURE 1

Flow chart of study inclusion among non-Hispanic gravidae in PeriBank (20
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of Harris County and 161 (1.4%) gravidae who were missing

information on all residential zip codes. We further excluded

1,851 (13.2%) gravidae born outside the U.S. and those missing

nativity information (n = 380; 3.3%), resulting in 9,181 gravidae

(Figure 1).
2.2. Neighborhood-level EJ burden and
socioeconomic deprivation

To evaluate the impact of living in EJ communities, we utilized

U.S. Environmental Protection Agency’s (EPA’s) Environmental

Justice Screening and Mapping Tool (EJScreen) to generate zip-

code level EJ indices for ozone, fine particulate matter (PM2.5),

and proximity to National Priority List (NPL) sites (i.e.,

Superfund sites) for Harris County (27). An EJ index combines

area-level information for both the specific environmental

exposure (e.g., ozone) and population characteristics (e.g.,

percentages of low income and persons of color). Hence, each EJ

index provides a measure of pollution burden due to a particular

environmental contaminant or source through a social equity

lens. EJ indices are highest in areas where there is both a large

pollution burden and high proportion of socioeconomically

disadvantaged individuals and are represented as percentile

rankings (ranging from 0 to 100) relative to data from the entire

state of Texas. The zip code-level EJ indices for ozone, PM2.5,

and proximity to NPL sites were linked to gravidae based on
11–2020).

frontiersin.org

https://doi.org/10.3389/frph.2023.1296590
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org/


Whitworth et al. 10.3389/frph.2023.1296590
their reported zip code of residence. We excluded four gravidae

from two zip codes with no population data (Figure 1).

We also computed the area deprivation index (ADI), a

composite metric of 17 indicators from the U.S. Census (28).

Higher values of ADI indicate more socioeconomically deprived

areas. We obtained zip code tabulation area (ZCTA)-level data

from the American Community Survey 5-year estimates (2014–

2018) to calculate ADI for all ZCTAs in Harris County and

assigned ADI scores to each participant in our study using a

ZCTA-to-zip code crosswalk.
2.3. Spontaneous preterm birth

We obtained an indicator of whether a participant experienced

spontaneous preterm birth (sPTB; i.e., delivery of an infant prior to

37 weeks of gestation and resulting from preterm premature

rupture of the membranes or spontaneous labor) from PeriBank

records. Gravidae with indicated preterm birth were excluded

from this analysis. Three gravidae (<1%) were missing this

outcome information (Figure 1).
2.4. Covariates

We abstracted several covariates from PeriBank records for each

study participant including: maternal age (continuous), parity (0,

1,≥ 2), maternal education (less than a college degree, college

degree or higher), marital status (married, unmarried), alcohol

consumption (ever, never), insurance (private, other), pre-

pregnancy BMI (<25, 25–30,≥ 30 kg/m2), smoking (ever, never),

adequacy of prenatal care (inadequate/intermediate, adequate,

adequate plus) (29). We also calculated a binary variable indicating

whether a participant had a history of any of the following previous

pregnancy complications: preterm birth, intrauterine growth

restriction, macrosomia, stillbirth, preeclampsia, congenital anomaly,

gestational diabetes, preterm premature rupture of the membranes,

hemorrhage, endometriosis, placental abruption or placenta previa,

chorioamnionitis, or oligohydramnios.
2.5. Statistical analysis

We conducted descriptive statistics for the study population as a

whole and separately among Black and white gravidae. To explore the

impact of ADI and EJ indices on Black-White disparities in the

occurrence of sPTB, we conducted a series of complete case logistic

regression models using generalized estimating equations to account

for clustering among gravidae residing in the same zip code. First,

we assessed the crude association between race (Black vs. white)

and sPTB (Model 1) to quantify the extent of the Black-White

disparity. We then added maternal age, insurance, alcohol use,

marital status, adequacy of prenatal care, and history of pregnancy

complications) to Model 2 to evaluate the combined contributions

of these individual-level sociodemographic and medical

characteristics to the Black-White disparity in preterm birth. These
Frontiers in Reproductive Health 04
covariates were included based on a priori knowledge regarding

their association with sPTB. Finally, to evaluate whether

neighborhood-level factors further attenuated this disparity, we

separately included each EJ Index or ADI in Model 2. A

comparison of the odds ratio (OR) describing the Black-White

disparity in sPTB between models with or without each

neighborhood-level variable informs the extent to which each factor

contributes to the observed racial disparity. In addition to this

approach, which utilizes a mediation framework to evaluate the

contribution of neighborhood-level factors on racial disparities, we

conducted stratified analyses (adjusted for the same set of covariates

as Model 2) to explore whether race modifies associations of

neighborhood-level factors with sPTB (30). In all models, the EJ

index or ADI was modeled continuously. In the race-stratified

models, ORs and 95% confidence intervals are presented based on

a 10-unit increase in each neighborhood-level metric.

As a sensitivity analysis, we repeated all analyses excluding

variables for adequacy of prenatal care and history of pregnancy

complications because they have the potential to mediate

associations between neighborhood-level factors and adverse

pregnancy outcomes. We then made comparisons to the full

models to evaluate whether they obscured the impact of EJ

burden or neighborhood-level socioeconomic deprivation on

Black-White disparities in sPTB. All analyses were conducted

using SAS (version 9.4, SAS Institute Inc., Cary, NC, USA).
3. Results

Our study included 9,178 gravidae: 3,703 (40.3%) Black

gravidae and 5,475 (59.7%) white gravidae (Figure 1). Table 1

highlights several differences between these two groups with

Black gravidae generally experiencing greater disadvantage than

white gravidae. The prevalence of sPTB was 3.1% overall and was

more than twice among Black gravidae than among white

gravidae (5.0% vs. 1.8%). Compared with their white

counterparts, fewer Black gravidae were married (46.3% vs.

91.7%), held at least a college degree (28.5% vs. 78.6%) or had

private insurance (24.6% vs. 82.5%). A greater proportion of

Black compared with white gravidae had a pre-pregnancy BMI

≥30 kg/m2 (32.1% vs. 14.8%) or were classified as having

received inadequate/intermediate prenatal care (31.8% vs. 9.5%).

With the exception of pre-pregnancy BMI and adequacy of

prenatal care, the proportion of missing observations for each

variable was <5%. The final analytic sample size in our study was

8,086 gravidae, including 121 sPTB among Black gravidae and 80

sPTB among white gravidae.

Among women included in our analytic sample, we observed

that the neighborhoods in which Black gravidae live were

characterized by greater EJ burden and sociodemographic

deprivation, as demonstrated in Figure 2, displaying the

cumulative distribution functions for each of the neighborhood-

level variables, by race. In all cases, there was a shift in the

distribution of values for the neighborhood-level indicator

towards higher values among Black as compared with white

gravidae. The distributions of neighborhood-level factors are also
frontiersin.org
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TABLE 1 Individual-level maternal sociodemographic characteristics of
9,178 US-born non-Hispanic white and Black gravidae with singleton
livebirths in Harris County, Texas, PeriBank (2011–2020).

All
Gravidae
(n = 9,178)

n (%)

White
Gravidae
(n = 5,475)

n (%)

Black
Gravidae
(n = 3,703)

n (%)

Age
Mean ± SD 29.8 ± 5.6 31.4 ± 4.7 28.5 ± 6.2

Missing 11 (0.1) 7 (0.1) 4 (0.1)

Pre-pregnancy BMI (kg/m2)
<25 4,505 (49.1) 3,284 (60.0) 1,221 (33.0)

25–30 2,002 (21.8) 1,146 (20.9) 856 (23.1)

≥30 1,995 (21.7) 808 (14.8) 1,187 (32.1)

Missing 676 (7.4) 237 (4.3) 439 (11.9)

Parity
0 4,422 (48.1) 2,716 (49.6) 1,706 (46.1)

1 2,861 (31.2) 1,813 (33.1) 1,048 (28.3)

≥2 1,886 (20.6) 941 (17.2) 945 (25.5)

Missing 9 (0.1) 5 (0.1) 4 (0.1)

Married
No 2,389 (26.0) 432 (7.9) 1,957 (52.9)

Yes 6,731 (73.3) 5,018 (91.7) 1,713 (46.3)

Missing 58 (0.6) 25 (0.5) 33 (0.9)

Highest level of education
<College degree 3,521 (38.4) 1,020 (18.6) 2,501 (67.5)

College degree or
higher

5,355 (58.4) 4,301 (78.6) 1,054 (28.5)

Missing 302 (3.3) 154 (2.8) 148 (4.0)

Smoking
Ever 2,032 (22.1) 1,263 (23.1) 769 (20.8)

Never 7,141 (77.8) 4,209 (76.9) 2,932 (79.2)

Missing 5 (0.1) 3 (0.1) 2 (0.1)

Alcohol Consumption
Ever 6,854 (74.7) 4,518 (82.5) 2,336 (63.1)

Never 2,318 (25.3) 954 (17.4) 1,364 (36.8)

Missing 6 (0.1) 3 (0.1) 3 (0.1)

Insurance
Private 5,429 (59.2) 4,519 (82.5) 910 (24.6)

Other 3,484 (38.0) 814 (14.9) 2,670 (72.1)

Missing 265 (2.9) 142 (2.6) 123 (3.3)

Adequacy of prenatal care
Inadequate/
intermediate

1,695 (18.5) 518 (9.5) 1,177 (31.8)

Adequate 3,727 (40.6) 2,651 (48.4) 1,076 (29.1)

Adequate plus 2, 927 (31.9) 1,950 (35.6) 977 (26.4)

Missing 829 (9.0) 356 (6.5) 473 (12.8)

Previous pregnancy complications
Yes 3,110 (33.9) 1,747 (31.9) 1,363 (36.8)

No 6,066 (66.1) 3,728 (68.1) 2,338 (63.1)

Missing 2 (0.02) 0 (0.0) 2 (0.04)

Spontaneous Preterm Birth
Yes 284 (3.1) 99 (1.8) 185 (5.0)

No 8,894 (96.9) 5,376 (98.2) 3,518 (95.0)

Whitworth et al. 10.3389/frph.2023.1296590
presented in Supplementary Table S1. The median and

interquartile range (IQR; 25%, 75%) for the EJ Index for PM2.5

was 88 (85, 92) for Black and 69 (59, 85) for white gravidae,

respectively. The race-specific distributions of the EJ Index for
Frontiers in Reproductive Health 05
ozone were similar to that of the EJ Index for PM2.5. The median

EJ Index for NPL sites was 86 (79, 92) among Black and 66 (57, 80)

among white gravidae. The median (IQR) of ADI was 109.8 (103.2,

115) and 90.7 (69.8, 102.8) for Black and white gravidae,

respectively. The spread in the distribution of values for each

neighborhood-level variable was much smaller for Black than for

white gravidae as evidenced by the relatively narrow interquartile

ranges and steep rise of the cumulative distribution functions,

particularly for the EJ PM2.5 and ozone indices.
3.1. Evaluation of EJ burden and ADI as
mediators of Black-White disparities in sPTB

Overall, we found more than twice the odds of sPTB among

Black compared with white gravidae [Table 2, Model 1: OR =

2.46, 95% CI = 1.89, 3.19]. Adjusting for individual-level

sociodemographic variables attenuated, but did not diminish,

this disparity (Table 2, Model 2: OR = 1.79, 95% CI = 1.32,

2.44). The Black-White disparity in sPTB after accounting for

individual-level variables was only moderately attenuated when

further accounting for EJ burden of PM2.5 (OR = 1.68, 95% CI

= 1.21, 2.32), ozone (OR = 1.68, 95% CI = 1.22, 2.32), NPL sites

(OR = 1.69, 95% CI = 1.25, 2.29) or ADI (OR = 1.58, 95% CI =

1.14, 2.18).
3.2. Race as a modifier of associations
between EJ burden or ADI and sPTB

In the race-stratified analyses (Table 3) we observed an

increased odds of sPTB in association with each EJ index among

Black gravidae and no association between each EJ index and

sPTB among white gravidae. The ORs describing the association

of a 10-unit increase in the neighborhood-level EJ Index for

PM2.5 with sPTB was 1.17 (95% CI = 0.97, 1.40) for Black and

1.02 (95% CI = 0.86, 1.21) for white gravidae. Similar associations

were observed between the EJ indices for ozone and NPL sites

with sPTB. The association between living in a neighborhood

with a higher ADI (i.e., a more socioeconomically deprived

neighborhood) was the same for both racial groups (Black: OR =

1.11, 95% CI = 0.95, 1.30; white: OR = 1.11, 95% CI = 0.98, 1.25).

In our sensitivity analyses, models that did not include prenatal

care and previous pregnancy complication produced similar

conclusions (Supplementary Tables S2 and S3).
4. Discussion

Our study utilized data from an existing and well curated

perinatal data repository to explore the role of EJ burden in

Black-White disparities in sPTB birth in Harris County, Texas,

home to the fourth largest and most diverse city in the U.S.—

Houston. We additionally evaluated the role of neighborhood

socioeconomic deprivation alone, via ADI. In our study, set in an

area characterized by a network of dense, heavily trafficked
frontiersin.org
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FIGURE 2

Cumulative distributions of (A) environmental justice (EJ) index for fine particulate matter (PM2.5); (B) EJ index for ozone; (C) EJ index for national
priority list (NPL) sites; and, (D) area deprivation index (ADI) among 8,086 US-born non-Hispanic Black and white gravidae in Harris County, Texas,
PeriBank (2011–2020).

TABLE 2 Odds ratios describing the Black-White disparity in spontaneous
preterm birth among 8,086 US-born non-Hispanic Black and white
gravidae in Harris County, Texas, PeriBank (2011–2020).

OR (95% CI)
Model 1a 2.46 (1.89, 3.19)

Model 2b 1.79 (1.32, 2.44)

Model 2b + EJ index for PM2.5 1.68 (1.21, 2.32)

Model 2b + EJ index for ozone 1.68 (1.22, 2.32)

Model 2b + EJ index for NPL sites 1.69 (1.25, 2.29)

Model 2b + ADI 1.58 (1.14, 2.18)

ADI, area deprivation index; CI, confidence interval; EJ, environmental justice; NPL,

national priorities list; OR, odds ratio; PM2.5, fine particulate matter.
aCrude association between race (Black vs. white) and spontaneous preterm birth.
bAssociation between race (Black and white) and spontaneous preterm birth

adjusted age, insurance, alcohol use, marital status, adequacy of prenatal care,

and previous pregnancy complications.

TABLE 3 Associationsa between EJ indices and ADI and spontaneous
preterm birth among 8,086 US-born non-Hispanic Black and white
gravidae in harris county, Texas, periBank (2011–2020).

White Gravidae Black Gravidae

OR (95% CI) OR (95% CI)
EJ index for PM2.5 1.02 (0.86, 1.21) 1.17 (0.97, 1.40)

EJ index for ozone 1.01 (0.86, 1.18) 1.18 (0.99, 1.41)

EJ index for NPL sites 0.97 (0.82, 1.15) 1.16 (0.98, 1.39)

ADI 1.11 (0.98, 1.25) 1.11 (0.95, 1.30)

ADI, area deprivation index; CI, confidence interval; EJ, environmental justice; NPL,

national priorities list; OR, odds ratio; PM2.5, fine particulate matter.
aAdjusted for age, insurance, alcohol use, marital status, adequacy of prenatal care,

and previous pregnancy complications.
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roadways, many hazardous waste sites, no zoning laws, and the

largest seaport in the nation, U.S.-born Black gravidae had

substantially greater odds of sPTB compared with U.S.-born

white gravidae. Though we found only a modest contribution of

neighborhood factors (either EJ burden or ADI) to Black-White
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disparities in sPTB among women in our study, our analyses

suggest racial differences in the magnitude of associations

between neighborhood measures of EJ burden and sPTB.

Because individual-level characteristics do not fully explain

observed Black-White disparities in preterm birth (8, 9, 11), we

must look to other factors, including the neighborhood context, to

evaluate their role as key drivers of disparities. While the
frontiersin.org
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physiology and timing of initiation of labor persists as largely poorly

understood, aspects of the neighborhood environment may increase

psychosocial stress experienced by pregnant persons (31). For

example, it has been suggested that chronic stress exposures are

associated with the release of catecholamines and activation of the

HPA-axis, triggering downstream events such as the release of

cortisol, which is transported across the placenta (16, 17, 32).

While previous reviews provide evidence of the adverse perinatal

impact of living in socioeconomically disadvantaged neighborhoods

(18, 19), other investigations have attempted to assess the specific

contribution of the neighborhood-level socioeconomic context to

racial and ethnic health disparities—that is, whether consideration

of such factors attenuates the risk of adverse perinatal health

outcomes among Black compared with white gravidae. For

example, Benmarhnia et al. (10) found zip code-level neighborhood

socioeconomic characteristics (i.e., unemployment, poverty,

linguistic minority, educational attainment) explained 16.1% of the

observed Black-White disparity in preterm birth, nearly equal to

the proportion (17.5%) of the disparity explained by individual-

level factors (i.e., maternal education, age at delivery, Medicaid

enrollee, and missing paternal information).

However, we are aware of only a handful of studies evaluating

perinatal health impacts of living in an EJ neighborhood (that is, a

neighborhood jointly characterized by increased pollution burden

and socioeconomic deprivation) (24, 25, 33–36). In a county-

level analysis, Rappazzo et al. (24) reported lower prevalence of

preterm birth among counties with poorer overall environmental

quality, assessed via a county-level composite index of variables

from four environmental domains: air, water, built, and

sociodemographic (37). However, the authors also reported

differences in the direction and magnitude of associations when

they evaluated domain-specific associations and within urban-

rural strata (24). Additionally, in a follow-up study, there was

evidence of interactions among domain-specific effects on

county-level prevalence of preterm birth (36). On the other

hand, Martenies et al. (25) constructed a census-tract level

exposure index incorporating information relating to air

pollution, built environment, and social exposures, and found

increased risk of preterm birth among women living in areas

with greater combined environmental and social exposures. We

are unaware of studies that have explicitly evaluated whether

Black-White disparities in perinatal health outcomes are

mediated through residence in an EJ neighborhood. Although

accounting for EJ burden (or ADI) attenuated the observed

Black-White disparity in sPTB in the present study, the

attenuation was modest, pointing to potential (as yet)

unmeasured determinants of this disparity in our population.

To fully explore how the neighborhood context might influence

health disparities, stratified analyses may provide insight into the

potential differential impact that living in a disadvantaged context

may have among gravidae of different racial groups (30). The only

previous study of which we are aware that has evaluated racial

differences in the impact of living in an EJ neighborhood is the

study by Martenies et al. (25) which included pregnant individuals

across the U.S. who were enrolled in the national ECHO Cohort.

When stratified by race, the authors found no evidence of an
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association between a one standard deviation increase in the

census tract-level combined cumulative exposure index and risk of

preterm birth among white participants (RR = 0.99; 95% CI = 0.95,

1,03) although they report an 8% increased risk of preterm birth

among Black participants (RR = 1.08, 95% CI = 1.00, 1.16). In the

current study, we also found suggestive evidence that the impact

of living in an EJ neighborhood is limited to Black gravidae.

Metrics of EJ burden may capture evidence of systemic or

structural racial inequities which amplify adverse effects of

environmental toxicant exposure amongst Black and other

vulnerable and marginalized populations (31).

Interestingly, our evaluation of living in neighborhoods

characterized by socioeconomic deprivation (without regards to

increased environmental exposure burden) revealed a different

pattern of association. In the current study, we observed identical

effect estimates representing the association between ADI and sPTB

among Black and white gravidae, in contrast to the results of the

analyses of EJ Indices, where associations were only observed

among Black gravidae. Although the literature is generally

supportive of associations between neighborhood socioeconomic

deprivation and adverse perinatal health outcomes overall (18, 19),

results of previous studies investigating race-specific associations

between neighborhood socioeconomic deprivation and preterm

birth have been mixed (18–20, 38–40), with some studies indicating

larger effect estimates associated with living in a socioeconomically

disadvantaged neighborhood among white compared with Black

gravidae (19) while others report the opposite (18). Given mixed

results, future analyses using data from studies that allow the

characterization of specific aspects of the neighborhood context as

well as individual-level stressors and buffers may help further

inform mechanisms through which the neighborhood environment

may (or may not) differentially impact Black and white gravidae

and result in disproportionate perinatal health outcomes.

Our study included a relatively large number of births, spanning

nine years and including more than 8,000 women. Even so, given the

low prevalence of sPTB, our analysis suffered from small numbers.

Because there were few cases of sPTB in several strata when data

were stratified by both race and categories of exposure, we present

associations based on 10-unit increases in each neighborhood

factor, which was around a single standard deviation in the

distributions of the EJ indices and less than 1 standard deviation

in the distribution of ADI; this approach to analyzing

environmental justice burden variables is also similar to that

utilized in a previous investigation (25). However, it is possible

that the relation between living in a deprived neighborhood and

sPTB would be better characterized through a comparison of

gravidae who live in areas with relatively higher vs. lower

socioeconomic deprivation or environmental justice burden.

Interestingly, the distributions of indices representing

environmental justice burden due to PM2.5, ozone, and NPL sites

were very similar and thus, it is likely that these metrics were all

measuring generalized EJ burden. It is also possible that the

neighborhood measures we used did not fully capture the scope of

EJ burden or socioeconomic deprivation experienced by gravidae

in our study, in part due to the exposure misclassification resulting

from the relatively large geographic area covered by zip codes. In
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contrast, smaller geographical units would better capture dimensions

of the neighborhood context. Although our analysis was constrained

to the use of zip codes to define participant’s neighborhood

environment, we recommend future studies to further investigate

the present findings using data sources that allow for a more

spatially resolved neighborhood assessment.

In this study of retrospectively collected data from a large

number of U.S.-born gravidae living in the third most populous

county in the U.S. with myriad sources of environmental exposure

and demonstrated environmental injustice, we observed clear

evidence of Black-White disparities in sPTB, an outcome with

immense public health implications. Though we observed only

moderate evidence of the contribution of living in EJ

neighborhoods to this disparity, our study suggests living in an EJ

neighborhood may differentially impact Black and white gravidae.
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