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Abstract 

           The Environmental Justice movement began in the South as a response to toxic waste 

dumping in disproportionately black communities. Today, it encompasses the many inequities 

and social injustices concentrated in largely black and low-income populations. This 

disproportionate burden may aid in understanding the lack of birth equity between white and 

black mothers where individual behaviors fail to fully explain the disparity. This study 

presents a cross-sectional, ecologic analysis of Environmental Justice metrics and preterm 

birth in Allegheny County, PA. Overall, areas with the highest level of housing vacancies had 

significant increases in preterm birth incidence (IRR 1.43, 95% CI 1.22, 1.67). However, 

race stratified models show a disproportionate impact of diesel particulate matter on 

preterm birth incidence among black women (IRR 2.20, 95% CI 0.99, 4.87), compared to 

white women. Ultimately, this analysis contributes a piece to untangling the complex 

and multifactorial relationship between neighborhood, preterm birth, and race, a matter of 

great public health significance.  
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1.0  Introduction 

1.1 Environmental Justice and Historical Context 

Environmental justice has roots that stretch far beyond its storied beginning of waste 

dumping in the southern United States. Historically, black and lower income communities have 

been constructed around higher density traffic, commercial, and industrial areas leaving residents 

subject to greater levels of environmental pollutants1-3. During the industrial age, towns were 

built around manufacturing centers to allow for an easy commute for white workers4. However, 

as industry jobs moved from urban centers, white workers moved on to suburban areas with 

loans provided by the federal government5. Only then, were black populations afforded the 

opportunity to move into these higher density areas. Without the economic stimulus from 

industry, communities collapsed and were ignored by local government5-7. Often, leaving these 

areas for better environment and opportunity is not an option. Many lacked the financial stability 

to afford rent in better areas or were excluded from mortgage lending based on race8. 

Infrastructure was neglected, and many communities were effectively cut off from all 

opportunity and access to resources required to thrive.  

That isolation and racial exclusion has continued today. Poverty is concentrated in areas 

that once were economic boons of industry, and most residents are trapped within a system 

constructed against them. These communities are the living example of institutional racism; 
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historical actions both implicitly and explicitly discriminatory restricted the growth of black 

communities4, 5. Now, communities still bear the burden of historical policy through lack of 

opportunity, disproportionate environmental degradation, and increased negative health 

outcomes. Though environmental justice began as a response to an environmental concern it has 

expanded to become a home for issues pertinent to the spaces and places where people work, 

live, and play, and how those spaces may impact health or quality of life9. 

The environmental justice movement was born in the 1980’s in the southern US out of 

controversy surrounding disproportionate toxic waste dumping in primarily African American 

communities10, 11. Specifically, in 1982 an illegal dump by a local North Carolina company had 

left the state to dispose of 30,000 gallons of contaminated soil12, 13. The state chose to build a 

landfill in the community of Afton, a lower income area with a population that was 65% black13. 

Protests from the community and other environmental groups delayed the construction, but 

ultimately the state went forward with the development and put an entire community at risk of 

contaminated drinking water13. Though unsuccessful, the protests marked the beginning of a 

fight for environmental protections in the black community9, 10. Reports that followed built upon 

the fledgling movement and quantified the scope of environmental degradation felt by many 

primarily black and low-income communities. One such report by The United Church of Christ 

concluded, at the time, that the greatest predictor for the location of commercial hazardous waste 

facilities was the mean minority percentage of an area. Communities with a waste facility had up 

to twice the proportion of minority residents than areas without such a facility14.  

Consequently, the inequities in neighborhood environment has come into greater focus in 

light of the many health disparities between the black and white population15. Across the board, 

black populations have rates of chronic and noncommunicable disease and adverse birth 
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outcomes that often far exceed that of their white counterparts16. Despite wide-scale effort and 

some progress, many gaps in health persist. Researchers have begun to give more focus to 

analysis that incorporates higher level indicators of health to cover the gaps that remain after 

taking individual level factors into account15, 17. Socio-demographic characteristics, pollution 

levels, and measures of the built environment have all come into play to evaluate and remediate 

health disparities.  

1.2 Preterm Birth  

Preterm birth is defined as birth as less than 37 weeks of gestation, extensive study has 

shown that preterm births accounts for a third of all infant deaths and is the largest direct cause 

of global neonatal deaths18, 19. In the United States the preterm birth rate has risen since 1990 

among all live births; at the same time the percent of black infants born preterm has remained 

consistently higher than the percent of white infants born preterm (Table 1)20. More recently, 

rates have alarmingly risen each year between 2014 and 201721. Nationally and locally, the 

preterm birth rate is utilized to identify serious pockets of inequity, particularly among lower 

income populations and populations of color. Since the mid 1900s, it has been recognized that 

there exists a pervasive lack of birth equity in the United States22. Much like issues of 

environmental justice, the disparity in preterm birth between white and black women is not a 

mere difference in behavior. Instead, it is borne out of a long history of social injustice and 

widespread racial exclusion and inequity that has persisted today; and is evident in the disparity 

in preterm birth. Nationally, black infants are born preterm 60% more frequently than white 

infants, and associated complications account for 42.5% of infant deaths among black infants, 
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but only 30.8% of infant deaths among white infants18. Often, infants who were born preterm 

have lasting effects through childhood, adolescence, and adulthood23.   

 
Table 1 Percent of all Live Births Born Preterm in the US Overall and by Race for 1990, 2000, and 2010. 

Year Overall  Black  White  

1990 10.62 17.0 7.3 

2000 11.64 15.3 8.4 

2010 11.99 17.12 10.77 

 

The preterm birth disparity is pervasive and equivocal. Many studies that focused on 

individual level risk factors such as smoking status, inter gestational period, education, previous 

preterm births, or adequate prenatal care failed to fully explain the disparity24. More recent 

research has begun to examine preterm birth as a multifactorial issue and has incorporated both 

individual and community level factors, hypothesizing that accumulated stress from individual 

circumstance, neighborhood quality, and environmental toxins contribute to the widening gap19, 

25, 26. One prominent theory is the concept of weathering, where life-long exposure to racism, 

poor environment, and other daily stressors accumulate and increase allostatic load, resulting in 

poorer health over time27. A study of generational mobility among black and white women found 

that a majority of black women resided in lower income areas across generations, whereas white 

women largely resided in higher income areas across generations27. Results indicated that the 

black women experienced weathering in rates of small for gestational age and low birth weight, 

but not preterm birth, however the study did not incorporate neighborhood context outside of 

income. Another study considered “metropolitan statistical areas” (MSA) in terms of 

segregation, income, educational attainment, and very preterm birth. The MSAs were grouped by 
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size, 100,000-500,000, 500,000-1 million, or million plus, and region, Northeast, Southeast, 

Midwest, and West. The only instances of overlap between very preterm rates between black and 

white infants occurred in the “very best” city for black women and the “very worst” city for 

white women19.  Again, this study did not consider environmental factors, and the unit of 

analysis was large and may contain a vast amount of heterogeneity that can be lost in aggregate.  

Much like past environmental justice research, other studies have incorporated 

environmental characteristics into their analysis of neighborhood structures and adverse birth 

outcomes. In California, PM2.5 concentrations accounted for 3.1% of the difference in PTB rates 

and 4.5% of the difference in very PTB rates between black and white mothers28. These values 

were on par with many other individual and neighborhood level factors such as age at delivery, 

explaining 4.6% of the difference, or zip code level of unemployment, explaining 3.8% of the 

difference28. However, the study used zip code as the unit of analysis which are large and often 

heterogenous and may not reflect accepted community boundaries.  

Circumstances in Allegheny County mirror that of the state and the nation. Though 

overall Allegheny is on track to exceed the Healthy People 2020 goal for rate of preterm births, 

there is a significant portion of the population trailing behind. African Americans comprise 13% 

of the population in Allegheny County, yet they accounted for 30% of all preterm births between 

2015 and 201729, 30. In the same period, black women were 80% more likely to experience 

preterm birth than white women29. Furthermore, due to Allegheny County’s unique history and 

geography, African Americans tend to be isolated in neighborhoods with a higher concentration 

of poverty, environmental toxins, and poor built environment31. Compared to eight other 

counties of a similar size and racial composition, Allegheny had the second highest racial 

disparity in preterm birth29. 
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Furthermore, due to Allegheny County’s unique history and geography, African 

Americans tend to be isolated in neighborhoods with a higher concentration of poverty, 

environmental toxins, and poor built environment. The Allegheny County 2017 Environmental 

Justice Index found that of the ten areas with the highest environmental justice score, a 

composite score factoring in socio-demographics and environmental characteristics of an area, 

eight of them had at least 30% racial minorities31. Moreover, they concluded that no one variable 

drove the overall score, but that the highest need areas had consistently higher scores across each 

category.  

1.3 Public Health Significance 

Preterm birth has lasting effects on both mothers and infants. Mothers who’ve had a 

previous preterm birth are 15-50% more likely to have an additional preterm birth or experience 

other birth complications32. Infants born preterm are at a higher immediate risk of mortality; 

through adolescence and adulthood, individuals born preterm are at higher risk of asthma, 

learning disabilities, attention deficit disorder, and emotional problems23. Women who 

themselves were born preterm are at a higher risk of adverse birth outcomes and most salient, 

there is evidence that that women who themselves were born preterm in a low-income area and 

later moved to a high income area are at an increased risk (RR 1.72; 95% CI 0.54, 5.64) of 

having an infant born preterm, though not statistically significant33.  

Infants born preterm come at a high societal cost. Recent estimates from 1444 Ohio births 

born preterm found an annual cost of $93 million in initial hospital costs alone34. The study also 

found that costs continue throughout life, and an extension of the data calculated a loss of over 
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$300 in annual earnings among local adults born preterm. A similar study conducted in Michigan 

measured the excess costs associated with the racial gap in preterm birth. Researchers found that 

the increased rate of preterm birth among black infants was associated with a lifetime cost of 

$352 million35. Thus, preterm births include not only the discrete costs of initial hospitalization 

and increased care, but also continue to grow throughout life. Furthermore, the Michigan study 

illustrates not only the discrete excess costs attributed to the racial disparity, but also that the 

burden of indirect costs continues in lifetime morbidities associated with preterm birth.  

Altogether, current and past research on both preterm birth and environmental justice 

indicate that the two are inextricably linked, complex issues. Analysis of individual factors alone 

fails to contextualize experiences of women during pregnancy that have been shown to affect 

birth outcomes. Preterm birth and its subsequent complications have great public health 

significance in both societal cost and long-term health, and gaps in literature exist that fail to 

fully incorporate neighborhood context and environmental justice with preterm birth and its 

racial disparities. This analysis seeks to add a piece of evidence to the growing body of research 

that environmental and neighborhood factors impact preterm birth, and disproportionately impact 

the preterm birth rates of black infants.  
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2.0 Methods 

2.1 Study Design 

           This is a cross-sectional, ecologic study evaluating preterm birth data from 

2015-2017 in Allegheny County as it relates to community health and structure during the 

same period. It includes 205 Allegheny County neighborhoods and municipalities that had 

complete data for both outcomes data and environmental justice indicators 

2.2 Environmental Justice Evaluation 

The Environmental Justice Index’s goal was to identify and highlight areas of higher 

environmental need based on a series of community health metrics. In 2017, the Allegheny 

County Health Department met with a series of local stakeholders to determine what metrics they 

felt best represented community health31. In the end, they decided on three main categories with 

a total of ten metrics: diesel particulate matter, particulate matter, miles of railroad track 

coverage, proximity to greenspace, housing vacancy, median household income, educational 

attainment, traffic density, and percent minority population. For the purpose of this analysis, the 

report was updated with all of the same metrics except for traffic density and stream impairment. 

Because diesel particulate matter’s main source is automobile traffic it can approximate traffic 
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density in a similar fashion. All the data were originally at the census-tract level but were 

aggregated to reflect Allegheny County neighborhood and municipality boundaries using a 

health department document to correspond the geography. Some census-tracts overlapped in 

multiple areas and so those areas were combined in analysis, see Appendix for the full list of 

areas with census tract overlap. A map of the distribution of overall EJ scores was created in 

ArcGIS.  

2.3 Overview of Data Sources 

2.3.1 Sociodemographic Data 

We obtained socio-demographics data: median household income, educational 

attainment, and percent minority population, from the American Community Survey30. All data 

sets were three-year estimates for the years 2015-2017.  For areas containing more than one 

census tract, the average median household income was used as the income in that area. 

Educational attainment was defined as the percent of individuals over 18 with a high school 

degree, in a given area. Percent minority population included all nonwhite residents in the 

numerator.  

2.3.2 Built Environment  

Built environment variables included housing vacancy, proximity to greenspace, and 

miles of railroad track coverage. Railroad track coverage and proximity to greenspace were both 
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initially calculated using spatial analysis software for the original EJ evaluation31. Given that 

little change in either has occurred over the past few years, the original estimates were included 

in this analysis, reaggregated to reflect municipal and neighborhood boundaries as opposed to 

census-tracts. Proximity to greenspace was defined as the percent of total homes in an area that 

were located within 0.25 miles of greenspace, such as a park. Railroad track coverage was 

calculated as the miles of total track divided by the total area of a location in square miles. The 

US Postal Service provided the vacancy data36. For this analysis, vacancy was calculated over a 

three-year period, 2017-2017, and reflects the average annual percent of homes vacant in any 

quarter in a given area.  

2.3.3 Air Quality  

Both PM2.5 and DPM variables reflected air quality in Allegheny County. National Air 

Toxics provided the 2014 DPM data and the PM2.5 data came from the original Environmental 

Justice Evaluation in 201731, 37.  

2.3.4 Preterm Birth  

Allegheny County Health Department vital statistics provided the estimates for preterm 

birth for the years 2015-201738. All live singleton births were considered for analysis. Three 

variables were created for assessment: number of white preterm births, number of black preterm 

births, and preterm births overall. Race was determined by mother’s self-reported race on the 

birth record and aggregated by mother’s municipality or neighborhood.  
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2.4 Statistical Analysis 

All statistical analyses were conducted in SAS 9.4. Three models were created to assess 

preterm birth and neighborhood in order to detect effects of environmental justice indicators on 

preterm birth overall and among racial groups.  

For baseline analysis, we constructed tertiles of preterm birth rates, and calculated mean 

and standard deviation for each variable within each tertile. Analysis of variance distinguished 

differences in the covariates across levels of preterm birth. Pearson’s correlations were 

calculated to illustrate the strength and direction of the linear relationship between each variable 

and preterm birth overall and stratified by race.  

Each model was a negative binomial model. Like a poisson model, the negative binomial 

models count data, but is used when the variance is not equal to the mean to avoid 

overdispersion. In order to model rates, negative binomial models require an offset term that is 

the natural log of the outcome denominator. Otherwise, models of absolute counts would not 

reflect the difference in total live births. For the overall birth model, areas with less than 10 

preterm birth events were suppressed to avoid small numbers issues in the regression. However, 

given the smaller number of events when stratifying by race, the suppression threshold was 

dropped to 5 for the white and black models to gather enough observations for regression.  

We constructed univariate models for overall preterm birth with each of the eight EJ 

variables. The final model included minority percent, diesel particulate matter, housing vacancy, 

median household income, railroad track coverage, educational attainment, and proximity to 

greenspace. Because PM2.5 levels are relatively ubiquitous throughout the region, it was not 

retained in the final model. To assess differential by race, the variables in the final overall model 



12 

were ran against stratified preterm birth estimates. For each model, we visually assessed fit and 

checked model diagnostics within the set parameters.  
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3.0  Results 

Baseline tables show a disparity in preterm birth rates between black and white mothers 

(Table 2). Overall, between 2015 and 2017 of 47,100 live births 8.1 % were born prior to 37 

weeks gestation. Among black mothers, 11.4% of 10,755 infants were born preterm, and 6.3% of 

31,504 white infants were born preterm (Table 4). Bivariate analysis illustrated statistically 

significant differences across tertiles of preterm birth rates for all environmental justice 

variables, except for PM2.5 (Table 4). Because the concentration of PM2.5 was largely uniform 

throughout Allegheny County and essentially the same across levels of preterm birth rates, it was 

not retained in the full negative binomial models.  

Pearson’s correlations showed the strength and significance of linear relationships with 

preterm birth, stratified by race (Table 3). Among blacks, minority percent, PM2.5, and housing 

vacancy, were all significantly positively associated with preterm birth. Conversely, educational 

attainment and median household income were significantly negatively associated with preterm 

birth. Among whites, minority percent, DPM, railroad track coverage, vacancy, and proximity to 

greenspace were all negatively associated with preterm birth. Educational attainment and median 

household income were both positively associated with preterm among white preterm birth. 

Overall, DPM, railroad track coverage, and proximity to greenspace were negatively associated 

with preterm birth.  
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Table 2 Descriptive statistics within Allegheny County. 

Variable 

 

Mean ± SD   Range 

Live births, % preterm 

Overall 

Black 

White 

 

47100, 8.1  

10755, 11.4  

31504, 6.3  

 

- 

- 

- 

Minority % 24.89 ± 25.5 0 – 99.6  

DPM ng/m3  0.538 ± 0.2 0.253 – 1.17 

PM2.5 ng/m3 11.54 ± 0.25 10.6 – 12.0  

Railroad Track Coverage per mi2 7.11 ± 9.6 0 – 71.4 

Housing Vacancy % 4.68 ± 4.37 0 – 29.5  

Proximity to Greenspace % 67.31±26.1 4.4 – 100  

Educational Attainment % 92.51 ± 4.4 76.8 – 100  

Median Household Income 54669 ± 2717 13358 – 162054  
Distribution of all EJ variables, given by mean, standard deviation, and range; and preterm birth, given by number of 

live births and percent born preterm. Birth data includes all births between the years 2015-2017, sociodemographics 

data covers the years 2015-2017, air quality data covers 2014, housing vancancy includes the years 2015-2017, and 

both railroad track coverage and proximity to greenspace includes data from 2017.  

 

Table 3 Pearson's Correlations, Environmental Justice Metrics and Preterm Births from 2015-2017, by Race. 

EJ Variable Pearson’s Correlations to Preterm Birth Rate 

Black White  Overall 

Minority % 0.49 ** -0.31 ** 0.036 

DPM ng/m3 0.097 -0.27 ** -0.15 * 

PM2.5 ng/m3 0.21 * -0.011 0.095 

Railroad Track Coverage per mi2 0.027 -0.21 * -0.15 * 

Housing Vacancy % 0.34 ** -0.28 ** -0.044 

Proximity to Greenspace % 0.031 -0.39 ** -0.27 ** 

Educational Attainment % -0.32 ** 0.21 * < 0.0001  

Median Household Income -0.33 ** 0.24 * 0.012 
Bivariate relationships using Pearson’s Correlations between each EJ variable and the preterm birth rate, stratified 

by race.  

* p=0.05 

** p < 0.0001 
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Table 4 Bivariate Analysis Across Tertiles of Preterm Birth, 2015-2017, among Allegheny County Locales.  

Mean ± SD Low, n=61 Moderate, n=67 High, n=67 

Total Births, % 

Preterm 

11230, 5.16 27592, 8.12 8278, 12.09 

Minority % ** 13.93 ± 12.8 21.36 ± 20.6 39.03 ± 31.8 

DPM ng/m3 * 0.49 ± 0.1 0.51 ± 0.1 0.58 ± 0.2 

PM2.5 ng/m3 11.49 ± 0.2 11.55 ± 0.3 11.58 ± 0.3 

Railroad Track 

Coverage per mi2 * 

5.93 ± 7.6 5.60 ± 7.3 9.30 ± 12.1 

Housing Vacancy % 

** 

2.61 ± 2.5 4.20 ± 3.9 6.74 ± 4.2 

Proximity to 

Greenspace % ** 

62.9 ± 29.3 61.8 ± 23.6 76.0 ± 23.2  

Educational 

Attainment % ** 

94.9 ± 2.5 92.8 ± 3.7 89.7 ± 4.7 

Median Household 

Income ** 

69251 ± 31885 56784 ± 23326 38914 ± 15837 

This represents the differences in means of EJ variables across tertiles of the overall preterm birth rate. The tertiles 

are based on the distribution of preterm birth, with 61 areas designated as low preterm birth, 67 as moderate, and 67 

as high. ANOVA tests were run to detect differences in the means of EJ metrics across tertiles of preterm birth.  

* p=0.05 

** p < 0.0001 

 

Negative binomial models included 205 of the 220 Allegheny County locales where there 

were at least 10 preterm births overall (Table 5). All independent variables, except for DPM, 

were divided into tertiles for entry into the model and given values 0, 1, or 2, indications the 

lowest to highest tertile, respectively. In initial model building, algorithms only converged when 

DPM was entered as a continuous variable, so it was retained as continuous for final analysis. As 

mentioned above, PM2.5 was not included in the final models due to a lack of variation 

throughout Allegheny County. Initial models showed paradoxical relationships between median 

household income and preterm birth rates. Current literature has questioned the use of median 

household income as an aggregate measure in studies of adverse birth outcomes, particularly 

among black women39, 40. Thus, median household income measures were dropped from the 
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models to best estimate the impact of other factors that provide a better measure of neighborhood 

status and need in aggregate. 

Moderate and high levels of housing vacancy were associated 32% and 68% higher rates 

of preterm birth incidence, overall (IRR 1.32, 95 % CI 1.20-1.47; IRR 1.68, 95% CI 1.52-1.86). 

Following adjustment, the relationship was attenuated, but still statistically significant (IRR 1.21, 

95% 1.07, 1.37; IRR 1.43, 95% CI 1.22, 1.67). In the crude model, the highest tertile of percent 

minority population was associated with a 48% increase in preterm birth rates (IRR 1.48, 95% CI 

1.31-1.67). Adjusted models showed no relationship to preterm birth and percent minority 

population at either the moderate or high level. DPM was not associated with preterm birth in the 

crude model, but after adjustment there was a nonsignificant association indicating a 37% 

increase in the incidence of preterm birth with a one unit increase in DPM (IRR 1.37, 95% CI 

0.89-2.09).  In crude models, railroad coverage was associated with a 35% increase in preterm 

birth at higher levels, with no significant relationship at the moderate level (IRR 1.35, 95% CI 

1.17-1.57). Adjusted models showed a weakened relationship between railroad coverage and 

preterm birth rates at the highest tertile, indicating a 14% increase (IRR 1.14, 95% CI 1.01, 

1.28). Moderate and low tertiles of educational attainment were associated with 22% and 56% 

increases in the preterm birth rate, that were null following adjustment (IRR 1.22, 95% CI 1.08, 

1.38; IRR 1.56, 95% CI 1.37-1.78). Finally, proximity to greenspace was associated with a 21% 

and 27% reduction in preterm birth rates among moderate and low tertiles, respectively (IRR 

0.79, 95% CI 0.67, 0.94; IRR 0.73, 95% CI 0.62, 0.86). However, following adjustment there 

was no significant association.  
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Table 5 Negative Binomial Crude and Adjusted Models of Preterm Birth, 2015-2017, within Allegheny 

County Locales. 

EJ Variable IRR of Preterm Birth (95% CI) 

Crude (n=205) Adjusted (n=205) 

Housing Vacancy 

Low  

Moderate 

High 

 

Ref. 

1.32 (1.20-1.47) * 

1.68 (1.52-1.86) * 

 

Ref. 

1.21 (1.07-1.37) * 

1.43 (1.22-1.67) * 

Minority %  

Low  

Moderate  

High 

 

 

Ref. 

1.05 (0.93-1.19) 

1.48 (1.31-1.67) * 

 

Ref. 

0.98 (0.88-1.09) 

1.04 (0.91-1.19) 

DPM ng/m3 1.01 (1.00-1.02) 1.37 (0.89-2.09) 

Railroad Track Coverage per 

mi2 

Low 

Moderate  

High 

 

Ref. 

0.95 (0.83-1.08) 

1.35 (1.17-1.57) * 

 

Ref. 

1.02 (0.92-1.13) 

1.14 (1.01-1.28) * 

Educational Attainment 

High 

Moderate 

Low 

 

Ref. 

1.22 (1.08-1.38) * 

1.56 (1.37-1.78) * 

 

Ref. 

1.03 (0.93-1.15) 

1.09 (0.94-1.25) 

Proximity to Greenspace 

High 

Moderate 

Low 

 

Ref. 

0.79 (0.67-0.94) * 

0.73 (0.62-0.86) * 

 

Ref. 

0.95 (0.92-1.10) 

1.02 (0.89-1.01) 
This represents the crude models of all the EJ variables included in the final model, the tertiles are based on the 

distribution of each variable. The adjusted model includes every variable listed above.  

* p=0.05 

** p < 0.0001 

 

 

Largely the models stratified by race showed few significant associations with 

environmental justice variables and preterm birth (Table 6). However, among black preterm 

births, a one unit increase in DPM was associated with a 220% increase in the rate of preterm 

birth at a p-value of 0.051 (IRR 2.19, 95% CI 0.99, 4.87). Additionally, moderate and low tertiles 

of educational attainment were both associated with an approximately 20% non-significant 
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increase in black preterm birth (IRR 1.18, 95% CI 0.80, 1.87; IRR 1.16, 95% CI 0.78, 1.85). 

Both moderate and high tertiles of minority percent and housing vacancy were associated with 

non-significant reductions in the risk of preterm birth among black women. Like in the overall 

model, education attainment moderate and high tertiles were associated with increases in preterm 

birth risk, though non-significant. Proximity to greenspace showed no relationship.  

 
Table 6  Negative Binomial Adjusted Models of Preterm Birth, 2015-2017, within Allegheny County Locales, 

Stratified by Race. 

EJ Variable IRR of Preterm Birth by Race (95% CI) 

Black (n=69) White (n=102) 

Housing Vacancy 

Low  

Moderate 

High 

 

Ref. 

0.74 (0.41-1.34) 

0.66 (0.36-1.23) 

 

Ref. 

1.20 (1.03-1.39) * 

1.49 (1.19-1.86) * 

Minority %  

Low  

Moderate  

High 

 

 

Ref. 

0.70 (0.34-1.42) 

0.62 (0.29-1.23) 

 

Ref. 

0.91 (0.81-1.03) 

0.88 (0.73-1.06) 

 

DPM ng/m3 2.20 (0.99-4.87) * 1.15 (0.64-2.08) 

Railroad Track Coverage per 

mi2 

Low 

Moderate  

High 

 

Ref. 

1.08 (0.84-1.40) 

1.15 (0.93-1.42) 

 

Ref. 

1.02 (0.90-1.17) 

1.25 (1.05-1.51) * 

Educational Attainment 

High 

Moderate 

Low 

 

Ref. 

1.18 (0.80-1.87) 

1.16 (0.78-1.85) 

 

Ref. 

0.99 (0.87-1.13) 

1.09 (0.90-1.33) 

Proximity to Greenspace 

High 

Moderate 

Low 

 

Ref. 

0.93 (0.91-1.19) 

0.94 (0.75-1.18) 

 

Ref. 

1.16 (0.92-1.47) 

1.13 (0.87-1.46) 
Negative binomial models were run with only black and only white preterm births, and only areas with > 5 preterm 

births were included in the model.  

* p=0.05 

** p < 0.0001 
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Among white preterm births, housing vacancy was associated with increases in the risk of 

preterm birth like those in the overall model at moderate and high tertiles (IRR 1.20, 95 % CI 

1.02, 1.39; IRR 1.49, 95% CI 1.19, 1.86). Similar results to the overall model were also seen in 

the lack of a significant relationship to educational attainment and minority percent. Among the 

high tertile of railroad track coverage, the relationship was slightly stronger than in overall 

models, with a 25% significant increase in risk (IRR 1.25, 95% CI 1.05, 1.51). The relationship 

to DPM was slightly attenuated and nonsignificant. Finally, proximity to greenspace remained 

nonsignificant but showed slight increases in preterm birth risk among white mothers.  

Figure 1 illustrates the spatial distribution of overall environmental justice scores and 

tertiles of preterm birth rates. Only areas with at least 10 preterm births have calculated rates. It 

can be seen that the darkest areas tend to be along the rivers and in central Allegheny County, 

within the Pittsburgh Municipality. These same areas also tend to have preterm birth rates in the 

second or third tertiles. Only one area in the lowest quintile of environmental need included an 

area in the second level of preterm birth 

. 
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Figure 1 Environmental Justice Scores and 3-year Preterm Birth Percent, Allegheny County, 2015-2017.
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4.0  Discussion  

This study presents a cross-sectional, ecologic analysis of the relationship between 

different environmental justice variables and preterm birth in Allegheny County. We found 

evidence for positive relationships between many of the EJ metrics and preterm birth. Most 

salient, housing vacancy remained positively significantly associated with preterm birth after 

adjustment for other variables. After stratifying by race, we also found differential impacts of EJ 

indicators on preterm birth. In particular, both housing vacancy and minority percent were 

protective in black women, though non-significant, while DPM concentration had a much 

stronger, statistically significant, positive relationship than in the overall or white models. 

Conversely, the white models largely mirrored the overall models with some variations in the 

strength of associations.  

Much of existing literature has focused on the interplay between individual factors and 

neighborhood characteristics28, 33, 41, 42. The goal of this analysis was to determine which 

environmental justice factors may have a disproportionate impact on preterm birth both overall 

and among black women. Given that black women in Allegheny County are 1.8 times as likely to 

have an infant born preterm, and Allegheny County’s high preterm birth racial disparity in 

comparison to other similar counties, it is important to identify actionable targets for 

intervention. This analysis cannot replace interventions that target individual behavior, quality of 

care, or other psychosocial social factors that are essential to achieving birth equity22. Rather, it 
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functions with the understanding that many of these characteristics fail to fully explain the 

disparity in preterm birth, and analyses that contextualize the relationship between health and 

neighborhood are needed to supplement work on the individual level.   

Both the baseline findings and crude models indicated relationships between EJ variables 

and preterm birth that were expected given previous work. This illustrates overall that 

neighborhood characteristics may play a part in preterm birth, especially at the highest levels of 

preterm birth where the largest difference in means was found. Furthermore, Pearson’s 

correlations stratified by race indicated that these variables may impact black and white preterm 

birth rates differently. A few of the variables indicated paradoxical relationships in unexpected 

directions, which may reflect the nature and distribution of the data more than true relationships.  

There has been a lot of study regarding the potential relationship between air quality and 

adverse birth outcomes. Studies have identified PM2.5 in particular as a potential indicator for 

increased rates of preterm birth, though the results have been mixed28, 43. Allegheny County’s 

unique history with the past and current relationship to the steel industry, in addition to its unique 

geography have made PM2.5 nearly ubiquitous through the region. Bivariate analysis indicated no 

significant difference across levels of preterm birth. However, diesel particulate matter did vary 

throughout the region enough to include in analysis. DPM is a constituent of PM2.5 that comes 

largely from diesel engines like those in buses, freight trains, and trucks44. 

Overall, the results of bivariate analysis as well as crude and adjusted models were mixed 

on the overall relationship between DPM and preterm birth. However, among black women, 

there was a much stronger positive relationship to DPM unseen in the white or overall models. 

These results fit into both the spatial distribution of the region, as well as prior literature that 

indicates a differential in exposure to air pollution may explain a portion of the gap in black and 
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white preterm birth28. Allegheny County’s black population resides largely in the center of the 

county where there is a denser system of roadways and railroad track coverage. These are the 

major sources in of the pollutant and black populations are thus exposed more frequently and at 

greater concentration than more disperse and majority white areas. Unfortunately, residence in 

these higher density areas is often not a choice for many who may be unable to afford to move 

outside of the region, who rely on the public transportation within the area, or who may have 

been historically excluded from residence4, 8. In addition, the results of the race stratified models 

must be interpreted with caution given the small number of observations after censoring areas 

with less than 5 black preterm births.  

Many of the other EJ variables that appeared to relate to rate of preterm birth in both 

bivariate analysis and crude models were attenuated or null following adjustment. Given the 

complex interactions between many of these factors, it is not surprising to see a reduction in the 

strength of the relationship weakened in aggregate. However, two variables remained significant 

following adjustment: housing vacancy and railroad track coverage. Given that freight trains 

produce large amounts of diesel, it is unsurprising that higher levels of coverage would be 

positively associated with preterm birth. Housing vacancy, however, represents a slightly more 

complex relationship. Ancillary analyses investigating potential collinearity between variables 

did not find any concerning relationships that indicate housing vacancy measures the same thing 

as income or other socio-demographic characteristics, though they may occur in the same areas. 

Instead, housing vacancy may reflect the growing body of literature implicating stress as a factor 

in adverse birth outcomes25, 27, 33. It is difficult to obtain objective measurements for the stress of 

an area, and often rates of crime and homicide may act as proxies45, 46. It’s possible that a higher 
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density of vacant homes in an area illustrates overall neighborhood quality and how safe or 

comfortable an individual may feel there.    

Interestingly, the relationship between housing vacancy and preterm birth diverged in 

race-stratified models. The white model largely followed that of the overall model, showing a 

positive relationship with preterm birth and level of housing vacancy. However, the black 

models had a reversed relationship—higher levels of housing vacancy were associated with 

lower levels of preterm birth. Minority percent also followed a similar pattern, with relationships 

of the same strength showing protection against preterm birth. Past literature investigating 

redlining has shown that some highly segregated areas in Chicago had lower rates of preterm 

birth than would be expected and that, among black women, living within more redlined areas 

was protective42. It is possible that this model is showing a similar theme, where black women 

living within a majority black area may experience a benefit from social cohesion as opposed to 

a detriment that may come from isolation or lack of opportunity. Given that both minority 

percent and housing vacancy were protective in the black model, and that in the white model 

higher vacancy was a risk factor and minority percent was null, it may be a similar phenomenon.  

This would confound the potential for housing vacancy to proxy social stress. Past 

literature has often shown that racial interactions may alter expected relationships, and it is 

difficult to fully untangle the complexities of a neighborhood environment18, 42, 46.  A similar 

phenomenon may be seen in the paradoxical relationship to median household income seen in 

bivariate analysis among black preterm births. Research indicates that commonly income 

incongruity exists within an area where those who experience adverse birth outcomes are more 

likely to be of lower socio-economic status than the neighborhood where they reside. This 

phenomenon can confound the relationship calculated in models that do not account for 
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individual data39, 40. Though, it must also be noted that this is ecologic data within a small sample 

size and neither housing vacancy nor minority percent were statistically significant. Thus, it may 

be difficult to evaluate validity of relationships between these variables and preterm birth in the 

black model. However, it does present an interesting and notable difference that would benefit 

from further research on the individual level.  

The spatial distribution of overall environmental justice scores and preterm birth shown 

in figure 1, support the notion that higher environmental need has implications for preterm birth 

rate. The darker the area, the higher the level of environmental need; darker areas in the center of 

the region appear to have more preterm birth rates in the second or third tertile of preterm birth. 

Conversely, lighter colored areas tend to have lower rates or numbers too small to calculate a 

rate. This fits into the story told by the statistical analysis and provides a visualization of the 

relationships. Historically, the steel industry was constructed along the rivers and communities, 

in turn, built up in those same areas. Over time as the industry began to collapse, so did the 

economies, infrastructure, and neighborhood quality of those areas4. Today, those regions tend to 

have the highest proportions of black residents and are exposed more frequently to pollutants 

from remaining industry as well as the major roadways and railroads producing higher levels of 

DPM.  

Given the nature of this study, there are inherent limitations. Ecologic data is subject to 

the ecologic fallacy that may confound the true relationships at the individual level. This analysis 

did not incorporate other important indicators in the relationship between race and preterm birth 

such as quality or access to care, psychosocial behaviors, or other individual risk factors. In 

addition, cross-sectional data makes it impossible to prove causality due to a lack of temporality. 

Furthermore, the race stratified models should be interpreted with caution given the small sample 
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size, particularly in the model of only black preterm births. Finally, the variables included for 

analysis are not exhaustive and there may be residual confounding that exists within the 

relationships found in analysis. 

Despite its limitations, this study also comes with numerous strengths. The variables 

included in analysis were those selected by community members to reflect their own idea of 

neighborhood health, and they are analyzed within accepted community boundaries as opposed 

to census tracts or zip codes. This lends a certain authenticity to the variables’ ability to 

accurately measure neighborhood health and experience. Furthermore, stratifying the models by 

race allows the analysis of differential effects by race unable to be seen in a single model. 

Finally, the results support and build upon existing literature that incorporate environmental 

justice with the understanding that preterm birth is a complex problem that cannot be solved by 

looking at individual factors alone.  
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5.0  Conclusion 

In summary, we found that not only does neighborhood context and need have the 

potential to explain a portion of the relationship to preterm birth, but also that the relationships 

may vary by race. Preterm birth, and in particular the nationwide disparity between black and 

white women, has been and remains a significant, unsolvable public health issue. Though not all-

encompassing, it is evident from this analysis that neighborhood level intervention should be 

considered to reduce the preterm birth rate overall and among black women. Future efforts 

should take action to encourages technology improvement to reduce the level of diesel exhaust 

from trucks, buses, and trains; and create programs to improve neighborhood quality through 

community centered development, and the reduction of vacant housing. However, it must be 

noted that there currently exists a vast body of literature examining structural racism and its 

manifestations in health inequities47. Ultimately, the only successful policy and interventions to 

address this matter of great public health significance will be those that acknowledge historical 

inequities and actively confront the racism inherent in most present-day policy making. 
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Appendix Census Tract Overlap 

Census-Tracts Neighborhood/Municipality 

42003563300 Sewickley Heights/Sewickley Hills  

42003563900 Forest Hills Borough/ Chalfant Borough 

42003564000 North Fayette Township/McDonald Borough 

42003564100 Thornburg Borough/Rosslyn Farms Borough 

42003564200 South Versailles Township/White Oak Borough 

42003564400 North Versailles Township/Wall Borough  

42003562700 Allegheny Center/Allegheny West 

42003561600 Arlington/Arlington Heights 

42003562400 Beltzhoover/Bon Air 

42003563000 Chartiers City/Fairywood/Wind Gap   

42003562300 Glen Hazel/Hazelwood 

42003562800 East Carnegie/Oakwood 

42003561700 Mt. Oliver/St. Clair  

42003563200 North Shore/East Allegheny 

42003563100 Ridgemont/Westwood 
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