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Abstract:  

 

Despite decreases in infants born premature and at low birth weight in the United States (U.S.), 

racial disparities between Black and White women continue. In response, the purpose of this 

analysis was to examine associations between both traditional and novel indicators of county-

level structural racism and birth outcomes among Black and White women. We merged 

individual-level data from the California Birth Statistical Master Files 2009–2013 with county-

level data from the United States (U.S.) Census American Community Survey. We used 

hierarchical linear modeling to examine Black-White differences among 531,170 primiparous 

women across 33California counties. Traditional (e.g., dissimilarity index) and novel indicators 

(e.g., Black to White ratio in elected office) were associated with earlier gestational age and 

lower birth weight among Black and White women. A traditional indicator was more strongly 

associated with earlier gestational age for Black women than f or White women. This was the 

first study to empirically demonstrate that structural racism, measured by both traditional and 

novel indicators, is associated with poor health and wellbeing of infants born to Black and White 

women. However , finding s indicate traditional indicators of structural racism, rather than novel 

indicators, better explain racial disparities in birth outcomes. Results also suggest the need to 

develop more innovative approaches to: (1) measure structural racism at the county-level and (2) 

reform public policies to increase integration and access to resources. 
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Article:  

 

Introduction 

 

Despite decreases in infants born premature and at low birth weight in the United States 

(U.S.) during 2007–2014, racial disparities continue [1]. Black women are two to three times as 

likely to have an infant born premature or at low birth weight compared to White women [2]. 

This is problematic since preterm birth and low birthweight are the top two leading causes of 

infant mortality[3]. Researchers often attribute racial disparities in adverse birth outcomes 
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between Black and White women to individual-level factors such as mothers ’ socioeconomic 

status [4, 5], health risks behaviors (e.g., smoking during pregnancy) [6, 7], experiences of stress 

[8, 9], health com-plications during pregnancy [10, 11], and prenatal care utilization [12, 13]. 

Emerging research has explored expo-sure to structural racism during pregnancy and across the 

life course as a f actor associated with racial disparities in adverse birth outcomes, rendering 

promising results [14–21]. Nonetheless, racial disparities in adverse birth outcomes persist [14, 

15, 19, 21–23], warranting further investigation of the potential association of novel indicators of 

structural racism in understanding racial disparities in adverse birth outcomes. 

Structural racism is defined as systemic laws and processes used to allocate resources and 

opportunities to ad-vantage one racial group over another in society [24, 25]. Theoretical 

literature on structural racism is replete with examples of how racism is embedded within 

institutions (e.g., policy, healthcare facilities, schools) and its negative impacts on health 

outcomes [26]. Recently, scholars have used the ecosocial theory to account for the complexity 

of structural racism and its potential effects on birth outcomes [21, 27]. The ecosocial theory 

posits that societal and eco-logical context exposures (e.g., social and economic deprivation, 

inadequate medical care, exogenous hazards, and social traumas) are biologically embodied by 

individuals, thus resulting in health disparities [28–32]. Embodiment acknowledges that people 

are biologically integrated in their societal and ecological context, as well as the social and 

material worlds in which they live. In this view, expo-sure, susceptibility, and resistance 

interplay cumulatively across the life-course. From a population perspective, the accumulated 

effects of embodied exposures are apparent in gene expression (rather than gene frequency), and 

accounts for timing and response to embodied exposures. Although theoretical underpinnings of 

structural racism have advanced in practice, much of the empirical research examining measures 

of structural racism has focused on social segregation, and in particular, measures of residential 

segregation. Residential segregation is traditionally measured by spatial distributions between 

social groups across geo-graphic regions using five indices: dissimilarity index (evenness of two 

social groups), isolation index (expo-sure/interaction between two social groups), concentration 

index (concentration of one social group across a geographic region), centralization index 

(centralization of one social group to the center of a geographic region), and clustering index (the 

extent to which people from on social group reside in adjoining geographic regions) [24]. 

Residential segregation indices aim to capture the aftermaths of enslavement of Africans through 

the use of collective action racism (i.e., institutionalized laws and legislation to separate Blacks 

from Whites) and centralized racism (i.e., an operative process used to maintain separation 

between Blacks and whites) to geographically separate Blacks from Whites and allocate 

resources accordingly [27]. Furthermore, structural racism is a fundamental cause of health 

disparities. 

The relationship between structural racism and disparities in birth outcomes varies across 

studies. At the community level, isolation, dissimilarity, deprivation, and crime rates are 

positively associated with adverse birth outcomes among Black women, after controlling for 

community poverty [14–17, 22, 33–35]. Regardless of geographic scale used to represent 

“community” (e.g., census tracts, census block groups, or metropolitan areas) research 

consistently shows structural racism has negative impacts on Black women’s birth outcomes, 

providing evidence that racism produces stress-induced living conditions [32, 36]. In contrast, 

residential segregation measured by racial clustering is associated with more optimal birth 

outcomes among Black women, specifically fewer incidents of low-birth weight and premature 

infants, after controlling for community poverty [14, 16]. There are inconsistent results about the 



association of residential segregation with adverse birth outcomes for White women [15–19,33–

35]. For example, some studies have found that White women living in highly isolated 

neighborhoods are at de-creased odds of adverse birth outcomes compared to Black women [18, 

27], while other studies found White and Black women living in highly segregated communities 

have similar birth outcome [15, 16, 19, 26, 28]. Findings from these studies provide evidence 

that residential segregation may explain racial disparities in adverse birth outcomes beyond 

community poverty. 

Although there is a strong relationship between residential segregation and adverse birth 

outcomes, racial disparities continue. This can be due to residential segregation indices only 

measuring one dimension of structural racism (e.g., institutional policies used to prevent Blacks 

from living in predominately White neighborhoods), and does not capture the way in which 

racism operates through state and local laws, and political infrastructures that differentially affect 

people of color [37]. For example, Blacks, in comparison to Whites, have significant 

disadvantages in incarceration and becoming elected officials [38–40]. This historic pattern of 

disadvantage is a reflection, and potentially cause, of the aftermath of enslavement and op-

pression systems in the U.S. society used to continually advantage one racial group over another 

[37]. Lukachko and colleagues [37] were the first to use novel state-level indicators of structural 

racism across four domains (i.e. political participation, judicial treatment, educational attainment, 

and employment and job status) and assessed their association with myocardial infarction among 

Black and White persons. Indeed, state-level indicators of racism (i.e., employment and job 

status, educational attainment, and judicial treatment) have been shown to be associated with 

higher odds of infants being born small for gestational age [ 21]. However, it is currently 

unknown whether this novel approach to measuring structural racism, when scaled at the county 

level, is associated with indicators of preterm birth and l ow birth weight, the two leading causes 

of infant mortality. 

Exposures to racism may operate differently by geographic scale (e.g., metropolitan 

statistical areas, census tracts, and county- and state-level), representing distinct patterns in the 

spatial distribution of racial groups including social context and health policies [41, 42], and may 

offer unique opportunities to dismantle racial disparities through community-level interventions. 

In some U.S. states, county is a more accurate geographic unit to measure structural racism due 

to the uneven distribution of resources across counties (e.g., access to and availability of health 

care) and governance power to allocate resources (e.g., social and political context) [43–47]. For 

ex-ample, in California, 24% of counties have the power to adopt and amend laws and 

regulations affecting the flow of re-sources and the diversity of county governance [48]. Only 

one study has assessed the association between county-level residential segregation (i.e., 

isolation and dissimilarity indices) and county distributions of preterm births and infants born at 

lo w birth weight among Black women across the U.S. [49]. Nyarko and Wehby [49] used 

quantile regression grouping counties average percentage of preterm birth and infants born at 

low birth weight among Black women in the following quantiles 0.1, 0.25, 0.5, 0.75, and 0.9 

[49]. Findings showed as county-level dissimilarity and isolation increased, there was about a 

10% increase in preterm births and infants born at low birth weight to Black women among 

counties with the lowest prevalence of adverse birth outcomes (i.e., quantile0.1) compared to 

counties with higher prevalence of adverse birth outcomes (i.e., quantiles 0.75 and 0.9) [49]. 

There are currently no studies focused on the relationship between county-level residential 

segregation and women’s individual adverse birth outcomes. 



This study aimed to merge identified gaps in the literature, by assessing the extent to 

which residential segregation indices (traditional indicators of structural racism) and Black and 

White ratios in incarceration and elected officials (novel indicators of structural racism) are 

associated with birth outcomes. To our knowledge, this will also be the first study to measure 

structural racism at the county level and model its association with women’s individual birth 

outcomes. We used Krieger’s [28, 32] conceptualization of ecosocial theory to frame these 

analyses and acknowledge that race and race relations systematically advantage Whites over 

Blacks in the U.S. American society, generating B inequitable living and working conditions 

that, via embodiment, result in the biological expression of racism—and hence racial/ethnic 

health inequities^ [32]. This study centered on Black and White women’s exposures to structural 

racism at the county level to better understand longstanding-embodied racial disparities in 

adverse birth out-comes. We hypothesized that county-level indicators of structural racism would 

be significantly associated with adverse birth outcomes, and at a higher magnitude for Black 

women compared to White women. 

 

Methods 

 

Data 

 

We analyzed data from the California Birth Statistical Master Files for years 2009–2013. These 

data are cross-sectional re-cords for the corresponding years, with information obtained from 

birth certificates. This dataset represents the most comprehensive and largest available birth data 

nationwide and includes maternal, parental, and infant characteristics, as well as medical 

information (e.g., preeclampsia, STI infections) pertaining to the birth. Geographic information 

related to the mother’s place of residence during birth including census tract, state, county, and 

zip code level are provided. This allowed us to link the birth record data to contextual 

information from the U.S. Census American Community Survey (2009–2013) and to conduct 

multilevel analyses to better understand associations of individual- and county-level factors with 

racial disparities in birth outcomes. 

 

Study sample 

 

This study focused on non-Hispanic Black and White women who gave birth during 2009–2013 

and reported California as their place of residence. This study excluded Hispanic women due to 

research supporting that structural racism operates differently to impact the health of Hispanic 

women in comparison to non-Hispanic Black women [22]. Individual-level exclusion criteria 

included women who had previous births or pregnancy terminations, multiples (e.g., twins and 

triplets), gave birth to infants less 500 or greater than 6000 g, pregnancies ended before 21 

weeks, pregnancies extended post43 weeks due to their association with adverse birth outcomes 

[14]. Additionally, 664,830 women were excluded due missing covariate data. Women included 

in this study were less likely to identify as White, be of an older age, use public insurance, have 

pregnancy complications, and have adverse birth outcomes compared to women excluded from 

the study (data not provided). 

 County-level inclusion criteria included population size100,000 or greater and at least 50 

live births to Black women in the county for the study time period to reduce estimation biases 

among counties with low populations of Blacks [49].Therefore, this study was limited to 33 of 



the 58 counties within California, resulting in a final sample size of 531,170 non-Hispanic Black 

and White women. 

 

Measures 

 

The two outcome variables were gestational age and birthweight. Gestational age was measured 

in weeks ranging from21 to 42 weeks, and birth weight was measured in grams ranging from 501 

to 5993 g. 

 Individual-level predictor variables included mother’s race, age, complications during 

pregnancy, insurance, cigarette use during pregnancy, and prenatal care utilization. Mother’s 

race was denoted by non-Hispanic Black or White only. Age was a continuous variable. 

Complications during pregnancy were measured by two dichotomous variables: diabetes (i.e., 

before and/or during pregnancy) and hypertension (i.e., before and/or during pregnancy). 

Insurance used during pregnancy was measured by three dichotomous variables: private, public, 

or self-pay. Cigarette use during pregnancy was measured by any cigarette used across the three 

trimesters versus no cigarette use during pregnancy. Prenatal care utilization was measured by 

Adequacy of Prenatal Care Utilization Index (APCU Index), [50] classifying care as Adequate 

(Adequate/Adequate Plus) versus Less than Adequate (Intermediate/Inadequate). Mother’s age, 

pregnancy complications, insurance status, cigarette use, and prenatal care utilization served as 

control variables due to their association with adverse birth outcomes [4, 6, 11, 12]. 

 County-level predictor variables were traditional and novel approaches to measure 

structural racism. Table 1provides a description of county-level indicators of structural racism 

used in this study. Traditional approaches to measuring indicators of structural racism are 

residential segregation indices; this study focused on evenness, expo-sure, and concentration 

indices (described above). Given the tremendous racial disparities between Black and White 

people in positions of power and rates of incarceration, this study measured novel county-level 

indicators of structural racism (Black to White ratios) across two domains: political participation 

(i.e., elected officials) and judicial treatment (i.e., incarcerated). Information on elected officials 

was collected during 2016, and the time each board of supervision served in their position ranged 

from 1 to 22 years. 

 County-level poverty served as a control variable due to community-level poverty’s 

association with adverse birth out-comes, [51, 52], and evidence supporting indicators of 

structural racism are associated with adverse birth outcomes, even after accounting for 

community poverty [14, 16]. County-level poverty was measured by the proportion of all 

persons living below the federal poverty line. 

 

Statistical method 

 

Descriptive statistics and bivariate analyses (i.e., t tests and chi-square tests) were conducted for 

all individual- and county-level variables. Hierarchical linear modeling was used to assess 

whether county-level indicators of structural racism were associated with women’s adverse birth 

outcomes. Random slopes hierarchical linear modeling was used to allow the exploration of 

cross-level interactions, testing whether the association between county-level structural racism 

and birth outcomes varied by individual women ’s race (Black or White). 

 Preliminary analyses revealed that infant birth weight (intra-class correlation = 0.007; p < 

0.001) and gestational age (intra-class correlation = 0.008; p <0.001) significantly varied across 



counties, providing justification for the use of hierarchical linear modeling. We used a step-wise 

approach to assess if indicators of structural racism explained additional variation in racial 

disparities seen in adverse birth outcomes between Black and White women, thus accounting for 

both county-level poverty and individual-level maternal characteristics and behaviors, insurance, 

pregnancy complications, and prenatal care utilization. First, we assessed if racial status was 

associated with gestational age and birth weight accounting for individual-level control variables 

and county variability (via random intercept). Second, we added county-level poverty as the only 

level-2 predictor. Third, we ran a series of models in which each indicator of structural racism 

was added (one in each model, as a level-2 predictor) to prior models. Finally, we used random 

slope modeling to assess cross-level interactions between individual-level race and county-level 

indicators of structural racism in predicting adverse birth out-comes. All models were adjusted 

for maternal characteristics and behaviors, insurance, pregnancy complications, prenatal care 

utilization, and county variability. All statistical analyses were conducted in HLM version 7. 

Intra-class correlations and proportion of variance explained were calculated in Microsoft Excel 

2010. 

 

Results 

 

Maternal and County-Level Characteristics 

 

Among the 531,170 women included in this study, about 17% (n = 88,815) identified as Black 

and 83% as White (n = 442,355). On average women birthed infants at 38.9gestational weeks 

3382.6 g (g). Approximately 6% of women had preterm births, and 4.5% had infants born at low 

birthweight (less than 2500 g or 5.5 lbs). See Table 2. 

 There were statistically significant differences by racial group in individual 

characteristics, health behaviors, complications during pregnancy, prenatal care utilization, and 

birth outcomes (see Table 2). On average, Black women were younger than White women (M = 

26.3 vs. 29.6). Black women were also more likely to use public insurance during pregnancy 

(20.3 vs. 11.0%) and to receive less than adequate pre-natal care (36.0 vs. 26.2%) compared to 

White women. Higher proportions of White women reported cigarette use (3.8 vs. 3.6%) and 

diabetes complications (3.4 vs. 3.1%) be-fore and/or during pregnancy. Black women were more 

likely to be hypertensive before and/or during pregnancy compared to White women (4.4 vs. 

3.3%). On average, Black women’s infants had earlier gestational ages (M = 38.6 vs. 39.0 

weeks) and lower birth weights (M = 3190.3 vs. 3421.2 g) compared to White women. 

 Table 3 displays descriptive statistics for county-level variables. Approximately, 17% of 

per sons living in counties across California lived below the federal poverty line. Overall, 

counties reported low isolation (M =0.25), moderated is similarity (M = 0.49), and high 

concentration (M =0.80). The mean for elected officials was under 1, suggesting Blacks are 

underrepresented in board of supervisor positions. For example, on average, there was one Black 

person to 11White persons who served in board of supervisor positions per 100 Blacks and 

Whites across counties. In contrast, Blacks were over represented in prisons across counties in 

California at 1.09 times that of Whites per 100 Blacks and Whites across counties. 

 



 
xi= total African Americans in a census tract 

wi= total Whites in a census tract 

ti= total population (African Americans + Whites) in a census tract 

ai= total land area in a census tract 

X = total African Americans in a county 

W = total Whites in a county 

A = total land area in a county 

 

Bivariate results: the association between county-level characteristics and birth outcomes 

 

County-level poverty as well as traditional and novel indicators of structural racism were 

statistically associated with adverse birth outcomes (data not available). County-level poverty 

was significantly associated with infants ’birth weight (β = − 380.97 g, 95% CI = − 647.71–− 

114.28) and gestational age (β = − 1.76 g, 95% CI = − 2.53– − 0.99). County-level isolation was 

significantly associated with birth weight (β = − 157.81 g, 95% CI = − 258.83–− 92.81), while 

concentration was related to gestational age (β = − 0.66 g, 95% CI = − 1.29–− 0.02). County-le 

vel racial disparities in incarceration were significantly associated with infants’ birth weight (β = 

− 12.15 g, 95% CI = − 23.41–− 0.88), while disparities in board of supervisors were not related 

to birth out-comes. County-level dissimilarity was not significantly associated with infants’ birth 

weight (β = − 142.27 g, 95% CI = − 362. 38–− 77.84, p = 0.23) or gestational age (β =0.02g, 

95% CI=− 0.73–− 0.77). 

 

Multivariate Results: the Association of Individual-and County-Level Characteristics with Infant 

Birth Weight 

 



Table 4 shows results of hierarchical linear models predicting infant birth weight. Model 1 

reveals that racial status is negatively associated with infant birth weight, when controlling for 

maternal characteristics and behaviors, insurance, pregnancy complications, prenatal care 

utilization, and county variability (Model 1; β =− 207.36 g, 95% CI = − 222.82–− 191.90). The 

addition of county-level poverty in Model 2 shows a statistically significant relationship between 

county-level poverty and infant birth weight. As county-level poverty increases, infants’ weight 

decreases by 209.03 g (95% CI = − 359.45– − 58.71). However, racial status remains a 

significant contributor (Model 2; β = − 209.03 g, 95% CI = − 224.30–− 193.76). The addition of 

county-level poverty slightly reduced the intra-class correlation and proportion of variance 

explained than the model accounting f or individual-level factors alone. 

 

Table 3 Characteristics of California counties in Study, U.S. Census American Community 

Survey 2009–2013 (N =33) 

 
 

Table 4 Estimates of associations between race, and county-level poverty and indicators for 

structural racism with birth weight 

 

 
All models were controlled for age, insurance, and complications during pregnancy, cigarette 

use, and prenatal care utilization. EST esti ma te, CI confidence interval.* ≤ 0.05 



 Among traditional county-level indicators of structural racism, dissimilarity and isolation 

were associated with birthweight, controlling for maternal characteristics and behaviors, 

insurance, pregnancy complications, prenatal care utilization, and county-level poverty (see 

Table 4). Higher levels of county-level dissimilarity (Model 3; β = − 187.31 g, 95%CI = (− 

328.195– − 46.43) and isolation (Model 4;β = − 110.20 g, 95% CI = − 157.69–− 62.71) were 

each associated with Black and White women having infants of lower birth weight. The addition 

of the dissimilarity and isolation indices reduced the intra-class correlation and explained an 

additional 7 and 10% of the variation in birth weight, respectively, compared to models 

accounting for individual-level characteristics and county-level poverty alone. 

 Novel approaches to measuring structural racism were only associated with birth weight 

(see Table 4). As the Black to White ratio in county-level incarceration increased, infants’ birth 

weight decreased by 7.80 g among both Black and White women (95% CI = − 14.91–− 0.69). 

Yet, as county-level board of supervisor positions reached racial equity, infants’ birth weight 

decreased by 42.10 g among both Black and White women (95% CI = − 66.97–− 17.23). The 

addition of novel approaches to measuring county-level structural racism reduced the intra-class 

correlation and explained about3% more variation in birth weight compared to models only 

accounting for individual-level factors and county-level poverty. There were no statistically 

significant interactions be-tween traditional or novel indicators of structural racism and race with 

infants’ birth weight (data not provided). 

 

Multivariate Results: the Association of Individual-and County-Level Characteristics with 

Gestational Age 

 

Table 5 displays the results of hierarchical linear models predicting gestational age. Model 1 

shows that being a Black woman, in comparison to a White woman, is significantly associated 

with an earlier gestational age (Model 1;β = − 0.35 weeks, 95% CI = − 0.39–− 0.31), accounting 

for maternal characteristics and behaviors, insurance, pregnancy complications, prenatal care 

utilization, and county variability. The addition of county-level poverty in Model 2 shows that 

county-level poverty is significantly associated with gestation-al age, reducing the intra-class 

correlation explaining 22%more variation in gestational age than Model 1. County-level poverty 

magnified a suppressed relationship between racial status and gestational age, where being a 

Black woman was associated with birthing infants nearly 2 weeks earlier than White women, 

compared to about 3 days earlier in Model 1(Model 2; β = − 1.98 weeks, 95% CI = − 2.53–− 

1.43). 

 County-level isolation was the only traditional indicator of structural racism associated 

with gestational age among Black and White women, after controlling for maternal 

characteristics and behaviors, insurance, pregnancy complications, pre-natal care utilization, and 

county-level poverty and variability(Model 4; β = − 0.37 weeks, 95% CI = − 0.61–− 0.11). The 

addition of the isolation index did not explain more variation in gestational age; yet, racial status 

and county-level poverty remained significant predictors of gestational age. The inter-action 

between race and county-level isolation was significantly associated with gestational age (β = − 

0.35 weeks,95% CI = − 0.60–− 1.53). Black women who lived in counties with higher isolation 

birthed infants at earlier gestational ages, in comparison to White women who lived in counties 

with higher isolation. Accounting for the interaction effect between racial status and county-level 

isolation reduced the intra-class correlation and explained 2% more variation in gestational age 



compared to the model testing the association of main effects of racial status and county-level 

isolation and individual- and community level control variables (data not provided) 

 

Discussion 

 

To our knowledge, this was the first study to assess the association of both traditional and novel 

indicators of structural racism measured at the county-level with women’s birth outcomes. The 

significant association between county-level racial concentration and gestational age became 

non-significant after accounting for individual characteristics and county-level poverty. This may 

be due to high-levels of areal concentration (the measurement of the proportion of Blacks that 

would have to change their place of residence to achieve uniform density of Blacks across a 

county).However , given that other residential segregation indices (e.g., county-level 

dissimilarity and isolation) were significantly associated with women’s adverse birth outcomes, 

while accounting for individual characteristics and county-level poverty, our findings support the 

importance of traditional approaches to measuring county-level indicators of structural racism to 

understand adverse birth outcomes experienced by both Black and White women. 

 Our findings also support traditional indicators utility in explaining racial disparities in 

adverse birth outcomes. For ex-ample, the results indicate Black women who live in counties 

with high isolation (the measurement of the probability that a Black person will reside in the 

same sub-area within a county as another Black person) birth infants at earlier gestation ages, 

which suggest declines in community isolation can have positive impacts on birth outcomes [14, 

15, 18, 19, 22, 49, 53]. Even though the interaction of race and county-level isolation explained 

more variation of racial disparities in gestational age than individual-level factors and county 

poverty alone, race remained a significant predictor. This finding can be due to historical 

exposures to high levels of persistent race-related stress reactivity during childhood, adolescence, 

and pregnancy [54–57]. It is well documented that exposures to interpersonal racism across the 

life [36, 58–60] span is associated with adverse birth outcomes among Black women. Therefore, 

findings from this analysis suggest a need for research that utilizes cumulative pathway models 

to account for exposures to trauma across the life course, such as structural racism and its 

association with adverse birth outcomes. 

 Novel approaches to measuring county-level indicators of structural racism increased our 

understanding of how different domains of structural racism are associated with birth out-comes. 

Our findings support that Blacks, in comparison to Whites, are overrepresented in the prison 

system, while being underrepresented in local elected official positions. Racial disparities in 

county-level boards of supervisors and incarceration were significantly associated with birth 

weight among women [21], suggesting county-level structural racism is detrimental to the health 

and well-being of Black and White women and infants. Although novel approaches to measuring 

indicators of structural racism at the county-level are important to Black and White women’s 

infant health, these novel approaches were not related to gestational age. 

 Novel measures of county-level indicators of structural racism did not explain variation 

in racial disparities in infants born to Black and White women for either birth weight or 

gestational age. In fact, in comparison to traditional indicators of structural racism, novel 

indicators explained less variation in adverse birth outcomes experienced by Black and White 

women. Future studies should explore different approaches to measuring indicators of structural 

racism at the county-level. This is particularly true for counties in California as some have the 



ability to regulate the flow of resources as well as the diversity of county governance, thereby 

affecting the accessibility of resources and health of county constituents. 

 Given the profound effect of county-level poverty on ad-verse birth outcomes, we believe 

poverty and indicators of structural racism may be measuring overlapping forms of op-pression 

[21, 61]. Although most studies examine the independent effect of racism and poverty, there is a 

growing body of literature assessing the interactional effect of race and in-come segregation [ 

61]. For example, research suggests in-creases in community poverty can be attributed to high 

racial segregation [61]. Studies consistently show that racial segregation is a stronger predictor of 

health inequities than income segregation, with the interaction between racial and income 

segregation exhibiting strong effects on spatial isolation among people living in poverty [62–64]. 

Future studies should examine the collective impact poverty, and indicators of strutural racism 

may have on adverse birth outcomes among Black and White women. 

 

Limitations 

 

Although lower percentages of Black women in this study reported preterm births and low birth 

weight infants compared to the U.S. and California as a whole, there were similar inequity gaps 

between Black and White women. The lower per-centages of adverse birth outcomes found 

among women in this study were expected due to the study’s exclusion criteria procedures (e.g., 

previous births or pregnancy terminations, pregnancies ended before 21 weeks). Thus, women in 

the study represented those who were at lowest risk for having adverse birth outcomes. Second, 

this study used cross-sectional data and as a result, cannot assess life-course expo-sure to racism 

or causality. Nonetheless, findings from this study provided a snapshot of the impact of exposure 

to racism on adverse birth outcomes and can be used to inform future research using longitudinal 

datasets to assess the cumulative effect of exposures to structural racism across the life course. 

Further, in our analyses, we used novel approaches to measure structural racism initially 

proposed by Lukachko and colleagues [37] to be used at the state level. This study differed from 

Lukachko et al. 2014 [37] in that it measured novel indicators at structural racism at the county 

level. Candidacy and voting would be potentially better measures of political participation; 

however, due to the change from states to counties within California, racial stratifications for 

these variables were not readily available. For this study, we measured racial disparities in board 

of supervisors and had an imperfect match of years for these data; despite the mismatch, these 

were the only racial disparity data related to political participation available at the county-level. 

Similarly, we were unable to measure all constructs of judicial treatment (i.e., disenfranchised 

and death row). These factors should be considered in future work. 

 

Conclusion 

 

This was the first study to test the relationship between traditional and novel county-level 

indicators of structural racism and birth outcomes among Black and White women in California. 

Findings from our analysis highlight the importance of traditional app roaches to measuring 

indicators of structural racism, compared to novel approaches, at the county level in 

understanding racial disparities in adverse birth out-comes between Black and White women 

residing in California. Traditional indicators of structural racism, particularly the isolation index, 

are association with earlier gestation age for infants born to Black women. County-level novel 

approaches to measure indicators of structural racism were associated with birth weight for both 



Black and White women. This suggests that exposures to residential segregation (traditional 

indicators) become embodied and contribute to racial disparities in gestational age between 

Black and White women. Given the social stratification of Black and White people in the U.S. is 

situated within historical and contemporary racism, generations of Black women embody 

exposures and ac-cumulated effects of social, economic, and political disparities, which 

negatively impacts Black women’s health[32].Findings from this study also suggest the need to 

develop more innovative approaches to measure county-level indicators of structural racism such 

as racial disparities in policing(American Public Health Association [APHA], 2016). 

 

References 

 

1. Preterm Birth United States | PeriStats | March of Dimes. 

http://www.marchofdimes.org/Peristats/ViewTopic.aspx?reg=99&top=3&lev=0&slev=1. 

Accessed June 29, 2017.2.  

2. Nuru-Jeter A, Dominguez TP, Hammond WP, et al. It’s the skin you’re in: African-

American women talk about their experiences of racism. An exploratory study to develop 

measures of racism for birth outcome studies. Matern Child Health J. 

2009;13(1):29.https://doi.org/10.1007/s10995-008-0357-x.3.  

3. Infant Mortality | Maternal and Infant Health | Reproductive Health|CDC. 

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/infantmortality.htm. 

Accessed August 3,2017. 

4. Braveman PA, Heck K, Egerter S, et al. The role of socioeconomic factors in black–white 

disparities in preterm birth. Am J Public Health. 2015;105(4):694–702. 

5. Colen CG, Geronimus AT, Bound J, James SA. Maternal upward socioeconomic 

mobility and Black–White disparities in infant birth weight. Am J Public Health. 

2006;96(11):2032–9. 

6. Beck LF, Morrow B, Lipscomb LE, et al. Prevalence of selected maternal behaviors and 

experiences, Pregnancy Risk Assessment Monitoring System (PRAMS). Morb Morta l 

Wkl y Rep CDCSurveill Summ. 1999, 2002;51(2) 

http://www.cdc.gov/mmWr/preview/mmwrhtml/ss5102a1.htm. Accessed March 5, 2017 

7. Ebrahim SH, Floyd RL, Merritt RK II, Decoufle P, Holtzman D. Trends in pregnancy-

related smoking rates in the United States,1987-1996. JAMA. 2000;283(3):361–6. 

8. Giscombé CL, Lobel M. Explaining disproportionately high rates of adverse birth 

outcomes among African Americans: the impact of stress, racism, and related f actors in 

pregnancy. Psychol Bull. 2005;131(5):662–83. https://doi.org/10.1037/0033-

2909.131.5.662. 

9. Wadhwa PD, Entringer S, Buss C, Lu MC. The contribution of maternal stress to preterm 

birth: issues and considerations. Clin Perinatol. 2011;38(3):351–84. 

https://doi.org/10.1016/j.clp.2011.06.007. 

10. Heslehurst N, Simpson H, Ells LJ, et al. The impact of maternal BMI status on pregnancy 

outcomes with immediate short-term obstetric resource implications: a meta-analysis. 

Obes Rev. 2008;9(6):635–83. 

11. Premkumar A, Henry DE, Moghadassi M, Nakagawa S, Norton ME. The interaction 

between maternal race/ethnicity and chronic hypertension on preterm birth. Am J  Obstet 

Gynecol. 2016;215(6):787–e1. 

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/infantmortality.htm.%20Accessed%20August%203,2017
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/infantmortality.htm.%20Accessed%20August%203,2017
https://doi.org/10.1037/0033-2909.131.5.662
https://doi.org/10.1037/0033-2909.131.5.662
https://doi.org/10.1016/j.clp.2011.06.007


12. Partridge S, Balayla J, Holcroft CA, Abenhaim HA. Inadequate prenatal care utilization 

and risks of infant mortality and poor birth outcome: a retrospective analysis of 

28,729,765 U.S. deliveries over 8 years. Am J Perinatol. 2012;29(10):787–94. 

https://doi.org/10.1055/s-0032-1316439. 

13. Xaverius P, Alman C, Holtz L, Yarber L. Risk factors associated with very low birth 

weight in a large urban area, stratified by adequacy of prenatal care. Matern Child Health 

J. 2016;20(3):623–9. https://doi.org/10.1007/s10995-015-1861-4. 

14. Bell JF, Zimmerman FJ, Almgren GR, Mayer JD, Huebner CE. Birth outcomes among 

urban African-American women: a multi-level analysis of the role of racial residential 

segregation. Soc Sci Med. 2006;63(12):3030–45. 

15. Grady SC. Racial disparities in low birthweight and the contribution of residential 

segregation: a multilevel analysis. Soc Sci Med.2006;63(12):3013–29. 

16. Grady SC. Racial residential segregation impacts on low birthweight using improved 

neighborhood boundary definitions. Spat Spatio-Temporal Epidemiol. 2010;1(4):239–49. 

17. Grady SC, Ramírez IJ. Mediating medical risk factors in the residential segregation and 

low birthweight relationship by race in New York City. Health Place. 2008;14(4):661–77. 

https://doi.org/10.1016/j.healthplace.2007.10.011. 

18. Kramer MR, Cooper HL, Drews-Botsch CD, Waller LA, Hogue CR. Metropolitan 

isolation segregation and Black–White disparities in very preterm birth: a test of 

mediating pathways and variance explained. Soc Sci Med. 2010;71(12):2108–16. 

https://doi.org/10.1016/j.socscimed.2010.09.011. 

19. Mason SM, Messer LC, Laraia BA, Mendola P. Segregation and preterm birth: the 

effects of neighborhood racial composition in North Carolina. Health Place. 

2009;15(1):1–9. https://doi.org/10.1016/j.healthplace.2008.01.007. 

20. Messer LC, Kaufman JS, Dole N, Savitz DA, Laraia BA. Neighborhood crime, 

deprivation, and preterm birth. Ann Epidemiol. 2006;16(6):455–62. 

21. Wallace ME, Mendola P, Liu D, Grantz KL. Joint effects of structural racism and income 

inequality on small-for-gestational-age birth. J Inf. 2015;105(8) 

https://doi.org/10.2105/AJPH.2015.302613. Accessed March 7, 2017 

22. Britton ML, Shin H. Metropolitan residential segregation and very preterm birth among 

African American and Mexican-origin women. Soc Sci Med. 2013;98:37–45.  

23. Messer LC, Oakes JM, Mason S. Effects of socioeconomic and racial residential 

segregation on preterm birth: a cautionary tale of structural confounding. Am J 

Epidemiol. 2010;171(6):664–73. 

24. Massey DS, Denton NA. The dimensions of residential segregation. Soc Forces. 

1988;67(2):281–315. https://doi.org/10.1093/sf/67.2.281. 

25. Massey DS, Denton NA. Hypersegregation in U.S. metropolitan areas: black and 

Hispanic segregation along five dimensions. Demography. 1989;26(3):373–91. 

https://doi.org/10.2307/2061599. 

26. Riley AR. Neighborhood disadvantage, residential segregation, and beyond—lessons for 

studying structural racism and health. J Racial Ethn Health Disparities. 2017:1–9. 

https://doi.org/10.1007/s40615-017-0378-5. 

27. Kramer MR, Hogue CR. Is segregation bad for your health? Epidemiol Rev. 2009;3 

1(1):178–94. https://doi.org/10.1093/epirev/mxp001. 

28. Krieger N. Epidemiology and the web of causation: has anyone seen the spider? Soc Sci 

Med. 1994;39(7):887–903. 

https://doi.org/10.1055/s-0032-1316439
https://doi.org/10.1007/s10995-015-1861-4
https://doi.org/10.1016/j.healthplace.2007.10.011
https://doi.org/10.1016/j.socscimed.2010.09.011
https://doi.org/10.1016/j.healthplace.2008.01.007
https://doi.org/10.1093/sf/67.2.281
https://doi.org/10.2307/2061599
https://doi.org/10.1007/s40615-017-0378-5
https://doi.org/10.1093/epirev/mxp001


29. Krieger N. Theories for social epidemiology in the 21st century: an ecosocial perspective. 

Int J Epidemiol. 2001;30(4):668–77. 

30. Krieger N. 11 the science and epidemiology of racism and health: racial/ethnic 

categories, biological expressions of racism, and the embodiment of inequality—an 

ecosocial perspective. Whats Use Race Mod Gov Biol Differ. 2010;225 

31. Krieger N. Epidemiology and the people’s health: theory and context. Oxford University 

Press; 2011. https://books.google.com/books?hl=en&lr=&id=Z5 

9ciXRRaPsC&oi=fnd&pg=P P2&dq=Epidemiolog 

y+and+the+people%27s+health:+theory+and+context.+&ots=KyQ3wgbgey&sig=Fs7 

IftamyNjcOGlrjxd7dAd30HI. Accessed March 5, 2017. 

32. Krieger N. Methods for the scientific study of discrimination and health: an ecosocial 

approach. Am J Public Health. 2012;102(5):936–44. 

33. Elo IT, Culhane JF, Kohler IV, et al. Neighbourhood deprivation and small-for- 

gestational-age term births in the United States. Paediatr Perinat Epidemiol. 

2009;23(1):87–96. 

34. Janevic T, Stein CR, Savitz DA, Kaufman JS, Mason SM, Herring AH. Neighborhood 

deprivation and adverse birth outcomes among diverse ethnic groups. Ann Epidemiol. 

2010;20(6):445–51. 

35. O’Campo P, Burke JG, Culhane J, et al. Neighborhood deprivation and preterm birth 

among non-Hispanic Black and White women in eight geographic areas in the United 

States. Am J Epidemiol.2008;167(2):155–63. https://doi.org/10.1093/aje/kwm277. 

36. Dominguez TP. Adverse birth outcomes in African American women: the social context 

of persistent reproductive disadvantage. Soc Work Public Health. 2010;26(1):3–16. 

37. Lukachko A, Hatzenbuehler ML, Keyes KM. Structural racism and myocardial infarction 

in the United States. Soc Sci Med. 2014;103:42–50. 

https://doi.org/10.1016/j.socscimed.2013.07.021. 

38. Jones CP. Invited commentary: “race,” racism, and the practice of epidemiology. Am J 

Epidemiol. 2001;154(4):299–304. 

39. Smedley A, Smedley BD. Race as biology is fiction, racism as asocial problem is real: 

anthropological and historical perspectives on the social construction of race. Am 

Psychol. 2005;60(1):16. 

40. West C. A Genealogy of Modern Racism. na; 2002. 

http://www.geraldbivens.com/rd/west-genealogy-of-modern-racism.pdf. Accessed March 

8, 2017. 

41. Bird ST. Separate black and white infant mortality models: differences in the importance 

of structural variables. Soc Sci Med.1995;41(11):1507–12. 

42. Massey DS, Rothwell J, Domina T. The changing bases of segregation in the United 

States. Ann Am Acad Pol Soc Sci.2009;626(1):74–90. 

43. Bambhroliya AB, Burau KD, Sexton K. Spatial analysis of county-level breast cancer 

mortality in Texas. J Environ Public Health. 2012;2012 

https://www.hindawi.com/journals/jeph/2012/959343/abs/. Accessed March 5, 2017 

44. Gutnik LA, Castro MC. Does spatial access to mammography have an effect on early 

stage of breast cancer diagnosis? A county-level analysis for New York state. Breast J. 

2016;22(1):127–30. https://doi.org/10.1111/tbj.12530. 

45. Hipp JA. Spatial analysis and correlates of county-level diabetes prevalence, 2009 –2010. 

Prev Chronic Dis. 2015;12 https://doi.org/10.5888/pcd12.140404. 

https://doi.org/10.1093/aje/kwm277
https://doi.org/10.1016/j.socscimed.2013.07.021
http://www.geraldbivens.com/rd/west-genealogy-of-modern-racism.pdf
https://doi.org/10.1111/tbj.12530
https://doi.org/10.5888/pcd12.140404


46. Jia H, Moriarty DG, Kanarek N. County-level social environment determinants of health-

related quality of life among US adults: a multilevel analysis. J Community Health. 

2009;34(5):430 –9. https://doi.org/10.1007/s10900-009-9173-5. 

47. Sommers BD, Chua K-P, Kenney GM, Long SK, McMorrow S. California’s early 

coverage expansion under the affordable care act: a county-level analysis. Health Serv 

Res. 2015; https://doi.org/10.1 1 1 1/1475-6773.12397/pdf. Accessed March 7, 2017 

48. California State Association of Counties. County Structure & Powers. California State 

Association of Counties. http://www.counties.org/general-information/county-structure-

0. Accessed March 6, 2017. 

49. Nyarko KA, Wehby GL. Residential segregation and the health of African-American 

infants: do es the effect var y by prevalence? Matern Child Health J. 2012;16(7):1491–9. 

https://doi.org/10.1007/s10995-011-0915-5. 

50. Kotelchuck M. An evaluation of the Kessner adequacy of prenatal care index and a 

proposed adequacy of prenatal care utilization index. Am J Public Health. 

1994;84(9):1414–20. https://doi.org/10.2105/AJPH.84.9.1414. 

51. Brumberg HL, Shah SI. Born early and born poor: an eco-bio-developmental model for 

poverty and preterm birth. J Neonatal-Perinat Med. 2015;8(3):179–87. 

52. Wallace M, Harville E, Theall K, Webber L, Chen W, Berenson G. Neighborhood 

poverty, allostatic load, and birth outcomes in African American and white women: 

findings from the Bogalusa Heart Study. Health Place. 2013;24:260–6. 

53. Debbink MP, Bader MD. Racial residential segregation and low birth weight in 

Michigan’s metropolitan areas. Am J Public Health. 2011;101(9):1714–20. 

54. Halfon N, Hochstein M. Life course health development: an integrated framework for 

developing health, policy, and research. Milbank Q. 2002;80(3):433–79. 

55. Kotelchuck M. Editorial: building on a life-course perspective in maternal and child 

health. Matern Child Health J. 2003;7(1):5–11. 

56. Lu MC, Kotelchuck M, Hogan V, Jones L, Wright K, Halfon N. Closing the black-white 

gap in birth outcomes: a life-course approach. Ethn Dis. 2010;20(1 0 2):S2. 

57. Lu MC, Halfon N. Racial and ethnic disparities in birth outcomes: a life-course 

perspective. Matern Child Health J. 2003;7(1):13–30. 

58. Dominguez TP. Race, racism, and racial disparities in adverse birth outcomes. Clin 

Obstet Gynecol. 2008;51(2):360–70. 

59. Earnshaw VA, Rosenthal L, Lewis JB, et al. Maternal experiences with everyday 

discrimination and infant birth weight: a test of mediators and moderators among young, 

urban women of color. Ann Behav Med Publ Soc Behav Med. 2013;45(1):13–23. 

https://doi.org/10.1007/s12160-012-9404-3. 

60. Slaughter-Acey JC, Sealy-Jefferson S, Helmkamp L, et al. Racism in the form of micro 

aggressions and the risk of preterm birth among black women. Ann Epidemiol. 

2016;26(1):7–13. 

61. Acevedo-Garcia D, Lochner KA, Osypuk TL, Subramanian SV. Future directions in 

residential segregation and health research: a multilevel approach. Am J Public Health. 

2003;93(2):215–21. 

62. Charles CZ. The dynamics of racial residential segregation. Annu Rev Sociol. 

2003;29(1):167–207. 

63. Jargowsky PA. Poverty and place: ghettos, barrios, and the American city. Russell Sage 

Foundation; 1997. 

https://doi.org/10.1007/s10900-009-9173-5
https://doi.org/10.1007/s10995-011-0915-5
https://doi.org/10.2105/AJPH.84.9.1414
https://doi.org/10.1007/s12160-012-9404-3


64. Massey DS, Denton NA. American Apartheid: Segregation and the Making of the 

Underclass: Harvard University Press; 1993. 

 

  


