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Abstract: Ecological evidence suggests that neighborhoods with more tax foreclosures also have more
adverse birth outcomes. However, whether neighborhood-level tax foreclosures impact individual-level
risk for adverse birth outcomes is unknown. We assessed whether living in a neighborhood with high tax
foreclosures is associated with a woman’s preterm birth (PTB) risk and tested for effect modification
by educational attainment, among urban African American women from the Life Influence on Fetal
Environments Study (2009–2011; n = 686). We linked survey and medical record data to archival,
block-group level tax foreclosure data from the county treasurer. We used Modified Poisson regression
with robust error variance and included a foreclosure X education interaction in adjusted models.
In the overall sample, neighborhood tax foreclosures did not predict PTB (adjusted relative risk:
0.93, CI: 0.74, 1.16), but the association was modified by educational attainment (interaction p = 0.01).
Among women with lower education (n = 227), neighborhood tax foreclosures did not predict
PTB risk. The association for women with higher education (n = 401) was statistically significant
for a reduction in risk for PTB (adjusted relative risk: 0.74, CI: 0.55, 0.98) among those who lived
in neighborhoods with high versus low tax foreclosures. Future studies should seek to identify the
mechanisms of this association.

Keywords: preterm birth; neighborhood effects; tax foreclosures; urban decline; African American
women; segregation; educational attainment

1. Introduction

Preterm birth (PTB), or birth before 37 completed weeks of gestation, is the leading cause of
infant mortality and is a significant cause of maternal and pediatric morbidity [1]. We have also seen
troubling increases in overall PTB rates in recent years [2]. Persistent racial disparities in PTB exist,
with African American women being more than twice as likely as white women to have this adverse
birth outcome [3,4]. Importantly, traditional risk factors for PTB (including behavioral and biologic
factors) do not explain the disproportionate burden among African Americans [5]. Social exposures,
arising from segregated residential environments, may explain the longstanding racial disparities in
PTB in the U.S. [6].

Urban decline (or shrinkage) is commonly associated with postindustrial Metropolitan areas in the
U.S. and Europe [7]. Urban decline has been associated with high crime rates, poverty, and deteriorated
built environments [8]. Since 1958, Detroit, MI has experienced a nearly 79% decline in property values
and is a particularly revealing example of urban decline [9,10]. The economic decline of the late 20th
century has plagued deindustrialized cities like Detroit, Philadelphia, and Baltimore, resulting in
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chronic housing abandonment [11]. Research on the impact of urban decline in Detroit may provide
clues about what might be happening, but may be more difficult to empirically document, in other
areas of the United States [12].

Tax delinquency is a common indicator of housing abandonment [11,13] and signifies a level of
neighborhood disinvestment in which the homeowner either believes further investment in the home
is useless, or lacks the financial resources to improve the home [14]. Residents of urban areas plagued
by concentrated poverty and disadvantage often experience neighborhood distress from properties in
which homeowners have ceased carrying out at least one major property ownership responsibility,
and as a result, the properties are vacant or prone to imminent vacancy [14]. Americans have not
experienced this magnitude of property tax foreclosures since the Great Depression [15].

To our knowledge, one existing study investigated the impact of neighborhood tax delinquency
on adverse birth outcomes, using administrative data for both neighborhood distress measures
and adverse birth outcomes. The researchers found that neighborhood-level housing abandonment
measures (specifically tax delinquency) explained more variation in neighborhood-level adverse
birth outcomes than other neighborhood-level census-based socioeconomic disadvantage measures
(such as percent poverty and unemployment) [16]. Furthermore, they reported that tax delinquency
was a significant predictor of three adverse birth outcomes (including PTB, low birthweight, and
infant mortality), and associations were independent of other measures of neighborhood distress [16].
Future research on this topic, using individual-level data, will increase our understanding of the ways
in which living in a neighborhood with blight and disinvestment impacts risk of PTB and allow us to
disentangle neighborhood and individual effects.

Social determinants of perinatal health are complex and often interact to affect outcomes [17].
In particular, educational attainment is the most basic socioeconomic measure, given that it shapes
occupational opportunity and earning potential and is protective against adverse health outcomes [18].
We previously reported evidence of joint effects between subjective neighborhood measures (including
social disorder, food availability, walkability, and social cohesion) and educational attainment on PTB
risk among African American women [19]. Specifically, we found that women’s perceptions of their
neighborhood context significantly predicted PTB among women with lower educational attainment,
but not women with higher levels of education [19]. Women with less education may be more
susceptible to the stress caused by living in neighborhoods they perceive as disadvantaged, whereas
women with higher levels of education may have resources to buffer against neighborhood stressors.

To extend the literature on neighborhood tax foreclosures and adverse birth outcomes,
we examined the independent impact of neighborhood tax foreclosures on risk of PTB among African
American women from the Life Influences on Fetal Environments Study (LIFE). We also examined
whether educational attainment buffered against the impact of neighborhood tax foreclosures on risk
of PTB. We hypothesized that neighborhood tax foreclosures would have a joint effect with educational
attainment to predict risk of PTB among African American women, with higher educational attainment
acting as a buffer.

2. Materials and Methods

2.1. Sample

The original LIFE study was a retrospective cohort of self-identified African American women
(18+ years old) from Metropolitan Detroit, Michigan (2009–2011) [19]. The primary objective of the
LIFE study was to examine whether and how racism is associated with PTB. Exclusion criteria
included: (1) Non-English speaker, (2) intellectual disabilities, serious cognitive deficits, or evidence of
mental illness, based on history or any prior records. Women were interviewed in-person during their
postpartum hospital stay, and their medical history was abstracted from medical records. The final
sample of the original LIFE study included 1410 women, which represented 71% of the women
approached for study participation. The analytic sample for current cross-sectional analysis was
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restricted to women who resided in the city of Detroit (n = 686, 48% of the original sample). The LIFE
study was approved by the institutional review boards at the University of Michigan (HUM00020527),
St. John Providence Health Systems (173317-4), and Wayne State University (104908B3F). All study
participants gave written informed consent.

2.2. Outcome Ascertainment

PTB was defined as birth before 37 completed weeks of gestation. We used a hierarchical algorithm
to categorize gestational age, obtained from the medical records, and gave priority to the estimate
based on early ultrasounds (between 6 and 20 weeks of gestation), as this is considered the most valid
measure [20,21].

2.3. Exposure Ascertainment

An absolute number of adverse built environment features (e.g., grocery stores, fast food
restaurants) has been linked to health outcomes [22–24]. Given the rapid neighborhood deterioration
following the last recession, as well as the stark decline in population size in Detroit, population average
estimates of home occupancy, number of residential parcels, or population counts from administrative
sources would likely provide an inaccurate denominator for tax foreclosure rate calculations. Given this,
we geocoded the current addresses of study participants using ArcGIS and matched and spatially
linked the exact latitude and longitude of each address to archival tax foreclosure data from the Wayne
County Treasurer (ascertained from Data Driven Detroit). We linked the absolute density (number) of
tax foreclosures per block group to the LIFE dataset, based on the year study participants enrolled in
the study (for instance, tax foreclosures occurring in 2009 were linked to LIFE study participants who
enrolled in 2009).

Subjective and Objective Neighborhood Measures

Study participants reported detailed characteristics of their current neighborhood, using valid
and reliable multi-item scales [19]. We examined five scale variables (Table 1) which measured
subjective neighborhood social cohesion and trust, healthy food availability, walking environment,
social disorder, and danger. We previously created a neighborhood disadvantage index (NDI), using
principal components analysis of 9 optimally weighted 5-year block-group level estimates of variables
from the American Community Survey (2007–2011), to examine objective neighborhood context
(including racial and economic segregation) for the LIFE study participants [25]. The NDI included %:
below poverty, unemployed, receiving public assistance, African American, female-headed households,
college-educated, owner-occupied homes, as well as median income and home values [25]. A higher
score on the NDI represented more disadvantage. Factor loadings were the highest for median income
(84%) and lowest for % of owner-occupied homes (42%).

Table 1. Subjective measures of the physical and social residential environment; Life Influences on
Fetal Environments Study (2009–2011).

Social Cohesion and Trust (5-point Likert: Strongly agree, agree, neither agree nor disagree, disagree, strongly disagree)

1. I live in a close-knit neighborhood
2. People in my neighborhood are willing to help their neighbors
3. People in my neighborhood generally don’t get along with each other
4. People in my neighborhood do not share the same values
5. People in my neighborhood can be trusted

Healthy Food Availability (5-point Likert: Strongly agree, agree, neither agree nor disagree, disagree, strongly disagree)

1. A large selection of fresh fruits and vegetables is available in my neighborhood
2. A large selection of low fat products is available in my neighborhood
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Table 1. Cont.

Walkability (5-point Likert: Strongly agree, agree, neither agree nor disagree, disagree, strongly disagree)

1. It is pleasant to walk in my neighborhood
2. The trees in my neighborhood provide enough shade
3. In my neighborhood it is easy to walk to places
4. I often see other people walking in my neighborhood
5. I often see other people exercise in my neighborhood
6. There are stores within walking distance of my home

Safety (5-point Likert: Strongly agree, agree, neither agree nor disagree, disagree, strongly disagree)

1. Many people in your neighborhood are afraid to go outside at night
2. There are areas of this neighborhood where everyone knows “trouble” is expected
3. You’re taking a big chance if you walk in this neighborhood alone after dark
4. I feel safe walking in my neighborhood
5. Violence is a problem in my neighborhood
6. I feel very safe from crime in my neighborhood

Social Disorder (3-point Likert: A big problem, somewhat of a problem, not a problem)

1. How much of a problem is litter, broken glass, or trash on the sidewalks and streets?
2. How much of a problem is graffiti on buildings and walls?
3. How much of a problem are vacant or deserted houses or storefronts?
4. How much of a problem is drinking in public?
5. How much of a problem is people selling or using drugs?
6. How much of a problem are groups of teenagers or adults hanging out in the neighborhood and causing trouble?
7. How much of a problem is noise in the neighborhood?
8. How much of a problem is yelling or fighting?

2.4. Effect Modifier

Our educational attainment variable included the highest level of education reported by
study participants.

Covariates

Where people live is a nonrandom process, and residential selection is predicted by individual
characteristics like age, race/ethnicity, and socioeconomic status [26,27]. In our prior work using
data from the LIFE study, we identified very few associations between traditional risk factors and
PTB in this study population [19,28], and income was the only variable we could consider a true
confounder. As a result, we included the following predictors of residential selection in adjusted
models: Age (<35 and ≥35 years), household income (<$35,000, ≥$35,000/year), and marital status
(married, unmarried). We also controlled for length of residence in the current neighborhood (<24 and
≥24 months).

2.5. Statistical Analysis

We used univariate and bivariate statistics for data description and used chi-square and Wilcoxon
rank sum tests to quantify differences in categorical and continuous variables, respectively. We based
cut-points on the distributions in the analysis sub-sample. The relationship between all neighborhood
context measures was quantified with Spearman correlations. We assessed all variables for missing
data (missing ranged from 0–11%), and list-wise deletion was performed. Since the prevalence of our
outcome was >10%, and there was small block-group level variation in PTB which would preclude
hierarchical modeling (ICC = 5.7%) [29], we used modified Poisson regression models with robust
error variance [30,31] and estimated unadjusted and adjusted relative risks (RR) and associated 95%
confidence intervals (95% CI) for the association between neighborhood tax foreclosures and risk
of PTB. The neighborhood tax foreclosure variable was modeled continuously and was rescaled by
the interquartile range, to allow us to interpret the results as the risk of PTB in women who resided
in neighborhoods with high (75th percentile of the distribution) versus low (25th percentile of the
distribution) tax foreclosures. We included an interaction term in adjusted models to test heterogeneity
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of the association by educational attainment, and we present stratum-specific results if warranted.
Non-positivity occurs when certain segments of a study population only experience one level of
the exposure [32–34]. We examined the tabular distributions of quintiles of the neighborhood tax
foreclosure variable by educational attainment and confirmed that women with ≤12 and >12 years
of education had a positive probability of residing in neighborhoods across the entire tax foreclosure
spectrum [35]. We used the SAS version 9.4 for Windows (SAS Institute Inc., Cary, NC, USA) for all
analyses. Two-sided p-values <0.05 and 95% confidence intervals that excluded 1 were considered
statistically significant.

3. Results

The mean age of the study participants was 27 years old, and 16.5% had a PTB (n = 113) (which was
the same proportion of preterm births to African American women in the United States in 2011)
(Table 2). Nearly 80% of the sample were unmarried, and two thirds had at least 12 years of education.
Over half of the sample had an annual income <$35,000/year and lived in their current neighborhood
for 2+ years. None of the demographic variables examined were statistically significant predictors of
PTB, in bivariate models. We observed no statistically significant bivariate associations between risk of
PTB and either our objective NDI or the five subjective neighborhood measures.

Study participants resided in 383 block groups, with 1 to 7 women per block group. There were
between 0 and 69 tax foreclosed properties per block group (median: 8). A total of 12.8% of block groups
experienced no tax foreclosures, and neighborhoods categorized as having “high tax foreclosures”
ranged from 13–69 per block group (data not shown). We observed weak correlations between
neighborhood tax foreclosures and our subjective and objective neighborhood measures. The smallest
correlation with tax foreclosures was with % of African Americans per block group: 0.09, and the
largest was with % of college graduates per block group: −0.33 (data not shown).

In the overall sample, we observed no statistically significant association between the number of
tax foreclosures and risk of PTB (adjusted RR: 0.93, 95% CI: 0.74, 1.16); however, there was evidence of
effect modification by education attainment (p for interaction: 0.01) (Table 3). Though not significant,
women who had ≤12 years of education, and resided in neighborhoods with high tax foreclosures
had a higher risk of PTB than women with ≤12 years of education who lived in neighborhoods with
low tax foreclosures (adjusted RR: 1.31, 95% CI: 0.95, 1.82). For women with >12 years of education,
those who lived in neighborhoods with high tax foreclosures had significantly lower PTB risk than
their counterparts who lived in neighborhoods with low tax foreclosures (adjusted RR: 0.74, 95% CI:
0.55, 0.98). In sensitivity analyses which excluded the n = 25 women who themselves experienced
a foreclosure, the results were not appreciably different from the main analyses.

Table 2. Demographic characteristics of study participants and bivariate modified Poisson regression
results; Life Influences on Fetal Environments Study (n = 686), 2009–2011.

Term (n = 573)
n (%)

PTB (n = 113)
n (%) RR 95% CI

Age
18–19 47 (8.5) 9 (8.2) 1.17 0.58, 2.37
20–24 191 (33.3) 42 (37.2) 1.31 0.83, 2.08
25–29 151 (26.3) 24 (21.2) referent
30–34 94 (16.4) 21 (18.6) 1.33 0.78, 2.28
35+ 90 (15.7) 17 (15.0) 1.16 0.65, 2.05

Marital status
Single 443 (77.3) 82 (72.6) referent
Married 126 (22.0) 30 (26.6) 1.23 0.84, 1.80

Education (years)
≤12 186 (32.5) 40 (35.4) 1.12 0.78, 1.58
>12 387 (67.5) 73 (64.6) referent
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Table 2. Cont.

Term (n = 573)
n (%)

PTB (n = 113)
n (%) RR 95% CI

Income
<$35,000 303 (52.9) 65 (57.5) 1.14 0.79, 1.64
≥$35,000 207 (36.1) 38 (33.6) referent

Time in neighborhood
<24 months 254 (44.3) 50 (44.3) 1.00 0.71, 1.41
≥24 months 309 (53.9) 61 (54.0) referent

Perceived Social Cohesion
Low 257 (47.2) 52 (48.6) 1.04 0.74, 1.48
High 287 (52.7) 55 (51.4) referent

Perceived Food
availability

Low 255 (45) 56 (50) 1.18 0.84, 1.66
High 312 (55) 56 (50) referent

Perceived Walkability
Low 293 (42.5) 50 (44.6) 1.08 0.77, 1.51
High 324 (57.6) 62 (55.4) referent

Perceived Safety
Low 244 (43.6) 53 (48.2) 1.17 0.83, 1.64
High 316 (56.4) 57 (51.8) referent

Perceived Disorder
Low 261 (46.6) 47 (42.7) referent
High 299 (53.4) 63 (57.3 1.14 0.81, 1.61

Objective NDI
Low 292 (51) 52 (46) referent
High 281 (49) 61 (54) 1.18 0.84, 1.65

PTB: Preterm birth; NDI: Neighborhood disadvantage index; RR: Relative risk; 95% CI: 95% Confidence Interval;
percentages do not sum to 100 due to missing values (range: 0–11%).

Table 3. Modified Poisson regression results for associations between number of tax foreclosed
properties at the block-group level and risk of preterm birth; overall and stratified by educational
attainment; Life Influences on Fetal Environments Study (n = 686), 2009–2011.

Total Sample
(n = 686)

≤12 Years Education
(n = 226)

>12 Years Education
(n = 460)

Unadjusted
RR (95% CI)

Adjusted
RR (95% CI)

Unadjusted
RR (95% CI)

Adjusted
RR (95% CI)

Unadjusted
RR (95% CI)

Adjusted
RR (95% CI)

0.95
(0.77, 1.18)

0.93
(0.74, 1.16)

1.18
(0.84, 1.64)

1.31
(0.95, 1.82)

0.82
(0.63, 1.07)

0.74
(0.55, 0.98)

Adjusted for age, income, marital status, and time in current neighborhood; RR: Relative risk, CI: Confidence
interval; neighborhood tax foreclosures X education p for interaction = 0.01.

4. Discussion

The main finding from this study was that there was no independent statistically significant
association between the number of neighborhood tax foreclosures and risk of PTB among urban
African American women, but the association was significantly modified by educational attainment.
Specifically, among women with >12 years of education, those who lived in neighborhoods with
high tax foreclosures had a nearly 25% lower risk of PTB than women who lived in neighborhoods
with low tax foreclosures, after accounting for predictors of residential selection and time lived in
the current neighborhood. Among women with ≤12 years of education, though not statistically
significant, a suggestive positive association between tax foreclosures and PTB risk was observed.
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We also found weak correlations between the number of tax foreclosures and several subjective and
objective neighborhood measures. The number of tax foreclosures was least correlated with the % of
African Americans in the neighborhood and most correlated with the % of college graduates.

The one existing study of neighborhood tax delinquency and neighborhood level adverse birth
outcomes found significant preliminary evidence of an association [16]. Their independent variable
was defined as “a percentage of parcels in a neighborhood that are delinquent on city and school
district taxes averaged between the years 2004 and 2010, with the rate calculated as a percentage of
taxable parcels- including all land use types” [16]. Our work extends this literature because we used
individual-level birth outcome data, tested for effect heterogeneity by a health promoting social factor,
quantified the absolute impact of protracted urban decline on risk of PTB, and used data from an
entirely African American cohort. Within-group analyses, like ours, are uniquely equipped to identify
risk as well as protective factors for adverse health outcomes among high risk groups and may inform
etiologic research. The results of this research should be useful for hypothesis generation and will
inform future research on this topic.

An increasing body of literature suggests that residential segregation is a fundamental
(or root) cause of racial disparities in health [36–39], because African Americans are more likely
to reside in disadvantaged neighborhoods (with concentrated poverty, disinvestment of resources,
and infrastructure decay) than whites [37,40]. Residential segregation has been most persistent in
regions with a high proportion of minority residents, with Black–white segregation in cities such as
Detroit, Milwaukee, and New York remaining essentially unchanged over time [41,42]. In other words,
the usual experience for these minority groups is to reside in highly segregated residential areas [43].

Contextually, the foreclosure crisis altered the social fabric of many neighborhoods in the
U.S. [44–49], in ways that may be connected to stress and PTB risk. Research suggests that living in
neighborhoods with high foreclosures is associated with poor physical and mental health [50–53].
Neighborhoods experiencing elevated home foreclosure also have high community stressors [54],
like abandoned properties [55], crime [56], and decreased community resources, including home values
and family wealth [55,57], tax revenue [54], stability [58], and social capital [59]. The “broken windows”
theory of urban decline suggests that neighborhood physical disorder causes urban decay and serious
crime, and is predictive of poor mental and physical health [60]. Neighborhoods plagued by this
physical disorder may cause chronic stress among residents [55,57].

The way that homes come to be tax foreclosed in Detroit is worth discussing. First, the Delinquent
Property Tax Foreclosure Public Act of 1999 mandates that properties are forfeited to the Wayne
County Treasurer in their second year of tax delinquency; if the taxes remain unpaid, the foreclosure
process commences on March 31st of the third year of delinquency [61]. Mortgaged properties are
rarely foreclosed due to delinquent property taxes, because property taxes are usually included
in monthly mortgage payments [62]. Furthermore, property tax foreclosures typically affect low
income populations, including the elderly and individuals who inherit a property [62]. More than
half of our study participants reported living in their current neighborhood for more than two years.
Our neighborhood tax foreclosure measure captures extended disinvestment and neighborhood
decline, which is likely stress-inducing for residents. Researchers have shown that from 2009 to
2015, the City of Detroit systematically violated the Michigan Constitution, by methodically inflating
property tax assessments above their market values, affecting between 55% and 85% of properties in
a given year [63]. They estimated that 10% of all tax foreclosures in Detroit from 2009 to 2015 were
caused by unconstitutionally high property value assessments. More troublesome is that 25% of all tax
foreclosures of the lowest valued homes were due to unconstitutional assessments [63]. Programs and
policies that prevent owner-occupied homes from experiencing tax foreclosure will safeguard home
ownership for low-income residents [62] and may decrease the spill-over effects on health for residents
who live in neighborhoods plagued by housing abandonment.

Institutional racism occurs when the laws, policies, or customs of society or a group of institutions
intentionally or inadvertently cause race-based inequities. African American homeowners, largely
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those with the lowest socioeconomic status, appear to be disproportionately impacted by illegally
inflated property tax assessments, many of which result in tax foreclosure [63]. Contemporary
discrimination is often hidden in plain sight, because it is embedded in social structures and
institutions [64–66], and within policies that seem to be economic in nature and devoid of consequences
for population health.

In the current study, we found that high educational attainment appeared to buffer the effects of
living in a neighborhood with high tax foreclosures on risk of PTB. A similar protective effect was not
observed among women with lower levels of education (this sub-group had a suggestive increase in
PTB risk associated with high neighborhood tax foreclosures). Educational attainment is the most basic
socioeconomic measure, because it shapes future job prospects and earning potential [18]. Research
has also shown that higher educational attainment is associated with more compliance with health
recommendations during pregnancy [67,68]. Our results suggest that policies and programs which
increase educational attainment among African American women may help buffer against the risk of
PTB associated with living in a neighborhood with high tax foreclosures. Educational institutions may
preserve societal power structures which establish social norms [69], but these institutions are also
important determinants of health. Specifically, the pathways through which education may impact
health may include neural development [70], biological aging [71–73], health behaviors and health
literacy [74], sense of autonomy [75], as well as life chances (including through income and occupation).
It is possible that women with higher education live in neighborhoods with high tax foreclosures,
but the neighborhoods themselves are going through neighborhood development and revitalization.
Future studies should seek to identify the mechanisms of this association.

Importantly, both educational attainment and neighborhood tax foreclosures are social
determinants of health that have clear policy relevance. The pathways through which high educational
attainment and living in a neighborhood with high tax foreclosures jointly impact risk of PTB are
unknown. However, identifying these mediating factors may illuminate options for policy remedies [18],
such as those that remove barriers for at risk populations to foster educational opportunity. Furthermore,
the Federal Neighborhood Stabilization Program, which was created to offer emergency assistance
to stabilize neighborhoods with elevated rates of abandoned and foreclosed homes and to assist low
income families, could be re-funded [76].

Future studies should examine what specific resources or ways of coping as well as the resiliency
factors women who have higher education, and who reside in blighted neighborhoods, use that
protects them from experiencing a PTB (for instance social capital). Future preterm birth reduction
programs might target communities with high tax foreclosures, rather than or in addition to areas
with high neighborhood poverty, and focus on women with lower educational attainment. A focus
on leveraging community assets can help to reframe the disproportionate burden of PTB in African
American communities as fixable, rather than intractable.

Our study has several strengths that distinguish it from the existing literature. First, we are the
first to test the joint effect between educational attainment and neighborhood tax foreclosures and risk
of PTB in urban African American women. Detroit, Michigan is an ideal place to study neighborhood
effects on adverse birth outcomes given the striking racial residential segregation, urban blight, and
economic disinvestment [77], combined with extreme racial disparities in PTB [78]. We leverage
primary collected survey data (for individual-level social factors) and medical record data (for accurate
gestational age ascertainment), and objective neighborhood tax foreclosure data, which improves
upon and adds to the existing literature. We enrolled women in the immediate postpartum period,
which means that our sample includes women with complete, interrupted or sporadic, and no prenatal
care. In other words, the heterogeneity of risk for PTB in our study population was high, which likely
increased the generalizability of our findings. Studies that recruit women from prenatal clinics may
miss those who have incomplete or no prenatal care, a group that usually has the highest risk for PTB.

Nevertheless, our study is not without limitations. First, all studies of neighborhood effects
may be susceptible to neighborhood selection, which refers to the nonrandom sorting of individuals
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into neighborhoods [79–81]. To combat this, we adjusted our analysis by predictors of residential
selection, including age, marital status, and income. The LIFE study was recruited from one suburban
hospital, which could limit the generalizability of our findings, especially since our analysis was
based on the subset of women who lived in Detroit. However, the overall LIFE sample had similar
sociodemographic characteristics and birth outcomes as Non-Hispanic Black and African American
women in the U.S., the State of Michigan, and Wayne County, MI [82]. In addition, the study recruitment
hospital was chosen because of its wide catchment area, the heterogeneity of women receiving care
(from 64 municipalities and 3 counties), and the large number of births per year [28]. Next, we examined
the absolute number of neighborhood tax foreclosures, because we lacked appropriate data for
the denominator to calculate true rates of neighborhood-level tax foreclosures. Future studies
should quantify the relative impact of neighborhood tax foreclosures, their joint impact with other
social exposures and potential mediating factors, and risk of adverse birth outcomes among urban
residents. Given the cross-sectional nature of this research question, we are not able to make causal
inferences, or to account for residential moves and exposures from other neighborhoods. Residual
confounding by unmeasured or mis-measured factors and measurement error for our objective
neighborhood measures cannot be ruled out. Future longitudinal research should quantify the impact
of life-course neighborhood exposures on PTB risk among this high-risk group, and explicate the
mediating pathways.

5. Conclusions

In summary, our findings suggest that the impact of neighborhood tax foreclosures on risk of
PTB among African American women may depend on educational attainment. Women with >12 years
of education may employ strategies and health behaviors that buffer them from the adverse effects,
on PTB risk, of living in a neighborhood with increased blight and urban decline. Future work is
needed to understand the mechanisms of these associations and to identify novel intervention targets,
to decrease the persistently increased risk of PTB among African American women.

Author Contributions: Conceptualization, S.S.-J., PhD, MPH; Data curation, D.P.M., PhD; Formal analysis,
S.S.-J., PhD, MPH; Writing—original draft, S.S.-J., PhD, MPH; Writing—review & editing, S.S.-J., PhD, MPH and
D.P.M., PhD.

Funding: This research was funded by the National Institute of Child Health and Human Development grant
numbers R01 HD058510 and 1F32HD080338-01.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. CDC. Reproductive Health: Preterm Birth. Available online: http://www.cdc.gov/reproductivehealth/
MaternalInfantHealth/PretermBirth.htm (accessed on 26 April 2018).

2. Martin, J.A.; Osterman, M.J.K. Describing the Increase in Preterm Births in the United States, 2014–2016;
NCHS Data Brief No. 312; National Center for Health Statistics: Hyattsville, MD, USA, 2018; pp. 1–8.

3. Mathews, T.; MacDorman, M.F.; Thoma, M.E. Infant Mortality Statistics from the 2013 Period Linked Birth/Infant
Death Data Set; National Center for Health Statistics: Hyattsville, MD, USA, 2015.

4. Martin, J.A.; Hamilton, B.E.; Osterman, M.J.; Driscoll, A.K.; Mathews, T. Births: Final Data for 2015; National
Center for Health Statistics: Hyattsville, MD, USA, 2017.

5. Collins, J.W.J.; David, R.J. The differential effect of traditional risk factors on infant birthweight among blacks
and whites in Chicago. Am. J. Public Health 1990, 80, 679–681. [CrossRef] [PubMed]

6. Culhane, J.F.; Goldenberg, R.L. Racial disparities in preterm birth. Semin. Perinatol. 2011, 35, 234–239.
[CrossRef]

7. Bernt, M. The Limits of Shrinkage: Conceptual Pitfalls and Alternatives in the Discussion of Urban Population
Loss. Int. J. Urban Reg. 2016, 40, 441–450. [CrossRef]

8. Haase, A.; Rink, D.; Grossmann, K.; Bernt, M.; Mykhnenko, V. Conceptualizing urban shrinkage. Environ.
Plan. A 2014, 46, 1519–1534. [CrossRef]

http://www.cdc.gov/reproductivehealth/MaternalInfantHealth/PretermBirth.htm
http://www.cdc.gov/reproductivehealth/MaternalInfantHealth/PretermBirth.htm
http://dx.doi.org/10.2105/AJPH.80.6.679
http://www.ncbi.nlm.nih.gov/pubmed/2343949
http://dx.doi.org/10.1053/j.semperi.2011.02.020
http://dx.doi.org/10.1111/1468-2427.12289
http://dx.doi.org/10.1068/a46269


Int. J. Environ. Res. Public Health 2019, 16, 904 10 of 13

9. Boomey, N.; Gallagher, J. How Detroit Went Broke: The Answer May Surprise You-and Don’t Blame Coleman
Young; Detroit Free Press: Detroit, MI, USA, 2013.

10. Herbert, C.W. Squatting for Survival: Precarious Housing in a Declining US City. Hous. Policy Debate 2018,
28, 797–813. [CrossRef]

11. Levine, M.V. A third-world city in the first world: Social exclusion, racial inequality, and sustainable
development in Baltimore. In The social Sustainability of Cities; University of Toronto Press: Toronto, ON,
Canada, 2000; pp. 123–156.

12. Herbert, C.W. Like a Good Neighbor, Squatters Are There: Property and Neighborhood Stability in the
Context of Urban Decline. City Community 2018, 17, 236–258. [CrossRef]

13. Morckel, V. Predicting abandoned housing: Does the operational definition of abandonment matter?
Community Dev. 2014, 45, 122–134. [CrossRef]

14. Mallach, A. Bringing Buildings Back: From Abandoned Properties to Community Assets: A Guidebook for
Policymakers and Practitioners; Rutgers University Press: New Brunswick, NJ, USA, 2006.

15. Wheelock, D.C. The federal response to home mortgage distress: Lessons from the great depression.
Rev.-Feder. Reserve Bank Saint Louis 2008, 90, 133. [CrossRef]

16. Zuberi, A.; Duck, W.; Gradeck, B.; Hopkinson, R. Neighborhoods, Race, and Health: Examining the
Relationship between Neighborhood Distress and Birth Outcomes in Pittsburgh. J. Urban Aff. 2016, 38,
546–563. [CrossRef]

17. Misra, D.P.; Guyer, B.; Allston, A. Integrated perinatal health framework. A multiple determinants model
with a life span approach. Am. J. Prev. Med. 2003, 25, 65–75. [CrossRef]

18. Adler, N.E.; Newman, K. Socioeconomic disparities in health: Pathways and policies. Health Aff. 2002, 21,
60–76. [CrossRef] [PubMed]

19. Sealy-Jefferson, S.; Giurgescu, C.; Helmkamp, L.; Misra, D.P.; Osypuk, T.L. Perceived Physical and Social
Residential Environment and Preterm Delivery in African-American Women. Am. J. Epidemiol. 2015, 182,
485–493. [CrossRef] [PubMed]

20. Kalish, R.B.; Thaler, H.T.; Chasen, S.T.; Gupta, M.; Berman, S.J.; Rosenwaks, Z.; Chervenak, F.A. First-
and second-trimester ultrasound assessment of gestational age. Am. J. Obstet. Gynecol. 2004, 191, 975–978.
[CrossRef] [PubMed]

21. Verburg, B.O.; Steegers, E.A.; De Ridder, M.; Snijders, R.J.; Smith, E.; Hofman, A.; Moll, H.A.; Jaddoe, V.W.;
Witteman, J.C. New charts for ultrasound dating of pregnancy and assessment of fetal growth: Longitudinal
data from a population-based cohort study. Ultrasound. Obstet. Gynecol. 2008, 31, 388–396. [CrossRef]
[PubMed]

22. Morgenstern, L.B.; Escobar, J.D.; Sánchez, B.N.; Hughes, R.; Zuniga, B.G.; Garcia, N.; Lisabeth, L.D. Fast food
and neighborhood stroke risk. Ann. Neurol. 2009, 66, 165–170. [CrossRef] [PubMed]

23. Nesoff, E.D.; Milam, A.J.; Pollack, K.M.; Curriero, F.C.; Bowie, J.V.; Knowlton, A.R.; Gielen, A.C.;
Furr-Holden, D.M. Neighbourhood alcohol environment and injury risk: A spatial analysis of pedestrian
injury in Baltimore City. Injury Prev. 2018. [CrossRef] [PubMed]

24. Zenk, S.N.; Mentz, G.; Schulz, A.J.; Johnson-Lawrence, V.; Gaines, C.R. Longitudinal Associations Between
Observed and Perceived Neighborhood Food Availability and Body Mass Index in a Multiethnic Urban
Sample. Health Educ. Behav. 2017, 44, 41–51. [CrossRef] [PubMed]

25. Sealy-Jefferson, S.; Messer, L.; Slaughter-Acey, J.; Misra, D.P. Inter-relationships between objective and
subjective measures of the residential environment among urban African American women. Ann. Epidemiol.
2017, 27, 164–168. [CrossRef]

26. Sampson, R.J.; Morenoff, J.D.; Gannon-Rowley, T. Assessing “Neighborhood Effects”: Social Processes and
New Directions in Research. Annu. Rev. Sociol. 2002, 28, 443–478. [CrossRef]

27. Duncan, G.E.; Mills, B.; Strachan, E.; Hurvitz, P.; Huang, R.; Moudon, A.V.; Turkheimer, E. Stepping towards
causation in studies of neighborhood and environmental effects: How twin research can overcome problems
of selection and reverse causation. Health Place 2014, 27, 106–111. [CrossRef]

28. Sealy-Jefferson, S.; Slaughter-Acey, J.; Caldwell, C.H.; Kwarteng, J.; Misra, D.P. Neighborhood Disadvantage
and Preterm Delivery in Urban African Americans: The Moderating Role of Religious Coping. SSM Popul.
Health 2016, 2, 656–661. [CrossRef] [PubMed]

29. Hox, J.J.; Moerbeek, M.; Van de Schoot, R. Multilevel Analysis: Techniques and Applications; Routledge:
Abingdon-on-Thames, UK, 2017.

http://dx.doi.org/10.1080/10511482.2018.1461120
http://dx.doi.org/10.1111/cico.12275
http://dx.doi.org/10.1080/15575330.2014.892019
http://dx.doi.org/10.20955/r.90.133-148
http://dx.doi.org/10.1111/juaf.12261
http://dx.doi.org/10.1016/S0749-3797(03)00090-4
http://dx.doi.org/10.1377/hlthaff.21.2.60
http://www.ncbi.nlm.nih.gov/pubmed/11900187
http://dx.doi.org/10.1093/aje/kwv106
http://www.ncbi.nlm.nih.gov/pubmed/26163532
http://dx.doi.org/10.1016/j.ajog.2004.06.053
http://www.ncbi.nlm.nih.gov/pubmed/15467575
http://dx.doi.org/10.1002/uog.5225
http://www.ncbi.nlm.nih.gov/pubmed/18348183
http://dx.doi.org/10.1002/ana.21726
http://www.ncbi.nlm.nih.gov/pubmed/19743456
http://dx.doi.org/10.1136/injuryprev-2018-042736
http://www.ncbi.nlm.nih.gov/pubmed/29588410
http://dx.doi.org/10.1177/1090198116644150
http://www.ncbi.nlm.nih.gov/pubmed/27230271
http://dx.doi.org/10.1016/j.annepidem.2016.12.003
http://dx.doi.org/10.1146/annurev.soc.28.110601.141114
http://dx.doi.org/10.1016/j.healthplace.2014.02.008
http://dx.doi.org/10.1016/j.ssmph.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/28367490


Int. J. Environ. Res. Public Health 2019, 16, 904 11 of 13

30. Zou, G. A modified poisson regression approach to prospective studies with binary data. Am. J. Epidemiol.
2004, 159, 702–706. [CrossRef] [PubMed]

31. Royall, R.M. Model robust confidence intervals using maximum likelihood estimators. Int. Stat. Rev. 1986,
221–226. [CrossRef]

32. Diez Roux, A.V. Estimating neighborhood health effects: The challenges of causal inference in a complex
world. Soc. Sci. Med. 2004, 58, 1953–1960. [CrossRef]

33. Messer, L.C.; Oakes, J.M.; Mason, S. Effects of socioeconomic and racial residential segregation on preterm
birth: A cautionary tale of structural confounding. Am. J. Epidemiol. 2010, 171, 664–673. [CrossRef]

34. Oakes, J.M. The (mis)estimation of neighborhood effects: Causal inference for a practicable social
epidemiology. Soc. Sci. Med. 2004, 58, 1929–1952. [CrossRef] [PubMed]

35. Westreich, D.; Cole, S.R. Invited commentary: Positivity in practice. Am. J. Epidemiol. 2010, 171, 674–677.
[CrossRef] [PubMed]

36. Landrine, H.; Corral, I. Separate and unequal: Residential segregation and black health disparities. Ethn. Dis.
2009, 19, 179–184. [PubMed]

37. Kramer, M.R.; Hogue, C.R. Is segregation bad for your health? Epidemiol. Rev. 2009, 31, 178–194. [CrossRef]
[PubMed]

38. Williams, D.R.; Collins, C. Racial residential segregation: A fundamental cause of racial disparities in health.
Public Health Rep. 2001, 116, 404–416. [CrossRef]

39. Phelan, J.C.; Link, B.G. Is racism a fundamental cause of inequalities in health? Annu. Rev. Sociol. 2015, 41,
311–330. [CrossRef]

40. Collins, C.A.; Williams, D.R. Segregation and mortality: The deadly effects of racism? Sociol. Forum 1999, 14,
495–523. [CrossRef]

41. Logan, J.R.; Stults, B. The Persistence of Segregation in the Metropolis: New Findings from the 2010 Census; Census
Brief Prepared for Project US2010; US2010-Brown University: Providence, RI, USA, 2011; Volume 24.

42. Iceland, J.; Sharp, G.; Timberlake, J.M. Sun Belt Rising: Regional Population Change and the Decline in Black
Residential Segregation, 1970–2009. Demography 2013, 50, 97–123. [CrossRef] [PubMed]

43. Hall, M.; Crowder, K.; Spring, A. Neighborhood Foreclosures, Racial/Ethnic Transitions, and Residential
Segregation. Am. Sociol. Rev. 2015, 80, 526–549. [CrossRef] [PubMed]

44. Williams, S.; Galster, G.; Verma, N. Home foreclosures and neighborhood crime dynamics. Hous. Stud. 2014,
29, 380–406. [CrossRef]

45. Wallace, D.; Hedberg, E.; Katz, C.M. The impact of foreclosures on neighborhood disorder before and during
the housing crisis: Testing the spiral of decay. Soc. Sci. Quart. 2012, 93, 625–647. [CrossRef]

46. Teasdale, B.; Clark, L.M.; Hinkle, J.C. Subprime lending foreclosures, crime, and neighborhood disorganization:
Beyond internal dynamics. Am. J. Crim. Justice 2012, 37, 163–178. [CrossRef]

47. Capone, C.A.; Metz, A. Mortgage default and default resolutions: Their impact on communities.
In Proceedings of the Federal Reserve System Community Affairs Research Conference, Washington, DC,
USA, 27 March 2003; pp. 27–28.

48. Baxter, V.; Lauria, M. Residential mortgage foreclosure and neighborhood change. Hous. Policy Debate 2000,
11, 675–699. [CrossRef]

49. Baumer, E.P.; Wolff, K.T.; Arnio, A.N. A Multicity Neighborhood Analysis of Foreclosure and Crime.
Soc. Sci. Quart. 2012, 93, 577–601. [CrossRef]

50. Houle, J.N. Mental health in the foreclosure crisis. Soc. Sci. Med. 2014, 118, 1–8. [CrossRef]
51. Currie, J.; Tekin, E. Is There a Link between Foreclosure and Health? Am. Econ. J.-Econ. Policy 2015, 7, 63–94.

[CrossRef] [PubMed]
52. Cagney, K.A.; Browning, C.R.; Iveniuk, J.; English, N. The Onset of Depression during the Great Recession:

Foreclosure and Older Adult Mental Health. Am. J. Public Health 2014, 104, 498–505. [CrossRef] [PubMed]
53. Arcaya, M.; Glymour, M.M.; Chakrabarti, P.; Christakis, N.A.; Kawachi, I.; Subramanian, S.V. Effects

of Proximate Foreclosed Properties on Individuals’ Weight Gain in Massachusetts, 1987–2008. Am. J.
Public Health 2013, 103, E50–E56. [CrossRef] [PubMed]

54. Joint Economic Committee. Sheltering neighborhoods from the subprime foreclosure storm. June 2007,
22, 2007.

55. Immergluck, D.; Smith, G. The external costs of foreclosure: The impact of single-family mortgage
foreclosures on property values. Hous. Policy Debate 2006, 17, 57–79. [CrossRef]

http://dx.doi.org/10.1093/aje/kwh090
http://www.ncbi.nlm.nih.gov/pubmed/15033648
http://dx.doi.org/10.2307/1403146
http://dx.doi.org/10.1016/S0277-9536(03)00414-3
http://dx.doi.org/10.1093/aje/kwp435
http://dx.doi.org/10.1016/j.socscimed.2003.08.004
http://www.ncbi.nlm.nih.gov/pubmed/15020009
http://dx.doi.org/10.1093/aje/kwp436
http://www.ncbi.nlm.nih.gov/pubmed/20139125
http://www.ncbi.nlm.nih.gov/pubmed/19537230
http://dx.doi.org/10.1093/epirev/mxp001
http://www.ncbi.nlm.nih.gov/pubmed/19465747
http://dx.doi.org/10.1016/S0033-3549(04)50068-7
http://dx.doi.org/10.1146/annurev-soc-073014-112305
http://dx.doi.org/10.1023/A:1021403820451
http://dx.doi.org/10.1007/s13524-012-0136-6
http://www.ncbi.nlm.nih.gov/pubmed/22965374
http://dx.doi.org/10.1177/0003122415581334
http://www.ncbi.nlm.nih.gov/pubmed/26120142
http://dx.doi.org/10.1080/02673037.2013.803041
http://dx.doi.org/10.1111/j.1540-6237.2012.00886.x
http://dx.doi.org/10.1007/s12103-010-9093-z
http://dx.doi.org/10.1080/10511482.2000.9521382
http://dx.doi.org/10.1111/j.1540-6237.2012.00888.x
http://dx.doi.org/10.1016/j.socscimed.2014.07.054
http://dx.doi.org/10.1257/pol.20120325
http://www.ncbi.nlm.nih.gov/pubmed/27390614
http://dx.doi.org/10.2105/AJPH.2013.301566
http://www.ncbi.nlm.nih.gov/pubmed/24446830
http://dx.doi.org/10.2105/AJPH.2013.301460
http://www.ncbi.nlm.nih.gov/pubmed/23865706
http://dx.doi.org/10.1080/10511482.2006.9521561


Int. J. Environ. Res. Public Health 2019, 16, 904 12 of 13

56. Arnio, A.N.; Baumer, E.P.; Wolff, K.T. The contemporary foreclosure crisis and US crime rates. Soc. Sci. Res.
2012, 41, 1598–1614. [CrossRef]

57. Harding, J.P.; Rosenblatt, E.; Yao, V.W. The contagion effect of foreclosed properties. J. Urban Econ. 2009, 66,
164–178. [CrossRef]

58. Li, Y.M.; Morrow-Jones, H.A. The Impact of Residential Mortgage Foreclosure on Neighborhood Change
and Succession. J. Plan. Educ. Res. 2010, 30, 22–39.

59. Estrada-Correa, V.; Johnson, M. Foreclosure Depresses Voter Turnout: Neighborhood Disruption and the
2008 Presidential Election in California. Soc. Sci. Quart. 2012, 93, 559–576. [CrossRef]

60. Aneshensel, C.S.; Sucoff, C.A. The neighborhood context of adolescent mental health. J. Health Soc. Behav.
1996, 37, 293–310. [CrossRef] [PubMed]

61. Baldermann, R.L. 2001-5 Delinquent Tax Revolving Funds Revision to Accounting after Public Act 123 of 1999;
Michigan Department of Treasury: Grand Rapids, MI, USA, 2001.

62. Grove, K. Proposal for a Wayne County Property Tax Foreclosure Prevention Program; Urban and Regional
Planning Program, University of Michigan: Ann Arbor, MI, USA, 2007.

63. Atuahene, B.; Berry, C.R. Taxed Out: Illegal Property Tax Assessments and the Epidemic of Tax Foreclosures in
Detroit; SSRN: Rochester, NY, USA, 2018.

64. Feagin, J.R. Racist America: Roots, Current Realities, and Future Reparations; Routledge: Abingdon-on-Thames,
UK, 2010.

65. Coates, T.-N. The case for reparations. Atlantic 2014, 313, 54–71.
66. Bonilla-Silva, E. Rethinking racism: Toward a structural interpretation. Am. Sociol. Rev. 1997, 62, 465–480.

[CrossRef]
67. Amezcua-Prieto, C.; Lardelli-Claret, P.; Olmedo-Requena, R.; Mozas-Moreno, J.; Bueno-Cavanillas, A.;

Jimenez-Moleon, J.J. Compliance with leisure-time physical activity recommendations in pregnant women.
Acta Obstet. Gyn. Scan. 2011, 90, 245–252. [CrossRef] [PubMed]

68. Rasmussen, M.M. Folic acid supplementation in pregnant women. Dan. Med. Bull. 2010, 57, A4134. [PubMed]
69. Rumbaut, R.G. Children of Immigrants and their Achievemement: The Roles of Family, Acculturation, Social Class,

Gender, Ethnicity, and School Contexts; Information Age Publishing, Inc.: Charlotte, NC, USA, 2006; pp. 23–59.
70. Shonkoff, J.P. Protecting brains, not simply stimulating minds. Science 2011, 333, 982–983. [CrossRef]

[PubMed]
71. Steptoe, A.; Hamer, M.; Butcher, L.; Lin, J.; Brydon, L.; Kivimaki, M.; Marmot, M.; Blackburn, E.;

Erusalimsky, J.D. Educational attainment but not measures of current socioeconomic circumstances are
associated with leukocyte telomere length in healthy older men and women. Brain Behav. Immun. 2011, 25,
1292–1298. [CrossRef] [PubMed]

72. Low, M.D.; Low, B.J.; Baumler, E.R.; Huynh, P.T. Can education policy be health policy? Implications of
research on the social determinants of health. J. Health Politics Policy Law 2005, 30, 1131–1162. [CrossRef]
[PubMed]

73. Woolf, S.H.; Johnson, R.E.; Phillips, R.L., Jr.; Philipsen, M. Giving everyone the health of the educated:
An examination of whether social change would save more lives than medical advances. Am. J. Public Health
2007, 97, 679–683. [CrossRef]

74. Kawachi, I.; Adler, N.E.; Dow, W.H. Money, schooling, and health: Mechanisms and causal evidence.
Ann. N. Y. Acad. Sci. 2010, 1186, 56–68. [CrossRef]

75. Mirowsky, J. Education, Social Status, and Health; Routledge: Abingdon-on-Thames, UK, 2017.
76. Immergluck, D. Distressed and dumped: Market dynamics of low-value, foreclosed properties during the

advent of the federal neighborhood stabilization program. J. Plan. Educ. Res. 2012, 32, 48–61. [CrossRef]
77. Galster, G. Driving Detroit: The Quest for Respect in the Motor City; University of Pennsylvania Press:

Philadelphia, PA, USA, 2012.
78. Martin, J.; Hamilton, B.; Osterman, M.; Curtin, S.; Matthews, T. Births: Final Data for 2012; National Center

for Health Statistics: Hyattsville, MD, USA, 2013.
79. Slopen, N.; Non, A.; Williams, D.R.; Roberts, A.L.; Albert, M.A. Childhood adversity, adult neighborhood

context, and cumulative biological risk for chronic diseases in adulthood. Psychosom. Med. 2014, 76, 481–489.
[CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ssresearch.2012.05.013
http://dx.doi.org/10.1016/j.jue.2009.07.003
http://dx.doi.org/10.1111/j.1540-6237.2012.00889.x
http://dx.doi.org/10.2307/2137258
http://www.ncbi.nlm.nih.gov/pubmed/8997886
http://dx.doi.org/10.2307/2657316
http://dx.doi.org/10.1111/j.1600-0412.2010.01050.x
http://www.ncbi.nlm.nih.gov/pubmed/21306314
http://www.ncbi.nlm.nih.gov/pubmed/20175948
http://dx.doi.org/10.1126/science.1206014
http://www.ncbi.nlm.nih.gov/pubmed/21852492
http://dx.doi.org/10.1016/j.bbi.2011.04.010
http://www.ncbi.nlm.nih.gov/pubmed/21536122
http://dx.doi.org/10.1215/03616878-30-6-1131
http://www.ncbi.nlm.nih.gov/pubmed/16481310
http://dx.doi.org/10.2105/AJPH.2005.084848
http://dx.doi.org/10.1111/j.1749-6632.2009.05340.x
http://dx.doi.org/10.1177/0739456X11423263
http://dx.doi.org/10.1097/PSY.0000000000000081
http://www.ncbi.nlm.nih.gov/pubmed/25077427


Int. J. Environ. Res. Public Health 2019, 16, 904 13 of 13

80. Mayer, S.E.; Jencks, C. Growing up in poor neighborhoods: How much does it matter? Science 1989, 243,
1441–1445. [CrossRef]

81. Jencks, C.; Mayer, S.E. The social consequences of growing up in a poor neighborhood. Inner-City Poverty USA
1990, 111, 186.

82. Osypuk, T.L.; Slaughter-Acey, J.C.; Kehm, R.D.; Misra, D.P. Life-course Social Mobility and Reduced Risk of
Adverse Birth Outcomes. Am. J. Prev. Med. 2016, 51, 975–982. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1126/science.243.4897.1441
http://dx.doi.org/10.1016/j.amepre.2016.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27866597
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Sample 
	Outcome Ascertainment 
	Exposure Ascertainment 
	Effect Modifier 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

