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Abstract

Background: Inequity in adverse birth outcomes between black and white women in the U.S.
is persistent, despite decades of research and prevention efforts. Neighborhood environments are
plausibly related to pre-pregnancy health and other risk factors for adverse birth outcomes and
may help explain black/white inequities. Despite the fact that neighborhoods change over time,
most prior work has relied upon cross-sectional measures of neighborhood economic contexts.

Methods: We used birth certificates for non-Hispanic black and white women in Texas (2009-
2011, N = 470,896) to examine whether longitudinal measures of neighborhood economic context
(poverty and income inequality, based on census tract data from 1990 to 2010) were associated
with preterm birth, low birthweight and small-for-gestational-age (SGA) with hierarchical
generalized linear models. We also tested whether (1) the longitudinal measures explained black/
white inequities or (2) moderated the effect of race on the birth outcomes. Finally, we compared
the models with longitudinal measures to models with cross-sectional measures of neighborhood
economic context.

Results: Longitudinal measures of neighborhood economic context were associated with all
three birth outcomes, but did not explain racial inequities. Except for income inequality and SGA,
there was no evidence of moderation by race. Substituting cross-sectional measures of economic
context for longitudinal ones resulted in similar findings.

Conclusion: Policies that either address structural neighborhood-level economic disadvantage
or mitigate the effects of such disadvantage are warranted to improve the health of mothers and
prevent adverse birth outcomes.

1. Introduction

The inequity in adverse birth outcomes (preterm birth, low birth weight, and small for
gestational age) between non-Hispanic black (hereafter “black™) and non-Hispanic white
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women (hereafter “white”) in the U.S. is persistent, despite decades of research and
prevention efforts. Vital statistics demonstrate that the percentage of preterm births (PTB) to
Black women is about 50% higher compared with white women, and the percentages of low
birth weight (LBW) and small-for-gestational age births (SGA) to Black women are about
double compared with white women (Centers for Disease Control and Prevention, 2008;
Martin et al., 2018). Given the tight link between these birth outcomes and infant mortality
(Behrman and Butler, 2007; MacDorman, 2011), as well as links to adverse health outcomes
during childhood and adulthood (Arpi and Ferrari, 2013; Bhutta et al., 2002; Evensen et al.,
2009; Hack et al., 1995; Kajantie et al., 2015; Johnson and Schoeni, 2011; Saigal and Doyle,
2008; Van Lieshout et al., 2015; Vollszter et al., 2013), the statistics are ethically troubling
and constitute a major public health challenge.

Ecosocial theory (Krieger, 1994) guides the research in this study. The theory encompasses
the concept of embodiment, or the ways in which social factors affect biology. A substantial
body of work argues that adverse birth outcomes are primarily the result of psychosocial
stress (Behrman and Butler, 2007; Cardwell, 2013; Hobel et al., 2008; Wadhwa et al., 2011;
Witt et al., 2014; Yonkers et al., 2014). Stress is known to operate through multiple plausible
pathways that could affect birth outcomes, including immune system function/susceptibility
to infection (Segerstrom and Miller, 2004), the autonomic nervous system (“fight or flight”
response) (Sandman et al., 1997; Su et al., 2015), and health behaviors (Lobel et al., 2008).
Psychosocial stress is triggered by social and economic factors, such as disadvantaged
neighborhood environments (Ross and Mirowsky, 2001), low socioeconomic status/position
(Baum et al., 1999), and exposure to discrimination (Sawyer et al., 2012; Sellers et al.,
2003). All of these are more prevalent on average among the black vs. white population
(Williams and Sternthal, 2010), and could plausibly account for the higher prevalences of
worse health status and adverse birth outcomes among the former (mediation hypothesis).

In addition, because of the dramatically different social conditions that black and white
populations experience, it is possible that the relationship between neighborhood economic
disadvantage and adverse birth outcomes may vary by race (moderation hypothesis). For
instance, an intersectionality framework would suggest that black women may be more
impacted by their neighborhood environments because they have lower socioeconomic
position and experience more racial discrimination on average compared with white women.

A body of population-based empirical studies has found relationships between economic
indicators of neighborhoods and adverse birth outcomes (Braveman et al., 2015; Culhane
and Elo, 2005; Elo et al., 2009; Kaufman et al., 2003; Masi et al., 2007; Margerison-Zilko
et al., 2015; Messer et al., 2006; Metcalfe et al., 2011; O'Campo et al., 2007; Schempf et

al., 2009). For example, Kaufman et al. (2003) found that higher income in a neighborhood
was associated with lower risk of PTB for black, but not white, women. Schempf et al.
(2009) found that higher neighborhood “risk” was associated with lower birth weight among
a low-income sample, and that the relationship was mediated by maternal behaviors. Elo

et al. (2009) found that neighborhood “deprivation” was associated with SGA both among
black and white mothers.

Furthermore, high levels of racial segregation have had lasting impacts on the current
residential conditions for black and white populations in the U.S, with the black population,
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on average, having far more health-challenging environments (economically disadvantaged,
hazardous conditions) compared with the white population (Cubbin et al., 2001; Massey,
1990). For example, economically disadvantaged areas have lower access to high quality
housing, education, employment, and information (Wilson, 1987, 1996; Massey, 1990;
Kawachi and Berkman, 2003). These areas generally have lower political power and more
unhealthy physical environments (Kraus, 2000; Hamilton, 1995; Pulido, 2017). For these
and other reasons, neighborhood environments are considered upstream risk factors, leading
both to lower socioeconomic attainment for their residents as well as more hazardous
physical environments to attain good health (Gehlert et al., 2008). These environments, in
turn, are plausibly related to pre-pregnancy health and other risk factors for adverse birth
outcomes (Sheehan et al., 2017; Walsemann et al., 2017; Duncan and Kawachi, 2018). Thus,
neighborhood-level economic disadvantage may be expected to impact birth outcomes for
all women, but also to partially “explain” some of the racial disparity in them.

A limitation of prior studies—as with most neighborhood effects studies—is their reliance on
cross-sectional indicators of neighborhood economic status, measured around the time of the
birth. This is not surprising given the difficulty of measuring neighborhood environments
over time for population-based studies. However, “static” measures of neighborhood
economic environments ignore the fact that some neighborhoods are changing and that
others have experienced similar conditions over an extended period, resulting in possibly
extensive measurement error, as prior research has found (Margerison-Zilko et al., 2015).
For instance, the cross-sectional measure of high neighborhood poverty (i.e., > 20%) in that
study included neighborhoods that were high poverty over decades (40%), but also those that
were changing in poverty levels over time (60%). This same study also found that among

a representative sample of mothers in California, three different measures of neighborhood
economic trajectories were each similarly and significantly associated with PTB, but that the
cross-sectional (i.e., static) measure was not (Margerison-Zilko et al., 2015). Theoretically,
neighborhoods with long-term poverty over decades may be different than those that had
only recently become poor in terms of their built and social environments as a result

of dynamic economic (e.g., private and public investment), social (e.g., perceived safety,
social cohesion), and political forces (e.g., access to quality health care). Neighborhoods
undergoing change, rather than being static over time, may also present certain stressors
(e.g., rising rents/taxes, social isolation) or benefits (e.g., safer streets, better food). In
support of this framework, a population-based study of women with young children in

CA found that neighborhoods varied considerably in expected ways on built and social
environmental characteristics, health behaviors, and norms based on their neighborhood
poverty trajectory (Cubbin, unpublished data). If neighborhood changes are to be examined,
they cannot be captured with cross-sectional measures.

This study builds on prior research on neighborhood change, health and gentrification.
Using longitudinal residential history data available in the Panel Study of Income Dynamics
(PSID), Do (2009) found that long-term neighborhood poverty exposure was a stronger
predictor of self-rated health, and explained more of the black/white health disparity, than

a single point-in-time measure. Wodtke et al. also used the PSID and found that long-term
exposure to neighborhood disadvantage was associated with lower high school graduation,
which is of course closely related to adult health (2011). Similarly, analyses of residential
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history data in the Multi-Ethnic Study of Atherosclerosis (MESA) also found that long-term
measures of neighborhood poverty exposure were associated with subclinical atherosclerosis
among women (Murray et al., 2010; Lemelin et al., 2009), and had stronger associations
than single point-in-time measures (Murray et al., 2010). Another study of the MESA data
found that people living in neighborhoods that experienced “adverse changes” were more
likely to report depressive symptoms, and those living in neighborhoods that experienced
“improved changes” were more likely to report fewer depressive symptoms, although the
results were imprecisely estimated (Mair et al., 2015). Cantu et al. used the Geographic
Research on Wellbeing (GROW) Study, and found that children who moved from a nonpoor
to a poor neighborhood between birth and age 4-10 had higher odds of asthma compared

to children who lived in non-poor neighborhoods throughout (Cantu et al., 2019). Using
GROW and latent class analysis, Sheehan found that children who grew up in historically
low or historically moderate poverty classes had lower odds of inadequate sleep duration
compared with children who grew up in an historically high poverty class (Sheehan et

al., 2018). They also found that the historical measure of neighborhood poverty remained
significant, whereas the point-in-time measure of neighborhood poverty did not. Among
women in GROW, Sheehan et al. found that living in or moving to neighborhoods that
experienced historically low poverty was associated with lower odds of being obese relative
to living in tracts characterized by historically high poverty (Sheehan et al., 2018). Finally,
Walsemann et al. (2017) used GROW to examine psychosocial outcomes among women
and found that women living in neighborhoods where poverty decreased over time had
lower odds of depressive symptoms and a greater sense of control than women living

in historically low-poverty neighborhoods. In addition, women living in historically high-
poverty neighborhoods or in neighborhoods where poverty increased over time reported
lower sense of control than women living in historically low-poverty neighborhoods.

We found several studies that specifically examined the impact of gentrification on health or
health-related outcomes (Morenoff et al., 2007; Izenberg, Mujahid, & Yen, 2018a, 2018b),
but only one study examined a birth outcome (Huynh and Maroko, 2014). Huynh and
Maroko found that living in a very high gentrified neighborhood was associated with

higher odds of PTB among black women, but was protective for white women, compared
with those living in a very low gentrified neighborhood (Huynh and Maroko, 2014). Two
studies by lzenberg et al. using data from the California Health Interview Survey found

that gentrification was associated with health status among black, but not white, adults
(Izenberg et al., 2018b), and that gentrification was associated with binge drinking, but only
among those who lived in their neighborhood less than five years (Izenberg et al., 2018a).
Finally, Morenoff et al. found that affluence/gentrification was negatively associated with
hypertension among adults, and adjustment for the neighborhood context “explained” the
black/white disparity, using data from Chicago (Morenoff et al., 2007).

Prior work on neighborhood change has measured economic context with absolute
measures, most commonly poverty rates. There is a large body of literature demonstrating
that relative measures, such as income inequality, are also important for health (Pickett and
Wilkinson, 2015), including birth outcomes (Wallace et al., 2015). Both absolute measures
and relative historical measures of economic context could plausibly be associated with
adverse birth outcomes.
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Therefore, in the current study, we build upon the earlier California study of a sample of
births and extend it to a//births among black and white women in Texas to examine (1)
relationships between neighborhood economic trajectories (absolute and relative) on PTB
and two additional adverse birth outcomes (LBW and SGA), (2) whether neighborhood
economic trajectories “explain” black/white inequities in birth outcomes (mediation), (3)
whether neighborhood economic trajectories impact birth outcomes differently for black
and white women (moderation), and (4) whether findings were comparable with a cross-
sectional measure of economic status. Our central hypothesis is that past neighborhood
economic patterns (1990-2010) impact health-related characteristics of neighborhoods at the
time of study (2009-2011) which in turn impact pregnancy outcomes of women living in
those neighborhoods at the time of study. We predict that neighborhoods that experience
long-term economic advantage will have the most positive birth outcomes compared with
neighborhoods that experience change in economic advantage or long-term economic
disadvantage.

2. Methods

2.1. Data

We obtained individual-level birth certificate data for all singleton births from 2009 to 2011
in Texas (V= 1,127,624). These data include birth weight, length of gestation, maternal
sociodemographic characteristics, paternal education, and geocode for address of residence.
We restricted analyses to black and white women. Our initial sample included 513,148 births
(black = 127,763; white = 385,385). We excluded records missing length of gestation or
birth weight (7= 9756), those with gestational age < 22 or > 44 weeks (/7= 4337), and those
with implausible combinations of birth weight and gestational age (7= 2275) (Alexander

et al., 1996). We further excluded records missing geocodes (/7= 21,536), neighborhood
poverty and income inequality rates between 1990 and 2010 (n = 3954), and maternal
characteristics (n = 394), resulting in 470,896 births (92% of the total).

Census tract-level data from 1990 to 2010 were obtained from the Neighborhood Change
Database (NCDB) and were used as approximations of neighborhoods. The NCDB includes
a comprehensive set of census variables from the U.S. Bureau of the Census (1970,

1980, 1990, 2000, and 2010 decennial censuses, and American Community Survey [ACS]
2006-2010), recalculated and weighted to correspond to census 2010 boundaries so that
comparisons can be made on the same geographic boundaries over time. We included data
beginning in 1990 because a quarter of TX census tracts (1277 out of 5265) had records
missing economic indicators in either 1970 or 1980 (rural areas that had not yet been
assigned to tracts). We used census tract-level poverty rates (percentage of persons below
100% of the federal poverty level) and income inequality rates (GINI index) for the years
1990 through 2010 as neighborhood-level economic status indicators. Census tract-level
poverty and income inequality data for the years 1990 and 2000 came from decennial
censuses and data for the final time period came from the ACS (2006-2010).

We linked individual-level birth certificate data to census tract-level data from 1990 to 2010
based on geocodes for residential addresses. These mothers lived in 5079 census tracts in
Texas (out of a total of 5265), with an average of 92 mothers per tract (range = 1-1314).
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Approximately 81% of the census tracts (4093 out of 5079) had at least 30 births, indicating
substantial clustering by census tract.

2.2. Individual measures

Our primary outcome variables were: 1) PTB; 2) LBW; and 3) SGA. PTB was based on the
birth certificate estimate of gestational age and defined as fewer than 37 weeks of completed
gestation. LBW was defined as birth weight < 2500 g, and SGA was defined as < 10th
percentile of birth weight for gestational age using published national reference guidelines
(Oken et al., 2003). Other individual measures included maternal age at delivery, race,
marital status, parity, education level, and prenatal care experience, and father's education
level.

2.3. Neighborhood measures

We categorized all neighborhoods in TX by neighborhood poverty and inequality
trajectories. For neighborhood poverty trajectories, we first created a cross-sectional measure
of neighborhood poverty for each of the three time periods (1990, 2000, and 2006—2010),
classifying census tracts with less than 5% poverty as low poverty, those with 5%-20%
poverty as moderate poverty, and those with more than 20% poverty as high poverty. The
cutoff was based on the U.S. Census definition of poverty areas (https://www.census.gov/
prod/1/statbrief/sb95 13.pdf). Next, using those cross-sectional poverty measures (low,
moderate, high) at all 3 time periods (1990, 2000, and 2006-2010), we categorized census
tracts into 5 poverty trajectories defined a prioriin past work (Margerison-Zilko et al.,
2015): 1) long-term low poverty (all time periods were either low or a combination of low
and moderate with no discernible pattern); 2) long-term moderate (all time periods were
moderate); 3) long-term high (all time periods were either high or a combination or high

and moderate with no discernible pattern); 4) increasing poverty (low or moderate poverty in
1990, became and remained moderate or high after 1990); and 5) decreasing poverty (high
or moderate poverty in 1990, became and remained moderate or low after 1990).

For neighborhood inequality trajectories, we first created a cross-sectional measure of
neighborhood income inequality by classifying census tracts with a GINI index less than
0.25 as low inequality, those with a GINI of 0.25-0.35 as moderate inequality, and those
with a GINI of more than 0.35 as high inequality. The cutoff was based on Luebker's
(2010) classification. Using cross-sectional inequality categories (low, moderate, and high),
we classified census tracts into 4 inequality trajectories in a similar way to poverty
trajectories: long-term low/moderate; long-term high; increase; and decrease. Because of

a small proportion of long-term low inequality (1.2%) tracts, we combined long-term low
inequality with long-term moderate inequality.

Population density was also included as a confounding variable, operationalized as
population per square mile and entered into models after a log transformation because of
non-normality.
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2.4, Statistical analyses

We first examined the distribution of the variables and prevalence of the dependent variables
(PTB, LBW, SGA) overall and by individual- and neighborhood-level characteristics.

Next, we estimated two separate sets of hierarchical generalized linear models (HGLM)

to examine the relationship between neighborhood trajectories (one set using poverty
trajectories and the other set using inequality trajectories) and each dependent variable.
Multilevel modeling analysis was conducted in this study because (1) births were

nested within neighborhoods; and (2) we were interested in testing associations

between neighborhood-level variables and each dependent variable net of individual-level
sociodemographic variables. Multilevel models were built sequentially, using a series of
models, to determine the “final” model: () an unconditional model; (b) bivariate models; (c)
a combined model; (d) a random coefficient model; and (e) a cross-level interaction model
(if applicable). The HGLM was estimated using Laplace based on a binomial distribution
and logit link function which allowed us to assess model fit by examining the change in the
negative two log likelihood (-2LL) between models via a chi-square test (Hox, 2010; Wang
et al., 2012). To determine whether Black/White disparities are explained by neighborhood
categories, we estimated models that included all the individual-level variables but without
any neighborhood variable. These models yielded a measure of the Black/White disparity
in each outcome not explained by neighborhood context, which was compared to the Black/
White disparity in the “‘neighborhood’ models. Finally, we estimated the models to examine
the association between neighborhood poverty (or inequality) based on cross-sectional data
from the ACS (2006-2010) and each dependent variable, after adjusting for individual-level
sociodemographic characteristics and neighborhood-level population density.

Additionally, as sensitivity analyses, we estimated the models among the subset of
neighborhoods (n = 4,363, or 86% of the 5079 neighborhoods in the study) where at
least one black mother and one white mother gave birth, so that we were examining the
same set of neighborhoods for both groups. We also ran a sensitivity analysis among the
neighborhoods where over 10 births had occurred to exclude neighborhoods with sparse
data. We used SAS software version 9.4 for all analyses.

3. Results

3.1.

Descriptive statistics

Population characteristics are listed in Table 1. The majority of mothers were 20-34

years old, three quarters were white, and more than 60% were married. According to the
longitudinal method of categorizing neighborhood poverty trajectories, 39% had long-term
moderate poverty, followed by poverty increase (21%), poverty decrease (14%), long-term
high poverty (14%), and long-term low poverty (12%). Regarding neighborhood inequality
trajectories based on the longitudinal data, a third of neighborhoods had long-term low/
moderate inequality, followed by long-term high inequality (31%), inequality increase
(20%), and inequality decrease (16%).

Ten percent of births were classified at PTB, 7% were LBW, and 11% were SGA.
Prevalence of adverse birth outcomes were highest for mothers living in neighborhoods
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which experienced high poverty or inequality. Fig. 1 shows the prevalence of adverse birth
outcomes by neighborhood-level poverty and inequality histories combined by race and
stratified by race. Black mothers exhibited higher prevalence of adverse birth outcomes in all
categories of neighborhood poverty and inequality trajectories. Prevalence of adverse birth
outcomes was the highest among both black and white mothers living in neighborhoods
categorized by long-term high poverty or inequality.

3.2. Development of the multilevel model

We first examined an unconditional model to assess how much total variation in

adverse birth outcomes was between neighborhoods. The percentage of variation between
neighborhoods in PTB, LBW, and SGA (the pseudo intra-class correlation, or ICC) was
2-4% and were significant (tgg = 0.08 to 0.14, p < .001) (Hox, 2010; Snijders and Bosker,
2012). Although the pseudo ICCs are low, variance between neighborhoods implied that our
decision to use multilevel modeling is appropriate.

Second, random intercept models for each dependent variable showed that adding each
independent variable in the model improved the model fit, and those variables were
significantly associated with each dependent variable. Our next model included all

7 individual-level sociodemographic variables. Third, we added 2 neighborhood-level
variables in combined models. The difference in —2LL between these models and the
individual-level model (level-1 model) showed that model fit significantly improved based
on a chi-square distribution (A —2LL = 26 to 78 and A df = 3 or 4 depending on the model, p
<.001) in all cases except the PTB/inequality model.

Fourth, random coefficient models assessed whether the slopes for race had a significant
variance component. Although the effect of race varied across neighborhoods, subsequent
cross-level interaction models showed insignificant interactions between race and
neighborhood-level poverty or inequality trajectories—with the exception of neighborhood
inequality trajectories for SGA. Thus, in order to have parsimonious models, we decided

to include race as a fixed factor in the neighborhood poverty and inequality models for

PTB and LBW and for the neighborhood poverty model for SGA. For the neighborhood
inequality model for SGA, we included race as a random factor and a cross-level interaction
between race and neighborhood inequality trajectories.

3.3. Neighborhood economic trajectories and PTB

In Table 2, living in neighborhoods characterized by long-term moderate poverty, long-term
high poverty, poverty increase, or poverty decrease (vs. neighborhoods with long-term low
poverty) was associated with increased odds of PTB (ORs [Cls] = 1.10 [1.06-1.14], 1.17
[1.12-1.23], 1.07 [1.02-1.12], and 1.08 1.03-1.14], respectively). Living in neighborhoods
characterized by long-term high inequality (vs. living neighborhoods with long-term low
inequality) was associated with increased odds of PTB (OR [CI] = 1.07 [1.04-1.10]).
Neighborhood-level variables did not reduce the odds of PTB associated with being black
(vs. white). Models 3 (poverty) and 4 (inequality) explained 31.5% and 31.8% of the
between-neighborhood variance in PTB (Hox, 2010).
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3.4. Neighborhood economic trajectories and LBW

As shown in Table 3, living in neighborhoods which experienced long-term moderate
poverty, long-term high pove rty, poverty increase, or poverty decrease (vs. neighborhoods
with long-term low poverty) was associated with increased odds of LBW (ORs [Cls] =
1.13[1.08-1.19], 1.22 [1.16-1.29], 1.11 [1.05-1.16], and 1.12 [1.06-1.18], respectively).
Living in neighborhoods with long-term high inequality (vs. neighborhoods with long-term
low inequality) was associated with increased odds of LBW (OR [CI] = 1.08 [1.05-1.12]).
Neighborhood-level variables did not reduce the odds of LBW associated with being black
(vs. white). Models 3 and 4 explained 11.0% (poverty) and 11.4% (inequality) of the
between-neighborhood variance in LBW (Hox, 2010).

3.5. Neighborhood economic trajectories and SGA

Table 4 shows that living in neighborhoods which experienced long-term moderate poverty,
long-term high poverty, poverty increase, and poverty decrease (vs. neighborhood with
long-term low poverty) was associated with increased odds of SGA (ORs [Cls] = 1.11
[1.07-1.15], 1.19 [1.14-1.25], 1.10 [1.06-1.15], and 1.09 [1.04-1.14], respectively). In

the inequality trajectories model, the increased odds of SGA for black vs. white women

in neighborhoods with increasing or decreasing inequality were dampened. Neighborhood-
level variables did not reduce the odds of SGA associated with being black (vs. white).
Models 3 and 4 explained 11.8% (poverty) and 14.1% (inequality) of the between-
neighborhood variance in SGA (Hox, 2010).

3.6. Cross-sectional neighborhood economic status and adverse birth outcomes

Table 5 presents the association between a cross-sectional measure of neighborhood poverty
(or inequality) and each dependent variable. Living in neighborhoods with moderate or high
poverty in 2006—-2010 (vs. neighborhoods with low poverty) was associated with increased
odds of PTB, LBW, and SGA. Living in neighborhoods with moderate inequality was
associated with increased odds of LBW and SGA. Finally, living in neighborhoods with high
inequality was associated with increased odds of all three outcomes.

3.7. Findings of sensitivity analysis

We analyzed the same HGLM among mothers living in neighborhoods where at least one
black and one white mother were included in this study (results not shown). Similar results
were found. In addition, similar results were found in the HGLM among the neighborhoods
with over 10 births (results not shown).

4. Discussion

Neighborhood economic trajectories, measured both in absolute and relative ways, were
associated with PTB, LBW, and SGA in TX. However, surprisingly, these neighborhood
economic trajectories did not appear to “explain” black/white inequities net of individual-
level variables. Except for the association between inequality trajectories and SGA, race
did not moderate the relationships between neighborhood economic trajectories and birth
outcomes, suggesting that the associations between the trajectories and birth outcomes
operate in similar ways for both black and white mothers. In contrast to prior work in
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CA (Margerison-Zilko et al., 2015), the findings were comparable with a cross-sectional
measure of economic status (although weaker in magnitude). This may suggest that
developing more complex measures of neighborhood histories in population-based studies
may not be necessary. But if the interest is in capturing neighborhoods experiencing change,
as our study did with significant results, cross-sectional measures are insufficient.

Interestingly, both absolute (poverty) and relative (income inequality) measures of
neighborhood economic trajectories were associated with adverse birth outcomes. The
absolute measure is consistent with prior work that examined cross-sectional measures of
neighborhood disadvantage (Kaufman et al., 2003; Schempf et al., 2009; Elo et al., 2009)
or neighborhood income inequality (Auger et al., 2009; Nkansah-Amankra et al., 2010) and
birth outcomes. In addition to the expected higher odds associated with long-term moderate
and high poverty conditions, we also found that neighborhoods that experienced changein
poverty (either increasing or perhaps most interestingly, decreasing), were also associated
with higher odds of adverse birth outcomes. Huynh and Maroko (2014) used a broader
measure of gentrification (poverty, education, income) in New York City, and found that
black women had higher odds of PTB in gentrifying neighborhoods, but that white women
had lower odds of PTB in gentrifying neighborhoods. If you consider decreasing poverty
to be an indicator of gentrification, our study found that women regardless of race also had
higher odds of PTB, suggesting that there is something about economic changes that are
associated with birth outcomes.

To our knowledge, this is the first study to examine a relative measure of economic
status at the neighborhood level and to do so as a longitudinal measure. While more
research is needed to elucidate the specific mechanisms, it appears that a long-term
unequal neighborhood income distribution—in addition to a long-term absolute level of
neighborhood poverty-has a negative association with birth outcomes compared with a
long-term equal neighborhood income distribution.

The strengths of our study include observing the entire population of births in a large

state, employing more conceptually rigorous measures of economic context (i.e historical
trends and comparing associations to analyses with more conventional cross-sectional
measures) and testing both absolute and relative measures of neighborhood economic
context. However, our limitations include having no knowledge of how long the women
resided in their neighborhood before they have birth, or if they previously resided in a
similar one if they recently moved. Existing studies have found that 12-30% of women
move during pregnancy (Fell et al., 2004; Lupo et al., 2010; Sundquist et al., 2011) and,
according to the 2010 ACS, 17% of all females aged 1 year or over moved in the past year in
TX. Only one study was identified that examined socioeconomic mobility during pregnancy
and found that 63% of women remained in their neighborhood throughout pregnancy

and, among those that did move, the large majority moved to similar neighborhoods in
terms of poverty levels (Saadeh et al., 2013). Longitudinal designs would be required to
examine residential histories neighborhood exposures (Kane and Margerison-Zilko, 2017).
Although selection effects are always important to consider in cross-sectional observational
neighborhood effects studies, evidence suggests that neighborhood effects are indeed
causal, for at least some health outcomes (Sampson et al., 2008; Cantu et al., 2019). We
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hypothesized that neighborhood economic trajectories would influence current physical and
social conditions of neighborhoods at the time of the births. However, we cannot rule out
that our findings are due to compositional effects since physical and social conditions have
not been directly measured, even though we controlled for multiple markers of individual-
level socioeconomic status. In this study, we only examine neighborhood economic context,
and neighborhood environments have many other characteristics that could be important

to examine, such as racial composition, built environments, etc. Another study is currently
underway to examine the relationships between racial/ethnic composition trajectories and
adverse birth outcomes. In addition, we only examined Black/White disparities; our findings
cannot be generalized to other groups at this time, although a future study is pending
approval that would include births to Latinas, taking nativity into account. Finally, it should
be noted that our outcome measures are not independent: 39% of the PTB births are also
LBW, 11% of PTB births are also SGA; and 57% of the LBW births are also SGA.

Understanding how past and present policies influence neighborhood economic context
provides a more robust path to mitigating adverse birth outcomes. The long-term economic
impact of intentional segregation by race and class resulted in the creation of advantaged
and disadvantaged neighborhoods, whereby wealthy neighborhoods benefit from resources,
political power, and opportunities for upward mobility while low income neighborhoods are
relatively lacking in such things (Rothstein, 2017; Turner and Gourevitch, 2017).

Policies that either address structural neighborhood-level economic disadvantage or
mitigate its effects are warranted to improve the health of mothers and prevent adverse
birth outcomes. Policy considerations for Texas and its municipalities could include:

(1) incentives to increase voucher-affordable housing in low poverty, high opportunity
neighborhoods (Metzger and Webber, 2018; Mazzara and Knudsen, 2019), and for the state
to hold property managers accountable for discriminating against voucher holders (denying
housing to voucher holders is currently legal in the state); (2) preserving affordable housing
in gentrifying communities and improving upon the neighborhoods where families using
vouchers already live (Mazzara and Knudsen, 2019); (3) increasing teacher-to-child ratios
for childcare centers and wages for child care educators, along with increased funding

for early childhood education programs to improve early childcare education and later
academic outcomes (Powell, 2014); (4) addressing barriers to higher education (e.g., college
readiness and vocational training programs); (5) redesigning asset-building mechanisms for
low income families (e.g., greater access to credit); and (6) removing the state preemption
that denies municipalities from raising the minimum wage. These policies, among others,
have the potential benefit of improving many health outcomes for the entire population, in
addition to birth outcomes.
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Fig. 1.
Prevalence of adverse birth outcomes by neighborhood-level poverty and inequality
trajectories, Texas natality files, 2009-2011, N = 470,896.
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