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Summary
Residential context has received increased attention as a possible contributing factor to race/ethnic
and socioeconomic disparities in birth outcomes in the United States. Utilizing vital statistics birth
record data, this study examined the association between neighbourhood deprivation and the risk
of a term small-for-gestational-age (SGA) birth among non-Hispanic whites and non-Hispanic
blacks in eight geographic areas: Baltimore City, Baltimore County, Montgomery County and
Prince Georges County in Maryland, 16 pooled cities in Michigan, Durham County and Wake
County in North Carolina, and Philadelphia, Pennsylvania. Multilevel random intercept logistic
regression models were employed and statistical tests were performed to examine if the
association between neighbourhood deprivation and SGA varied by race/ethnicity and study site.
The risk of term SGA was higher among non-Hispanic blacks (range: 10.8%–17.5%) than non-
Hispanic whites (range: 5.1%–9.2%) in all areas and it was higher in cities than in suburban
locations. In all areas, non-Hispanic blacks lived in more deprived neighbourhoods than non-
Hispanic whites. However, the adjusted associations between neighbourhood deprivation and term
SGA did not vary significantly by race/ethnicity or study site. The summary fully-adjusted pooled
odds ratios, indicating the effect of one standard deviation increase in the deprivation score, were
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1.15 [95% CI: 1.08–1.22] for non-Hispanic whites and 1.09 [95% CI: 1.05–1.14] for non-Hispanic
blacks. Thus, neighbourhood deprivation was weakly associated with term SGA among both non-
Hispanic whites and non-Hispanic blacks.

Introduction
The failure of individual-level demographic, socioeconomic (SES), and behavioural factors
to explain SES and race/ethnic disparities in health outcomes has focused increased attention
on the possible role of residential context in generating these disparities.1–5 In the United
States, residential context may be a particularly salient explanation for black-white
differences in health due to large variations in residential environments between blacks and
whites. African Americans regardless of their income are more likely than whites to live in
neighbourhoods with higher rates of crime and violence, elevated levels of social disorder,
and poor public and private services. 6–7 Thus, blacks are more likely to be exposed to
stressful life circumstances and lack access to quality health care, opportunities for regular
exercise, and healthy foods, factors that have been hypothesized to influence health
outcomes.2–3

Recent U.S. studies have explored associations between neighbourhood economic
deprivation,8–12 social organization,13–14 residential composition,10, 12–15 crime,8, 14, 16–17

and birthweight and/or preterm birth. In most studies, higher levels of neighbourhood
deprivation and crime were associated with a higher risk of preterm birth and lower
birthweight,8–14 while measures of neighbourhood level social cohesion were associated
with higher birthweight, adjusting for individual-level attributes.13–14 Several authors also
found that associations between neighbourhood characteristics and birth outcomes varied by
race/ethnicity.9–11, 13, 18

Only a handful of studies have examined the association between neighbourhood context
and small-for-gestational age (SGA) births.15, 19–20 These studies found that low
neighbourhood-level household income is associated with an elevated risk of SGA in
Louisiana19 and Quebec, Canada, 20 after adjustment for maternal characteristics.
Additionally, African American women living in U.S. metropolitan statistical areas (MSA)
with a higher level of residential segregation were more likely to deliver an SGA infant than
other African American women, controlling for individual-level attributes and MSA-
educational attainment and population size.15

We extend previous analyses of neighbourhood context and the risk of SGA among non-
Hispanic white and non-Hispanic black women in the United States. We hypothesize that a
higher level of neighbourhood deprivation would be associated with a higher risk of term
SGA and that this association may be mediated by two known risk factors for SGA –
maternal smoking and gestational and/or chronic hypertension.21–23 We further speculate
that the association between neighbourhood deprivation and SGA may vary by race/
ethnicity, and explore if the strength of the association between neighbourhood deprivation
and SGA varied in different regions, urban areas, and suburban locations.

Methods
The analysis was conducted as part of the ‘Multilevel Modelling of Disparities to Explain
Preterm Delivery (MODE-PTD)’ project, a partnership among four universities and their
state or local health departments. Eight geographic areas are represented in the analyses, of
which three are large urban centres – Philadelphia, Pennsylvania (PA), Baltimore City,
Maryland (MD) and 16 combined cities in Michigan (MI). The other sites include three
suburban counties in Maryland (Baltimore County, Montgomery County, and Prince George
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County) and two counties in North Carolina (Durham County and Wake County). We
analyzed the large urban centres and the suburban counties separately to examine whether
the association between neighbourhood deprivation and SGA was similar in different
geographic regions with substantial variation in levels of poverty and percentage of white
residents.24

Individual-level data on birth outcomes and maternal characteristics came from vital records
obtained from each site’s governmental partner. The period covered by the analyses varied
by site due to data availability and interest of the governmental partner, but in all sites the
data covered some years between 1995 and 2001. The birth records were geocoded based on
the maternal address given on the birth certificate to identify the mothers’ residential census
tract with a minimum of 95% match rate for each area. Maternal age, maternal education,
whether the mother smoked during pregnancy, and whether the mother had gestational and/
or chronic hypertension were included as individual-level explanatory variables. Less than
five percent of the records had missing data on these variables, except in two Maryland sites,
Montgomery County and Prince Georges County, where information on smoking was
missing for 19% and 8% of non-Hispanic white births and 10% and 28% of non-Hispanic
black births, respectively. Births with missing information were excluded.

Small for gestational age (SGA) birth
To identify births as SGA, a newborn weighting less than the 10th percentile of the
birthweight distribution for a given gestational week,25 we developed reference curves based
on vital statistics data for singleton births born to US resident mothers in the 50 states and
the District of Columbia in 1998, 1999, and 2000. Sex-specific reference curves for SGA cut
points indicating the 10th percentile in the birthweight distribution for gestational ages 20–
44 weeks were developed for first births and second or higher order births. In constructing
the SGA cut points, births with extreme deviation from the mean birthweight for a given
gestational week were excluded so that the established cut points were not influenced by
extreme outliers. We identified outliers as births that fell outside the interquartile range of
the birthweight distribution for a given gestational week.26 Approximately 1.5% of births
were excluded in the construction of the standard.

The sex- and parity-specific SGA cut points were applied to site-specific birth record data to
classify births as SGA. We focus the analyses on singleton term births (37–44 weeks
gestation). Because the vast majority of SGA births occur at term27 and black-white
differences in SGA are most pronounced among infants delivered at term,28 the removal of
preterm births does not affect our conclusions.

Neighbourhood-level deprivation
We used census tracts to define neighbourhoods, a commonly used aerial unit in the
neighbourhood effects literature.8, 10, 19, 29 To characterize neighbourhoods by their level of
deprivation, we employed a neighbourhood-level deprivation index described elsewhere.30

In brief, this index utilizes data from five domains of social and economic disadvantage
available in the 2000 U.S. Census of Population: income/poverty, employment, education,
housing, and occupation. The deprivation index was created by principal components
analysis utilizing pooled tract-level data from all eight study areas with the first principal
component making up the deprivation index. The component loadings were consistent
across study sites with the first principal component accounting for 51%–73% of the total
variance in all eight areas.30 The standardized index, with a mean zero and a standard
deviation of one, was linked to site-specific birth record data by census tract. Smaller values
of the deprivation index indicate lower levels of neighbourhood disadvantage.
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Statistical methods
To examine the association between neighbourhood-level deprivation and the risk of term
SGA, we estimated three race-specific multi-level random-intercept logistic regression
models for each study site. Census tracts were used as surrogates for neighbourhoods, so
that a unique random effect was estimated for the baseline log-odds of SGA in each tract
(Table 1). Our first model included only the neighbourhood deprivation index and described
the unadjusted associations between term SGA and neighbourhood deprivation. In Model 2,
we included maternal age and education, and in Model, 3 we introduced smoking and
gestational and chronic hypertension. Neighbourhood-level deprivation was modelled as a
linear term; alternative specifications of the deprivation index (e.g., quadratic, logarithmic
transformation) did not improve model fit. Because neighbourhood context has been linked
to health behaviours, such as smoking,31–32 and to chronic disease,33 we hypothesized that
the effects of neighbourhood deprivation on term SGA operate at least in part through
maternal health and health behaviours. Maternal education served as an indicator of
individual-level SES. Data on household income are not available on the birth certificate.

To investigate whether effects of neighbourhood deprivation varied by race/ethnicity, the
data were pooled within each site and interaction terms between race/ethnicity and the
deprivation index were tested for significant differences. To test whether our findings can be
generalized across a wide range of neighbourhood deprivation levels, we took the estimated
slope coefficients for neighbourhood deprivation from the eight sites, and calculated a
homogeneity test statistic, Cochran’s Q, to test whether the site-specific slope coefficients
were homogenous across all sites.34 This random-effects summary estimate of the eight site-
specific slope coefficients assumes a “population of populations,” each with its own slope.
The statistical model further assumes that these population slopes are normally distributed
and that a random sample of these populations was included in our study.34 The models
were estimated with STATA35 in three sites (MD, NC & PA) and with Hierarchical Linear
and Nonlinear Modelling (HLM)36 in one site (MI).

Results
The percentage of non-Hispanic white and non-Hispanic black term births born SGA varied
considerably among the study sites as did the level of neighbourhood deprivation (Table 1
and Figure 1). Non-Hispanic black mothers delivering at term lived in more deprived census
tracts than their non-Hispanic white counterparts in all study sites , and their infants were
close to or more than twice as likely to be born SGA as infants of non-Hispanic white
mothers.

Table 2 shows the results of the regression analyses, where the odds ratios for
neighbourhood deprivation represent the effect of one standard deviation increase in the
deprivation score on the risk of term SGA. The unadjusted positive association between
neighbourhood deprivation and term SGA was substantially attenuated with adjustment for
maternal age and education, with reductions ranging from 40% to 66% for non-Hispanic
whites and from 7% to 81% for non-Hispanic blacks. The inclusion of maternal smoking
and gestational and/or chronic hypertension resulted in small additional reductions in the
odds ratios in most sites. In the fully adjusted model, the odds ratios for neighbourhood
deprivation among non-Hispanic whites ranged from 0.92 [95% CI: 0.74, 1.13] in
Montgomery County, MD to 1.44 [95% CI: 1.06, 1.96] in Prince Georges County, MD, and
for non-Hispanic blacks from 1.00 [95% CI: 0:90, 1.11] in Durham County, NC to 1.16
[95% CI: 1.04, 1.29] in Prince Georges County, MD.

Based on the homogeneity test statistic, Cochran’s Q, we concluded that the association
between neighbourhood deprivation and SGA did not differ significantly among the study
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areas in all models for non-Hispanic blacks (Model 1: p=0.273; Model 2: p=0.204; Model 3:
p=0.078) and in models 2 and 3 for non-Hispanic whites (Model 2: p=0.334; Model 3:
p=0.242). Excluding Montgomery County, MD from the test in Model 1, where the
association between neighbourhood deprivation and SGA among non-Hispanic whites was
weak, the Cochran Q statistic for non-Hispanic whites was no longer statistically significant
(p=0.225), indicating homogeneity in the effects of neighbourhood deprivation in all other
sites. In the fully adjusted model, the pooled odds ratio, representing the effect of one
standard deviation increase in the deprivation score, was 1.15 [95% CI: 1.08, 1.22] for non-
Hispanic whites and 1.09 [95% CI: 1.05, 1.14] for non-Hispanic blacks.

Figure 2 plots the site-specific and pooled fully adjusted estimates of the effect of
neighbourhood deprivation on term SGA. Although the slope estimates appear to be
somewhat steeper for non-Hispanic whites than non-Hispanic blacks, we found the
interaction term between race/ethnicity and neighbourhood deprivation to be insignificant in
the adjusted models in all sites. These results are also reflected in the fully adjusted pooled
estimates where the confidence intervals for the effect of neighbourhood deprivation overlap
for non-Hispanic whites and non-Hispanic blacks. What is also evident is that controlling for
neighbourhood deprivation, as measured in this study, does not eliminate the race disparity
in term SGA (Figure 2).

Discussion
The purpose of this paper was to investigate the association between neighbourhood
deprivation and the risk of term SGA among non-Hispanic whites and non-Hispanic blacks
in eight geographic areas in the United States. The risk of term SGA varied among study
areas with the risk being greatest in cities. Independent of this variability, across all
geographic areas, the risk of term SGA was two to two and a half times higher among non-
Hispanic blacks than non-Hispanic whites. Neighbourhood deprivation had a positive
unadjusted association with term SGA for both non-Hispanic whites and non-Hispanic
blacks, but it was substantially reduced with adjustment for maternal age and education,
smoking and hypertension. The fully adjusted odds ratios, representing one standard
deviation increase in the deprivation score, ranged from 0.92 to 1.44 for non-Hispanic
whites and from 1.00 to 1.16 for non-Hispanic blacks. However, the Cochran’s Q
homogeneity test revealed that the adjusted associations between neighbourhood deprivation
and the risk of term SGA did not differ significantly across the eight areas. When pooled
across study sites, the fully adjusted odds ratio for neighbourhood deprivation was 1.15 for
non-Hispanic whites and 1.09 for non-Hispanic blacks. These results are similar to findings
in Canada and Louisiana where neighbourhood-level household income also predicted fetal
growth.19–20

We did not find a significant interaction between race/ethnicity and neighbourhood
deprivation on the risk of term SGA. This finding is contradictory to some previously
published studies that explored similar interactions on the risk of other adverse birth
outcomes.9, 18, 37 These inconsistencies may reflect differences in study designs, including
operational definitions of neighbourhood context, outcomes of interest, and adjustment for
individual-level characteristics.

The mechanisms through which neighbourhood context have been hypothesized to influence
birth outcomes, including SGA, include features of the neighbourhood’s social and service
environment, and physical characteristics.2–3, 5 The concentration of adverse neighbourhood
conditions along the above dimensions is often closely tied to the clustering of
socioeconomic disadvantage. Thus, living in disadvantaged neighbourhoods may expose
women to multiple adverse social and physical elements, including crime and violence,
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weak social networks and limited access to health promoting resources that may contribute
to increased risk of poor pregnancy outcomes. Potentially, adverse neighbourhood
conditions exert influence on health via increased likelihood of adverse health behaviours, as
suggested by findings from prior research.31–32 However, we found that adjustment for
smoking during pregnancy and gestational and/or chronic hypertension did not substantially
modify the association between neighbourhood deprivation and the risk of term SGA,
suggesting that other factors, such as exposure to chronic stress, may play a role. Recent
empirical evidence, based on studies of pregnant women of different race/ethnic, SES, and
cultural backgrounds, supports the premise that women experiencing high levels of
psychological or social stress during pregnancy are at a significantly increased risk for
preterm birth, even after adjustment for other biomedical, socio-demographic, and
behavioural risk factors.38–41 Less is known about the association between exposure to
chronic and acute stress and the risk of SGA, an area that merits further investigation.42

Although neighbourhood deprivation was a significant predictor of the risk of term SGA, we
could not explain the higher risk of term SGA among non-Hispanic blacks than non-
Hispanic whites by controlling for neighbourhood deprivation. Our measure of
neighbourhood conditions was limited to a summary index of neighbourhood-level SES and
thus it does not fully capture all neighbourhood-level attributes that may be important. In
fact, the relatively small effects and somewhat inconsistent associations between
neighbourhood context, race/ethnicity and birth outcomes in multi-level studies published to
date are likely to be related to limitations in commonly used measures of neighbourhood
context, which most often have been based on census data. Furthermore, neighbourhood
context is only one of many social contexts (e.g., family, work) that may influence women’s
birth outcomes. The inclusion of multiple social contexts, however, has been limited by lack
of available data.

One of the strengths of these analyses is our ability to compare findings across diverse
geographic areas. By using identical methodology and a common measure of neighbourhood
deprivation, we were able to demonstrate that the association between neighbourhood
deprivation and the risk of term SGA was similar across geographic areas with a wide range
of socioeconomic profiles. In addition, our classification of term births as SGA was based
on newly developed national reference curves.

The findings are also subject to several limitations. First, we are limited by the information
available on the birth certificate. In particular, we must rely on maternal education to capture
individual-level SES and thus it is possible that our neighbourhood-level deprivation index
captures at least a part of the association between maternal income and the risk of term
SGA. Adjustment for maternal age and education substantially attenuated the association
between neighbourhood deprivation and the risk of term SGA. On the other hand,
adjustment for smoking and hypertension resulted only in minor changes in the estimated
odds ratios of neighbourhood deprivation. This result needs to be interpreted with some
caution because of possible bias in the reporting of smoking and hypertension on the birth
certificate. In addition, our estimates are based on cross-sectional data and the birth
certificate has no information on the mother’s tenure in the address recorded on the birth
certificate. Furthermore, we used census tracts to define neighbourhood boundaries. Some
studies of neighbourhood effects have used census block groups9, 17 or alternative
neighbourhood boundaries.13–14 A recent study that compared the association between
census tract and block group level measures of socioeconomic status and rates of low
birthweight, childhood lead poisoning, and mortality concluded that census tract and block
group level measures led to similar conclusions, while larger units such as zip code areas,
were thought to be less appropriate.43 Finally, we are limited in our interpretation because
we cannot assess why some foetuses with growth restriction are delivered at term and others
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are delivered preterm. Thus, women with growth restricted foetuses that might have gone to
term and would therefore have been a part of the analyses are excluded because of a medical
decision to deliver early. If these medical decisions are influenced by maternal race/ethnicity
and/or other characteristics, our results may be biased.

The findings of our study are consistent with previous research that has documented an
inverse association between neighbourhood-level SES and preterm birth, low birthweight,
and SGA.8–12, 19–20 That neighbourhood-level economic disadvantage is associated with
multiple measures of adverse birth outcomes points to the need to further explore the
mechanisms through which neighbourhood deprivation is associated with maternal and
infant health. Although better data with more comprehensive measures of maternal
characteristics, including SES, are needed before causal inferences can be drawn, this study
together with previous literature suggests that residential context may play a role in
generating race/ethnic and SES disparities in birth outcomes.
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Figure 1.
Distribution of neighborhood deprivation scores by race/ethnicity and study site
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Figure 2.
Estimated log-odds of SGA term birth by level of neighbourhood deprivation and study site
(adjusted for maternal age, education, smoking and hypertension)
Note: Plotted for reference category: age 20–24, above high school education, non-smoker,
and no hypertension.
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