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Abstract

Neighborhood deprivation is consistently associated with greater risk of low birthweight.
However, large birth size is increasingly relevant but overlooked in neighborhood health research,
and proximity within which neighborhood deprivation may affect birth outcomes is unknown. We
estimated race/ethnic-specific effects of neighborhood deprivation index (NDI) within 1, 3, 5, and
8 km buffers around Oregon Pregnancy Risk Assessment Monitoring System (n=3,716;
2004-2007) respondents’ homes on small and large for gestational age (SGA, LGA). NDI was
positively associated with LGA and SGA in most race/ethnic groups. The results varied little
across the four buffer sizes.
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Background

Neighborhood context is recognized as an important risk factor for poor birth outcomes
(Metcalfe, et al., 2011). Neighborhood socioeconomic deprivation is hypothesized to affect
maternal health both through psychosocial factors and through access to material resources
(Daniel, et al., 2008; Culhane and Elo, 2005; Schempf, et al., 2009). In a large body of
literature, neighborhood deprivation is a strong, consistent predictor of low birthweight,
preterm birth, and small for gestational age (SGA) (Sundquist, et al., 2011; Elo, et al., 2009;
Janevic, et al., 2010; Zeka, et al., 2008; Agyemang, et al., 2009; Masi, et al., 2007; Farley, et
al., 2006; Subramanian, et al., 2006; Schempf, et al., 2009; Nkansah-Amankra, et al., 2010;
Collins, et al., 2009; Auger, et al., 2013; Buka, et al., 2003; Beard, et al., 2009; Garcia-
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Subirats, et al., 2012; Messer, et al., 2008). However, associations between neighborhood
context and large for gestational age (LGA) have received little consideration.

Adverse health outcomes of small birth size are widely recognized, but infants born LGA
also have greater risk of poor health outcomes ranging from infant mortality to diabetes and
cardiovascular disease throughout the life span (Boney, et al., 2005; Barker and Thornburg,
2013; Barker, 1995; Bocca-Tjeertes, et al., 2014; Moore, et al., 2012; Wang, et al., 2007).
LGA deliveries have greater risk of cesarean section, postpartum hemorrhage, and birth
injury to the mother or infant (Weissmann-Brenner, et al., 2012). Moreover, LGA is of
growing importance as prevalence of two major LGA risk factors — obesity and diabetes
(YYessoufou and Moutairou, 2011; Boney, et al., 2005; Lu, et al., 2001) — continues to
increase. Individual risk factors for birth outcomes are shaped by environmental context
(Hogan, et al., 2001), and neighborhood deprivation is associated with obesity in adult men
and women (Pearson, et al., 2014; Bell, et al., 2014), overweight in the first trimester of
pregnancy (Clausen, et al., 2006), and gestational diabetes (Clausen, et al., 2006;
Janghorbani, et al., 2006).

Our understanding of how neighborhood deprivation shapes birth outcomes is limited in
several ways. In particular, the proximity within which area-level socioeconomic
disadvantage might influence birth outcomes is unknown. Furthermore, delineation of
meaningful geographic exposures may vary between SGA and LGA because they may
involve different causal pathways (Coulton, et al., 2012; Diez Roux, 2007; Spielman and
Yoo, 2009; Daniel, et al., 2008; Soobader, et al., 2006; Flowerdew, et al., 2008; Krieger, et
al., 2003) . That is, we theorize effects on LGA to operate through neighborhood
environments that promote obesity-related behaviors (Diez Roux and Mair, 2010; Schempf,
et al., 2009; Daniel, et al., 2008; Culhane and Elo, 2005; Vinikoor-Imler, et al., 2011; Elo, et
al., 2009; Metcalfe, et al., 2011). Behavioral pathways leading to LGA may involve smaller-
scale neighborhood features than neighborhood effects on SGA, which are theorized to
operate through stress pathways (Wadhwa, et al., 2011; Culhane and Elo, 2005; Vinikoor-
Imler, et al., 2011; Elo, et al., 2009; Metcalfe, et al., 2011; Messer, et al., 2012a).

In addition, it is possible that neighborhood deprivation within varying proximity to
residences may be differentially associated with SGA and LGA across racial and ethnic
groups (Buka, et al., 2003; Vinikoor-Imler, et al., 2011; Love, et al., 2010; Janevic, et al.,
2010; O'Campo, et al., 2008; Messer, et al., 2012b). Stark racial and ethnic disparities exist
in SGA (Hogan, et al., 2012; Lu and Halfon, 2003; Blumenshine, et al., 2010; Geronimus,
1996; Collins, et al., 2004; Giscombe and Lobel, 2005), and evidence also suggests that
disparities exist in LGA (Rodrigues, et al., 2000; Wassimi, et al., 2011; Dyer, et al., 2007;
Homko, et al., 1995; Bowers, et al., 2013). Stress and obesity-related pathways may be more
important in some race/ethnic groups, and transportation within a community may be more
constrained in minority racial/ethnic groups. Using data from a diverse study population of
Hispanic and non-Hispanic White, Black, Asian, and Native American women, we expand
existing literature on effects of neighborhood deprivation on small birth size to include
LGA, and compare associations across four proximity-based neighborhood boundaries.
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Materials and Methods

Data sources

This study used 2004-2007 Oregon Pregnancy Risk Assessment Monitoring System
(PRAMS) data. PRAMS is an ongoing population-based surveillance system that randomly
samples women from the state birth record and collects information on experiences before,
during, and shortly after pregnancy. Oregon PRAMS oversampled low birthweight
deliveries (<2500g) and racial and ethnic minorities, and excluded women who did not live
in Oregon or gave birth >180 days before sampling. Women were contacted up to four times
by mail, and a telephone interview was attempted with non-responders; the final weighted
response rate was 72.0%. Women reported as Hispanic on the birth certificate were
contacted in both English and Spanish. The Oregon Office of Family Health linked Oregon
birth certificate data to PRAMS survey responses. Survey response weights were adjusted
for oversampling, non-response, and non-coverage.

Study Sample

Variables

We collected geographic information for all PRAMS respondents residing in the Portland
Tri-County area (Multnomah, Clackamas, and Washington Counties; N=3,930). We limited
the sample to singleton births with birthweight over 400g, gestational age 20-42 weeks, and
maternal age 14-44 years. Of the remaining 3,759 women, 10 observations were missing the
mother's race/ethnicity. Less than 1% of records were missing data on confounding variables
(maternal age, education, parity, and insurance status), for a final sample size of 3,716
women with complete information.

Exposure: 1, 3, 5, and 8 km radius Neighborhood Deprivation Index—We
constructed a standardized neighborhood deprivation index (NDI) as described previously
(Janevic, et al., 2010; Elo, et al., 2009; O'Campo, et al., 2008; Messer, et al., 2006b). Briefly,
we used principal components analysis on 20 Census Tract-level sociodemographic
variables from the 2000 US census previously identified to approximate neighborhood-level
environments (Messer, et al., 2006b) along with one additional variable, percent Hispanic
ethnicity. Six variables had factor loadings greater than 0.25 and were retained in the final
principal component analysis (supplement table A-1). Variable values were weighted
according to final factor loadings to create a continuous index score for each Census Tract.
To generate an NDI score for the area within 1, 3, 5, or 8 km of each woman's place of
residence (individually-defined circular neighborhood buffers) from data available at the
census tract level, a weighted average was calculated according to the proportion of each
census tract falling within the buffer. A higher (positive) score represented greater
neighborhood deprivation.

Outcome: Size for Gestational Age—Birthweight and the clinical estimate of
gestational age reported on the birth certificate were used to assign the gestational week-
specific percentile of weight according to a standard population distribution (Hadlock, et al.,
1991). The clinical estimate of gestational age provided more complete data and may reduce
systematic error present in the last menstrual period estimate (Hoffman, et al., 2008;
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Mustafa and David, 2001; Qin, et al., 2008; Lazariu, et al., 2013). Because maternal
characteristics such as race are not modifiable, race-specific size for gestational age
distributions are sometimes used for tracking fetal growth throughout a woman's pregnancy.
However, differences in birthweight distributions of different racial groups are likely due to
differences in confounding variables such as SES, and falling in an extreme of either end on
a standard fetal growth curve is generally a marker for increased risk of future adverse
outcomes regardless of race (Hutcheon, et al., 2011), although this has been questioned for
LGA among Aboriginal women in Canada (Gray-Donald, 2011). This weight for gestational
age percentile was categorized as SGA (10™ percentile of the standard curve and under),
AGA (between 10t and 90t percentiles), and LGA (90™ percentile and above).

Stratification variable: Race and ethnicity—The mother's race/ethnicity was reported
on the birth certificate. We grouped women into mutually exclusive race/ethnicity
categories: Hispanic (any race), and four non-Hispanic groups: White, Black, Asian/Pacific
Islander, Native American.

Control variables—In order to maintain comparability across models with four measures
of NDI, we selected a fixed set of a priori confounders from published literature on
neighborhood deprivation and SGA or low birthweight (Cubbin, et al., 2008; Elo, et al.,
2009; Janevic, et al., 2010; Messer, et al., 2008; Nkansah-Amankra, et al., 2010; O'Campo,
et al., 2008; Schempf, et al., 2009; Schempf, et al., 2011; Masi, et al., 2007; Agyemang, et
al., 2009; Zeka, et al., 2008; Subramanian, et al., 2006; Urquia, et al., 2009; Auger, et al.,
2013). All of the identified studies adjusted for maternal age (mean-centered), education,
and an additional measure of individual SES, if available. Half of these studies also adjusted
for parity (Agyemang, et al., 2009; Zeka, et al., 2008; Masi, et al., 2007; Schempf, et al.,
2011; Janevic, et al., 2010; Cubbin, et al., 2008; Auger, et al., 2013), which was defined as
nulliparous versus =1 previous births. Neighborhood deprivation may influence income and
education attainment, as well as fertility and family planning decisions (Tumen, 2012;
Simon and Tamura, 2009); thus, individual SES and parity may mediate effects of
neighborhood deprivation on birth size. However, influences of individual SES and
household size on residential selection decisions that balance housing cost and size are likely
stronger (Sampson and Sharkey, 2008; Lund, 2006; Walker and Li, 2007), at least in the
short term. Therefore, we treated individual SES and parity as confounders, rather than
mediators. We avoided potential bias due to exclusion of individuals with missing income
information by using education (<12, >12 years) and insurance status (private health
insurance, other source paid for birth) as indicators of individual socioeconomic position.
However, results controlling for individual income were similar (data not shown).

Fewer studies adjusted for pre-pregnancy BMI (Janevic, et al., 2010; Agyemang, et al.,
2009), smoking (Elo, et al., 2009; Agyemang, et al., 2009; Masi, et al., 2007; Zeka, et al.,
2008; Janevic, et al., 2010), prenatal care (Agyemang, et al., 2009; Masi, et al., 2007; Zeka,
et al., 2008), or other medical risk factors (Elo, et al., 2009; Zeka, et al., 2008). We did not
adjust for BMI, smoking, or prenatal care because they are theorized as mediators of the
relationship between neighborhood deprivation and size for gestational age (Vinikoor-Imler,
etal., 2011; Messer, et al., 2012b; Schempf, et al., 2009).
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Statistical analysis

We used the suite of survey procedures in SAS version 9.2 to adjust for stratified sampling
and weighting. Using repeated measures ANOVA, we determined if the mean NDI
measurements were significantly different across buffer size, taking into account survey
weights but not sampling strata. All subsequent analyses were stratified by race/ethnicity to
estimate race/ethnic-specific effects and avoid comparing groups for whom we have not
completely controlled for confounding by socioeconomic status (Kaufman, et al., 1997).

To examine the association between neighborhood deprivation and size for gestational age,
we used race-specific multivariable multinomial logistic regression models with nominal
outcomes SGA, LGA, and AGA with the AGA category as the reference level. The
multinomial regression models adjusted for stratified sampling (oversampled
subpopulations, and by survey year) and survey weighting using proc surveylogistic with
generalized logit link. Our primary exposure of interest was NDI, and all models were
adjusted for a priori confounding variables. We measured NDI as a continuous variable to
incorporate variation across the range of NDI, with careful assessment of its functional form.
Specifically, we assessed linearity of NDI, as well as maternal age, in logit for each race/
ethnicity stratum and included significant (p<0.05) higher order terms (e.g. quadratic, cubic)
to account for non-linear associations.

To facilitate interpretation of non-monotonic associations, we used estimated coefficients for
the continuous NDI variables to calculate odds ratios comparing high (90th percentile of
NDI: 0.911, 1 km; 0.549, 3 km; 0.326, 5 km; 0.137, 8 km) and medium deprivation (50th
percentile; —0.515, 1 km; —0.533, 3 km; —0.684, 5 km; —0.736, 8 km) to low deprivation
(10th percentile; —1.580, 1 km; -1.415, 3 km; —=1.374, 5 km; —1.247, 8 km) based on
percentiles in the pooled sample. The pooled 10t and 90t percentiles of NDI were within
the range of NDI for each race/ethnic group and did not represent extreme outliers in any
group. In the Black group, which had the highest mean NDI, the pooled 10t percentile of
NDI corresponded to approximately the 3™ percentile of NDI in Blacks for all buffer sizes.
The Asian group had the lowest average NDI scores, and the pooled 90t percentile of NDI
was between the 90t and 9219 percentile of NDI in Asians.

Our regression models adjusted for stratified sampling (oversampled subpopulations, and by
survey year) and survey weighting. They were not multilevel because the geographic
exposure was defined at the individual-level, as performed by previous studies using circular
buffers to define neighborhoods (Boone-Heinonen, et al., 2010; Leung, et al., 2011;
Auchincloss, et al., 2008). Race/ethnicity-stratified models contained an average of 1.7 to
4.0 observations per census tract (Table 1) over the study period. Our analysis corrected for
clustering within year, and separate random effects logit models predicting SGA/AGA or
LGA/AGA showed relatively small intraclass correlations (ICC) within census tracts. LGA
race-specific ICCs were <0.04 and SGA ICCs were <0.01 overall; race-specific SGA ICCs
were generally small in magnitude, though larger in some subgroups (White: ICC=0.06;
Black: ICC=0.11; Hispanic: ICC=0.32). We omitted Hispanic women with SGA infants
from our multivariate analysis, largely due to the small number of SGA observations in this

group.
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The NDI was defined using the participant's residential address at the time she gave birth.
The PRAMS survey did not include previous residences or a measure of duration of
residence. In a sensitivity analysis, we repeated the multivariate multinomial regression in
the sample of women who reported that they had not moved to a new address within 12
months before giving birth. The point estimates of this analysis were similar to those for the
group overall, but imprecise because they relied on only about half of the total observations
(data not shown). Strength of the adjusted association was our primary criterion for
comparing buffer sizes. For example, if estimated effects of NDI measured within the 8 km
buffer size were particularly strong, our findings would provide evidence that NDI may
operate on a large scale, and that the 8 km buffer was suitable for measuring neighborhood
deprivation. Simulation (Spielman and Yoo, 2009) and an empirical study (Lovasi, et al.,
2008) suggest that model fit has minimal utility as a criterion for the most appropriate
neighborhood definition. We present overall model fit as corroboration of these prior
findings, but focus discussion on the strength of the adjusted association.

Table 1 describes maternal, infant, and neighborhood characteristics in the population of
3,716 Oregon PRAMS respondents in the study area, stratified by race/ethnicity. Native
American and Hispanic women had a higher proportion of LGA infants, and we observed an
elevated prevalence of SGA among Black and Asian infants. Substantial racial and ethnic
differences were observed in almost all individual-level socioeconomic position indicators.
Regardless of buffer size, Black, Hispanic, and Native American mothers resided in more
deprived areas than White and Asian mothers, although the range of NDI scores was similar
across race and ethnic groups, particularly within larger buffer sizes.

NDI measures at each size buffer were correlated with one another, and the level of
correlation between measurements decreased as the buffer size increased, presumably
incorporating more heterogeneous areas (Table 2). Each buffer radius captured significantly
different mean deprivation levels than the other buffer sizes (repeated measures ANOVA:
overall p<0.0001; p<0.0001 for pairwise comparisons).

In multivariate analysis, neighborhood deprivation was strongly related to LGA among
White women; this association was weaker among Native American and Hispanic women.
These relationships are illustrated for the 3 km buffer in Figure 1. In contrast, Black women
residing in high deprivation neighborhoods had lower odds of delivering a LGA infant. The
adjusted odds ratios for SGA were smaller in magnitude than for LGA and not statistically
significant.

In general, estimates were similar in magnitude and direction for all buffer sizes. Within
each race/ethnic group, the largest differences in the strength of association were generally
observed between the 1 and 3 km buffers for LGA and between the 5 and 8 km buffers for
SGA (Table 3). In some cases, there was a non-monotonic relationship between the
continuous NDI and either outcome, but this generally did not change the overall study
conclusions. In one exception, the negative association between NDI and LGA in Black
women was only apparent at high levels of NDI. Differences in model fit (maximum
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adjusted pseudo R-square) among race/ethnic groups were much stronger than differences in
model fit across neighborhood size.

Discussion

In general, women living in high deprivation neighborhoods had greater odds of LGA and
SGA deliveries than women living in low deprivation neighborhoods. However, high levels
of neighborhood deprivation were associated with lower odds of LGA or smaller birth size
in Black women. The magnitude and direction of the associations changed little from one
buffer size to the next. There was substantial heterogeneity in model fit between race/ethnic
groups, but little change in model fit between buffer sizes.

Estimated effects of neighborhood deprivation on SGA versus LGA

Neighborhood deprivation is hypothesized to affect maternal health through psychosocial
factors and access to material resources. Neighborhood deprivation may induce psychosocial
stress (Messer, et al., 2012a; Culhane and Elo, 2005), which can restrict fetal growth and
development through unhealthy coping behaviors (Vinikoor-Imler, et al., 2011; Elo, et al.,
2009; Metcalfe, et al., 2011; Messer, et al., 2012a) or increase susceptibility to infection
(Wadhwa, et al., 2011; Culhane, et al., 2001; Lu and Halfon, 2003). We found weaker
associations with SGA than LGA and NDI. However, the magnitude of the associations we
observed with SGA was similar to existing literature on neighborhood socioeconomic
measures and SGA in other regions of the United States (Elo, et al., 2009; Masi, et al., 2007;
Zeka, et al., 2008) and in the Netherlands (Agyemang, et al., 2009). Adjusted odds ratio
estimates from these studies ranged from 1.05 (for a 1 SD increase in neighborhood
economic disadvantage index) (Masi, et al., 2007) to 1.93 (comparing the highest and lowest
quartiles of neighborhood income) (Agyemang, et al., 2009), which were similar to the
associations we observed comparing odds of SGA at high and low levels of NDI.

We found that greater neighborhood deprivation was associated with higher odds of LGA
for most groups in our population. The lack of studies on LGA and neighborhood
deprivation prevents comparison of our results for this outcome to other study populations,
but a positive association is consistent with the theory that neighborhood deprivation might
promote obesity and lead to LGA. Pathways leading to LGA may include lack of access to
nutritious food or opportunities for exercise in disadvantaged neighborhoods (Diez Roux
and Mair, 2010; Schempf, et al., 2009; Daniel, et al., 2008; Culhane and Elo, 2005), creating
environments that promote obesity and diabetes (Vinikoor-Imler, et al., 2011; Elo, et al.,
2009; Metcalfe, et al., 2011), which in turn contribute to accelerated fetal growth
(YYessoufou and Moutairou, 2011; Boney, et al., 2005; Janghorbani, et al., 2006; Clausen, et
al., 2006; Baptiste-Roberts, et al., 2012; Lu, et al., 2001).

Variation in associations across race and ethnic groups

We found variation in associations between neighborhood deprivation and SGA and LGA
across race/ethnic groups. This finding is consistent with prior research reporting racial and
ethnic differences in associations between built environment characteristics and pregnancy

Health Place. Author manuscript; available in PMC 2015 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wentz et al.

Page 8

outcomes (Buka, et al., 2003; Vinikoor-Imler, et al., 2011; Love, et al., 2010; Janevic, et al.,
2010; O'Campo, et al., 2008; Messer, et al., 2012b).

In particular, the inverse association between neighborhood deprivation and LGA in Black
women likely reflected well-documented smaller birth size in Black women (Hogan, et al.,
2012; Lu and Halfon, 2003; Blumenshine, et al., 2010; Geronimus, 1996; Collins, et al.,
2004; Giscombe and Lobel, 2005). Notably, the negative association between neighborhood
deprivation and LGA was only observed at high levels of neighborhood deprivation; odds of
LGA at median deprivation compared to low deprivation was near the null value among
black women. Chronic psychosocial stress may play an important role in risk of fetal growth
restriction for Black women living in high deprivation neighborhoods, which is consistent
with the traditional focus on stress as an underlying mechanism restricting fetal growth
(Entringer, et al., 2012). Exposure to chronic stress and mothers’ perception of their
residential environment has been linked to very low birthweight in a population of Black
women (Collins, et al., 1998). Chronic stress can have a cumulative effect on physiologic
systems over the life course above and beyond effects of acute stressors (Giscombe and
Lobel, 2005; Wadhwa, et al., 2011; Geronimus, et al., 2006). This is theorized to be one
cause of smaller birth size in Black women, who may experience persistent stress due to
intrapersonal/personal, and institutional racism (Wadhwa, et al., 2011; Giscombe and Lobel,
2005; Mendez, et al., 2012; Geronimus, 1996). We theorize that stress due to neighborhood
deprivation may have a stronger effect on fetal growth restriction among Black women due
to the cumulative effects of multiple sources of chronic stress.

We found positive associations between NDI and LGA in Hispanic and Native American
women, but both were smaller in magnitude than for White women. Hispanic and Native
American populations have increased prevalence of obesity, diabetes and other risk factors
for LGA (Rodrigues, et al., 2000; Wassimi, et al., 2011; Dyer, et al., 2007; Homkao, et al.,
1995). We did not control for these other risk factors because they could stem from
environmental causes (Schempf, et al., 2009; Vinikoor-Imler, et al., 2011; Messer, et al.,
2012b), but these more proximal risk factors may play a greater role in LGA for Hispanic or
Native American women than in White women.

Sensitivity of associations to neighborhood size

The validity of estimated neighborhood effects on birth outcomes depends on the extent to
which neighborhood exposures are measured within relevant neighborhood boundaries
(Coulton, et al., 2012; Diez Roux, 2007; Spielman and Yoo, 2009; Daniel, et al., 2008;
Soobader, et al., 2006; Flowerdew, et al., 2008). Inconsistent neighborhood definitions can
lead to inconsistent findings across studies and spurious associations (Spielman and Yoo,
2009). Overall, we found minimal differences in the association between neighborhood
deprivation and either outcome across buffer sizes. The buffer size producing the strongest
or weakest association varied across race/ethnic groups and outcomes, but conclusions did
not depend greatly on the size of the neighborhood buffer. That is, strong relationships
remained so regardless of buffer size, and weaker associations were near the null for all
neighborhood buffers. Previous studies have found inconsistent relationships between birth
outcomes and neighborhood deprivation at varying administrative boundaries (e.g., zip
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codes, census tracts) (Subramanian, et al., 2006; Krieger, et al., 2003; Messer, et al., 2012b).
Compared to administrative boundaries, proximity-based measures like circular buffers are
more consistent with the theorized importance of distance to health-related resources such as
tobacco or food retail outlets (Block, et al., 2011; Reitzel, et al., 2011).

The geographic area of the study included urban, suburban, and urban fringe areas, likely
characterized by differential access to resources. The effective neighborhood size may be
different across locations within our study or in other cities due to heterogeneity in built and
social neighborhood characteristics and in common transit modes, both of which determine
access to resources (Spielman and Yoo, 2009; Culhane and Elo, 2005; Messer, et al.,
2006a). It may have been more appropriate to use a 3 km buffer for women residing in urban
core areas and the 5 km or 8 km buffer in less urban areas, but our study lacked sufficient
sample size within geographic strata to examine such differences. Likewise, one could base
the buffer size on access to transit that would increase the area easily accessible to an
individual.

Furthermore, effective neighborhood size may vary across population subgroups within a
given geographic location. We theorized that neighborhoods with higher deprivation may
have more obesity-promoting resources such as food retailers providing affordable, energy
dense foods (e.g., fast food restaurants) (Larson, et al., 2009; Walker, et al., 2010) or fewer
health-promoting resources such as parks (Estabrooks, et al., 2003). Yet, access to such
resources may differ across race, due to economic or social barriers to access. As an extreme
example, undocumented immigrants were not allowed to hold a drivers license in Oregon
during the study period. This restriction limited transportation options for certain
populations, and it might be appropriate to use a smaller buffer size for these groups than
others. Individual heterogeneity in effective area size can bias the association toward the
null (Spielman and Yoo, 2009), indicating that use of standard neighborhood definitions
may under-estimate the strength of the relationships between neighborhood deprivation and
size for gestational age. We explored differences in model fit at each neighborhood size. As
in a simulation study (Spielman and Yoo, 2009) and a previous empirical study (Lovasi, et
al., 2008), buffer size had little impact on model fit. Furthermore, model fit for White
women was much higher than for minority race/ethnic groups (Table 3). These differences
were considerably larger than the differences in model fit due to neighborhood size, and the
R-squared values for the minority groups were very low. The relatively small proportion of
explained variance is consistent with limited understanding of the causes of adverse birth
outcomes, especially among minority populations (Giscombe and Lobel, 2005).

Strengths and Limitations

This study had several strengths and limitations. Cross-sectional data and limited
information on duration of residence limited our ability to make causal inferences about the
effects of neighborhood deprivation on birth size. Moreover, life-long residence in low-
income neighborhoods may have a stronger effect on birth outcomes than residence in a
low-income neighborhood at one point in time (Collins, et al., 2009), but the present study
was limited to neighborhood information at the time a woman gave birth. However,
sensitivity analysis restricted to women who had not moved in the year before giving birth
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yielded results similar to those in the full study population. Our buffer-based NDI measures
did not take into account racial residential segregation or characteristics of neighborhoods
that are nearby but beyond the buffer radius. The NDI measures were estimated from census
tract-level data; yet, in the study area, buffers were large relative to the census tracts.
Further, buffer-based measures were weighted according to the area within each buffer and
enabled the first investigation of neighborhood deprivation within varying proximities of
residential locations.

Our study presented estimated odds ratios although for some race/ethnic groups the
prevalence of the outcome was greater than the 10% threshold where the odds ratio may no
longer approximate relative risk. Relative risks estimated using proc genmod with a Poisson
distribution and log link were similar in magnitude to the odds ratios we present here (data
not shown). We presented the odds ratios because the survey procedure provided variance
estimates that more appropriately accounted for complex survey design and the multinomial
outcome, and the estimated odds ratios were very similar in magnitude to the estimated
relative risk.

Small numbers in minority race/ethnic groups limited the precision of our estimates.
Specific ethnicity and maternal nativity would enable assessment of our research questions
in more homogeneous groups, but were not recorded in Oregon PRAMS. However, the
diversity present in the available sample and the stratified analysis were important strengths
of this study. By comparing estimates generated using a variety of neighborhood sizes, this
study also contributes information about the sensitivity of associations between
neighborhood environments and birth outcomes to neighborhood size. Lastly, we explored
neighborhood deprivation as a predictor of LGA, which is an often-overlooked but
increasingly relevant outcome.

Conclusion

High neighborhood deprivation is associated with higher odds of both SGA and LGA in
most race/ethnic groups. Conclusions drawn from this study did not differ substantially for
any neighborhood size. Future studies of neighborhood deprivation and LGA would be
helpful to understand race/ethnic variation in this relationship. Studies of other more specific
contextual factors in addition to neighborhood deprivation could explain some of the
heterogeneity in effect size between racial and ethnic groups or suggest more specific
pathways. Furthermore, investigation of heterogeneity in buffer size for different levels of
urbanicity and different racial and ethnic groups is needed to accurately measure relevant
neighborhood exposures in diverse populations.
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Figure 1.
Adjusted odds of LGA (left) and SGA (right) for women living in high vs. low deprivation

areas.
Notes: Adjusted odds of LGA (left) and SGA (right) for women living in high deprivation
areas compared to low deprivation areas (Odds at 90 percentile of NDI/odds at 101"
percentile of NDI) as measured by 3 km circular buffer. Adjusted for maternal age,
education, parity, and insurance status and corrected for complex survey design. Error bars
represent 95% confidence intervals. See Table 1 notes for data sources. Native American
and Hispanic women are omitted for the SGA outcome due to limited sample size.
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Characteristics of Oregon PRAMS respondents in Tri-County area by race and ethnicity, 2004-2007 [%/mean

(SE)°
White Black Asian Hispanic Native American
Count (n)b 980 746 925 811 254
Maternal age (mean (SE)) 202(0.22) 26.7(0.23) 30.8(0.18)  27.0(0.21) 26.5 (0.38)
> 12 years education (%) 68.21 43.44 71.66 17.32 41.18
% FPL (mean(SE)) 2465(5.0) 131.8(4.3) 251.1(4.3)  98.9(3.5) 158.2 (7.7)
Nulliparous (%) 45.71 43.23 45.56 32.85 44.02
Private health insurance (%) 75.63 41.17 80.09 26.82 44.50
Married (%) 76.31 34.32 85.93 53.89 44.04
Size for gestational age (%)
Small (SGA) 5.59 14.39 13.02 5.39 2.74
Appropriate (AGA) 86.93 77.29 81.35 82.62 83.12
Large (LGA) 7.48 8.32 5.63 11.98 14.13
Observations per census tract®
LGA versus AGA (mean (range)) 3.0 (1, 38) 3.5(1, 61) 3.7 (1,52) 3.9(1,87) 1.7 (1, 21)
SGA versus AGA (mean (range)) 3.4 (1, 45) 3.8(1,62) 4.0(1,59) 3.6(1,79) 1.7(1,21)
NDI (mean (SE))d
1km -0.56 (0.03) 0.25(0.03) -0.61(0.03) 0.01(0.03) -0.07 (0.05)
3km -0.58(0.03) 0.00(0.02) —0.62(0.03) ~-0.25(0.02) -0.24 (0.04)
5 km -0.61(0.02) -0.11(0.02) -0.64(0.02) =-0.43(0.02) -0.36 (0.04)
8 km -0.66 (0.02) -0.27(0.02) -0.66 (0.02) -0.59 (0.02) -0.49 (0.03)

a . . . ] . . - .
Oregon PRAMS respondents restricted to Portland Tri-County area residents with complete information on maternal age, race/ethnicity, parity,
and health insurance status. Weighted estimates were corrected for complex survey sample design. Race categories included non-Hispanic White

(White), non-Hispanic Black (Black), non-Hispanic Asian/Pacific Islander (Asian), and non-Hispanic American Indian/Alaska Native (Native

American).

bUnweighted frequency.

[~ . . . . . .
Mean and range of unweighted observations used to predict each outcome per census tract—LGA row includes women with LGA or AGA infants

and SGA row includes women with SGA or AGA infants.

dNeighborhood deprivation index was generated for 1-8 km radius circular buffers from sociodemographic variables from the 2000 Census.
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Partial Pearson correlation coefficients between NDI measured at each size buffer and repeated measures
ANOVA results (N=3,716).

1km
3km
5km
8 km

1km 3km 5km 8km MeanNDI
1 091 077 0.62 -0.4066
0.91 1 094 0.82 -0.4873
0.77 0.94 1 0.95 -0.5526
062 082 0.95 1 -0.6271

aANOVA F-value=294.1, Huynh-Feldt Epsilon-adjusted p-value <0.0001. Estimates were corrected for sample weights. See Table 1 notes for data

sources.
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Estimated race/ethnicity-specific associations between NDI and SGA or LGA [OR (95% CI)]a

Table 3

1km
SGA
Hi/Low

Med/Low
LGA

Hi/Low

Med/Low

R—squaredc
3km
SGA
Hi/Low

Med/Low
LGA

Hi/Low

Med/Low

R-squaredC
5km
SGA
Hi/Low

Med/Low
LGA

Hi/Low

Med/Low

R—squaredC
8 km
SGA
Hi/Low

Med/Low
LGA

Hi/Low

Med/Low

R—squaredC

White (n=980)

Black (n=746)

Asian (n=925)

Hispanic (n=768)

Native American (n=247)

1.28 (0.52, 3.15)

1.13 (0.64, 2.00)

2.63 (1.0, 6.82)
1.49 (0.85, 2.60)
0.2035

1.24 (0.53, 2.86)

0.92 (0.49, 1.73)

274 (1.12, 6.71)
1.08 (0.60, 1.95)
0.2243

1.12 (0.52, 2.39)

0.72 (0.39, 1.33)

2.15 (0.96, 4.83)
0.84 (0.47, 1.50)
0.2386

0.90 (0.42, 1.92)

0.58 (0.34, 0.98)

2.12 (0.94, 4.78)
0.98 (0.57, 1.67)
0.2442

1.15 (0.50, 2.65)

1.09 (0.50, 2.36)

0.54 (0.21, 1.38)
1.36 (0.54, 3.45)
0.0345

1.23 (0.57, 2.65)

1.35(0.73, 2.52)

0.36 (0.15, 0.85)
1.08 (0.47, 2.44)
0.0318

1.14 (0.51, 2.55)

1.38 (0.71, 2.69)

0.34 (0.15, 0.80)
1.06 (0.51, 2.20)
0.0372

0.83 (0.42, 1.61)

0.98 (0.58, 1.68)

0.39 (0.17, 0.88)
1.17 (0.61, 2.26)
0.0370

0.67 (0.37, 1.23)

0.61 (0.42, 0.89)

1.34 (0.57, 3.12)
0.87 (0.50, 1.53)
0.0444

0.76 (0.42, 1.37)

0.60 (0.39, 0.92)

1.10 (0.49, 2.49)
0.94 (0.51, 1.72)
0.0361

0.79 (0.45, 1.37)

0.92 (0.64, 1.30)

1.01 (0.44, 2.28)
1.21(0.74, 1.97)
0.0192

0.84 (0.46, 1.52)

1.37 (0.90, 2.08)

0.94 (0.40, 2.23)
1.54 (0.90, 2.63)
0.0326

1.87 (0.74, 4.73)
1.69 (0.65, 4.36)
0.0670

1.37 (0.76, 2.49)
1.15 (0.88, 1.51)
0.0555

1.25 (0.70, 2.21)
1.09 (0.87, 1.38)
0.0530

1.12 (0.64, 1.96)
1.04 (0.85, 1.28)
0.0512

1.57 (0.47, 5.19)
1.21(0.73, 2.02)
0.0035

1.91 (0.57, 6.44)
1.34(0.77, 2.31)
0.0072

2.32(0.72, 7.45)
1.41 (0.88, 2.26)
0.0129

2.23 (0.75, 6.65)
0.58 (0.25, 1.34)
0.0424

Page 21

a - - A - . . .
Race/ethnicity-stratified multinomial logistic regressions modeling size for gestational age (SGA and LGA compared to referent outcome AGA)
as a function of continuous NDI, adjusted for confounders maternal age, education, insurance status, and parity, and corrected for complex survey

design. NDI exhibited non-monotonic relationships with SGA and AGA. We calculated the OR for SGA and LGA at gothvs. 10th percentile of

NDI (Hi/Low) and 50th vs, 10th percentile of NDI (Med/Low) to show these relationships. See supplement Tables A2 — A5 for details on

coefficients for all variables in each model. See Table 1 notes for data sources.
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bLimited observations of Native American and Hispanic women with SGA infants prevented estimation of the association with SGA for these
groups. LGA estimates for the Native American and Hispanic groups are results of logistic regressions with outcome LGA vs. referent category
AGA; confounders, OR construction, and survey design corrections are identical to those described in (a) above.

CR2 is the change in maximum-adjusted pseudo R2 (R2 for full model — R2 for model with covariates only).
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