














Figure 2—Built environment project study area of 22 Central Durham neighborhoods

Birth Data

The birth record data was obtained from the North Carolina Detailed Birth Record
(NCDBR) that was collected by the North Carolina State Center for Health Statistics. The
NCDBR data is compiled from questionnaires obtained at the time of birth certificate filing and
contain information on both birth outcomes and parental demographics for all registered births in
North Carolina. Analysis of this data was conducted under CEHI’s approved Institutional
Review Board (IRB) protocol. Recorded birth information used in this particular study included
infant sex, birth weight, congenital anomalies, plurality and year of birth. The maternal
characteristics recorded in the NCDBR included residential address, age, marital status,

education, race and ethnicity, alcohol and tobacco use, and birth order. The address on the birth
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certificate was used to geo-code the record to a specific residential tax parcel using ESRI
ArcGIS'.

I limited my analysis to the 2005-2007 birth records for Central Durham residents that
lived within the project area. I then further restricted the birth records to those that were
composed of singleton live births’, with no congenital anomalies®, no alcohol use, maternal age
between 15-44, birth weight of at least 400 grams, gestational age of at least 24 weeks, and only
within the race groups of non-Hispanic white, non-Hispanic black, and Hispanic. These are
standard restrictions that allow researchers to examine birth weight in the context of the variables
of interest. For birth records that fall into the extremes (i.e. birth weight of less than 400 grams),
there are most likely other factors than the ones in question that are creating such severe
outcomes.

Table 1 shows the summary statistics of the study population in comparison to the
Durham county-level dataset. Among the 2679 births within the project area, the mean birth
weight was 3245 grams. Approximately 6.8% reported smoking during pregnancy and only
31.9% of the study population was married. Most of the mothers were members of a minority
group with 44.5% non-Hispanic black and 39.6% Hispanic, while only 15.9% were non-Hispanic
white. This study population of mothers within the project area was not representative of the
county-level dataset. The county-level dataset showed better individual maternal risk factors that

could explain the slightly higher 3263 grams average birth weight. At the county-level of

! Environmental Systems Research Institute, Inc. Arc Geographic Information System

* A singleton birth refers to a baby born singly, rather than one of a multiple birth (i.e. twins or triplets). A live birth
occurs when a fetus exits the maternal body and shows any sign of life.

3 A congenital anomaly may be viewed as a physical, metabolic or anatomic deviation from the normal pattern of
development that is apparent at birth or detected during the first year of life. These can range from cleft lips to
genetic disorders like Down’s syndrome.
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Durham, only 4.3% of mothers reported smoking during pregnancy and 55.8% were married.

Table 1-Summary statistics of the study population in
comparison to the county-level population
Project Area Durham County
Total Births 2679 12571
Mean birth weight (g) £ SD 3245 +595.1 3263 + 638.7
% Male 50.3 51.4
% Firstborn 36.3 42.9
% Race/ethnicity
White 15.9 37.7
Hispanic 39.6 26.5
Black 44.5 35.8
% Maternal education
<9th grade 21.4 11.7
Some high school 29.2 15.7
Completed high school 24.4 19.5
Some college 10.1 14.3
Completed college or more 14.9 38.8
% Maternal age (years)
15-19 15.4 9.7
20-24 315 21.5
25-29 24.7 27.9
30-34 17.4 26.2
35-39 9.3 12.4
40-44 1.7 23
% Smoker 6.8 4.3
% Married 31.9 55.8

The racial

demographics also
differed, with 35.8% of
the births being non-
Hispanic black, 26.5%
Hispanic, and 37.7%
non-Hispanic white.
There was also an
upward shift in
educational attainment
and maternal age of
pregnancy in the county-
dataset. The

level

project area was

specifically chosen so we could capture most of the residential neighborhoods in Durham’s

“urban core.” The project area was not only heterogeneous in its demographic make up, but also

in its neighborhood quality, which allowed us to compare neighborhoods using the built

environment variables.
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Data Collection

In the summer of 2008, I served as a field technician on a research team from the
Children’s Environmental Health Initiative (CEHI) that went on foot into 22 neighborhoods of
Central Durham to collect data about each of the 17,000+ tax parcels. We used GPS-enabled
devices that allowed us to spatially capture the presence of ~40 variables (See Table 1 in
Appendix). As in Sampson and Raudenbush’s study, we assigned a value of either “Yes” or
“No” to the presence of each of the variables. Instead of a block face, our unit of analysis was the
individual tax parcel, which usually contained a single building on each parcel. As shown in the
table, the built environment variables included in the database were divided into six categories:
housing damage, property characteristics, security measures, amenities, vacancy, and nuisances.

Housing damage variables accounted for those instances of visible damage on the
physical structures of the houses. These included conditions such as broken windows and holes
in walls that were visible to us from the street. Property characteristics could be thought of as
eyesores present on people’s lawns like inoperable vehicles or discarded tires sitting on people’s
properties. Security measures determined distrust and a lack of social capital in the neighborhood
as these variables included “No Trespassing” signs and security bars on windows. To account for
amenities/community resources, we coded the tax parcels in a way that would distinguish if the
building on the tax parcel was a residential home, commercial property, or amenity/community
resource like a school, grocery store, or park. Vacancy was determined by clues like boarded
doors, padlocks on doors or extremely deferred housing maintenance like excessively high
weeds or grass. Public nuisances outside of the immediate property lines of the homes included
conditions such as litter, broken glass, dog waste and other offensive materials discarded or left

in public space (within one foot on either side of the sidewalk or the street) that contributed to
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neighborhood conditions. To further supplement our measures of neighborhood quality, we also
took note of the presence and absence of sidewalks and the areas where they were either broken
or obstructed.

Every member of our six-person team carried a GPS-enabled device that displayed a map
of the surrounding tax parcels. Each tax parcel contained a centroid, an editable point feature
class that allowed the parcel to be described by the presence or absence of the built environment
variables. Our routine for data collection usually consisted of three people on opposite sides of
the street. For each side of the street, two people would assess the tax parcels, which included
evaluating the building resting on the tax parcel, the surrounding property, and its corresponding
nuisances. The two people switched between every other parcel to maintain inter-coder
reliability. The third person would walk along the sidewalks and draw a line along the map in the
GPS-enabled device to note where the sidewalks were broken or obstructed. We only recorded
observations that we could see from the street or the sidewalk. At no time did any member of our

research team trespass onto private property.

Development of Neighborhood Health Indices

Gretchen Kroeger, the project manager of CEHI’s built environment project, developed a
comprehensive set of Neighborhood Health Indices describing the built environment by
completing geospatial and statistical analysis of the ~40 variables. In addition to the built
environment data that we collected, tenure status (owner-occupied versus renter-occupied) and
crime data were obtained from the Durham County Tax Assessor’s Office and the Durham
Police Department and integrated into the database. Instead of providing individual information

on each house, Kroeger aggregated the parcel-level data to the block level, so that each Census
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block (of about 10 parcels) held the sum of the observations of those parcels contained within
that block.

Using equation 1 below (where X is the score of each index, p is the mean value for each
index, and o is the standard deviation for each index), the Z-scores were calculated from the
counts of the observations to standardize the indices in a way that facilitated cross-indices
comparisons and converted highly variable scores into more easily interpretable ranges.

Equation 1: 7Z=(X-w/o
For example, if a block had a Neighborhood Health Index (NHI) housing damage score of 2, this
would mean that this block had a count of housing damage 2 standard deviations above the mean
for all other blocks.

While aggregation at the block level provides a general idea of the surrounding
conditions around one’s home, analysis by individual blocks may not reflect the extent to which
the wider neighborhood may influence the health of residents. In light of this, blocks were
assigned additional scores for each index, calculated as a summation of the scores of 1) primarily
adjacent blocks and 2) secondarily adjacent blocks. Depicted in Figure 3, this level of

neighborhood resolution allows analyses at multiple scales.
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Primary Adjacency Primary + Secondary Adjacency

Blocks primarily adjacent to block X Blocks secondarily adjacent to block X

are all blocks sharing a line segment are all blocks sharing a line segment

or vertex with block X. or vertex with all blocks primarily adjacent
to block X.

Figure 3—Primary Adjacency and Secondary Adjacency Resolution

In other words, if one block had a housing damage raw count of 10 and all the 6 primary
adjacency blocks each had a raw count of 11, the total raw count of housing damage for that
block at the primary adjacency level would be 10 + 6(11) = 76. This calculation for the primary
adjacency level was then repeated for all blocks. After summing the new raw counts of housing
damage for each block at the primary adjacency level, the new mean and standard deviation
would then be determined so a new Z-score could be calculated for each block. These Z-scores
then became a new set of primary adjacency level NHI housing damage scores. This procedure
was repeated across the rest of the neighborhood domains (i.e. nuisances, security measures).
Calculating secondary adjacency level NHI scores involved the same process except this time the
sum of the raw counts involved the individual block plus the primary adjacent blocks plus the

secondary adjacent blocks that shared a vertex or line segment with the primary adjacent blocks.
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Maps of vacancy and housing damage are shown below (See Figures 4 and 5) to
demonstrate the spatial distribution of the Neighborhood Health Indices. At the individual block
level, there is a high degree of variability between adjacent blocks, creating a sort of mosaic
pattern. There are increased concentrations of these indices within specific neighborhoods—East
Durham, Albright Community, East End, Burch Avenue, West End, Lyon Park, Merrick Street,
Hillside Avenue/St. Teresa and Fayetteville Street. At the primary adjacency scale, the blocks
begin to exhibit a clustering effect as the distribution of the index becomes more homogeneous.
By the secondary adjacency map, there is a further increase in homogeneity in which the clusters
start differentiating themselves to fit within the outlines of the neighborhood boundaries.

This clustering effect by which block areas begin to differentiate themselves to fit within
the outlines of neighborhood boundaries can be seen quite visibly in the divisions between the
Lyon Park, West End neighborhoods and the Morehead Hill, Forest Hills neighborhoods. These
neighborhood boundaries were products of decades old urban planning driven by social and
economic boundaries between blacks and whites. These neighborhood boundaries persist today
in the form of contrasting neighborhood quality. While at the individual block level, there was
some variability in the indices between adjacent blocks, by the primary adjacency level, these
differences began to smooth out when the primary adjacency level scores accounted for the index
scores of surrounding blocks. By the secondary adjacency level this clustering effect really began
to take shape, which grouped together blocks with similar scores. As shown on the map, there is
a visibly sharp contrast in secondary adjacent level scores for blocks sitting right next to each
other along the neighborhood boundaries between Lyon Park, West End and Morehead Hill,

Forest Hills.
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This indicates that as the resolution expands from the individual block level to the
secondary adjacency level, variations in neighborhood quality become less pronounced between
blocks. Because the secondary adjacency level scores for each block reflect the wider
neighborhood context than simply the ten or so houses in a block, the secondary adjacency
scores are likely to be associated with a greater change in birth weight. For example, if an
individual block is measured to have good neighborhood quality yet happens to be enclosed on
all sides by blocks with poor neighborhood quality, this block is predicted to be more associated
with low birth weight than an individual block with poor neighborhood quality surrounded by

primary adjacent blocks all with good neighborhood quality.

Multivariable Regression Analysis

Multiple linear regression modeling was used to determine the association between the
Neighborhood Health Index of interest at its respective resolution and birth. Using the SAS
GLM* procedure, I performed a multivariable regression analysis using birth weight (in grams)
as the continuous dependent variable and controlled for maternal race/ethnicity (non-Hispanic
black, non-Hispanic white, or Hispanic), maternal education (<9th grade, some high school,
completed high school, some college, completed college or more), maternal age (15-19, 20-24,
25-29, 30-34, 35-39, and 40-44 years), smoking status during pregnancy (yes or no), parity
(firstborn or higher birth order), sex of the infant (male or female), and marital status (married or

unmarried).

* SAS Institute, Inc. SAS/STAT software with the General Linear Model procedure
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The multiple linear regression equation took the form as:

Yi=Bo + Bix1 + PaXo + ... BuXa
where Y is birth weight in grams, X, is a covariate, f,= change in birth weight from covariate
variable. (See Appendix A for further description of models)

The statistical models test for the significance of each of the indices at three geographic
resolutions. The model not only indicates whether certain indices (i.e. housing damage or crime)
are associated with a change in birth weight, but it also takes note of the magnitude of that
change.

Furthermore, if the B values for a given index differ depending on whether it is at the
resolution of the block level, primary adjacency or secondary adjacency, this will also provide a
better understanding of the spatial context by which neighborhood context influences birth
weight. As the resolution expands from the individual block level to the secondary adjacency
level, variations in neighborhood quality will be less pronounced between blocks. Because the
new secondary adjacency level scores for each block reflect the aggregated block level, this is
likely to be associated with a greater change in birth weight. A higher secondary adjacency score
signifies a greater homogenization of the index at the aggregated block region, indicating that the

blocks in the area uniformly tend to have higher counts of poor neighborhood quality.

RESULTS
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The results of the models are summarized in Table 2. Across all the indices, changes to

birth weight increased as the resolution expanded from the individual block level to the primary

adjacency to secondary adjacency level. Not only did the changes in birth weight increase, the

significance”, as indicated by the decreasing p-values also grew.

Table 2—Change in Birth weight (g) by Neighborhood Health Index at Different Resolutions

Neighborhood Health Index Change in BW (grams) | P-value

Nuisances at Block Level -8.9 0.200
Nuisances at Primary Adjacency -15.1 0.101
Nuisances at Secondary Adjacency -27.5 0.006
Housing Damage at Block Level -13.4 0.047
Housing Damage at Primary Adjacency -20.6 0.019
Housing Damage at Secondary Adjacency -31.6 <0.001
Property Characteristics at Block Level -11.4 0.087
Property Characteristics at Primary Adjacency -16.5 0.043
Property Characteristics at Secondary Adjacency -26.8 0.004
Tenure at Block Level 5.7 0.399
Tenure at Primary Adjacency 10.5 0.247
Tenure at Secondary Adjacency 23.7 0.048
Vacancy at Block Level -14.7 0.063
Vacancy at Primary Adjacency -20.7 0.032
Vacancy at Secondary Adjacency -37.7 <0.001
Crime at Block Level -1.7 0.576
Crime at Primary Adjacency -5.0 0.495
Crime at Secondary Adjacency -16.3 0.081
Security Measures at Block Level -3.8 0.577
Security Measures at Primary Adjacency -4.5 0.583
Security Measures at Secondary Adjacency -17.5 0.062
Amenities at Block Level -5.7 0.547
Amenities at Primary Adjacency -3.5 0.755
Amenities at Secondary Adjacency -8.7 0.476

Double bolded line p<0.001; Single bolded line p<0.05

> Significance was determined if the p-value < 0.05
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The combination of nuisances, housing damage and property damage created a catalog of
neighborhood physical disorder visible to pregnant mothers, which was correlated with a change
in birth weight. Nuisances, which were signs of physical disorder in the neighborhood such as
litter and discarded furniture along the street, did not have a significant effect on birth weight at
the individual block and primary adjacency level, but they did have a significant effect at the
secondary adjacency level. A one-unit increase in the nuisances index at the individual block,
primary and secondary adjacency level was correlated with a -8.9 (p=0.200), -15.1 (p=0.101),
and -27.5 (p=0.006) gram decrease in birth weight, respectively.

At all spatial levels, housing damage was associated with a significant decrease in birth
weight. For housing damage at the individual, primary and secondary adjacency level, a one-unit
increase in the index was correlated with a -13.4 (p=0.047), -20.6 (p=0.019) and -31.6 (p<0.001)
gram decrease in birth weight. This discrepancy between the model of housing damage and the
model of nuisances may be a result of the direct physical pathway from material housing
conditions as explained by Shaw (2004). While nuisances and property damage act indirectly
through maternal stress to induce low birth weight, housing damage can exert a direct effect on
maternal health such as through respiratory health conditions brought on by poor insulation or
ventilation.

Property characteristics (i.e. discarded furniture, high weeds and grass) followed a similar
model to the nuisances’ effects on birth weight. Only at the secondary adjacency level was an
increase in property damage associated with a significant decrease in birth weight, with a one-
unit increase in property damage correlated with a -26.8 (p=0.004) gram decrease in birth

weight. For both nuisances and property damage, the effects at the individual block with -11.4
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(p=0.087) gram decrease (p=0.087) and primary adjacency -16.5 (p=0.043) gram decrease were
negligible and not significant.

Tenure and vacancy can be thought of in terms of residential stability that contributes to
social capital in the neighborhood. Tenure (owner-occupied versus renter-occupied) also serves
as a good indicator of economic strength. First, owner-occupied housing affords a higher quality
residential environment as these homes are generally larger and have more comforts. Second,
homeownership can be thought of as an investment vehicle, as home equity is the largest single
asset of most households. At the secondary adjacency level, an increase in one unit of the NHI of
owner-occupied houses was correlated with a 23.7 (p=0.048) gram increase in birth weight.
Neighborhood vacancy, along with housing damage, had the strongest correlations with birth
weight. Although the vacancy index at the individual block level was associated with a non-
significant decrease in birth weight of -14.7 (p=0.063) grams, at the primary and secondary
adjacency level, a one-unit increase in the NHI of vacant houses was associated with a -20.7
(p=0.032) and -37.7 (p<0.001) gram decrease in birth weight, respectively.

A surprising find was that crime levels in the neighborhood did not seem to have a
significant correlation with birth weight at any resolution. At the individual block, primary
adjacency and secondary adjacency resolution, a one-unit increase in the index was correlated
with non-significant -1.7 (p=0.576), -5.0 (p=0.495), -16.3 (p=0.081) gram decrease in birth
weight. Possible explanations for this may have been that the crime index failed to distinguish
between different types of crime, and so a homicide was counted the same as petty theft.
Furthermore, crimes like robbery or breaking and entering may be more common in
neighborhoods that have high neighborhood quality because these homes may contain more

desirable goods. This finding that crime level does not seem to significantly correlate with birth
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weight further challenges the traditional measures of neighborhood quality that may use crime
levels to serve as indicators of neighborhood conditions.

In conjunction with crime, security measures—as indicated by the presence of fences,
security signs, etc., also failed to establish a connection with birth weight. Security measures
might be thought of in relation to perceived neighborhood distrust. For homes that may feel
disconnected and leery of their neighbors, this is an indication of a lack of social capital that may
also induce further induce stress on pregnant mothers. From my experience collecting data in the
neighborhoods, security measures on houses did not seem to follow a fixed pattern. Houses in
clean, wealthy neighborhoods had just as many fences and security signs, if not more, than those
houses in dilapidated neighborhoods with high crime. This is reflected in the non-significant
results of -3.8 (p=0.577), -4.5 (p=0.583), -17.5 (p=0.062) gram decrease in birth weight at the
individual block, primary and secondary adjacency level. Security measures may therefore not be
a helpful determination of neighborhood quality.

Another unexpected discovery in this analysis was the negative effect of the proximity of
amenities on birth weight. It was expected that the closer a pregnant mother is to community
resources like grocery stores and schools, the healthier she would be. Yet this relationship is not
apparent. Proximity to amenities actually has a negative correlation with birth weight, although
this correlation is not especially significant. A one-unit increase in the amenities index was
correlated with a non-significant -5.7 (p=0.547) gram individual block, -3.5 (p=0.755) gram
primary adjacency and -8.7 (p=0.476) gram secondary adjacency level decrease in birth weight.
This lack of significance may be a function of the very few number of amenities in the project

area, as only eight blocks that we assessed contained amenities.
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DISCUSSION OF FINDINGS

There does exist a relationship between the neighborhood’s built environment and birth
weight as indicated by the regression results. The indices associated with the most significant
change in birth weight were housing damage and vacancy (See Figures 4 and 5 and Table 2).
At the secondary adjacency scale, both housing damage and vacancy had significant p-values
less than 0.001. The fact that housing damage and vacancy had the strongest effect on birth
weight is understandable as they serve as the most salient indicators of neighborhood quality.
People usually think of neighborhoods in terms of the houses surrounding their own and so
damage to housing may reflect a lack of a sense of responsibility on the part of neighboring
residents. Housing can serve as a symbol of pride and ownership for inhabitants that the indices
of property characteristics and nuisances failed to fully capture.

Vacancy status is also a particularly strong measure of neighborhood quality as it
assesses residential stability and contributes to the sense of vibrancy within a community.
Neighborhoods that have an inordinate number of vacant homes may suffer from a lack of social
capital and inter-neighbor interaction. Living in homes surrounded by many vacant houses
prevents residents from establishing trusting bonds with their neighbors and is likely to make
them more apathetic about their own housing and property upkeep, resulting in poor
environmental health conditions.

While many of the current neighborhood interventions involve bringing in more
amenities and community resources such as grocery stores and parks into disadvantaged
neighborhoods in order to improve health outcomes (Acevedo-Garcia, et al. 2008), this study did
not see any significant relationship between proximity to amenities and birth weight . Although

there were limitations to this study as only eight blocks contained amenities, neighborhood
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interventions might still consider redirecting their focus. Because the physical disorder present in
neighborhoods does matter, neighborhood interventions should work on improving the physical
environment to make neighborhoods aesthetically pleasing. By cleaning up litter and trash and
making sure residents keep their houses and properties maintained, this can reduce the number of
stressors in the neighborhood, thereby improving birth outcomes for pregnant women.

This study also uncovered some of the spatial dynamics of the wider neighborhood
context on birth weight. While at the individual block level, neighborhood quality had a minimal
effect on birth weight, as the spatial resolution grew to account for the surrounding blocks at the
secondary adjacency level, this was correlated with a significant reduction in birth weight. A
higher secondary adjacency score signified a greater homogenization of the index at the
aggregated block region, indicating that the blocks in the area uniformly tended to have higher
counts of poor neighborhood quality. Conversely, if the blocks in the neighborhood exhibited a
mosaic pattern in which some blocks had high counts and some had low counts of poor
neighborhood quality, this lowered the secondary adjacency index score. At the individual block
level, there is a lot of variation in the NHI scores between bordering blocks. In some cases, a
block that may be at the highest end of neighborhood quality can sit right next to a block at the
lowest end. When connecting the individual block to birth weight, only looking at the individual
block without accounting for the surrounding blocks does not provide a comprehensive
understanding of the boundaries of influence in the neighborhood.

As demonstrated by the regression results, the way an expectant mother experiences her
neighborhood may be influenced by the wider context of surrounding blocks. In this case, there
seems to be a spillover effect, whereby physical disorder in surrounding areas can produce either

a positive or negative “spatial externality” on a pregnant mother. Spatial externalities can also be
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positive as in the case of social networks and voluntary associations that spread resources to
multiple neighborhoods within a geographic area. In contrast, pregnant mothers deeply
entrenched in a poor quality neighborhood all around them are more likely to have babies with
low birth weight than those mothers living in a more heterogeneous environment that exhibit a
mosaic pattern of blocks of varying neighborhood quality. These mothers, even if they are living
in a block of poor neighborhood quality, have the beneficial buffer of a good quality
neighborhood around them. In contrast, if a pregnant mother is living in a home deeply
immersed in a stressful environment, she may feel suffocated and less mobile about her situation,
resulting in decreased birth weight for her child.

Analysts who focus only on the properties of a person’s immediate surroundings within a
block are missing potentially strong contextual influences from the wider neighborhood
environment. Understanding how and why spatial externalities occur may be critical in designing
community intervention strategies. While there have been calls for neighborhood research to
give greater attention to the microcontext of neighborhood environments, primarily by using
smaller units of analysis to conceptualize the idea of a neighborhood, these findings serve as a
reminder that research must take into account macrolevel concerns about the interdependence of

neighborhoods and how entire regions of the city are shaped by broader social forces.

34



CONCLUSIONS

The results of this study reveal four main conclusions. Firstly, the built environment does
matter and can affect birth weight. While it is believed that the built environment influences low
birth weight through the three main pathways of the inflammatory, immune, and stress response,
the main biological mechanisms by which the neighborhood built environment seems to
influence birth weight is through the stress response. Stressors in the form of visible physical
disorder in the neighborhood as measured by housing damage, nuisances and property damage,
all had a significant correlation with birth weight when the index was aggregated to the
secondary adjacency level. Perceived disorder present in the neighborhood’s built environment
can induce stress that adversely affects birth weight.

Secondly, traditional measures of neighborhood quality such as crime level, proximity to
amenities, tenure/home ownership rates and vacancy status do not provide a comprehensive
picture of the neighborhood. While they may offer basic information for neighborhood
assessment, they fail to take note of the visible physical disorder present. Some of these
traditional measures of neighborhood quality: crime level, home ownership rates and vacancy
status, may actually be a consequence of some of the variables included in the Neighborhood
Health Indices. High levels of crime may be a function of physical damage in the neighborhood
as these environmental conditions may indicate a lack of social control that lets disorderly
behavior to go unchecked, allowing crime to flourish. A lack of residential stability, as measured
by tenure and vacancy, may be an indicator of a lack of commitment on the part of individuals to
stay in areas with a high prevalence of property and housing damage. Determining this direction

of causation then becomes important for policy makers that may be trying to implement
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interventions to improve neighborhood quality, which in turns affects health outcomes such as
birth weight.

Thirdly, in terms of neighborhood spatial relationships, while living in a disadvantaged
area can already be detrimental to birth weight, living adjacent to other poor quality areas further
exacerbates these outcomes. Even if a pregnant mother’s immediate surroundings indicate an
unfavorable built environment, if some of the regions surrounding her are in fairly good
condition, she is predicted to have better birth outcomes than a pregnant woman living in a poor
quality neighborhood enclosed within other poor quality neighborhoods. Those who live in
neighborhoods in which there is a high degree of variability between adjacent blocks will have
better birth outcomes than those mothers who live in neighborhoods with uniformly poor
neighborhood quality throughout the entire region. Accounting for a wider spatial context that
expands to look at the adjacent blocks surrounding the one in which a pregnant mother lives
yields a better understanding of the influence of the residential environment than by only
examining the individual blocks.

Finally, this study introduced a new method of assessing neighborhood quality that was
both quick and fairly comprehensive. As mentioned before, traditional measures of
neighborhood quality rely on US Census data to assess residential environments. This decennial
Census data is collected only once every ten years and is not only expensive to attain, but it also
fails to account for the actual physical disorder in neighborhoods. Our method of data collection
demonstrated a way to capture residential attributes in an objective observational manner to

provide a robust measure for neighborhood quality.
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LIMITATIONS AND FUTURE DIRECTIONS FOR RESEARCH

There are numerous limitations to this study in regards to the data collection and analysis.
Data collection only took place over a single two-month period in the summer even though
neighborhood quality may actually fluctuate throughout the year. For instance, litter and trash
may have been over-reported during the summer months because when schools are closed, they
may make less of an effort to keep surrounding grounds clean and safe in which children can
play. Future research might therefore consider assessing the same project area at least twice over
the course of the year to account for any discrepancies between seasons.

This study also did not take into account other built environment factors in the
neighborhood such as proximity to major roads or industrial areas that may have generated air
pollution that could compromise maternal health. Future research should therefore incorporate
other built environment influences in the neighborhood in conjunction with the indices used in
this study.

Finally, while our Neighborhood Health Indices provided observational, objective
measures of neighborhood quality based on the built environment, we did not collect data that
measured social capital and the strength of relationships in the neighborhoods. As current
measures of social capital are based on the aggregation of subjective individual questionnaires of
residents, future research might utilize observational methods similar to the ones that we used to
record neighbor interactions with one another. Further development of such data collection may
therefore be in order to provide a truly thorough understanding of the neighborhood’s direct and
indirect effects on mediating the social relationships, material deprivation, and environmental

stressors that can result in disparate birth outcomes.
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APPENDIX

Table 1
Housing Property Security
Damage Characteristics | Measures | Amenities Tenure | Vacancy Nuisances
Broken Security Owner- | Vacant Standing
windows Cars on lawn bars Schools occupied | commercial | water
Boarded Barbed Renter- | Vacant
windows No grass wire Libraries occupied | residential | Litter
No
Boarded trespassing | Faith Vacant
door Standing water | sign institutions empty lot | Garbage
Holes in Beware of | Day care Broken
walls Litter dog sign centers glass
Roof Security Health care Discarded
damage Garbage sign providers furniture
Chimney Grocery Discarded
damage Broken glass stores appliances
Foundation | Discarded Discarded
damage furniture Parks tires
Entry Discarded Community Inoperable
damage appliances Centers vehicle
Door High weed
damage Discarded tires or grass
Peeling Inoperable
paint vehicles Graffiti
High grass or
Fire damage | weeds

Condemned
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A: Further Description of Model

Yi=Bo + BiXi + BoXo + B3 X5 + BaXs + BsXs + PeXos + PrX7+ BsXs + PoXo+ BioXio+ BriXii + PraXin +
B13Xi3+ BraXis+ BisXis + PieXie + P17X17+ PigXis + PuXn + E

X1 1s smoker status (smoker=1, non-smoker =0)

X 1s sex of infant (male=1, female=0)

X3 1s marital status (not married=1, married=0)

X4 1s parity (first birth=1, non first birth=0)

X is maternal age category 1 (age 15-19 years old=1, all other ages=0)

X 1s maternal age category 2 (age 20-24 years old=1, all other ages=0)

X7 is maternal age category 3*° (age 25-29 years old=1, all other ages=0)

Xgis maternal age category 4 (age 30-34 years old=1, all other ages=0)

Xo 1s maternal age category 5 (age 35-39 years old=1, all other ages=0)

Xio1s maternal age category 6 (age 40-44 years old=1, all other ages=0)

X1 is maternal education category 1 (<9™ grade=1, all other education levels=0)

X2 1s maternal education category 2 (some high school=1, all other education levels=0)

Xi31s maternal education category 3 (completed high school=1, all other education
levels=0)

X141s maternal education category 4 (some college=1, all other education levels=0)

Xis1s maternal education category 5* (completed college or more=1, all other educations
levels=0)

Xie1s race group 1 (Hispanic=1, not Hispanic=0)

Xi71s race group 2 (Non-Hispanic Black=1, not Non-Hispanic Black=0)

Xis1s race group 3* (Non-Hispanic White=1, not Non-Hispanic White=0)

X, is standardized score of index at specific resolution (i.e. Neighborhood Health Index
of nuisances)

A baseline model without the built environment variables was constructed to examine which of
the standard covariates mentioned above affect birth weight in our population. I then constructed
separate models for all the indices at each of the three different spatial resolutions.

% An asterisk (*) denotes that the category is the reference group.
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Model 0

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Infant sex
Female
Male

Maternal education
<9th grade
Some high school
Completed high school

Some college
Completed college or
more
Maternal smoker
status

Non-smoker

Smoker
Marital status

Married

Not married
Maternal race

White

Hispanic

Black
Maternal age

15-19

20-24

25-29

30-34

35-39

40-44
Parity

First birth
Nuisance block
Nuisance primary
Nuisance secondary

Housing damage block
Housing damage
primary

Housing damage
secondary
Property damage
block

Property damage
primary

Property damage
secondary

Tenure block
Tenure primary
Tenure secondary
Vacancy block
Vacancy primary
Vacancy secondary
Crime block

Crime primary
Crime secondary
Security block
Security primary
Security secondary
Amenities block
Amenities primary
Amenities secondary
Constant

Rz

N

135.7

38.5
-31.1

-26.1

191.4

-181.3

6.7

-16.9
-236.6

-108.6
-69.5

-32.6
-37.8
35.1

-68.4

3344.1
0.11
2679

(21.8)%* 134.8

(36.4) 39.1
(30.4) -30.4

(41.4) -26.1

(50.6)** 187.0

(45.5)** -178.8

(29.1) 7.1

(46.5) -7.5
(43.7)** -231.6

(39.8)* -108.1
(30.3)* -71.2

(35.1) -32.8
(44.4) -38.1
(87.8) 34.4

(25.6)* -67.5
-8.9

3347.0
0.11
2679

(52.2)**

(21.8)** 135.1

(36.4) 40.2
(30.4) -28.9

(41.4) -26.3

(50.7)** 183.1

(45.5)%* -179.0

(29.6) 7.3

(47.1) 7.5
(43.9)** -228.7

(39.8)* -106.7
(39.8)* -72.0

(35.1) -33.0
(44.4) -37.1
(87.8) 33.1

(25.6)* -68.6
(6.9)
-15.1

(52.2)%* 3346.3
0.11

2679

(21.8)%*

(36.4)
(30.4)

(41.4)

(50.8)**

(45.5)**

(29.1)

(46.9)
(44.0)**

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.8)
(25.6)*

(9-2)

(52.2)**

135.7

41.8
-26.6

-28.2

178.0

-175.2
135.7
-7.8

-224.3

-103.3
-72.2

-31.9
-35.0
35.9

-70.7

-27.6

3343.2
0.11
2679

(21.8)**

(36.4)
(30.4)

(41.4)

(50.8)**

(45.9)%*

(29.1)

(46.6)
(43.9)**

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.7)

(28.6)*

(10.1)*

(52.1)%*

134.5

38.4
-29.3

-24.7

185.3

-177.2

6.6

-10.2
-231.5

-105.7
-71.6

-31.5
-35.1
35.8

-68.2

-13.4

3347.5
0.11
2679

(21.8)%*

(36.4)
(30.4)

(41.4)

(50.7)**

(45.5)%*

(29.1)

(46.6)
(43.7)%*

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.7)

(25.6)*

(6.8)*

(52.2)**

134.9

40.7
-28.1

-25.3

182.6

-178.1
6.7
9.4

-228.4

-105.1
-72.4

-32.2
-35.1
34.4

-20.6

3345.1
0.11
2679

(21.8)**

(36.4)
(30.4)

(41.4)

(50.7)**

(45.5)**

(29.1)

(46.6)
(43.8)**

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.7)

(8.8)*

(52.1)%*

135.5

42.0
-26.8

-27.2

177.3

-174.1

7.8

-10.5
-225.5

-102.7
-72.2

-31.5
-32.9
37.2

-70.8

-31.6

3341.8
0.12
2679

(21.8)**

(36.4)
(30.4)

(41.4)

(50.7)**

(45.5)%*

(29.0)

(46.5)
(43.8)**

(39.8)*
(30.2)*

(35.1)
(44.4)
(87.6)

(25.6)*

(9.9)**

(52.1)%*



Model 7

Model 8

Model 9

Model 10

Model 11

Model 12

Model 13

Infant sex
Female
Male 134.8
Maternal education
<9th grade 38.9 (36.4)
Some high school -29.5 (30.4)
Completed high school

Some college -25.3 (41.4)
Completed college or
more 185.4
Maternal smoker
status

Non-smoker

Smoker -178.2
Marital status

Married

Not married 6.7 (29.1)
Maternal race

White

Hispanic -8.9 (46.7)

Black -230.2  (43.8)**
Maternal age

15-19 -106.5

20-24 -71.5

25-29

30-34 -32.0 (35.1)

35-39 -35.7 (44.4)

40-44 35.3 (87.7)
Parity

First birth -68.8
Nuisance block
Nuisance primary
Nuisance secondary

Housing damage block
Housing damage
primary

Housing damage
secondary

Property damage
block -11.4  (6.6)
Property damage
primary

Property damage
secondary

Tenure block

Tenure primary

Tenure secondary

Vacancy block

Vacancy primary

Vacancy secondary

Crime block

Crime primary

Crime secondary

Security block

Security primary

Security secondary

Amenities block

Amenities primary

Amenities secondary

Constant 3347.3
R? 0.11
N 2679

(21.8)%*

(50.6)**

(45.5)**

(39.8)*
(30.3)*

(25.6)*

(52.2)%*

135.6

39.8
-28.9

-26.3

181.5

-178.4
6.9
-7.6

-227.9

-105.9
-72.3

-31.9
-36.0
33.2

-69.3

-16.5

3346.2
0.11
2679

(21.8)%*

(36.4)
(30.4)

(41.4)

(50.8)**

(45.5)**

(29.1)

(46.7)
(43.9)%*

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.7)

(25.6)*

(8.2)*

(52.2)%*

136.0

41.3
-27.3

-28.4

177.1

-175.0
7.8
-7.8

-224.3

-103.3
-72.2

-30.6
-34.1
36.7

-70.8

-26.8

3343.1
0.11
2679

(21.8)%*

(36.4)
(30.4)

(41.4)

(50.8)**

(45.5)**

(29.1)

(46.6)
(43.8)%*

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.7)

(25.6)*

(9.3)*

(52.1)%*

135.8  (21.8)**

38.7  (36.4)
-30.1  (30.5)

-25.6  (41.4)

187.5  (50.8)**

-180.2  (45.5)%*

6.9 (29.1)

-15.0  (46.6)
22343 (43.8)%*

-107.1  (39.9)*
-69.2  (30.3)*

-31.9  (35.2)
2377 (44.4)
31.9 (87.9)

-70.0  (25.6)*

5.7 (6.8)

3342.1  (52.2)%*
0.11
2679

45

135.7

39.3
-29.5

-26.7

184.7

-179.5

7.3

-11.3
-232.0

-107.7
-69.4

-33.1
-38.9
31.0

-68.7

10.5

3341.3
0.11
2679

(21.8)%*

(36.4)
(30.5)

(41.4)

(50.9)**

(45.5)%*

(29.1)

(46.8)
(43.9)%*

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.8)

(25.6)*

(9.1)

(52.2)%*

135.4  (21.8)**

42.9 (36.5)
-27.4  (30.5)

-27.9  (41.4)

180.5  (50.9)**

-178.0  (45.6)%*

10.0  (29.1)

-3.8  (47.0)
22251 (44.1)%*

-107.8  (39.8)*
-70.2  (30.3)*

-33.3  (35.1)
-40.7  (44.4)
27.1  (87.8)

-69.1  (25.6)*

23.8  (12.0)%

3335.6  (52.3)%*
0.11
2679

133.9

40.1
-29.6

-24.7

188.9

-177.5

7.2

-5.9
-229.1

-108.5
-71.0

-32.8
-36.7
31.5

-67.0

-14.7

3344.2

0.11
2679

(21.8)%*

(36.4)
(30.4)

(41.4)

(50.6)**

(45.5)**

(29.1)

(46.9)
(43.9)%*

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.8)

(25.6)*

(7.9)

(52.2)%*



Model 14

Model 15

Model 16

Model 17

Model 18

Model 19

Model 20

Infant sex
Female
Male
Maternal education
<9th grade
Some high school

Completed high school

Some college

Completed college or

more

Maternal smoker status

Non-smoker

Smoker
Marital status

Married

Not married
Maternal race

White

Hispanic

Black
Maternal age

15-19

20-24

25-29

30-34

35-39

40-44
Parity

First birth
Nuisance block
Nuisance primary

Nuisance secondary
Housing damage block

Housing damage
primary

Housing damage
secondary

Property damage block

Property damage
primary

134.8

41.3
-28.1

-25.7

183.6
-177.6
6.5
-7.2

-224.9

-107.1
-72.2

-34.1
-37.0
30.4

-68.1

Property damage secondary

Tenure block
Tenure primary
Tenure secondary
Vacancy block
Vacancy primary
Vacancy secondary
Crime block

Crime primary
Crime secondary
Security block
Security primary
Security secondary
Amenities block
Amenities primary

Amenities secondary

Constant
RZ
N

-20.7

3343.2
0.11
2679

(21.8)**

(36.4)
(30.4)

(41.4)

(50.7)%*

(45.5)**

(29.1)

(46.7)
(44.0)%*

(39.8)*
(30.3)*

(35.1)
(35.1)
(87.7)

(25.6)*

(9.6)*

(52.1)%*

135.7

45.2
-24.3

-27.2

177.4
-172.2
8.0
-8.4

-219.3

-103.9
-72.1

-33.2
-34.6
33.3

-70.7

-37.7

3336.5
0.12
2679

(21.7)**

(36.4)
(30.4)

(41.4)

(50.7)%*

(45.5)**

(29.0)

(46.5)
(43.9)%*

(39.8)*
(30.2)*

(35.1)
(44.3)
(87.6)

(25.6)*

(11.3)**

(52.1)%*

135.3

38.6
-31.5

-27.3

190.1

-181.3

7.3

-12.9
-235.3

-109.4
-69.6

-33.1
-39.1
34.3

-68.0

-1.7

3346.0
0.11
2679

(21.8)**

(36.4)
(30.4)

(415.)

(50.7)%*

(45.5)**

(29.1)

(47.1)
(43.8)**

(39.9)*
(30.3)*

(35.2)
(44.5)
(87.8)

(25.6)*

(3.0

(52.3)%*

46

135.4

39.1
-31.1

-28.0

188.5

-181.1

7.8

-11.3
-232.9

-108.9
-69.6

-33.0
-39.2
33.4

-68.5

-5.0

3346.0

0.11
2679

(21.8)**

(36.5)
(30.4)

(41.5)

(50.8)**

(45.5)**

(29.1)

(47.2)
(44.0)**

(39.8)*
(30.3)*

(35.2)
(44.5)
(87.8)

(25.6)*

(7.3)

(52.3)**

135.7

41.2
-29.3

-31.0

182.6
-179.0
9.0
-6.3

-227.3

-107.1
-69.9

-32.0
-38.4
33.3

-69.7

-16.3

3345.5
0.11
2679

(21.8)**

(36.5)
(30.4)

(41.5)

(50.8)**

(45.5)**

(29.1)

(46.9)
(44.0)%*

(39.8)*
(30.3)*

(35.1)
(44.4)
(87.7)

(25.6)*

(9-3)

(52.2)%*

135.3

38.4
-31.1

-25.8

191.2

-181.1

6.7

-14.7
-235.0

-108.3
-70.5

-32.7
-37.6
35.4

-68.1

-3.8

3345.7

0.11
2679

(21.8)**

(36.4)
(30.4)

(41.5)

(50.6)**

(45.5)**

(29.1)

(46.7)
(43.8)%*

(39.8)*
(30.3)*

(35.2)
(44.4)
(87.8)

(25.6)*

(6.8)

(52.3)**

135.6

38.4
-30.9

-26.1

190.5

-181.2

6.6

-14.9
-234.2

-107.9
-70.3

-32.6
-37.2
35.1

-68.6

-4.5

3345.1
0.11
2679

(21.8)**

(36.4)
(30.4)

(41.4)

(50.6)%*

(45.5)**

(29.1)

(46.7)
(43.9)%*

(39.9)*
(30.3)*

(35.2)
(44.4)
(87.8)

(25.6)*

(8.3)

(52.2)**



Model 21

Model 22

Model 23

Model 24

Model 25

Infant sex

Female

Male
Maternal education

<9th grade

Some high school

Completed high school

Some college

Completed college or more
Maternal smoker status

Non-smoker

Smoker
Marital status

Married

Not married
Maternal race

White

Hispanic

Black
Maternal age

15-19

20-24

25-29

30-34

35-39

40-44
Parity

First birth
Nuisance block
Nuisance primary
Nuisance secondary
Housing damage block
Housing damage primary
Housing damage
Property damage block
Property damage primary

Property damage secondary

Tenure block
Tenure primary
Tenure secondary
Vacancy block
Vacancy primary
Vacancy secondary
Crime block

Crime primary
Crime secondary
Security block
Security primary
Security secondary
Amenities block
Amenities primary
Amenities secondary
Constant

RZ

N
**P<0.001;*P<0.05

135.6

38.4
-30.9

-26.1

190.5

-181.2

6.6

-14.9

-234.2

-107.9
-70.3

-32.6
-37.2
35.1

-68.6

-4.5

3345.1
0.11
2679

(21.8)** 136.0

(36.6) 38.2
(30.4) -29.7

-26.9
187.4

(30.4)
(50.6)**

(45.5)%* -178.9

(29.1) 6.1

-13.4
-228.3

(46.7)
(43.9)%*

(39.9)*
(30.3)*

-104.7
-70.8

(35.2) -32.0
(44.4) -34.5
(87.8) 37.4

(25.6)* -70.7

(8.3)
-17.5

3345.0
0.11
2679

(52.2)%*

(21.8)** 135.5

(36.4) 38.7
(30.4) -31.3

-25.8
190.6

(41.4)
(50.6)**

(45.5)%* -180.2

(29.1) 6.1

(46.5)
(43.9)%*

-14.0
-235.1

(39.9)*
(30.3)*

-108.5
-70.1

(35.1) -32.4
(44.4) -37.9
(87.7) 34.8

(25.6)* -67.9

(9-3)
-5.7

(52.2)%* 3344.4
0.11

2679

(21.8)** 135.5

(36.4) 38.6
(30.4) -31.0

-25.7
190.6

(41.5)
(50.6)**

(45.5)** -180.9

(29.1) 6.6

(46.8)
(43.8)**

-16.5
-235.8

(39.8)*
(30.3)

-108.4
-69.8

(35.2) -32.5
(44.4) -37.8
(87.8) 34.9

(25.6)* -68.5

(9.4)
-3.5
(52.2)%* 3344.4
0.11
2679

47

(21.79)%*

(36.44)
(30.43)

(41.47)

(50.67)**

(45.51)%*

(29.1)

(46.5)

(43.8)**

(39.8)*
(30.3)*

(35.2)
(44.4)
(87.8)

(25.6)*

(11.2)

(52.2)%*

135.3

38.7
-30.4

-25.1

189.3

-179.7

6.8

-17.9

-234.8

-108.2
-70.1

-32.6
-37.4
35.2

-68.8

-8.7
3344.0
0.11
2679

(21.79)%*

(36.43)
(30.44)

(41.46)

(50.69)**

(45.5)**

(29.1)

(46.5)

(43.8)**

(39.8)*
(30.3)*

(35.2)
(44.4)
(87.8)

(12.0)

(12.0)
(52.2)%*



