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Abstract Adverse pregnancy outcomes increase in-
fants’ risk for mortality and future health problems.
Neighborhood physical disorder may contribute to ad-
verse pregnancy outcomes by increasing maternal
chronic stress. Google Street View technology presents
a novel method for assessing neighborhood physical
disorder but has not been previously examined in the
context of birth outcomes. In this cross-sectional study,
trained raters used Google’s Street View imagery to
virtually audit a randomly sampled block within each
Chicago census tract (n = 809) for nine indicators of
physical disorder. We used an item-response theory
model and spatial interpolation to calculate tract-level
neighborhood physical disorder scores across Chicago.
We linked these data with geocoded electronic health
record data from a large, academic women’s hospital in
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Chicago (2015-2017, n = 14,309 births). We used three-
level hierarchical Poisson regression to estimate preva-
lence ratios for the associations of neighborhood phys-
ical disorder with preterm birth (overall and spontane-
ous), small for gestational age (SGA), and hypertensive
disorder of pregnancy (HDP). After adjustment for ma-
ternal sociodemographics, multiparity, and season of
birth, living in a neighborhood with high physical dis-
order was associated with higher prevalence of PTB,
SGA, and HDP (prevalence ratios and 95% confidence
intervals 1.21 (1.06, 1.39) for PTB, 1.13 (1.01, 1.37) for
SGA, and 1.23 (1.07, 1.42) for HDP). Adjustment for
neighborhood poverty and maternal health conditions
(e.g., hypertension, diabetes, asthma, substance use)
attenuated associations. Results suggest that an adverse
neighborhood physical environment may contribute to
adverse pregnancy outcomes. However, future work is
needed to disentangle the unique contribution of phys-
ical disorder from other characteristics of disadvantaged
neighborhoods.

Keywords Pregnancy outcomes - Premature birth -
Electronic health records - Neighborhood physical
disorder

Introduction

Adverse pregnancy outcomes increase the risk of infant
mortality [1] and future health problems [2—4] and are
also associated with future cardiovascular disease
among mothers [5, 6]. According to multiple systematic
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reviews [7-9], women living in socioeconomically dis-
advantaged neighborhoods have worse pregnancy out-
comes than those in more advantaged neighborhoods.
One feature of disadvantaged neighborhoods that may
adversely influence pregnancy outcomes is physical
disorder, which includes physical signs of neighborhood
deterioration or disinvestment (e.g., abandoned build-
ings, vacant lots, trash, and graffiti). Neighborhood
physical disorder is hypothesized to reduce perceptions
of safety and social cohesion among residents [10, 11]
and has been associated with psychological distress [12,
13], depression [14], low physical activity [15, 16], and
substance use [17]. Among pregnant women, neighbor-
hood disorder has been linked with smoking [18] and
low physical activity [19]. In addition, repeated expo-
sure to psychosocial stress during pregnancy may lead
to hormonal and neuroendocrine changes that may trig-
ger spontaneous preterm birth or restrict fetal growth
[20-22]. Thus, it is plausible that neighborhood physical
disorder might influence pregnancy outcomes through
maternal stress and health behaviors. However, relative-
ly few studies have examined associations of neighbor-
hood physical disorder with pregnancy outcomes [23].
Neighborhood physical disorder is often assessed
through systematic social observation [24], which in-
volves visually examining a street segment or city block
and measuring multiple indicators of an underlying
construct (e.g., recording the presence of graffiti, trash,
and housing deterioration as indicators of neighborhood
physical disorder). This approach has been used in
several prior studies to estimate associations of neigh-
borhood physical disorder with birth outcomes, includ-
ing preterm birth, low birth weight, small for gestational
age, and hypertensive disorders of pregnancy, with
mixed findings [18, 25, 26]. Systematic social observa-
tion is complicated by the need to travel to different
locations to complete in-person audits, which may be
expensive. However, Google’s Street View imagery
now enables researchers to conduct virtual neighbor-
hood audits using readily available, high-resolution im-
agery [27, 28]. Street View audits are reliable and cost-
effective for measuring neighborhood characteristics
including physical disorder [27-34]. For example,
Mooney et al. found that Google Street View-based
audits required only 3% as much time as in-person audit
while yielding similar results [35]. However, few studies
have examined associations of Google Street View-
derived measures of neighborhood physical disorder
with health outcomes [31, 36], and to our knowledge
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no studies have used this approach in the context of
pregnancy outcomes.

In this study, our objective was to examine associa-
tions of neighborhood physical disorder, measured via
Google Street View virtual audits, with adverse preg-
nancy outcomes among women in Chicago using elec-
tronic health record (EHR) data. We hypothesized that
women living in neighborhoods with higher levels of
physical disorder would have higher odds of preterm
birth, small for gestational age, and hypertensive disor-
der of pregnancy.

Methods
Study Population

We conducted a cross-sectional analysis using data from
the Northwestern Medicine Enterprise Data Warehouse,
an EHR repository. We extracted data for all singleton
births occurring at Prentice Women’s Hospital in Chi-
cago, Illinois, between January 1, 2015 and December
31,2017 (n = 23,863 births). We used ArcMap version
10.5 (Environmental Systems Research Institute, Red-
lands, CA) to geocode mothers’ addresses during preg-
nancy. We restricted to births among women who lived
in Chicago whose residence could be geocoded to a
street address or address point (14,416 births to 13,755
mothers in 772 census tracts) to enable linkage of our
physical disorder measure. We subsequently excluded
107 births for missing covariate data. The final study
population included 14,309 births to 13,657 mothers in
772 census tracts. The Northwestern University Institu-
tional Review Board approved this study.

Neighborhood Physical Disorder

We used Google Earth Pro’s Street View functionality
(Google, Inc., Mountain View, CA) to virtually audit
physical disorder. Street View is a free tool that provides
panoramic, high-definition imagery at the street level
captured using cameras mounted on cars. Overlapping
pictures are taken by adjacent cameras, and images are
stitched together to create a 360-degree panoramic view
of the street. We assessed physical disorder using a
previously described scale [36] based on validated mea-
sures [28, 37]. The scale includes nine indicators of
physical disorder shown in Table 1 (e.g., trash, aban-
doned vehicles, graffiti, vacant lots). Audits were
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conducted by 12 trained raters who participated in a 2-h
training session and completion of 10 practice blocks to
establish coding consistency prior to the start of data
collection.

For this study, our goal was to create a physical
disorder measure across the entire city of Chicago that
could be linked to EHR data. We accomplished this by
auditing one census block from each of the 810 census
tracts that are wholly or partially within the Chicago city
limits and using spatial interpolation methods, described
below, to estimate physical disorder scores at unmea-
sured locations across the city. Census blocks are typi-
cally three to four-sided geographic areas bounded by
streets or other physical features (e.g., bodies of water)
and are the smallest units classified by the US Census
Bureau. In prior work [36], we virtually audited neigh-
borhood physical disorder from blocks in 242 Chicago
census tracts using the scale described above (data col-
lection completed between October 2017 and April
2018). For the current study, we first sampled one pre-
viously coded block from each of these tracts and then
randomly sampled one block from each of the remain-
ing 568 Chicago tracts. These additional 568 blocks
were virtually audited between May and August of
2018. We excluded one block with no Google Earth
imagery available, for a final total of 809 blocks. For
each included block, raters assessed each “block face,”
or single side of a street segment, with available imagery
(range 3—7 block faces per block, median 4).

A 10% sample of blocks (n = 84) were coded by two
raters in order to calculate inter-rater reliability. All other
blocks were coded by a single rater. We calculated
percent agreement between the two raters and calculated
Cohen’s kappa statistics for physical disorder indicators
with prevalence of > 10% (for items with low preva-
lence, kappas are artificially low due to inflated expect-
ed chance agreement) [38].

As described previously [36, 37], we used an item
response theory (IRT) model to combine physical dis-
order items into a summary score for each block face
reflecting a latent level of physical disorder. Details on
the IRT model are available in the Supplemental Ap-
pendix. We aggregated block face-level latent physical
disorder scores to the block level by averaging the block
face-level scores.

In order to interpolate levels of physical disorder
throughout the entire city of Chicago, we used ordinary
kriging, a spatial interpolation method that uses the
spatial autocorrelation structure of observed locations

to estimate values at non-observed locations [39].
Kriging, which has been used previously for Street
View-derived physical disorder measures [32, 37], was
accomplished using the “sp” package in R. First, we
applied our block-level physical disorder scores to the
latitude and longitude location of each block’s geo-
graphic centroid. Then, we built a semivariogram mod-
el, which estimated the degree of covariance between
physical disorder measurements as a function of their
distance apart. We modeled the semivariance (or the
correlation between two values based on their distance)
of the physical disorder score for each pair of census
blocks in our dataset using the equation: y(x; x;) =
172[z(x;) — z(xj)]2 , where <y indicates the value of the
semi-variance, x; and x; are two points in space, and z is
the value of the physical disorder score measured at
location x. We plotted an empirical variogram reflecting
the average semivariance within 15 evenly spaced bins,
or collections of data points within a certain distance.
Based on this plot, we fit an exponential variogram
model to obtain the interpolated physical disorder score
at any point across a smooth raster surface reflecting the
city of Chicago. Kriged physical disorder scores were
log-transformed due to skewness, aggregated to the
census tract level by averaging across all raster surface
points falling within the tract (Fig. 1), and then linked to
mothers based on their census tract of residence. Women
were considered exposed to high neighborhood physical
disorder if their home census tract was in the highest
tertile of log-transformed physical disorder scores
(range —0.13 to 0.52), while women in the bottom two
tertiles (range — 0.86 to — 0.13) were considered ex-
posed to low neighborhood physical disorder. This pa-
rameterization was chosen for ease of interpretation and
due to non-linearity in the relationship between physical
disorder score and adverse pregnancy outcomes.

Outcomes

Pregnancy outcomes were defined using data extracted
from the EHR on gestational age, birth weight, and
problem lists/diagnostic codes. A prior study that com-
pared extraction of birth outcomes from EHR versus
manual extraction found differences to be small [40].
We excluded implausible values for gestational age (>
22 weeks or > 44 weeks) or birth weight (> 10 kg).
Our study outcomes included preterm birth (PTB),
small for gestational age (SGA), and hypertensive dis-
order of pregnancy (HDP). PTB was defined as
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Table 1 Neighborhood physical disorder items and inter-rater reliability from block faces audited using Google Street View

List of items Categorization Prevalence % Kappab
agreement”

Trash/garbage Heavy/moderate (1) versus light/none (0) 21.8% 85.2% 0.53

Abandoned vehicle Yes (1) versus no (0) 1.6% 98.8% -

Graffiti Yes (1) versus no (0) 13.0% 91.4% 0.56

Graffiti scrubbed/painted Yes (1) versus no (0) 13.9% 86.4% 0.50
over

Other defaced property Yes (1) versus no (0) 26.8% 76.7% 0.44

Bars on windows/doors Yes (1) versus no (0) 29.3% 86.4% 0.67

Abandoned/boarded up Yes (1) versus no (0) 8.3% 92.6% -
buildings

Building condition More than half/all buildings in poor condition versus about half, less than 5.9% 97.3% -

half, none
Vacant lots Yes (1) versus no (0) 11.3% 93.4% 0.57

#Two raters coded each block face (7 =257 block faces from 84 census blocks, reflecting a 10% sample of the full set of census blocks in the

Chicago city limits)

® Kappa statistics were not calculated for items with a prevalence below 10%

gestational age < 37 weeks. SGA was defined as birth
weight below the 10™ percentile for a given gestational
age [41]. We focused on SGA rather than low birth
weight in order to distinguish fetal growth restriction
from low birth weight due to prematurity. HDP was
defined using problem lists/diagnostic codes for gesta-
tional hypertension or preeclampsia during the current
pregnancy. PTB was missing for 57 births and SGA for
76 births due to implausible values.

In a secondary analysis, we examined preterm birth
in more detail by classifying preterm births as sponta-
neous and medically indicated. Spontaneous preterm
birth was defined as birth following premature rupture
of membranes or preterm labor, while medically indi-
cated preterm birth was defined as birth after labor
induction or cesarean section without labor for a medical
complication (e.g., hypertensive disorder of pregnancy).
We also examined very preterm birth, defined as gesta-
tional age < 32 weeks.

Covariates

Individual-level covariates were extracted from the
EHR and included a priori selected factors hypoth-
esized to confound associations between neighbor-
hood physical disorder and adverse pregnancy out-
comes: maternal age, race/ethnicity, insurance status
(private, public, none), multiparity, and season of
the birth. We included a quadratic term for maternal
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age to account for non-linearity in the relationship
between maternal age and birth outcomes. Race/
ethnicity categories included Black/African Ameri-
can, White, Hispanic/Latino, Asian/Pacific Islander,
other race, and unknown race. We also extracted
maternal health conditions which we considered po-
tential mediators: gestational diabetes in the current
pregnancy, prevalent diagnosis of hypertension or
diabetes, history of asthma, history of a mental
health issue, and history of substance use (including
alcohol or tobacco use in current pregnancy). Neigh-
borhood poverty was defined using the 2012-2016
American Communities Survey as the proportion of
the mother’s census tract population with household
incomes below the federally-defined poverty line.

Statistical Analysis

We examined the distribution of outcomes and covari-
ates between mothers living in neighborhoods with high
versus low physical disorder (defined as the top tertile
versus the bottom two tertiles of the log-transformed
latent physical disorder score). We also examined the
distribution of covariates among women with and with-
out each adverse pregnancy outcome. We then used
three-level hierarchical models to estimate associations
of neighborhood physical disorder with PTB, SGA, and
HDP, with random effects to account for the nesting of
births within mothers and mothers within census tracts.
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Fig.1 Map of interpolated neighborhood physical disorder scores
and variance. Physical disorder scores were interpolated through-
out Chicago using ordinary kriging, a geospatial interpolation
method that uses the spatial autocorrelation structure of observed
locations to estimate values at non-observed locations. a, b show

We used a Poisson distribution with robust variance
estimates [42] in order to calculate prevalence ratios.
We first ran an unconditional model to estimate the
intraclass correlation coefficient, or proportion of the
variance in each outcome attributable to differences
across census tracts. Then, we added neighborhood
physical disorder category to estimate unadjusted asso-
ciations with birth outcomes (model 1). We then pro-
gressively adjusted for covariates as follow: model 2
adjusted for mother’s age, mothers age squared,
race/ethnicity, insurance status, multiparity, and season;
model 3 additionally adjusted for neighborhood pover-
ty; and model 4 additionally adjusted for maternal health
conditions (gestational diabetes, prevalent hypertension,
prevalent diabetes, history of asthma, history of mental
health issue, history of substance abuse). Finally, in a
secondary analysis, we estimated associations of neigh-
borhood physical disorder with spontaneous PTB, med-
ically indicated PTB, and very PTB using the modeling
approach described above.

the mean and variance, respectively, of the log-transformed phys-
ical disorder score for each census tract. Higher positive values of
log transformed physical disorder score indicate higher levels of
neighborhood physical disorder

Results

Google Street View imagery dates ranged from September
2007 to April 2018, with 94% of block faces having
imagery captured in 2015-2017. Across blocks, the prev-
alence of the individual physical disorder items ranged
from 1.6% for abandoned vehicles to 29.3% for bars on
windows/doors (Table 1). Percent agreement for blocks
coded by two raters ranged from 76.7 to 98.8%, and
kappas ranged from 0.44 to 0.67 (reflecting moderate
agreement). The internal consistency of the latent neigh-
borhood physical disorder measure was 0.82, suggesting
that the physical disorder items measure a consistent un-
derlying construct. Item severities ranged from 1.17 (fairly
common) for moderate/heavy trash to 4.55 (very rare) for
abandoned vehicles. Item discriminations ranged from
0.54 (weak) for bars on windows to 1.76 (strong) for
buildings in poor/deteriorated condition. The wide range
of severities suggests that the physical disorder scale can
pick up variation at a wide range of latent levels of physical
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Table 2 Characteristics of the study population by neighborhood physical disorder

Overall Low neighborhood physical High neighborhood physical
disorder® disorder®
N (column %) N (column %)
N 14309 9547 4762
Maternal age—mean (SD) 31.7(5.1) 324(4.6) 30.2 (5.7)
Race
White 6888 (48.1) 5290 (55.4) 1598 (33.5)
Hispanic/Latino 2533 (17.7) 1035 (10.8) 1498 (31.5)
Black/African American 1336 (9.3) 653 (6.8) 683 (14.3)
Asian/Pacific Islander 1230 (8.6) 998 (10.5) 232 (4.9)
Other race 1202 (8.4) 793 (8.3) 409 (8.6)
Unknown race 1120 (7.8) 778 (8.2) 342 (7.2)
Insurance status

Private 11331 8420 (88.2) 2911 (61.1)

(79.2)

Public 2928 (20.5) 1093 (11.4) 1835 (38.5)

None 50 (0.3) 34 (0.4) 16 (0.4)
Multiparous 6559 (45.8) 4065 (42.6) 2494 (52.4)
History of asthma 1370 (9.6) 853 (8.9) 517 (10.9)
History of mental health condition 1403 (9.8) 931 (9.8) 472 (9.9)
History of substance use 131 (0.9) 68 (0.7) 63 (1.3)
Prevalent hypertension 199 (1.4) 97 (1.0) 102 (2.1)
Prevalent diabetes 146 (1.0) 84 (0.9) 62 (1.3)
Gestational diabetes 698 (4.9) 403 (4.2) 295 (6.2)
Infant sex

Male 7301 (51.0) 4878 (51.1) 2423 (50.9)

Female 7008 (49.0) 4669 (48.9) 2339 (49.1)
Percent of census tract below poverty level—mean 15.9 (10.9) 12.4 (8.4) 23.0(11.9)

(SD)
Adverse pregnancy outcomes”

Preterm birth 1082 (7.6) 644 (6.8) 438 (9.2)
Spontaneous preterm birth 672 (4.7) 398 (4.2) 274 (5.8)
Induced preterm birth 410 (2.9) 246 (2.6) 164 (3.4)
Very preterm birth 267 (1.9) 149 (1.6) 118 (2.5)

Small for gestational age 1469 (10.3) 924 (9.7) 545 (11.5)

Hypertensive disorder of pregnancy 938 (6.6) 572 (6.0) 366 (7.7)

# High neighborhood physical disorder was defined as living in a neighborhood in the highest tertile of log-transformed physical disorder
scores (range — 0.13 to 0.52). Low neighborhood physical disorder was defined as living in a neighborhood in the lower two tertiles (range —

0.86to —0.13)

b Missing outcomes due to implausible values: preterm birth, # = 57; small for gestational age, n = 76

disorder. Neighborhood physical disorder was moderately
correlated with neighborhood poverty (Spearman correla-
tion coefficient 0.46).

Of 14,309 births, 48% were among white women,
18% Hispanic/Latina, and 9% were among Black/
African American women (Table 2). Participants living
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in neighborhoods in the highest disorder tertile were
younger on average, more likely to be Hispanic/Latino
or Black/African American, publicly insured, and mul-
tiparous than women in neighborhoods with lower dis-
order scores. They were more likely to have a history of
asthma and substance use, prevalent hypertension, and
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gestational diabetes, and to live in higher-poverty neigh-
borhoods. In addition, the prevalence of each adverse
pregnancy outcome was highest among women in the
neighborhoods with high physical disorder. All three
adverse pregnancy outcomes were more common
among women who were Black/African American, pub-
licly insured, had a history of asthma or substance use,
had prevalent hypertension, had gestational diabetes, or
lived in higher-poverty neighborhoods (Table 3). Pat-
terns varied for other covariates.

Intraclass correlation coefficients for adverse pregnancy
outcomes ranged from 2 to 4%. In unadjusted models,
mothers living in neighborhoods in the highest tertile of
physical disorder had higher prevalence of all three out-
comes compared to mothers living in neighborhoods with
lower levels of physical disorder (Table 4; prevalence
ratios (PRs) as follows: PTB 1.37, 95% CI 1.20, 1.56;
SGA 1.21, 95% CI 1.09, 1.35; HDP 1.28, 95% CI 1.12,
1.47). Adjustment for maternal age, race/ethnicity, insur-
ance status, parity, and season of birth (model 2) reduced
prevalence ratios to 1.21 (1.06, 1.39) for PTB, 1.13 (1.01,
1.37) for SGA, and 1.23 (1.07, 1.42) for HDP. After
adjustment for neighborhood poverty (model 3), point
estimates were further attenuated, and confidence intervals
crossed the null for PTB and SGA, but not HDP (PRs and
95% Cls of 1.14 (0.99, 1.31), 1.08 (0.95, 1.23), and 1.18
(1.02, 1.37), respectively). Subsequent adjustment for ma-
ternal health conditions, which we conceived of as poten-
tial mediators, further attenuated estimates for PTB and
HDP (Table 4). In a secondary analysis of preterm birth
etiologies, patterns for spontaneous and medically indicat-
ed preterm births were similar to the associations estimated
for any preterm birth (Table 5). Initial associations were
attenuated with progressive covariate adjustment. Patterns
were similar for the outcome of very preterm birth (< 32
weeks; Table 5).

Discussion

In this analysis of EHR data from women in Chicago,
we found that higher levels of neighborhood physical
disorder (measured via virtual audit in Google Street
View) were associated with higher prevalence of PTB,
SGA, and HDP after adjusting for maternal characteris-
tics and season of birth. After adjustment for neighbor-
hood poverty, confidence intervals crossed the null for
PTB and SGA but not for HDP.

Neighborhood physical disorder is hypothesized to
increase the risk of adverse pregnancy outcomes
through increasing psychological stress among pregnant
women. Signs of physical disorder may cause residents
to lose confidence in their neighborhood’s ability to
intervene in threatening situations and prevent crime,
which may increase stress and fear of crime [43]. Stress
during pregnancy may result in neuroendocrine and
inflammatory dysregulation that may trigger spontane-
ous PTB [20, 21, 44]. Stress is also linked to adverse
coping mechanisms including smoking [18, 25] and
unhealthy diet [45] among pregnant women. Finally,
neighborhood physical disorder might discourage wom-
en from engaging in physical activity during pregnancy
[19] which is associated with lower risk of adverse
maternal outcomes like HDP [46, 47]. Our results pro-
vide some support for an association between neighbor-
hood physical disorder and adverse pregnancy out-
comes, although the magnitude of association was
small.

Past findings regarding associations between neigh-
borhood physical disorder and adverse pregnancy out-
comes have been mixed. Although physical disorder has
been measured in different ways, including using ad-
ministrative data [12, 48-50] and participant percep-
tions [12], our findings can be most closely compared
to other studies that used systematic social observation
to assess indicators of physical disorder. For example,
two prior studies in North Carolina used in-person sys-
tematic social observations to identify neighborhood
“incivilities,” a similar construct incorporating features
like litter, building condition, and presence of aban-
doned or boarded-up buildings. Physical incivilities
were associated with pregnancy outcomes including
HDP, PTB, and LBW among white women but not
black women [18, 25], although in one study, associa-
tions varied across different geographical specifications
of the neighborhood [25]. A third study, also in North
Carolina, audited tax parcels for signs of housing dam-
age (e.g., boarded up windows or doors) and signs of
disorder (e.g., trash) in private and public spaces and
found housing damage to be associated with SGA and
LBW [26]. Our study differed from prior work in sev-
eral ways. First, these prior studies using in-person
systematic social observations did not adjust for neigh-
borhood poverty, which attenuated associations for PTB
and SGA in our study. Second, we used an IRT model to
estimate physical disorder as a latent construct based on
multiple measured indicators. This approach accounts
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Table 3 Characteristics of the study population by adverse pregnancy outcomes

Preterm birth® Small for gestational age®  Hypertensive disorder of
pregnancy
Yes No Yes No Yes No
N (column N (column N (column N (column N (column N (column
%) %) %) %) %) %)
N 1082 13170 1469 12764 938 13371
Maternal age—mean (SD) 314 (5.5) 31.7 (5.0) 30.9 (5.5) 31.8 (5.0) 319 (5.5 31.6 (5.1)
Race
White 441 (40.8) 6419 (48.7) 553 (37.6) 6302 (49.4) 434 (46.3) 6454 (48.3)
Hispanic/Latino 217 (20.1) 2306 (17.5) 248 (16.9) 2273 (17.8) 161 (17.1) 2372 (17.7)
Black/African American 158 (14.6) 1173 (8.9) 218 (14.9) 1107 (8.7) 149 (15.9) 1187 (8.9)
Asian/Pacific Islander 59 (5.4) 1166 (8.9) 196 (13.3) 1029 (8.0) 44 (4.7) 1186 (8.9)
Other race 111 (10.2) 1089 (8.3) 139 (9.5) 1057 (8.3)  71(7.6) 1131 (8.4)
Unknown race 96 (8.9) 1017 (7.7) 115 (7.8) 996 (7.8) 79 (8.4) 1041 (7.8)
Insurance status
Private 775 (71.6) 10511 (79.8) 1094 (74.5) 10181 (79.8) 702 (74.8) 10629 (79.5)
Public 304 (28.1) 2613 (19.8) 370 (25.2)  2539(19.9) 234 (25.0) 2694 (20.1)
None 3(0.3) 46 (0.4) 5(0.3) 44 (0.3) 2(0.2) 48 (0.4)
Multiparous 473 (43.7) 6063 (46.0) 531 (36.2) 5994 (47.0) 352 (37.5) 6207 (46.4)
History of asthma 123 (11.4) 1240 (9.4) 154 (10.5) 1208 (9.5) 116 (12.4) 1254 (9.4)
History of mental health condition 142 (13.1) 1253 (9.5) 127 (8.7) 1266 (9.9) 115 (12.3) 1288 (9.6)
History of substance use 19 (1.8) 111 (0.8) 32(2.2) 95 (0.7) 15 (1.6) 116 (0.9)
Prevalent hypertension 52 (4.8) 147 (1.1) 28 (1.9) 169 (1.3) 111 (11.8) 88 (0.7)
Prevalent diabetes 38 (3.5) 106 (0.8) 4(0.3) 140 (1.1) 27 (2.9) 119 (0.9)
Gestational diabetes 91 (8.4) 601 (4.6) 77 (5.2) 615 (4.8) 92 (9.8) 606 (4.5)
Infant sex
Male 586 (54.2) 6689 (50.8) 750 (51.1) 6518 (51.1) 463 (49.4) 6838 (51.1)
Female 496 (45.8) 6481 (49.2) 719 (48.9) 6246 (48.9) 475(50.6) 6533 (48.9)
Proportion of tract below poverty level—mean 18.2 (12.1)  15.8 (10.8) 17.7(12.0) 15.7(10.8) 17.6(11.9)  15.8 (10.8)

(SD)

#Missing outcomes due to implausible values: preterm birth: n = 57; small for gestational age: n = 76

for the complexity of neighborhood domains like phys-
ical disorder and the possibility that the presence of
certain physical disorder indicators may indicate a great-
er degree of latent physical disorder than others [39]
(e.g., abandoned buildings as opposed to litter). Finally,
prior studies have typically used birth certificate data,
which might underreport obstetric procedures and ma-
ternal and infant medical conditions [51-53]. EHR data,
as used in our study, provides an alternative data source
that might more reliably capture these measures, al-
though it is not without limitations, as noted below.
Our finding that adjustment for neighborhood pover-
ty attenuated associations between physical disorder and
adverse pregnancy outcomes for PTB and SGA
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underscores the challenge of disentangling the effects
of neighborhood poverty from more proximal neighbor-
hood features. Neighborhood physical disorder and pov-
erty were moderately correlated in our analysis and have
been found to be correlated in past studies [18, 54].
Neighborhoods with higher poverty rates tend to have
higher levels of physical disorder, and physical signs of
disorder may also deter future investment in the neigh-
borhood [55]. Disentangling complex neighborhood at-
tributes is a challenging area that would benefit from
future research. For example, positive neighborhood
social attributes (e.g., social cohesion, social support,
and participation in local organizations) have been
found to have protective associations with pregnancy
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Table 4 Associations of neighborhood physical disorder with adverse pregnancy outcomes (1 = 14,309 births)*®

Association of high versus low
neighborhood physical disorder

Preterm Small for gestational Hypertensive disorder of
birth—prevalence ratio  age—prevalence ratio (95% CI) pregnancy—prevalence ratio (95%
(95% CI) CI)

Model 1—unadjusted
Model 2—adjusted for maternal con-

1.37 (1.20, 1.56)
1.21 (1.06, 1.39)

1.21 (1.09, 1.35)
1.13 (1.01, 1.27)

1.28 (1.12 1.47)
123 (1.07, 1.42)

founders

Model 3—model 2 + neighborhood  1.14 (0.99, 1.31) 1.08 (0.95, 1.23) 1.18 (1.02, 1.37)
poverty

Model 4—model 3 + maternal health 1.11 (0.96, 1.28) 1.08 (0.95, 1.22) 1.09 (0.95, 1.26)
conditions

#High neighborhood physical disorder was defined as living in a neighborhood in the highest tertile of log-transformed physical disorder
scores (range — 0.13 to 0.52). Low neighborhood physical disorder was defined as living in a neighborhood in the lower two tertiles (range —
0.86 to — 0.13)

®Model 1: unadjusted. Model 2: adjusted for maternal age, maternal age squared, race/ethnicity, insurance status, multiparity, and season of
birth. Model 3: adjusted for neighborhood poverty rate. Model 4: adjusted for maternal health conditions (gestational diabetes, prevalent

hypertension, prevalent diabetes, history of asthma, history of mental health concern, history of substance use)

outcomes [56, 57] and might buffer harmful effects of
neighborhood stressors, although this area remains
understudied. We lacked information on these measures
in the current study, so we were unable to examine how
these factors may relate to physical disorder or pregnan-
cy outcomes in our study population.

Our study is novel in using Google Street View and
EHR data to examine associations of neighborhood
physical disorder with adverse pregnancy outcomes.
However, several limitations should be noted. First, we
used census tracts to define neighborhoods, which may
not accurately capture study participants’ own neighbor-
hood definitions. We linked physical disorder scores

based on women’s home addresses at the time of deliv-
ery but lacked information on neighborhoods where
they worked or spent significant amounts of time away
from home. We also lacked information on how long
they had lived in their neighborhood and on their per-
ceptions of neighborhood physical disorder, which may
be more biologically proximal to pregnancy outcomes
than objectively defined measures. Our use of Google
Street View, while novel in the context of pregnancy
outcomes, also has limitations. Physical disorder was
assessed at only one time point for each census tract. In
addition, we did not validate our virtual ratings against
in-person ratings. However, a prior study that used a

Table 5 Associations of neighborhood physical disorder with preterm birth subtypes (n = 14,309 births)™"

Association of high versus low
neighborhood physical disorder

Spontaneous preterm
birth—prevalence ratio (95%
CI)

Medically indicated preterm Very preterm
birth—prevalence ratio (95% CI) birth®—prevalence ratio
(95% CI)

Model 1—unadjusted

Model 2—adjusted for maternal
confounders

Model 3—model 2 + neighborhood
poverty

Model 4—model 3 + maternal health 1.10 (0.87, 1.39)
conditions

1.36 (1.11, 1.66)
1.23 (0.99, 1.53)

1.12 (0.98, 1.42)

1.34 (1.10, 1.63)
1.21 (0.98, 1.51)

1.59(1.22,2.07)

1.24 (0.94, 1.64)
1.11 (0.88, 1.41) 1.07 (0.80, 1.44)

1.09 (0.86, 1.37) 1.02 (0.76, 1.38)

#High neighborhood physical disorder was defined as living in a neighborhood in the highest tertile of log-transformed physical disorder
scores (range — 0.13 to 0.52). Low neighborhood physical disorder was defined as living in a neighborhood in the lower two tertiles (range —
0.86 to — 0.13)

®Model 1: unadjusted. Model 2: adjusted for maternal age, maternal age squared, race/ethnicity, insurance status, multiparity, and season of
birth. Model 3: adjusted for neighborhood poverty rate. Model 4: adjusted for maternal health conditions (gestational diabetes, prevalent
hypertension, prevalent diabetes, history of asthma, history of mental health concern, history of substance use)

¢ Defined as gestational age < 32 weeks
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similar physical disorder scale to conduct both virtual
and in-person audits found that the two approaches
identified the same neighborhoods as having high phys-
ical disorder and concluded that Google Street View-
based audits could substitute for in-person assessments
with little loss of precision [35]. Finally, our approach of
auditing one block per census tract may have resulted in
misclassification of level of neighborhood physical dis-
order. However, the average area of Chicago census
tracts is relatively small (0.8 km) and prior studies that
used Google Street View audit paired with spatial inter-
polation have conducted audits on a similar scale (e.g.,
using a 1-2-km grid) [32, 37]. Our use of kriging
allowed us to take spatial relationships into account
when calculating census tract physical disorder scores,
rather than simply assigning the value estimated based
on the single audited block.

A strength of this study is the relatively large sample
size available through EHR data. EHRs provide an
opportunity for future longitudinal assessments that
may strengthen causal inference by examining whether
changes in adverse pregnancy outcomes follow changes
in neighborhood physical disorder. Another benefit of
EHR data is the availability of more granular data on
maternal health conditions and etiology of preterm birth
relative to the more commonly used birth certificates
data. However, EHR systems are designed for patient
care rather than research purposes and are also subject to
limitations. Our EHR data did not contain information
on diet or physical activity. Also, pre-pregnancy body
mass index and gestational weight gain were captured
inconsistently. We adjusted for reported history of sub-
stance abuse in our final models, but this variable did not
distinguish between current or prior use, and may have
been subject to recall or social desirability bias. In
addition, our study population came from a single hos-
pital in one city, which may limit the generalizability of
findings. Finally, there may be residual confounding by
unmeasured neighborhood-level variables (e.g., differ-
ences in neighborhood social norms or social cohesion
that may buffer stress or support protective behaviors
during pregnancy).

Conclusion
We found modest associations between neighborhood
physical disorder and adverse pregnancy outcomes

among women delivering at a large, academic women’s

@ Springer

hospital in Chicago. Future work is needed to disentan-
gle the unique contribution of physical disorder from
other characteristics of disadvantaged neighborhoods.
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