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Racial Residential Segregation and Hypertensive Disorder of
Pregnancy Among Women in Chicago: Analysis of Electronic

Health Record Data

Stephanie L. Mayne," Disha Yellayi," Lindsay R. Pool," William A. Grobman,'? and Kiarri N. Kershaw'

BACKGROUND

Racial residential segregation is associated with higher rates of
chronic hypertension, as well as greater risk of preterm birth and
low birthweight. However, few studies have examined associa-
tions between segregation and hypertensive disorder of pregnancy
(HDP).

METHODS

Electronic health records from 4,748 singleton births among non-
Hispanic black women at Prentice Women'’s Hospital in Chicago, IL
(2009-2013) were geocoded to the census tract level. Residential
segregation was measured using the G;* statistic, a z-score measur-
ing the extent to which each individual’s neighborhood composi-
tion deviates from the composition of the larger surrounding area.
Segregation was categorized as low (z < 0), medium (z = 0-1.96) or
high (z > 1.96). We estimated cross-sectional associations of segre-
gation with HDP using multilevel logistic regression models with
census tract random intercepts. Models adjusted for neighborhood
poverty and maternal characteristics. We also examined effect modi-
fication by neighborhood poverty.

Hypertensive disorder of pregnancy (HDP), which affects
approximately 10% of pregnancies, is an important risk factor
for preterm birth, low birthweight, and perinatal mortality.!
Women with HDP are also at increased risk for develop-
ing chronic hypertension and cardiovascular disease in the
future.>? Racial disparities in HDP exist, with non-Hispanic
black women having a greater risk of developing HDP com-
pared with women from other race/ethnic groups.*-

Racial residential segregation, or the degree to which 2 or
more racial groups live apart from one another,” has been
described as a fundamental cause of racial disparities in
health outcomes.® Segregation among African Americans
as a result of discrimination in housing and lending prac-
tices has resulted in disproportionate exposure of African
Americans to neighborhood disadvantage and poor physi-
cal and social environments relative to white Americans.3-1?

RESULTS

Overall, 27.2% of women lived in high segregation, high-poverty neighbor-
hoods. Racial residential segregation was not associated as a main effect with
HDP in models adjusting for neighborhood poverty and maternal characteris-
tics. However, at higher levels of neighborhood poverty (>20%), women living
in high- and medium-segregated neighborhoods had greater odds of HDP
relative to those in low-segregation neighborhoods (P interaction: 0.002).

CONCLUSIONS

In this sample of non-Hispanic black women in Chicago, racial residen-
tial segregation was associated with greater prevalence of HDP among
those living in higher poverty neighborhoods. Understanding sources
of heterogeneity in the relationship between segregation and health
will help refine targeted intervention efforts to reduce disparities.
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Segregation may adversely influence health by limiting
access by residents of segregated neighborhoods to health-
promoting resources, limiting opportunities for economic
advancement, and increasing psychosocial stress.®10:13-15
Alternatively, living in segregated neighborhoods could
be protective for health by increasing social support or
reducing direct exposure to interpersonal experiences of
discrimination.!#1617

Segregation has been linked to adverse pregnancy out-
comes including preterm birth and low birthweight.!8-2* In
addition, segregation has been found to be associated with
greater risk of chronic hypertension.?*?> However, to our
knowledge, only 1 prior study has examined associations
between racial residential segregation and HDP?! Grady and
Ramirez found that HDP mediated the association between
racial segregation and low birthweight among black women
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in New York City using birth certificate data.?! However,
birth certificates have been found to underreport pregnancy-
related medical conditions,?®*” limiting researchers’ ability
to control for potential confounders and examine outcomes
such as HDP. Electronic health records (EHRs), which con-
tain more granular information on maternal health condi-
tions than birth certificate data, are a promising data source
for research examining associations of neighborhood char-
acteristics and birth outcomes.

Our primary objective was to build on previous research
by using EHR data to examine the association between racial
residential segregation and HDP. Concentration of poverty
in segregated neighborhoods has been noted as a particu-
larly harmful consequence of racial residential segregation,
but little is known regarding whether segregation and neigh-
borhood poverty interact synergistically to increase risk of
poor health outcomes.'* Thus, our second objective was to
examine whether associations of segregation with HDP dif-
fered by level of neighborhood poverty.

METHODS
Study population

We conducted a retrospective cohort study using
data from the Northwestern Medicine Enterprise Data
Warehouse, a repository of EHRs. We extracted records for
all non-Hispanic black women delivering singleton infants at
Prentice Women’s Hospital in Chicago, IL between 1 January
2009 and 31 December 2013 (N = 5,638 births to 5,114

All non-Hispanic black women delivering
singleton infants at Prentice Women’s
Hospital between 1/1/09 and 12/31/13:

N=5638 births to 5114 mothers

mothers). We used ArcMap version 10.5 (Environmental
Systems Research Institute, Redlands, CA) to geocode
patient addresses at the time of birth. Our sample was lim-
ited to women whose home address was located within
the Chicago-Joliet-Naperville, IL-IN-WI Metropolitan
Statistical Area (Chicago MSA), which included 5,235 births
to 4,770 mothers. We then excluded 26 births (<1%) with
missing/implausible demographic or clinical information
and restricted the analysis to each woman’s first birth dur-
ing the study period, for a final total of 4,748 included births
(study flow chart shown in Figure 1). Mothers ranged in age
from 13 to 53 years old. A total of 137 births (2.9%) were to
mothers less than 18 years.

Racial residential segregation

Neighborhood-level racial residential segregation was
measured using the local Getis-Ord G;* statistic® using 2010
US Census tracts to define neighborhoods. For each tract,
the G;* statistic outputs a z-score representing the degree to
which the racial composition (i.e., percent non-Hispanic
black) of that tract and its neighboring tracts differs from the
mean racial composition of a larger area unit (in this case, the
Chicago MSA). Tracts were considered neighboring if they
shared an edge with the focal tract. Segregation was catego-
rized as follows: low (z < 0), medium (z = 0-1.96), high (z >
1.96). At the a = 0.05 level, a G;* value of 1.96 indicates statisti-
cally significant over-representation of black residents relative
to the larger MSA, while scores near 0 indicate that the racial
composition of the tract is comparable with that of the larger

v
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N=5235 births to 4770 mothers

Excluded if home address not located in
Chicago Metropolitan Statistical Area
N=403 births and 344 mothers

A 4

N=5209 births to 4748 mothers

Excluded if missing/implausible
demographic or clinical data
N=26 births and 22 mothers

A4

N=4,748 births to 4,748 mothers

Figure 1. Study flow diagram.
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area and negative scores indicate a lower than expected per-
cent of black residents. These cutoffs have been used in previ-
ous segregation studies of adverse pregnancy outcomes.?

Hypertensive disorder of pregnancy

HDP was determined using problem lists and diagnostic
codes with the EHR. Women who had documentation of a
diagnosis of gestational hypertension or pre-eclampsia dur-
ing the included pregnancy were classified as having HDP.

Covariates

Individual-level covariates were extracted from the EHR,
including age at delivery, insurance type (none, private, or
public), multiparity, smoking in pregnancy, pregestational or
gestational diabetes in the current pregnancy, and chronic
hypertension. Neighborhood poverty was defined as the
percentage of individuals within the mother’s census tract
with household income below the federal poverty threshold,
based on data from the 2009 to 2013 US Census American
Community Survey.

Statistical analysis

Distributions of maternal and geographic characteristics
were examined by level of racial residential segregation using

means and SDs for continuous variables and proportions for
categorical variables. We used multivariable multilevel logis-
tic regression to estimate odds ratios of HDP associated with
racial residential segregation category (high vs. low, medium
vs. low). Models included random intercepts for census
tracts to reflect clustering of mothers within neighborhoods.
Models were first adjusted for neighborhood poverty and
maternal age at delivery. Subsequent models were addition-
ally adjusted for insurance type, smoking during pregnancy,
pregestational diabetes, gestational diabetes, and chronic
hypertension. To examine potential effect modification of the
association between segregation and HDP by neighborhood
poverty, we included an interaction term between segrega-
tion and neighborhood poverty in a second set of models. We
plotted odds ratios of HDP comparing women in high- and
medium-segregated neighborhoods to low-segregated neigh-
borhoods across levels of neighborhood poverty. All analyses
were conducted using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Out of 4,748 women included in this study, 62.7% lived
in a highly segregated neighborhood, 16.7% lived in a
medium-segregated neighborhood, and 20.8% lived in
a low-segregated neighborhood. Selected characteristics
by neighborhood segregation level are shown in Table 1.
Women in highly segregated neighborhoods were more

Table 1. Characteristics of African American mothers at Prentice Women’s Hospital by category of racial residential segregation, 2009-2013

(N = 4,748)

High segregation
N=2,975

Low segregation

Medium segregation N = 791 N =982

Characteristic (62.7% of births) (16.7% of births) (20.8% of births) P value®
Mother characteristics
Age at delivery, mean (SD) 29.3 (6.4) 27.7 (6.4) 27.9 (6.3) <0.0001
Insurance status, % <0.0001
Private 42.8 45.4 56.5
Public 56.5 53.2 42.8
None/self pay 0.7 1.4 0.7
Multiparous, % 50.2 47.8 42.9 0.0004
Prevalent diabetes, % 1.9 1.3 1.5 0.4
Gestational diabetes. % 6.1 4.6 7.2 0.06
Smoking during pregnancy, % & 4.6 21 0.01
Prevalent hypertension 3.6 3.4 2.9 0.5
Hypertensive disorder of pregnancy,® % 9.4 9.1 8.6 0.7
Geographic characteristics
G* statistic, mean (SD)° 4.58 (1.10) 0.74 (0.52) -0.90 (0.48) <0.0001
Neighborhood poverty, mean (SD)¢ 0.31 (0.14) 0.25 (0.15) 0.15 (0.09) <0.0001

apP values from chi-squared tests for categorical variables and one-way analysis of variance for continuous variables.

bDefined as gestational hypertension or pre-eclampsia.

¢Levels of racial residential segregation categorized into high, medium, and low based on the value of the local G* statistic, which measures
the deviation of the racial composition of the census tract from the larger area. Segregation levels based on a G;* statistic z-score of less than
0, 0-1.96, and greater than 1.96, represent low, medium, and high categories, respectively.

dProportion of individuals within the census tract with household income below the federal poverty threshold based on data from the 2009 to

2013 US Census American Community Survey.
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likely to have public insurance than women in medium- or
low-segregation neighborhoods. Women in highly segre-
gated neighborhoods were more likely to be multiparous
and to have pregestational diabetes than women in low- or
medium-segregation areas. Highly segregated areas had
a higher percent of residents below the poverty threshold
(31%) compared with medium-segregation neighborhoods
(25%) and low-segregation neighborhoods (15%).

Table 2 presents the distribution of women in our anal-
ysis according to segregation category and neighborhood
poverty category. The highest proportion of women lived in
neighborhoods with high segregation and high neighbor-
hood poverty (27.2%). Few women (1.0%) lived in neigh-
borhoods with high poverty and low segregation.

In models adjusted for maternal age at delivery and neigh-
borhood poverty, racial residential segregation was not asso-
ciated with significantly higher odds of HDP (Table 3; high
vs. low: odds ratio: 1.11, 95% confidence interval: 0.84-1.47;
medium vs. low: odds ratio: 1.09, 95% confidence interval:
0.78-1.53). Results were unchanged after further adjustment
for additional maternal characteristics.

However, associations of segregation and HDP varied
by level of neighborhood poverty (P interaction: 0.002).
Figures 2 and 3 display the odds of HDP comparing high-
and medium-segregation neighborhoods to low-segregation
neighborhoods across varying levels of neighborhood pov-
erty. At low levels of neighborhood poverty (<15%), racial
residential segregation was associated with lower odds of
HDP (Figures 2 and 3). This direction of the association
reversed at the 20th percentile of neighborhood poverty and
strengthened as neighborhood poverty percentile increased.
For women in neighborhoods with the median poverty level
(25.7%) or greater, medium and high segregation were asso-
ciated with significantly greater odds of HDP.

DISCUSSION

In this analysis of EHR data, we found that racial residen-
tial segregation was associated with higher odds of HDP in

Table 2. Percentage of African American mothers at Prentice
Women'’s Hospital, by level of racial residential segregation and
neighborhood poverty, 2009-2013 (N = 4,748)

Neighborhood poverty category®

Segregation category,® % High Medium Low
High 27.2 22.3 13.2
Medium 5.2 4.8 6.7
Low 1.0 6.3 13.4

aLevels of racial residential segregation categorized into high,
medium, and low based on the value of the local G;* statistic, which
measures the deviation of the racial composition of the census tract
from the larger area. Segregation levels based on a G;* statistic
z-score of less than 0, 0-1.96, and greater than 1.96, represent low,
medium, and high categories, respectively.

bLevels of neighborhood poverty categorized into high, medium,
and low based on tertiles of the percentage of neighborhood resi-
dents living in poverty.

1224 American Journal of Hypertension 31(11) November 2018

areas with higher neighborhood poverty rates only. While
prior studies of segregation and birth outcomes have not
focused on HDP as an outcome, prior research suggests that
segregation is associated with greater risk of preterm birth
and low birthweight.'®-2* Qur results, as well as those from a
previous study among women in New York City that exam-
ined HDP as a mediator for the association of segregation
and low birthweight,*! suggest HDP as a pathway through
which segregation may influence disparities in other adverse
pregnancy outcomes (e.g., preterm birth). In addition, as
HDP is associated with increased risk that a woman devel-
ops chronic hypertension later in life,>* this outcome has
important implications for racial disparities in cardiovascu-
lar disease.

In our study, segregation was associated with lower odds
of HDP in lower poverty neighborhoods and higher odds
of HDP in higher poverty neighborhoods. Neighborhoods
with both high levels of segregation and poverty may lack
access to health-promoting amenities such as grocery stores
and health care providers.*®* In addition, these neighbor-
hoods may have higher rates of psychosocial stressors such
as crime.’ The “weathering hypothesis” suggests that
repeated exposures to adverse social and economic condi-
tions result in chronic dysregulation of the immune and
neuroendocrine systems, which may contribute to dete-
rioration in health among African American women in
early and midadulthood.’> This process may be related to

Table 3. Odds ratios of hypertensive disorder of pregnancy?
associated with racial residential segregation among African
American mothers at Prentice Women'’s Hospital, 2009-2013
(N =4,748)

Model 1,
OR (95% CI)

Model 2,

Characteristic OR (95% Cl)

Segregation category (vs. low)?

High
Medium
Neighborhood poverty®

Mother’s age at delivery

1.11 (0.84-1.47)
1.09 (0.78-1.53)
1.01 (0.94-1.09)
1.02 (1.01-1.04)

1.10 (0.82—1.46)
1.09 (0.77—1.54)
1.01 (0.93-1.09)
1.01 (0.99-1.03)

Insurance (vs. private)

None/self pay — 1.10 (0.33-3.63)
Public — 1.12 (0.89-1.41)
Multiparous — 0.75 (0.61-0.94)

Gestational diabetes — 1.61 (1.12-2.32)
2.16 (1.22-3.84)
6.17 (4.33-8.78)

0.83 (0.48-1.46)

Prevalent diabetes —
Prevalent hypertension —

Smoking during pregnancy —

Abbreviations: Cl, confidence interval; OR, odds ratio.

aCombined outcome including both gestational hypertension and
pre-eclampsia.

bSegregation categories determined by G* statistic of mother’s
census tract of residence using the following cut points: >1.96 = high
segregation, 0—-1.96 = medium segregation, <0 = low segregation.

¢Odds ratio of hypertensive disorder of pregnancy for each 10%
increase in neighborhood poverty.
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Figure 2. Association of high racial residential segregation (vs. low) with hypertensive disorder of pregnancy across levels of neighborhood poverty.
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Figure3. Association of medium racial residential segregation (vs. low) with hypertensive disorder of pregnancy across levels of neighborhood poverty.

development of hypertension, both chronic and during
pregnancy, through inflammation and endothelial dys-
function.’®*” Supporting this idea, prior studies have found
neighborhood crime® and physical disorder (e.g., graffiti,
trash, abandoned buildings)*+° to be associated with greater
likelihood of HDP.

In contrast, some aspects of segregation have been hypoth-
esized to have a protective effect through increasing social
support among black communities.!#1¢17 Several prior stud-
ies have found protective association of elements of segrega-
tion with birth outcomes. For example, Bell et al.!® reported
risk of preterm birth and low birthweight to be reduced with
clustering of predominantly black neighborhoods, which
may enhance social support and social networks. In addi-
tion, Pickett et al.'” found that African American women liv-
ing in Chicago census tracts that were both predominantly
African American, and wealthier relative to tracts lived in
by other women with comparable educational attainment,
had lower rates of preterm birth. In this context, our results

suggest that the adverse influence of segregation on HDP
may be magnified in the presence of neighborhood pov-
erty but that more highly segregated neighborhoods may
have health-promoting aspects if they are of low poverty.
However, more research in this area is needed.

The use of EHR data is a strength of this study, as EHRs
are more reliable than birth certificates to capture the pres-
ence of HDP and potential confounding covariates such as
maternal conditions. However, this study was also subject to
several limitations. First, the study was conducted in 1 urban
hospital and may not generalize to all populations. Second,
EHR data are still limited in terms of the variables cap-
tured, as these systems were designed for clinical practice as
opposed to research. The EHR did not contain information
on health behaviors like diet and physical activity that may
mediate associations of segregation with HDP. As maternal
body mass index and gestational weight gain were miss-
ing for a large proportion of women, we could not include
this variable in the analysis. The EHR also did not contain
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information on mothers’ marital status, employment status,
or education. In addition, while we controlled for chronic
hypertension as a covariate in an attempt to distinguish HDP
from prevalent hypertension preceding the pregnancy;, it is
possible that some women classified as having HDP actually
had pre-existing undiagnosed chronic hypertension. Also,
we lacked information on pregnancies that had been ter-
minated due to HDP. Finally, we defined segregation based
on women’s addresses at the time of delivery. However, we
were unable to account for how long women had lived at that
address.

Racial residential segregation was associated with higher
odds of HDP among non-Hispanic black women living in
neighborhoods with a greater percentage of residents liv-
ing below the poverty threshold. Understanding sources of
heterogeneity in the relationship between segregation and
health will help refine targeted intervention efforts to reduce
disparities.
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