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BACKGROUND: Residential segregation, a geospatial manifestation of structural racism, is a fundamental driver of racial and
ethnic health inequities, and longitudinal studies examining segregation’s influence on cardiovascular health are limited. This
study investigates the impact of segregation on hypertension in a multiracial and multiethnic cohort and explores whether
neighborhood environment modifies this association.

METHODS AND RESULTS: Leveraging data from a diverse cohort of adults recruited from 6 sites in the United States with 2
decades of follow-up, we used race- and ethnicity-stratified Cox models to examine the association between time-varying
segregation with incident hypertension in 1937 adults free of hypertension at baseline. Participants were categorized as
residing in segregated and nonsegregated neighborhoods using a spatial-weighted measure. We used a robust covariance
matrix estimator to account for clustering within neighborhoods and assessed effect measure modification by neighborhood
social or physical environment. Over an average follow-up of 7.35 years, 65.5% non-Hispanic Black, 48.1% Chinese, and
53.7% Hispanic participants developed hypertension. Net of confounders, Black and Hispanic residents in segregated neigh-
borhoods were more likely to develop hypertension relative to residents in nonsegregated neighborhoods (Black residents:
hazard ratio [HR], 1.33; 95% ClI, 1.09-1.62; Hispanic residents: HR, 1.33; 95% CI, 1.04-1.70). Results were similar but not
significant among Chinese residents (HR, 1.20; 95% Cl, 0.83-1.73). Among Black residents, neighborhood social environment
significantly modified this association such that better social environment was associated with less pronounced impact of
segregation on hypertension.

CONCLUSIONS: This study underscores the importance of continued investigations of groups affected by the health conse-
quences of racial residential segregation while taking contextual neighborhood factors, such as social environment, into
account.
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cular diseases such as stroke, coronary artery

disease, heart failure, and atrial fibrillation as well
as all-cause mortality.? Persistent racial and ethnic
inequities in hypertension remain an urgent public
health challenge. According to the American Heart
Association, the prevalence of hypertension among
Black people in the United States is among the highest
in the world at 56.6% for men and 55.3% for women.®

Hypertension is a major risk factor for cardiovas-

Hypertension control-related behaviors, including hy-
pertension treatment and management, are also sig-
nificantly less common among Hispanic, Asian, and
non-Hispanic Black populations."*® Individual-level
factors have failed to account for these persistent ineg-
uities, highlighting the need to understand contextual-
level factors that may explain these differences.
Extensive research has documented that place
may help explain the inequities in hypertension and
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CLINICAL PERSPECTIVE

What Is New?

e A cohort study with 2 decades of follow-up
found that Black and Hispanic adults living in
racially segregated neighborhoods were more
likely to develop hypertension, adjusting for in-
dividual sociodemographic and health factors.

e Among Black participants, the impact of segre-
gation on hypertension was more pronounced
in neighborhoods with worse social environ-
ment quality (eg less social cohesion, reduced
sense of safety), highlighting the importance of
understanding structural processes that nega-
tively influence neighborhood social conditions.

What Are the Clinical Implications?

e Addressing sociopolitical mechanisms that up-
hold structural racism, such as racial residential
segregation, may be important to reduce racial
and ethnic inequities in incident hypertension.

Nonstandard Abbreviations and Acronyms

MESA  Multi-Ethnic Study of Atherosclerosis

other cardiometabolic factors.®'°© One multidimen-
sional aspect of place is racial residential segregation,
or “the physical separation of the races in residential
contexts,” which was systematically created through
sociopolitical policies and economic programs such
as mortgage redlining, urban renewal, and barriers to
educational and economic opportunities.! Structural
racism, a fundamental cause of racial and ethnic health
inequities, operates through residential segregation to
produce differential socioeconomic conditions, neigh-
borhood environment, and access to health care
across space.'?'3 Understanding the influence of res-
idential segregation can contribute to hypertension
prevention and control in Black populations and other
minoritized racial and ethnic groups, reducing racial
and ethnic inequities in hypertension and the dispro-
portionate burden of cardiovascular diseases on mi-
noritized populations.

Studies investigating the link between residential
segregation and hypertension have focused primar-
ily on Black populations and reported mixed find-
ings. Kershaw et al. found that Black participants had
higher odds of hypertension compared with their White
counterparts, and this disparity increased in highly
segregated metropolitan areas compared with low
segregation areas.'* A geospatial analysis in Durham,
North Carolina showed that census block-level racial
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isolation of non-Hispanic Black patients was asso-
ciated with increased odds of hypertension for both
non-Hispanic Black and White participants.® Other
studies examining segregation and hypertension con-
ducted in Black populations found null results or asso-
ciations only in specific subgroups.'®® For example,
one study in New York City found that neighborhood-
level segregation was protective against hypertension
among foreign-born Black older adults but not among
younger or US-born Black adults.'® There has been
only 1 longitudinal study to date that documented the
associations between changes in segregation and
blood pressure over time. This analysis showed that
increased exposure to segregation was associated
with a small but significant increase in systolic blood
pressure among Black participants.’® Overall, these
studies have demonstrated mixed results and suggest
that further investigation of the relationship between
segregation and hypertension is needed.

There are also other major limitations in the current
literature on segregation and hypertension that need
to be addressed. First, there have been few studies
examining segregation and hypertension in other mi-
noritized racial and ethnic groups, and these existing
studies were cross-sectional and reported mixed find-
ings. Whereas one study in Chicago found that Latino
participants living in neighborhoods with higher con-
centration of immigrant and Latino residents had lower
odds of hypertension but also worse access to hyper-
tension control, another study found that high Latino
ethnic density was associated with higher risk of hy-
pertension.'®?% A study examining Asian populations
documented no association between living in an Asian
ethnic enclave in New York City and self-reported hy-
pertension.?" Additionally, only 2 studies have examined
the cross-sectional associations between segregation
and hypertension in samples with multiple minoritized
racial and ethnic groups; both studies documented
associations between economic or racial segrega-
tion and hypertension in the overall, multiracial study
population.?>23 Although Black Americans experience
unique and most pervasive forms of structural racism
that manifest in persistent and severe residential seg-
regation, residential segregation, and its correlates in
housing and access to other resources, may also have
consequences for other minoritized racial and ethnic
groups.®*~8 It is important to evaluate whether asso-
ciations between segregation and hypertension vary
across minoritized racial and ethnic groups in order to
elucidate the ways in which structural racism drives ra-
cial and ethnic health inequities.

Second, given that there are both positive and
negative aspects of racial and ethnic spatial cluster-
ing, studies should examine the neighborhood-level
factors through which segregation may influence hy-
pertension. Segregation is usually used to capture the



Gao et al

negative aspects of this spatial clustering, which create
vastly different economic, social, and physical neigh-
borhood conditions through differential exposure to
poor housing quality, concentrated poverty, and lack of
access to education and economic opportunities.'2"28
On the other hand, the ethnic density hypothesis pos-
its that living in ethnic enclaves—neighborhoods with
higher concentration of residents from the same ethnic
background—is health promoting because of social
support, social cohesion, provision of a buffer against
racism, and access to culturally appropriate resourc-
es.2981 Owing to the mixed nature of study findings
on spatial clustering of minoritized racial and ethnic
groups and hypertension, it is possible that both the
harmful aspects and the protective effects of segre-
gation are operating simultaneously. For instance, the
type of social support usually associated with ethnic
enclaves may also exist in segregated, predominantly
Black neighborhoods but fails to offset the effects
caused by poor neighborhood environment and sys-
tematic barriers to resources. In order to consider both
the harmful and protective aspects of segregation, it is
necessary for studies to evaluate whether neighbor-
hood physical and social environments modify the as-
sociation between segregation and hypertension.

To address the limitations in the existing literature,
this study leveraged data from MESA (the Multi-Ethnic
Study of Atherosclerosis) to evaluate the association
between residential segregation and incident hyperten-
sion with 2 decades of follow-up, using methods that
account for spatial clustering of observations. We con-
ducted analyses within 3 racial or ethnic groups: non-
Hispanic Black, Chinese, and Hispanic. Furthermore,
we assessed whether the association between segre-
gation and hypertension is modified by neighborhood
physical and social environment quality. We hypothe-
sized that living in a segregated neighborhood would
be associated with higher risk of hypertension within
each racial or ethnic subgroup. Furthermore, we hy-
pothesized that better neighborhood physical and
social environment quality can offset the negative im-
pact or amplify the positive aspects of segregation on
health.

METHODS

Qualified researchers trained in human subject confi-
dentiality protocols may find information on requesting
access to the data used in this study at https://mesa-
nhibi.org.

Study Population

This study used data from MESA. Details about the
study design are described elsewhere.®? Briefly, MESA
is a prospective cohort study designed to examine the
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determinants of subclinical cardiovascular disease in
adults aged 45 to 84 years at baseline. Self-identified
non-Hispanic Black, White, Chinese, and Hispanic
male and female participants free of clinical cardio-
vascular disease were recruited from 6 sites in the
United States: New York, New York; Baltimore City and
County, Maryland; Forsyth County, North Carolina; St.
Paul, Minnesota; Chicago, lllinois; and Los Angeles
County, California. Five additional examinations have
been completed since baseline: Exam 2 (2002-2004),
Exam 3 (2004-2005), Exam 4 (2005-2007), Exam 5
(2010-2012), and Exam 6 (2016-2018). Analyses in this
study also used data from the MESA Neighborhood
Ancillary study, designed to assess neighborhood
conditions’ impact on cardiovascular disease.

Of the non-Hispanic Black, Chinese, and Hispanic
MESA participants who gave informed consent to par-
ticipate in the Neighborhood Ancillary Study (n=3758),
we excluded participants who had prevalent hyper-
tension at baseline (n=1804), were missing segrega-
tion status (n=6), or did not have covariate information
(n=11). This resulted in a final analytic sample of 1937
participants. Those excluded from the analytic sam-
ple were more likely to be male, older, non-Hispanic
Black, current smoker, insured, US-born, have lower
education attainment level, and lived in neighborhoods
with worse physical environment. This study was ap-
proved by the institutional review boards at each study
site and all participants gave written informed consent.

Incident Hypertension

At each Exam, blood pressure was measured using
a standardized protocol: 3 measurements were taken
at 2-minute intervals with an automated oscillometric
sphygmomanometer after 5 minutes of seated rest.
The analysis used the average of the second and third
measurements. To be comparable with existing lit-
erature, incident hypertension was defined as systolic
blood pressure >140 mm Hg, diastolic blood pressure
>90 mm Hg, or reported use of antihypertensive medi-
cation.®® As a sensitivity analyses, we also evaluated
incident hypertension defined as systolic blood pres-
sure >130 mm Hg, diastolic blood pressure >80 mm,
or the use of antihnypertensive medication, based on
the 2017 American College of Cardiology/American
Heart Association guidelines.®* The month of the in-
cident hypertension was set as the midpoint between
the last nonhypertensive examination and the first hy-
pertensive examination. Those who did not develop
hypertension were censored at their last exam.

Residential Segregation

Using data from the US Census and American
Community Survey that corresponded with each Exam,
we characterized the residential segregation status of
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neighborhoods, which were defined as census tracts.
Time-varying neighborhood-level own-group racial resi-
dential segregation was measured using the Getis-Ord
Local G/ statistic, based on the census tract of the geo-
coded addresses of MESA participants during Exam cal-
endar year. The G statistic returned a Z score for each
neighborhood, indicating the extent to which the racial
composition in that tract and neighboring tracts deviated
from the mean racial composition of larger areal unit
within which the census tract was located (eg county).
We used racial and ethnic census data (% Hispanic, %
non-Hispanic Black, and % non-Hispanic Asian) to cal-
culate the G, statistics, which were then assigned to par-
ticipants based on their race or ethnicity and residence
census tract. Positive G, Z-scores indicated racial and
ethnic clustering in the census tract compared with the
larger areal unit within which the tract was located. We
categorized census tracts with G, statistics above 1.96
as segregated. Census tracts with G statistics at or
below 1.96, which included both no clustering and sta-
tistically significant low clustering (underrepresentation
of the racial or ethnic group in the census tract), were
categorized as nonsegregated because there were few
participants residing in areas where they were under-
represented.'9223536 Segregation measures were linked
to MESA participants at each Exam based on the most
comparable dates for the American Community Survey
data. Exams 1, 2, and part of Exam 3 used 2000 US
Census data, part of Exam 3 and Exam 4 used 2005 to
2009 American Community Survey data, and Exam 5
used 2007 to 2011 American Community Survey data.
For Exam 6, we used the segregation measurements
from the last wave of the Neighborhood Ancillary study,
which corresponded to Exam 5.

Neighborhood Physical and Social
Environment

Analyses in this study used data from the MESA
Neighborhood Ancillary study, designed to assess neigh-
borhood conditions’ impact on cardiovascular diseases.
Corresponding to MESA Exams 1 to 5, the Neighborhood
Ancillary study collected survey-based information on the
neighborhood social and physical environments around
participants’ home addresses. In addition to MESA par-
ticipants, individuals residing in the same neighborhoods
as MESA participants were recruited as a part of the
Community Survey and asked to rate several aspects of
their neighborhoods. The Community Survey reduced
same-source bias, increased within-neighborhood
sample size for constructing contextual variables and
provided a more representative view of the neighbor-
hoods.®*8 Because the Neighborhood Ancillary study
was not conducted paralleling MESA Exam 6, data from
the Neighborhood Ancillary study corresponding to Exam
5 was used for Exam 6.
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Time-varying neighborhood physical and social en-
vironment measures were created based on responses
from MESA participants and Community Survey re-
spondents at MESA sites. Participants were asked to
consider the area approximately 1 mile around their
homes and indicate the extent to which they agreed
with given statements about their neighborhood en-
vironment. Neighborhood physical environment was
characterized by survey-based perception of healthy
food environment (3 items about the availability of
fruits and vegetables and low-fat products) and walk-
ing environment (7 items about the pleasantness,
ease, and frequency of walking in the neighborhood).
Neighborhood social environment was measured by
survey-based perception of aesthetic quality (5 items
about noise, litter, and neighborhood attractiveness),
safety (8 items about violence and walking safety),
and social cohesion (4 items about relationship with
neighbors). Neighborhood physical and social environ-
ment scores were summarized from the scale-based
responses and standardized by subtracting the mean
and divided by the SD. These scales have been used
in prior studies and were shown to have good inter-
nal consistency and reliability (Cronbach’s a=0.75 and
0.88 for physical and social environment scale, re-
spectively)."3" A higher score reflected better neigh-
borhood environment quality.

Covariates

We adjusted for individual-level sociodemographic co-
variates, which included age at baseline (years), sex (fe-
male, male), education (4 categories), birthplace (born
in the United States and its territories, born in another
country), and health insurance (insured, uninsured), as
well as time-varying per capita adjusted income (contin-
uous household income/number of people supported
per $10 000). Additionally, we adjusted for time-varying
individual-level health behaviors including cigarette
smoking and physical activity, as well as continuous
body mass index (BMI). Smoking status was modeled
as a categorical variable (never smoker, former smoker,
and current smoker). The MESA Typical Week Physical
Activity Survey, adapted from the Cross-Cultural
Activity Participation Study, identified the time and
frequency spent in various physical activities during a
typical week in the past month.3® We defined physical
activity as total intentional exercise, measured in meta-
bolic equivalent -minutes per week. Metabolic equiva-
lent is the ratio of the rate of energy expended during
an activity to the rate of energy expended at rest. We
categorized 1000+ metabolic equivalent-minutes/
week as high physical activity, between 0 and 1000
metabolic equivalent-minutes/week as intermediate
physical activity, and O metabolic equivalent-minutes/
week as physically inactive based on the 2008 Physical
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Activity Guidelines for Americans.*® For descriptive
analysis, we classified BMI into 4 categories following
the World Health Organization’s guidelines: Normal
(BMI <25), Overweight (BMI 25-30), Obesity Class
| and II (BMI 30-40), Obesity Class Ill (BMI >=40).%"
When a participant had missing covariate value for
income, smoking status, BMI, and physical activity at
Exams 2 to 6, we carried over the last available value
from previous exams.

Statistical Analysis

We conducted descriptive analyses to examine the
distribution of the participants’ characteristics by those
who resided in a segregated neighborhood and those
who did not at baseline, as well as by those who de-
veloped hypertension during the follow-up period and
those who did not.

To assess the association between time-varying
residential segregation and development of incident
hypertension in the 3 racial or ethnic minority groups,
we used race and ethnicity-stratified Cox proportional
hazards models to estimate hazard ratios comparing
those who resided in segregated neighborhoods to
those who did not. In Model 1, we adjusted for so-
cioeconomic characteristics, including age at baseline,
sex, education, and income. Model 1 included health
insurance and nativity when there was sufficient varia-
tion in the distribution of these variables within specific
racial or ethnic groups. In Model 2, we further adjusted
for smoking status, physical activity, and BMI. In Model
3, we additionally adjusted for neighborhood social
and physical environment quality. These models used
a robust covariance matrix estimator to account for
clustering of individuals within census tracts. To assess
effect measure modification by the quality of the neigh-
borhood social and physical environments, we created
cross-product interaction terms between segregation
and neighborhood environment scores and assessed
them separately in Model 2. Significance of interaction
terms were assessed using P value <0.1 and 95% CI.

Violations in the proportional hazard assumptions
were assessed analytically. We tested for interactions
of each covariate with linear and log-transformed time
(days). Using P value <0.05 as the statistically significant
threshold, we found violations by age at baseline and
smoking with linear time. Hence, we included interac-
tion terms between age at baseline and time as well as
smoking status and time in all our models. In sensitivity
analyses, we reran all models using the updated defi-
nition of hypertension (130/80 mm Hg or usage of an-
tihypertensive medication). In these models, we found
proportional hazard assumption violations by age at
baseline and BMI with log time; consequently, we also
added interactions terms between baseline age and
time as well as BMI and time.
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For all analyses, we reported estimates and 95%
Cls. All statistical analyses were conducted using R
(www.r-project.org). Cox proportional hazards models
used R package “survival.”

RESULTS

The final analytic sample included 693 non-Hispanic
Black, 778 Hispanic, and 466 Chinese participants,
with an average follow-up of 7.35 years. The mean
age at baseline was between 58.0 and 59.4 years old
across groups. Table 1 displays the distribution of par-
ticipant characteristics by segregation status at Exam
1. During Exam 1, 55.8% of Black, 64.9% of Hispanic,
and 77.9% of Chinese residents lived in segregated
neighborhoods. Overall, age, sex, and health-related
covariates were fairly evenly distributed between those
who resided in a segregated neighborhood and those
who did not, in all racial and ethnic groups. Hispanic
participants in segregated neighborhoods were more
likely to be born outside of the United States and had
lower physical activity level, and Black participants
in segregated neighborhoods were more likely to be
uninsured. For both Black and Hispanic participants,
those who lived in segregated neighborhoods had
lower education attainment and income, as well as
worse neighborhood social and physical environment
quality.

Table 2 provides the distribution of baseline par-
ticipant characteristics by hypertension status. By the
end of follow-up, 65.5% of Black, 53.7% of Hispanic,
and 48.1% of Chinese participants developed hyper-
tension. Generally, participants who developed hyper-
tension were more likely to be older and have higher
BMI. Black participants who developed hypertension
were more likely to reside in neighborhoods with worse
physical environment quality, and Asian participants
who developed hypertension were more likely to live in
neighborhood with worse social environment.

In multivariate models, residency in racially segre-
gated neighborhoods compared with nonsegregated
neighborhoods was associated with greater hazard of
developing hypertension for Black and Hispanic resi-
dents, adjusted for individual sociodemographic char-
acteristics including age at baseline, sex, education,
birthplace, insurance, and per capita adjusted income
(Table 3, Model 1). These associations persisted after
further adjusting for BMI, physical activity, and smok-
ing. Black and Hispanic participants residing in segre-
gated neighborhoods were 33% more likely to develop
hypertension (Black participants: HR, 1.33; 95% ClI,
1.09-1.62; Hispanic participants: HR, 1.33; 95% CI,
1.04-1.70). Results were similar but not significant
among Chinese residents (HR, 1.20; 95% CI, 0.83-
1.73). Lastly, after adjusting for neighborhood social
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Table 1. Participant Characteristics by Segregation Status at Baseline, Multi-Ethnic Study of Atherosclerosis, 2000 to 2001

Non-Hispanic Black Hispanic Chinese
Overall Nonsegregated | Segregated |Overall Nonsegregated | Segregated | Overall Nonsegregated | Segregated
N 693 306 387 778 273 505 466 103 363
Age, y 58.4(9.8) |57.6 59.0 58.0(9.7) |57.7 58.1 59.4 (9.8) |60.0 59.3
Sex
Female 361 (52.1) |54.2 50.4 378 (48.6) |45.8 50.1 231 (49.6) |45.6 50.7
Male 332 (47.9) |45.8 49.6 400 (51.4) |54.2 49.9 235 (50.4) |54.4 49.3
Education
Bachelor’s/ 272 (39.2) |45.4 34.4 95 (12.2) |20.9 7.5 206 (44.2) |46.6 43.5
graduate degree
Technical 256 (36.9) |31.7 411 213 (27.4) |33.3 24.2 94 (20.2) |20.4 20.1
school/associate
High school 107 (15.4) |15.4 15.5 160 (20.6) [20.1 20.8 74 (15.9) |16.5 15.7
Less than high |58 (8.4) 7.5 9.0 310 (39.8) [25.6 475 92 (19.7) |16.5 20.7
school
Health insurance
Insured 641 (92.5) |971 88.9 629 (80.8) [83.5 79.4 368 (79.0) | 79.6 78.8
Uninsured 52 (7.5) 2.9 1141 149 (19.2) |16.5 20.6 98 (21.0) |20.4 21.2
Physical activity
None 152 (21.9) |19.6 23.8 239 (30.7) |234 34.7 135 (29.0) [34.0 275
Intermediate 191 (27.6) |29.7 25.8 234 (30.1) |31.9 291 161 (34.5) |35.9 34.2
High 350 (50.5) |50.7 50.4 305 (39.2) 447 36.2 170 (36.5) |30.1 38.3
Smoking status
Never 306 (44.2) {49.0 40.3 405 (52.1) |49.5 53.5 355 (76.2) |74.8 76.6
Former 231 (33.3) |30.1 35.9 247 (31.7) |3441 30.5 85(18.2) |20.4 17.6
Current 156 (22.5) |20.9 23.8 126 (16.2) |16.5 16.0 26 (5.6) 4.9 5.8
Body mass index
Normal 167 (22.7) |23.2 22.2 145 (18.6) |17.6 19.2 326 (70.0) |67.0 70.8
Overweight 266 (38.4) |38.6 38.2 364 (46.8) |49.5 45.3 126 (27.0) |29.1 26.4
Obesity class | 235 (33.9) (33.3 34.4 239 (30.7) 304 30.9 14 (3.0) 3.9 2.8
and Il
Obesity class lll |35 (5.1) 4.9 5.2 30 (3.9) 2.6 4.6 0(0.0 0.0 0.0
Birthplace
US states and 616 (88.9) (824 941 336 (43.2) [50.5 39.2 20 (4.9) 4.9 4.1
territories
Other countries |77 (11.1) 17.6 5.9 442 (56.8) |49.5 60.8 446 (95.7) |95.1 95.9
Per capita adjusted |2.78 (1.9) |3.0 2.6 1.59(1.5) |21 1.3 1.71(1.6) (1.8 1.7
income
Neighborhood -0.03(1.0) |01 -0.2 -0.29 (0.9) |0.2 -0.6 0.38(0.7) |0.4 0.4
social environment
Neighborhood -0.31 (1.1) |-01 -0.5 -0.13(0.8) |0.3 -0.3 0.09 (0.8) |01 0.1
physical
environment
Developed 454 184 270 418 131 287 224 49 175
hypertension (n)

Categorical variables displayed by count and percentage in parenthesis (overall), displayed by percentage (by segregation status): sex, education, insurance,
physical activity, smoking status, body mass index class, and birthplace.

Continuous variables displayed by mean value and SD in parenthesis (overall), displayed by mean (by segregation status): age, per capita adjusted income,
neighborhood social and physical environment scores.

and physical environment, the association between updated guidelines for hypertension, the direction of
segregation and hypertension in Black participants the association remained the same in the fully ad-
persisted, but the association was attenuated among  justed Model 2, but the magnitude was smaller and
Hispanic participants. In sensitivity analysis using the only remained statistically significant for the Hispanic
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Table 2. Participant Characteristics at Baseline by Hypertension Status by 2018, Multi-Ethnic Study of Atherosclerosis,

2000 to 2018
Non-Hispanic Black Hispanic Chinese
No Incident No Incident No Incident
Overall hypertension | hypertension | Overall hypertension | hypertension | Overall hypertension | hypertension
N 693 239 454 778 360 418 466 242 224
Age, y 58.4(9.8) |56.7 59.3 58.0 (9.7) |56.01 59.7 59.4 (9.8) |57.4 61.6
Sex
Female 361 (52.1) | 50.6 52.9 378 (48.6) | 49.4 47.8 231 (49.6) | 52.9 46.0
Male 332 (47.9) |49.4 474 400 (51.4) | 50.6 52.2 235 (50.4) | 471 54.0
Education
Bachelor’s/ 272 (39.2) | 431 37.2 95 (12.2) 13.6 1.0 206 (44.2) | 46.3 42.0
graduate degree
Technical school | 256 (36.9) | 33.9 38.5 213 (27.4) |30.3 24.9 94 (20.2) |22.3 17.9
or associate
High school 107 (156.4) | 151 15.6 160 (20.6) | 18.3 22.5 74 (15.9) | 12.0 201
Less than high 58 (8.4) 7.9 8.6 310(39.8) | 37.8 41.6 92 (19.7) | 194 2041
school
Health insurance
Insured 641 (92.5) |93.3 92.1 629 (80.8) | 76.1 84.9 368 (79.0) | 80.6 77.2
Uninsured 52 (7.5) 6.7 7.9 149 (19.2) | 23.9 151 98 (21.0) |19.4 22.8
Physical activity
None 162 (21.9) | 17.6 24.2 239 (30.7) | 31.9 29.7 135 (29.0) | 30.2 27.7
Intermediate 191 (27.6) |30.5 26.0 234 (30.1) | 27.8 32.1 161 (34.5) | 36.8 32.1
High 350 (50.5) | 51.9 49.8 305 (39.2) |40.3 38.3 170 (36.5) | 331 40.2
Smoking status
Never 306 (44.2) |41.4 45.6 405 (52.1) | 52.5 51.7 355 (76.2) | 79.8 72.3
Former 231 (33.3) |33.5 33.3 247 (31.7) |30.6 32.8 85(18.2) | 16.1 20.5
Current 156 (22.5) | 25.1 211 126 (16.2) | 16.9 15.6 26 (5.6) 41 71
Body mass index
Normal 157 (22.7) | 27.2 20.3 145 (18.6) | 20.8 16.7 326 (70.0) | 75.2 64.3
Overweight 266 (38.4) |41.4 36.8 364 (46.8) | 53.1 1.4 126 (27.0) | 21.5 33.0
Obesity class | 235(33.9) |29.3 36.3 239 (30.7) | 23.9 36.6 14 (3.0) 3.3 2.7
and |l
Obesity class Il | 35 (5.1) 241 6.6 30(3.9) 2.2 5.3 0(0.0) 0.0 0.0
Birthplace
US states and 616 (88.9) |87.9 89.4 336 (43.2) |40.3 457 20 (4.3) 5.8 2.7
territories
Other countries | 77 (11.1) 121 10.6 442 (56.8) | 59.7 54.3 446 (95.7) | 94.2 97.3
Per capita 2.8 (1.9 2.7 2.8 1.6 (1.5) 1.53 1.64 1.7 (1.6) 1.8 1.6
adjusted income
Neighborhood -0.0(1.0) |01 -0.1 -0.3(0.9) |-0.25 -0.33 0.4(0.7) 105 0.3
social environment
Neighborhood -0.3(1.1) |-0.2 -0.4 -0.1(0.8) |-0.09 -0.16 0.1(0.8) |01 0.1
physical
environment
Resided in 387 17 270 505 218 287 363 188 175
segregated
neighborhood

Categorical variables displayed by count and percentage in parenthesis (overall) and displayed by percentage (by hypertension status):

insurance, physical activity, smoking status, body mass index class, and birthplace.
Continuous variables displayed by mean value and SD in parenthesis (overall) and displayed by mean (by hypertension status): age, per capita adjusted
income, neighborhood social and physical environment scores.
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Table 3. Adjusted Hazard Ratios of Hypertension Incidence by Segregation Status, Multi-Ethnic Study of Atherosclerosis,

2000 to 2018
Non-Hispanic Black Hispanic Chinese
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Segregation 1.31 1.33 1.24 1.32 1.33 113 112 1.20 1.30
(1.08-1.58) | (1.09-1.62) | (1.01-1.54) | (1.05-1.66) | (1.04-1.70) (0.87-1.46) (0.78-1.61) | (0.83-1.73) (0.87-1.93)
Age 1.04 1.04 1.04 1.05 1.06 1.06 1.07 1.07 1.08
(1.03-1.05) | (1.03-1.06) | (1.03-1.06) | (1.04-1.07) | (1.04-1.07) (1.04-1.07) (1.04-1.09) | (1.05-1.10) (1.05-1.10)
Sex (male) 1.04 1.14 1.14 1.08 1.17 1.20 1.30 1.21 114
(0.87-1.26) | (0.95-1.38) | (0.94-1.39) | (0.88-1.32) | (0.95-1.45) (0.97-1.49) (1.00-1.70) | (0.87-1.68) (0.81-1.62)
Education
Technical/ 1.20 112 1.09 1.01 0.95 1.08 0.97 1.01 1.00
associate (0.97-1.49) | (0.91-1.38) | (0.88-1.34) | (0.70-1.44) | (0.66-1.37) (0.71-1.50) (0.63-1.51) | (0.64-1.58) | (0.63-1.60)
High school 1.24 1.20 114 112 1.10 114 1.49 1.44 1.38
(0.95-1.64) | (0.90-1.60) | (0.85-1.53) | (0.77-1.62) (0.76-1.59) (0.79-1.67) | (1.08-2.17) (0.97-2.15) (0.91-2.09)
<High school 1.32 1.40 1.26 1.30 1.26 1.31 1.02 1.00 0.94
(0.87-2.02) | (0.92-2.13) | (0.82-1.94) | (0.89-1.88) | (0.87-1.82) (0.89-1.93) | (0.68-1.54) | (0.64-1.55) | (0.59-1.51)
Per capita adjusted 1.02 1.02 1.08 1.04 1.06 1.07 0.90 0.90 0.92
income (0.97-1.07) | (0.97-1.07) | (0.98-1.09) | (0.97-1.11) (0.98-1.14) (1.00-1.16) (0.79-1.02) | (0.78-1.02) (0.80-1.05)
Born outside of the N/A N/A N/A 0.90 0.99 0.97 N/A N/A N/A
United States (0.73-1.11) (0.80-1.23) (0.78-1.21)
Uninsured N/A N/A N/A 0.78 0.80 0.79 0.89 0.87 0.96
(0.58-1.05) | (0.59-1.08) (0.58-1.07) | (0.61-1.29) | (0.60-1.26) | (0.66-1.39)
Body mass index 1.05 1.05 1.07 1.07 1.07 1.07
(1.03-1.06) | (1.03-1.06) (1.05-1.09) (1.05-1.09) (1.02-1.13) (1.01-1.12)
Physical activity
Intermediate 1.00 1.01 1.06 1.08 0.93 0.90
(0.76-1.32) | (0.76-1.34) (0.80-1.41) (0.81-1.45) (0.59-1.47) | (0.56-1.44)
High 1.09 1.09 1.00 1.08 0.93 0.91
(0.84-1.40) | (0.85-1.41) (0.76-1.31) (0.78-1.36) (0.61-1.41) (0.58-1.42)
Smoking status
Former 1.25 1.25 0.99 1.00 1.28 1.34
(0.92-1.69) | (0.92-1.68) (0.71-1.39) (0.70-1.41) (0.74-2.23) (0.74-2.44)
Current 1.02 1.08 0.90 0.87 1.77 1.87
(0.70-1.48) | (0.71-1.48) (0.57-1.41) (0.55-1.37) (0.86-3.65) | (0.85-4.10)
Physical environment 0.89 0.90 0.90
(0.81-0.97) (0.78-1.05) (0.72-1.13)
Social environment 0.94 0.87 1.03
(0.85-1.04) (0.75-1.00) (0.81-1.29)

95% Cl displayed in parentheses.

Model 1 adjusted for sociodemographic characteristics. Model 2 adjusted for Model 1 covariates + health factors. Model 3 adjusted for Model 2 covariates

+ neighborhood environment.

All models included an interaction term between age and time, and Model 2 and 3 also included an interaction term between smoking and time (not shown).

Referent level: sex=female; education=bachelor’s or graduate degree; physical activity=none; smoking status=never; uninsured=no; birthplace=United
States; Age, per capita adjusted income, body mass index, and neighborhood environment were modeled continuously.

N/A: covariate not included in model owing to lack of variation in variable distribution in specific racial or ethnic group.

population (Black participants: HR, 112; 95% Cl,
0.95-1.33; Hispanic participants: HR, 1.22; 95% CI,
1.01-1.46; Chinese participants: HR, 1.21; 95% CI,
0.88-1.65).

The association between residential segregation
and incident hypertension was significantly modified
by neighborhood social environment quality among
Black participants (Figure 1). As neighborhood social
environment quality score increases, the difference
between the hazard of hypertension for Black par-
ticipants who resided in segregated neighborhoods
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and the hazard of Black participants who did not
live in segregated neighborhoods was smaller (P
value=0.0108). For example, at the 25th percentile of
the neighborhood social environment, Black partici-
pants in segregated neighborhoods had 1.63 (95% ClI,
1.26-2.10) times the hazard of hypertension compared
with those not living in segregated neighborhoods. As
the social environment improves to the 75th percentile,
the HR associated with segregation was 1.06 (95% Cl,
0.81-1.37), suggesting that better neighborhood so-
cial environment may buffer the deleterious influence
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2.0-

1.63 (95% Cl, 1.26, 2.10)

Segregation Associated HR of Incident Hypertension

25th

Percentile of Neighborhood Social Environment Standard Score

1.26 (95% Cl, 1.04, 1.54)

1.06 (95% Cl, 0.81, 1.37)

50th 75th

Figure.

Association between residential segregation and incident hypertension

among non-Hispanic Black participants, by percentile of neighborhood social
environment: the Multi-Ethnic Study of Atherosclerosis, 2000 to 2018.

Model adjusted for age, sex, education, per capita adjusted income, body mass
index, and physical activity. P value for interaction between segregation and social
environment=0.0108. Standardized social environment is displayed from worse (25th
percentile) to better (75th percentile). HR indicates hazard ratio.

of segregation on hypertension. There was no statis-
tically significant interaction with social environment
quality score in Hispanic or Chinese groups, although
the interaction terms were in the opposite direction
compared with Black participants such that better so-
cial environment score was associated with a widening
gap in the hazard of hypertension between segregated
and nonsegregated residents (Hispanic participants:
25th percentile: HR, 1.11; 95% ClI, 0.76-1.62; 75th per-
centile: HR, 1.20; 95% ClI, 0.88-1.62; Chinese partic-
ipants: 25th percentile: HR, 1.22; 95% CI, 0.80-1.87;
75th percentile: HR, 1.42; 95% ClI, 0.91-2.20). There
was no statistically significant interaction with physical
environment quality score in any racial or ethnic group.

DISCUSSION

This study examined the associations between
neighborhood-level racial residential segregation, a
prominent mechanism of structural racism that pro-
duces racial and ethnic health inequities through un-
equal distribution of resources and harms across
neighborhoods, and development of incident hyper-
tension. Using data from a sample of racially and ethni-
cally diverse group of middle-aged and older adults in
the United States with 2 decades of follow-up, we found
that residency in a racially segregated neighborhood

was associated with increased hazard of incident hy-
pertension among Black and Hispanic participants,
adjusting for time-varying individual sociodemographic
characteristics and health-related covariates and ac-
counting for spatial clustering of participants within
neighborhoods. Adjusting for neighborhood physical
and social environment quality attenuated this asso-
ciation among Hispanic participants but not among
non-Hispanic Black participants. Results were similar
for Chinese participants but not statistically significant.
Lastly, neighborhood social environment quality modi-
fied the relationship between segregation and incident
hypertension for Black participants.

To our knowledge, our study is the first to docu-
ment longitudinal associations between residential
segregation and incident hypertension and examine
effect measure modification of this relationship by
neighborhood environment in Black, Hispanic, and
Chinese populations. These results aligned with cross-
sectional evidence on the negative impact of residen-
tial segregation on hypertension prevalence, as well
as on other cardiovascular outcomes and risk factors,
among Black and Hispanic participants.'#18-20:4243 Qur
findings were also consistent with an existing longitu-
dinal study documenting that reduction in exposure to
segregation was associated with a decrease in sys-
tolic blood pressure among Black participants over

J Am Heart Assoc. 2022;10:e023084. DOI: 10.1161/JAHA.121.023084 9
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25 years of follow-up.'”® Furthermore, adjusting for
neighborhood environment resulted in a smaller but
still significant hazard ratio, suggesting that although
neighborhood context may matter, it does not fully
attenuate the associations between segregation and
hypertension among Black participants. Compared
with other studies that documented null associations
between segregation and hypertension, our study may
have produced different findings owing to use of longi-
tudinal data, measurement of segregation at the cen-
sus tract level rather than at larger geographic scales
such as metropolitan area, and rigorous assessment
of outcome and time-varying individual covariates.
Building on this study’s evidence of consistent as-
sociations between segregation and hypertension,
future studies can leverage longitudinal data, robust
individual and neighborhood information, and rigorous
assessment and analytic methods to understand the
causal effects of segregation on cardiovascular health
racial and ethnic inequities.

Our study also examined this relationship in
Hispanic and Asian populations. The results among
Hispanic participants contradicted a cross-sectional
study that reported lower odds of hypertension associ-
ated with segregation for Latino residents, suggesting
that the benefits associated with living in areas with a
high concentration of co-ethnic populations may not
be protective enough against the development of in-
cident hypertension.'® A previous MESA study found
that a higher percentage of immigrant population in
the neighborhood was associated with better diet
but worse level of physical activity, both risk factors
for hypertension, among Hispanic participants. This
difference from our results highlighted that the op-
erationalization and measurement of neighborhood
segregation and ethnic enclave warrant careful consid-
eration, because our study used an exposure assess-
ment method that considered the racial composition of
the larger contextual area within which the neighbor-
hood was situated, which differed from other studies’
measurement methods.** Furthermore, segregation
was associated with hypertension after adjusting for
participants’ birthplace, suggesting that segregation
may matter for both immigrants and US-born Hispanic
populations. Findings from this study were consistent
with other cross-sectional evidence that residential
segregation is a strong contextual factor in the de-
velopment of incident hypertension among Hispanic
participants.?® Although this study did not find statis-
tically significant associations among Chinese partic-
ipants, possibly because of the small sample size of
Chinese participants in this study sample, the direction
of the association was similar to results for Black and
Hispanic participants. Other studies have examined
the associations between residing in segregated Asian
neighborhoods or ethnic enclaves and other factors
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related to cardiovascular health such as smoking, BMI,
diabetes, and diet, which also yielded mixed and in-
conclusive results.?’81:4546 Qur findings suggest that
the influence of segregation on cardiovascular health
in Hispanic and Asian populations warrants further
examination.

Another novel contribution of this study is the ex-
amination of the role neighborhood social and physical
environment quality plays in the relationships between
residential segregation and hypertension. Greater social
cohesion and sense of safety in a good neighborhood
social environment may lessen chronic stressors, buffer
the health consequences of experiencing interpersonal
discrimination, and provide more access to commu-
nity resources, which have been documented to be
associated with hypertension risk and may be path-
ways through which segregation influences health.*-4°
Studies of minoritized and immigrant populations have
emphasized that close social ties and less potential of
experiencing racial discrimination in a racially homoge-
nous place can be protective for health.3%44 First, the as-
sociation between residential segregation and incident
hypertension persisted after adjusting for neighbor-
hood environment quality only among Black partici-
pants, suggesting that segregation, as a manifestation
of structural racism, may affect Black populations in
ways that extend above and beyond the neighborhood
environment. Second, this investigation, by examining
effect measure modification by neighborhood environ-
ment, elucidates how the health impacts of segregation
vary depending on neighborhood social and physical
environment quality. Epidemiologic studies that exam-
ine the relationships between segregation and cardio-
vascular health among Black populations have focused
more on the negative neighborhood features such as
concentrated poverty, social disorder, and other unjust
material conditions. Although it is important to draw at-
tention to this structural deprivation, this framing can
also overlook the support network and community
assets that exist in Black neighborhoods and may off-
set the deleterious effect of structural racism.5%-52 Our
findings suggest that improving neighborhood social
environment in segregated Black neighborhoods can
potentially remedy the harmful impact of residential
segregation and reduce racial and ethnic inequities in
cardiovascular health among Black adults. Notably,
neighborhoods that have experienced disinvestment
are more vulnerable to gentrification, a process in which
neighborhoods with affordable cost of development
experience an influx of capital that improves physical
amenities and access to resources. This process can
displace lower-income residents and disintegrate com-
munities through increased property value and rent.
Given our finding that neighborhood social environment
can buffer the associations between segregation and
hypertension among Black participants, future studies
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should examine how structural processes such as
gentrification may affect community-level social sup-
port and cohesion to further exacerbate cardiovascular
health inequities.3-%® Although we did not document
similar findings in other racial or ethnic groups, future
studies with larger sample size may be necessary to
detect these associations.

There were several strengths in this study. First, the
data we used came from a prospective, multiracial
and multiethnic cohort study that clinically and rigor-
ously collected outcome data and other covariates,
with 2 decades of follow-up time. The survey scales
for neighborhood quality were previously validated and
showed good consistency and reliability. We were able
to include multiple domains of time-varying confound-
ers including sociodemographic indicators, health be-
haviors, and neighborhood environment, in order to
elucidate the association of segregation independent
of individual- and neighborhood-level characteristics.
There were also important limitations in our study.
First, we examined only own-group segregation, which
did not capture the experience of a racially and eth-
nically minoritized participant living in a neighborhood
with a high proportion of minoritized populations not
sharing their racial or ethnic background. We also did
not account for more complex dimensions of segre-
gation, such as the joint effect of racial and economic
segregation or graded levels of segregation (ie medium
versus high level of segregation). Although we statis-
tically adjusted for an extensive range of confound-
ers, from individual sociodemographic and health risk
factors to neighborhood environment quality, residual
confounding may still remain because of measurement
error of the confounders as well as omission of other
key confounders. Furthermore, we carried over miss-
ing covariate values from previous exams for Exams 2
to 6; averaging across all Exams, 8.1% of the records
had at least 1 missing value imputed this way, which
may introduce bias. Hispanic and Chinese MESA par-
ticipants were recruited from a small number of sites.
Hispanic participants were enrolled only in New York,
St. Paul, and Los Angeles, and Chinese participants
were enrolled only from Chicago and Los Angeles.
Because segregation in different racial and ethnic
groups may have originated from housing, education,
and economic policies that varied across cities and
states, residential segregation may operate differently
depending on the metropolitan region within which the
population is residing. Thus, findings based on this
study may not be generalizable to the regions outside
of the study sites.

CONCLUSIONS

Our results provide strong empirical evidence that ra-
cial residential segregation, a manifestation of structural
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racism, is a fundamental driver of hypertension among
non-Hispanic Black and Hispanic adults, independent
of individual socioeconomic and health factors,!"5758
Furthermore, neighborhood social environment may
buffer the impact of residential segregation on hyper-
tension incidence in Black populations. Future studies
should consider neighborhood context in order to in-
form place-based interventions that can address racial
and ethnic cardiovascular health inequities produced
by residential segregation.
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