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BACKGROUND: While the impacts of social and environmental exposure on cardiovascular risks are often reported individually,
the combined effect is poorly understood.

METHODS AND RESULTS: Using the 2022 Environmental Justice Index, socio-environmental justice index and environmental
burden module ranks of census tracts were divided into quartiles (quartile 1, the least vulnerable census tracts; quartile 4,
the most vulnerable census tracts). Age-adjusted rate ratios (RRs) of coronary artery disease, strokes, and various health
measures reported in the Prevention Population-Level Analysis and Community Estimates data were compared between
quartiles using multivariable Poisson regression. The quartile 4 Environmental Justice Index was associated with a higher rate
of coronary artery disease (RR, 1.684 [95% ClI, 1.660-1.708]) and stroke (RR, 2.112 [95% ClI, 2.078-2.147]) compared with the
quartile 1 Environmental Justice Index. Similarly, coronary artery disease 1.057 [95% CI,1.043-1.0716] and stroke (RR, 1.118
[95% CI, 1.102-1.135]) were significantly higher in the quartile 4 than in the quartile 1 environmental burden module. Similar
results were observed for chronic kidney disease, hypertension, diabetes, obesity, high cholesterol, lack of health insurance,
sleep <7 hours per night, no leisure time physical activity, and impaired mental and physical health >14 days.

CONCLUSIONS: The prevalence of CVD and its risk factors is highly associated with increased social and environmental adversi-
ties, and environmental exposure plays an important role independent of social factors.

Key Words: cardiometabolic outcomes ® environmental burden m environmental justice index ® social determinants of health ®m social
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leading cause of death in the United States and

globally, with an alarming deceleration of decline in
CVD death in recent years.'=3 This finding could be partly
attributed to the rising burden of cardiovascular risk fac-
tors in young adults.*® Recent evidence suggests that
neighborhoods with greater social and environmental
disadvantages have a higher prevalence of CVD and
associated risk factors.”® Multiple studies have reported

Cardiovascular disease (CVD) continues to be the

higher CVD morbidity and death in areas with high so-
cial vulnerability, measured using the US Centers for
Disease Control and Prevention (CDC)/Agency for Toxic
Substances and Disease Registry’s Social Vulnerability
Index.®~"2 The Environmental Justice Index (EJI) was de-
veloped using data from the US Census Bureau, the US
Environmental Protection Agency, US Mine Safety and
Health Administration, and the CDC. It provides addi-
tional information beyond the Social Vulnerability Index
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CLINICAL PERSPECTIVE
What Is New?

Chronic environmental burden and social vul-
nerability work synergistically to widen cardio-
vascular health inequity; therefore, there is a
need to address both simultaneously.

e An increase in the environmental burden, in-
dependent of social vulnerability, is associated
with a graded increase in the prevalence of car-
diovascular disease and other adverse health
measures.

What Are the Clinical Implications?

e An independent increase in environmental bur-
den and a composite of social vulnerability and
environmental burden were associated with an
increased prevalence of cardiovascular disease
and risk factors.

e Most of the US population aged 18 to 44years,
Black adults, and Hispanic individuals resided in
places with alarmingly high environmental burdens.

e The findings from this study could help guide fu-
ture research examining associations between
social disadvantage, environmental exposures,
and cardiovascular outcomes while informing
policy efforts to reduce inequities and mitigate
cardiovascular disease burden among vulner-
able populations.

Nonstandard Abbreviations and Acronyms

EBM environmental burden module
EJI Environmental Justice Index

PLACES Prevention Population-Level Analysis
and Community Estimates

SE-EJI socio-environmental justice index

SVM social vulnerability module

by accounting for environmental factors. When exam-
ined individually, the association between social and
environmental factors with CVD and its risk factors is
well established. The impact of combining these factors
and, importantly, the incremental value of environmen-
tal factors after accounting for social factors is poorly
understood. It is essential to address this knowledge
gap because the relationship or interaction between
social and environmental disadvantages and their rela-
tive contribution to health inequities is complex. For ex-
ample, if environmental exposures mainly mediate the
relationship between social disadvantage and health or
vice versa, improving any of these factors can poten-
tially improve health disparities. In the present analysis,
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we examined the association between the EJI ranking
of census tracts and the prevalence of CVDs and risk
factors. We then explored the incremental effect of envi-
ronmental factors, over and above social factors, on the
prevalence of CVD and its associated risk factors.

METHODS

All data and materials are publicly available on the
CDC website and can be accessed at https://onemap.
cdc.gov/portal/apps/sites/#/eji-explorer and https:/
data.cdc.gov/500-Cities-Places/PLACES-Census-
Tract-Data-GIS-Friendly-Format-2022-/shc3-fzig/data.
Informed consent was not required due to the use of
deidentified data.

Data Sources

Prevention Population-Level Analysis and
Community Estimates: The Census Tract
Prevalence and Population Data

We used the CDC 2022 Population-Level Analysis and
Community Estimates (PLACES): Local Data for Better
Health database to obtain the US census tract preva-
lence of CVD and risk factors. The population estimates
were taken from the 2015 to 2019 American community
survey.”® The CDC’s PLACES uses model-based small-
area, specifically multilevel regression and poststratifica-
tion, to estimate 29 health measures, categorized into
health outcomes, health risk behaviors, prevention, and
health status.* PLACES also provides data at multiple
local area levels, that is, county, place, census tract, and
ZIP Code Tabulation Areas.* In addition, the CDC used
state-level health data from the Behavioral Risk Factor
Surveillance System to cover 3142 counties, 28484
places (incorporated and census-designated areas),
72337 census tracts, and 32409 ZIP Code Tabulation
Areas according to the Census 2010 population of >50
people. PLACES data complements the existing surveil-
lance data by providing small-area estimates to compre-
hend health issues at the local level.!

From the PLACES data, we extracted crude preva-
lence rates of CVDs, including coronary heart disease,
stroke, chronic kidney disease, hypertension, diabetes,
obesity, and hyperlipidemia. In addition, we extracted
the prevalence of additional risk factors, including lack
of health insurance among those aged 18 to 64 years,
risk behaviors such as sleeping less than 7 hours per
night and no leisure time physical activity, and health
status indicators such as mental and physical health
not good for >14 days in the past month.

Environmental Justice Index

We used the 2022 EJI data set from the CDC’s Agency
for Toxic Substances and Disease Registry, which
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outlines the census tract’s relative environmental bur-
den and social vulnerability. Census tracts are subdivi-
sions of counties in the United States. The US Census
Bureau collects census tract-level data and is often
used as a substitute for neighborhoods in spatial in-
dices, screening tools, and place-based research.'®
The EJI uses data from various sources, including the
US Census Bureau, the US Environmental Protection
Agency, US Mine Safety and Health Administration,
and the CDC, to determine the cumulative impact of
environmental injustice for over 71 000 census tracts in
the United States (Figure 1).'® The indicators selected
for inclusion in the EJI underwent rigorous evaluation
on the basis of data criteria, ensuring the index would
be high quality, reproducible, and sustainable over
time.'®

The EJl ranks census tracts on 10 different domains
categorized under 3 main modules: (1) the environ-
mental burden module (EBM), (2) the social vulnera-
bility module (SVM), and (3) the health vulnerability
module.'® In addition, a unique cumulative ranked per-
centile of EBM and SVM without the health vulnerability
module is available for statistical analysis, called the
socio-environmental EJI (SE-EJI).'® The SE-EJI ranks
can be used to understand the association of certain
health outcomes with distributive and procedural envi-
ronmental justice issues.'® As evidenced by scientific
literature, all indicators that accounted for the environ-
mental burden score were selected on the basis of their
ability to cause a quantifiable negative health impact.'®
These indicators also represented distinct aspects of
environmental burden with no overlapping effects.'®
All indicators used to calculate the social vulnerability
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score represented the inability of the vulnerable pop-
ulation to improve the environmental conditions or ad-
vocate against unwanted land use in their communities
on the basis of historical discrimination.'®

The SE-EJI metric captures the distributive and
procedural environmental justice elements that can
subsequently impact human health and well-being.'®
In this manuscript, we refer to SE-EJI (a composite
measure of social and environmental burden) when
we mention EJ/ to explore the relationships with health
phenomena (Figure 1). We did not use the health vul-
nerability module ranks in the current analysis to as-
sess the impact of the SE-EJI on CVD and other health
measures. The EBM accounted for air pollution, poten-
tially hazardous and toxic sites, the built environment,
transport infrastructure, and water pollution. The SVM
reported racial and ethnic minority status, socioeco-
nomic status, household characteristics, and housing
type as described in the Tables S1 and S2.

The EJI, EBM, and SVM scores are percentile ranks
ranging from 0.00 to 1.00, and each census tract is
represented with a unique score. Higher scores indi-
cated a significant environmental burden and social
vulnerability, as shown in Figure 1. We aggregated
the ranks for each census tract into quartiles 1 to 4.
The areas with the least socially vulnerable population
and the lowest environmental impact constituted the
first quartile, with percentile ranks from 0.00 to 0.25.
Census tracts with high environmental and social bur-
dens formed the fourth quartile, ranking between 0.75
and 1.00. Additional details regarding the methods
used to create percentile ranks are provided in Data S1.
We also explored the census tract-level age, race, and

Environmental Justice Index

Quartile
4

Figure 1.
CDC EJI database.'®
Created using R programming.

J Am Heart Assoc. 2024;13:e033428. DOI: 10.1161/JAHA.123.033428

US choropleth map of environmental justice indices at the census tract level. Source:
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ethnic distribution across the EJI categories. Finally,
we aggregated the median prevalence for each health
measure of interest per 100000 population among the
different EJI quartiles. Each census tract with percen-
tile rank was matched with its prevalence rates on the
basis of standard geographic identifiers (such as loca-
tion ID) using the PLACES and EJI databases.

The results were reported according to the
Strengthening the Reporting of Observational Studies
in Epidemiology statement guidelines for reporting
observational studies. This study was exempt from
institutional review board approval because it used
deidentified data with prior approval from the ethics
committee.

Statistical Analysis

Continuous variables (eg, the prevalence of health
outcomes or risk factors included in PLACES) were
reported as median (interquartile range [IQR]), while
categorical variables were presented as absolute
numbers and percentages. As mentioned above, the
EJl, EBM, and SVM percentile ranks are distributed
into quartiles. We compared the rate ratios (RRs) of
the prevalence of cardiovascular health measures per
100000 population at the census tract level with a 95%
Cl across the EJI, EBM, and SVM quartiles using mul-
tivariable Poisson regression combined with an offset
function. The RRs for the second, third, and fourth
quartiles were calculated and adjusted for age catego-
ries relative to the first EJI, SVM, and EBM quartiles. P
values <0.05 were considered statistically significant.
Two models were created: One with EJI and age cat-
egories as covariates. Second, to investigate the incre-
mental effect of environmental burden, we performed
multivariable Poisson regression with SVM and EBM
as separate covariates in the model and adjusted for
SVM and age categories.

RESULTS

Demographics

The demographic characteristics of the US popula-
tion across the EJI and EBM quartiles are presented
in Table 1. EJI and EBM quartile 1 had the highest me-
dian percentages of individuals aged 45 to 64years
and age >6b5years, and White and non-Hispanic
adults. This percentage decreased consistently with
increasing EJI and EBM quartiles. EJI quartile 4 and
EBM quartile 4 had the highest median percentages of
individuals aged 18 to 44 years and Black adults.

CVD Prevalence

From 2015 to 2019, the prevalence of coronary ar-
tery disease was highest in EJI quartile 4 (6700 [IQR,
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5400-8100] per 100000 people) and lowest in EJ
quartile 1 (5400 [IQR, 4400-6500] per 100000 peo-
ple; RR, 1.684 [95% CI, 1.660-1.708]; Tables 2 and 3;
Figure 2A). The prevalence of stroke was highest in EJI
quartile 4 (3700 [IQR, 3000-4800] per 100000 people)
and lowest in EJI quartile 1 (2400 [IQR, 2000-2900]
per 100000 people; RR, 2112 (95% ClI, 2.078-2.147);
Tables 2 and 3; Figure 2B). A similar pattern was noted
for chronic kidney disease (Figure 2C).

Cardiovascular Risk Factor Prevalence
Similarly, the prevalence of hypertension was high-
est in EJI quartile 4 (35200 [IQR, 29800-41 300] per
100000 people) and lowest in EJI quartile 1 29 400
[IQR 26 100-33 100] per 100000 people; RR, 1.561
[95% CI, 1.540-1.583]; Figure 2D). The prevalence of
diabetes was highest in EJI quartile 4 (13000 [IQR,
11 000-15900] per 100000 people) and lowest in
EJI Q1 (8500 [IQR, (7400-9900)] per 100000 people;
RR, 2.024 [95% ClI, 1.993-2.056]; Figure 2E). Similar
patterns of lower prevalence in the EJI quartile 1 and
higher prevalence in the EJI quartile 4 were observed
for high cholesterol (Figure 2F), obesity (Figure 3A),
lack of health insurance (Figure 3B), sleep <7hours
(Figure 3C), no leisure time physical activity (Figure 3D),
physical health not good for >14days (Figure 3E),
and mental health not good for >14days (Figure 3F;
Tables 2 and 3).

Incremental Value of Environmental
Factors Over Social Vulnerability

Multivariate Poisson regression was performed with
SVM and EBM as covariates, as depicted in Table 3.
The RRs across the EBM quartiles consistently in-
creased from quartile 2 to quartile 4 of the EBM, rela-
tive to quartile 1 of the EBM. Interestingly, there was no
notable difference between quartile 1 and quartile 2 of
the EBM for many CVDs and risk factors. However, the
RRs across the EBM quartiles consistently increased
from quartile 2 to quartile 4 of the EBM, relative to quar-
tile 1 of the EBM. The risk of having coronary artery
disease 1.057 [95% CI,1.043-1.0716] and stroke (RR,
1118 [95% CI, 1.102-1.135]) was significantly higher in
quartile 4 of the EBM than in quartile 1 of the EBM. The
highest increase in the risk was noted for no leisure
time physical activity, diabetes, and stroke (Table 3).

DISCUSSION

In the present analysis, using the census tract-level EJI
and health measures, we show the combined impact
of social and environmental factors on the prevalence
of CVDs and risk factors. Increasing EJI quartiles (re-
flecting increased social and environmental adversities)
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Table 1. Demographic Distribution of the US Population Stratified Across the EJI and EBM Quartiles
EJI EJI EBM EBM EBM
EJI quartile quartile 2 quartile 3 EJI quartile quartile 1 EBM quartile | quartile 3 quartile 4
1 (0-0.25) (0.26-0.50) (0.51-0.75) 4 (0.76-1.0) (0-0.25) 2(0.26-0.50) | (0.51-0.75) (0.76-1.0)
Demographics
Age 18-44y 17429804 17770409 18860800 18852898 16825728 17991851 18854433 19251823
Median % 26.05 27.93 29.88 31.87 26.82 28.24 29.68 31.54
18-44 (IQR) (25.92-26.18) | (27.79-28.05) | (29.74-30.01) | (31.75-31.99) | (26.69- (28.12-28.38) | (29.55-29.75) | (31.42-31.67)
26.95)
Age 45-64 y 17926199 15855665 151568922 13796281 16203006 16049191 15795993 14691457
Median % 28.80 26.93 25.51 23.84 27.48 26.6 25.97 24.95
45-64 (IQR) (28.71- (26.85-27.05) | (25.49- (23.74-23.94) | (27.36- (26.55-26.73) | (25.86-26.08) | (24.83-
28.90) 25.52) 27.60) 25.04)
Age =65y 11439193 10417586 9823571 7983962 10962008 10232373 9829153 8641086
Median % >65 17.61 17.40 16.11 13.20 18.0 16.73 16.75 14.05
(IQR) (17.48-17.76) | (17.28-17.54) | (16.09-16.13) | (13.08-13.32) | (17.79-18.10) | (16.60-16.86) | (15.63-15.88) | (13.91-14.18)
Race, n (%)
White adults 51964953 46598482 42024671 29972789 46481284 45404166 42447849 36240393
®87.1) (84.1) (77.3) (62.4) (84.4) (81.2) (76.4) (71.1)
Black adults 3215002 4996164 (9) 8508138 14577848 4527777 6801487 9130305 10844960
(5.3) (15.6) (30.3) 8.2) (12.1) (16.4) 21.3)
American 282493 665405 (1.2) | 549790 (1) 472874 (1) 819675 (1.5) | 458718 (0.8) 370394 (0.6) | 321927
Indian or (0.5) (0.63)
Alaskan Native
Asian 4074233 3077411 3178799 2870425 3119747 3166011 (5.6) 3492303 3424096
6.8) (5.5) (5.8) (0.06) (5.6) 6.2) 6.7)
Native 75785 (0.1) 78768 (0.1) 89712 (0.1) 91266 (0.2) 96041 (0.17) 81554 (0.14) 77560 (0.1) 80376 (0.15)
Hawaiian or
Other Pacific
Islander
Total 59612466 55416230 54351110 47985202 55044524 55911936 55518411 50911752
Ethnicity
Hispanic 6043439 7814179 11260958 18691796 9371072 9427037 10542940 14472021
(11.1) (15.7) (24) 48) (18.7) (19.1) (22.3) (33.2)
Non-Hispanic 48241555 41991477 35623302 20460996 40691877 39919008 36699082 29018414
(88.9) (84.3) (76) (52.2) ®1.2) (80.8) (77.6) (66.7)

EBM indicates environmental burden module; EJI, environmental justice index; and IQR, interquartile range.

were associated with an increased prevalence of cardi-
ovascular disease and related risk factors. Additionally,
we demonstrate that adverse environmental factors,
independent of social determinants (Figure 4), affect
health measures. These results indicate that increas-
ing environmental burden and social vulnerability have
an independent and deleterious effect on CVDs and
risk factors in the United States (Figure 4).

This study builds on prior work by leveraging a novel
composite index of environmental injustice, the CDC’s
EJI, to capture cumulative exposure across multiple
domains. The EJI provides a more comprehensive
measurement of environmental adversity than focusing
only on air pollution, as in most previous studies. Our
approach is also innovative in evaluating the effects of
a unified index composed of environmental and social
vulnerabilities. Rather than adjusting for social factors,
we examine their interaction with environmental com-
ponents. The 2-model approach quantifies the incre-
mental contribution of environmental burden above
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social factors. Prior neighborhood-level studies have
not consistently separated these intertwined exposures
or formally tested incremental effects. Additionally, we
leverage large national data sets, PLACES and EJI,
to obtain stable precinct-level estimates across the
country. The sample size and geographic breadth pro-
vide generalizability and scope exceeding single-city
studies.

To the best of our knowledge, this is the first study
to (1) examine the combined impact of social and en-
vironmental factors on health measures, (2) assess the
impact of myriad environmental factors in an aggregate
manner beyond just air pollution, and (3) demonstrate
the incremental impact of environmental factors after
adjusting for social determinants of health.

The current analysis showed a disparity in the de-
mographic distribution across the EJI quartiles, with
a higher percentage of White adults living in less vul-
nerable areas (EJI quartile 1) and a higher percentage
of Black adults living in highly vulnerable areas (EJI
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Table 2. Prevalence of Cardiovascular Health Measures per 100000 Overall and Across the EJI Quartiles

Environmental Justice and Health Outcomes

Prevalence Prevalence Prevalence Prevalence
per 100000 in per 100000 in per 100000 in per 100000 in
EJI quartile 1 EJI quartile 2 EJI quartile EJI quartile
Health outcomes and risk Overall prevalence per 100000, (0.00-0.25), (0.26-0.50), 3 (0.51-0.75), 4 (0.76-1.00),
factors median (IQR) median (IQR) median (IQR) median (IQR) median (IQR)
Coronary artery disease 6100 (4900-7500) 5400 6100 6400 6700
(4400-6500) (4900-7400) (5100-7700) (5400-8100)
Stroke 3000 (2400-3700) 2400 2800 3200 3700
(2000-2900) (2300-3500) (2600-3800) (3000-4800)
Chronic kidney disease 2900 (2400-3400) 2500 2800 3000 3400
(2200-2800) (2400-3200) (2600-3400) (2900-4100)
Hypertension 32100 (27 800-36900) 29400 31800 33100 35200
(26100-33100) (27 700-36000) (28500-37 300) (29800-41300)
Diabetes 10300 (8500-12600) 8500 9700 10800 13000
(7400-9900) (8200-11500) (9000-12800) (11000-15900)
Obesity 33100 (28100-37 700) 28900 32200 34100 38000
(25000-32800) (27 700-36 100) (29350-38200) (33300-42800)
High cholesterol 32200 (29300-31953) 32400 32800 32300 31400
(29600-34900) (29600-35500) (29200-35200) (28 700-34300)
Lack of health insurance 13300 (9800-19200) 9600 11700 14100 20200
(7600-12200) (9200-16000) (11000-19500) (15600-26400)
Sleep <7 h/night 33500 (30700-36600) 30500 32500 34300 37300
(28200-32800) (30200-35000) (31900-36900) (34600-41100)
No leisure time physical 23700 (18800-29600) 18000 22100 25200 31700
activity (15200-21300) (18100-26100) (21 100-29600) (27000-36900)
Mental health not good for 15000 (13100-16900) 13100 14500 15500 17200
>14d (11800-14400) (12900-16000) (13900-17 100) (15600-18900)
Physical health not good 10300 (8400-12700) 8400 9800 10800 13100
for >14d (7300-9800) (8200-11700) (9100-12800) (11100-15400)

EJl indicates environmental justice index; and IQR, interquartile range.

quartile 4). This disparity is likely a result of many as-
pects of structural racism and segregation that have
shaped neighborhoods in the United States for gen-
erations. For example, the redlining of predominantly
Black population neighborhoods dating back to the
1930s, followed by public disinvestment, has led to
poor air quality and other environmental risk factors in
these locations.""® Therefore, it is unsurprising that EJI
quartile 4 also had the highest proportion of Hispanic
individuals. Studies have shown that societies with
disparities are more likely to suffer from pollution and
environmental degradation.'?%2" While prior studies
have examined individual social or environmental fac-
tors separately, our study is novel in using a composite
index to capture joint exposure at the neighborhood
level. Additionally, we go beyond air pollution to incor-
porate a broader set of environmental domains con-
tributing to climate change. Therefore, the fight against
climate change should also address social and eco-
nomic disparities because these are closely linked to
environmental quality.

Our study reported an increasing prevalence of
adverse health-related outcomes with increasing EJI.
Several studies have reported the determinate effect
of environmental pollution on health and CVD.??-%
Although the role of particulate matter air pollution in
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the pathogenies of coronary artery disease, stroke,
chronic kidney disease, and obesity has been well
established,?®=?7 it is notable that the EJI includes
several other critical environmental factors beyond
particulate matter air pollution, including exposure
to other toxic materials, accessibility to recreational
parks and overall walkability, proximity to polluting
transportation infrastructure, and water pollution.
The current study highlights additional factors that
may be important for understanding composite envi-
ronmental exposure on health outcomes beyond air
pollution. This is particularly important for better un-
derstanding the complex interplay between the living
environment and air pollution, social vulnerabilities,
and health outcomes.

Our analysis also found that census tracts with
higher environmental burden scores had higher cardio-
vascular risk factors and disease rates, independent of
social vulnerability scores. While multiple studies have
reported the detrimental effects of social and environ-
mental factors on health measures individually,?® lim-
ited data have reported an independent association
of these factors with adverse health outcomes after
accounting for one another. Prior studies have shown
that at the county level, social deprivation and air pollu-
tion that consists of particles smaller than 2.5 microns
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Table 3. Rate Ratios of Cardiovascular Health Measures per 100000 Stratified Across the EJI Quartiles

Coronary 1.222 1.348 1.684 1.256 1.516 1.907 1.006 1.0197 1.057
artery (1.205— (1.329- (1.660— (1.239— (1.495- (1.881- (0.993- (1.006- (1.043-
disease 1.239) 1.368) 1.708) 1.279) 1.537) 1.934) 1.020) 1.0332) 1.0716)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.3 P=0.0035 | P<0.001
Stroke 1.270 1.483 2112 1.318 1.693 2.452 1.0142 1.052 1.118
(1.249- (1.459— (2.078- (1.297- (1.667— (2.415- (0.999- (1.037- (1.102-
1.291) 1.508) 2.147) 1.340) 1.720) 2.491) 1.0292) 1.067) 1.135)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.057 P<0.001 P<0.001
Chronic 1195 1.346 1.805 1.224 1.493 2.038 1.000 1.028 1.086
kidney 17— (1.327- (1.779- (1.207- (1.473- 2.010- (0.987- (1.0147- (1.071-
disease 1.212) 1.366) 1.831) 1.241) 1.514) 2.066) 1.013) 1.041) 1.100)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.93 P<0.001 P<0.001
Hypertension | 1.159 1.260 1.561 1169 1.359 1.674 1.017 1.039 1.084
(1.143- (1.243- (1.540— (1.153- (1.341- (1.651- (1.004— (1.0264- (1.070-
1.174) 1.277) 1.583) 1.184) 1.377) 1.696) 1.030) 1.053) 1.098)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.007 P<0.001 P<0.001
Diabetes 1.232 1.436 2.024 1.263 1.601 2.304 1.009 1.046 1119
(1.213- (1.414- (1.993— (1.244- (1.578- 2.271- (0.995- (1.031- (1.103-
1.252) 1.459) 2.056) 1.282) 1.625) 2.338) 1.0236) 1.060) 1.1351)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.18 P<0.001 P<0.001
Obesity 1.154 1.249 1.540 1.185 1.361 1.665 1.014 1.085 1.074
(1138- (1.232- (1.519- (1.169- (1.343~ (1.642— (1.001- (1.021- (1.060-
1.170) 1.266) 1.561) 1.201) 1.379) 1.687) 1.0276) 1.048) 1.089)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.029 P<0.001 P<0.001
High 1.082 1117 1.255 1.075 1472 1.307 1.002 1.008 1.034
cholesterol (1.069— (1104 (1.240- (1.063— (1.158- (1.291- (0.991- (0.997- (1.022-
1.094) 1.130) 1.270) 1.088) 1.185) 1.323) 1.013) 1.020) 1.046)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.69 P=012 P<0.001
Lack of 1.297 1.576 2.234 1.423 1.951 2.952 0.946 0.946 0.993
health (1.274- (1.549— (2.196- (1.399- (1.919- (2.905- (0.933- (0.932— 0.979-
insurance 1.321) 1.604) 2.272) 1.447) 1.983) 2.999) 0.960) 0.960) 1.007)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.36
Sleep <7 1114 1197 1.433 1129 1.258 1.470 1.009 1.045 1.101
h/night (1.100- (1.182- (1.416— (1.115— (1.242— (1.450- (0.997- (1.033- (1.088-
1.128) 1.212) 1.451) 1.143) 1.273) 1.488) 1.022) 1.058) 1.114)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=011 P<0.001 P<0.001
No leisure 1.274 1.493 2.050 1.342 1.698 2.301 1.020 1.062 1143
time physical | (1.254— (1.471- (2.020- (1.323- (1.674— (2.268- (1.006— (1.048- (1.127-1.159)
activity 1.294) 1.516) 2.081) 1.363) 1.723) 2.334) 1.034) 1.077) P<0.001
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.0044 P<0.001
Mental health | 1.136 1.219 1.444 1177 1.326 1.543 0.996 1.016 1.061
notgood for | (1.122- (1.203~ (1.425- (1.161- (1.309- (1.523- (0.984— (1.004- (1.048-
>14 d 1.151) 1.235) 1.463) 1.192) 1.343) 1.563) 1.008) 1.029) 1.075)
P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.564 P=0.0093 | P<0.001
Physical 1.238 1.410 1.891 1.309 1.645 2.242 0.949 0.936 0.949
health not (1.220~ (1.388— (1.863— (1.290- (1.622— (2.210- (0.936- (0.923- (0.936-
good for 1.257) 1.431) 1.920) 1.328) 1.669) 2.274) 0.962) 0.948) 0.961)
>14 d P<0.001 | P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

Model 1 shows rate ratios (95% Cls) from multivariate Poisson regression with EJl and age categories as covariates. Model 2 shows rate ratios (95% Cls)
from multivariate Poisson regression with SVM and EBM as separate covariates along with age categories. EBM indicates environmental burden module; EJI,

Environmental Justice Index; and SVM, social vulnerability module.

have positive associations concerning cardiovascular
and chronic kidney disease death.?%%° Regions with
high environmental pollution usually have a higher
social vulnerability burden; hence, the effect can be
masked. In a review of social inequalities in exposure
to air pollution, a higher deprivation index and lower

economic status were associated with higher partic-
ulate matter exposure.®'=3 Furthermore, economically
disadvantaged minorities have less political power to
fight environmental injustice in their proximity, and eco-
nomic constraints further aggravate the burden of con-
sidering alternate residential options.34-3"
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Figure 2. Choropleth maps CVD risk factor prevalence.

US choropleth maps of coronary artery disease prevalence (A), stroke prevalence (B), chronic kidney disease prevalence (C),
hypertension prevalence (D), diabetes prevalence (E), and high cholesterol prevalence (F) at the census tract level. Source: CDC
PLACES database.'® Created using R programming. CVD indicates cardiovascular disease.

Our study additionally demonstrated that individu-
als with higher exposure to environmental adversities
(EBM quartile 4) were at a higher risk of not engaging
in leisure time physical activity and developing diabe-
tes, in addition to other cardiovascular risk factors. This
information provides additional preliminary insight into
the increased risk of CVD with environmental adversi-
ties. It may help to develop short-term targeted policies
and point-of-care interventions for high-risk individuals.

The recent establishment of the White House Office
of Environmental Justice aimed to address the health
impact of environmental pollution and its dispropor-
tionate effect on minority communities. The Inflation
Reduction Act, which includes $369 billion in funding
for climate and clean energy provisions, is estimated to
provide substantial public health benefits across var-
ious disease domains. Additionally, racial and ethnic

J Am Heart Assoc. 2024;13:e033428. DOI: 10.1161/JAHA.123.033428

minorities are expected to have the largest relative
reduction in deaths by 2050 with the implementa-
tion of the Inflation Reduction Act.®® Other measures
addressing this environmental injustice include the
creation of the White House Environmental Justice
Interagency Council, the White House Environmental
Justice Advisory Council, and the Justice40 Initiative
to provide at least 40% of the overall benefits of certain
federal investments to communities that are margin-
alized, underserved, and overburdened by pollution.
The Climate and Economic Justice Screening Tool
and Environmental Justice Scorecard have been im-
plemented at the administrative level to monitor and
adapt the implementation of policies put forward by
these agencies. The results presented in this study
provide further motivation and support for the agenda
of these agencies and strengthen the argument for
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Figure 3. Choropleth maps CVD risk factor and health status indicator prevalence.

US choropleth maps of obesity prevalence (A), lack of health insurance prevalence (B), sleep <7 hours/night prevalence (C), prevalence
rate of no leisure time physical activity (D), physical health unwell for >14days (E), and prevalence rates of mental health unwell for
>14 days (F) at the census tract level. Created using R programming. Source: CDC PLACES database.’® CVD indicates cardiovascular

disease.

more vigorous measures aimed at reducing social and
environmental disparities.

Finally, as we embark on developing social de-
terminants of health screening tools to collect infor-
mation in health care settings to address individual
patients’ health-related social needs, our study em-
phasizes the importance of understanding the col-
lective impact of social and environmental factors, as
they are both inseparable and independently associ-
ated with adverse outcomes. The current tools widely
lack the consideration of environmental factors. Our
study suggests the role of environmental factors in
combination with social factors and the incremental
role of environmental factors after adjusting for social
factors. This makes a case for incorporating accurate

J Am Heart Assoc. 2024;13:e033428. DOI: 10.1161/JAHA.123.033428

information regarding individual patients’ environ-
mental risk factors.

Limitations

Despite its novelty, EJI is not a holistic indicator of all
the environmental, social, and health vulnerabilities
that communities face and, hence, cannot account
for all the factors influencing cardiovascular health lo-
cally.'® EJI does not represent a detailed risk or ex-
posure assessment.'® Additionally, because of the
percentile method used for EJI, the relative weight-
ing of the individual components of the social and
environmental modules may not reflect their ad-
verse health effects. Yet it could be a starting place
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Figure 4. Components of socio-environmental EJI.

An increase in a composite burden of social vulnerability and environmental exposure predicts an increase in the prevalence of
cardiovascular risk factors and diseases. An increase in environmental burden, independent of social vulnerability, predicts an increase
in the prevalence of cardiovascular disease. Created using Biorender.com with publication license. EJI indicates environmental justice

index.

to investigate variations in distributive and procedural
justice contributing to health inequity.'® As this analy-
Sis uses aggregate data at the census tract level, it
is subject to ecological fallacy, and the associations
found between neighborhood-level factors and health
outcomes may not apply at the individual level. Further
confirmation using individual-level data is needed, as
relationships observed in aggregate ecological data
do not necessarily translate to individuals.3® Due to the
lack of patient-level data, we could not adjust for risk
factors other than age, which could lead to potential
confounding.*® During the creation of EJI, data regard-
ing drinking water quality, low infant birth weight, and
pesticide usage was available at a coarser geographic
resolution, for example, at the county level and not
at the census tract level, so it could not be consid-
ered.'® In the current scenario, EJI rank computations
are based on recent historical data and do not factor

J Am Heart Assoc. 2024;13:e033428. DOI: 10.1161/JAHA.123.033428

in the measurements of uncertainty for EJI indicators;
hence, it is essential to supplement the EJI data with
local environmental and health mapping data for a ho-
listic understanding of environmental injustice.'®

CONCLUSIONS

The current study, using the EJI developed by the CDC,
demonstrates a graded increase in the prevalence of
CVD and risk factors at a population level across the
United States, with an increase in aggregate social
and environmental adversities. Furthermore, a higher
environmental burden continued to be associated with
adverse health outcomes independent of social deter-
minants. Policies to protect against climate change,
reduce environmental pollution, and decrease social
disparity are needed to improve cardiovascular health
outcomes, particularly in vulnerable populations.
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