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BACKGROUND Cardiovascular disease (CVD) is a significant cause of morbidity and mortality in men with prostate

cancer; however, data on racial disparities in CVD outcomes are limited.

OBJECTIVES We quantified the disparities in CVD according to self-identified race and the role of the structural social

determinants of health in mediating disparities in prostate cancer patients.

METHODS A retrospective cohort study of 3,543 prostate cancer patients treated with systemic androgen deprivation

therapy (ADT) between 2008 and 2021 at a quaternary, multisite health care system was performed. The multivariable

adjusted association between self-reported race (Black vs White) and incident major adverse cardiovascular events

(MACE) after ADT initiation was evaluated using cause-specific proportional hazards. Mediation analysis determined the

role of theme-specific and overall social vulnerability index (SVI) in explaining the racial disparities in CVD outcomes.

RESULTS Black race was associated with an increased hazard of MACE (HR: 1.38; 95% CI: 1.16-1.65; P < 0.001). The

association with Black race was strongest for incident heart failure (HR: 1.79; 95% CI: 1.32-2.43), cerebrovascular disease

(HR: 1.98; 95% CI: 1.37-2.87), and peripheral artery disease (HR: 1.76; 95% CI: 1.26-2.45) (P < 0.001). SVI, specifically

the socioeconomic status theme, mediated 98% of the disparity in MACE risk between Black and White patients.

CONCLUSIONS Black patients are significantly more likely to experience adverse CVD outcomes after systemic ADT

compared with their White counterparts. These disparities are mediated by socioeconomic status and other structural

determinants of health as captured by census tract SVI. Our findings motivate multilevel interventions focused on

addressing socioeconomic vulnerability. (J Am Coll Cardiol CardioOnc 2024;6:390–401) © 2024 Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

ADT = androgen deprivation

therapy

CV = cardiovascular

CVD = cardiovascular disease

EMR = electronic medical

record

GnRH = gonadotropin-

releasing hormone

MACE = major adverse

cardiovascular event

SDOH = social determinants of

health

SVI = social vulnerability index

UPHS = University of

Pennsylvania Health System
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A ccording to U.S. population data, death rates
are higher in Black men with cancer
compared with other racial groups, with

several studies demonstrating worse overall survival
in Black patients after a prostate cancer diagnosis.1-4

A growing body of evidence suggests that the
morbidity from nonprostate cancer–specific causes
contributes considerably to overall survival dispar-
ities after prostate cancer diagnosis.4,5 Structural
racism and the social determinants of health (SDOH)
play critical roles in shaping these disparities, influ-
encing access to health care, housing, socioeconomic
status, and quality of care.6-8 However, limited data
exist on the impact of SDOH on the noncancer causes
that drive these differences in outcomes.

Cardiovascular disease (CVD) is a major cause of
noncancer-specific morbidity and mortality in pros-
tate cancer.9 In particular, systemic androgen depri-
vation therapy (ADT), commonly used in the
treatment of men with prostate cancer both in the
localized and metastatic disease settings, is associ-
ated with adverse metabolic and cardiovascular (CV)
effects.10-13 Observational studies indicate that ADT
exposure increases the risk of adverse CV events,
including myocardial infarction, stroke, heart failure,
and CV death, particularly in patients with pre-
existing CVD or multiple CV risk factors.14-19

Thus, we sought to answer the following ques-
tions: What are the differences in major adverse car-
diovascular events (MACE) in men with prostate
cancer receiving ADT as a function of race (a social
construct referencing diverse sets of people)? If dif-
ferences exist, to what extent do the structural SDOH
mediate and potentially explain those differences? In
this study, we defined MACE as heart failure, coro-
nary heart disease, cerebrovascular disease, periph-
eral artery disease, ventricular tachycardia/
ventricular fibrillation, and CV mortality.

METHODS

STUDY POPULATION. We performed a retrospective
cohort study of prostate cancer patients treated with
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gonadotropin-releasing hormone (GnRH)
agonist– or GnRH antagonist–based ADT at
the University of Pennsylvania Health System
(UPHS) between 2008 and 2021. UPHS is a 6-
hospital, multisite, quaternary care aca-
demic medical center serving more than 1
million patients per year from urban and
suburban areas mostly in the Greater Phila-
delphia region (Southeast Pennsylvania,
Central and Southern New Jersey, and Dela-
ware).20 The study was approved and
informed consent requirement was waived by
the Institutional Review Board of the Uni-
versity of Pennsylvania. The study followed
the Strengthening the Reporting of Observa-
tional Studies in Epidemiology report-
ing guidelines.
Patients with a prostate cancer diagnosis and at
least 1 prescription of a GnRH agonist, GnRH antag-
onist, first-generation antiandrogen, abiraterone, or
novel antiandrogen treated at UPHS-affiliated hospi-
tals were identified (Supplemental Table 1). Detailed
information including ADT and related medication
orders, demographics, vital signs, laboratory mea-
surements, CV diagnosis and procedure codes from
inpatient and outpatient encounters, and CV medi-
cations (Supplemental Table 2) were extracted from
Penn Data Store, the enterprise data warehouse for
UPHS that contains aggregated longitudinal clinical
data from the Epic electronic medical record (EMR)
(Epic Systems Corporation) and other clinical source
systems. Baseline was defined by the ADT start date.
To ensure that the ADT start date was defined accu-
rately, only nonhistorical, prescribed medication or-
ders were considered; patients were required to have
a prostate cancer–related encounter with oncology or
urology providers before the earliest ADT medication
order date, and manual patient chart review was
performed by trained physicians if this was unclear or
missing. Patients were excluded if: 1) there was no
evidence of GnRH agonist or antagonist receipt;
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possible; or 3) there was an observable window
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of <30 days between the last UPHS encounter and the
ADT start date (Supplemental Figure 1).

CV RISK FACTORS AND DISEASE. Prevalent CV risk
factors (hypertension, diabetes, and hyperlipidemia)
and CVD (heart failure, coronary heart disease, cere-
brovascular disease, and peripheral artery disease)
were ascertained based on the presence of Interna-
tional Classification of Diseases-9th Revision-Clinical
Modification and International Classification of
Diseases-10th Revision-Clinical Modification diag-
nosis codes during 1 inpatient or 2 outpatient en-
counters before ADT start. Medications (for
hypertension, diabetes, and hyperlipidemia), labora-
tory measurements (for diabetes), and revasculariza-
tion procedures (for coronary heart disease and
peripheral artery disease) were also used to define CV
risk factors and CVD (Supplemental Table 3).21-33

Ventricular tachycardia/fibrillation was ascertained
based on 1 inpatient or outpatient diagnosis code.34

SOCIAL DETERMINANTS OF HEALTH. The Centers
for Disease Control and Prevention social vulnera-
bility index (SVI), a composite structural SDOH mea-
sure, was used.35 The calculations are based on the
relative rankings of census tracts in the United States
on 15 social factors across socioeconomic status
(below poverty, unemployed, income, and no high
school diploma), household composition and
disability (age 65 years or older, aged 17 years or
younger, older than age 5 years with a disability, and
single-parent households), minority status and lan-
guage (minority and speak English “less than well”),
and housing type and transportation (multiunit
structures, mobile homes, crowding, no vehicle, and
group quarters) themes using American Community
Survey data. To obtain SVI data, the residential
address at ADT start was geocoded using ArcGIS Pro
version 3.0 (ESRI). Census tract SVI rankings were
extracted from the Agency for Toxic Substances and
Disease Registry by matching census tract geocodes
(Supplemental Figure 2).

VITAL STATUS. The National Death Index was used
to ascertain vital status and obtain the underlying
cause of death (Supplemental Methods).36 Diagnosis
codes between I00 and I99 defined CV-related deaths;
C61 defined death from prostate cancer.37

STUDY OUTCOMES. The primary outcome was time
to first MACE including heart failure, coronary heart
disease, cerebrovascular disease, peripheral artery
disease, ventricular tachycardia/ventricular fibrilla-
tion, and CV mortality. Individual components of the
MACE outcome were evaluated as secondary
outcomes. To define incident CV events in patients
without pre-existing CVD, International Classification
of Diseases-Ninth Revision-Clinical Modification and
International Classification of Diseases-10th Revi-
sion-Clinical Modification diagnosis codes during 1
inpatient or 2 outpatient encounters were used. In
those with pre-existing CVD, to account for the pos-
sibility that diagnosis codes could represent instances
of follow-up encounters rather than true events, only
primary inpatient diagnosis codes were used
(Supplemental Table 4).38 Prostate cancer mortality
was analyzed as an exploratory outcome
(Supplemental Methods).

STATISTICAL ANALYSIS. Baseline characteristics
were summarized using count (proportions) for
categoric variables and median (Q1-Q3) for contin-
uous variables. Our comparative analysis focused on
Black and White patients; the number of patients who
self-identified as other races was small, altogether
<7%. Differences in prevalent CV risk factors and
disease were tested using the chi-square test. Overall
and theme-specific census tract SVI percentile rank-
ings were compared using the Wilcoxon rank
sum test.

The cause-specific hazards method was used for
the primary analysis of time-to-event outcomes given
the etiologic nature of our study questions.39 Unad-
justed rates of incident CV outcomes were estimated
and compared using the Kaplan-Meier estimator and
the log-rank test. Adjusted associations between self-
identified race and outcomes were evaluated using
Cox proportional hazards models with results pre-
sented as HRs with 95% CIs. Schoenfeld residuals
analysis was conducted to validate the proportional
hazards assumption. An approach based on the
modified disjunctive cause criterion was imple-
mented to select possible confounders.40 These were
selected a priori based on their known associations
with CV outcomes, including age, systolic blood
pressure, body mass index, hypertension, diabetes,
dyslipidemia, self-reported smoking status, pre-
existing CVD (atherosclerotic CVD and heart failure),
CV medications (angiotensin-converting enzyme in-
hibitors or angiotensin receptor blockers, beta-
blockers, mineralocorticoid receptor antagonists,
and statins), abiraterone, and novel antiandrogen
therapy.41 Because abiraterone and novel anti-
androgens could be prescribed at different time
points during the course of ADT (ie, for the initial
management of castration-sensitive disease or at the
time of castration resistance), these were treated as
time-varying covariates with ascertainment of start/
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stop dates from the EMR based on prescription data
and manual chart review. To address possible con-
founding related to changing practice patterns over
the study period, the ADT start year was additionally
included in the models as a proxy variable. Sensitivity
analysis was performed for unadjusted differences in
CV outcomes based on Gray’s test for competing risks,
and adjusted associations were modeled using the
Fine and Gray method.39 In this sensitivity analysis,
abiraterone and novel antiandrogen use were treated
as fixed covariates.

In secondary analysis, we explored through an
interaction analysis whether race-based differences
in CV outcomes differed according to prevalent CVD
and cancer stage. Prevalent CVD was defined based
on prevalent atherosclerotic CVD or heart failure at
ADT start. Cancer stage at diagnosis was assessed by
the American Joint Committee on Cancer system and
defined as localized (stages 1-3) or metastatic (stage 4)
disease.

Mediation analysis was performed based on the
method of Valeri and Vanderweele42 to determine
whether differences in MACE according to race were
mediated by structural SDOH-related mechanisms,
specifically census tract SVI. This analysis decom-
posed the total effect of race into a direct effect (non–
SVI-mediated effect) and an indirect effect mediated
by SVI (SVI-mediated effect) and determined the
proportion of the overall effect mediated by SVI using
the following formula: (direct effect $ [indirect
effect � 1])/(direct effect $ indirect effect � 1).43 De-
tails on the mediation analysis methods are provided
in the Supplemental Methods.

A 2-sided significance level of 0.05 was used to
assess statistical significance. All analyses were per-
formed using R 4.4.2 (R Foundation for Statistical
Computing).

RESULTS

MISSING DATA. A detailed manual chart review was
conducted to reduce the missingness in the data.
After the review, the proportion of missing values
was low at <5%.

BASELINE CHARACTERISTICS. Among the 3,543
included patients, 1,079 (30.4%) were Black, 2,227
(62.9%) were White, 63 (1.8%) were Asian, and 96
(2.7%) self-identified as other (Table 1). The de-
mographics of the entire patient population at UPHS
during that time frame was as follows: 62% White,
21% Black, 3% Hispanic, and 3% Asian.20 In compari-
son, the demographics of Philadelphia consist of 37%
White, 40% Black, 16% Hispanic, and 7% Asian.44 In
summary, our study population exhibited a higher
proportion of Black patients.

The median (Q1-Q3) age was 70 years (Q1-Q3: 64-76
years). The majority received a GnRH agonist (37.6%)
or GnRH agonist with first-generation antiandrogen
(52.9%) as their initial ADT regimen, whereas only
0.8% received a GnRH antagonist. The remaining
8.7% received abiraterone or novel antiandrogen with
a GnRH agonist or antagonist as part of their initial
ADT regimen. Abiraterone and/or novel antiandrogen
use at any time during the course of ADT was docu-
mented in 24.2%.

PREVALENT CV RISK FACTORSAND DISEASE ACCORDING

TO SELF-IDENTIFIED RACE. The prevalence of smoking
(60.4% vs 47.1%), hypertension (79.3% vs 69.4%), and
diabetes (33.6% vs 17.9%) was greater in Black
compared with White patients (P < 0.001). Similarly,
heart failure (10.2% vs 5.0%; P < 0.001) and cerebro-
vascular disease (10.8% vs 7.9%; P ¼ 0.006) were
more prevalent in Black patients. However, the
prevalence of hyperlipidemia (56.2% vs 64.6%) and
coronary heart disease (14.6% vs 20.4%) was greater
in White patients (P < 0.001) (Table 1).

INCIDENT CV OUTCOMES ACCORDING TO

SELF-IDENTIFIED RACE. The unadjusted rate of
incident MACE was significantly greater in Black
compared with White patients over a median (Q1-Q3)
follow-up time of 2.8 years (Q1-Q3: 1.3-5.6 years)
(Figure 1, Supplemental Figures 3 to 5). In multivari-
able analysis, Black patients had 38% greater hazard
of MACE compared to White patients (HR: 1.38; 95%
CI: 1.16-1.65; P < 0.001). Black race was independently
associated with increased hazard of heart failure (HR:
1.79; 95% CI: 1.32-2.43; P < 0.001), cerebrovascular
disease (HR: 1.98; 95% CI: 1.37-2.87; P < 0.001), and
peripheral artery disease (HR: 1.76; 95% CI: 1.26-2.45;
P < 0.001) events (Figure 1, Table 2). Moreover, Black
race was associated with CV mortality in unadjusted
analysis (HR: 1.51; 95% CI: 1.08-2.12; P ¼ 0.017),
although this was not statistically significant after
adjustment for pre-existing CV risk factors and
disease. A sensitivity analysis based on the Fine
and Gray competing risks method showed similar
findings (Supplemental Figures 4 and 5,
Supplemental Table 5). Differences in MACE risk be-
tween Black and White patients were consistent in
subgroup analyses based on pre-existing CVD or
cancer stage (Supplemental Figures 6 and 7,
Supplemental Table 6).

PROSTATE CANCER MORTALITY ACCORDING TO

SELF-IDENTIFIED RACE. Supplemental Figure 8
presents the unadjusted rate of prostate cancer
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TABLE 1 Baseline Characteristics

Overall
(N ¼ 3,543)

Black
(n ¼ 1,079)

White
(n ¼ 2,227) P Valueb

Demographics

Age, y 70 (64-76) 68 (62-75) 70 (65-77) <0.001

Race

Asian 63 (1.8)

Black 1,079 (30.4)

White 2,227 (62.9)

Other 96 (2.7)

Unknown 78 (2.2)

Ethnicity, non-Hispanic non-LatinX 3,435 (98.5) 1,055 (98.6) 2,159 (98.5) 0.94

Prostate cancer

AJCC stage at diagnosisa <0.001

1 173 (5.9) 53 (5.9) 107 (5.8)

2 1,107 (37.7) 357 (39.5) 679 (36.9)

3 728 (24.8) 196 (21.7) 491 (26.7)

4 622 (21.2) 177 (19.6) 401 (21.8)

Unknown 306 (10.4) 121 (13.4) 160 (8.7)

ADT start year <0.001

2008-2009 207 (5.8) 65 (6.0) 131 (5.9)

2010-2011 565 (15.9) 224 (20.8) 306 (13.7)

2012-2013 375 (10.6) 119 (11.0) 221 (9.9)

2014-2015 409 (11.5) 113 (10.5) 271 (12.2)

2016-2017 504 (14.2) 130 (12.0) 332 (14.9)

2018-2019 786 (22.2) 230 (21.3) 504 (22.6)

2020-2021 697 (19.7) 198 (18.4) 462 (20.7)

Abiraterone use 619 (17.5) 145 (13.4) 433 (19.4) <0.001

Novel antiandrogen use 507 (14.4) 141 (13.1) 331 (14.9) 0.19

CV risk factors

SBP, mm Hg 135 (124-148) 136 (124-149) 134 (124-147) 0.14

DBP, mm Hg 76 (70-83) 77 (70-84) 76 (70-82) 0.048

BMI, kg/m2 28 (25-31) 28 (25-31) 28 (25-31) 0.12

Current or past smoking 1,741 (51.2) 628 (60.4) 1,008 (47.1) <0.001

Obesity 1,136 (33.4) 363 (34.8) 717 (33.7) 0.57

Hypertension 2568 (72.5) 856 (79.3) 1,546 (69.4) <0.001

Diabetes mellitus 824 (23.3) 363 (33.6) 398 (17.9) <0.001

Hyperlipidemia 2,186 (61.7) 606 (56.2) 1,439 (64.6) <0.001

CV disease

Heart failure 231 (6.5) 110 (10.2) 111 (5.0) <0.001

Coronary heart disease 642 (18.1) 158 (14.6) 455 (20.4) <0.001

Cerebrovascular disease 309 (8.7) 117 (10.8) 176 (7.9) 0.006

Peripheral artery disease 285 (8.0) 97 (9.0) 174 (7.8) 0.28

History of CV medication use

ACEI or ARB 1,644 (46.4) 532 (49.3) 1,000 (44.9) 0.019

Sacubitril/valsartan 5 (0.1) 1 (0.1) 4 (0.2) 0.90

Beta-blocker 1,281 (36.2) 411 (38.1) 810 (36.4) 0.36

MRA 77 (2.2) 40 (3.7) 36 (1.6) <0.001

Calcium-channel blocker 1,134 (32.0) 501 (46.4) 568 (25.5) <0.001

Diuretics 1,051 (29.7) 445 (41.2) 556 (25.0) <0.001

Statins 1,933 (54.6) 546 (50.6) 1,272 (57.1) <0.001

Aspirin 1,706 (48.2) 478 (44.3) 1,134 (50.9) <0.001

P2Y12 inhibitors 282 (8.0) 86 (8.0) 183 (8.2) 0.86

Warfarin 242 (6.8) 59 (5.5) 170 (7.6) 0.026

Direct-acting oral anticoagulants 205 (5.8) 46 (4.3) 151 (6.8) 0.005

Values are median (Q1-Q3) or n (%). aProstate cancer–related variables were obtained from the Penn Cancer Registry; 2,936 of the 3,543 in the analytic cohort have data
available in the Penn Cancer Registry. bDifferences were tested using the Wilcoxon rank sum test for continuous variables or chi-square test for categorical variables.

ACEI ¼ angiotensin-converting enzyme inhibitor; ADT ¼ androgen deprivation therapy; AJCC ¼ American Joint Committee on Cancer; ARB ¼ angiotensin receptor blocker;
BMI ¼ body mass index; CV ¼ cardiovascular; DBP ¼ diastolic blood pressure; MRA ¼ mineralocorticoid receptor antagonist; SBP ¼ systolic blood pressure.
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FIGURE 1 MACE and Cardiovascular Outcomes by Self-Identified Race

The probability of incident major adverse cardiovascular events (MACE) and individual cardiovascular outcomes following systemic androgen

deprivation therapy (ADT) in Black vs White prostate cancer patients estimated based on the Kaplan-Meier estimator; the difference ac-

cording to self-identified race was tested using the log-rank test.
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mortality according to race. After adjustment for age
and cancer stage, no significant association was
observed between Black race and prostate cancer
mortality (HR: 1.13; 95% CI: 0.91-1.42; P ¼ 0.27).
STRUCTURAL SDOH AS MEDIATOR OF RACIAL

DISPARITIES IN CV OUTCOMES. Census tract SVI was
collected in 3,458 patients (1,063 Black and 2,163
White and the remainder other races) with geo-
codable address information. Patients (n ¼ 85) with
missing or nongeocodable address (PO Box instead of
physical address) were excluded. A total of 1,419
discrete geocodes were represented in our study. The
median (Q1-Q3) census tract overall SVI ranking was
significantly higher in Black at 77% (Q1-Q3: 58%-88%)
compared to White patients at 23% (Q1-Q3: 10%-42%)
(P < 0.001). These differences, indicative of greater
social vulnerability among Black patients, were
observed consistently across all SVI themes (Figure 2).

Our analysis examining the census tract SVI as a
potential mediator of the observed racial disparities
in MACE indicated that the overall SVI rankings
mediated 81% of the association between Black race
and MACE (Table 3). The indirect SVI-mediated effect
was significantly different with an HR of 1.28 (95% CI:
1.07-1.72), whereas the non–SVI-mediated effect was
not (HR: 1.07; 95% CI: 0.76-1.38). In additional



TABLE 2 Associations Between Self-Identified Black Race (Compared With White Race) and CV Events After ADT

CV Outcome
Unadjusted HR

(95% CI) P Value
Adjusted HRa

(95% CI) P Value

MACE 1.43 (1.22-1.67) <0.001 1.38 (1.16-1.65) <0.001

Heart failure 1.91 (1.46-2.49) <0.001 1.79 (1.32-2.43) <0.001

Coronary heart disease 0.99 (0.74-1.32) 0.95 0.95 (0.69-1.30) 0.76

Cerebrovascular disease 2.16 (1.56-3.01) <0.001 1.98 (1.37-2.87) <0.001

Peripheral artery disease 1.93 (1.43-2.61) <0.001 1.76 (1.26-2.45) <0.001

Ventricular tachycardia/fibrillation 1.13 (0.68-1.86) 0.64 1.11 (0.64-1.93) 0.70

CV mortality 1.51 (1.08-2.12) 0.017 1.20 (0.81-1.78) 0.37

Associations were modeled using cause-specific proportional hazards models. aModels adjusted for age, year of ADT start, SBP, current or past smoking, BMI, hypertension, diabetes mellitus,
hyperlipidemia, heart failure, pre-existing atherosclerotic CV disease and CV medication use at ADT start (ACEI/ARB, beta-blockers, MRA, and statins), abiraterone, and novel antiandrogen
therapy. Abiraterone and novel antiandrogen therapy were modeled as time-varying covariates.

MACE ¼ major adverse cardiovascular event; other abbreviations as in Table 1.
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analyses exploring each theme-specific SVI measure
as a mediator of the association between race and
MACE in individual models, the socioeconomic status
theme had the strongest effect; the indirect effect
mediated by this theme accounted for 98% of the
association between race and MACE (Table 3). In
contrast, the effects of the other themes evaluated
were less substantial.
FIGURE 2 Social Vulnerability According to Self-Identified

Race

Distribution of census tract social vulnerability index (SVI)

percentile rankings in Black vs White prostate cancer patients

at androgen deprivation therapy start. Higher SVI rankings

correlate with greater social vulnerability.
DISCUSSION

In this large retrospective cohort study of prostate
cancer patients, we examined racial disparities in CV
outcomes after ADT. Our analysis demonstrates 3
main findings (Central Illustration). First, Black pa-
tients had a greater prevalence of pre-existing CV risk
factors and disease at ADT initiation. Second,
although there were no differences in prostate cancer
mortality in adjusted analyses, Black patients were
significantly more likely to experience incident MACE
following ADT compared with White patients. Third,
these disparities in CV outcomes were largely
explained by differences in structural SDOH as
defined by census tract SVI, specifically the socio-
economic status theme. To our knowledge, this is the
first study demonstrating the marked racial dispar-
ities in CV outcomes in patients with prostate cancer
that also serves to identify census tract–based struc-
tural SDOH as the main mediators of these inequities.

The care for this cohort of patients was driven by
oncology and genitourinary providers within our
multisite health care system, and we hypothesize that
this oncology-focused, equal-access cancer care may
explain why there were no differences in prostate
cancer mortality according to self-identified race.45

However, not all patients received CV care46-49

despite over 90% of the patients in our cohort hav-
ing at least 1 CV risk factor, and 29% had CVD before
ADT initiation. MACE occurred in a substantial pro-
portion of patients (ie, 22% at 5 years after ADT).
Moreover, the burden of CVD in our cohort was
greater in Black patients. Black race was associated
with up to 38% increased hazard of incident MACE
even after adjustment for CV risk factors, CVD, and
confounders. Altogether, our findings demonstrate
that CVD is an important driver of racial disparities in
noncancer morbidity in prostate cancer, and this was



TABLE 3 Mediation Analysis Using Overall and Theme-Specific Census Tract SVI Rankings

SVI Measure

Natural Indirect
Effect HR
(95% CI)a

Natural Direct
Effect HR
(95% CI)b Proportion Mediated

Overall SVI rankings 1.28 (1.07-1.72) 1.07 (0.76-1.38) 0.81

Theme-specific rankings

Socioeconomic status 1.35 (1.10-1.74) 1.01 (0.75-1.25) 0.98

Household composition and disability 1.13 (0.99-1.29) 1.21 (0.97-1.50) 0.42

Minority status and language 1.03 (0.85-1.25) 1.33 (1.05-1.77) 0.11

Housing type and Transportation 1.02 (0.94-1.14) 1.32 (1.07-1.63) 0.09

Details of the specific methods used in the mediation analysis are provided in the Supplemental Methods. aRepresents the association between Black race and the time to major
adverse cardiovascular event that is mediated by the SVI variable under consideration. bRepresents the association between Black race and the time to major adverse
cardiovascular event through other pathways not related to the SVI theme under consideration.

SVI ¼ social vulnerability index.
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consistent across patients with localized or metastatic
cancer and those with or without pre-existing CVD.
Our work identifies an urgent, unmet need for greater
attention to CVD management in men with prostate
cancer. As the most common cancer in men in the
United States, this represents a critically important
public health priority.

Social vulnerability has emerged as an important
determinant of health outcomes across multiple dis-
ease conditions.50-54 Residence in neighborhoods
with greater social vulnerability correlates with dis-
advantages in individual SDOH (eg, income, educa-
tion, employment, health insurance coverage, health
literacy, and access to health care).55 Neighborhoods
with greater social vulnerability are also likely to have
limited access to physical activity–promoting re-
sources, healthy foods, safety, transportation, eco-
nomic opportunities, and social cohesion. All of these
factors have been associated with adverse CV out-
comes; social vulnerability is a proxy for a multitude
of downstream processes and barriers that negatively
impact CV risk factor control and subsequent risk of
CV events.55-57 Within our health system, the majority
of Black patients resided in census tracts with the
highest vulnerability, whereas the majority of White
patients resided in census tracts in the lower 2 quar-
tiles (less vulnerability). Importantly, mediation
analysis indicated that these differences in census
tract overall SVI rankings accounted for 81% of the
association between Black race and MACE, with so-
cioeconomic status demonstrating the strongest ef-
fect (98%) in theme-specific analysis. Our results
suggest that census tract–based SDOH, socioeconomic
status specifically, explains the marked racial dis-
parities in CV outcomes after ADT.

Our findings have important implications in the
clinical care of prostate cancer patients receiving
ADT. The substantial burden of CVD in this popula-
tion highlights a critical need for the implementation
of more effective, accessible, and inclusive cardiology
and cardio-oncology care.13,48,49 Our findings,
derived from a quaternary, multisite health care sys-
tem with specialized CV and cardio-oncology care, are
sobering and raise concerns that systems with less
resources may have even greater disparities in CV
outcomes. However, recent interventions in cardiol-
ogy that provide access to care equal to Black men,
such as blood pressure medication management in
Black barbershops, have resulted in statistically and
clinically significant blood pressure reductions.58

Moreover, retrospective analyses in oncology that
account for access to care and standardized treatment
suggest that Black men have similar or better prostate
cancer outcomes.4,45 We also emphasize the need for
greater consideration of SDOH in the care of prostate
cancer patients. Addressing SDOH is complex and
requires further actions at the provider, health care
system, community, and government level.56,57

Comprehensive assessment of SDOH can play a
crucial role in identifying adverse SDOH in individual
patients, which is key to informing multitargeted,
tailored interventions.

Our findings related to disparate socioeconomic
status, and rising costs of medical care also place
greater emphasis on financial toxicity. Financial
toxicity has been noted to be greatest among patients
suffering from both CVD and cancer, and this may
help explain our findings.59 Strategies focused on
addressing the multidimensional financial toxicity
experienced by cancer patients on the individual,
community, and organizational level need to be
developed.60 We believe that discussions regarding
the burden of CVD and MACE in men with prostate
cancer should be revisited in the context of these

https://doi.org/10.1016/j.jaccao.2024.04.004
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important contributions of SDOH and the need for
additional race-conscious research, redirecting public
health efforts at the community level to address the
unmet needs of patients from vulnerable
neighborhoods.55

STUDY LIMITATIONS. This was a retrospective cohort
study, and limitations inherent to such study
design, including unmeasured confounding and
misclassification, exist. The study was conducted at
a quaternary academic health care system, which
might affect the generalizability of our findings. The
study period spans a relatively long time frame,
during which substantial changes have occurred in
prostate cancer management. Importantly, there has
been increasing and earlier use of ADT in combi-
nation with abiraterone and/or novel antiandrogens,
which carry increased CV risk. Although we
adjusted for these therapies and additionally
attempted to account for possible confounding



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In patients with

prostate cancer treated with androgen deprivation therapy, Black

patients have worse SVI and are significantly more likely to

experience MACE compared to White patients. SVI, and particu-

larly socioeconomic status, largely mediated the association

between race and MACE.

TRANSLATIONAL OUTLOOK: Future research needs to focus

on further understanding and mitigating the needs of patients

from socioeconomically vulnerable communities. Interventions

that effectively address the SDOH are needed to overcome dis-

parities in cardiovascular outcomes in prostate cancer.
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related to changing clinical practice patterns by
including ADT start year as a proxy, there is a
possibility of residual confounding. In addition,
there are inherent limitations to an EMR-based
study. Although our study captures valuable in-
sights, it is important to acknowledge that EMR
data may not fully capture all relevant information,
posing challenges to ascertain the factors driving
the observed health outcomes.

Furthermore, our study centered on Black and
White patients. Although the greatest health dis-
parities in cancer and CVD have been reported in
Black patients, further investigation on the dispar-
ities in prostate cancer among other diverse race/
ethnic groups should also be pursued. Finally, prior
studies have determined that racial disparities in
cancer and CV outcomes are not driven by socio-
economic status alone. Further investigation should
be conducted to assess the role of other structural
and SDOH, including but not limited to individual
SDOH measures and structural measures including
those that represent environmental burden.

Of note, we also highlight the strengths of this
study. These include the following: original
research that answers a clinically relevant question
in a population with prevalent CVD and of great
need, rigorous curation of a comprehensive data set
through detailed manual chart review with minimal
missing data, innovative methodologic approach to
understanding inequities in care through mediation
analysis, and observational findings that provide
important data to support multilevel strategies to
overcome health care disparities.

CONCLUSIONS

Black men with prostate cancer have a greater burden
of adverse CVD outcomes after ADT compared with
their White counterparts. These disparities are
mediated by socioeconomic status and other struc-
tural determinants of health as captured by census
tract SVI. Multilevel targeted interventions tailored to
the needs of patients from socioeconomically
vulnerable communities are necessary to reduce the
disparities in CVD in patients with prostate cancer.
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