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KEY POINTS

� Patients with prostate cancer have a high burden of cardiovascular risk factors, which are often
suboptimally controlled. The best strategy for stratifying and addressing cardiovascular risk in pa-
tients with prostate cancer has not been defined.

� Androgen deprivation therapy (ADT), most frequently administered in the form of a gonadotropin-
releasing hormone (GnRH) agonist, is a cornerstone of prostate cancer therapy. It leads to
increased adiposity and loss of skeletal muscle strength and has been associated with an increase
in the risk of developing hypertension and diabetes. ADT has been weakly associated with an in-
crease in the risk of adverse cardiovascular outcomes. However, these data are methodologically
limited and the association needs confirmation in prospective studies.

� Androgen receptor signaling inhibitors (eg, enzalutamide, apalutamide, darolutamide) and cyto-
chrome p450 17A1 (CYP17A1) inhibitors (eg, abiraterone) are used in addition to GnRH agonists
for metastatic prostate cancer and increasingly for high-risk nonmetastatic disease. They increase
hypertension over and above GnRH agonists and have been associated with incremental cardio-
vascular risk.

� GnRH antagonists have been associated with less adverse cardiovascular outcomes than GnRH
agonists. However, this observation has yet to be proven in a prespecified randomized, controlled
trial. While GnRH antagonists can be considered in patients at high cardiovascular risk, there is
insufficient high-quality evidence to support its routine use in this population for the reduction of
cardiovascular events.
INTRODUCTION cancer might be at high risk of developing CVD,
Patients with diverse cancers, including prostate
cancer (PC), are experiencing progressive im-
provements in survival owing to advances in
cancer therapeutics. This shift alone will leave
populations of patients treated for cancer suscep-
tible to the competing risk of cardiovascular dis-
ease (CVD). Coupled with the cardiotoxicity of
some cancer treatments, many patients with
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and their management complicated by specific
treatment and prognostic considerations of both
morbidities. These issues have led to the rapid
growth of the field of cardio-oncology.

Worldwide, PC is the most common cancer in
men.1 It is projected that the number of new PC
cases annually will double between 2020 and
2040, from 1.4 million per year to 2.9 million.2 It is
estimated that over 3.5 million men in the United
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States have been diagnosed with PC3 and there
are approximately 300,000 new cases annually.4

Importantly, at least 90% of patients with newly
diagnosed PC in contemporary cohorts will have
localized disease, and PC mortality in these indi-
viduals is infrequent, occurring in less than 1.5%
of patients per year.5,6 Even in those with de
novo metastatic disease, survival rates are gener-
ally 4 to 5 years.7 Therefore, many patients with
PC will be at risk of cardiovascular events for an
extended time and the burden of cardio-oncology
morbidity in patients treated for PC is large and
will likely increase. The purpose of this article is
to discuss what is known about the epidemiology
of cardiovascular risk factors and disease in the
PC population; the role of specific PC treatments
in promoting cardiovascular risk factors and dis-
ease; strategies to address these challenges; and
considerations in the management of severe CVD
in patients with PC.
EPIDEMIOLOGY OF CARDIOVASCULAR
DISEASE IN PATIENTS WITH PROSTATE
CANCER

Most patients with localized disease have excel-
lent long-term cancer-specific survival and for
contemporary patients who are diagnosed with
metastatic disease, cancer-specific survival is
usually over 4 years.8,9 The widespread use of
screening, especially in high-income countries
and settings, has led to increases in PC incidence,
including the identification of many patients in the
indolent phase. The favorable life-expectancy
among these patients with early-stage PC5 leaves
them at risk of developing comorbid conditions for
an extended time. Among such comorbidities, car-
diovascular risk factors and disease are particu-
larly relevant if only because of their frequency in
men of the same demographic typically affected
by PC.
In the subgroup of patients with PC who will

develop advanced disease, hormonal therapy
represents the cornerstone of cancer control.
However, these treatments are well recognized
as leading to worsening cardiometabolic compli-
cations. Such complications enhance the impor-
tance of cardiovascular risk factors and disease
in patients with PC.
Amongmenwith nonmetastatic PC in the United

States, CVD is a more frequent cause of death
than the cancer itself, while even in those with met-
astatic disease, the standardized cardiovascular
mortality ratio is 1.48 (95% confidence interval
[CI]: 1.41–1.54), indicating that these patients are
at approximately 50% higher risk of cardiovascu-
lar death than expected for their age.10 These
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data indicate that CVD may be very important co-
morbidity in patients with PC.

MECHANISMS UNDERLYING
CARDIOVASCULAR DISEASE IN PROSTATE
CANCER

Patients with PC may develop CVD frequently
because of several potential reasons. These
include demographic factors, shared risk factors,
and the effects of androgen deprivation therapy
(ADT; Fig. 1).

Demographics and Cardiovascular Risk Factors
in Patients with Prostate Cancer

PC most frequently affects older men, a demo-
graphic that is inherently characterized by
elevated CVD risk. Patients with PC exhibit a
high burden of cardiovascular risk factors even
at the time of PC diagnosis. In a large Canadian
cohort, 58% of individuals with PC were current
or former smokers, 45% had hypertension, 16%
diabetes, 31% were obese (with body mass in-
dex �30 kg/m2), 24% had low levels of physical
activity, and 22% already had established
CVD.11 For these reasons, 69% had a Framing-
ham cardiovascular risk score associated with a
high risk for future adverse cardiovascular out-
comes. While these risk factors are clearly asso-
ciated with a high burden of CVD,12,13 some may
also be risk factors for PC (especially more
aggressive PC), although epidemiologic patterns
are inconsistent. Some prospective cohort data
suggest that there is no relationship between car-
diovascular risk factors and the incidence of
PC.14 However, other data suggest that every
5 kg/m2 increase in body mass index has been
associated with a relative risk of advanced PC
of 1.12 (95% CI: 1.01–1.23).15 This contrasts
with evidence that diabetes has been associated
with a lower incidence of PC,16 while vigorous
physical activity, which is typically associated
with a lower risk of diabetes, has been linked
with a lower risk of advanced PC.17 In summary,
while the burden of cardiovascular risk factors in
patients with PC is high, it is unclear whether
they play a role in promoting the development
or progression of PC.

Androgen Deprivation Therapy

ADT is a fundamental part of the therapeutic
armamentarium against advanced PC (Fig. 2).
Ever since the seminal discovery of the effects
of orchiectomy in patients with metastatic PC,18

ADT, now more frequently administered in the
form of gonadotropin-releasing hormone (GnRH)
ealth and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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Fig. 1. Factors that may account for high cardiovascular risk in patients with prostate cancer. These include age
and a high burden of conventional cardiovascular risk actors, which may be exacerbated by androgen deprivation
therapy.
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agonists together with new generation androgen
receptor axis inhibitors, is standard-of-care for
metastatic disease. ADT is also often used as
adjuvant therapy with radiotherapy or in patients
with evidence of biochemical relapse after previ-
ous definitive PC therapy. In this population,
ADT reduces PC-specific mortality and overall
mortality, with respective relative risks (95% CIs)
of 0.69 (0.56–0.84) and 0.86 (0.80–0.93).19

The most common contemporary means of
delivering ADT is as subcutaneous or depot
GnRH agonist injection, which can be adminis-
tered at intervals of 1, 3, 4, or 6 months. These
drugs continuously stimulate the anterior pituitary,
resulting in an initial surge of luteinizing hormone,
and thus, testosterone. However, continuous
(rather than physiologic pulsatile) stimulation of
the anterior pituitary rapidly leads to marked re-
ductions in luteinizing hormone, and thus testicular
testosterone synthesis.

Gonadotropin-releasing hormone agonists and
cardiovascular risk
GnRH agonists lead to weight gain, mostly through
inducing an increase in fat mass, which increases
by approximately 11%20 (Table 1). Given the close
relationship among adiposity, diabetes, and hy-
pertension, it is an unsurprising consequence of
weight gain that GnRH agonist use has been asso-
ciated with an increased risk of diabetes and hy-
pertension. In a large retrospective analysis, ADT
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use was associated with a 60% increase in the
risk of developing diabetes among patients with
localized PC.21 In another large, retrospective
Taiwanese study, ADT use was associated with
an 80% higher risk of developing hypertension.22

GnRH agonists are also well known to cause loss
of skeletal muscle strength.23 Muscle strength is an
underappreciated risk factor for adverse cardiovas-
cular outcomes, including myocardial infarction,
stroke, heart failure, and cardiovascular death.13,24

A meta-analysis of retrospective studies found
that GnRH agonist use was associated with
nonfatal cardiovascular events, with relative risk
(95% CI) 1.38 (1.29–1.48).25 In a retrospective
analysis of patients with localized PC, ADT was
associated with an approximately 2 fold higher
risk of cardiovascular death in men aged 65 years
or more who had undergone prostatectomy, with 5
year cumulative incidence rates of 5.5% (95% CI
1.2%–9.8%) as compared with 2.0% (95% CI
1.1%–3.0%) in those not receiving ADT.26 This
finding contrasts with those of a meta-analysis of
randomized trials in which up-front ADT was
compared with a control arm of delayed or no
ADT.19 In this study, no difference in the risk of car-
diovascular death was observed.

Given the metabolic effects of ADT, it is plau-
sible that ADT is a risk factor for subsequent
CVD. However, the association between ADT
and adverse cardiovascular events has been
poorly characterized because most data are from
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
torización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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retrospective studies—mostly using administra-
tive sources—where the ability to account for con-
founding factors is limited.
GnRH antagonists represent another means of

inhibiting anterior pituitary gland stimulation of
Table 1
Likely effects of androgen deprivation therapy
on cardiovascular risk factors

Cardiovascular Risk Factor ADT Effect

Adiposity

Weight [

Waist Circumference [

Waist–hip Ratio 4

Hypertension/Blood Pressure [

Diabetes/Blood Glucose [

Muscle Strength Y

Lipids

Triglycerides [
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testicular testosterone synthesis. The relationship
between this drug class and cardiovascular out-
comes is described subsequently, given the prom-
ising but inconclusive evidence that GnRH
antagonists may lead to fewer adverse cardiovas-
cular events than GnRH agonists.
Other androgen pathways inhibitors
Castrate-resistant PC develops when the cancer
acquires mutations that enable disease progres-
sion despite castrate levels of testosterone. It is
recognized, however, that castrate-resistant PC is
still frequently driven by androgens, but that the
responsible mutations enhance the tumor’s ability
to proliferate under conditions of low-circulating
testosterone and de novo intra-tumoral synthesis
of androgens. Mechanisms include amplification
or augmented sensitivity of androgen receptors,
and responsiveness to non-testosterone andro-
gens. Understanding of these pathophysiologic
pathways has led to the development of classes
of drugs, such as androgen receptor signaling
ealth and Social Security de ClinicalKey.es por Elsevier en enero 23, 
ión. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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inhibitors (eg, enzalutamide, apalutamide, darolu-
tamide) and CYP17A1 inhibitors (eg, abiraterone),
which inhibit adrenal synthesis of androgen precur-
sors, such dehydroepiandrosterone. Importantly,
abiraterone, enzalutamide, darolutamide, and apa-
lutamide prolong overall survival in patients with
metastatic PC.9,27–29

As compared to placebo, abiraterone and, to a
greater extent, enzalutamide are associated with
an increased risk of hypertension, with respective
relative risks (95% CI): 1.46 (1.20–1.78) and 2.66
(1.93–3.66).30 Population-based research from
Sweden demonstrated that these 2 drugs are
associated with a higher risk of incident CVD
than their nonuse, with respective hazard ratios
(95% CI) for abiraterone and enzalutamide of
1.19 (1.03–1.38) and 1.10 (1.01–1.20).31 Impor-
tantly, the increase in cardiovascular risk associ-
ated with these newer androgen pathway
inhibitors is incremental to GnRH agonists, with
which these drugs are used in combination. A
further consideration is a potential for drug–drug
interactions between these drugs and cardiovas-
cular medications through cytochrome P450 and
p-glycoprotein inhibition.
ADDRESSING CARDIOVASCULAR RISK IN
PATIENTS WITH PROSTATE CANCER
Gaps in Cardiovascular Risk Factor Control

Data from both administrative sources and a pro-
spective cohort study suggest that cardiovascular
risk factor control is suboptimal in patients with
PC. Among US veterans with PC, 36% did not
have blood pressure below a threshold of 140/
90 mm Hg, 22% had elevated cholesterol levels
as identified by low-density lipoprotein choles-
terol of 130 mg/dL or greater or total cholesterol
240 mg/dL or greater, and 17% had glycated he-
moglobin (HbA1c) 7% or greater or fasting
glucose levels 126 mg/dL or greater.32 The
thresholds referenced in this analysis were not
refined according to patient’s past history of
CVD or cardiovascular risk. However, general car-
diology guidelines recommend risk factor targets
that vary, with more aggressive goals in those
with established CVD or risk factors, such as dia-
betes. In 2811 patients with PC from 4 countries,
risk factor targets were specified according to
these participant characteristics. With these
more stringent thresholds, 51% had suboptimal
control of 3 of 5 or greater modifiable cardiovas-
cular risk factors.33 Ten percent were current
smokers, 20% were considered physically inac-
tive, 51% had low-density lipoprotein cholesterol
levels above target, 75% had suboptimal blood
pressure, and 91% had an elevated waist–hip
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Libra
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ratio (>0.90). These data indicate that many pa-
tients with PC have suboptimal control of cardio-
vascular risk factors, highlighting an important
care gap.

Theoptimal strategy to address this gap in care is
unclear. Many uro-oncologists scope of practice
may not extend to requesting and interpreting
blood glucose and lipid results. While primary
care may be considered the appropriate setting
for managing cardiovascular risk factors, espe-
cially in patients receiving ADT, the data presented
earlier indicate that risk factor targets are frequently
unmet in these cohorts, despite most having had
access to primary health care. Tools have been
developed to help uro-oncologists identify patients
with CVD, address cardiovascular risk factors, and
refer suitable patients to a cardio-oncologist.34

However, the extent to which clinicians will have
the capacity to implement these recommenda-
tions, and their effectiveness at reducing cardio-
vascular risk, is unknown.

The implementation of cardiovascular risk
scores may represent one way of identifying pa-
tients with PC who are at high cardiovascular
risk. There are limited data about the validity of
risk scores in PC populations that have been
developed in the general population. The New
Zealand cardiovascular risk prediction equation
predicts 5 year cardiovascular event rates in New
Zealand patients with PC.35 The generalizability
of this finding to other countries, and whether the
inclusion of ADT use or PC characteristics in the
risk score would add incremental information, is
not known.
The Speculative Role of Gonadotropin-
Releasing Hormone Antagonists

Unlike GnRH agonists, which achieve testosterone
suppression by continual stimulation of the ante-
rior pituitary, GnRH antagonists block the effects
of GnRH on the pituitary. This leads to a more
rapid and persistent suppression of luteinizing hor-
mone, as well as testosterone release.

Degarelix was the first GnRH antagonist to
achieve widespread availability. A post hoc anal-
ysis of early-phase randomized, controlled trials
demonstrated that degarelix may be associated
with fewer cardiovascular events than a GnRH
agonist.36 In addition, there are complementary
data from animal models that raise the hypothesis
that GnRH antagonists might differ from GnRH ag-
onists with respect to their atherogenic effects. In
in vivo studies in low-density lipoprotein (LDL) re-
ceptor (LDLR) knockout mice, the GnRH receptor
antagonist, degarelix, led to less atherosclerotic
aortic disease than a GnRH agonist.37 In a more
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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recent in vivo study using a double-knockout
(LDLR-/follicle-stimulating hormone [FSH]-) mouse
model,38 we demonstrated that FSH facilitates the
atherogenic effects of testosterone deprivation.
Specifically, FSHb�/�: LDLR�/� mice, untreated
or castrated (orchiectomy,GnRHagonist, or antag-
onist), demonstrated significantly less atherogen-
esis compared with similarly treated LDLR�/�

mice. Delivery of exogenous FSH in FSHb�/

�;LDLR�/� mice restored the significant athero-
sclerotic changes seen in untreated LDLR�/�

mice. Smaller plaque burden in LDLR�/� mice
receiving GnRH antagonists versus agonists was
nullified in FSHb�/�:LDLR�/� mice. Importantly,
thesedata shouldbeconsideredhypothesis gener-
ating only because they relate to atherogenesis and
characteristics of atherosclerotic plaque vulnera-
bility in a murine model and not to clinical cardio-
vascular events.
Interest in this potential protective effect of

GnRH antagonists was renewed when the HERO
trial found a lower incidence of cardiovascular
events in patients randomized to receive the oral
GnRH antagonist, relugolix, as compared with
the GnRH agonist, leuprolide.39 When these data
were included in a systematic review of random-
ized trials of GnRH antagonists, the pooled risk ra-
tios (95% CIs) for adverse cardiovascular events,
cardiovascular death, and all-cause mortality
were respectively 0.57 (0.39–0.81), 0.49 (0.25–
0.96), and 0.48 (0.28–0.83) as compared with
GnRH agonists.40 However, an important caveat
to these data was the high risk of bias in the trials
identified.
The PRONOUNCE trial was the first prospective

trial to compare a GnRH antagonist (degarelix) with
a GnRH agonist (leuprolide) with respect to a pri-
mary cardiovascular endpoint.41 However, the trial
was terminated prematurely by the sponsor when
only 545 of the planned 900 participants had
been enrolled. Owing to the reduced sample size,
as well as a lower outcome event rate than antici-
pated (which may have been partly related to the
requirement that all participants be managed by a
cardiologist), the trial was not powered to be able
to draw inference about the cardiovascular effects
of degarelix.42 When the findings from this trial
were incorporated into an updated meta-analysis,
the odds ratios (95% credible interval) for the com-
posite of major adverse cardiovascular events and
overall mortality were respectively 0.57 (0.37–0.86)
and 0.58 (0.32–1.08).43 However, as with the prior
meta-analysis, confidence in these findings is low
owing to the open-label nature of the trials and
other potential biases and methodological limita-
tions. Currently, it remains unclear whether GnRH
antagonists offer cardiovascular benefits over
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GnRH agonists. Further, there are clinical limita-
tions to the current commercially available GnRH
antagonists. Degarelix, which requires monthly
injections, leads to a higher rate of skin adverse ef-
fects thanGnRH agonists that can be administered
less frequently. Relugolix is an oral agent, which re-
quires adherence to a daily-dosing regimen.
Research is ongoing into teverelix, a GnRH antag-
onist that can be administered every 6 weeks.
MANAGEMENT OF SEVERE
CARDIOVASCULAR DISEASE IN PATIENTS
WITH METASTATIC PROSTATE CANCER

Administrative data suggest that survival with met-
astatic PC is increasing. Between 2008 and 2020,
5 year survival in patients with metastatic castrate-
sensitive disease in Sweden increased from 26%
to 35%.44 In the United States, from the years
2000 to 2004 to 2015 to 2019, among patients
with de novo metastatic PC, median survival
increased from 23 months to 30 months in the
SEER registry and from 26 months to 31 months
in the Veterans Health Administration registry.45

The progressive improvement in overall survival
in patients with metastatic PC exposes this popu-
lation to the risk of developing severe CVD for a
longer time, which is especially pertinent given
the cardiovascular risks described previously.
There are numerous ongoing developments in

the treatment of advanced PC, including the
addition of androgen receptor signaling inhibitors
to a GnRH agonist; PARP inhibitors; the promise
of prolonged disease control with the use of
radiotherapy for oligometastases; and prostate-
specific membrane antigen-targeted therapies.
These strategies have delivered or are expected
to deliver even longer survival for patients with
metastatic PC.
Historically (and to some extent currently), a can-

cer diagnosis has been associated with less inva-
sive treatment of coronary artery disease.46 Given
the improving survival and rapid advances inmeta-
static PC treatment, the role of invasive cardiovas-
cular interventions in patients with metastatic
disease needs to be carefully considered. Factors
that contribute to the decision-making process
include characteristics of both the PC and the
cardiovascular comorbidity; non-PC, non-cardio-
vascular comorbidities, including the risk of
bleeding; and patient goals-of-care.47 In general,
cardiovascular interventions that confer substan-
tial benefit (including symptomatic benefit) rapidly,
such as primary percutaneous coronary interven-
tion for ST-elevation myocardial infarction, trans-
catheter aortic valve implantation (TAVI), a routine
invasive approach for non-ST elevationmyocardial
ealth and Social Security de ClinicalKey.es por Elsevier en enero 23, 
ión. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



� Clinicians should be aware that patients with
prostate cancer frequently have a high
burden of cardiovascular risk factors and dis-
ease, which may be undertreated.

� Androgen deprivation therapy increases
adiposity and decreases muscle strength. Stra-
tegies for monitoring blood pressure, blood
glucose levels and lipid levels should be
developed.

� Prescribers should be aware of the potential
for pharmacokinetic drug-drug interactions
related to androgen receptor signaling inhib-
itors and abiraterone. These drugs also in-
crease the risk of hypertension and fluid
retention.

� It is uncertain whether GnRH antagonists,
such as degarelix and relugolix, offer cardio-
vascular benefits over GnRH agonist
androgen deprivation therapy regimens.
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infarction with ongoing symptoms, and cardiac
resynchronization therapy for severe symptomatic
heart failure, are compelling in many patients with
metastatic PC. In contrast, invasive strategies like
primary prevention implantable cardioverter-
defibrillators that confer little symptomatic benefit
andwhose survival benefits are only observed after
a longer lag are generally not indicated in thosewith
metastatic cancer. The most challenging of deci-
sions relates to the role of coronary revasculariza-
tion (and in particular coronary artery bypass
surgery) for minimally symptomatic multivessel
coronary disease because the survival advantage
over medical therapy is more modest, because of
the front-loaded procedural risks and because
net benefit may only be apparent years after
intervention.

As localized PC has a low risk of 10 year PC-
specific mortality, most invasive cardiovascular in-
terventions that are otherwise indicated should be
adopted in these patients. Among cardiac inter-
ventions, cardiac transplantation arguably de-
mands the largest commitment on the part of the
patient, health care providers, and health systems.
At present, cardiac transplantation in patients with
localized PC is only considered in a minority of in-
tuitions in the United States.48 Further research on
outcomes in patients with localized PCmay inform
cardiac transplantation policies given their gener-
ally favorable cancer prognosis.

In some instances, PCmay be diagnosed during
the work-up of patients for invasive cardiac inter-
ventions. In one series of 414 German patients
who underwent imaging in preparation for TAVI,
36 (9%) had incidental findings consistent with
malignancy with a potential impact on life expec-
tancy, including 3 (0.7%) with advanced PC.49

While this research is methodologically limited,
there was no evidence that such findings changed
patient management or outcomes in these pa-
tients with an indication for TAVI.

In summary, the decision to undertake an inva-
sive cardiovascular intervention in a patient with
metastatic PC should be informed by a multidisci-
plinary team, with the patient and their caregivers
at the center of the decision-making process, so
that their goals-of-care are prioritized.
SUMMARY

CVD is common inpatientswithPCand is an impor-
tant cause of death. Cardiovascular risk factors are
frequent in this population and are often not
addressed to thresholds recommended by cardio-
vascular practice guidelines. Further research is
needed to understand the reasons for these treat-
ment gaps and to examine the role of low
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education, racial inequities, disparities in access
to care, patient perceptions of health priorities,
and the impact of anxiety and depression.

ADT reduces muscle strength and increases
adiposity, thereby increasing the risk of diabetes
and hypertension, although its relationship with
adverse cardiovascular events requires confirma-
tion. Androgen receptor signaling inhibitors and
CYP17A1 inhibitors may confer incremental risks
of hypertension and cardiovascular events to
ADT, so these patients may require particularly
close clinical attention.

GnRH antagonists have been linked with a lower
cardiovascular risk as compared with GnRH ago-
nists. However, this association has yet to be
confirmed in a randomized clinical trial that has
implemented the appropriate measures to miti-
gate bias. Until such data are available, it is
reasonable to consider GnRH antagonists in indi-
viduals at high cardiovascular risk who are likely
to comply with GnRH antagonist regimens.
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