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Abstract

Background—Androgen deprivation therapy (ADT), with a proven role in prostate cancer 

management, has been associated with various cardiovascular diseases. However, few studies have 

investigated these associations by type of ADT, particularly for newer ADTs such as the 

gonadotropin-releasing hormone (GnRH) antagonist degarelix. We investigated the risk of 

cardiovascular disease by type of ADT in a real-world setting.

Methods—We identified men newly diagnosed with prostate cancer, from 2009 to 2015, from the 

Scottish Cancer Registry and ADTs from the nationwide Prescribing Information System. 

Cardiovascular events were based upon hospitalization (from hospital records) or death from 

cardiovascular disease (from death records). We used Cox regression to calculate hazard ratios 

(HRs) and 95% confidence intervals (CIs) for cardiovascular events with time-varying ADT 

exposure, comparing ADT users with untreated patients, after adjusting for potential confounders, 

including prior cardiovascular disease.

Results—The cohort contained 20,216 prostate cancer patients, followed for 73,570 person–

years, during which there were 3,853 cardiovascular events. ADT was associated with a 30% 

increase in cardiovascular events (adjusted HR=1.3 95% CI 1.2, 1.4). This reflected increases in 

cardiovascular events associated with GnRH agonists (adjusted HR=1.3 95% CI 1.2, 1.4), 
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degarelix (adjusted HR=1.5 95% CI 1.2, 1.9), but not bicalutamide monotherapy (adjusted HR=1.0 

95% CI 0.82, 1.3).

Conclusions—There were increased risks of cardiovascular disease with use of GnRH agonists 

and degarelix, but not with bicalutamide monotherapy. This is the first study to observe increased 

cardiovascular risks with degarelix, but the cause of this association is unclear and merits further 

investigation.
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Introduction

Androgen deprivation therapy (ADT) has long been used in advanced prostate cancer [1] 

and more recently in localized disease [2,3] with clear survival benefits alone or with 

radiotherapy. ADT has been linked to various side effects including cardiovascular disease 

[4], for which several mechanisms have been proposed [5]. For instance, ADT increases 

established cardiovascular disease risk factors including obesity and dyslipidemia [5], and 

ADT suppresses protective effects of androgens on atherosclerosis [5,6].

The association between ADT and cardiovascular disease remains controversial. Since 2010 

the US Food and Drug Administration has required manufacturers of GnRH (gonadotropin-

releasing hormone) agonists to include safety information warning of increased risks of 

cardiovascular disease [7]. This is consistent with a 2015 meta-analysis of observational 

studies (including six studies of GnRH agonists and three of antiandrogens) which observed 

increases in cardiovascular disease [8] but not a 2011 meta-analysis of trials that did not 

show increases in fatal cardiovascular disease [9]. The different findings could reflect 

confounding in observational studies or the inclusion of heathier trial populations [9].

Recently authors have suggested that the different mechanisms of specific ADTs could alter 

cardiovascular disease risk [5]. A post-hoc analysis of a systematic review of trials suggested 

that the GnRH antagonist degarelix had a weaker adverse effect on cardiovascular disease, 

compared with GnRH agonists [10]. However, only one observational study [7], which had 

limited statistical power due to only 12 ischaemic events in degarelix users, has investigated 

this association.

In this context, we investigated the risk of cardiovascular disease by type of ADT in a large 

population-based prostate cancer cohort.

Methods

Data sources

The study utilized the following linked databases [11]: the Scottish Cancer Registry; the 

Scottish National Prescribing Information System (PIS), which captures all community 

dispensed medications in Scotland; the General / Acute Inpatient and Day Case dataset 
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(SMR01), which captures hospital diagnoses and operations; the Outpatient Attendance 

dataset (SMR00), which captures diagnoses and procedures from outpatient clinics; and, the 

National Records of Scotland Death Records, which captures date and cause of death. These 

databases covered Scotland from January 1999 to July 2017, apart from the PIS which was 

available from January 2009 to July 2017. Linkages between data sources were conducted 

using the Community Health Index number (unique to each Scottish resident) [11]. The 

study was approved by the Privacy Advisory Committee of the National Health Service 

(NHS) National Services Scotland (number:1617–0374).

Study design

We identified a cohort of men newly diagnosed with prostate cancer (ICD10, International 

Classification of Diseases 10th revision, code C61) between January 2009 and December 

2015 from the Scottish Cancer Registry. We excluded men if they: had a previous cancer 

diagnosis (apart from non-melanoma skin cancer or in-situ tumors); had inconsistent dates 

(specifically a record of ADT or radical prostatectomy more than 6 months prior to prostate 

cancer diagnosis).

The primary outcome was a cardiovascular event consisting of either death from 

cardiovascular disease or hospitalization for cardiovascular disease. We identified death 

from cardiovascular disease by ICD10 codes I20 to I99 and G45, as the underlying cause of 

death, within National Records of Scotland Death Records up to July 2017. We identified 

hospitalization for cardiovascular disease, using the same ICD10 codes, from the primary 

condition for hospitalization within SMR01 to July 2017. We also conducted analysis by 

cardiovascular disease type using previous definitions for angina (I20, I24, I25 [12]), acute 

myocardial infarction (I21, I22 [12]), stroke (I60–64, G45 [13]), venous thromboembolism 

(I26, I80, I82.1–2.9 [14]), heart failure (I50, I11.0 [12]), arrhythmia (I44–49[13]), and other 

cardiovascular disease (all remaining I codes not previously categorized).

Exposure

ADT consisted of GnRH agonists (including goserelin, leuprorelin, triptorelin, and 

histrelin), oral antiandrogens (including bicalutamide, enzalutamide, flutamide, and 

cyproterone acetate), the GnRH antagonist degarelix, estrogens, and orchidectomy. We 

identified medical ADT from dispensed medications from the PIS. The pack size and 

strength was used to calculate the number of days use based upon the daily defined doses as 

given by the World Health Organization [15]. The Scottish Cancer Registry provided data on 

initial curative radiotherapy. Orchidectomy (ICD10 codes N051, N052, N061 and N063 

[16]) and RP (code M61 [16]) were taken from SMR01.

Confounders

The Scottish Cancer Registry provided Gleason score, and stage (based upon pathological 

stage, where recorded, or clinical stage). We identified cardiovascular diseases named 

previously and other comorbidities from the Charlson comorbidity index (specifically 

dementia, pulmonary disease, peptic ulcer, liver disease, diabetes, diabetes complications, 

paraplegia, connective tissue disorder, renal disease, and severe liver disease, using previous 

ICD10 codes [17]) before prostate cancer diagnosis from hospital admissions data (SMR00 
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and SMR01). We determined the following medications from PIS records in the year prior to 

diagnosis: non-steroidal anti-inflammatory drugs (NSAIDs), aspirin, beta-blockers, 

angiotensin-converting enzyme inhibitors (ACEIs), angiotensin II receptor blockers (ARBs), 

diuretics, statins, warfarin, digoxin, clopidogrel, dipyridamole, nitrate, insulin, 

sulfonylureas, metformin, and other diabetic medications. We determined deprivation level 

from postcode of residence using the 2009 Scottish Index of Multiple Deprivation [18].

Statistical analysis

In the primary analysis, we followed prostate cancer patients from prostate cancer diagnosis 

to the earliest of the date of first cardiovascular event, date of death, date of leaving 

Scotland, or July 2017. Treatment was coded as a single time-varying and hierarchical 

variable to reflect treatment pathways [19,20]. Specifically, participants were initially in the 

untreated group and entered the ADT group on the date of their first dispensed ADT 

(regardless of future or past radical prostatectomy or radiotherapy) and remained in the ADT 

group for the rest of follow-up. Participants entered the radical prostatectomy group on the 

date of prostatectomy (where prostatectomy occurred before first ADT) and remained in the 

group for the rest of follow-up or until the date of first ADT. Participants entered the 

radiotherapy group on the date of radiotherapy (where radiotherapy occurred before ADT) 

and remained in the group for the rest of follow-up or until the date of first ADT or radical 

prostatectomy (see Figure part A).

We used Cox regression models to calculate hazard ratios (HRs) and 95% confidence 

intervals (95% CI) for cardiovascular events comparing the ADT, radiotherapy, and radical 

prostatectomy exposure to untreated patients (receiving active surveillance or watchful 

waiting). The main model contained year of diagnosis, age, deprivation, comorbidities 

(stated above, at any time before diagnosis) and other medications (stated above, in the year 

before diagnosis using separate variables for each). We conducted separate analyses, 

restricted to patients diagnosed 2012 to 2015, when stage was routinely recorded, 

additionally adjusted for stage (including stage X[unstaged/stage unknown] as a category) 

and Gleason score (restricted to those with available data). We also conducted a separate 

analysis using a complete case analysis to adjust for stage and Gleason score, treating stage 

X as missing. In dose–response analysis using a time-varying covariate, we deemed patients 

non-users prior to their first dispensed ADT, a short-term user from this time to 365 days of 

use (based upon DDDs), and a long-term user from then on (see Figure part B). Analyses 

were repeated with ADT type coded as a single time-varying and hierarchical variable into 

the following hierarchical categories (to reflect treatment pathways[19,20]): GnRH agonists 

(with or without other ADT), degarelix (with or without antiandrogens, estrogen, or 

orchidectomy), bicalutamide 150 mg (analyzed separately as predominantly used as 

monotherapy, with or without other antiandrogens, estrogens, or orchidectomy) and other 

antiandrogens (with or without estrogens or orchidectomy).

We conducted additional analyses. First, we repeated analyses using a primary outcome of 

death from cardiovascular disease only and, separately, repeated for cardiovascular disease 

incidence. Second, we repeated analyses stratifying by stage, age, and cardiovascular disease 

before diagnosis. Third, analyses were conducted in which ADT users who subsequently 
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received radiotherapy were allocated to a separate “ADT then radiotherapy” exposure 

category on the date of radiotherapy receipt. Fourth, we conducted analyses on an intention-

to-treat exposure model with treatment groups based solely upon initial treatment (except for 

individuals simultaneously starting GnRH and antiandrogens who were allocated to GnRH 

exposure, as such antiandrogens were likely used short-term for tumour flare). Fifth, 

avoiding hierarchical exposure assignment, we conducted a separate analysis comparing 

each ADT individually (GnRH, degarelix, bicalutamide, and other antiandrogens) with no 

treatment, regardless of use of another ADT. Sixth, we repeated analyses with death based 

upon a cardiovascular disease code as any cause of death, and incidence based upon a 

cardiovascular disease code anywhere in SMR00 and SMR01.

We investigated current use of ADT using a start/stop time-varying exposure in which 

patients became a user upon the date of each dispensed ADT and remained a user for the 

duration of the prescription, based upon the defined daily dose, plus a residual effect period. 

The duration of the residual effect was taken from a previous study [21] and was 3 months 

for GnRH agonists and antagonists and 1 month for antiandrogens and estrogens (see Figure 

1C). We allocated the exposure period between the end of one prescription and start of the 

next to past use. We conducted all analyses using STATA 14 (StataCorp, College Station, 

TX, USA).

Results

Overall 22,366 patients were identified with prostate cancer between 2009 and 2015. Of 

these 1,839 had prior cancer, 169 had date inconsistencies, 142 had events on the date of 

prostate cancer diagnosis. The final cohort contained 20,216 prostate cancer patients, 73,570 

person–years, and 3,853 cardiovascular events (52 per 1,000 person–years).

Patient Characteristics

ADT users, compared with untreated patients, were older, less deprived, and had higher 

stage and Gleason score (see Table 1). ADT users had similar rates of medication use and 

cardiovascular disease before diagnosis, compared with untreated patients.

ADT and cardiovascular events

Table 2 shows, compared with untreated patients, that the rates of cardiovascular events were 

similar in the radical prostatectomy and radiotherapy groups but higher in ADT users 

(adjusted HR=1.3 95% CI 1.2, 1.4). We saw more marked associations (adjusted HR=1.4 

95% CI 1.2, 1.5) after patients received more than a year’s supply, 365 DDDs, of ADT. We 

observed an increase in cardiovascular events for GnRH agonists (adjusted HR=1.3 95% CI 

1.2, 1.4), degarelix (adjusted HR=1.595% CI 1.2, 1.9), and non-bicalutamide antiandrogens 

(adjusted HR=1.3 95% CI 1.1, 1.6) but not bicalutamide (adjusted HR=1.0 95% CI 0.8, 1.3). 

The difference between unadjusted and adjusted results partly reflected adjustment for age 

(see eTable 1). These associations were similar after further adjustment for stage and 

Gleason score and when based solely upon incidence of cardiovascular disease, but were 

slightly attenuated when based upon death from cardiovascular disease (eTable 2 and 3).
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Table 3 shows analysis by specific cardiovascular events. Overall, ADT users compared with 

untreated patients had higher risks of myocardial infarction (adjusted HR=1.2 95% CI 1.0, 

1.5), arrhythmia (adjusted HR=1.2 95% CI 1.0, 1.5), venous thromboembolism (adjusted 

HR=2.3 95% CI 1.8, 3.0) and unclassified other cardiovascular events (adjusted HR=1.3 

95% CI 1.1, 1.5). These associations largely reflected GnRH agonists, but numbers were 

limited to investigate ADT types. After further adjustment for stage and Gleason score 

(shown in eTable 4) associations were similar, except for venous thromboembolism 

(adjusted HR=1.3 95% CI 0.76, 2.1).

Secondary and sensitivity analyses

The association between ADT and cardiovascular events appeared similar in patients with 

and without prior cardiovascular disease (with: adjusted HR=1.1 95% CI 1.0, 1.3 and 

without: 1.3 95% CI 1.2, 1.5, see Table 4), by stage (see eTable 5) and by age (see eTable 6). 

Treating stage X as missing, and analyzing the data as complete case had little impact on the 

results (see eTable 7). The associations were little altered after analyses assigning 

radiotherapy to a separate category, analyses based upon intention-to-treat, or analyses 

comparing each ADT individually with no treatment, regardless of use of another ADT (see 

eTables 8 and 9). Associations were generally attenuated when we repeated analyses with 

death based upon cardiovascular disease as any cause of death, and incidence based upon 

cardiovascular disease codes anywhere in hospital admissions data (see eTable 10).

Finally, current use of ADT (adjusted HR=1.3 95% CI 1.2, 1.4) was associated with 

cardiovascular events whilst past use (adjusted HR=1.1 95% CI 0.95, 1.2) was not (Table 5). 

Current ADT use had generally similar associations with specific cardiovascular diseases as 

any ADT use (see eTable 11).

Discussion

We observed approximately a 30% increase in the risk of cardiovascular events in ADT 

users compared with untreated patients that mainly reflected increases for GnRH agonists 

and the GnRH antagonist degarelix. These associations followed a dose–response and were 

apparent for current, but not past, ADT use. There was generally no association between 

bicalutamide use and cardiovascular events. ADT was associated with increased risks of 

venous thromboembolism, myocardial infarction, and arrhythmia, but these associations 

were not robust across all analyses.

Our main ADT findings are largely consistent with a 2015 meta-analysis of observational 

studies that observed evidence of around 40% increases in cardiovascular disease risk with 

GnRH agonist based upon 6 studies [8]. Furthermore, since then additional studies have 

been conducted comparing ADT users to non-users which have shown 37% increased risks 

of cardiovascular disease [22], 27% increased risk of heart failure, 17% of arrhythmia[12], 

and 84% of venous thromboembolism [14].

The only previous observational study investigating cardiovascular disease risk with 

degarelix observed no difference in the risk of myocardial infarction or stroke in degarelix 

users compared with GnRH antagonists [7]. Similarly, we observed an increased risk of 
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cardiovascular events with degarelix use similar to that seen for GnRH agonist use, 

compared with untreated patients. Furthermore, this pattern was similar in patients with pre-

existing cardiovascular disease although our power was reduced in this group. Consequently, 

our findings do not appear to support a meta-analysis of trials suggesting that degarelix had 

a lower cardiovascular disease risk, compared with GnRH agonists in patients with pre-

existing cardiovascular disease [10]. This difference in findings could reflect confounding 

within our study. For instance, degarelix users have more advanced prostate cancer, which 

could increase cardiovascular disease risk, and although we adjusted for stage and grade, 

stage and grade were not complete. Alternatively, the difference could reflect Type 1 error or 

the inclusion of a real-world population in our study with fewer comorbidity restrictions. 

Further research on the association between degarelix and cardiovascular events is merited 

and a trial is ongoing but is not due to report until 2021 [23].

We observed, in general, lower cardiovascular disease risk with bicalutamide monotherapy, 

which could reflect higher testosterone levels [24]. This should provide some reassurance to 

clinicians using bicalutamide in locally advanced non-metastatic prostate cancer [25] and 

complements studies that have shown a reduced estimated impact of bicalutamide on bone 

health [24] and comorbidities more generally [26].

Strengths of our study include use of a large cohort of prostate cancer patients with high 

completeness of cancer patients[27] and detailed information on use and timing of ADT and 

access to a wide range of confounders including prior cardiovascular disease, cancer stage 

and Gleason score. Cardiovascular events were based upon national death and hospital 

records, which have high accuracy for various conditions including cardiovascular diseases 

[28], and of reassurance, results were similar when incidence or mortality data were 

analyzed separately.

There is the possibility of residual confounding by incompletely recorded (stage, Gleason 

score) or unavailable variables (such as lifestyle cardiovascular disease risk factors including 

obesity, smoking or alcohol intake). ADT use was determined from dispensing records and 

medication adherence cannot be confirmed. However, the limited evidence that exists, 

suggests high adherence to oral ADT medications [29]. Finally, patients receiving ADT may 

have increased exposure to health care professionals increasing the likelihood of 

cardiovascular disease being identified.

In conclusion, GnRH agonists and degarelix were associated with increased cardiovascular 

disease risk. This is the first study to observe increased risks of cardiovascular disease with 

degarelix. The cause of this association is unclear and merits further investigation.
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Figure. Figure illustrating the study design for the main analyses of ADT and secondary analysis 
of current use of ADT.
A. Main analysis: Allocation to treatment groups in 3 hypothetical patients.

B. Analysis of ADT dose response.

C. Analysis of current use of ADT (start/stop time-varying exposure) analysis.

ADT, androgen deprivation therapy.
aDuration of user time depends on the number of DDD in the prescription plus a residual 

period as described.
bAssuming on receipt of 3rd dispensed ADT usage exceeds 365 DDDs.
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Table 3.

Association between androgen deprivation therapy and type of cardiovascular events in patients diagnosed 

2009 to 2015.

Case Person–years Unadjusted HR (95% CI) Adjusted
a
 HR (95% CI)

Angina

Untreated 260 24089 1.00 (ref. cat.) 1.00 (ref. cat.)

ADT 510 40923 1.1 (0.97,1.3) 1.0 (0.88,1.2)

 GnRH 440 36370 1.1 (0.93,1.3) 1.0 (0.86,1.2)

 Degaralex 16 818 1.7 (1.0,2.8) 1.1 (0.64,1.8)

 Bicalutamide 30 1853 1.5 (1.0,2.2) 1.1 (0.77,1.7)

 Other antiandrogen 24 1816 1.2 (0.79,1.8) 1.1 (0.75,1.7)

Myocardial infarction

Untreated 201 24308 1.00 (ref. cat.) 1.00 (ref. cat.)

ADT 440 41352 1.4 (1.2,1.6) 1.2 (1.0,1.5)

 GnRH 386 36759 1.4 (1.1,1.6) 1.2 (1.0,1.5)

 Degaralex 12 819 1.8 (1.0,3.3) 1.3 (0.70,2.3)

 Bicalutamide 26 1869 1.8 (1.2,2.7) 1.5 (0.97,2.2)

 Other antiandrogen 16 1841 1.1 (0.67,1.9) 0.95 (0.57,1.6)

Arrhythmia

Untreated 184 24221 1.00 (ref. cat.) 1.00 (ref. cat.)

ADT 414 41064 1.3 (1.1,1.6) 1.2 (1.0,1.5)

 GnRH 357 36501 1.3 (1.1,1.5) 1.2 (0.99,1.4)

 Degaralex 14 809 2.3 (1.32,3.9) 1.6 (0.89,2.7)

 Bicalutamide 17 1879 1.2 (0.72,2.0) 1.0 (0.61,1.7)

 Other antiandrogen 25 1811 1.8 (1.2,2.8) 1.6 (1.1,2.5)

Heart failure

Untreated 104 24454 1.00 (ref. cat.) 1.00 (ref. cat.)

ADT 229 41639 1.4 (1.1,1.8) 1.2 (0.95,1.6)

 GnRH 197 37018 1.4 (1.1,1.8) 1.2 (0.94,1.6)

 Degaralex 8 821 2.2 (1.1,4.6) 1.2 (0.58,2.6)

 Bicalutamide 16 1881 2.2 (1.3,3.7) 1.9 (1.1,3.2)

 Other antiandrogen 8 1854 1.1 (0.54,2.3) 0.80 (0.39,1.7)

Stroke

Untreated 226 24198 1.00 (ref. cat.) 1.00 (ref. cat.)

ADT 437 41206 1.2 (0.98,1.4) 1.0 (0.88,1.2)

 GnRH 394 36621 1.2 (0.99,1.4) 1.1 (0.90,1.3)

 Degaralex 6 818 0.80 (0.35,1.8) 0.58 (0.25,1.3)

 Bicalutamide 12 1883 0.69 (0.39,1.2) 0.62 (0.35,1.1)

 Other antiandrogen 24 1822 1.4 (0.94,2.2) 1.2 (0.77,1.8)

Venous thromboembolism

Untreated 89 24459 1.00 (ref. cat.) 1.00 (ref. cat.)

ADT 273 41460 2.3 (1.8,3.0) 2.3 (1.8,3.0)
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Case Person–years Unadjusted HR (95% CI) Adjusted
a
 HR (95% CI)

 GnRH 243 36837 2.4 (1.8,3.1) 2.3 (1.8,3.0)

 Degaralex 10 814 3.9 (2.0,7.5) 3.7 (1.9,7.3)

 Bicalutamide 5 1902 0.92 (0.37,2.3) 0.86 (0.35,2.1)

 Other antiandrogen 15 1842 2.8 (1.6,4.8) 2.6 (1.5,4.6)

Other CVD events

Untreated 320 23967 1.00 (ref. cat.) 1.00 (ref. cat.)

ADT 726 40390 1.4 (1.2,1.6) 1.3 (1.1,1.5)

 GnRH 657 35853 1.4 (1.2,1.6) 1.3 (1.1,1.5)

 Degaralex 22 804 2.1 (1.3,3.2) 1.7 (1.1,2.7)

 Bicalutamide 19 1843 0.79 (0.50,1.3) 0.70 (0.44,1.1)

 Other antiandrogen 28 1826 1.2 (0.80,1.7) 1.0 (0.69,1.5)

ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone agonist;

a
Model contains for year of diagnosis, age, deprivation, comorbidities in the year before prostate cancer diagnosis (myocardial infarction, angina, 

cerebral vascular accident, heart failure, venous thromboembolism, arrhythmia, other cardiovascular disease, dementia, pulmonary disease, 
connective tissue disorder, peptic ulcer, liver disease, diabetes, diabetes complications, paraplegia, severe liver disease) and other medication use in 
the year before prostate cancer diagnosis (including separately aspirin, beta-blockers, ACEIs, ARBs, diuretics, statins, warfarin, digoxin, 
clopidogrel, dipyridamole, nitrate, insulin, sulfonylureas, metformin and other diabetic medications).
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