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ABSTRACT  

Androgen deprivation therapy (ADT) is commonly prescribed for men with prostate cancer (PCa). 

Despite its clinical effectiveness, ADT is associated with several deleterious effects, including 

cardiovascular disease (CVD). Whilst epidemiological data suggests that ADT-treated men have an 

increased risk of all-cause and cardiovascular mortality and cardiovascular events, the underlying 

mechanisms are poorly understood. As CVD is the leading cause of death unrelated to PCa, 

elucidating these mechanisms would aid in identifying therapeutic targets for preventative 

strategies.  

 

The primary aim of this thesis was to explore the underlying mechanisms of cardiovascular risk and 

the therapeutic role of exercise training in ADT-treated men. To achieve this, two systematic 

reviews, a cross-sectional study, and a randomised controlled trial were completed. Chapter One 

provides an overview, introduction and review of the literature related to this thesis. Chapter Two 

presents the results of a systematic review that comprehensively examined the influence of pre-

existing CVD on all-cause mortality, cardiovascular mortality, and cardiovascular events in ADT-

treated men. This review included prospective and retrospective cohort studies and randomised 

controlled trials that reported risk estimates separately for groups with pre-existing CVD diagnoses 

in ADT-treated men and included at least one endpoint for all-cause and cardiovascular mortality 

and cardiovascular events. Chapter Three presents the results of a published systematic review and 

meta-analysis, which evaluated the “effect of exercise training on cardiometabolic health in men 

with PCa receiving ADT.” Chapter Four presents the methodological approach for the experimental 

studies performed in Chapters Five and Six. Chapter Five presents the results of a cross-sectional 

study (assessments performed in parallel with the randomised controlled trial in Chapter  Six) that 

compared measures of vascular health in 31 men commencing ADT (age: 66.5±9.9 years) and ten 

age-matched controls (age: 64.8±8.7 years). Chapter Six randomly assigned ADT-treated men (age: 

66.6±9.2 years, n=16) to a three-month thrice-weekly aerobic and resistance exercise program or 

usual care (age: 66.3±10.2 years, n=15). Outcomes of Chapters Five and Six included blood 

biochemical markers, resting echocardiography, cardiac magnetic resonance imaging, body 

composition, vascular health, cardiorespiratory fitness, physical function, and a series of patient-

reported outcomes. Lastly, Chapter Seven presents the thesis's strengths, limitations, and future 

directions.  

 



xx 

 

Men with pre-existing CVD (chronic heart failure or prior myocardial infarction) treated with ADT 

reported higher rates of all-cause mortality than men without pre-existing CVD or those not treated 

with ADT (Chapter Two). Despite the inconsistencies and notable between-study clinical and 

methodological heterogeneity, observations regarding the risk of cardiovascular mortality or 

cardiovascular events in ADT-treated men with pre-existing CVD were inconclusive. In addition, 

the meta-analysis in Chapter Three showed that exercise training improved some, but not all, 

cardiometabolic health markers in ADT-treated men. While statistically significant effect estimates 

were observed between the exercise training and usual care groups, these estimates did not reach 

clinically meaningful thresholds, which suggested that the lower aerobic exercise training intensities 

were insufficient to induce beneficial cardiometabolic effects in ADT-treated men. Chapter Five 

showed that novel CVD (functional) markers, such as peak oxygen uptake (VO2peak; 23.7±4.5 vs. 

32.8±8.3 ml/kg/min; P<0.001) and body fat percentage (29.8±6.8 vs. 23.9±9.4%; P=0.03) were 

statistically different between men commencing ADT and age-matched controls. Predictors of better 

cardiovascular health appear best reflected in those with a higher cardiorespiratory fitness level in 

all participants.  Chapter Six showed that incorporating a three-month periodised aerobic and 

resistance training exercise intervention, including high-intensity interval training, mitigated 

adverse cardiac remodelling and improved VO2peak in ADT-treated men compared to usual care.  

 

Overall, this thesis provides the foundation for future investigative studies to explore the impact of 

pre-existing CVD/risk factors in ADT-treated men and the potential influence on subclinical 

markers of CVD along the hypothesised clinical pathway to CVD events. These findings suggest 

that incorporating subclinical CVD markers and higher-intensity exercise regimens known to 

increase VO2peak may help reduce the CVD risk burden in ADT-treated men.  
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CHAPTER ONE: Overview, introduction, and literature review 

1. Overview 

This chapter provides an overview of the epidemiology of prostate cancer (PCa) and the public 

health issue faced by many men in Australia and worldwide. A commonly prescribed treatment, 

androgen deprivation therapy (ADT), is an effective cancer therapy in appropriately selected men 

yet is often associated with adverse effects on cardiovascular risk. This introductory chapter will 

thoroughly synthesise the available evidence regarding the cardiovascular risks of ADT. This 

chapter will also summarise the epidemiological evidence concerning cardiovascular disease (CVD) 

incidence in this population and discuss potential mechanisms contributing to this heightened risk. 

In addition, this chapter will then review current and potential strategies to identify and prevent the 

cardiovascular effects associated with ADT. Given that Chapters Two and Three of this thesis are 

systematic reviews, a brief overview of the latest research evidence will also be presented before 

integrating these manuscripts.  

 

1.1. Prostate and prostate cancer 

The prostate gland is a reproductive organ composed of muscular and connective tissue below the 

bladder and the vas deferens [1]. The production and secretion of seminal fluid, which is necessary 

for male reproduction, is the sole function of the prostate gland in the body. PCa is an 

adenocarcinoma originating within the prostate gland. It occurs via a malignant replication of 

prostatic cells surrounding the prostate tissue, which results in tumour formation. Upon diagnosis, 

prostate adenocarcinoma may be considered localised (within the prostate gland), spread beyond the 

prostate gland (locally advanced), or metastasise to bones or lymph nodes (metastatic PCa) [2]. 

 

1.2. Epidemiology of prostate cancer  

Incidence 

PCa is the most prevalent male cancer diagnosis worldwide [3, 4]. Since 2019, approximately 1.4 

million new cases and over 370,000 deaths have been attributed to PCa globally [4]. As the global 

burden of PCa in developed nations remains high, the incidence of PCa in 2040 is projected to 

exceed 2.3 million [4]. Epidemiological evidence suggests that PCa incidence varies considerably 

across geographic regions. Currently, Northern Europe (age-standardised rates [ASR], 83.4), 

Western Europe (ASR 77.6), the Caribbean (ASR 75.8), Australia/New Zealand (ASR 75.8) and 

North Americas (ASR 73) have the highest age-standardised rates of PCa per 100,000 people 
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worldwide [3, 4], which may stem from the availability and emphasis on testing and early detection, 

respectively. Australia has the highest incidence and prevalence of PCa, with approximately 18,110 

cases recorded in 2021, representing 23 %of all new male cancer diagnoses [5]. 

 

Overall Mortality 

Compared to the general population, men diagnosed with PCa have an increased risk of all -cause 

and non-cancer-related mortality [6-8]. Notably, in Australian contexts, the risk of all-cause and 

non-cancer-related mortality has proportionally increased, with data from the Queensland Cancer 

Registry indicating that over 30% of men with PCa are more likely to die from non-cancer-related 

causes than the age-matched general population [7]. This data was consistent with recent evidence 

from a South Australian study by Koczwara et al.[9], whereby men with PCa had the highest rates 

of all-cause mortality (54.7 per 1000 person-years) and non-cancer-related mortality (30.0 per 1000 

person-years) compared with the general population and other cancer cohorts.  

 

Cancer-specific mortality   

PCa is the second leading cause of cancer-related mortality among adult males, accounting for an 

estimated 3.8% of all cancer-related deaths worldwide [3, 4]. Since 2018, there has been a steady 

decline in age-standardised mortality rates in Australia, with an expected decrease of approximately 

2.1% in 2021 (23.8 deaths in 2018 vs. 21.7 deaths per 100,000 males expected in 2021) [5]. PCa 

was projected to account for roughly 3,323 male cancer-related deaths in Australia in 2020 [5]. This 

accounts for roughly 12 % of all male cancer fatalities in Australia [5].  

 

Cardiovascular-specific mortality 

With increasing survival rates among men with PCa nationally and internationally, men now live 

long enough to experience age-related comorbid conditions such as cardiovascular disease (CVD). 

A large cohort study of 3,234,256 cancer survivors from the United States Surveillance, 

Epidemiology and End Results databases (SEER) reported that 76% of deaths were related to CVD, 

of which 16% were PCa survivors [10]. This data was consistent with the above Australian study, 

which revealed that death from CVD causes exceeded cancer-related deaths in men with PCa 13 

years following their diagnosis [9]. While observational data reports that PCa-related death is 

declining, deaths from CVD and other non-cancer-related conditions continue to rise [10, 11]. 

Overall, these findings suggest that men with PCa have a higher risk of dying from CVD than PCa. 
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Therefore, to improve survival in this vulnerable population, PCa care should consider shifting its 

emphasis to managing modifiable co-morbid conditions such as CVD. 

 

Survival  

Globally, the five-year survival rate of PCa has markedly improved, with many countries reporting 

five-year survival rates of greater than 90% [12]. With greater access to detection and treatment, 

developed countries such as Australia have observed proportional increases in the five-year survival 

rate from 58% to 96% over the past three decades [5].  

 

1.3. Prostate cancer diagnosis, detection, and treatment  

In an Australian context, the most common first-line assessment for PCa detection is conducted via 

a blood test, which measures the prostate-specific antigen concentration. While the prostate-specific 

antigen measurement is the first-line level of inquiry regarding a PCa diagnosis, additional, more 

informative assessments may also be required. Further investigations may include a digital rectal 

exam, prostate gland biopsy (removal of tissue from the prostate gland for histopathological 

examination), computed tomography, multi-parametric magnetic resonance imaging and metastatic 

screening, including bone imaging (if beyond Gleason 4 histopathology patterns and International 

Society of Urological Pathology [ISUP] grade 2-5) [13, 14]. Once PCa is histologically confirmed, 

primary staging (using the tumour, node, and metastasis classification) and the Gleason score and s 

the ISUP grade of the adenocarcinoma are included. The Gleason Score is a grading system based 

on the histopathological architecture of PCa tumours derived from a PCa biopsy. The Gleason score 

is calculated based on the summation of the most extensive and second most common histological 

tumour pattern [13, 14]. The Gleason score ranges from 2-10 (ISUP grade group 1-5). A Gleason 

score of 6 or less is considered low grade, and a score from 8-10 is considered high-grade PCa [13, 

14]. Upon staging, an appropriate oncological treatment pathway is determined. Current PCa 

treatments are dependent on PCa staging, Gleason score, age, comorbidities and expected survival; 

patients may undergo active surveillance/watchful waiting, surgery (radical prostatectomy), 

radiation therapy (low or high dose brachytherapy, external beam radiation therapy) or be 

prescribed a combination of neoadjuvant or adjuvant ADT with or without radiation therapy or 

chemotherapy [12, 14]. However, the PCa treatment pathway changed in 2018 following the results 

of the STAMPEDE trial [15], whereby men with low-volume metastatic PCa now receive upfront 

ADT with docetaxel chemotherapy. These data guide clinical decision-making and treatment 
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pathways, particularly for men with locally advanced or metastatic disease. PCa treatments may 

now include a combination of neoadjuvant or adjuvant ADT with radiation therapy or 

chemotherapy.   

 

Androgen deprivation therapy  

The different types of ADT are outlined in Table 1.1. ADT is a frequently prescribed surgical or 

medical castration treatment for PCa worldwide. While data concerning the current usage rates of 

ADT in Australia is limited [12, 16, 17], data from the Prostate Cancer Outcome Registry Victoria 

estimated that 50-64% (2% received surgical castration) of men with locally advanced or metastatic 

PCa received ADT (medical castration) in conjunction with other treatments such as radiation 

therapy [18]. ADT aims to reduce circulating androgen levels, such as testosterone, to castration 

levels [12, 19]. Although medical castration via ADT is commonly prescribed, an alternate surgical 

option, such as surgical orchiectomy (permanent removal of the testicles), can also achieve 

castration levels of testosterone [14]. Medical castration is generally favoured over surgical 

orchiectomy due to the reversibility of hypogonadism symptoms following treatment cessation [14]. 

Pharmacological treatments, such as ADT, are commonly administered via subcutaneous implant 

(injection) or tablets of luteinising hormone-releasing hormone analogues (LHRH), antagonists, 

anti-androgens and, more recently, cytochrome P450 17Y inhibitor (outlined in Table 1.1). These 

treatments are commonly combined with radiotherapy and chemotherapy or minimally in isolation 

following neoadjuvant treatment periods. The treatments are designed to palliate symptoms, reduce 

biochemical recurrence, and improve survival [14]. 

 

LHRH agonists (also known as Gonadotropin-releasing hormone, GnRH) continue to be the most 

frequently prescribed form of ADT for locally advanced, metastatic, and castrate-resistant PCa [12]. 

As mentioned previously, the data pertaining to the usage of ADT type is limited; the European 

Urological Association states that the frequency of use for choosing any particular ADT type is 

associated with the practicalities of administering the depots (depots may require reconstitution or 

subcutaneous or intramuscular injection) and storage (e.g., freezer temperature storage) in clinical 

settings [12].  

 

LHRH agonists such as Leuprolide and Goserelin are administered monthly, quarterly, or semi-

annual depot injections via subcutaneous implant [12]. Although it is well-established that the initial 
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depot causes a testosterone surge, LHRH agonists are typically prescribed in conjunction with anti-

androgen tablets (Flutamide or Bicalutamide) for approximately four weeks.  

 

LHRH antagonists (Degarelix or newer agents Relguolix) can also be administered via monthly 

subcutaneous depot or tablets; however, a key difference is the known rapid reduction in LH 

compared to LHRH agonists without the testosterone flare [20, 21]. Although this may be 

advantageous given the immediate reduction in LH, there is insufficient evidence to suggest that PCa-

free survival is superior in those treated with LHRH antagonists when compared with LHRH agonists 

[22-25].  

 

The use of second-generation non-steroidal anti-androgens (apalutamide, enzalutamide, and 

darolutamide) and CYP17 inhibitors (abiraterone) in the treatment of metastatic castrate-resistant 

PCa is increasing annually and plays a significant role in the treatment of PCa [26-30]. Indeed, 

second-generation anti-androgens and CYP17 inhibitors have improved PCa-specific and overall 

survival and metastatic-free survival in men with PCa [26-29, 31]. However, the efficacy of these 

medications on additional survival parameters remains a subject of ongoing investigation.  

 

While there are various ADT modalities to treat non-metastatic and metastatic PCa, the evidence for 

using ADT as a standalone treatment minimally exists [32]. In recent years, standard care treatment 

for advanced PCa has changed following the results of the STAMPEDE [33], CHARRTED [34] and 

LATTITUDE [35, 36] trials. These trials observed clinically significant improvements in PCa-

specific survival and delayed metastatic disease progression following chemo-hormonal therapy 

(including newer hormonal agents targeting castrate-resistant PCa) relative to standalone ADT or 

combined ADT and radiation therapy. These studies have shown translational benefits with this 

treatment regime and are now considered first-line treatment for advanced metastatic PCa.  
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Table 1.1: Different types of ADT 

Treatment 

type 

Description Treatment/Drug name Diagnostic stage 

Surgical 

orchiectomy  

A surgical procedure in which one or both 

testicles are removed. 

Orchiectomy  Locally advanced, 

advanced  

LHRH (or 

GnRH) 

analogues)  

LHRH analogues cause hypothalamus 

hyperstimulation, resulting in testosterone 

overstimulation (commonly known as the 

testosterone flare). Eventually, LHRH results 

in desensitisation and downregulation of LH 

and FSH, which results in a time to castration 

of four weeks. This effectively regresses 

tumour growth [37].  

Leuprolide, Goserelin, 

Triptorelin 

Locally advanced, 

metastatic  

LHRH (or 

GnRH) 

antagonist  

LHRH antagonists such as Degarelix have a 

similar mechanism of action to LHRH 

analogues; however, the primary difference is 

that LHRH antagonists lower testosterone 

faster without the tumour flare [38, 39].  

Degarelix, Relguolix Locally advanced, 

metastatic 

CYP17 

inhibitor 

In addition to LHRH agonists and 

antagonists, PCa cells can still produce small 

quantities of testosterone, which can cause 

tumour growth [37]. CYPI7 are administered 

to reduce testosterone production, causing 

subsequent tumour growth [40].  

Abiraterone Castrate resistant  

Anti-

androgens 

(steroidal and 

non-steroidal) 

Anti-androgens are designed to inhibit 

androgens (i.e. testosterone and 

dihydrotestosterone) from mediating tumour 

growth [40]. The mechanism of action is to 

immediately block the androgen receptor by 

inhibiting and/or suppressing the production 

of androgens [40]. 

Steroidal  

Cyproterone acetate 

Non-steroidal  

Flutamide, Bicalutamide, 

Enzalutamide, 

Apalutamide, 

Darolutamide 

Locally advanced, 

metastatic  

Castrate resistant  

 

Abbreviations: LH (luteinising hormone), LHRH analogues (luteinising hormone-releasing hormone), PCa (prostate 

cancer), GnRH (gonadotropin hormone-releasing hormone),  FSH (follicle-stimulating hormone), CYP17 (cytochrome 

gene) 
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1.4. Adverse effects of prostate cancer treatments 

Despite advances in PCa diagnosis, detection, and treatment, ADT is associated with substantial 

adverse effects [41], which can significantly impact quality of life (QoL) among men with PCa. 

Adverse effects include deleterious changes to bone mineral density [42], body composition [43-

45], physical function [43, 44], and inflammatory/cardiovascular risk factors such as insulin and 

fasting blood glucose levels [46, 47]. Men also experience sexual complications and increased 

psychological distress [41]. The deleterious impact of ADT-related adverse effects on health-related 

QoL and the abundance of cross-sectional and longitudinal evidence led influential organisations 

such as the American Cancer Society, American Society of Clinical Oncology, and the European 

Association of Urology to publish guidelines describing health-related issues affecting survivorship 

care [48]. Although these guidelines are primarily based on PCa survivorship care (Table 1.2), 

several research gaps, mainly related to CVD, require additional research to facili tate more robust 

treatment and management strategies. Thus, managing the adverse effects of PCa treatments 

represents and remains a significant challenge.  

 

Overall, the focus of this chapter is not to detail the broader documented adverse effects of ADT, as 

this has been detailed extensively elsewhere [41, 44, 48-51]. The following sections will focus on 

the cardiovascular effects of ADT and the specific impact on CVD during ADT. 

 



8 

 

Table 1.2: Summary of long-term and late effects of prostate cancer and its treatment  

TREATMENT TYPE LONG-TERM EFFECTS LATE EFFECTS 

Surgery 
(Radical prostatectomy: 
open, laparoscopic, robot 

assisted) 

Urinary dysfunction 

• Urinary incontinence (stress) 

• Urinary symptoms (urgency, 
frequency, nocturia, dribbling) 

• Urethral structure formation (scarring 
at the urethra) 

• Sexual dysfunction 

• ED 

• Lack of ejaculation 

• Orgasm changes (without erection, 
associated with incontinence) 

• Penile shortening  

Disease progression  

Radiation  

(External beam or 
brachytherapy) 

Urinary dysfunction 

• Urinary incontinence  

• Urinary symptoms (dysuria, urgency, 
frequency, nocturia, dribbling) 

• Haematuria 

• Urethral stricture 

• Sexual dysfunction 

• Progressive ED 

• Decreased semen volume. 

• Bowel dysfunction 

• Faecal urgency 

• Blood in stool 

• Rectal inflammation, pain 
 

Urinary dysfunction 

• Urethral structure 

• Haematuria due to small blood vessel 
changes 

• Sexual dysfunction 

• ED can be delayed in onset 6 to 36 
mo. after therapy. 

• Bowel dysfunction 

• Rectal bleeding secondary to 
thinning/small blood vessel changes 
of anterior rectal wall mucosa. 

• Disease progression 
 

Hormone  
(Androgen deprivation 
therapy) 

• Sexual dysfunction 

• Loss of libido 

• ED 

• Other 
o Hot flushes/sweats 
o Weight gain, abdominal 

obesity 
o Change in body image. 
o Excessive emotional 

reactions and frequency of 
mood changes 

o Depression 

o Fatigue/decreased activity. 
o Gynecomastia 
o Anaemia 
o Body hair loss 
o Dry eyes 

• Osteoporosis, fractures 

• Metabolic syndrome 

• Cardiovascular disease (possible 
increased risk of myocardial 
infarction) 

• Diabetes; decreased sensitivity to 
insulin and oral glycaemic agents. 

• Increased cholesterol 

• Increased fat mass and decreased 
lean muscle mass/muscle wasting. 

• Venous thromboembolism 

• Vertigo 

• Cognitive dysfunction 

• Disease progression 

Expectant management 
(active surveillance or 

watchful waitinga 

• Stress, anxiety, worry. 

• Risks associated with repeat biopsy 
(active surveillance) 

• PSAs and DREs 

• Symptoms associated with disease 
progression 

• Disease progression  

GENERAL PSYCHOSOCIAL LONG-TERM AND LATE EFFECTS 

• Depression, depressive symptoms 

• Distress (multifactorial unpleasant experience of psychological, social and/or spiritual nature) 

• Worry, anxiety. 
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• Fear of recurrence 

• Pain-related concerns 

• End-of-life concerns: death and dying. 

• Changes in sexual function and/or desire 

• Challenges with body image (secondary to surgery, hormone therapy) 

• Challenges with self-image 

• Relationship and other social role difficulties 

• Return to work concerns and financial challenges. 
 

ED indicates erectile dysfunction; PSA, prostate-specific antigen; DRE, digital rectal examination. aAccording to the 

National Cancer Institute Dictionary of Cancer Terms, active surveillance indicates a t reatment plan that involves closely 

watching a patient’s condition but not giving treatment unless there are changes in test results that show the condition is 

getting worse. Active surveillance may be used to avoid or delay the need for treatments such as  radiation therapy or 

surgery, which can cause side effects or other problems. During active surveillance, certain exams and tests are done on 

a regular schedule. It may be used in the treatment of certain types of cancer, such as prostate cancer. It is a type of 

expectant management. Watchful waiting indicates closely watching a patient’s condition but not giving treatment unless 

symptoms appear or change. Watchful waiting is sometimes used in conditions that progress slowly. It is also used when 

the risks of treatment are greater than the possible benefits. During watchful waiting, patients may be given certain tests 

and exams. Watchful waiting is sometimes used in prostate cancer. It is a type of expectant management.  

 

Table 1.2: Summary of the commonly reported long-term effects of PCa treatments. Reproduced and 

re-drawn with permission by Skolarus et al. [48] and John Wiley and Sons with license number 

5291591242468. 
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1.5. Cardiovascular disease in prostate cancer 

For men with PCa, CVD is the leading cause of death unrelated to cancer [10]. Cardiovascular risk 

factors, such as hypertension, dyslipidaemia, and hyperglycaemia, are prevalent in approximately 

68% of men commencing ADT, of which 30-50% of men have previously experienced a 

cardiovascular event (e.g., myocardial infarction or stroke) [52]. Following ADT treatment, data 

from prospective and retrospective studies [52-59] observed proportional increases in all-

cause/cardiovascular mortality rates and further incident cardiovascular events (myocardial 

infarction, stroke) up to five years following ADT. Although PCa is commonly diagnosed in men 68 

years and older, the increased prevalence of cardiovascular risk factors and the biochemical changes 

associated with ADT may increase the risk of additional morbidity in this susceptible population.  

Biochemical changes associated with low testosterone may implicate cardiovascular risk or disease 

[46, 50, 51, 60], yet CVD incidence mechanisms remain unknown. Therefore, it is critical to 

determine the physiological and biological factors predisposing ADT-treated men to CVD.  

 

The following section of this chapter will briefly address the epidemiological evidence associated 

with the risk of developing cardiovascular morbidity and mortality in ADT-treated men. This has 

been extensively described in the systematic review presented in Chapter Two.  

 

Epidemiological evidence associated with cardiovascular morbidity and mortality.  

Several prospective, retrospective, and randomised controlled trials have demonstrated that GnRH 

agonists are associated with higher all-cause mortality, cardiovascular mortality, and cardiovascular 

event rates than GnRH antagonists [53, 54, 61-64]. However, not all studies support these 

observations [53, 65-67]. The association between ADT and cardiovascular events was first 

identified in a large retrospective study by Keating et al. [68] from the SEER database. This study 

found that ADT was associated with an “increased risk of diabetes mellitus (adjusted hazard ratio 

[HR] 1.34, 95% confidence interval [CI] 1.34, 1.55), coronary artery disease (HR 1.16, 95% CI 

1.10, 1.21), myocardial infarction (HR 1.11, 95% CI 1.01,1.21), and sudden cardiac death (HR 1.16, 

95% CI 1.05, 1.27)” [68]. This initial evidence prompted concerns amongst the medical community, 

leading to the scientific advisory statement by American Urology Association, American Heart 

Association, American Cancer Society and American Society for Radiation Oncologists, indicating 

that “ADT may be associated with cardiovascular events and death” [69]. However, since this initial 

observation and the meta-analytic evidence by Nguyen et al. [54], the association of ADT with 
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cardiovascular mortality (relative risk [RR] of cardiovascular death ADT vs. control, 0.93, 95% CI, 

0.79-1.10) has been the subject of intense investigation and criticism among the scientific 

community.  

 

Emerging evidence from randomised controlled trials and prospective cohort studies suggests that 

the effects of ADT on cardiovascular risk may differ by the mechanisms of action of the 

pharmaceutical drug type, especially in men with pre-existing CVD [24, 53, 55-57, 65-67, 70-77]. 

For example, a pooled analysis of Ferring Pharmaceutical trials (six, phase three randomised 

controlled trials, comparing GnRH agonist to GnRH antagonist) observed fewer cardiac events in 

men with pre-existing CVD treated with GnRH antagonists (6.5%) compared with GnRH agonists 

(14.7%) [64]. Notably, after 12 months of ADT, the risk of cardiac events or death was substantially 

lower by approximately 56% (HR 0.44; 95% CI 0.26–0.74) in men treated with GnRH antagonists 

than in men treated with GnRH agonists [64]. Additionally, the results of a phase III trial randomly 

assigning Relguolix (GnRH antagonist) or Leuprolide to men with pre-existing CVD reported 

higher cardiovascular event incidence among men treated with Leuprolide (6.2%) than those treated 

with Relguolix (2.9%) following a two-year follow-up period [24]. The above study and other 

observations [64] suggest that men treated with GnRH antagonists tend to experience fewer major 

adverse cardiovascular events independent of baseline cardiovascular risk. However, more recent 

data suggest that the cardiovascular risk profile of GnRH antagonists remains less conclusive. 

Despite accounting for cardiovascular confounders, recent data from the PRONOUNCE trial 

[70]found negligible differences in the risk of developing major adverse cardiovascular events when 

comparing Degarelix and Leuprolide. However, it is essential to note that this trial ceased short of 

its intended sample size due to recruitment barriers. As a result, wide confidence intervals related to 

cardiovascular deaths were observed (HR 1.28, 95% CI, 0.59-2.79)[70]. While the association 

between ADT and cardiovascular events has been extensively studied, the available evidence is 

typically derived from cohort studies or randomised controlled trials that exclude non-ADT treated 

groups or do not separate participants groups by pre-existing CVD diagnoses; this, therefore, limits 

the generalisability and comparability of the results to the general population. 
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1.6. Abnormal cardiovascular risk profiles in ADT-treated men  

Cancer 

Emerging evidence from studies conducted in humans suggests that CVD and cancer share several 

biological risk factors, which may increase the risk of CVD in this population [78, 79]. While the 

mechanisms may be unclear, it was hypothesised that a higher prevalence of cardiovascular risk 

factors (e.g., smoking, obesity, hypercholesterolaemia), coupled with biological changes (e.g., 

inflammation or oxidative stress) associated with cancer, may predispose individuals with cancer to 

cardiovascular morbidity and events [78, 80-82]. Inflammation is a well-known mediator of disease 

progression in both CVD and cancer, with multiple studies demonstrating that elevated 

inflammatory markers such as C-reactive protein (CRP) or interleukin-6 are associated with poorer 

prognosis and/or clinical endpoints such as PCa-specific mortality, biochemical failure-free 

survival, or metastatic disease progression [82-86]. In a prospective cohort study [87] of 524  

men scheduled for a PCa biopsy that investigated the association between metabolic syndrome, 

CRP, testosterone levels, and risk of PCa, it was found that men who were subsequently diagnosed 

with a more aggressive form of PCa had several metabolic syndrome characteristics and higher 

serum CRP levels. While we cannot rule out the possibility that higher serum CRP levels are 

already elevated due to subclinical PCa, the combination of metabolic syndrome characteristics and 

higher CRP levels observed in this study relative to other observations [84] makes it more likely 

that cancer and CVD share biological risk factors. 

 

Moreover, several literature reviews [88-91] have detailed biochemical markers such as insulin-like 

growth hormone factor, interleukin-6 and tumour necrosis factor, leptin, and adiponectin, 

particularly in individuals with metabolic syndrome, which may be potential mediators of PCa 

incidence. Evidence from a meta-analytic study of cohort and case-control studies found that 

elevated levels of insulin-like growth hormone factor were associated with a marked incidence of 

PCa (odds ratio [OR] 1.83, 95 % CI 1.03, 3.36) when compared to patients whose insulin-like 

growth hormone factor levels were lower [92]. Considering that CVD is highly prevalent among 

men beginning ADT [52], it is possible that perturbations associated with CVD and cancer and 

cancer treatments may collectively amplify cardiovascular risk in this population. However, 

whether this may be the case in PCa is yet to be elucidated. 
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Age, gender, and  cardiovascular risk 

Uncontrollable cardiovascular risk factors, such as gender, age, and ethnicity, are known risk factors 

for CVD and cancer [78, 93, 94]. While there is some evidence to suggest that hormone 

dysregulation may be linked to the progression of cancer and CVD, older age (>60 years) is a 

consistent independent variable for both diseases [95-97]. A prospective study of 3,526 older and 

younger men treated with ADT reported that the combination of older age (mean age,76 years) and 

prolonged ADT exposure (>2 years) was related to a higher risk of diabetes mellitus (OR, 2.1 

95%CI 1.0-4.4) and CVD (OR, 1.9 95% CI 1.0-3.5), compared to younger ADT-treated men [98]. 

While it is known that cardiovascular comorbidities are common in older men, prolonged ADT 

exposure markedly increased the incidence of diabetes mellitus and CVD compared with the 

younger cohort [98]. This suggests that increasing age, baseline cardiovascular risk, and ADT 

duration are critical in understanding cardiovascular morbidity in this vulnerable population.  

 

ADT, insulin resistance and metabolic syndrome 

Data from several observational studies have consistently shown that ADT increases insulin 

resistance [41, 69, 99-101]. Glucose intolerance and insulin resistance are linked to endothelial 

dysfunction and arterial stiffness, both of which are associated with an increased risk of CVD in this 

population [102-104]. Longitudinal studies in PCa have shown that ADT is associated with insulin 

resistance and elevated fasting blood glucose, leptin, and glycated haemoglobin [105, 106]. A meta-

analysis, including nine cross-sectional studies in ADT-treated men, found that metabolic syndrome 

(RR 1.75, 95%CI 1.27,1.41) and diabetes mellitus (RR 1.36, 95%CI 1.17,1.58) were positively 

associated with ADT, compared to controls [107]. These results were consistent with a small cross-

sectional study of 20 ADT-treated men, 18 non-ADT, and 20 non-cancer controls, which found the 

incidence of metabolic syndrome was markedly higher in ADT-treated men (55%) than with non-

ADT treated men (22%) and non-cancer controls (20%). Importantly, the drivers of metabolic 

syndrome were primarily related to fasting blood glucose (13%) and waist circumference (15%) 

among ADT-treated men [108]. While the mechanisms that underpin ADT (e.g., insulin resistance 

and metabolic syndrome) may be more evident than other cardiovascular risk factors, the degree by 

which insulin resistance or diabetes mellitus, particularly in the context of PCa and cardiovascular 

outcomes, is unclear.  
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Furthermore, experimental evidence in men who develop diabetes mellitus following ADT seems to 

have higher visceral fat mass composition [44, 49] and abnormal blood lipid profile values 

(triglycerides, low-density lipoprotein) [50, 109, 110] compared to PCa non-ADT controls. 

Moreover, few studies have reported increased fasting blood lipid profile, including total 

cholesterol, high-density lipoprotein triglycerides and low-density lipoprotein in ADT-treated men 

[50, 109, 110]. For example, a longitudinal study of 32 men treated with ADT was evaluated for 48 

weeks [106]. The percentage change from baseline to 48 weeks demonstrated marked increases in 

total cholesterol (percentage change, 9.0 ±2.1%), high-density lipoprotein (11.3±2.6%), 

triglycerides (26.5±10.0%) and low-density lipoprotein (7.3±3.5%) [106]. Interestingly, high-

density lipoprotein appeared to increase, thus limiting the parallels to the conventional metabolic 

syndrome classification. Although higher high-density lipoprotein values are considered 

cardioprotective [111], the breadth of evidence is limited to small samples with no comparator 

groups, therefore making it difficult to conclude whether the observed changes were typical rather 

than a result of ADT. 

 

ADT and body composition  

The effect of ADT on body composition and adiposity is well-established, with a preponderance of 

evidence demonstrating unfavourable reductions in whole-body lean mass and increases in fat mass 

and body fat percentage [44, 45, 49, 99, 101, 106, 112-114], which may render this susceptible 

population to adverse effects on cardiovascular risk. For example, pooled data from 14 cohort 

studies and two randomised controlled trials showed changes from baseline increase in body weight 

(MD 2.1%, 95% CI 1.4, 2.9), body mass index (2.2%, 95% CI 1.2, 3.1), fat mass (7.7%, 95% CI, 

4.3, 11.2) and reductions in lean mass (MD -2.8%, 95% CI -3.6, -2.0) favouring ADT in all 

participants across all time points [115]. Interestingly, the most pronounced effects on body 

composition (by timepoint and ADT type) were observed between three and six months for body 

weight and body mass index and further impacted at 12 months for all measurements of body 

composition (all, p<0.0001)[115]. While changes in body composition and adiposity are attributable 

to heightened cardiovascular risk and incident cardiovascular events and mortality in non-cancer 

populations [116], the impact of these effects, particularly in the context of cardiovascular risk in 

PCa, has been minimally examined. Furthermore, men treated with newer hormonal agents (i.e., 

metastatic castrate-resistant PCa) may experience further deleterious effects on whole-body lean 

mass and fat mass than conventional therapies, suggesting newer hormonal agents coupled with 
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prior therapies may have additional detrimental effects [117]. Notably, the reductions in whole-body 

lean mass and subsequent increases in fat mass exceed age-related reference values (ADT-treated 

2.8% vs. age-matched controls, 0.9%, P=0.03) [113], thus amplifying fragility and functional 

disability in a rapidly aging population. While prior observations support the adverse consequences 

of ADT on body composition and adiposity, prospective studies are required to establish causality 

with heightened cardiovascular risk and the implications on cardiovascular outcomes in ADT-

treated men.  

 

ADT and cardiovascular toxicity  

Population-based studies have observed higher rates of cardiovascular toxicity, including 

cardiovascular events (ischaemic heart disease, stroke, chronic heart failure, arrhythmias, 

atherosclerotic events)[118-120]) and cardiovascular risk factors (hypertension, hyperglycaemia, 

obesity) in ADT-treated men administered with second class hormonal agents [24, 118, 119, 121, 

122]. There are no cardiovascular toxicity risk calculators or consensus definitions for ADT-treated 

men, but cardiovascular side effects include hypertension, Type II diabetes, and ischaemic heart 

disease[123, 124]. A large meta-analysis of ~8,660 men investigating the cardiovascular toxic 

effects of abiraterone and enzalutamide plus prednisolone showed a two-fold increase in all-grade 

cardiovascular toxicity (RR 1.36, 95% CI 1.13,1.64) and all-grade hypertension (RR 1.98, 95% CI 

1.62,1.2.43), compared with placebo study arms [118]. Additionally, when comparing the incidence 

and relative risk by treatment, abiraterone use was shown to have a higher frequency of all -grade 

and high-grade hypertension (abiraterone, 26.2% and 6.9%) related events when compared with 

placebo (15% and 5%) [118]. Despite the observed epidemiological increases in all-grade and high-

grade cardiovascular toxicity and hypertension in men treated with newer hormonal agents, the 

evidence associated with widely available conventional therapies, for example, LHRH analogues or 

antagonists, is less conclusive, with most studies focused on arterial compliance and stiffness rather 

than hypertension in this population [100, 125-127]. Arterial stiffness is a prognostic indicator of 

cardiovascular mortality and cardiovascular events in the general and clinical CVD population 

[128]. Thus, its use alongside cardiovascular risk stratification models is becoming widely accepted 

in primary cardiovascular care. Despite this, evidence from a small number of cross-sectional 

studies have reported higher arterial stiffness values ~12 m/s (determined by central pulse wave 

velocity, cfPWV) and alterations in waveform characteristics, including augmentation index (AIx) 

(24-29%) during varying durations of ADT (GnRH agonists and antagonists) [127, 129]. Although 
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cfPWV values >10 m/s are categorised as high cardiovascular risk [130], ADT-men and their 

comparators (age-matched controls, non-ADT treated men with PCa) seem to exhibit similar levels 

of arterial stiffening [100, 125, 127]. While older age could be a pivotal contributor to higher 

cfPWV values in PCa, other determinants of higher arterial stiffness in this population remain 

unknown.  

 

ADT and physical activity ( cardiorespiratory fitness, physical function) 

Many observational studies have shown that individuals with cancer who participate in regular 

physical activity experience lower rates of all-cause and cancer-specific mortality [131, 132]. 

Pooled analyses of 136 studies examining the effect of pre-and post-diagnosis physical activity in 

all cancers, including PCa, showed enhanced survival benefits in all cancers (pre-diagnosis, low 

versus high volumes of physical activity HR 0.82, 95% CI 0.79 -0.86; post-diagnosis physical 

activity, HR 0.63 95% CI 0.53 to 0.75), with similar reductions in all-cause mortality for all-cancers 

and particularly PCa [132]. This was consistent with an observational study investigating exercise 

dosages (<9 Metabolic equivalents [MET]-hours per week [h/wk.] vs >9 MET-h/wk.) on all-cause 

mortality in men with PCa. This study found marked reductions in all-cause mortality (HR 0.67, 

95% CI 0.56-0.82) in those that completed higher volumes of physical activity (>9 MET-h/wk.) 

than those men that participated <9 MET-h/wk. [133]. While it is essential to encourage men with 

PCa to increase their physical activity, men treated with short-term and long-term ADT report 

difficulty meeting/exceeding guideline recommendations due to treatment-related effects [49, 117, 

134-137].  

 

Longitudinal studies evaluating physical function by distance-based walking tests or the short 

physical performance battery have shown that ADT has detrimental effects on walking velocities 

[134, 138], gait speed [49], chair rise time [49, 117, 135] and walk distance [49, 117, 134-137], 

compared with non-ADT treated men or age-matched controls. Notably, impaired physical function 

also correlates with reduced physical activity levels, whole-body lean mass, and higher adiposity in 

men on longer-term ADT, especially those treated with newer hormonal agents [49, 117]. While the 

assessment of physical function by the above outcome measures is widely used to assess clinical 

status or cardiorespiratory fitness in clinical practice, the degree to which it can provide detailed 

prognostic insights [139, 140], specifically related to cardiovascular health outcomes, is unclear. On 

the contrary, assessing peak oxygen uptake (VO2peak), determined by a cardiopulmonary exercise 
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test, may offer pathophysiological insights into detecting therapy-related dysfunction and stratifying 

cardiovascular risk in this population [141]. Although these preliminary results are supported by 

prior observations [100, 142], the prognostic value of reduced cardiorespiratory fitness and the 

physiological mechanisms contributing to reduced cardiorespiratory fitness and cardiovascular risk 

in PCa remains yet to be elucidated.  

 

1.7. Possible mechanisms linking adverse cardiovascular consequences and cardiovascular 

disease incidence in men treated with ADT. 

Testosterone is the primary male sex hormone responsible for regulating anabolic functions, such as 

promoting and maintaining muscle mass, muscle strength, bone mineral density, blood pressure, and 

vascular function in men [143, 144]. Serum testosterone levels reach maximal by 30 years in men, 

with longitudinal studies showing reductions by approximately 1 to 2% per year thereafter [145-

147]. However, it is not entirely clear whether clinical features of androgen deficiency are also 

caused by ageing or age/lifestyle-related comorbidities in older men. [145-147]. Low endogenous 

testosterone levels are early markers of poorer prognosis, cardiovascular risk factors and all-cause 

mortality in older men, according to accumulating evidence [148-151]. In a nested study of 794 

men (age: range 50-91 years), low endogenous testosterone levels (lowest quartile) independent of 

age and baseline cardiovascular were associated with a markedly higher risk of all -cause mortality 

(HR 1.44, 95% CI 1.12, 1.84) [152], relative to men with higher/normative endogenous testosterone 

levels. These results were supported by several other population-based studies and meta-analyses 

[149, 150, 153, 154]. Specifically, in a population-cohort study of Tromso participants (n=1,548 

men), LV mass by height was correlated with total testosterone (r=-0.10; P<0.001), systolic blood 

pressure (r=0.26; P <0.001), diastolic blood pressure (r=0.24; p<0.001) and body mass index 

(r=0.39; P <0.001), which all remained independent predictors after multiple linear regression 

analyses [155]. In addition, studies examining the association between low endogenous testosterone 

and cardiovascular endpoints have shown that incident hypertension and all-cause/cardiovascular 

mortality rates are higher in men with low testosterone levels [156-158]. Intriguingly, the authors 

hypothesised that the increased incidence of hypertension and all-cause/cardiovascular mortality 

might be related to LV hypertrophy, specifically concentric cardiac remodelling. Based on the 

mechanistic literature proposing that androgens are highly sensitive to cardiomyocytes, it could be 

quite possible that low endogenous testosterone levels may alter LV geometry [159, 160]. A large 

cohort study of 5,098 of the Multi-Ethnic Study of Atherosclerosis) observed that concentric 
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remodelling (quantified by LV mass to volume ratio [LVM: V]) was associated with incident 

coronary heart disease (adjusted HR 2.1, 95% CI 1.1-4.1), stroke (adjusted HR 4.2, 95% CI 1.5-

11.2), chronic heart failure (adjusted HR 2.3, 95% CI 0.8-6.1) in asymptomatic populations [161]. 

While this evidence may provide interesting parallels to ADT, the mechanisms underpinning CVD 

in men with PCa require additional investigative studies to establish causality. The section that 

follows will provide an overview of the available evidence and hypothesised mechanisms 

underlying CVD in this population. 

 

The effect of ADT on cardiac remodelling (animal studies)  

Cardiac remodelling (concentric or maladaptive cardiac remodelling) is an adaptive response 

associated with increased cardiac afterload (increase/unchanged LV mass and decrease in chamber 

volumes), primarily driven by physiological and pathological changes associated with hypertension 

and atherosclerosis [162, 163]. Although cardiac remodelling is a known precursor of future 

cardiovascular events in other settings [164-166], its potential association with the incidence of 

cardiovascular events in PCa is yet to be elucidated. However, the mechanistic basis for this 

hypothesis is widely documented in animal studies. Animal studies examining the role of androgen 

receptors in cardiomyocytes in vivo have consistently shown that haemodynamic, endocrine, and 

paracrine factors mediate cardiac hypertrophy, specifically cardiomyocyte elongation [159]. 

However, studies of mammalian cardiac tissue in vitro suggest otherwise. An in vitro found that in 

mammalian cardiac tissues, including humans, androgen receptors are expressed explicitly in 

cardiomyocytes and that testosterone and dihydrotestosterone were directly responsible for the 

cardiac hypertrophic response in cardiomyocytes [159]. This suggests that androgen receptors are 

highly sensitive to androgen availability and regulate cardiac hypertrophy response in addition to 

other mediating factors above [159]. In the context of androgen deprivation, Malhotra et al.[167] 

showed that surgical castration (gonadectomy) led to marked declines in cardiac weight/mass 

(~17%) and increased cardiac hypertrophic response in gonadectomised mice. This hypertrophic 

pattern has been similarly observed in medical castration studies, which suggest that reductions in 

androgen availability may have a compensatory hypertrophic effect on maintaining hemodynamic 

load [160, 168]. Despite preliminary evidence suggesting cardiomyocytes and cardiac hypertrophic 

stimuli are particularly susceptible to androgens, no clinical trials have specifically examined the 

effects of ADT on the cardiovascular system in men with PCa. 
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The effect of ADT on cardiac function   

Compared with cardiac remodelling, the direct effects of low testosterone (ADT, medical and 

surgical castration) on cardiac function is primarily limited to animal studies [160, 167-169]. Low 

testosterone is associated with decreased LVEF and is crucial to the aetiology of chronic heart 

failure in older men [170-173]. In gonadectomised male rodents, androgens seem to regulate 

cardiac performance [159]. Several studies in gonadectomised male rats in vivo have exhibited 

reductions in heart weight, lower LVEF, LV cardiac output (LVCO), reduced cardiac contractility 

and delayed cardiomyocyte stretch recoil activity, which resulted in impaired cardiac performance 

[167, 168]. Specifically, 16 weeks of surgical castration resulted in compromised calcium regulatory 

proteins and contractility properties, including myocyte excitation-contraction coupling, peak 

shortening (14%), and time to peak shortening (16%) in ex vivo isolated myocytes [174]. 

Furthermore, animal studies examining myocyte excitation-contraction coupling in gonadectomised 

and medically castrated rodent models observed higher quantities of slow adenosine triphosphate β-

myosin heavy chain isoforms and lower quantities of short adenosine triphosphate phase α-myosin 

heavy chain isoforms in male ventricles [167, 168]. This suggests that testosterone suppression by 

surgical or medical castration may influence adenosine triphosphate β-myosin heavy chain 

quantities and may impair cardiac performance. These features have also been similarly observed in 

animal studies of heart failure [175-177]. However, limited evidence exists regarding the impact of 

ADT on cardiac function in humans, with only a single trial of 43 men evaluating its effect on N-

terminal probe-type natriuretic peptide (NT-proBNP; a cardiac marker indicating ventricle stretch in 

response to pressure and volume overload), compared to a non-ADT PCa control. NT-proBNP 

values increased substantially from baseline to three months across both drug groups (Goserelin, the 

median baseline 66 ng/L vs. three-months 87 ng/L vs. Bicalutamide baseline 55 ng/L vs. 101 ng/L 

vs. control baseline 60 ng/L vs. three-months 53 ng/L; P=0.006), with Bicalutamide continuing to 

rise by ~17% after five months [178]. It was somewhat surprising that markers of systolic function 

(LVEF, global longitudinal strain [GLS]) remained unchanged, despite the documented increase in 

rising NT-proBNP throughout the study period. However, no other data exists concerning the effect 

of systolic or diastolic function, and thus, conclusions remain inconclusive. 
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The effect of ADT on vascular function   

Emerging evidence supports the hypothesis that ADT worsens atherosclerosis and endothelial cell 

function compared with non-ADT treated men or age-matched controls [179, 180]. However, the 

mechanism by which ADT may influence endothelial cell function is limited to animal studies. For 

example, studies examining testosterone supplementation in orchiectomised mice observed that 

testosterone mediates atherosclerosis lesion size compared with placebo [181]. Animal research 

utilising androgen receptor (AR) knockout mice (ARKO) (testosterone deficient) revealed marked 

increases in the diameter of atherosclerotic lesions when compared to AR-intact mice [180]. 

However, when testosterone deficiency was reversed (testosterone supplementation), authors 

observed a blunt response and reduced atherosclerotic lesion size in ARKO mice compared with 

AR-intact mice [180]. This suggests that atherogenic mechanisms associated with biochemical 

testosterone concentrations are AR-dependent and independent [180]. A further study investigating 

the differing effects of atherosclerosis and metabolic syndrome by ADT drug types (GnRH agonist, 

antagonist, and orchiectomy) in ADT-treated and sham surgery mice models reported differences in 

the severity of metabolic syndrome and the manifestation of atherosclerosis across all drug types 

[179]. Further, the most distinct effects on atherosclerotic plaque size and neurotic plaque core areas 

were observed in orchiectomised and GnRH agonist-treated mice after four months [179]. While 

these data provide preliminary evidence of a possible association between ADT and atherogenic 

changes related to CVD, the applicability to human clinical trials is limited.  

 

Compared with animal models of ADT, human studies have shown that ADT may increase arterial 

stiffness, alter waveform characteristics, and impair endothelial function [100, 126, 129, 182]. In 

comparison with age-matched controls, men treated with long-term ADT exhibited non-significant 

increases in cfPWV and impaired flow-mediated dilation (FMD) [100, 126, 129, 182]. In addition, a 

recent cross-sectional study of 98 men with PCa (12 of 51 men who received ADT for 13.6 months) 

revealed no statistically significant differences in cfPWV (PCa 12.0 m/s vs. age-matched control 

11.7 m/s; P=0.16), AIx (24.8% vs. 25.7 %; P=0.90) compared with control [127]. However, men 

with PCa seemed to exhibit a similar degree of arterial stiffening to men of a similar age according 

to age-appropriate reference guidelines (>10 m/s) [183]. Although it is unknown to what extent 

ADT amplifies cfPWV men with PCa, other factors such as physical activity, cardiorespiratory 

fitness, and obesity may provide additional insight into mechanisms that underpin cardiovascular 

risk in this population. 
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1.8. Management of cardiovascular risk in prostate cancer  

The adverse cardiovascular and metabolic effects of ADT, such as hyperglycaemia, obesity, 

hyperlipidaemia, and postulated mechanisms, such as atherosclerosis and LV hypertrophy, are 

sinister and may be linked to the higher epidemiological increases in CVD observed in this 

population [41]. Despite the limited pragmatic data to definitively characterise the impact of ADT 

on the cardiovascular system, the critical pathway to reducing further cardiovascular morbidity and 

mortality is via primary and secondary prevention strategies. The current algorithm (Figure 1.1) 

represents a potential strategy to manage cardiovascular risk in ADT-treated men per the American 

College of Cardiology and American Heart Association's key recommendations [124]. This 

scientific statement suggests that increasing awareness of cardiovascular risk factors in ADT-treated 

men [124] should follow the Awareness/Aspirin, Blood pressure, Cholesterol/Cigarettes, Diabetes 

Mellitus/Diet and Exercise (ABCDE). However, this approach was primarily devised without 

formal guidelines for preventing and managing CVD in ADT-treated men. The ABCDE approach 

extends the primary and secondary prevention strategy used to identify and manage CVD in the 

general population. These guidelines[124, 184], comparable to other ADT-specific 

recommendations [69, 120], suggest that a combination of pharmacotherapy and lifestyle 

interventions should be recommended for men commencing or receiving ADT. However, whether 

this combined approach is offered to all patients treated with ADT is unknown. In light of the 

recommendations above, evidence from Europe suggests that men initiating ADT are not 1) 

routinely assessed for cardiometabolic risk factors or disease, 2) provided with treatment 

information about cardiometabolic side effects, or 3) advised of treatment options to 

counteract/manage the cardiovascular and metabolic side effects of ADT [69, 185, 186]. This 

extensive European survey of radiation oncologists, medical oncologists and urologists found that 

clinicians primarily communicated loss of libido and sexual dysfunction (90%), hot flushes (85%) 

and minimal communication concerning metabolic syndrome (41%) and cardiovascular morbidity 

and death (31%) to their patients [187]. In addition, the assessment of metabolic risk performed by 

clinicians was limited, with only 33% of clinicians assessing fasting blood glucose, blood lipid 

profile and blood pressure in men initiating ADT [187]. While there is limited evidence suggesting 

clinicians assess some cardiovascular risk factors, the integration and uptake of these strategies vary 

widely. 
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Figure 1.1: Managing cardiovascular risk in ADT-treated men.  

Reproduced with permission by Bhatia et al.[124] and Wolters Kluwer Health Inc. with license 

number 5300431511347. 

 

Furthermore, the assessment of traditional cardiovascular risk factors by cardiovascular risk 

profiling methods has been investigated with varying results [52]. These variations may be partly 

explained by the influence of older age on cardiovascular risk prediction tools. For example, the 

commonly used Framingham Risk Score tool [188] was examined in ~2 492 ADT naive and ADT-

treated men [52]. Most participants included in this study were deemed to have a higher 

cardiovascular risk (Framingham Risk Score, 29%) than non-ADT treated men (21%), and this was 

mainly due to older age independent of cardiovascular risk factors [52]. This suggests that 

irrespective of ADT (prior to or undergoing treatment), the higher cardiovascular risk noted in this 

population, particularly in the context of cardiovascular risk prediction tools, seems primarily 

driven by older age. This indicates that current methods for detecting CVD risk do not adequately 

explain heightened CVD risk/disease among men with PCa. Importantly, this could mean that the 

effects of ADT on traditional CVD risk factors may be too imprecise or operate through different 
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mechanistic pathways that fail to explain the heightened risk of CVD in this population. Therefore, 

the section below will provide an overview of possible identification and preventative strategies that 

could potentially detect and prevent the adverse cardiovascular effects of ADT.  

 

1.9. Assessing cardiovascular health: an innovative detection strategy  

Assessing cardiac structure and function 

According to population-based studies, LV cardiac remodelling (LV mass, LVEDV, and LVM: V) is 

a crucial precursor of cardiovascular events [161, 166, 189]. Notably, these associations are evident 

in those with and without pre-existing CVD [161, 166, 189]. A large cohort study of 5,098 

participants that evaluated the association of concentric remodelling (quantified by CMR imaging) 

with cardiovascular events found that CMR imaging detected subtle changes in LVM: V, and these 

were associated with coronary heart disease (adjusted HR 2.1 g/ml, 95% CI 1.1-4.1), stroke 

(adjusted HR 4.2 g/ml, 95% CI 1.5-11.2) and a markedly higher risk of developing heart failure 

(adjusted HR 1.4 g/m2, 95% CI 11.2-1.5) when quantified by LV mass/LV hypertrophy [161]. In a 

similar study from the same cohort of 2,935 participants (mean age, 69 years) without CVD at 

baseline (follow-up 9.4 years), variables related to systolic blood pressure, body mass index, and 

smoking history were responsible for proportional increases in LV mass over time and a key 

predictor of cardiovascular events in this population [166]. While these results are consistent with 

CMR imaging studies, not all studies agree, and this is primarily due to different imaging 

techniques [161, 166, 190-192]. Most epidemiological studies have primarily investigated LV 

structural changes by echocardiography to determine increasing cardiovascular risk and 

cardiovascular event incidence in the general population [161, 166, 190-192]. Although established 

in cardiovascular care, echocardiography does have several limitations and may be unable to detect 

subtle changes in sub-clinical CVD. For example, LV mass quantified by echocardiogram requires a 

>30g change from baseline (~17%, relative), and LVEF requires a >10% change from baseline to be 

considered clinically meaningful compared to gold standard techniques such as CMR imaging (~7% 

change from baseline) [193, 194]. Despite advancements in echocardiographic techniques, two-

dimensional echocardiography is the most commonly used for estimating LV mass by length and 

truncate methods during end-diastole. However, the imprecision of these techniques is well-

documented, with some trials reporting substantially higher interobserver and intraobserver 

variability (37% and 19%, respectively) in older men when compared to CMR imaging (intra and 

interobserver variability, 7% and 8%, respectively) [193, 194]. Although CMR imaging has a high 
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degree of accuracy and precision, its broader utility in other settings, such as cancer, is still 

emerging. 

 

Assessing vascular health  

Compared with CMR imaging and echocardiography, the higher prevalence of traditional 

cardiovascular risk factors in ADT-treated men does not explain the observed epidemiological 

increases in cardiovascular event incidence in this population [52, 107]. The assessment of vascular 

health, including arterial stiffness (cfPWV) and waveform characteristics (pulse wave analysis), are 

relatively simple, non-invasive procedures that could provide additional information concerning the 

factors that precede/contribute to alterations in traditional cardiovascular risk factors [130, 195]. 

cfPWV is considered the gold standard assessment for determining central aortic stiffness via non-

invasive applanation tonometry [130, 196]. Compared with cfPWV, pulse wave analysis uses a 

similar technique to estimate central aortic pressure and calculate AIx (a measure of arterial rigidity 

of the peripheral wave reflection from the ascending pressure waveform and is derived from the 

peak amplitude of the reflective wave augmentation pressure/pulse pressure) via the central pressure 

waveform [130, 197, 198]. Collectively, both techniques measured in clinical cohorts have excellent 

accuracy (cfPWV, r>0.90; AIx, intraclass correlation: 0.97) and reproducibility (cfPWV CV: <5%, 

AIx, CV: 5-8.4%)[195, 199-201]. While the repeatability of cfPWV appears excellent (cfPWV, CV: 

4.7-10.5%), several studies have reported rather large CV ranges for AIx across several clinical 

populations, including CVD and chronic kidney disease (AIx, CV: 15-25%) [195, 199-201]. This 

has been primarily due to some trials only taking one measurement per participant; however, when 

multiple (average of three) are taken, the AIx CV falls within normal limits [195, 199-201]. Despite 

the variance in CVs linked to AIx reported in the above studies, the utility of this clinical measure in 

cardiovascular care is still evolving. 

 

In addition, the majority of research has centred on arterial stiffness and wave reflection in other 

settings, demonstrating that it is a reliable indicator of future cardiovascular events, all -cause 

mortality, and precursors of hypertension and cardiac remodelling in ageing and CVD cohorts [128, 

196, 197, 202-208]. Meta-analytic evidence from 17 cohort studies observed that high cfPWV was 

associated with an increased risk of cardiovascular events (RR 2.26, 95% CI 1.89-2.70) [128] 

compared to control groups with lower cfPWV values. In addition, it was also found that for every 

one-meter per-second increase in cfPWV translates to a ~14% (1.14, 95% CI 1.09-1.20) increase in 
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cardiovascular events [128]. Higher all-cause and cardiovascular mortality rates were also 

associated with high cfPWV values [128]. Recent meta-analytic evidence from 19 prospective and 

cross-sectional studies examining the effect of cancer treatments on arterial stiffness was consistent 

with these findings [209]. Notably, administration of any cancer therapy, for example, anthracycline 

chemotherapy, showed a markedly higher increase in cfPWV values compared to baseline/pre-

treatment levels (MD 1.505 m/s, 95% CI 0.789-2.221)[209]. Similar results were reported in cross-

sectional evidence in PCa, suggesting ADT may influence arterial stiffness [100, 125-127]. These 

data indicate that arterial stiffness and waveform characteristics may be central to further 

understanding vascular health and its implications on target organs and elevated cardiovascular risk 

in this population.  

 

Assessing cardiorespiratory fitness 

Resting measures of cardiovascular structure, function and vascular health cannot adequately 

explain impairments in integrative cardiovascular function or reliably predict VO2peak [196, 210]. 

Cardiorespiratory fitness is an important prognostic marker of CVD, all-cause mortality, survival, 

and poorer prognoses in the general and clinical cohorts [141, 211-213]. Recent meta-analytic 

evidence involving 13 studies (n=6,486 adults with cancer) [214] found that individuals with a 

higher cardiorespiratory fitness level (categorised as high, intermediate, and low based on their 

corresponding unit of measurement) were associated with a reduction in all-cause mortality (HR 

0.52, 95% CI 0.35-0.77) independent of cancer type in adults. However, this reduction was not 

consistent with the intermediate or low cardiorespiratory fitness levels groups [214]. Furthermore, a 

large cohort study of 616 men with localised high-risk PCa men examined the impact of 

cardiorespiratory fitness (measured by exercise treadmill testing) on cardiovascular mortality and 

ADT duration [215]. Men on long-term ADT (<6 months) had a higher risk of cardiovascular 

mortality (adjusted HR 3.87, 95% CI 1.16-12.96) [215] when adjusted for cardiorespiratory fitness 

and other common confounders. However, no significant differences in cardiovascular mortality 

rates were detected in men on short-term ADT, despite the higher frequency of low 

cardiorespiratory fitness noted among all patients [215]. Although the benefits of maintaining a high 

VO2peak are well-established in other clinical settings [216], the prognostic value of VO2peak in 

identifying cardiovascular risk in PCa is poorly defined, even though the measurement (CPET) has 

excellent test-retest reliability (r=0.94; P<0.001) [217] in this population.  
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Assessing cardiac biomarkers 

In addition to cardiac and vascular imaging methods, cardiovascular biomarkers of myocardial 

injury and LV wall stress may be helpful in further elucidating cardiovascular disease in this 

population. Despite blood-based biomarkers being widely available and easily accessible, there are 

no consensus or guideline recommendations for clinical-decision making beyond primary 

prevention recommendations[124, 218]. Current recommendations by leading organisations such as 

the European Society of Cardiology and the American Heart Association suggest that Troponin I 

and NT-BNP be assessed during chemotherapeutic treatments to facilitate the detection of 

myocardial damage [219, 220]. Whilst minimal evidence exists regarding their utility during ADT, 

more research is required to understand whether CVD biomarkers related to the shared biological 

risk factors between CVD and cancer, such as inflammatory markers (c-reactive protein), should be 

considered during ADT [78].  

 

1.10. Interventions to address the cardiovascular and metabolic disease risk burden in non-

cancer populations 

Aerobic exercise training, resistance training, and combined exercise interventions have superior 

beneficial effects on cardiorespiratory fitness (measured by VO2peak), cardiac structure (LV mass, 

LVEDV, cardiac remodelling), cardiovascular risk factors (blood pressure, blood lipid profile), 

diabetes mellitus, and adiposity, according to randomised controlled trial evidence in non-cancer 

populations [221]. Further, burgeoning data favour higher intensity aerobic exercise training, for 

example, long interval high-intensity interval training (HIIT) (four minutes of high intensity, 

coupled with three minutes of active recovery), medium interval HIIT (one to two minutes of high 

intensity, coupled with one to three minutes of active recovery), short HIIT (15-60 seconds of high, 

coupled with 15 seconds to two minutes of active recovery) over moderate continuous exercise 

training (moderate intensity of 30-60 minutes) to reduce cardiovascular risk burden in patients with 

cardiovascular and metabolic disease [221, 222]. While the beneficial effects of higher-intensity 

aerobic exercise training have been investigated minimally during ADT, the effect of HIIT in CVD 

populations is extensive [141, 221, 223]. A meta-analysis of 273 patients with established 

cardiovascular and metabolic disease found a statistically significant difference in VO2peak (+3.03 

ml/kg/min, 95% CI 2.0-4.07), in favour of HIIT, compared with moderate continuous exercise 

training [221]. These results were consistent with a more recent meta-analysis involving 949 cardiac 

rehabilitation patients investigating the effect of HIIT interval durations on VO2peak [222]. The 
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results of this review found that change from baseline values in participants assigned to the 

moderate interval HIIT (MD 4.02 ml/kg/min, 95% CI 1.29-6.76) and long interval HIIT (MD 1.36 

ml/kg/min, 95% CI 0.71-2.02) for three-months reported beneficial effects on VO2peak, compared 

with moderate continuous exercise training [222]. These data indicate that exercise training 

intensity and interval type are central to improving VO2peak in patients with cardiovascular disease.  

 

In addition to VO2peak, the favourable effects of aerobic exercise training on cardiac structure have 

been thoroughly investigated in clinical and non-clinical cohorts. Specifically, aerobic exercise 

training has shown similar benefits to pharmacologically-induced anti-cardiac remodelling, 

especially in clinical cohorts with chronic heart failure [224-226]. In a meta-analysis of 14 trials 

(n=812 patients with chronic heart failure), significant improvements in LVEDV (weighted mean 

difference [WMD], -11.5 ml, 95% CI -19.9-3.02) and LV end-systolic volume (LVESV) (WMD -

12.8 ml, 95% CI -17.8-7.93) were observed when resistance exercise training and combined 

exercise interventions were compared [224]. While the authors also examined the effect of 

resistance exercise training and combined aerobic and resistance exercise training on cardiac 

structure, no beneficial effects were observed between groups. This suggests that exercise intensity 

may be a key mediator of cardiac structure in CVD populations [224]. In addition, a prospective 

study of 12 previously sedentary adults with minimal comorbidities participated in a novel athletic 

style periodised exercise training intervention (aerobic exercise intensities such as base pace, 1-20 

bpm below maximal steady-state, maximal steady-state, and HIIT [4x4 method >95% of heart rate 

maximum]) induced physiological cardiac remodelling (a term used to describe exercise-induced 

changes in LV mass, LVEDV, LVESV and LVCO) and significantly improved maximal oxygen 

uptake (VO2max) by~20% from baseline to 12 months (P<0.00001) [226]. Notably, this was 

primarily the result of proportional increases in left ventricular stroke volume (LVSV) and LVCO, 

which were likely related to the resultant increases in VO2peak, LV mass, and LVEDV. Similar 

results were observed in a randomised controlled trial of 61 (48% male) previously sedentary 

middle-aged participants (age 53±5 years), by which  physiological cardiac remodelling (magnitude 

of difference, LVEDV ~17% after ten months, P<0.05), VO2peak (~18%, P<0.001) and LV stiffness 

markedly improved from baseline, compared with attention control [225]. Therefore, a multi-modal 

aerobic training program consisting of varied aerobic exercise training intensities is vital and key to 

inducing physiological cardiac remodelling in clinical (for example CVD) and non-clinical cohorts.  
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Exercise interventions aimed at improving vascular health, particularly arterial stiffness, wave 

reflections and endothelial function, have shown favourable effects on mitigating cardiovascular 

risk in clinical and non-clinical cohorts [227, 228]. However, the beneficial effects of exercise 

training seem to differ by exercise mode. Specifically, aerobic and combined aerobic and resistance 

exercise training significantly reduced cfPWV in adults with hypertension. (Aerobic, MD -0.70 m/s, 

95% CI -12.0, -0.19 and combined MD -0.74 m/s 95% CI -1.41, -0.08) compared to usual care 

[229]. In addition, no beneficial effects were observed for resistance exercise training alone among 

trials included (14 randomised controlled trials, n=642) [229]. While the review mentioned above is 

the first to highlight the benefits of combined aerobic and resistance exercise training interventions 

on cfPWV in adults with hypertension, substantial heterogeneity exists and may partly be explained 

by different methodological approaches and the exercise interventions prescribed in other studies 

[227]. Furthermore, exercise interventions targeting vascular health, particularly endothelial 

function [228, 230] in healthy adults and CVD populations, vary widely [231, 232]. Multiple 

studies have found that regular, moderate-intensity aerobic exercise training (stationary cycling) 

improves endothelial function, particularly nitric oxide-mediated forearm resistance vessel function, 

after a brief aerobic exercise intervention (range, four to six weeks) in sedentary adults with 

minimal comorbidities [233, 234]. However, not all studies support these observations [235-238]. A 

possible reason for the discrepancy may be related to the time course of structural and functional 

arterial remodelling and the fixed exercise duration. An eight-week aerobic exercise training 

intervention involving 13 young, healthy men and seven inactive controls resulted in a ~3.5% 

(P<0.01) improvement in brachial artery FMD response from baseline to four weeks; however, 

FMD returned to baseline following study cessation [239]. Interestingly, conduit dilator capacity (a 

marker of arterial remodelling) gradually increased throughout the study period (~2.5%, P<0.05) 

[239]. Overall, studies by Tinken et al.[239] and others [240] have demonstrated that functional 

arterial remodelling precedes structural arterial remodelling. Therefore, this may explain the 

discrepancy in exercise-induced vascular adaptations associated with cfPWV and endothelial 

function in human populations [241].  

 

Although exercise training has been extensively examined in non-cancer populations concerning 

cardiac structure and function, cardiorespiratory fitness and vascular health [221, 225-228, 242], the 

impact of higher-intensity aerobic exercise training, combined with resistance training in ADT-

treated men and other cancer cohorts is limited [243]. Despite this, a solid theoretical rationale 
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suggests that more intensively prescribed exercise may be an effective therapy for enhancing 

cardiorespiratory fitness, vascular function, and cardiac structure and function during and after PCa 

treatments.  

 

1.11. Preliminary evidence to address cardiometabolic health in ADT-treated men.   

The effect of exercise training prescribed concurrently with ADT is well-established and supports 

the notion that exercise training has favourable effects on minimising the deleterious effects of ADT 

[244-246]. Specifically, combined aerobic and resistance training interventions initiated 

concurrently with ADT are effective at preventing loss of lean mass and increased fat mass, bone 

mineral density, fatigue, sexual dysfunction, health-related QoL, and certain cardiovascular risk 

factors, including fasting blood glucose, insulin sensitivity, and c-reactive protein [244-246]. 

However, limited evidence exists regarding the beneficial effects of combined aerobic and 

resistance exercise interventions on cardiometabolic health outcomes in ADT-treated men 

(extensively detailed in Chapter Three). In a randomised controlled trial of 62 men commencing 

ADT involving a three-month combined moderate to vigorous aerobic exercise training 

intervention, appendicular lean mass significantly improved by 0.4 kg (95% CI 0.1-0.7, P=0.01), 

markers of adiposity (all, P<0.01) as well as high-density lipoprotein: total cholesterol (-0.52 

mmol/L 95% CI -0.97,-0.06, P=0.02) in ADT-treated men, compared with usual care [247]. Similar 

results were observed in a larger randomised controlled trial involving 97 ADT-treated men who 

participated in a combined higher-intensity aerobic exercise intervention versus standard care [248]. 

This study showed subtle improvements in VO2peak (+0.11 L/min, 95% CI 0.04-0.19, P=0.033), 

fasting blood glucose (-0.5 mmol/L, 95%, CI, 0.3-2.3, P= 0.037) as well fat oxidation and whole-

body fat mass [248]. However, arterial stiffness and wave reflection measures showed no 

favourable effects as a result of the combined exercise intervention [248]. Although there is a 

preponderance of evidence demonstrating different effects of combined aerobic and resistance 

exercise training [244-246] on key outcomes, the breadth of evidence is limited to relatively 

homogenous exercise prescriptions that have demonstrated negligible effects on key 

cardiometabolic health outcomes. 

 

Furthermore, a recent randomised controlled trial [249] of 26 ADT-treated men, including a high-

intensity aerobic interval exercise training program, found that higher intensity aerobic exercise 

training attenuated declines in absolute VO2peak (exercise training, -6.0% vs. -10.9% usual care, 
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P=0.05) after 17 weeks. Although this trial included a small number of ADT-treated men, the data 

suggest that enhancing or progressively increasing the aerobic exercise training stimulus may be a 

more effective way to prevent the adverse effects of ADT [249]. Although future research is 

required to determine whether more vigorous combined aerobic and resistance exercise training 

interventions can improve cardiometabolic health in ADT-treated men, the potential for using 

exercise training as a method to reduce the CVD burden is an important prospect, given the 

heightened risk of developing cardiovascular events in this population. 

 

1.12. Conclusion 

The five-year survival rate of PCa in Australia has increased from 58% in 1988 to 96% in 2021[5]. 

Consequently, PCa patients live long enough to experience age-related medical conditions, 

particularly CVD [53]. ADT is an effective cancer therapy that reduces biochemical recurrence, PCa 

mortality and extends survival [2]. Despite its effectiveness, evidence suggests that ADT increases 

the risk of all-cause and cardiovascular mortality and cardiovascular events in men with PCa [54-

56, 59, 107, 250]. Animal studies and trials in clinical hypogonadism suggest that androgen 

deprivation may negatively affect the heart and vasculature [159, 160, 168, 169], potentially 

increasing the risk of additional cardiovascular illness in this vulnerable population group. Given 

that males with PCa had a greater risk of dying from CVD than from PCa [10], optimal detection 

and preventative strategies to reduce the CVD burden in ADT-treated men are lacking. Exercise 

training is an effective management strategy to counteract cardiovascular risk and is supported by a 

plethora of evidence in other settings [221, 222, 225-227]. However, additional research is 

necessary to evaluate the effect of more vigorous exercise interventions on the 

cardiovascular/metabolic effects of ADT in men with PCa [247, 248, 251-254]. Thus, a 

multidisciplinary strategy incorporating novel detection methods and preventative strategies, 

including HIIT, could represent a powerful means of improving cardiovascular health outcomes in 

this susceptible population.  

 

1.13. Overall aims of this thesis. 

The primary focus of this thesis is to provide insight into the mediators of cardiovascular risk in 

men commencing ADT (Chapter Five) while also investigating an exercise medicine strategy 

targeting cardiovascular health for three months in men randomly assigned to exercise training or 
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usual care/non-intervention control (Chapter Six). The preceding chapters (Chapters Two and 

Three) synthesised the evidence concerning the influence of pre-existing CVD on cardiovascular 

morbidity and mortality in men treated with ADT and the “effect of exercise training on 

cardiometabolic health in men with PCa receiving ADT.” This dissertation seeks to generate new 

knowledge regarding the cardiovascular effects of ADT and identify diagnostic and preventive 

strategies to improve the management of ADT-treated men with PCa. 

 

1.14. Aims of this thesis 

Specifically, this PhD aimed to: 

1. To examine the influence of pre-existing cardiovascular disease on cardiovascular events, 

cardiovascular mortality, and all-cause mortality in ADT-treated men (Chapter Two). 

2. To examine the impact of exercise training on cardiometabolic health in men with PCa 

receiving ADT (Chapter Three). 

3. To compare markers of vascular health in men with PCa, compared to age-matched controls 

(Chapter Five).  

4. To determine the relationship between cardiorespiratory fitness, vascular health, cardiac 

structure and function, traditional CVD risk factors and body composition in all participants 

(Chapter Five) 

5. To evaluate the effects of a three-month exercise intervention initiated concurrently with 

ADT on (1) cardiac remodelling, (2) resting cardiovascular function and (3) 

cardiorespiratory fitness in men with PCa (Chapter Six). 

6. To evaluate the impact of three months of ADT on (1) cardiac remodelling, (2) resting 

cardiovascular function and (3) cardiorespiratory fitness in men with PCa (Chapter Six). 

 

1.15. Specific hypotheses: 

1. Men with pre-existing cardiovascular disease/risk who receive ADT will have an increased 

incidence of cardiovascular events compared with non-ADT treated men without pre-existing 

cardiovascular disease.  

2. ADT-treated men who participate in an exercise intervention will have improved 

cardiometabolic health compared with usual care. 

3. Men with PCa commencing ADT will have impaired vascular health relative to age-matched 

controls. 
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4. Higher cardiorespiratory fitness will be associated with better vascular health in all 

participants. 

5. Exercise training will attenuate (1) concentric remodelling, (2) resting cardiovascular 

dysfunction, and (3) improve cardiorespiratory fitness in men receiving ADT. 

6. ADT will result in (1) concentric remodelling, (2) resting cardiovascular dysfunction, and (3) 

reduced cardiorespiratory fitness in men with PCa at three months. 

 

1.16. Thesis Structure 

This PhD thesis comprises of seven chapters. Chapter Two presents the results of a systematic  

review comprehensively synthesising the available literature on the influence of pre-existing CVD 

on cardiovascular morbidity and mortality in men treated with ADT. Chapter Three presents a 

published systematic review and meta-analysis focusing on the “effect of exercise training on 

cardiometabolic health in men with PCa undergoing ADT.” Chapter Four provides an overview of 

the experimental study’s methodology. The first experimental study outlined in Chapter Five 

compared measures of vascular health in men with commencing ADT to the age-matched non-

cancer control group, as well as determined the relationship between cardiorespiratory fitness, 

vascular health, cardiac structure and function, traditional CVD risk factors and body composition 

in all participants. The second experimental chapter outlined in Chapter Six presents the randomised 

controlled trial results, evaluating the impact of exercise training on cardiac remodelling in men 

undergoing ADT. This experimental study employed a novel periodised exercise medicine approach 

to optimise cardiovascular and metabolic health in men undergoing ADT. Chapter Seven gives a 

broad discussion and review of the findings of this thesis, with a particular focus on key findings, 

strengths, limitations, and the significance of these findings. Appendix A details the research 

portfolio, including the statement of contributions, additional publications (unrelated to the thesis) 

and presentations completed during the PhD. Appendix B includes a copy of human research ethics 

approval from Alfred Health.   
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CHAPTER TWO: The influence of pre-existing cardiovascular disease on 

cardiovascular morbidity and mortality in men with prostate cancer treated with 

androgen deprivation therapy. 

 

2. Overview  

This chapter presents a systematic review that synthesised the evidence concerning the influence of 

pre-existing CVD on cardiovascular morbidity and mortality in ADT-treated men.   

 

Bigaran A, Zopf EM, Gardner J, Baker MK, Howden EJ, Cormie P. The influence of pre-existing 

cardiovascular disease on cardiovascular morbidity and mortality in men with prostate cancer 

treated with androgen deprivation therapy. A systematic review.  

 

This chapter has been submitted to Acta Oncologica for formal consideration. Due to its manuscript 

format, the following chapter contains its own abbreviations section. 
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Abstract 

Background Observational evidence suggests androgen deprivation therapy (ADT) increases the 

risk of cardiovascular disease (CVD) in prostate cancer (PCa) patients. While some studies have 

shown that pre-existing CVD may mediate this risk, the influence of pre-existing CVD on 

cardiovascular morbidity and mortality has yet to be systematically evaluated.  

Objective: To investigate the influence of pre-existing CVD on all-cause mortality, cardiovascular 

mortality, and cardiovascular events in ADT-treated men. 

Methods: A systematic search of MEDLINE, EMBASE, CINHAL, SCOPUS, and WEB OF 

SCIENCE to May 2022 was performed to summarise the available evidence on the associations 

between pre-existing CVD and all-cause mortality, cardiovascular mortality, and cardiovascular 

events in PCa patients treated with ADT.  

Results: Eleven studies were included, with data originating from seven databases. A total of 

363,431 participants with PCa treated with ADT were included. Studies were mainly of high 

quality; however, they were heterogeneous in their pre-existing CVD definitions, cardiovascular 

endpoints, length of follow-up, and statistical approaches. In addition, there was a study population 

cohort overlap in six studies, which precluded our ability to conduct a meta-analysis. Six studies 

observed a significant increase in the risk of all-cause mortality in men with pre-existing CVD 

treated with neoadjuvant ADT compared to PCa patients not treated with ADT. However, there is 

insufficient evidence of the relationship between pre-existing CVD and ADT with cardiovascular 

events and mortality. 

Conclusions: Significant increases in the risk of all-cause mortality were observed in men with 

existing chronic heart failure or prior myocardial infarction subsequently treated with neoadjuvant 

ADT from the studies assessed; however, the influence of pre-existing CVD on cardiovascular 

mortality and cardiovascular events remains unclear. Future studies are necessary to clarify if a 

causal relationship between pre-existing CVD and cardiovascular morbidity and mortality exists. 
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2.1. Introduction 

Androgen deprivation therapy (ADT) is an effective PCa treatment that decreases PCa-specific 

mortality [32, 255, 256]. However, the adverse effects of ADT are profound and include changes in 

bone mineral density, sexual health, psychosocial health, and detrimental declines in health-related 

QoL [41, 47]. Further, ADT-treated men also experience adverse effects on body composition 

(increased fat mass and reduction in lean muscle mass), blood lipid profile, C-reactive protein, 

insulin sensitivity, and vascular function, which may increase the risk of cardiovascular morbidity 

and premature mortality [41, 43, 44, 68, 106, 112]. 

 

For over a decade, the relationship between ADT and all-cause mortality, cardiovascular mortality 

and cardiovascular events has been the subject of investigation [32, 53, 54, 63]. However, the 

available evidence remains inconsistent [54, 58, 63, 68]. A potential reason for the inconsistent 

findings is that prior evidence has mostly been derived from secondary analyses of randomised 

controlled trials, which generally exclude patients with pre-existing cardiovascular disease (CVD) 

and may not reflect the general population of men with PCa [67]. Despite the inconsistent findings, 

a pooled analysis of six pharmaceutical trials [64] and recent prospective data [257] suggest that the 

excess mortality risk (all-cause and cardiac-specific mortality) may be influenced by the presence of 

pre-existing CVD conditions in men treated with ADT [64]. This raises the question of whether 

there is a susceptible sub-group of men with pre-existing CVD who may be at a higher risk of 

cardiovascular complications following exposure to ADT. Despite the high prevalence of 

cardiovascular comorbidities in PCa patients commencing ADT [46, 52], limited evidence exists 

regarding the influence of pre-existing CVD on cardiovascular morbidity and mortality. 

While ADT's association with cardiovascular events and mortality has been extensively reviewed 

[41, 53, 54, 218], none specifically focused on men with pre-existing CVD. Therefore, this 

systematic review aims to provide a comprehensive summary of the literature examining the 

influence of pre-existing CVD on all-cause mortality, cardiovascular mortality, and cardiovascular 

events in ADT-treated men. We theorise that men with pre-existing CVD treated with ADT will 

have an increased risk of all-cause mortality, cardiovascular mortality, and cardiovascular events 

compared to men without a history of CVD treated with ADT.  
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2.2. Materials and methods 

Search Strategy and Study Eligibility  

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-

analyses statement (PRISMA)[258] and was prospectively registered with PROSPERO 

(https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=162520). A protocol deviation 

was submitted concerning the attempt to perform a meta-analysis; however, the amendment remains 

pending due to the sheer volume of submissions and applications. Literature searches were carried 

out from the inception of the database to May 2022 by systematically searching MEDLINE, 

EMBASE, CINAHL, SCOPUS, and WEB of SCIENCE. Prospective and retrospective cohort 

studies and randomised controlled trials (RCT), including ADT-treated men (gonadotropin-releasing 

hormone agonists and antagonists, anti-androgens) or orchiectomy with or without radiotherapy, 

were considered. To be eligible for this systematic review, studies had to separately report risk 

estimates (hazard ratios [HR], standard incident ratios) and 95% confidence intervals for participant 

groups with pre-existing CVD diagnoses (for example, ADT with or without pre-existing CVD 

type). Studies also had to report at least one endpoint for the incidence of all-cause mortality, 

cardiovascular mortality, or cardiovascular events (specifically by the type of cardiovascular event). 

Studies were excluded if the study sample included: 1) participants receiving chemotherapy or 2) 

participants with other cancer types unless data for PCa participants could be separately identified. 

Studies were limited to the English language only. A single study author (AB) performed the 

literature search, and two study authors (JG and AB) screened all studies independently, and any 

disagreement was discussed until consensus was achieved. If data was not presented as described in 

the inclusion criteria, these studies were not included in the systematic review.  

 

Data Extraction and Quality Assessment  

Data extraction was completed by a single author (AB) using tabulated data extraction forms. Study 

characteristics, including study authors, database, participants, follow-up period, ADT type, ADT 

duration, the definition of CVD, and the primary outcome of each study (including all-cause 

mortality, cardiovascular mortality, and cardiovascular events), were extracted.  

 

Each study's quality was assessed using the Newcastle-Ottawa quality assessment scale (NOS) for 

cohort studies [259]. The NOS scale assesses study quality by assigning scores ranging from zero 

(poor-quality studies) to nine (high-quality studies). The scale awards nine points for each cohort 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=162520
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study (four for selection, two for comparability and three for the outcome and adequate follow-up). 

A study was classified as high quality if it achieved >7 points (Supplementary Table s2.1). 

 

2.3. Results  

 

Literature search 

The systematic literature search results, screening process and search terms are outlined in Figure 

2.1 and Supplementary Table s2.1. The initial search identified 1144 articles. After duplicates were 

removed and abstracts and titles screened, 59 articles were assessed for eligibility. Six retrospective 

[55, 59, 71, 72, 74, 75] and five prospective [56, 57, 73, 76, 77] cohort studies met the eligibility 

criteria. They provided at least one endpoint of interest: all-cause or cardiovascular mortality or 

cardiovascular events for men with pre-existing CVD treated with ADT. Although randomised 

controlled trials were identified in the literature search, the primary reason for exclusion was the 

inability to separate hazard ratios by pre-existing subtypes on endpoints of interest in this review. 
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Figure 2.1: Study selection process for the influence of pre-existing cardiovascular disease on 

cardiovascular morbidity and mortality in men with prostate cancer treated with ADT.  

Abbreviations: CVD (cardiovascular disease) 

 

 

 

 

 

 

 

 



 

40 

 

Risk of bias 

The tabulated risk of bias assessment related to the studies included is presented in Supplementary 

Table s2.1. Studies were mainly of high quality [56, 57, 76]. The average NOS score of the cohort 

studies included in this review was 7.4 out of 9. The primary difference between studies was the 

cohort comparability based on whether the studies controlled for essential confounders that may 

have affected the primary outcome.  

 

Characteristics of included studies 

The key characteristics, including participant characteristics and the methodology of the included 

studies, are presented in Table 2.1. Six studies reported the association between pre-existing CVD 

and all-cause mortality [55, 59, 71, 73-75]. Two studies investigated the association between pre-

existing CVD and cardiovascular mortality in ADT-treated men [72, 77]. Four studies examined the 

association between ADT and cardiovascular events in men with pre-existing CVD [56, 57, 76, 77]. 

A single study combined the hazard risk estimates for fatal and non-fatal cardiovascular events 

(myocardial infarction and stroke); however, the authors stated that the risk estimates were similar 

and did not affect the results [76].  

 

Nine of the included studies were conducted in the United States. They included data from either 

Surveillance, Epidemiology and End Results Programs (SEER) [56, 57], Chicago Prostate Centre 

[72, 75], Kaiser Permanente [56], 21st Century Oncology practices or a combination of 21st Century 

Oncology Practices and Chicago Prostate Cancer Centre, respectively [55, 59, 71, 73, 74]. The 

remaining two studies were conducted in Sweden and Denmark and included data from the Danish 

National Cancer Registry or the Swedish National Prostate Cancer Registry [76, 77]. A total of 

363,431 participants with PCa were included in this review, and participants' age ranged from 65-85 

years. Follow-up periods ranged from 3.3 to 4.8 years.  

 

PCa stage varied among the studies included. All studies included men with low-risk, intermediate 

and high-risk PCa; however, most participants included in the analyses had intermediate-risk 

disease. Treatments included gonadotropin-releasing hormone (GnRH) agonists, orchiectomy, anti-

androgens, or a combination of these. Eight studies included patients who received short-term ADT 

(neoadjuvant ADT in conjunction with external beam radiotherapy or interstitial brachytherapy) 

[55, 59, 71-75]. ADT duration varied among studies, ranging from three months for studies 
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including men receiving neoadjuvant ADT to 450 days [96-804 days] for a single study examining 

longer-term ADT. The most reported pre-existing CVD conditions were myocardial infarction, 

stroke, and chronic heart failure [59, 74, 75].  

 

The studies reported the following methods for determining pre-existing CVD: 1) individual 

medical consultations with referring physicians before initiation of ADT; 2) extraction of inpatient 

and outpatient electronic medical records; 3) World Health Organisation International statisti cal 

classification codes of diseases (ICD) to report pre-existing CVD diagnoses before ADT, and 4) 

Charlson comorbidity score. Keating et al. [57] modified the Charlson comorbidity score to stratify 

patients by their baseline cardiovascular comorbidities. Van Hemelrijck et al. [77] extracted pre-

existing CVD diagnoses from the National Prostate Cancer Registry of Sweden.  

 

The method of statistical analysis differed widely. Nine studies used adjusted Cox proportional 

hazard models, adjusting for age and PCa-specific covariates. Van Hemelrijck et al. [77] calculated 

standardised incident and mortality ratios by comparing the observed events to the Swedish 

population. Ziehr et al. [72] conducted a Fine and Gray competing risks analysis to evaluate ADT's 

association with cardiovascular-specific mortality while adjusting for standardised covariates and 

treatment propensity scores.  
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Table 2.1: Characteristics of studies investigating the association of pre-existing cardiovascular disease with all-cause mortality, 

cardiovascular mortality and cardiovascular events in prostate cancer patients treated with androgen deprivation therapy. 

Reference Database Participants Follow up ADT type ADT duration Definition of CVD Primary outcome 

Hayes et al.[73]  “Chicago Prostate 

cancer (or one of 

20 community-

based centres 

within 21st 

Century Oncology 

located in Florida, 

New York, and 

North Carolina)” 

(1991-2007) 

Overall cohort,  

n = 12,792. 

ADT with 

MI/CVA, 

n = 2,040. 

No MI/CVA with 

ADT, n = 2,491 

3.8 years 

 

GnRH agonist, 

with A or GnRH 

agonist alone 

Neoadjuvant  

4 months 

(IQR 3-5 months) 

Consultation with 

referring physicians 

for MI or stroke 

All-cause mortality 

Haque et al.[56] Kaiser 

Permanente, South 

Carolina (1998-

2008); SEER 

database  

Overall cohort,  

n = 7,637 

SEER data base: 

ADT, n = 2,170 

 

 

3.4 years 

 

GnRH agonist, 

AA, GnRH 

agonist with AA 

NR CVD (ICD-9 and 

ICD-10) 

Cardiovascular 

events 

 

Jespersen et 

al.[76]  

Danish National 

Cancer Registry 

(2002-2010) 

Overall cohort, 

 n = 31, 571.  

ADT, n = 9,204 

and Orchiectomy,  

n = 2,060 

3.3 years GnRH agonist or 

AA or 

orchiectomy  

NR MI and stroke were 

characterised before 

PCa diagnosis 

throughout the study 

period. MI (ICD -8 

410.09-410.99) and 

ischaemic stroke 

Cardiovascular 

events 
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(ICD-8 433.09/99, 

434.09/99, 

436.01/436. 90, ICD-

10 DI63, x and DI64, 

x). Fatal events were 

identified using ICD-

10 D121.x and 

DI46.x) for MI and 

stroke (ICD-10 

DI63.x and DI64.x) 

Keating et 

al.[57] 

SEER database for 

men > 65 years 

with PCa (1992-

2007) 

Overall cohort, 

n = 185,106 

 

NR GnRH agonist or 

orchiectomy 

450 days (96-

804) 

AMI and DM were 

identified using dx 

and procedure codes. 

Comorbid conditions 

were characterised by 

pre-diagnosis or 

throughout the study 

period. HTN (ICD -9 

401-405.99) and 

obesity (ICD-9 

278,278,278.01, 

278.02) in addition to 

the Charlson score. 

Cardiovascular 

events 

 

Nanda et al. 

[75] 

“Chicago prostate 

cancer centre 

(1997-2006)” 

Overall cohort,  

n = 5,077. 

ADT, n = 1,521 

4.8 years  

 

LHRH agonist 

with AA  

Neoadjuvant 4 

months 

(IQR 3-4 months) 

Individual 

consultation with 

referring physicians 

All-cause mortality  
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for CHF, MI, CVD 

risk factors 

Nanda et al. 

[74] 

“Chicago prostate 

cancer centre (or 

one of 20 

community-based 

medical centres 

within the 21st 

Century Oncology 

establishment 

located within 

Florida, New 

York, and North 

Carolina (1991-

2006)” 

Overall cohort,  

n = 11,166 

ADT, n = 5,071 

Low-risk PCa  

4.1 years  

Intermediate PCa 

risk  

4.4 years 

High-risk PCa 

4.6 years 

NR Neoadjuvant 4 

months 

(IQR 3-4 months) 

Consultation with 

referring physicians 

for CAD risk factors 

All-cause mortality 

(in low-risk prostate 

cancer) 

 

Nguyen et al. 

[71] 

“US Community-

based practices 

located in Florida, 

New York, and 

North Carolina 

(21st Century 

Oncology) (1991-

2006)” 

Overall cohort,  

n = 7,839 

4.1 years  LHRH agonist 

with or without 

AA  

Neoadjuvant 4 

months 

Consultation with 

referring physicians 

for CHF, MI with or 

without 

revascularisation 

All-cause mortality  

Nguyen et 

al.[59] 

21st Century 

Oncology “(one of 

20 community-

based medical 

Overall cohort,  

n = 14,594 

4.3 years LHRH agonist 

with or without 

AA 

Neoadjuvant 4 

months (IQR 3-5 

months) 

Consultation with 

referring physicians 

for CHF, MI  

All-cause mortality  
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centres within the 

21st Century 

Oncology 

establishment 

located within 

Florida, New 

York, and North 

Carolina) (1991-

2007).” 

Parekh et 

al.[55] 

21st Century 

Oncology (one of 

20 community-

based centres) 

(1993-2008)” 

Overall cohort,  

n = 5,972 

 

3.9 years  LHRH agonist 

with or without 

AA  

Neoadjuvant 4 

months (IQR 3-5 

months) 

Consultation with 

referring physicians 

for CHF, MI, and 

CAD risk factors 

with or without 

revascularisation 

All-cause mortality  

Van Hemelrijck 

et al.[77]  

NPCR 

PCBaSE Sweden, 

(1997-2007) 

Overall cohort, 

n=76,600. 

ADT, n = 30,642 

AA, n = 3,391; 

Orchiectomy, 

n = 5,340 

3.5 years  GnRH agonist, 

GnRH agonist 

plus AA, 

Orchiectomy, AA 

only 

NR “Ischaemic heart 

disease (ICD -

10:120-I25) AMI 

(ICD-10: I21), 

Arrhythmia (ICD-10: 

I44-I49), Heart 

failure (ICD-I50), 

stroke (ICD -10 I60-

I64, G45)” 

Cardiovascular 

events and 

Cardiovascular 

mortality 

Ziehr et al.[72] Chicago prostate 

cancer centre 

(1997-2006) 

Overall cohort,  

n = 5,077, 

ADT, n = 1,521 

4.8 years GnRH agonist 

with AA  

Neoadjuvant 4 

months 

(IQR 3-4 months) 

Hospital consultation 

for CHF, AMI, and 

CVD risk factors 

Cardiovascular 

mortality 
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Abbreviations: SEER (Surveillance, Epidemiology, and End Results), NPCR/PCBaSe (National Prostate Cancer Registry, Sweden), PCa (Prostate cancer), IQR (interquartile range), ADT 

(Androgen deprivation therapy), NR (Not reported), GnRH (gonadotropin-releasing hormone), AA (anti-androgen), LHRH (Luteinising hormone-releasing hormone), ICD (International 

Classification of Diseases), HTN (hypertension), CVD (cardiovascular disease), CAD (coronary artery disease), AMI (acute myocardial infarction), MI (myocardial infarction), CHF 

(chronic heart failure) 
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2.4. Qualitative synthesis 

The main results of the included studies examining the association between pre-existing CVD and 

all-cause mortality, cardiovascular mortality and cardiovascular events are depicted in Tables 2.2 

and 3.3. 

 

The association between pre-existing CVD and all-cause mortality 

Six cohort studies [55, 59, 71, 73-75] examined the association of pre-existing CVD with all-cause 

mortality in men with low and high-risk PCa treated with neoadjuvant ADT. Four of the six studies 

originated from 21st Century Oncology practices and/or Chicago Prostate Cancer Centres [55, 59, 

73, 74]. While these studies varied in recruitment periods, study locations and pre-existing CVD 

diagnoses, there was likely study population overlap (Table 2.2). PCa participants with pre-existing 

CVD were compared to men with PCa who did not receive ADT and those with and without pre-

existing CVD. A significantly higher risk of all-cause mortality was observed in PCa patients with 

chronic heart failure or prior myocardial infarction (HR range from 1.73-1.96) [59, 71, 75], chronic 

heart failure or prior myocardial infarction with (HR 2.06; 95%CI [0.02-4.17]; P =0.04) and 

without coronary revascularisation (HR range from 1.48-1.83) [55, 71], prior myocardial infarction 

or stroke (HR 1.20; 95%CI [1.05-1.38]; P=0.008) [73] and in men with at least one coronary artery 

disease risk factor (HR 1.36; 95%CI [1.07-1.74]; P =0.01) [74] treated with neoadjuvant ADT. 

There was no proportional increase in the risk of all-cause mortality in PCa patients with existing 

hypertension and high cholesterol (HR 0.87; 95%CI [0.67-1.12]; P=0.28) [55], diabetes Mellitus, 

hypertension and high cholesterol (1.04; 95%CI [0.72-1.43]; P=0.82) [75] or without coronary 

disease risk factors (HR 1.19; 95% CI [0.95-1.51]; P=0.13) [74] or existing chronic heart failure or 

prior acute myocardial infarction (HR 0.78; 95% CI [0.53-1.15]; P=0.21)[55] treated with 

neoadjuvant ADT, compared to PCa patients without pre-existing CVD and not treated with ADT. 
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Table 2.2: All-cause mortality and cardiovascular mortality in prostate cancer patients with pre-existing cardiovascular disease and 

treated with androgen deprivation therapy. 

 

Outcome Author ADT with or no 

pre-existing 

CVD 

N (subgroup ) N (events) Adjusted HR* 

[95% CI] 

P-value 

All-cause 

mortality 

Hayes et 

al.[73] 

 

No ADT with 

previous AMI or 

stroke 

NR NR 1.0 [Reference]  

No ADT with no 

previous AMI or 

stroke 

NR NR 0.74 [0.65-0.85] <0.001 

ADT with no 

previous AMI or 

stroke 

NR NR 0.79 [0.67-0.92] 0.003 

ADT with 

previous AMI or 

stroke 

NR NR 1.2 [1.05-1.38] 0.008 

Nanda et 

al.[75] 

No ADT with no 

pre-existing 

CVD 

2653 125 1.0 [Reference]  

ADT with no 

pre-existing 

CVD 

2653 75 0.97 [0.72-1.32] 0.86 
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ADT with pre-

existing T2DM, 

HTN and HChol 

2168 69 1.04 [0.75-1.43] 0.82 

 ADT with pre-

existing CHF or 

previous AMI 

256 25 1.96 [1.04-3.71] 0.04 

Nanda et 

al.[74] 

No ADT with no 

pre-existing 

CVD 

2678 325 1.0 [Reference]  

ADT with a 

single CAD risk 

factors 

NR NR 1.36 [1.07-1.74] 0.01 

ADT with no 

CAD risk factors 

NR NR 1.19 [0.95-1.51] 0.13 

Nguyen et al. 

[71] 

No ADT with 

pre-existing CHF 

or previous AMI 

NR NR 1.0 [Reference]  

ADT with pre-

existing CHF or 

previous AMI 

NR NR 1.73 [ 1.13-2.64] 0.012 

No ADT with 

pre-existing CHF 

or previous AMI, 

no 

revascularisation 

NR NR 1.0 [Reference]  

ADT with pre-

existing CHF or 

NR NR 1.48 [1.01-2.18] 0.047 
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previous AMI or 

no 

revascularisation 

 No ADT with 

pre-existing CHF 

or previous AMI 

with 

revascularisation 

NR NR 0.51 [0.28-0.93] 0.028 

 No ADT with 

pre-existing CVD 

NR NR 1.0 [Reference]  

ADT with 

CHF/AMI 

NR NR 1.76 [1.32-2.34] 0.0001 

Parekh et 

al.[55] 

No ADT with no 

pre-existing 

CVD 

NR NR 1.0 [Reference]  

ADT with no 

pre-existing 

CVD 

2727 NR 0.97 [0.82-1.15] 0.71 

ADT with pre-

existing HTN, 

HChol, no DM 

1740 NR 0.87 [0.67-1.12] 0.28 

ADT with pre-

existing CAD 

(No AMI/CHF) 

549 NR 0.78 [0.53-1.15] 0.21 

ADT with pre-

existing CHF or 

previous AMI or 

245 NR 1.83 [1.05-3.20] 0.03 
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no 

revascularisation 

 ADT with pre-

existing CHF or 

previous AMI 

with 

revascularisation 

250 NR 2.06 [0.02-4.17] 0.04 

Cardiovascular 

mortality 

Van 

Hemelrijck et 

al. [77] 

Swedish male 

population 

NR NR [Reference]  

ADT with no 

baseline 

circulatory 

disease (AMI) 

NR 569 1.32 [1.22-1.44] NR 

ADT with 

baseline 

circulatory 

disease (AMI) 

NR 622 1.19 [1.10-1.28] NR 

ADT with no 

baseline 

circulatory 

disease 

(arrhythmia) 

NR 98 1.21 [0.98-1.47] NR 

ADT with 

baseline 

circulatory 

disease 

(arrhythmia) 

NR 90 0.85 [0.68-1.04] NR 
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 ADT with no 

baseline 

circulatory 

disease (IHD) 

NR 1085 1.18 [1.11-1.26] NR 

 ADT with 

baseline 

circulatory 

disease (IHD) 

NR 1012 1.23 [1.16-1.31] NR 

 ADT with no 

baseline 

circulatory 

disease (CHF) 

NR 171 1.22 [1.04-1.42] NR 

 ADT with 

baseline 

circulatory 

disease (CHF) 

NR 201 1.26 [1.09-1.45] NR 

 ADT with no 

baseline 

circulatory 

disease (stroke) 

NR 209 1.08 [0.94-1.24] NR 

 ADT with 

baseline 

circulatory 

disease (stroke) 

NR 337 1.36 [1.21-1.51] NR 

 Ziehr et al. 

[72] 

No ADT with no 

pre-existing 

CVD 

1873 24 1.0 [Reference]  
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  ADT with no pre-

existing CVD 

780 12 0.83 [0.39-1.78] 0.640 

  No ADT with 

pre-existing DM, 

HTN and HChol 

1552 256 1.0 [Reference]  

  ADT with pre-

existing DM, 

HTN and HChol 

646 18 1.33 [0.70-2.53] 0.390 

  No ADT with 

pre-existing CHF 

or AMI 

161 4 1.0 [Reference]  

  ADT with pre-

existing CHF or 

AMI 

95 8 3.28 [1.01-10.64] 0.048 

*Note: Van Hemelrijck reported incidence data as standard mortality rates compared to the general population of men with pros tate cancer in Sweden. 

Abbreviations: NR (Not reported), ADT (androgen deprivation therapy),  CVD (cardiovascular disease), CAD (coronary artery disease), AMI (acute myocardial infarction), CHF (chronic 

heart failure), DM (diabetes mellitus), HTN  (hypertension), HChol (hypercholesterolemia), PAD (peripheral artery disease), IHD (ischaemic heart disease), NR (not reported) 
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The association between pre-existing CVD and cardiovascular mortality 

Two cohort studies [72, 77] examined the association between pre-existing CVD and cardiovascular 

mortality in ADT-treated men (Table 2.2). Ziehr et al. [72] reported a higher risk of cardiovascular 

mortality rates in men with coronary artery disease-induced chronic heart failure or myocardial 

infarction treated with neoadjuvant ADT (HR 3.28; 95% CI [1.01-10.64]; P=0.048], compared with 

men with coronary artery disease-induced chronic heart failure or myocardial infarction not treated 

with ADT. No significant differences in cardiovascular mortality were observed in other groups 

with Diabetes Mellitus, hypertension and high cholesterol (HR 1.33; 95%CI [0.70-2.53]; P=0.390) 

or those without pre-existing CVD and treated with ADT (HR 0.83; 95% CI [0.39-1.78]; P=0.640) 

[72]. In contrast, Van Hemelrijck et al. [77] found limited evidence to suggest that baseline 

circulatory disease (heart disease) increased cardiovascular mortality rates in ADT-treated men 

compared to PCa patients without baseline circulatory disease or the general Swedish population. It 

is important to note that this trial included all types of medical (anti-androgen, GnRH agonists 

and/or short-term anti-androgens) and surgical castration (orchiectomy) interventions to treat PCa. 

 

The association between pre-existing CVD and cardiovascular events 

Four prospective cohort studies [56, 57, 76, 77] examined the association between pre-existing 

CVD and several cardiovascular events, including myocardial infarction, cardiac arrest, stroke, 

arrhythmia, conduction disorders, heart failure, cardiomyopathy, and ischaemic heart disease (Table 

2.3). For the risk of developing myocardial infarction, ADT was associated with a higher risk of 

cardiovascular events in PCa patients with pre-existing CVD; however, this risk increased to a 

similar extent in PCa patients without pre-existing CVD or those with pre-existing CVD that did not 

receive ADT [56, 57, 76, 77]. Further, two of these studies [56, 57] stratified by a comprehensive 

set of cardiovascular covariates similarly reported that the risk of developing myocardial infarction 

was similar between groups and was not mediated by the presence of pre-existing CVD or ADT 

use.  

 

Two studies investigated the association between pre-existing CVD, cardiac arrhythmias, and 

conduction disorders in men treated with ADT. Haque et al. [56] observed a significantly higher 

“risk of developing arrhythmias (HR 1.44; 95% CI [1.02-2.01]) and conduction disorders (HR 3.11; 

95% CI [1.22-7.9])” in ADT-treated men with pre-existing CVD, relative to men without pre-

existing CVD. Van Hemelrijck et al. [77] similarly observed a higher non-significant increase in 
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arrhythmias in PCa patients treated with any ADT type; however, this risk was independent of 

baseline circulatory disease. For the remaining studies, there was a non-significant increase in 

cardiovascular event incidence (cardiac arrest, stroke, heart failure, cardiomyopathy and ischaemic 

heart disease) in PCa patients with pre-existing CVD treated with ADT; however, this risk was 

similar to PCa patients without pre-existing CVD treated with or without ADT [56, 57, 76, 77]. 

Notably, some studies could not adjust their hazard ratio estimates for significant clinical CVD 

covariates relevant to the primary outcome [76, 77]. 
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Table 2.3: Incidence of cardiovascular events in prostate cancer patients with pre-existing cardiovascular disease and treated with 

androgen deprivation therapy. 

Cardiovascular outcome Author ADT with or no pre-

existing CVD 

N (total population) N (events) Adjusted HR* 

[95% CI] 

P-value 

Myocardial infarction Haque et al.[56]¥ No ADT with no pre-

existing CVD 

NR NR 1.0 [Reference]  

ADT with no pre-

existing CVD 

NR NR 1.24 [0.93-1.64] NR 

ADT with pre-

existing CVD 

NR NR 1.14 [0.78-1.65] NR 

Jespersen et al.[76]  No ADT  with no 

previous AMI or 

stroke 

18283 NR 1.0 [Reference]  

 ADT with no 

previous AMI or 

stroke 

8175 NR 1.33 [1.15-1.53] NR 

 ADT with previous 

AMI or stroke 

1029 NR 1.20 [0.90-1.60] NR 

Keating et al.[57]† No ADT with no pre-

existing CVD 

NR NR 1.0 [Reference]  

ADT with no pre-

existing CVD 

NR    NR 1.09 [1.02-1.16] P<0.05 

No ADT with 

previous AMI 

NR NR 1.72 [1.51-1.97] P<0.05 

ADT  with previous 

AMI 

NR NR 1.75 [1.41-2.16] P<0.05 
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No ADT  with pre-

existing CHF 

NR NR 2.00 [1.88-2.13] P<0.05 

ADT with pre-

existing CHF 

NR NR 2.15 [1.94-2.39] P<0.05 

No ADT with pre-

existing PAD 

NR NR 1.39 [1.30-1.50] P<0.05 

ADT with pre-

existing PAD 

NR NR 1.41 [1.24-1.59] P<0.05 

No ADT with 

previous stroke 

NR NR 1.29 [1.20-1.38] P<0.05 

ADT with previous 

stroke 

NR NR 1.44 [1.27-1.62] P<0.05 

No ADT with pre-

existing HTN 

NR   NR 1.08 [1.03-1.14] P<0.05 

ADT with pre-

existing HTN 

NR NR 1.17 [1.06-1.29] P<0.05 

 Van Hemelrijck et al. 

[77] 

Swedish male 

population 

NR NR 1.0 [Reference]  

 ADT with no baseline 

circulatory disease 

NR 955 1.40 [1.31-1.49] NR 

 ADT with baseline 

circulatory disease 

NR 1125 1.15 [1.08-1.22] NR 

Incident cardiac arrest Haque et al.[56]¥ No ADT with pre-

existing CVD 

NR NR 1.0 [Reference]  

 ADT with no pre-

existing CVD 

NR NR 1.29 [0.61-2.76] NR 
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 ADT with  pre-

existing CVD  

NR NR 0.85 [0.25-2.83] NR 

Incident stroke Haque et al.[56]¥ No ADT with no pre-

existing CVD 

NR NR 1.0 [Reference]  

 ADT with no pre-

existing CVD 

NR NR 0.93 [0.46-1.88] NR 

 ADT with  pre-

existing CVD  

NR NR 1.62 [0.64-4.12] NR 

Jespersen et al.[76] No ADT with no 

previous AMI or 

stroke 

NR NR 1.0 [Reference]  

 ADT with no 

previous AMI or 

stroke 

NR NR 1.21 [1.05-1.39] NR 

 ADT with previous 

AMI or stroke 

NR NR 1.08 [0.84-1.39] NR 

Van Hemelrijck et 

al.[77]  

Swedish male 

population 

NR NR 1.0 [Reference]  

 ADT with no baseline 

circulatory disease 

NR 991 1.29 [1.21-1.37] NR 

 ADT with baseline 

circulatory disease 

NR 1628 1.24 [1.18-1.30] NR 

Incident arrhythmia Haque et al.[56]¥ No ADT with no pre-

existing CVD 

NR NR 1.0 [Reference]  

 ADT with no pre-

existing CVD 

NR NR 1.07 [0.84-1.37] NR 
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 ADT with pre-

existing CVD 

NR NR 1.44 [1.02-2.01] NR 

Van Hemelrijck et 

al.[77]  

Swedish male 

population 

NR NR 1.0 [Reference]  

 ADT with no baseline 

circulatory disease 

NR 816 1.32 [1.23-1.41] NR 

 ADT with baseline 

circulatory disease 

NR 876 1.11 [1.04-1.18] NR 

Incident conduction 

disorders 

Haque et al.[56]¥ No ADT with no pre-

existing CVD 

NR NR 1.0 [Reference]  

 ADT with no pre-

existing CVD 

NR NR 1.08 [0.57-2.03] NR 

 ADT with pre-

existing CVD 

NR NR 3.11 [1.22-7.91] NR 

 

Incident heart failure 

 

Haque et al.[56]¥ No ADT with no pre-

existing CVD 

NR NR 1.0 [Reference]  

 ADT with no pre-

existing CVD 

NR NR 1.81 [1.40-2.32] NR 

 ADT with pre-

existing CVD 

NR NR 1.00 [0.78-1.29] NR 

Van Hemelrijck et 

al.[77]  

Swedish male 

population 

NR NR 1.0 [Reference]  

 ADT with no baseline 

circulatory disease 

NR 1212 1.66 [1.57-1.76] NR 

 ADT with baseline 

circulatory disease 

NR 1601 1.04 [0.98-1.11] NR 



 

60 

 

Abbreviations: ADT (androgen deprivation therapy), CVD (cardiovascular disease), AMI (acute myocardial infarction), CHF (chro nic heart failure), HTN  (hypertension), 

PAD (peripheral artery disease), NR (not reported). 

*Note: Van Hemelrijck et al. [77] reported incidence data as standard incidence rates compared to the general population of men with prostate cancer in Sweden.  

†Bold hazard ratios for Keating et al.[57] were considered statistically significant P<0.05 compared to the reference group (No ADT with no comorbidity). The interactio n between ADT 

and no ADT by comorbidity was only statistically significant for peptic ulcer disease (data not shown).  ¥Bold hazard ratio values for Haque et al.[56] were considered statistically 

significant at P<0.05. 

 

Incident cardiomyopathy Haque et al.[56]¥ No ADT with no pre-

existing CVD 

NR NR 1.0 [Reference]  

 ADT with no pre-

existing CVD 

NR NR 2.25 [0.74-6.78] NR 

 ADT with pre-

existing CVD 

NR NR 1.51 [0.51-4.46] NR 

Incident ischaemic 

heart disease 

Van Hemelrijck et 

al.[77]  

Swedish male 

population 

NR NR 1.0 [Reference]  

 ADT with no baseline 

circulatory disease 

NR 1663 1.29 [1.23-1.36] NR 

 ADT with baseline 

circulatory disease 

NR 1601 1.35 [1.28-1.42] NR 
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2.5. Discussion  

This systematic review synthesised the evidence, evaluating the association of pre-existing CVD 

with all-cause mortality, cardiovascular mortality, and cardiovascular events in ADT-treated men. 

This review included 11 prospective and retrospective cohort studies that evaluated these outcomes 

in more than 360,000 PCa patients. The findings suggest that PCa patients with pre-existing chronic 

heart failure and prior myocardial infarction that undergo neoadjuvant ADT have a 73-96% increase 

in the risk of all-cause mortality than men without a history of chronic heart failure or coronary 

artery disease [55, 59, 71, 73-75]. Overall, the magnitude of the effect was significant for all-cause 

mortality only. For cardiovascular mortality or cardiovascular events outcomes, a small number of 

studies with inconclusive results suggest the risks associated with these outcomes were not any 

different from the general population of men without PCa [56, 57, 72, 76, 77]. Therefore, 

insufficient evidence exists to determine if pre-existing CVD modulates the risk of cardiovascular 

mortality and cardiovascular events in ADT-treated men. 

 

The most consistent finding to emerge from this systematic review was that neoadjuvant ADT 

increases the risk of all-cause mortality in PCa patients with a history of chronic heart failure or 

prior myocardial infarction (HR range from 1.73-1.96) [55, 59, 71, 73-75]. While these results are 

consistent with previous findings [64], the risk identified should be interpreted with caution because 

four studies [55, 59, 73, 74] originated from the same databases, preventing us from conducting a 

meta-analysis. However, these findings have important clinical implications for clinicians treating 

men with PCa with pre-existing CVD initiating neoadjuvant ADT. PCa patients with pre-existing 

CVD conditions seem to die earlier and have higher cardiovascular-related mortality rates than the 

general population [10, 32, 63, 64, 260]. It is well-established that pre-existing CVD conditions 

such as chronic heart failure and prior myocardial infarction increase the risk of all-cause mortality 

rates in non-cancer populations [94, 128, 261]. These pre-existing CVD conditions are likely to 

worsen prognosis, independent of PCa or neoadjuvant ADT. While there was substantial study 

population cohort overlap and methodological heterogeneity [55, 59, 71, 73], the increased 

mortality risk associated with pre-existing CVD seems solely related to neoadjuvant ADT. It should 

be considered when weighing up the risk versus benefits of commencing neoadjuvant ADT in men 

with a history of chronic heart failure and prior myocardial infarction. Broader multi-disciplinary 

team involvement, including cardiovascular care practitioners, may enhance clinical decision-
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making and increase access to cardiovascular screening and management practices to reduce the 

risk of increased mortality noted in this population. 

 

Another key finding of this systematic review was that available evidence examining the influence 

of pre-existing CVD on cardiovascular mortality outcomes in ADT-treated men is limited. A 

retrospective trial reported a significantly higher risk of cardiovascular mortality in PCa patients 

with chronic heart failure or prior myocardial infarction treated with neoadjuvant ADT [72]. In 

contrast, a prospective trial observed no effect or greater risk of cardiovascular mortality from any 

type of ADT than the general Swedish population [77]. Although the two studies investigating 

cardiovascular mortality are inherently different [72, 77], the subtle increases in cardiovascular 

mortality following neoadjuvant ADT observed in a more representative study sample with pre-

existing CVD should not be disregarded. A possible explanation for the discrepancies could be 

related to the duration of ADT and pre-existing CVD diagnoses. Consistent with the aforementioned 

all-cause mortality rates [55, 59, 71, 73-75], the available evidence indicates that neoadjuvant ADT, 

specifically in men with an extensive cardiovascular history, report higher cardiovascular mortality 

rates compared to those not treated with any ADT. While the mechanisms are unclear, the 

combination of shared risk factors between cancer and CVD accompanied by the distinct 

physiological effects of ADT, even in the short term, may uniquely affect pre-existing CVD 

conditions [78]. Further research investigating the cardiovascular effects of ADT duration (short-

term and long-term ADT) in men with pre-existing CVD on primary cardiovascular outcomes are 

needed. 

 

This review revealed that the risk of cardiovascular events in ADT-treated with pre-existing CVD 

remains inconsistent. Data from a single prospective study [56] reported a significant increase in the 

risk of developing arrhythmias and conduction disorders in men with pre-existing CVD; however, 

three prospective studies observed no effect. Moreover, the results indicated that pre-existing 

cardiovascular disease did not increase or influence the risk of cardiovascular events [57, 76, 77]. 

While the findings are consistent with recent [70] and prior observations [57, 218], the lack of 

differences should be interpreted with caution as significant heterogeneity was associated with pre-

existing CVD definitions, surrogate comorbidity scores, and statistical approaches, which also 

precluded our ability to conduct a meta-analysis or sensitivity analysis. Nevertheless, the findings of 

this review have important implications for future investigations and clinicians prescribing ADT. 
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Most studies included in this review have relatively short follow-up periods for men treated with 

neoadjuvant ADT. We theorise that the relatively short follow-up period may be insufficient to 

detect adverse changes to pre-existing CVD or cardiovascular risk factors and, therefore, limit the 

ability to detect signals evident in observational trials with extended follow-up periods [58, 68]. In 

addition, it is important to note that most men regain normal androgen levels following neoadjuvant 

treatment cessation (within ~3-6 months) [262]. Therefore, it could be entirely possible that no clear 

distinction between ADT and cardiovascular risk or time to cardiovascular events can be made due 

to the nature of the short follow-up periods. There are numerous unanswered questions regarding 

the association between ADT and cardiovascular events in men with pre-existing CVD, and the 

evidence currently available does not provide additional clarity [57, 76, 77]. Hence, further research 

that prospectively monitors cardiovascular risk factors and pre-existing CVD conditions over more 

extended study periods is necessary to understand better whether pre-existing CVD influences the 

risk of cardiovascular events in ADT-treated men. 

 

Aside from recent results of the PRONOUNCE trial [70], no long-term studies have prospectively 

tracked the effect of ADT's short- and long-term effects on pre-existing CVD diseases and CVD 

risk factors or whether the distinct physiological effects of ADT alter cardiovascular-related 

prognosis. Given that CVD mortality is more likely than PCa [10], future investigations should 

expand prior studies and investigate the cardiovascular effects of short-term versus long-term ADT 

in men with pre-existing CVD conditions and whether there is a minimum exposure time that may 

affect cardiovascular risk factors negatively. Such evidence will help further understand if the 

duration of ADT is a critical determinant in mediating pre-existing CVD conditions and, therefore, 

increasing the risk of cardiovascular morbidity and mortality. In the interim, PCa clinicians may 

consider collecting prospective cardiovascular risk data by using the ABCDE (“awareness, aspirin, 

blood pressure, cholesterol, cigarette cessation, diet, diabetes mellitus and exercise”) approach 

outlined in the recent American Heart Association Scientific statement [184] as a prerequisite for 

men with pre-existing CVD initiating any type of ADT. Incorporating prospective cardiovascular 

monitoring may identify those men with an increased risk of developing cardiovascular events and 

potentially reduce the competing risks of non-cancer-related mortality observed in this population. 

 

Several limitations are noteworthy and should be considered when interpreting the results of this 

review, and several factors that may partly explain the inconsistencies between the included studies 
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and the broader scientific evidence. First, the trials included in this review were primarily 

retrospective cohort study designs from similar databases, which resulted in study population overlap 

and mostly homogenous cardiovascular outcomes. Notably, an attempt to contact the corresponding 

authors for outcomes including myocardial infarction and stroke was made; however, they could not 

provide our team with the data required to perform the analyses. This precluded our ability to 

appropriately conduct a meta-analysis and estimate the mortality risk in the population. Second, as 

previously acknowledged, there were inconsistencies related to CVD definitions and reporting of 

cardiovascular outcomes across studies. Four of eleven studies [56, 57, 76, 77] used coding systems 

to extract or document pre-existing CVD and cardiovascular endpoints, whereas other studies used 

in-person consultations. Lastly, most participants included in this review were diagnosed with 

intermediate-risk disease and treated with neoadjuvant ADT (4-5 months in duration) with relatively 

short follow-up periods. In contrast, observational studies such as the Framingham Heart Study or the 

Whitehall II study are long-duration studies spanning ~40 years that prospectively examine 

cardiovascular incidence in the general population [93, 94]. These studies established that 

cardiovascular risk factors and conditions are likely to manifest for many years before becoming 

apparent [93, 94]. Finally, there was homogeneity related to participants (western populations only) 

and substantial heterogeneity related to ADT type and combinations of other treatments, such as 

radiation therapy, within the included studies. While there is emerging evidence to suggest in cancers 

other than PCa that radiation therapy may increase the risk of CVD and death [263, 264], radiation-

induced CVD appears primarily linked to the volume of the myocardium irradiated, total radiation 

dose, and use of cardiotoxic chemotherapies such as anthracyclines. In contrast, ADT-treated men 

receiving radiation therapy may receive similar radiation doses; however, the anatomical landmarks 

related to the radiation field and the use of cardiotoxic treatments differ widely. 

 

2.6. Conclusions 

In conclusion, this systematic review synthesised the available evidence on whether pre-existing 

CVD increases the risk of all-cause mortality, cardiovascular mortality, and cardiovascular events in 

ADT-treated men. Men with existing chronic heart failure or prior myocardial infarction treated 

with neoadjuvant ADT appear to have a significant increased risk of all-cause mortality. In contrast, 

there is little and conflicting evidence to assess if pre-existing CVD affects the risk of 

cardiovascular mortality and cardiovascular events in ADT-treated men. While some associations 

are present, the results should be interpreted carefully as there is considerable heterogeneity in study 
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designs, methodology and documented analyses. Despite these limitations, we cannot exclude that 

the observational evidence continues to highlight the heightened risk of cardiovascular morbidity 

and mortality observed in this population, independent of pre-existing CVD. Future studies using 

prospective observational designs and RCTs should include patients with pre-existing CVD, more 

precise pre-existing CVD definitions, document and report ADT duration (short term vs long term) 

and incorporate more extended follow-up periods to understand further the influence of pre-existing 

CVD on cardiovascular morbidity and mortality in ADT-treated men. In the midst, clinicians may 

consider incorporating baseline cardiovascular risk screening for men commencing ADT in 

conjunction with broader multi-disciplinary team involvement. 
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Supplementary Table s2.1: Methodological quality of included cohort studies according to the Newcastle-Ottawa quality 

assessment scale 

Selection Comparability Outcome Score† 

Reference Representativenes

s of the exposed 

cohort 

Selection of 

the non-

exposed 

cohort 

Ascertainment 

of the 

exposure 

Demonstration 

that outcome 

of interest was 

not present at 

the start of the 

study* 

Comparability of 

cohorts based 

on the design or 

analysis (i.e., age 

or other 

confounders) ** 

Assessment of 

primary 

outcome 

Was follow-up 

long enough 

for outcomes 

to occur 

Adequacy of 

follow-up of 

cohorts 

+ +  + - + + + + 7 

+ + + + ++ + + + 9 

+ + + + + + + + 8 

+ + + + ++ + + 8 

+ + + - + + + 7 

+ + + - + + + 7 

+ +  + - + + + 7 

+ +  + - + + + 7 

+ +  + - + + + 7 

+ - + + + + 

-

+

+

+

+

+

+ + 7 

Hayes et al.[73] 

Haque et al. [56] 

Jespersen et al.[76] 

Keating et al. [57] 

Nanda et al. [75] 

Nanda et al. [74] 

Nguyen et al. [71] 

Nguyen et al. [59] 

Parekh et al. [55] 

Van Hemelrijck et 

al. [77] 

Ziehr et al.[72]  + + + - + + + + 7 

Note: * -“The presence of disease/incident at the beginning of the study does not earn a star (Newcastle Ottawa scale manual [259]).” 
**A maximum of 2 stars can be allotted in this category, one for the most critical factors (age) and two for other important confounders (e.g., cardiovascular 
confounders). 
†A study was high quality if it achieved >7 points.”  
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Supplementary Table s2.2: Search terms 

 Cardiovascular disease Prostate cancer Androgen Deprivation 

therapy 

Mortality  Cardiovascular events 

TITLE/ABSTRACT 

TERMS 

MEDLINE 

CINAHL 

EMBASE 

WEB OF SCIENCE 

SCOPUS  

TI ("cardio-vascular disease*" OR 

"cardiovascular disease*" OR  diabet* 

OR cholesterol OR “vascular 

malformations” OR hypotension OR 

hypertension OR "myocardial 

ischaemia" OR “myocardial 

ischemia” OR "cardiac output" OR 

“heart output” OR “heart valve 

disease*” OR “heart disease*” OR 

“ischemic heart disease*” OR 

“myocardial disease*” OR “valvular 

heart disease*” OR “heart muscle 

ischemia” OR cardiomyopath*  OR 

“congestive heart failure” OR “angina 

pectoris” OR “coronary disease*” OR 

“coronary artery disease” OR 

“vascular disease*” OR “ventricular 

dysfunction” OR “heart ventricle 

function”) OR AB ("cardio-vascular 

disease*" OR "cardiovascular 

disease*" OR  diabet* OR cholesterol 

OR “vascular malformations” OR 

hypotension OR hypertension OR 

"myocardial ischaemia" OR 

“myocardial ischemia” OR "cardiac 

TI ( (prostat*) 

N3 (cancer* OR 

neoplasm* OR 

oncolog* OR 

tumor* OR 

tumour*)) OR  

AB ( (prostat*) 

N3 (cancer* OR 

neoplasm* OR 

oncolog* OR 

tumor* OR 

tumour*) )  

 

 

 

TI  ("androgen 

deprivation therap*" OR 

“androgen deprivation” 

OR "hormone therap*" 

OR “androgen 

suppression” OR 

“hormone suppression” 

OR “hormone ablation" 

OR hypo-gonadism OR 

hypogonadism OR "low 

testosterone" OR 

zolodex OR luprin) OR 

AB ("androgen 

deprivation therap*" OR 

“androgen deprivation” 

OR "hormone therap*" 

OR “androgen 

suppression” OR 

“hormone suppression” 

OR “hormone ablation" 

OR hypo-gonadism OR 

hypogonadism OR "low 

testosterone" OR 

zolodex OR luprin)  

 

TI (death* OR die OR 

dead OR fatal* OR 

“fatal outcome” OR 

mortality OR died OR  

"sudden cardiac death" 

OR “cancer 

mortality” OR 

“cardiovascular 

mortality” OR 

“premature mortality” 

OR “hospital 

mortality” "cause of 

death") OR AB 

(death* OR die OR 

dead OR fatal* OR 

“fatal outcome” OR 

mortality OR died OR  

"sudden cardiac death" 

OR “cancer 

mortality” OR 

“cardiovascular 

mortality” OR 

“premature mortality” 

OR “hospital 

TI ("myocardial infarct*" OR arryhthmi* 

OR “heart arrhythmi*” OR “cardiac 

arrhythmi” OR angina OR stroke* OR 

"cerebro-vascular accident*" OR 

"cerebrovascular accident*" OR CVA OR 

"vascular dysfunction" OR "tachycardia" 

OR "myocardial ischemia" OR 

“myocardial ischemia” OR “heart 

infarction” OR  "acute coronary 

syndrome" OR “sudden cardiac death” 

OR cardiotoxicit* OR “heart death*” OR 

“heart ventricle fibrillation” OR “heart 

infarct*” OR “heart failure*” OR  “acute 

heart failure” OR “diastolic 

dysfunction*” OR “heart ventricle 

failure” OR “systolic dysfunction*” OR 

“heart ventricle function” OR 

hypertension OR hypotension OR 

cardiomyopath* OR “coronary artery 

disease” OR “long QT syndrome”) 

AB ("myocardial infarct*" OR 

arryhthmi* OR “heart arrhythmi*” OR 

“cardiac arrhythmi” OR angina OR 

stroke* OR "cerebro-vascular accident*" 

OR "cerebrovascular accident*" OR CVA 
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output" OR “heart output” OR “heart 

valve disease*” OR “heart disease*” 

OR “ischemic heart disease*” OR 

“myocardial disease*” OR “valvular 

heart disease*” OR “heart muscle 

ischemia” OR cardiomyopath*  OR 

“congestive heart failure” OR “angina 

pectoris” OR “coronary disease*” OR 

“coronary artery disease” OR 

“vascular disease*” OR “ventricular 

dysfunction” OR “heart ventricle 

function”) 

 

TI ((heart OR coronary OR vascular) 

N3 (fail* OR attack* OR disease* OR 

arrest) OR AB (heart OR coronary 

OR vascular) N3 (fail* OR attack* 

OR disease* OR arrest))  

mortality” "cause of 

death") 

 

OR "vascular dysfunction" OR “heart 

arrhythmi*”OR "tachycardia" OR 

"myocardial ischaemia" OR “myocardial 

ischemia” OR “heart infarction” OR  

"acute coronary syndrome" OR “sudden 

cardiac death” OR cardiotoxicit* OR 

“heart death*” OR “heart ventricle 

fibrillation” OR “heart infarct*” OR 

“heart failure*” OR  “acute heart failure” 

OR “diastolic dysfunction*” OR “heart 

ventricle failure” OR “systolic 

dysfunction*” OR “heart ventricle 

function” OR hypertension OR 

hypotension OR cardiomyopath* OR 

“coronary artery disease” “long QT 

syndrome”) 

MEDLINE/CINAHL 

MeSH terms 

(MH “Cardiovascular Diseases”) OR 

(MH "Vascular Malformations) OR 

(MH "Cardiac Output, High") OR 

(MH "Cardiac Output, Low") (MH 

Cardiac output) OR (MH "Heart 

Valve Diseases+") OR (MH 

"Myocardial Ischemia+") OR (MH 

"Angina Pectoris+") OR (MH 

"Coronary Disease+”) ((MH “Cardiac 

output”)OR (MH "Ventricular 

Dysfunction+") OR (MH "Vascular 

Diseases")  

(MH "Prostatic 

Neoplasms") 

 

 

(MH "Hypogonadism")  (MH "Mortality") OR 

(MH "Mortality, 

Premature") OR (MH 

"Hospital Mortality") 

OR (MH "Cause of 

Death") OR (MH 

"Fatal Outcome") OR 

(MH "Death") OR 

(MH "Death, Sudden, 

Cardiac") 

 (MH "Death, Sudden, Cardiac") OR 

(MH "Heart Failure+") OR (MH 

"Tachycardia") OR (MH "Ventricular 

Fibrillation") OR (MH "Long QT 

Syndrome+") OR (MH "Arrhythmias, 

Cardiac+") OR (MH "Myocardial 

Infarction+") OR (MH "Hypertension+") 

(MH "Cardiomyopathies) OR (MH 

"Hypotension") 
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EMBASE 

MeSH terms 

heart disease/ OR cardiovascular 

disease/ OR ischemic heart disease/ 

OR myocardial disease/ OR valvular 

heart disease/ OR  heart output OR 

cardiomyopathy OR congestive 

heart failure/ OR heart muscle 

ischemia/ OR angina pectoris/ OR 

coronary artery disease/  OR heart 

ventricle function/ OR vascular 

disease/  

prostate tumor/ 

OR  prostate 

cancer/ 

androgen 

deprivation therapy/ 

OR hypogonadism/ 

 

cancer mortality/ 

OR cardiovascular 

mortality/  

 

cardiotoxicity/ OR heart death/ OR heart 

arrhythmia OR long QT syndrome OR 

tachycardia OR heart ventricle 

fibrillation OR sudden cardiac death/ 

OR heart infarction OR heart failure OR  

acute heart failure/ OR diastolic 

dysfunction/ OR heart ventricle failure/ 

OR systolic dysfunction OR 

hypertension/ OR hypotension/ OR 

coronary artery disease/   
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CHAPTER THREE: The effect of exercise training on cardiometabolic health in men 

with prostate cancer receiving androgen deprivation therapy. 

 

3. Overview  

This section comprehensively synthesises the available evidence on the “effect of exercise training 

on cardiometabolic health in men with PCa receiving ADT” through a published systematic review 

and meta-analysis.  

 

Bigaran A, Zopf E, Gardner J, La Gerche A, Murphy DG, Howden EJ, et al. The effect of exercise 

training on cardiometabolic health in men with prostate cancer receiving androgen deprivation 

therapy: a systematic review and meta-analysis. Prostate Cancer Prostatic Dis. 2021;24(1):35-48. 

DOI: 10.1038/s41391-020-00273-5 

 

The following publication does not require further approval for inclusion in the thesis and has been 

reproduced with permission from Springer Nature.  
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Appendix I 

Figure 1: Risk of bias of the included studies according to the Cochrane Collaboration tool 

 

 



Appendix II 

Table 2: Search terms for MEDLINE database  

Literature search strategies. Medical subject headings were developed using the following terms: prostate neoplasms, hypogonadism, exercise training and cardiometabolic 

health. For SCOPUS and WEB of SCIENCE, the search was restricted to articles involving human trials 

 Prostate cancer Androgen deprivation therapy Exercise Cardiometabolic health 

Title/Abstract terms 

MEDLINE 

  

TI ( (prostat*) N3 (cancer* OR 

neoplasm* OR oncolog* OR 

tumor* OR tumour*)) OR  AB ( 

(prostat*) N3 (cancer* OR 

neoplasm* OR oncolog* OR 

tumor* OR tumour*) )  

 

 

TI ( "androgen deprivation 

therap*" OR “androgen 

deprivation” OR “androgen 

suppression” OR “hormone 

suppression” OR “hormone 

ablation " OR hypo-gonadism 

OR hypogonadism OR "low 

testosterone" OR zolodex OR 

luprin ) OR AB ( "androgen 

deprivation therap*" OR 

"hormone therap*" OR hypo-

gonadism OR hypogonadism 

OR "low testosterone" OR 

zolodex OR luprin ) 

TI (exercis* OR "physical 

activit*" OR aerobic OR fitness 

OR fit OR sport* OR swim* 

OR run OR runner* OR running 

OR jog OR jogging OR jogger* 

OR cycle OR cycling OR 

cyclist* OR walk* OR 

“physical endurance” OR 

“therapeutic exercise” OR 

“kinesiotherapy” OR “weight 

lifting" OR "strength training" 

OR "resistance training") 

 AB  (exercis* OR "physical 

activit*" OR aerobic OR fitness 

TI ( heart* OR coronary* OR 

cardio* OR cardiac* OR 

angiocardio* OR angio-cardio* 

OR "exercise test" OR "walk 

test" OR "peak oxygen 

consumption" OR "maximal 

oxygen consumption" OR 

"exercise capacity" OR 

echocardiograph* OR 

electrocardiograph* OR 

submaximal OR sub-maximal 

OR maximal OR "flow 

mediated dilatation" OR "flow-

mediated dilatation" OR FMD 



 

 

OR fit OR sport* OR swim* 

OR run OR runner* OR running 

OR jog OR jogging OR jogger* 

OR cycle OR cycling OR 

cyclist* OR walk* OR 

“physical endurance” OR 

“therapeutic exercise” OR 

“kinesiotherapy” OR “weight 

lifting" OR "strength training" 

OR "resistance training") 

OR "vascular function" OR 

"arterial stiffness" OR 

“cardiopulmonary exercise 

testing” OR “V˙O2max” OR 

cholesterol OR dyslipidaemia 

OR hyperlipidaemia OR 

hypertension OR HDL OR LDL 

OR “low-density lipoprotein” 

OR “high-density lipoprotein” 

OR "blood pressure" OR 

diabet* OR pre-diabetic OR 

glucose OR "body composition" 

OR "body fat" or adipose OR 

“weight gain” OR "lean muscle 

mass" OR DEXA OR “dual 

energy x-ray” OR "body mass 

index" OR BMI OR "waist 

circumference" OR waist OR 

weight OR inflammation OR "c-



reactive protein*" OR 

interleukin-6 OR “waist-height-

ratio” OR “body weight” OR 

testosterone OR hemoglobin OR 

haemoglobin ) OR AB  ( heart* 

OR coronary* OR cardio* OR 

cardiac* OR angiocardio* OR 

angio-cardio* OR "exercise 

test" OR "walk test" OR "peak 

oxygen consumption" OR 

"maximal oxygen consumption" 

OR "exercise capacity" OR 

echocardiograph* OR 

electrocardiograph* OR 

submaximal OR sub-maximal 

OR maximal OR "flow 

mediated dilation" OR "flow-

mediated dilation" OR FMD OR 

"vascular function" OR "arterial 



stiffness" OR “cardiopulmonary 

exercise testing” OR 

“V˙O2max” OR cholesterol OR 

dyslipidaemia OR 

hyperlipidaemia OR 

hyperlipidaemia OR 

hypertension OR “HDL” OR 

“LDL” OR “low-density 

lipoprotein” OR “high-density 

lipoprotein” OR "blood 

pressure" OR diabet* OR pre-

diabetic OR glucose OR "body 

composition" OR "body fat" OR 

adipose OR “weight gain” OR 

"lean muscle mass" OR DEXA” 

OR “dual energy x-ray” OR 

"body mass index" or BMI or 

"waist circumference" OR waist 

OR weight OR inflammation 



OR "c-reactive protein*" OR 

"interleukin-6 OR “waist-

height-ratio” OR “Body 

Weight” OR testosterone OR 

hemoglobin OR haemoglobin)) 

MEDLINE MeSh terms (MH "Prostatic Neoplasms")  

 

(MH "Hypogonadism")  (MH "Exercise+") OR (MH 

"Exercise Test") OR (MH 

"Exercise Therapy") OR (MH 

"Exercise Tolerance") OR (MH 

"Physical Fitness") OR (MH 

"Sports")  

(MH "Exercise Test+") OR 

(MH "Heart Function Tests+") 

OR (MH "Echocardiography") 

OR (MH 

"Electrocardiography")  

 



Appendix III 

Figure 2: Forest plots (A-I) of randomised controlled trials observing non-significant effects following exercise training 
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3.1.  Summary and linking section. 

Overall, the findings from Chapters One and Two highlighted that CVD is a significant public 

health issue among men commencing ADT and in ADT-treated men. The evidence presented in 

Chapter One suggests that mortality is more likely from CVD than PCa [53, 218], particularly in 

those with pre-existing CVD [41]. However, the available methods to detect changes in 

cardiovascular risk status do not fully explain the heightened epidemiological increases in 

cardiovascular events, all-cause and cardiovascular mortality observed in this population [52]. It 

could be theorised that the currently available methods used to assess cardiovascular risk may not 

accurately reflect the mechanistic pathway from risk factors to cardiovascular events, therefore 

providing an avenue for future investigative studies focused on markers of subclinical CVD. 

Moreover, exercise training is a well-known management strategy for mitigating the widely 

documented adverse effects of ADT [244, 245, 265]; however, the effect of exercise training on 

cardiometabolic health has yet to be systematically evaluated. The results of Chapter Three (as 

described in Chapter One) found that “exercise training (combined aerobic and resistance exercise 

training interventions, or standalone) improved some but not all markers of cardiometabolic health 

among ADT-treated men [243].” While the reason for this could be partly explained by substantial 

clinical and methodological heterogeneity, it may be possible that the exercise interventions, 

specifically aerobic exercise training intensities, were insufficient to mitigate markers of 

cardiometabolic health in ADT-treated men. While we acknowledge that the search and results of 

Chapter Three were published over two years ago, recent evidence [266, 267] has offered similar 

conclusions in that evidence for the effect of exercise training on cardiovascular and metabolic 

health remains limited. Recognising the foregoing and accepting that ADT-treated men are likely to 

be at a high risk of CVD (Chapters One, Two and Three), given the profound effects of severe 

hypogonadism, there are no clear strategies to identify and prevent the cardiovascular and metabolic 

effects of ADT in men with PCa across the scientific literature. Therefore, this thesis focuses on a 

proposed strategy to assess cardiovascular health (Chapter Five) and prevent the cardiovascular 

effects of ADT (Chapter Six) in men with PCa. The following Chapters will describe the 

methodological approach of the two experimental studies presented in Chapters Five and Six.  
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CHAPTER FOUR: General Methods 

 

4. Overview 

This Chapter provides the methodological details for the measures used in two experimental studies. 

The first experimental chapter (Chapter Five) details a cross-sectional study that evaluated markers 

of vascular health in men with PCa commencing ADT compared to age-matched controls. This 

study also examined the relationship between cardiorespiratory fitness, cardiac structure and 

function, vascular health, traditional CVD markers and body composition in all participants, as 

these factors increase CVD risk. The second experimental chapter (Chapter Six) details a three-

month randomised controlled trial that evaluated the impact of exercise training on cardiac 

remodelling compared to usual care control in a cohort of men with PCa commencing ADT. 

Outcomes were cardiac remodelling, resting cardiovascular function and cardiorespiratory fitness in 

men with PCa.  

 

Given the similarities in methods between the two aforementioned studies and the same PCa cohort 

was used for both the cross-sectional study and randomised controlled trial, methodological 

procedures are provided in detail within this chapter and only briefly in Chapters Five and Six. 
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4.1.  MethodologyOverview of study design for Chapter Five 

The methodological processes and procedures for study three (Chapter Five) are presented in 

Figure 4.1. Study three (Chapter Five) evaluated measures of vascular health in men with PCa 

commencing ADT compared to an age-matched control group. Additionally, the relationship 

between cardiorespiratory fitness (quantified by VO2peak), cardiac structure and function, vascular 

health, traditional CVD risk factors, and body composition were evaluated in all participants to 

examine further which variables correlated with cardiorespiratory fitness. Data was collected 

between 2019 and 2021 at Australian Catholic University and the Baker Institute (Melbourne, 

Australia), parallel with the randomised controlled trial presented in Chapter Six.  

 

 

Figure 4.1: Cross-sectional study design and protocol for the study presented in Chapter Five.  
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4.1.2. Overview of study design for Chapter Six 

Study four evaluated the effect of exercise training on cardiac remodelling in men with PCa 

receiving ADT as part of the EX-HEART trial conducted at Australian Catholic University and the 

Baker Institute (Melbourne, Australia; Figure 4.2 – Chapter Six). This two-arm randomised 

controlled trial aimed to evaluate whether a three-month combined aerobic and resistance exercise 

training program initiated at the commencement of ADT could attenuate cardiac remodelling, 

cardiac dysfunction, and cardiorespiratory fitness compared to usual care control. In brief, men aged 

40 years and older with histologically confirmed PCa and scheduled to receive or within one month 

of initiating ADT with or without chemotherapy were included. Participants attended a 

comprehensive series of cardiovascular assessments at baseline and three months. Following 

baseline assessments, men with PCa were randomly assigned to exercise training or usual care 

control for three months using a 1:1 group allocation method. Participants were stratif ied by age > 

68 years or < 68 years old. 

 

 

Figure 4.2: Randomised controlled trial design and protocol for the study presented in Chapter Six  

 

It is important to note that the PhD candidate made significant contributions to the cross-sectional 

study and RCT and performed the majority of the baseline and post-outcome measurements, 

including blood collection (venepuncture & blood processing), body composition (DXA), arterial 

stiffness (cfPWV, PWA), CPET, CMR analysis, physical function, and exercise training sessions for 

all participants with assistance from the respective research teams. 
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4.2. Outcome measures 

Participant preparation 

A tabulated summary of the methodology included in this thesis is presented in Table 4.1. All 

participants reported to the laboratory for blood collection after an overnight fast (minimum of 12 

hours). In addition, participants were required to be voided for body composition assessments. 

Before each assessment session, all participants were advised to abstain from caffeine, alcohol, and 

strenuous physical activity for 24 hours. Participants were contacted 24 hours before the assessment 

session and completed a questionnaire (located on the paper-based data collection sheet), denoting 

whether or not they adhered to the pre-testing control procedures. Participants completed clinical 

and demographical questionnaires before attending the assessment session, and the research staff 

reviewed each questionnaire.  

 

4.2.1. Blood biochemical markers 

Blood sample collections were standardised according to the Australian Laboratory standards and 

collected in a fasted state on the morning of each assessment session. Approximately 15 mL of 

blood was collected using ethylenediaminetetraacetic acid (EDTA), serum and heparin tubes to 

measure serum lipid markers (total cholesterol, low-density lipoprotein, high-density lipoprotein, 

non-high-density lipoprotein, triglycerides,), fasting blood glucose and inflammatory markers (C-

reactive protein). EDTA blood samples (3 mL) were centrifuged (AWEL-MF-20R Centrifuge) 

immediately following blood collection for 10 minutes in order to obtain plasma samples. 

Alternatively, serum blood samples were rested at room temperature for 30 minutes before 

centrifuging. All samples were transferred by pipette to Eppendorf tubes and stored at -80°C for 

subsequent batched analysis. All samples were analysed by Alfred Health NATA Accredited 

Pathology laboratory per the Australian laboratory standards.  

 

4.2.2. Cardiovascular risk  

Cardiovascular risk was determined by the Australian Absolute Cardiovascular Risk Calculator 

[268], which uses the Framingham Heart Study cardiovascular risk equation [269]. The 

Framingham risk score algorithm is a widely accepted and validated cardiovascular risk profile tool 

that includes age, gender, systolic blood pressure, smoking status, total cholesterol, high-density 

lipoprotein, diabetes diagnosis (self-reported) and whether the patient has established LV 

hypertrophy (confirmed by electrocardiogram) to estimate cardiovascular risk, as a percentage 
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[269]. Higher percentage scores (>15%) are categorised as high cardiovascular risk [269]. Older 

adults >74 years and individuals with diabetes mellitus are automatically categorised as high 

cardiovascular risk [268]. 

 

4.2.3. Body composition 

Whole-body total mass (kilograms, kg), lean mass (kg), fat mass (kg), trunk fat mass (kg), whole-

body fat percentage (%), regional fat mass (kg) and fat-free mass (kg) were assessed by dual-energy 

x-ray absorptiometry (DXA) (eCore CoreScan software version 16, Lunar iDXA, GE Lunar Corp, 

Madison, Wisconsin, United States of America). DXA is a capable and cost-effective body 

composition assessment with relatively high precision (whole-body lean mass and fat mass 

coefficient of variation [CV] range, 3-6%) compared to gold standard approaches such as the four-

compartment model. Height and weight were measured by standard anthropometry before initiating 

the assessment. Participants were instructed to lay supine and were positioned in the centre of the 

imaging bed (spine in line with the centre line and the participant’s head positioned three 

centimetres below the horizontal line). Each participant was instructed to rest quietly and remain 

still for the duration of the body composition scan of 10-15 minutes. A researcher analysed each 

DXA scan following each examination per standard procedures and recommendations [270]. The 

researcher analysing each DXA scan was not blinded to group assignment due to limited resources.  

The technologist's short-term CV for repeated measures (baseline and three-months via the Lunar 

iDXA) of whole-body lean and fat mass in a sample of ten aged-matched controls was between 1-

4%. Our CV is consistent with other trials using a Lunar iDXA in similar cohorts of ADT-treated 

men and healthy controls [271, 272]. Due to the impact of the COVID-19 pandemic on the original 

testing location, Australian Catholic University, and the inability to restart the trial at this site, the 

Baker Institute Lunar iDXA (same make/model) was used for the remainder of the study.  

 

4.2.4. Resting cardiovascular function 

All resting cardiovascular function assessments, including arterial stiffness, central blood pressure 

and AIx, echocardiogram, and CMR imaging, were performed in a dark, temperature-controlled 

quiet room and repeated within four hours across all timepoints. Of note, the supervising 

radiographer screened all participants for CMR eligibility prior to initiating the scan.  

 



 

103 

 

4.2.5. Arterial stiffness 

Arterial stiffness was evaluated using applanation tonometry (SphygmoCor CvMS, ATCOR, 

Sydney, Australia) to measure cfPWV. cfPWV is a validated non-invasive method for measuring 

arterial stiffness [273], with a high degree of precision (r>0.90) [195, 199, 200], excellent 

reproducibility (CV: <5%) [201] and repeatability (CV: 4.7-10.5%) in elderly patients and those 

with chronic renal disease [195, 274]. All measurements were duplicated in accordance with 

standardised procedures and recommendations [130, 196]. Participants were instructed to lay 

quietly (supine) and rest for 20 minutes. Following rest, a gated three-lead electrocardiogram (ECG) 

was placed on the patient to record heart rate and pulse wave recordings [130, 183]. An automated 

blood pressure device (HEM-7320, Omron Corp, Kyoto, Japan) was placed on the dominant arm 

and recorded following each measurement (in duplicate). Carotid and femoral pulse sites were 

located and marked, and the distances between each site were measured using a measuring tape. 

Two distances determined the arterial length: 1) transcutaneous distance between the carotid pulse 

site and sternal notch and 2) measuring the distance between the sternal notch and the femoral pulse 

site. In order to determine cfPWV, a separate recording was taken from each of the carotid and 

femoral pulse sites using the tonometer. The measurement was acquired by gently placing the 

handheld tonometer over each pulse site and slowly adjusting it until the strongest pulse was 

detected. Each measurement was recorded for 10 seconds (equating to 10 cardiac cycles) [130, 

196]. Following each measurement, resting brachial blood pressure and the arterial length distances 

between the carotid and femoral pulse sites were recorded and entered into the Sphygmocor system 

[130, 196]. All data were analysed immediately via the Sphygmocor software system. The 

technologist's short-term CV for repeated measures of cfPWV in a sample of ten aged-matched 

controls was approximately 4%. 

 

4.2.6. Central blood pressure and augmentation index 

Pulse wave analysis (SphygmoCor CvMS, AtCor, Sydney, Australia) via radial artery applanation 

tonometry was performed and calibrated with brachial blood pressure to estimate central blood 

pressure and derive the AIx [196, 275]. Pulse wave analysis possesses a higher degree of precision 

(intraclass correlation: 0.97) [195, 199, 200], reproducibility (CV: 5-8.4%) [201] and repeatability 

(CV: 15-25%) in chronic disease populations [195, 274]. Following the cfPWV measurement, the 

participant's limb was repositioned to perform radial artery applanation tonometry. The handheld 

tonometer was gently placed over the radial artery and repositioned until the strongest radial 
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waveform was detected [183, 196]. The SphygmoCor system uses radial tonometry to record the 

peripheral arterial pressure waveform from the radial artery. A validated generalised transfer 

function is applied via the SphygmoCor system to reconstruct the central aortic pressure waveform 

[201, 275]. Ten consecutive radial artery waveforms (in line with the SphygmoCor system) were 

recorded in duplicate and calibrated with brachial blood pressure (HEM-7320, Omron Corp, Kyoto, 

Japan) to estimate central blood pressure and calculate AIx. In addition, other haemodynamic 

parameters, including pulse pressure, augmented pressure, and heart rate, are also derived from this 

measurement. It is important to note that AIx is influenced by HR; therefore, the adjusted value HR 

of 75 bpm (AIx [HR75]) was also included in the analysis. According to guideline 

recommendations and procedures [201, 275], each consecutive waveform was assessed for 

consistency in pulse wave height, baseline and pressure deviation and was equal to or less than 5% 

[183, 276]. A quality index >80% was deemed acceptable. All data were analysed using the 

SphygmoCor software. The technologist’s short-term CV for repeated measures of AIx in a sample 

of ten aged-matched controls was approximately 3%. 

 

4.2.7. Ventricular structure and function (echocardiogram) 

A comprehensive transthoracic echocardiogram (Vivid E95, General Electric Medical Systems 

Milwaukee, WI, USA) was used to evaluate ventricular structure and function. A transthoracic 

echocardiogram is a diagnostic tool for screening and monitoring of cardiac complications 

associated with LV structure and function [120, 277]. It is commonly used to detect resting 

cardiovascular dysfunction in general and clinical cohorts and those receiving cancer therapy [120, 

278]. Generally, a comprehensive echocardiogram is the first-line diagnostic assessment used to 

detect cardiotoxicity in cancer patients [120]. In accordance with standard clinical care for both 

cancer treatment and CVD detection, all participants underwent an echocardiogram on this basis. 

Despite its widely accepted use, two-dimensional echocardiography has modest interobserver and 

intraobserver variability for evaluating LV mass (CV: 37% and 19%, respectively), which may 

require greater detectable differences over time (>17% clinically meaningful change) to identify LV 

structural abnormalities [279, 280]. For Study Three and Four, a comprehensive echocardiogram 

including doppler and three-dimensional volumetric acquisitions, novel torsion, strain, and strain 

rate were acquired across all study time points [279, 280]. Three-dimensional quantification of 

LVEDV, LVESV and LVEF were acquired and measured per standardised protocols [280, 281]. 

Two-dimensional GLS was acquired across three apical views, and the average negative GLS score 
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was reported. The Simpsons biplane approach was used to estimate LV cardiac volumes using 

apical two- and four-chamber images. The LV mass was determined using the 2D linear technique. 

The left atrial volume and indexed value (LAVI) were determined using the area-length approach 

from the four-chamber and two-chamber images. The apical four-chamber view was used to 

evaluate peak early (E), late diastolic flow (A), and deceleration time (DT) using pulse-waved 

doppler. Peak early diastolic tissue velocity (e'), mitral annular velocity (E/e'), and the ratio of early 

diastolic inflow to late diastolic inflow (E/A) were measured using pulsed-wave tissue Doppler 

imaging to evaluate diastolic function and were analysed according to guideline suggestions [280, 

281]. All echocardiographic measures were performed and analysed by two certified sonographers 

and reported by two staff cardiologists. The certified sonographers and cardiologists were blinded to 

the group allocation across all timepoints. All images were analysed using Echopac v13.0.00 GE, 

Norway, and digitally acquired for offline analysis. LVEDV, LVESV, and LV mass values were 

adjusted for body surface area and presented as the indexed value. It is important to note that these 

research echocardiograms were performed by staff certified sonographers employed within the  

Baker Institute echocardiography service. The echocardiographic variables reported in this thesis 

aligned with standard recommendations [280]. Based on this, inter-rater reliability related to the 

certified sonographers that performed these acquisitions is unavailable. 

 

4.2.8. Ventricular structure (cardiac magnetic resonance imaging) 

CMR imaging was performed using a Siemens MAGNETOM Prisma 3.0T CMR system with a 

five-element phased array coil. CMR imaging is the gold standard measurement of biventricular 

cardiac structure [282], with excellent temporal and spatial resolution throughout numerous cardiac 

cycles. The fundamental advantage, compared with transthoracic echocardiography, is CMR's 

ability to assess ventricular geometry in three dimensions in real-time, thereby permitting global 

and regional analyses of LV structure and function at the same time point with greater precision 

(r=0.99) and minimal intra and inter-observer variability of 7% and 8%, respectively [193, 194]. 

Our group previously described the methodological detail related to CMR sequences [210, 283]. In 

brief, the “resting, ungated, real-time, steady-free, precision cine imaging breath-hold technique 

(without cardiac or respiratory gating)” was carried out. “Every 36-38 milliseconds, 40 to 75 

consecutive frames were acquired for each of the 13 to 18 contiguous 10 mm slices in the short and 

long axes; 50 consecutive slices were acquired using the exact temporal resolution for 11 to 15 
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contiguous eight-millimetre slices [210, 283].” The same cine techniques were used to acquire long-

axis views of the LV to facilitate anatomical cross-referencing. 

 

Images were analysed by a single researcher using CVi42 version 5.14 (Circle Cardiovascular 

Imaging, Calgary, Canada). In the short-axis view, the endocardial and epicardial contours of the LV 

were automatically traced (and manually adjusted). In the horizontal long-axis view, the points of 

transection were located. This allowed for anatomical cross-referencing. LV volumes were 

calculated using the same automated contouring technique in the end-diastole and end-systole of 

each cardiac cycle to derive LVEDV and LVESV. LVSV (LVEDV minus LVESV) was calculated to 

derive LVEF (SV/EDV) [284, 285]. LV mass was calculated using the same contouring method; 

however, total myocardial wall volume was multiplied by the gravity of the myocardium and 

indexed to body surface area [284, 285].  LVM: V was calculated by dividing LV mass by LVEDV. 

Trabeculations and papillary muscles were included in LV mass and LV volume calculations via the 

summation of disk method [286]. This thesis presents all LV outcomes as raw and body surface area 

indexed values. The technologist’s short-term CV for repeated measures for LVM: V, LVEDV and 

LVM in a sample of ten aged-matched controls was between 4-6%. 

 

4.2.9. Physical function  

Timed stair climb power test. 

Lower limb muscular power was assessed using the timed stair climb power test. The timed stair 

climb power test is a therapeutically practical and realistic assessment of functional  independence 

with excellent test-retest reliability (intraclass correlation, 0.94 to 0.99) in older adults and clinical 

cohorts with pulmonary disease [287-290]. Participants were instructed to ascend a flight of stairs 

(12 steps per flight, 17-centimetre step) without using a handrail [291, 292]. Using the start 

command “Ready, set, go”, the participant was instructed to ascend the stairs quickly and safely. 

Once both feet reached the top of the last platform, the timing was stopped. Each participant was 

given two attempts, and the average of the two attempts was calculated within the nearest 0.1 

seconds. A recovery period of two minutes was employed between each attempt. Stair climb time 

and the vertical height of the step were used to calculate velocity (velocity equals distance divided 

by time). Gravity, body mass and acceleration were used to calculate force (force equals body mass 

multiplied by acceleration) [291]. Stair climb power was calculated by force multiplied by velocity.  
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4.2.10. Cardiopulmonary exercise testing 

Peak oxygen uptake (VO2peak) 

A cardiopulmonary exercise test was performed to determine VO2peak. CPET is the gold standard 

clinical assessment for accurately determining cardiorespiratory fitness, with superior test-retest 

reliability for body-weight indexed VO2peak (intraclass correlation: 0.90, P<0.001) and absolute 

VO2peak (intraclass correlation: 0.93, P<0.001) in men with PCa following radical prostatectomy 

[217]. The methodology related to this assessment has been described previously [210, 283]. An 

incremental ramp protocol test on an electronically braked cycle ergometer (Lode, Groningen, the 

Netherlands) with continuous cardiac monitoring (NORAV, PC-ECG1200, Digital RF Wireless 

system) was conducted. A respiratory gas analysis (Jaeger, Vyntus CPX, CareFusion, Hochberg, 

Germany) was performed using a metabolic measurement system. Resting measures were obtained 

for two minutes before the test commenced (including blood pressure and resting heart rate). Once 

the test commenced, a one-minute warm-up was undertaken at 10-25 Watts, and then the test was 

progressively increased by 10-30 Watts per minute until volitional fatigue. Each incremental ramp 

test protocol was individually assigned to align with a fatigue-limited test duration of approximately 

eight to 12 minutes [293]. Blood pressure (SunTech BP Tango M2, SunTech Medical, North 

Carolina, USA) was measured every two minutes throughout the test [294]. An identifiable plateau 

in oxygen uptake (plateau in VO2 despite work rate/watts continuing to increase) was used to 

quantify the achievement of VO2max [293]. The secondary criteria were used without an 

identifiable plateau [293]. VO2peak was achieved if at least two of the following conditions were 

met: >85% of age-predicted heart rate maximum, respiratory exchange ratio (RER) >1.10 or 

volitional fatigue [293-295]. The test was terminated early if the supervising cardiologist deemed 

the test unsafe to proceed (e.g. systolic blood pressure exceeded >250 mmHg; diastolic blood 

pressure exceeded >115 mmHg) per the American College of Sports Medicine absolute 

contraindications to exercise testing criteria [296]. Several other parameters were determined from 

the CPET, including absolute VO2peak (L/min), VT, slope in minute ventilation (VE) in proportion 

to the expired volume of carbon dioxide (VE/VCO2), peak power output at VT, resting systolic and 

diastolic blood pressure, peak systolic and diastolic blood pressure, resting and peak heart rate, peak 

power output and RER. [297]. VO2peak was defined as the 30-second moving average of the six 

highest oxygen consumption values measured over five seconds [210]. The V slope method was 

used to determine VT, and VO2 at VT was expressed as an absolute value of each participant's 

VO2peak. VE  in proportion to the expired VCO2 was used to calculate VE/VCO2 slope [293, 297-



 

108 

 

299]. Linear regression analyses were used to calculate VE/VCO2 slope from exercise test initiation 

to VT [298]. The short-term test-retest CV for maximal CPET has been reported between 4.0-4.7% 

[142, 217, 248] in a sample of ADT-treated men and PCa survivors. The technologist’s short-term 

CV for repeated measures for VO2peak (ml/kg/min) in a sample of ten aged-matched controls was 

approximately 4%. 

 

4.2.11. Patient-reported outcomes   

The Research Electronic Data Capture (REDCap) platform at Australian Catholic University 

collected and managed all patient-reported outcomes, including clinical and sociodemographic 

characteristics and the questionnaires described below [300]. Electronic questionnaires were 

administered across time points and had to be completed before attending all assessment sessions. 

Using electronic questionnaires, the usage of prescription medications, including medication type, 

dosage, and frequency, was also documented. Age-matched controls did not complete the 

questionnaires related to cancer. 

 

Health-related quality of life 

Health-related QoL was evaluated by the European Organisation for Research and Treatment of 

Cancer (EORTC) QLQ-C30 questionnaire and the EORTC-QLQ-PR25 [301, 302]. The EORTC 

QLQ-C30 evaluates general health-related QoL and compromises of a global health status/overall 

QoL scale, five functional scales (physical, role, cognitive, emotional, and social), three symptom 

scales (fatigue, pain, nausea, and vomiting), and five single-item scales that assess additional, 

commonly reported symptoms (dyspnoea, appetite, constipation, diarrhea), and financial impact 

[301]. Each item is rated on a four-point Likert scale, except for the global health status scale, 

which was rated from 1-7. All scores are converted to 0-100. Questionnaire responses were 

analysed per the official scoring manual provided by the EORTC [301]. Higher values (functional 

scales only) reflect higher/better functioning, while higher symptom scores indicate a higher 

prevalence of symptoms.  

 

PCa-specific QoL was evaluated using the EORTC QLQ-PR25. The questionnaire measures 

symptom-related effects on QoL, specifically in PCa [302], and includes four symptom scales 

(urinary symptoms, bother to use incontinence aids, bowel symptoms, hormone treatment-related 

symptoms) and two functional scales (sexual activity and sexual functioning) [302]. Questionnaire 
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responses were analysed as per the official scoring manual provided by the EORTC [303, 304]. 

Higher scores reflect a more significant symptom burden or higher levels of functioning (sexual).  

 

Cancer-related fatigue 

Using the Functional Assessment of Chronic Illness Therapy – Fatigue (FACIT-F) scale, cancer-

related fatigue was evaluated [305, 306]. The FACIT-F is a 13-item questionnaire that assesses 

fatigue levels during usual daily activities over the past seven days. Responses are recorded on a 

five-point Likert scale [305, 306]. Total scores are summed, forming the FACIT-F score, which 

ranges from 0 to 52. Questionnaire responses were analysed per the FACIT scoring manual [305, 

306]. A score of less than 30 reflects severe fatigue, while higher scores indicate less fatigue [305, 

306].  

 

Psychological Distress 

The Brief Symptom Inventory (BSI-18) was used to evaluate psychological distress in men 

undergoing ADT and age-matched controls. This questionnaire asked participants to rate how much 

they have been bothered by a symptom on a five-point Likert scale within the past seven days [307]. 

The BSI-18 contains three subscales: somatisation, depression, and anxiety, ranging from 0 to 24. 

These sub-scales are reported separately. The total scores of the three subscales are summed, 

forming the global severity index (GSI) (range: 0-72) [307]. Questionnaire responses were analysed 

per the BSI-18 scoring manual [307]. Higher scores on the subscales and the GSI indicates 

psychological distress. 
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Sleep quality and disturbance  

The Pittsburgh Sleep Quality Index (PSQI) measured sleep quality and disturbance in men 

beginning ADT and controls of the same age [308-310]. The PSQI assesses sleep quality and 

disturbance using seven sub-scores, including sleep quality, onset latency, duration, efficiency, sleep 

disturbances, use of sleeping medication, and daytime dysfunction. All responses are summed, 

forming the global PSQI score (0-21). Questionnaire responses were analysed per the PSQI scoring 

manual. Higher scores on the global PSQI reflect worse sleep quality and disturbance.  

 

Physical activity  

The modified Godin Leisure-Time Exercise questionnaire evaluated the duration and frequency of 

mild, moderate, and vigorous-intensity aerobic training completed over the last seven days [311, 

312]. According to the method described by Godin et al. [313], the Godin Leisure-Time Index is 

computed by multiplying mild, moderate, and vigorous aerobic exercise intensity by three, five, and 

nine, respectively, and summing the overall values. Weekly total exercise training duration and 

frequency were calculated by multiplying the total exercise training duration by frequency for mild, 

moderate, and vigorous aerobic exercise training. Higher scores (<24 units or more) on the Godin 

Leisure-Time Exercise questionnaire indicate that participants are physically active [313]. 

Questionnaire responses were analysed in accordance with the Godin Leisure-Time Exercise Score 

manual [311, 312]. The total volume of exercise training completed in a typical week (sum of total 

minutes completed of mild, moderate, and vigorous moderate-intensity exercise training) to 

determine whether participants met the physical activity recommendations for individuals with 

cancer [314, 315].  

 

4.3. Exercise attendance and adherence. 

The exercise physiology team recorded attendance and adherence to the exercise training 

programme. Attendance was determined by dividing the number of sessions attended by the number 

of required sessions. For aerobic training, adherence was calculated as a percentage by comparing 

each session's average intensity (average session heart rate) to the prescribed intensity for each 

participant. In addition, whether participants also adhered to the prescribed aerobic exercise training 

duration will also be reflected as a percentage. For resistance training, volume load was determined 

by multiplying the completed sets by the repetitions by the external load (weight lifted), yielding a 

total volume load in kilograms or tonnes [316, 317]. As described previously [316, 317], the overall 
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volume load was calculated by adding each subject's leg press, seated row, and chest press, yielding 

the cumulative volume load. The overall adherence was expressed as a percentage of exercise doses 

completed versus prescribed [316, 317]. A home-based exercise training diary was provided to EX 

participants. They were encouraged to complete an additional 60 minutes of moderate aerobic 

continuous exercise training each week throughout the twelve weeks. The home-based exercise 

training diary was monitored throughout the intervention period rather than formally documented, 

given that the Godin Leisure-Time Exercise Questionnaire was completed across all timepoints.  

 

4.4. Adverse events 

The study coordinator or exercise physiology team documented any adverse events associated with 

exercise testing or the supervised exercise program following each assessment and training session. 

Participants in the exercise training group were required to inform the study coordinator of any 

adverse events during their involvement in the study. If the adverse event were related to an 

assessment procedure or the exercise intervention (supervised or unsupervised), the investigator 

team and study doctors (cardiologists) would discuss the seriousness of the adverse event and report 

the adverse event to the local Human Research Ethics Committee. Before recommencing the 

exercise intervention, the participant needed to be deemed safe to return to exercise training by their 

treating clinician.  
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Table 4.1: Summary of data collection methodology 

Abbreviations: DXA (dual-energy x-ray absorptiometry), cfPWV (carotid to femoral pulse wave velocity), AIx [HR75] (augmentation index at HR 75 bpm), LVEF (left ventricular 

ejection fraction), GLS (global longitudinal strain), CMR (cardiac magnetic resonance imaging), LV (left ventricular), LVM: V (left ventricular mass to volume ratio), FACIT- F 

(Functional Assessment of Chronic Illness Therapy – Fatigue), EORTC QLQ-C30 (European Organisation for Research and Treatment of Cancer, Quality of Life Questionnaire), PR-25 

(PCa), BSI-18 (Brief symptom inventory) and PSQI (Pittsburgh Sleep Quality Index).     

 

Outcome  Outcome descriptors Timepoint 

  Baseline 3-months 

Blood biochemical markers Blood lipids, fasting blood glucose, and c-reactive protein X X 

Body composition  DXA whole-body total and regional lean muscle and fat mass  X X 

Arterial stiffness cfPWV X X 

Central blood pressure and 

Augmentation index 

Central systolic and diastolic blood pressures, AIx[HR75], pulse pressure, 

augmented pressure, heart rate 
X X 

Ventricular structure and function  
Echocardiogram for the quantification of LVEF, GLS, LV chamber 

volumes, diastolic function 
X X 

Ventricular structure  CMR imaging for the quantification of LVM: V and LV chamber volumes  X X 

Physical function Timed stairs climb power test X X 

Peak oxygen uptake  Peak oxygen uptake determined by a cardiopulmonary exercise test  X X 

Patient-reported outcomes 

Clinical and demographic questionnaires, FACIT-F, EORTC QLQ-C30,  

EORTC QLQ-PR25, BSI-18, PSQI, Godin Leisure-Time Exercise 

Questionnaire 

X X 

Exercise program adherence 
Adherence to targeted HR ranges, assigned volume load and RPE; 

Monitored weekly for adherence and compliance 
Collected throughout the intervention  

Adverse events Adverse event reporting  Monitored throughout the intervention  
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4.5. Exercise intervention 

Aerobic exercise training 

A tabulated summary of the exercise intervention performed in the study is presented in Table 4.2. 

Participants randomly assigned to the exercise intervention underwent a periodised and progressive 

combined aerobic and resistance training program three times per week for three months at one of 

five community-based gymnasiums in Melbourne, Victoria, or via video-delivered telehealth 

sessions during the COVID-19 pandemic lockdown periods (between March 2020 and September 

2020; February 2021 and July 2021). All exercise training sessions were supervised by an 

accredited exercise physiologist and performed in small groups of up to five participants or 

individually. Each training session was 60 minutes in duration. All exercise sessions included a five-

minute warm-up and cool-down period. Aerobic exercise training was performed on either a 

stationary cycle ergometer, elliptical or treadmill. The accredited exercise physiologist determined 

the mode of aerobic exercise training. Aerobic exercise intensities were determined at VT during the 

CPET (maximal steady-state, MSS) as described previously [225, 318, 319]. Based on the MSS 

heart rate, three heart rate training zones were determined; base pace (1-20 beats below MSS), MSS 

and HIIT (>95% heart rate peak achieved during the CPET) [225, 318, 319]. The first training phase 

(phase one) focused on general preparation (aerobic endurance) and consistency, of which 

participants performed three 30-minute moderate continuous (base pace) sessions per week. In the 

second training phase (phase two), one MSS and one HIIT session replaced two weekly moderate 

continuous base pace sessions. Hence, participants performed one moderate continuous base pace, 

HIIT, and MSS weekly during this phase. The HIIT intervals were progressed from a 2 x 2 interval 

session (2 minutes of HIIT at >95% heart rate peak repeated four times followed by 2 minutes of 

active recovery at 60-70% of heart rate peak) to a 4 x 4 interval session at the same intensities 

above for four minutes and repeated four times. A three-minute recovery followed this at 60-75% of 

HR peak. In the final training phase (phase three), participants performed a single base pace session 

and two HIIT sessions per week to align with the primary outcome (cardiac remodelling). The 

training load and intensity remained unchanged for the remainder of the program, but progressive 

overload was applied throughout the three-month intervention. Heart rate monitors were worn 

during each training session. In accordance with the guideline recommendations, all participants 

were encouraged to perform an additional 60 minutes of moderate continuous aerobic exercise 

training each week throughout the intervention period [314, 315].  
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Resistance exercise training 

Resistance training included whole-body progressive resistance training, including six to eight 

upper body and lower body exercises (e.g., leg press, latissimus dorsi pulldown/seated row, chest 

press, shoulder press, seated leg extension, seated leg curl, triceps pulldown and biceps curl). 

Participants performed three 30-minute resistance training sessions (phase one) to supplement the 

aerobic exercise training for the first month. In months two and three (phases two and three), 

participants performed two weekly resistance training sessions. For each exercise, a 10-repetition 

maximum (RM) (the most amount of weight-lifted for ten repetitions) was performed to determine 

the initial resistance training intensity. The initial intensity was set between ~60-75% of predicted 1-

RM following a 10-RM test, and participants completed two to four sets of 12-8 RM with 

progressions of ~5-10% applied each week [296, 314, 315]. The sessional rating of perceived 

exertion (applied at the end of the training session) was used to guide progressive overload. Volume 

load (volume multiplied by load) [316, 320] was calculated after each session and used as a guide 

for exercise tolerability and the application of progressive overload. Due to the impact of the 

COVID-19 pandemic and the transition to video-delivered telehealth exercise sessions, not all 

volume load calculations could be completed as indicated previously. 

 

Due to the worldwide pandemic (COVID-19), some participants were required to complete their 

exercise intervention at their place of residence. Participants in this study had access to an online 

exercise programme and completed their supervised exercise intervention using video conferencing 

software (Zoom Meetings, Zoom Video Communications). The online video-delivered exercise 

training program mirrored the supervised, in-person exercise training program with minor 

alterations depending on access to exercise equipment. During the COVID-19 pandemic lockdown 

times, participants had access to resistance training equipment, such as a compact gym station, and 

aerobic training equipment, such as an elliptical or stationary cycle ergometer.  

 

4.6. Usual care  

Research investigators gave no specific advice regarding physical activity to participants randomly 

assigned to the usual care group (UC). After completing the three-month follow-up evaluation, all 

participants were offered an optional consultation with an exercise physiologist who developed an 

individualised exercise program. 
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Table 4.2: Summary of exercise intervention 

Note Exercise Prescription: Base pace (20 beats per minute below maximal steady-state), MSS (maximal steady-state, ventilatory threshold [VT]), HIIT (high-intensity interval training, >95% 

HRpeak). Progressions included duration and intensity from weeks five to 12. High-intensity interval training started with four by two minutes at >95% HR peak, followed by two minutes of 

moderate-intensity recovery at 65%-75% HR peak. From weeks 7-8, the interval duration was increased; to four by three minutes at >95% HR peak, followed by three minutes of moderate-

intensity recovery at 65%-75% HR peak. For the final block (weeks 9-12), the interval duration was increased by four minutes at >95% HR peak, followed by three minutes of moderate-

intensity recovery at 65%-75% HR peak.  

 

Exercise intervention 

 Aerobic training Resistance training 

Microcycle  Weeks 
Session 

number 

Duration, 

min 

Sessions 

p/wk. 

Session 

type 
HR range 

Duration, 

min 

Sessions 

p/wk. 
Sets Repetitions Rest % RM 

Phase one 1-4 1-12 60 3 
 

Base pace 
 

 

1-20 bpm below MSS 
 

 

30 

 

3 2-3 10-12 
45 secs - 

1 min 
~60-75% 

Phase two 5-8 13-24 30-60 3 

Base pace 

MSS 

HIIT 

1-20 bpm below MSS 

MSS (VT) 

>95% HRpeak 

30 

20-25 

20-25 

2 3-4 8-10 1-2 min ~60-85% 

Phase three 9-12 25-36 30-60 3 

Base pace 

HIIT 

HIIT 

1-20 bpm below MSS 

>95% HRpeak 

>95% HRpeak 

30 

20-25 

20-25 

2 3 10-12 
45 secs - 

1 min 
~60-75% 
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4.7. Summary 

In summary, this chapter describes in detail the robust and rigorous assessments included in study 

three (a cross-sectional study parallel to a randomised controlled trial that compared vascular health 

in men with PCa commencing ADT to age-matched controls) and study four (a three-month 

randomised controlled trial that evaluated the impact of exercise training on cardiac remodelling in 

men with PCa receiving ADT relative to usual care control). These strengths include a novel range 

of assessments used to assess the cardiovascular effects of ADT, which were evaluated for the first 

time within a cohort of PCa patients undergoing ADT.  

 

It is important to note that this study was initially conducted across two sites: Australian Catholic 

University and the Baker Institute. Due to the COVID-19 pandemic and the subsequent suspension 

of all study procedures from March 2020 to October 2020, the entire experimental protocol was 

transferred to the Baker Institute, which had formalised policies, procedures, and processes to 

ensure participant safety during the COVID-19 pandemic. Therefore, the first 18 participants in the 

randomised controlled trial completed baseline and three-month follow-up assessments for blood 

collection and processing, DXA and the timed stair climb at Australian Catholic University. The 

remainder underwent all assessment processes at the Baker Institute. Additionally, the DXA 

machine located at the Baker Institute is the same make and model as the DXA used at Australian 

Catholic University. While we recognise that this may have resulted in a certain amount of 

systematic error, the processes and procedures were identical at both locations. The same 

researchers carried out all assessments across all timepoints. 
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CHAPTER FIVE: Cardiovascular risk profile of men with prostate cancer initiating 

androgen deprivation therapy related to aged-matched controls: a cross-sectional study. 

 

5. Overview 

This chapter presents the results of the first experimental study included in this thesis. This study 

compared measures of vascular health in men with PCa commencing ADT with that of age-matched 

controls. This chapter also explores whether vascular health, traditional cardiovascular ri sk factors, 

cardiac structure and function and body composition predict cardiorespiratory fitness in all 

participants.  
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5.1. Abstract 

Background: CVD is the leading non-cancer cause of death among men with PCa. Preliminary 

evidence suggests that CVD and cancer may share biological risk factors, which may exacerbate 

baseline CVD risk factors and/or pre-existing CVD in this vulnerable population. However, no 

study has fully characterised the cardiovascular risk profile (vascular health, cardiac structure and 

function, body composition, and biochemical markers) in men with PCa. Therefore, this study 

aimed to: (1) compare measures of vascular health in men with PCa commencing ADT to age-

matched non-cancer controls (CON) and (2) examine the relationship between cardiorespiratory 

fitness, vascular health, cardiovascular risk factors, cardiac structure/function, and body 

composition among groups to determine predictors of cardiorespiratory fitness in the total sample. 

Methods: Men with PCa commencing ADT (n=31; mean [SD] age: 66.5±9.9 years) and CON 

(n=10; age: 64.8±8.7 years) were examined. Biochemical blood markers of fasting blood glucose, 

total cholesterol, high-density lipoprotein, low-density lipoprotein, non-high-density lipoprotein, 

triglycerides, and c-reactive protein were collected in a fasted state. cPWV and waveform 

characteristics (central and peripheral blood pressures, AIx) were also assessed. LVEF and GLS 

were measured via echocardiography. LV mass and LVEDV were assessed via CMR imaging. 

Cardiorespiratory fitness (VO2peak), determined via CPET, and body composition (determined via 

DXA) were also examined. Correlates for VO2peak were assessed by multiple linear regression 

analyses in the total sample.  

Results: There was a statistically significant difference between  PCa patients and CON for 

VO2peak (23.7±4.5 vs. 32.8±8.3 ml/kg/min; P<0.001),body fat percentage (29.8±6.8 vs. 

23.9±9.4%; P=0.03), resting heart rate (64±9 vs. 54±5 bpm; P=0.006) and serum triglycerides 

(median 1.3 mmol/L, interquartile range [0.85-1.7] vs. 0.7 mmol/L [0.7-1.0], P=0.001). Other 

CPET-derived indices also reached statistical significance (p<0.01). No statistically significant 

between-group differences were observed for cfPWV, AIx, LV mass, LVEDV, LVEF, GLS, most 

biochemical blood markers and central and peripheral haemodynamic values. In the total sample, 

LV mass, heart rate, and cfPWV predicted VO2peak (R2 = 0.35, P=0.002). 

Conclusion: The results of this study found that there was a significant difference in  

 cardiorespiratory fitness and body fat percentage between men commencing ADT and CON. 

In addition, significant differences in resting heart rate and serum triglycerides were noted between 

groups; however, the clinical or practical significance of the findings is unclear. Further,  multiple 

linear regression analyses revealed that a higher VO2peak was associated with better cardiovascular 
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health (LV mass, heart rate and cfPWV) in all participants. These findings emphasise the need for 

prospective studies to evaluate traditional and subclinical CVD markers, such as cardiorespiratory 

fitness, to better understand the intermediary steps between CVD risk factors and events in this 

population.  
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5.2. Introduction 

CVD is the most common cause of non-cancer-related death in PCa [10]. While CVD risk and/or 

the incidence of cardiovascular events are the subject of intense debate in PCa, growing evidence 

from clinical cohorts suggests that CVD and cancer may share comparable biological risk factors  

such as obesity, diabetes mellitus and inflammation, oxidated stress, which may contribute to the 

heightened CVD risk in this population [78]. Several systematic reviews and meta-analyses [88-91]  

have revealed that common CVD biochemical markers, such as insulin-like growth hormone factor, 

interleukin-6 and tumour necrosis factor, leptin, and adiponectin are associated with a higher 

incidence of PCa [92]. Given the higher prevalence of CVD morbidity and mortality in men with 

PCa initiating ADT [52], the mechanisms underlying the comparable shared biological risk factors 

between CVD and cancer may contribute to the increased CVD risk in this vulnerable population 

[78]. Nonetheless, it is essential to identify underlying mechanisms and potential identification 

strategies that may aid in the identification of therapeutic intervention targets. 

 

Men with pre-existing CVD treated with or without ADT appear to have an increased risk of 

cardiovascular events and/or death [54, 56, 67, 72], although not all studies support these 

observations [54]. Previous retrospective and prospective cohort studies have included 

heterogeneous cohorts of PCa patients with notable inconsistencies concerning the characterisation 

of CVD, including CVD definitions, reporting cardiovascular outcomes, and data extraction 

techniques [56, 57, 76, 77]. Given that the evidence above and recent observations appear to 

contribute to these notable inconsistencies (Chapter Two), it is possible that current methods to 

characterise CVD prior to initiating ADT do not adequately reflect the potential shared biological 

CVD risk or could under- or overestimate CVD risk in this population.  

Moreover, emerging experimental evidence [94, 104, 161, 189, 207, 321-332] characterising CVD 

in other clinical populations has focused on markers of subclinical CVD such as arterial stiffness, 

wave reflection characteristics, VO2peak, adiposity and cardiac structure and function [46, 50, 52]. 

These markers, such as cfPWV and waveform characteristics (pulse wave analysis), are gold-

standard techniques and relatively straightforward procedures with proven clinical utility [196, 

198]. They also appear to provide mechanistic insight into the intermediary steps (early 

atherogenesis) in the pathway from traditional CVD risk factors to cardiovascular events in clinical 

cohorts [128, 276, 333, 334]. While evaluating arterial stiffness and wave reflection characteristics 

may provide additional insight into shared biological risk factors between CVD and cancer, these 
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subclinical CVD markers have been minimally examined in men prior to commencing ADT  [100, 

126, 127]. Therefore, it remains uncertain whether the CVD risk has been appropriately 

characterised and, therefore, a key contributor to increased CVD morbidity and mortality in this 

vulnerable population. 

 

There is a growing consensus in cancer that traditional CVD risk factors, especially in older adults 

or those with high average CVD risk, are poorly associated with cardiorespiratory fitness, adiposity, 

and cardiac remodelling [141, 223]. Importantly, CPET (VO2peak) is the gold standard 

measurement of integrative cardiovascular function [293] and is associated with an increased risk of  

CVD in the general population [212, 216, 335]. Further, the utility of VO2peak may increase our 

understanding of the factors mediating CVD risk and clinical events in this population [141]. 

Furthermore, several studies have shown that subclinical CVD markers such as VO2peak, and 

arterial stiffness may be more sensitive to detecting subtle changes to CVD risk than traditional 

CVD risk factors [141, 204, 207, 209, 216, 336]. Based on this, international organisations [141, 

196, 198] have endorsed the inclusion of these subclinical CVD markers in future research trials 

due to the fact that they may also provide additional biological and physiological value in 

quantifying cardiovascular risk in clinical populations. In addition, these subclinical markers may 

also provide a therapeutic target for intervention, given that higher cardiorespiratory fitness is 

associated with a lower risk of incident CVD in the general population and clinical cohorts [212, 

213, 216, 335]. Thus, evaluating vascular health in men with PCa seems logical, given that no study 

has comprehensively evaluated the CVD risk profile in men with PCa commencing ADT compared 

with matched controls.  

 

Therefore, this cross-sectional study aimed to: (1) compare vascular health (cfPWV, AIx) in men 

with PCa commencing ADT to age-matched non-cancer controls (CON), and (2) examine the 

relationship between cardiorespiratory fitness, vascular health, traditional cardiovascular risk 

factors, cardiac structure and function and body composition in men with PCa commencing ADT 

and CON. We hypothesised that 1) men with PCa commencing ADT would have impaired vascular 

health relative to CON, and 2) higher cardiorespiratory fitness would be associated with better 

vascular health in all participants.  
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5.3. Methods 

5.3.1. Study design 

This cross-sectional study compared two groups: 1) men with PCa commencing ADT and 2) aged-

matched control (CON). Participants were eligible for the PCa group if they were aged >40 years, 

had histologically confirmed PCa, and were currently receiving (<one month of initiating therapy) or 

scheduled to receive ADT with or without chemotherapy. Participants were excluded if they had: 1) 

an unstable heart condition determined by the study doctor and/or general practitioner), 2) previously 

received ADT or chemotherapy for the treatment of previous cancer, 3) acute illness or any 

musculoskeletal, cardiovascular or neurological disorder that could inhibit exercise or put participants 

at risk during exercise testing, or 4) a permanent metallic implant, cardiac pacemaker or implantable 

cardioverter which are considered a contraindication to MRI imaging. Participants requiring an MRI-

screening X-ray (at the discretion of the radiographer) were excluded from the study. Participants 

were referred by treating PCa clinicians in Melbourne, Victoria, from March 2019 to July 2021 and 

screened for eligibility prior to the provision of written informed consent. Ten CON were recruited 

via convenience sampling at a 3:1 (PCa patients: CON) ratio [337, 338] from the Baker Institute 

Healthy Hearts clinic. This clinical service includes an accessible database of subjects who have 

attended a cardiovascular health screening and consented to be contacted about future research study 

participation at the Baker Institute. Participants were contacted and assessed for eligibility if they 

were male and had no prior history of a cancer diagnosis. The 3:1 non-probability sampling ratio was 

selected for the following reasons: 1) feasibility, 2) accessible cohort, 3) budgetary constraints, 4) 

PhD candidature timeline and 5) impact of the COVID-19 pandemic. These reasons are consistent 

with the broader scientific evidence related to the recruitment of convenience samples when resource 

and financial constraints exist [339, 340]. The exclusion criteria for CON were the same as for the 

PCa group. Age matching was based on the nearest age of the PCa patients (>68 years or <68 years) 

included in the study, which aligns with the age of men with PCa. This study was approved by the 

Alfred Health Human Research Ethics Committee (HREC/18/Alfred/4), Peter MacCallum Cancer 

Centre (18-205), Austin Health and Australian Catholic University (2018-70R). All procedures in this 

study conformed to the standards set by the Declaration of Helsinki. 

 

5.4. Outcomes measures 

The outcome measures of this study are given in detail in Chapter Four (see Methodology Section 

4.1.1 and 4.2). In brief, all participants attended an assessment session that included a 
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comprehensive series of cardiovascular assessments. All participants were overnight fasted, voided 

and refrained from caffeine, alcohol and strenuous exercise 24 hours before reporting to the 

laboratory.  

 

Clinical, demographical and lifestyle data were assessed by questionnaire. Arterial stiffness was 

evaluated by applanation tonometry (SphygmoCor CvMS, ATCOR, Sydney, Australia) to measure 

cfPWV [130]. Pulse wave analysis via radial applanation tonometry was used to estimate central 

blood pressures and calculate AIx as well as other haemodynamic variables, including adjus ted 

augmentation index (AIx[HR75 bpm]), pulse pressure, augmented pressure, and heart rate [130]. 

Blood samples assessed biochemical markers (specifically, fasting blood glucose, total cholesterol, 

high-density lipoprotein, low-density lipoprotein, non-high-density lipoprotein, triglycerides, and c-

reactive protein) in a fasted state on the morning of the assessment session and used as part of the 

cardiovascular risk score. Cardiovascular risk was determined using the Australian Absolute 

Cardiovascular Risk Calculator. Cardiac structure, including LV mass and LVEDV, were quantified 

by CMR imaging. A comprehensive echocardiogram assessed cardiac function, including function 

indices such as LVEF and GLS [280]. It is important to note that only LVEF and GLS were included 

and analysed in this cross-sectional study. The reasoning is that LVEF and GLS are considered key 

diagnostic measures critical to detecting and monitoring cancer-related cardiotoxicity in oncology 

populations [120, 341]. In this instance, the use of these variables aligns with the recommendations 

outlined by the European Society of Cardiology and the American Heart Association [120, 341] 

clinical guidelines for detecting cancer therapy-related cardiotoxicity. DXA was used to assess body 

composition, particularly whole-body lean mass and body fat percentage. Cardiorespiratory fitness, 

determined by VO2peak, was assessed using a CPET with continuous cardiac monitoring, 12-lead 

electrocardiography and respiratory gas analysis [293]. Several parameters were collected during the 

CPET, including VO2 (L/min), VE/VCO2, peak power output (Watts), peak power output at VT, peak 

heart rate, systolic and diastolic blood pressure, and RER. Habitual physical activity was assessed by 

a self-reported questionnaire, the modified Godin Leisure-Time Exercise Questionnaire [313].  

 

5.5. Statistical analysis  

Statistical analyses were performed using SPSS (v27, IBM Australia Ltd, Sydney NSW, Australia). 

Data were expressed as mean, SD, median and IQR for continuous data. Categorical variables were 

expressed as frequency and percentage. Visual inspection of Q-Q plots of residuals was used to assess 
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the normality of distribution. Between-group comparisons were assessed using independent t-tests 

for continuous variables with assumed normal distribution and the Mann-Whitney test U test for 

continuous variables with assumed alternative distribution. Chi-square tests were performed for 

dichotomous variables. A hypothesis-driven correlation analysis was conducted based on the 

established relationship between a higher VO2peak and better cardiovascular health in the general 

population and clinical cohorts [216, 223, 323, 332, 335]. Therefore, a multiple linear regression 

analysis was performed using the total sample to test the secondary hypothesis noted in Chapter Five. 

For this reason, strengths and associations between VO2peak and markers of cardiovascular health 

were assessed by Spearman’s correlation coefficient in the total sample. Markers of cardiovascular 

health related to the dependant variable, such as bodyweight indexed VO2peak, were excluded. 

Multiple linear regression analyses were hypothesis-driven and based on statistically significant 

bivariate associations with VO2peak or statistically determined cut points and entered (backward 

method) into the multiple linear regression analyses. No adjustments for multiple comparisons were 

performed as this would increase the risk of Type II error given the small sample size. An alpha of 

0.05 was adopted for all analyses. 

 

5.6. Results 

5.6.1. Participant characteristics 

The demographics and baseline characteristics of participants are outlined in Table 5.1. Collectively, 

31 men with PCa (age: 66.5±9.9 years) and ten CON (age: 64.8±8.7 years) were examined. There 

appeared to be no differences between groups for age, body mass and body mass index  (all: 

P>0.05; Table 5.1). Habitual physical activity (evaluated by Godin-Leisure Exercise Time activity 

score) was 58% lower in the PCa group than CON, with only ten of 31 PCa participants (32%) 

meeting the physical activity guidelines for individuals with cancer (≥150 minutes per week)[314]. 

The PCa group had a higher prevalence of hypertension relative to CON (55% vs. 10%). For men 

with PCa, the most common PCa stage at diagnosis was localised (48%) and locally advanced PCa 

(35%), with fewer men diagnosed with metastatic disease (16%). Previous PCa treatments included 

radical prostatectomy (29%) and radiation therapy (13%). Due to the COVID-19 pandemic 

lockdown periods, it is important to note that three participants completed their baseline 

assessments outside the strict four-week window.
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Table 5.1: Demographics and baseline characteristics 

Data presented as mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated otherwise. 

†Self-reported physical activity via the Godin Leisure-Time Activity Score >150 min/week of moderate-intensity aerobic 

exercise training [314, 315]

 
Prostate cancer 

(n=31) 

Age-matched controls 

(n=10) 

P value 

Age, years 66.5±9.9 64.8±8.7 0.63 

Height, m 1.74±0.06 1.74±0.04 0.77 

Body mass, kg 79.6 (74.0-97.7) 78 (68.4-89.8) 0.37 

Body mass index, kg/m2 26.3 (24.2-32.04) 25.5 (23.7-28.1) 0.26 

Standard modifiable risk factors, n (%) 
   

Hypertension 17 (55) 1 (10) 0.01 

Hyperlipidaemia 11 (35) 1 (10) 0.12 

Smoking 2 (6.5) 0 0.41 

Diabetes mellitus 2 (6.5) 0 0.41 

Cardiovascular risk score, % 9.6±4.8 8.3±5.1 0.98 

Medications n (%)    

Betablockers 2 (6.5) 0 0.41 

Angiotensin II inhibitor 13 (42) 1 (10) 0.06 

Angiotensin Receptor blocker  2 (6.5) 0 0.41 

Statin 6 (19) 0 0.13 

Anti-arrhythmic 1 (3) 0 0.56 

Calcium channel blocker 4 (13) 0 0.23 

Anti-coagulant  2 (6.5) 0 0.41 

Diuretic  1 (3) 0 0.56 

Metformin 1 (3) 0 0.56 

Physical activity     

Godin Leisure-Time Activity Score  26.3±24.5 53.3±25.3 0.005 

Meets physical activity guidelines, n (%) † 10 (32) 9 (90) 0.001 

Prostate cancer stage at diagnosis, n (%)    

Localised 15 (48) -  

Locally advanced 11 (35) -  

Metastatic 5 (16) -  

Time since diagnosis, months 19.1±32.7 -  

Previous treatments, n (%)    

Previous radiation therapy  4 (13) -  

Previous radical prostatectomy  9 (29) -  
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5.6.2. Vascular health and central and peripheral haemodynamic indices  

Differences in vascular health and haemodynamic indices between PCa and CON are presented in 

Figure 5.1 and Table 5.2. cfPWV and pulse wave analysis could not be acquired in two PCa 

participants. The AIx of one participant (CON) was negative, and this individual data point was 

removed from the primary analysis based on established guidelines [130, 196, 342]. There was a 

significant difference between PCa and CON for resting sting heart rate (absolute difference, +9 

bpm; (P=0.006) only. However, no statistically significant differences in arterial stiffness or 

haemodynamic variables were found (all: P>0.05; Table 5.2).  

 

 

 

Figure 5.1 A & B: Arterial stiffness assessed by pulse wave velocity and 

augmentation index assessed by pulse wave analysis in men commencing ADT, 

compared to age-matched controls.  

Group comparisons demonstrate that men with PCa had similar arterial stiffness 

(cfPWV, P=0.13) and augmentation index values (AIx [HR75]%, P=0.26) 

compared to CON. 

Abbreviations: ADT (androgen deprivation therapy), PCa (prostate cancer), 

cfPWV (carotid to femoral pulse wave velocity), AIx [HR75], augmentation at 

heart rate 75 bpm. 
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Table 5.2: Comparisons of arterial stiffness and central and peripheral haemodynamic indices 

between men with prostate cancer commencing ADT and age-matched controls. 

 Prostate cancer Age-matched controls P-value 

Pulse wave velocity1    

Aortic pulse wave velocity, m/s  10.2±2.3 8.9±1.7 0.13 

Haemodynamics2    

Brachial systolic blood pressure, mmHg 134±19 124±11 0.16 

Brachial diastolic blood pressure, mmHg 74±10 73±9 0.79 

Central systolic blood pressure, mmHg 116 (112-130) 115 (99-124) 0.22 

Central diastolic blood pressure, mmHg 76±9 71±7 0.21 

Resting heart rate, bpm 64±9 54±5 0.006 

Augmentation index, % 24±6 27±7 0.32 

Augmentation index [HR75], % 20±9 16±6 0.26 

Augmented pressure, mmHg 10 (7-13) 11 (8-15) 0.78 

Pulse Pressure, mmHg 61±17 51±7 0.09 

Data presented as mean ± standard deviation, median (interquartile range, 25th and 75th percentile)  

1Aortic pulse wave velocity measurement included 29 men with PCa commencing ADT and ten age-matched controls. 

2Haemodynamic indices included 29 men with PCa commencing ADT and nine age-matched controls. 

 

5.6.3. Blood biochemical biomarkers  

The results for traditional (fasting blood glucose, total cholesterol, high-density lipoprotein, low-

density lipoprotein, non-high-density lipoprotein, and triglycerides) and novel (C-reactive protein) 

blood biochemical cardiovascular risk factors for both groups are presented in Table 5.3. Six 

baseline blood samples in the PCa group were lost due to freezer malfunction beyond the control of 

the research team. Most blood biochemical markers did not reach statistical significance between 

groups except for higher serum triglycerides, which was significantly different and in favour of the 

PCa group when compared with CON  (absolute difference, 0.6 mmol/L, P=0.001).  
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Table 5.3: Comparisons of traditional and novel blood biochemical markers between men with 

prostate cancer commencing ADT and age-matched controls. 

Data presented as mean ± standard deviation, median (interquartile range, 25th and 75th percentile)  

1Blood biomarkers included 25 men with PCa commencing ADT and ten age-matched controls. 

 

5.6.4. Resting cardiovascular structure and function 

The results for resting echocardiographic and CMR-derived indices for both groups are presented in 

Table 5.4. Two participants did not undertake CMR imaging due to claustrophobia in the PCa 

group. No between-group differences were detected in CMR-derived measures of cardiac structure 

(LV mass and LVEDV) and echocardiographic-derived functional measures resting LVEF and GLS. 

 

5.6.5. Body composition  

The results for DXA measures of whole-body lean mass and body fat percentage for both groups are 

presented in Table 5.4. There were no differences in whole-body lean mass between groups. PCa 

had a significantly higher body fat percentage than CON (absolute difference, 6.1%, P=0.03). 

 

5.6.6. Cardiorespiratory fitness 

Between-group differences in cardiorespiratory fitness and other CPET parameters are presented in 

Figure 5.2 and summarised in Table 5.4. Twenty-eight PCa and ten CON met the CPET criteria for 

peak effort, as determined by an RER >1.1, >85% of aged-predicted heart rate maximum, or 

volitional fatigue. Two participants did not complete the test due to 1) claustrophobia associated 

with the mask and 2) elevated resting systolic blood pressure, deemed unsafe to proceed by the 

supervising cardiologist (>200 mmHg). No participants achieved VO2max or completed an invalid 

test (such as failing to reach VT). A single test was ceased prematurely due to an exaggerated 

systolic blood pressure response and asymptomatic ST changes during the CPET. Therefore, it did 

 Prostate cancer Age-matched controls P-value 

Blood biochemical markers1    

Fasting blood glucose, mmol/L 5.4 (2.1-5.9) 5.5 (5.0-5.9) 0.95 

Total cholesterol, mmol/L  5.1±1.3 5.7±0.7 0.20 

High-density lipoprotein, mmol/L 1.2 (1.0-1.5) 1.4 (1.2-2.2) 0.12 

Low-density lipoprotein, mmol/L 3.3±0.9 3.5±0.7 0.66 

Non-high-density lipoprotein, mmol/L 3.9±1.1 4.0±0.6 0.93 

Triglycerides, mmol/L 1.3 (0.85-1.7) 0.7 (0.7-1.0) 0.001 

C-reactive protein, mg/L 1.0 (1.0-3.0) 1.0 (1.0-1.7) 0.37 
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not meet the eligibility criteria for a peak effort. Both absolute (absolute difference, -0.5 L/min, 

P=0.04) and bodyweight-indexed VO2peak (absolute difference -9.1 ml/kg/min, P<0.001) were 

significantly different when comparing PCa to CON. In addition, peak workload (absolute 

difference -75 Watts, P=0.001), peak workload at VT (absolute difference -53 Watts, P=0.003) and 

peak heart rate (absolute difference -15 bpm, P=0.006) were significantly lower in PCa. In contrast, 

both groups had similar systolic and diastolic blood pressure, VE/VCO2, and RER. Taking into 

account age, gender, height, and bodyweight, predicted VO2peak was significantly lower in PCa, at 

83% of predicted VO2peak, compared to 102% of predicted VO2peak in CON (P=0.005). 
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Table 5.4: Comparisons of cardiac structure and function, body composition, and 

cardiorespiratory fitness between men with prostate cancer commencing ADT and age-

matched controls. 

 

 

 

 

 

 

 

 

 

 

Data presented as mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated 

otherwise. Abbreviations: LV (left ventricle), LVEF (left ventricular ejection fraction), GLS (global longitudinal strain), 

LV EDV (left ventricular end-diastolic volume), VO2peak (peak oxygen uptake), VT (ventilatory threshold), VE/VCO2 

(minute ventilation to carbon dioxide output). 

*Predicted VO2peak was calculated using the FRIEND registry reference equation for maximal aerobic power [343]  

1Cardiac structure (CMR-derived indices) included 29 men with PCa commencing ADT and ten age-matched controls, 

and cardiac function (echocardiographic indices) included 31 men with PCa commencing ADT and ten age -matched 

controls. 

2Body composition measurement included 31 men with PCa commencing ADT and ten age -matched controls. 

3Cardiorespiratory fitness measurement included 28 men with PCa commencing ADT and ten age-matched controls. 

 
Prostate cancer Age-matched 

controls 

P value 

Cardiac structure and function1    

LV mass, g/m2 52±10 55±12 0.44 

LVEDV, ml//m2 84±14 91±19.6 0.29 

LVEF, %  60 (58-63) 61 (56-62) 0.75 

GLS, %  -19 (18-20) -19 (19-21) 0.45 

Body composition2    

Whole-body lean mass, kg  54.4 (51.7-58.1) 55 (52.7-61.4) 0.54 

Body fat percentage, %  30.0 ±6.7 23.9 ±9.5 0.03 

Cardiorespiratory fitness3     

VO2peak ml/kg/min, % predicted* 83.4 (72.4-96.9) 102.4 (87.9-116.7) 0.005 

Peak heart rate, bpm 148±19 163±11 0.006 

Peak power at VT, watts 89 (70-121) 142 (113-203) 0.003 

VE/VCO2 28.2±3.3 26.4±2.8 0.13 

Respiratory exchange ratio 1.22±0.09 1.21±0.06 0.69 

Peak systolic blood pressure, mmHg 201 (185-215) 209 (203-219) 0.16 

Peak diastolic blood pressure, mmHg 85±12 93±20 0.29 
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Figure 5.2: A, B & C: Cardiorespiratory fitness and peak power output 

determined by cardiopulmonary exercise testing (VO2peak) in men 

commencing ADT, compared to age-matched controls. 

Group comparisons demonstrate that men with PCa have a significantly lower 

bodyweight-indexed VO2peak ml/kg/min (P<0.001)*, absolute VO2peak 

L/min (P=0.04)* and lower peak power output (P=0.001)* than CON. 

Abbreviations: ADT (androgen deprivation therapy), PCa (prostate cancer), 

VO2peak (peak oxygen uptake), CON (age-matched controls). 
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5.6.7. Associations between cardiorespiratory fitness and cardiovascular health  

Associations between VO2peak and other clinically relevant variables are presented in Table 5.5. 

Bivariate correlations showed VO2peak was strongly associated with physical activity levels 

(rs=0.32, P=0.04), C-reactive protein (rs=-0.62, P<0.001), LVEDV (rs=0.59, P<0.001), LV mass 

(rs=0.48, P=0.003), high-density lipoprotein (r=0.39, P=0.02) and resting heart rate (rs=-0.53, 

P<0.001) in all participants. Other bivariate associations did not reach statistical significance.  

 

Table 5.5: Bivariate correlations between VO2peak and other clinically relevant variables 

Outcome variable Correlation coefficient P-value 

VO2peak, ml/kg/min 1.0 - 

Age, years -0.26 0.10 

Height, m 0.11 0.50 

Physical activity 0.32 0.04 

Fasting blood glucose, mmol/L 0.14 0.42 

Total cholesterol, mmol/L  0.27 0.12 

High-density lipoprotein, mmol/L 0.39 0.02 

Low-density lipoprotein, mmol/L 0.09 0.59 

Non-high-density lipoprotein, mmol/L 0.05 0.75 

Triglycerides, mmol/L -0.24 0.18 

C-reactive protein, mg/L -0.62 <0.001 

LVEF, % 0.18 0.26 

GLS, % 0.06 0.68 

LVEDV, ml//m2 0.59 <0.001 

LV mass, g/m2 0.48 0.003 

Pulse wave velocity, m/s -0.28 0.09 

Peripheral SBP, mmHg -0.31 0.06 

Peripheral DBP, mmHg -0.09 0.58 

Heart rate, bpm -0.53 <0.001 

Augmented Pressure, mmHg 0.16 0.36 

Pulse pressure, mmHg -0.33 0.05 

Augmentation index, % 0.22 0.21 

Augmentation index [HR75], % -0.14 0.41 

Central SBP, mmHg -0.09 0.58 

Central DBP, mmHg -0.18 0.29 

Data presented as Spearman’s correlation coefficients (rs). Abbreviations: VO2peak (peak oxygen uptake), LV (left ventricle), LVEF 

(left ventricular ejection fraction), GLS (global longitudinal strain), LVEDV (end-diastolic volume), SBP (systolic blood pressure), 

and DBP (peripheral diastolic blood pressure). 
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5.6.8. Predictors of cardiorespiratory fitness  

The hypothesis-driven multiple linear regression model, including VO2peak, LV mass, heart rate 

and cfPWV, is presented in Table 5.6. VO2peak remained independently associated with LV mass, 

heart rate and cfPWV (R2 = 0.35, P=0.002) in the total sample. A multiple linear regression model 

adjusting for physical activity levels was also performed; however, including this variable did not 

affect the model. 

 

Table 5.6: Multiple linear regression model for the association between VO2peak and 

cardiovascular and clinical characteristics in men commencing ADT and age-matched 

controls (n=33) 

 ß P-value ß P-value 

LV mass, g/m2 0.30 0.06 0.33 0.04 

HR, bpm -0.43 0.01 -0.39 0.01 

cfPWV, m/s   -0.19 0.22 

R2 models R2 = 0.32 P=0.001 R2 = 0.35 P=0.002 

Data are presented as standardised ß coefficient and p-values related to the independent variables in the models.  

Note: Models included both participants (PCa patients commencing ADT and CON).  

Abbreviations: LV (left ventricular), HR (heart rate), cfPWV (central pulse wave velocity). 
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5.7. Discussion 

This is the first study to comprehensively assess vascular health and compare cardiac structure and 

function, vascular health, traditional cardiovascular risk factors, body composit ion, and 

cardiorespiratory fitness outcomes in men with PCa commencing ADT. The results indicate that 

men commencing ADT had a markedly lower VO2peak and a higher body fat percentage than CON, 

despite the limited differences in vascular health and cardiac structure and function outcomes 

between groups. Resting heart rate and serum triglycerides were also significantly higher in men 

with PCa commencing ADT compared with CON. Further, in all participants, a higher VO2peak 

was positively associated with LV mass and inversely associated with a lower resting heart rate and 

cfPWV.  

 

This study did not detect significant differences in arterial stiffness or waveform characteristics 

between men commencing ADT and CON, despite the differences in resting heart rate between 

groups. While there is a paucity of experimental studies evaluating arterial stiffness or waveform 

characteristics in men commencing ADT, our findings are consistent with a previous study [127] in 

51 men with PCa (ADT and non-ADT treated men), which also observed non-significant 

differences in cfPWV or AIx, compared with 47 controls. Of note, our findings and others [127] 

highlighted that despite similar CVs and negligible differences, cfPWV values were abnormal (> 

ten m/s) and considered high CVD risk in men with PCa. While this study and others have focused 

on single imaging approaches such as cfPWV [100, 127] to evaluate vascular health, it may be 

entirely possible that the pathways or mechanisms by which increase cardiovascular risk in this 

setting are not adequately reflected in cfPWV or AIx values [202, 344]. In contrast, there is a 

plethora of epidemiological evidence demonstrating the association of cfPWV, AIx and other 

haemodynamic values, such as central blood pressure, on cardiovascular events in the general 

population and clinical cohorts, including cancer [128, 209, 345-347]. Differences may be in part 

explained by patient demographics and larger samples. In contrast, FMD, a subclinical measure of 

endothelial dysfunction, may be more sensitive to detecting functional changes that precede arterial 

structural remodelling (e.g., arterial stiffness) [239, 240]. Therefore, variables targeting vascular 

structure such as cfPWV, particularly in the context of the negligible results reported in ADT-treated 

men [100, 125-127], may not adequately reflect the physiological or mechanistic pathways that 

contribute to increased CVD risk in this population. While the evaluation of vascular health in PCa 
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and cancer is still emerging, our observations highlight that measures of vascular function, such as 

FMD, should be considered when prospectively examining cardiovascular risk in future trials.  

 

There is a growing notion in cardio-oncology and our prior work that current traditional 

cardiovascular assessments do not fully explain the prevalence of CVD in this population [66, 67, 

348]. Traditional risk factors, especially in older adults or those with pre-existing CVD, correlate 

poorly with subclinical CVD markers such as VO2peak [141, 223]. In this study, we investigated the 

utility of VO2peak and found that VO2peak was significantly lower among men commencing ADT, 

with an approximate difference of ~9.1 ml/kg/min between groups. Notably, the predicted VO2peak 

values varied significantly between groups. The VO2peak of men commencing ADT was 

approximately 17% below age-related reference values[343], whereas the VO2peak of CON was 

100% of the predicted value [343]. Compared to a relatively healthy CON, the significant difference 

between groups may be due to a higher prevalence of cardiovascular risk factors or pre-existing 

CVD, lower physical activity levels, and greater adiposity. Nevertheless, our results align with the 

growing notion [210, 348] that VO2peak may help quantify the intermediary steps in the pathway 

from traditional CVD risk factors to cardiovascular events [210, 348]. Importantly, epidemiological 

studies have demonstrated that for every one-unit MET (3.5 ml/kg/min) decline in VO2peak, 

cardiovascular events (heart failure or atherosclerotic disease) and all -cause and cardiovascular 

mortality in older adults with coronary disease increase two- to fivefold [141, 349-352]. Although 

we have highlighted that low physical activity levels and high adiposity may have influenced the 

lower VO2peak value in the PCa group, we could speculate that the magnitude of the difference of 

9.1 ml/kg/min, particularly in the context of the negligible results of other subclinical CVD 

markers, places men commencing ADT at a higher CVD risk than CON. However, the predictive 

value of VO2peak in PCa and other cancers in terms of CVD risk remains to be determined, and the 

findings above require additional validation. 

 

Compared with reduced VO2peak, this study also found that men commencing ADT had a 

substantially higher body fat percentage (+6.1%, P=0.03), despite similar values for whole-body 

lean mass observed between groups. This is consistent with previous studies before radical 

prostatectomy and during active surveillance [353, 354], in which higher adiposity correlates with 

poorer post-surgical outcomes, disease progression and cardiometabolic risk factors [353, 354].  
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Obesity is a recognised CVD risk factor in other populations [355]; however, it does not explain the 

lower absolute VO2peak (independent of body mass) observed in this cohort. In a cohort study of 

505 women and 417 men (age range: 70-77 years), the combination of lower cardiorespiratory 

fitness and higher adiposity (body mass index, waist circumference) was associated with an 

increased risk of cardiometabolic disease compared to individuals with higher cardiorespiratory 

fitness and lower adiposity values [323]. Based on this study and others, it seems the body 

composition assessment alone may underestimate CVD risk burden in broader populations as well 

as PCa. Therefore, our observations highlight that cardiorespiratory fitness and body composition 

(adiposity) should be considered when designing future trials and implementing cardiovascular risk 

assessments in clinical settings.  

 

This study is the first to examine the relationship between VO2peak and clinically significant 

correlates in men commencing ADT and CON. A high VO2peak was correlated positively with LV 

mass and negatively with resting heart rate and cfPWV. The above correlates may be important 

targets for future trials in men commencing ADT. Moreover, given the strong and consistent 

evidence that a higher VO2peak may offset cardiovascular morbidity, all-cause and cardiovascular 

mortality in older adults [141, 212, 216, 223, 323, 332, 335], targeting this outcome may confer 

substantial beneficial effects on CVD burden in men commencing ADT. While recent evidence has 

shown the value of implementing exercise interventions targeting VO2peak on PCa-specific 

outcomes during active surveillance [356], our findings highlight the urgent need for future trials to 

target cardiometabolic health. Considering that a higher VO2peak seems to be associated with 

positive cardiovascular health outcomes in other settings, using VO2peak as a diagnostic and 

therapeutic tool may help reduce the risk of CVD in this population.  

 

By contrast, no differences were observed between groups for cardiac structure (LV mass, LVEDV), 

cardiac function (LVEF, GLS) and most blood biochemical markers. Although serum triglycerides 

were markedly higher in PCa, these differences appear trivial, especially given that conventional 

CVD risk factors assessed in this study were within normal ranges according to arbitrary CVD risk 

factors cut-off values [357]. This further supports the notion that traditional CVD risk factors do not 

adequately reflect the higher prevalence of CVD risk in this population and, therefore, may 

underestimate CVD risk, particularly in the context of reduced VO2peak, higher adiposity, and 

abnormal arterial stiffness values (non-significant difference) observed in this study and others. 
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Notably, there is ample evidence from prospective cohort studies in several population settings 

[128, 207, 328, 333, 358-362], including cancer [210, 295, 348, 363, 364] that have shown that 

subclinical CVD markers such as reduced VO2peak tend to be more sensitive to detecting 

cardiovascular impairment, despite traditional CVD risk factors values. Although additional 

prospective studies evaluating traditional and subclinical CVD markers are necessary, the current 

standard care approaches still rely on traditional risk factors to determine CVD risk. However, 

based on the above findings and others [125-127, 248], this may underestimate CVD risk in this 

population by omitting other more sensitive markers that may partially explain the higher 

prevalence of CVD risk in this population. 

  

While the results of the RADICAL-PC trial [52] have shown that CVD risk factors are highly 

prevalent across the PCa continuum, no prospective studies have examined the utility of traditional 

and subclinical CVD risk factors and whether they enhance our understanding of the pathways 

between risk factors and incident CVD in this population. Consistent with evidence from other 

settings [128, 207, 328, 333, 358-362], we found that traditional CVD risk factors did not 

adequately reflect the cardiovascular and metabolic impairments identified by subclinical CVD 

markers, notably reduced VO2peak and higher adiposity included in this study. The subclinical 

CVD risk observed between groups places men with PCa commencing ADT at a higher risk of 

CVD, despite normal traditional risk factor values. Our findings suggest that subclinical CVD 

markers such as VO2peak, adiposity and vascular health should be considered alongside assessing 

traditional risk factors in men with PCa [53, 65-67]. While decades of compelling evidence in 

cardiovascular settings [189, 207, 232, 365, 366] have shown that subclinical CVD markers such as 

cfPWV and AIx provide further mechanistic detail concerning clinical pathways not typically 

identified by traditional cardiovascular risk factors, the findings of this study and others [100, 127] 

does not appear consistent with the scientific literature. While the inclusion of subclinical CVD 

markers and traditional risk factors offers clinicians vital information and the opportunity to detect 

and manage risk while improving patient care in this susceptible population, the timing of these 

assessments may be more important (coinciding with medical castration 0.07 mmol/L rather than 

the initiation of ADT), given the wide variation in ADT mechanisms and medications currently 

prescribed. Therefore, future studies should consider the timing of their assessments to better 

characterise subclinical and traditional CVD risk in this population.  
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5.8. Strengths and limitations 

The current study is strengthened by including a comprehensive series of objective assessments 

using gold standard techniques to thoroughly evaluate cardiovascular structure and function (CMR 

and echocardiogram), vascular health, body composition, and cardiorespiratory fitness in men with 

PCa commencing ADT. However, numerous limitations should be considered when interpreting the 

findings of this study. First, only a small number of men commencing ADT for PCa were studied, 

and power calculations were based on our randomised controlled trial (Chapter Six). This was 

primarily due to the significant impact of the COVID-19 pandemic and our inability to actively 

recruit, enrol and conduct study assessments between 2020 and 2021. This led to the early cessation 

of study recruitment short of the intended sample size. In addition, three of 31 PCa participants 

completed their baseline assessments outside the strict four-week window due to the lockdown 

periods. While our inability to perform the baseline assessments for these participants was out of the 

candidate’s control, the duration of ADT, particularly testosterone suppression preceding the 

baseline assessments for these three participants, may have influenced the results. Second, PCa 

patients commencing ADT were volunteers for an exercise training intervention study and may not 

represent the broader population group, given a potential penchant for exercise. Third, the CON was 

recruited via the community and a convenience sample of men who underwent regular 

cardiovascular health screenings at the Baker Heart and Diabetes Institute. These participants 

represented men interested in cardiovascular health and physical activity. While the 3:1 non-

probability sampling ratio was chosen for the reasons mentioned above in Section 5.3, we 

acknowledge that it is not ideal compared to superior probability sampling ratios of 1:1 or  2:1[367, 

368], which would have been more representative of the target population. Therefore, these results 

limit the CON's generalisability to the general population and the overall comparability to men with 

PCa. Fourth, it is also impossible to exclude that the CON recruitment bias has influenced the 

observed differences in cardiovascular health and cardiorespiratory fitness. Fifth, limitations 

associated with vascular health assessments are well-documented, specifically in established/severe 

pre-existing vascular disease and negative AIx. For these reasons, individual data points were 

excluded from the primary analysis in line with recommendations [130, 196, 342] and sensitivities 

analyses were performed to confirm these findings. Sixth, prior PCa treatments, including surgery 

or radiotherapy, differed widely among participants. While it may be challenging to undertake sub-

group analyses given the small sample size, we cannot refute that these differences, especially 

previous radiation therapy or surgery, may have influenced the functional measures included in this 
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study. Seventh, although the sample was smaller than prior studies [100, 127] and included a 

comprehensive series of cardiovascular outcome measures due to its alignment with the randomised 

controlled trial in Chapter Six [100, 142], the possibility of Type I statistical error cannot be 

disregarded. Eighth, as detailed in the Methodology section (Section 4.2.3), this study used two 

DXA machines to analyse body composition. Therefore, the variation between DXA machines, 

despite using the same make/model and the same assessor across all timepoints, cannot be 

disregarded. Lastly, the cross-sectional design of this study hindered our ability to ascertain the 

clinical implications of our findings. Although it is possible to theorise by using exploratory 

analyses to compare with other contexts, causality cannot be inferred from these findings, which 

require further validation in prospective trials. 

 

5.9. Conclusions 

This cross-sectional study utilised gold standard outcome measures to quantify the clinical 

pathways that partly explain the higher frequency of traditional CVD risk factors among men 

initiating ADT. This study showed that VO2peak, resting heart rate, serum triglycerides, and body 

fat percentage were key points of difference between men commencing ADT and CON. 

However, the clinical relevance of the statistical differences is unclear. Moreover, VO2peak appears 

to be associated with better cardiovascular health in all participants included in this study. Future 

research would benefit from exploring the prognostic value of VO2peak and other subclinical CVD 

markers on cardiovascular risk burden and endpoints in men with PCa. Given that CVD is highly 

prevalent among men with PCa, clinicians and supportive care staff should consider lifestyle 

counselling, including exercise interventions, to address this population's growing cardiovascular 

risk burden.  
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CHAPTER SIX: Evaluating the impact of exercise training on cardiac remodelling in 

men with prostate cancer undergoing androgen deprivation therapy: a randomised 

controlled trial. 

 

6. Overview 

This chapter presents the results of the EX-HEART trial, a randomised controlled trial that 

evaluated the effects of exercise training on cardiac remodelling in men with PCa undergoing ADT, 

compared to a non-exercise training usual care group. Comparisons between groups were evaluated 

via a generalised linear mixed model.  

 

It is important to note that this study was markedly impacted by various challenges associated with 

research contract delays (ethics approved March 2018, research office and hospital contract delays 

from March 2018 to February 2019), ongoing recruitment difficulties (March 2019 to March 2020; 

October 2020 to May 2021), and the COVID-19 pandemic (March 2020 to October 2020; February 

2021 to July 2021; ceased recruitment in July 2021). These obstacles were beyond the PhD 

candidate's control, causing the supervisory team to prematurely cease active recruitment, allowing 

the PhD candidate to concentrate on thesis preparations and remaining follow-up assessments for 

enrolled individuals.  
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6.1. Abstract 

Introduction: ADT may increase CVD risk in men with PCa, partly stemming from treatment-related 

deleterious cardiac remodelling. Exercise training is known for its beneficial effects on counteracting 

adverse cardiac remodelling in CVD populations; therefore, we sought to evaluate the impact of 

exercise training on cardiac remodelling and other markers of cardiometabolic health in men 

undergoing ADT. 

Methods: ADT-treated men were randomly assigned to exercise training (EX; n=16) or usual care 

(UC; n=15). EX completed a thrice-weekly aerobic and resistance training program for three months 

at moderate to vigorous intensities, including HIIT. All assessments were completed before or within 

one month of initiating ADT (baseline) and at a three-month follow-up. The primary outcome was 

cardiac remodelling (LVM: V) by CMR imaging. Secondary cardiovascular outcomes included LV 

mass index (LVMi), LVEDV index, LVSV index and LVCOi measured by CMR imaging and LVEF, 

GLS, LVMi, LVEDV, E/A, E/e’, DT, and LAVI quantified by echocardiogram. Cardiorespiratory 

fitness (VO2peak) was measured via a graded CPET (cycle ergometry). Other CPET-derived indices 

were also reported (peak power output, peak power output at VT, peak systolic and diastolic blood 

pressure, heart rate, VE/VCO2, and RER). Vascular function was assessed by cfPWV and pulse wave 

analysis (AIx and other central and peripheral haemodynamic). Body composition via DXA and a 

series of patient-reported outcomes, including health-related QoL (EORTC QLQ C30 and QLQ 

PR25), cancer-related fatigue (FACIT-F), psychological distress (BSI-18), sleep disturbance (PSQI) 

and physical activity (Godin-Leisure Time Exercise Questionnaire) were also assessed. All analyses 

were completed using an intention-to-treat approach. Repeated measures analysis was performed 

between groups using a generalised linear mixed model.  

Results: Mean EX attendance was 85% (range, 58-100%). Compared with UC, between-group 

differences for LVM:V (net difference, -0.13 ml/g, 95% CI -0.23, -0.03, group by time P=0.01; 

Cohens d effect estimate [d]=1.29), LVEDVi (13 ml/m2, 95% CI 7.2, 18.4, P<0.001; d=0.90), 

LVSVi (11 ml/m2, 95% CI 6, 17, P<0.001; d=1.21) and LVCOi (0.7 ml/m2, 95% CI 0.3, 1.0, 

P<0.001; d=1.24) were detected in favour of the EX-group. In addition, a statistically significant 

between-group difference of 3.5 ml/kg/min (95% CI, 1.9, 5.0, P<0.001; d=0.71) for VO2peak in 

favour of EX was detected when compared with UC. Similar between-group differences were noted 

for absolute VO2peak (0.2 L/min, 95% CI, -0.1, 0.4, P<0.001; d=0.55) and peak power output (32 

Watts, 95% CI 13, 51, P=0.001; d=0.66). Diastolic and central systolic blood pressure increased 

from baseline to three months in the UC group, resulting in a significant difference between groups 
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(all group by time P=0.04; d=0.39-0.62). No between-group differences were detected for 

cardiovascular outcomes quantified by echocardiogram, body composition, physical function, 

arterial stiffness, AIx, and most patient-reported outcomes (all; group by time P >0.05). In addition, 

a significant between-group difference in the EORTC-QLQ C30 score related to insomnia (18.6, 

95% CI 1.8, 35.6, P=0.03; d=-0.81) was observed, which was related to the rise in insomnia 

symptoms reported in the EX-group only.  

Conclusion: Exercise training prevented adverse cardiac remodelling and improved 

cardiorespiratory fitness in men undergoing ADT compared with UC. The findings from this study 

suggest that more vigorous exercise interventions initiated at the commencement of ADT are 

feasible, tolerable and appear efficacious in reducing cardiovascular risk burden in ADT-treated 

men. However, future trials with larger sample sizes are required to confirm these initial findings.  

 

 



 

143 

 

6.2. Introduction 

ADT improves survival rates for men diagnosed with locally advanced and metastatic PCa [32]. 

Nonetheless, the adverse effects of ADT may impact health-related QoL in men with PCa [41]. 

Most randomised controlled trials, including exercise interventions, have focused on attenuating the 

adverse effects of ADT on body composition, bone mineral density, cardiorespiratory fitness, 

health-related QoL and psychological distress [247, 248, 251, 265, 369-374]. In contrast, limited 

investigative studies have focused on the cardiovascular effects of ADT [243], despite CVD 

affecting approximately 40% of men with PCa [53] and being the leading cause of non-cancer-

related death worldwide [10]. While the association of ADT with CVD remains uncertain [65-67], 

many men will develop hypertension (45-61%), type II diabetes mellitus (16-25%) and obesity (30-

48%) in the short-term [46, 52, 53, 375], and a small proportion (6-10%, with a wider confidence 

interval reported as high as 40% [67]) of men may experience cardiovascular events years following 

ADT [63, 77, 376, 377]. Hence, identifying strategies to detect and interventions to prevent these 

treatment-related adverse effects is critical. 

 

Existing research recognises the critical role of androgens, such as testosterone, on the 

cardiovascular system [378]. Several epidemiological studies have discovered that low testosterone 

correlates with a higher frequency of CVD risk factors, thus increasing the risk of cardiovascular 

events and mortality in clinical cohorts [379-381]. Several prospective studies have shown that 

clinical hypogonadism may result in resting cardiovascular dysfunction, including impaired LV 

systolic function and adverse concentric cardiac remodelling (increase/decrease LV mass, decrease 

LVEDV) [155, 157, 158]. It has been hypothesised that these LV geometric patterns may be 

associated with incident hypertension and all-cause/cardiovascular mortality. Interestingly, data 

[161, 166, 189, 326, 382, 383] from the Multi-Ethnic Study of Atherosclerosis cohorts observed that 

adverse/concentric cardiac remodelling patterns were predictive of incident coronary artery disease, 

stroke and chronic heart failure in asymptomatic populations [161]. Notably, pre-clinical studies in 

animal models of PCa treated with ADT [159, 160, 168, 169] appear to reflect similar impairments 

in LV systolic function and adverse LV geometric patterns to those documented in trials of clinical 

hypogonadism and early echocardiographic studies in ADT-treated men. Emerging observational 

evidence in ADT-treated men indicates that men appear to have impaired resting cardiovascular 

dysfunction (GLS), with a 15% reduction from baseline in approximately 56% of participants 

during the first six months of treatment [384]. While this may be considered a sign of cardiotoxicity, 
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given the magnitude of change reported by Gheorghe et al.[384], the evidence concerning resting 

cardiovascular dysfunction in ADT-treated men remains inconclusive.  

 

Based on the above, the effect of androgen deprivation seems to be more pronounced within the 

first few months of ADT, raising the question of whether the heightened CVD risk/events in ADT-

treated men could be related to resting cardiovascular dysfunction or adverse cardiac remodelling 

[161, 166, 190]. Despite the preponderance of evidence linking the relationship between low 

testosterone, resting cardiovascular dysfunction and adverse cardiac remodelling to cardiovascular 

morbidity and mortality [161, 189, 326, 379, 381, 382, 385, 386], there has been no detailed 

investigation directly evaluating the impact of ADT on cardiac structure (cardiac remodelling), 

resting cardiovascular function (global systolic function) or associated cardiovascular risk factors in 

men with PCa. Whilst a few cross-sectional evaluations have focused on traditional cardiovascular 

risk factors in ADT-treated men and their potential association with cardiovascular events [52, 120], 

without more sensitive assessments, the evidence for this relationship remains yet to be elucidated.  

 

Randomised controlled trial evidence has established the efficacy and effectiveness of exercise 

training in preventing some of the adverse effects of ADT [244, 266, 387, 388]. Notably, the 

combined effects of aerobic and resistance exercise training have shown beneficial effects on body 

composition, cardiorespiratory fitness, cardiovascular risk factors such as fasting blood glucose and 

insulin sensitivity, as well as patient-reported outcomes such as fatigue and health-related quality of 

life [243, 244, 246, 265]. While the beneficial effects of exercise training are considerable and 

widely documented, most clinical trial evidence has explicitly focused on body composition and 

assigning exercise training interventions that target this outcome (see Chapter Three) [243, 247, 

251, 254]. Furthermore, higher-intensity aerobic exercise training has also been shown to prevent 

resting cardiovascular dysfunction and adverse cardiac remodelling, enhance cardiorespiratory 

fitness and decrease arterial stiffness in the general population, hypogonadal, sedentary ageing and 

CVD population groups [221, 225, 226, 389-392]. Intervention studies in hypogonadal older men 

and those receiving endogenous testosterone have shown that higher-intensity aerobic exercise 

training alone can induce superior cardiovascular benefits on cardiorespiratory fitness and 

cardiovascular function, induce physiological cardiac remodelling, and reduce cardiovascular risk 

factors, compared to testosterone supplementation alone [393, 394]. Therefore, despite 

hypogonadism, moderate continuous and HIIT may prevent age or sedentary-related cardiac 
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remodelling, improve cardiorespiratory fitness and cardiovascular function, and reduce CVD 

risk/event burden in this susceptible population group [225, 393]. 

Given that androgen deficiency in both hypogonadism and asymptomatic cohorts appears to 

increase the prevalence of CVD risk factors, resting cardiovascular dysfunction and adverse cardiac 

remodelling and that HIIT appears to elicit an appropriate physiological stimulus to overcome 

resting cardiovascular dysfunction and adverse cardiac remodelling [393, 395, 396], it seems 

reasonable to investigate the application of periodised more vigorous exercise interventions 

targeting resting cardiovascular function, physiological cardiac remodelling and cardiometabolic 

health in ADT-treated men. Therefore, this two-arm randomised controlled trial aimed to evaluate 

the effect of a three-month exercise intervention initiated concurrently with ADT compared with 

UC on (1) cardiac remodelling, (2) resting cardiovascular function and (3) cardiorespiratory fitness 

in men with PCa. The second aim of this randomised controlled trial was to determine the effect of 

three months of ADT on (1) cardiac remodelling, (2) resting cardiovascular function, and (3)  

cardiorespiratory fitness in men with PCa. We hypothesise that three months of exercise training 

will attenuate (1) concentric remodelling, (2) resting cardiovascular dysfunction, and (3) improve 

cardiorespiratory fitness in men receiving ADT and treatment with ADT would result in (1) 

concentric remodelling, (2) resting cardiovascular dysfunction and (3) reduced cardiorespiratory 

fitness in men with PCa. 

 

6.3. Methods 

The methodological approach for this investigation is described in detail in Chapter Four. This 

document has been prepared according to the CONSORT statement [397]. 

 

6.3.1.  Study design  

The trial detailed below is a two-arm parallel randomised controlled trial, whereby men with PCa 

either scheduled to receive or commencing ADT with or without chemotherapy were randomly 

assigned (stratified by age, >68 years or <68 years; randomisation [1:1]) to either EX or UC for an 

intervention period lasting three-months. 

 

6.3.2. Participants and recruitment 

The details regarding the participants, recruitment and eligibility criteria are detailed in Chapter 

Five. In brief, men aged 40 years and older with histologically confirmed PCa and currently 
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receiving ADT (within one month of initiating ADT) or scheduled to receive ADT with or without 

chemotherapy were eligible. Participants were excluded if they had: 1) an unstable heart condition 

determined by the study doctor and/or general practitioner, 2) previously received ADT or 

chemotherapy for the treatment of a previous cancer, 3) acute illness or any musculoskeletal, 

cardiovascular or neurological disorder that could inhibit exercise or put participants at risk during 

exercise testing, or 4) a permanent metallic implant, cardiac pacemaker, implantable cardiover ter 

which is a contraindication to MRI imaging. A trial modification was undertaken in 2020 due to the 

results of the STAMPEDE trial [15], whereby men with low-volume metastatic PCa received ADT 

with chemotherapy. The trial was conducted at the Australian Catholic University and the Baker 

Institute (Melbourne, Australia) and eligible participants were referred by treating PCa clinicians 

from March 2019 to July 2021 (Figure 6.1). This trial was approved by the Alfred Health Human 

Research Ethics Committee (HREC/18/Alfred/4), Peter MacCallum Cancer Centre (18-205), Austin 

Health and Australian Catholic University (2018-70R), and all participants provided written 

informed consent before participating. This trial was prospectively registered with the Australian 

and New Zealand Clinical Trials Registry (ACTRN12618001155280). All procedures undertaken in 

this trial conformed to the standards set by the Declaration of Helsinki.  

 

6.3.3. Exercise training intervention 

The specific details related to the exercise intervention prescribed in this study are outlined in 

Chapter Four (Methodology). In brief, participants performed a thrice-weekly aerobic and 

resistance training exercise program for three months. 

 

6.3.4. Exercise attendance and adherence. 

The specific details related to exercise attendance and adherence calculation are outlined in Chapter 

Four (Methodology). 

 

6.3.5. Adverse events 

The specific details related to the adverse event reporting are outlined in Chapter Four 

(Methodology). Any adverse events during the exercise testing or three-month exercise intervention 

were recorded.  

 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12618001155280
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6.3.6. Outcomes measures 

Chapter Four (Methodology 4.1.2) outlines the outcome measures related to this study. In brief, all 

participants attended an assessment session that included a comprehensive series of cardiovascular 

assessments. All participants were overnight fasted, voided and refrained from caffeine, alcohol and 

strenuous physical activity 24 hours before reporting to the laboratory.  

 

The primary outcome of this study was LVM:V. In general populations and clinical cohorts, LVM: 

V is a prognostic marker of concentric remodelling and predictor of future cardiovascular events 

[161, 189, 382, 383]. Secondary outcomes included LV mass, LVEDV, LVESV, LVSV, LVCO, and 

LVEF were quantified by CMR imaging. CMR-derived variables are presented in raw form and 

body surface-indexed values. 

 

A comprehensive echocardiogram assessed cardiac structure and function, including LVEF, GLS, 

LVM index, LVEDV, E/A, E/e’, DT, and LAVI [280]. LVEF is a standard care outcome measure for 

detecting chemotherapy-induced cardiotoxicity (LV cardiotoxicity is defined as a 10%  decline in 

LVEF to <50% or an overall >20% decline in LVEF) in individuals with cancer [277]. More 

recently, studies suggest that GLS may detect early signs of chemotherapy-induced cardiotoxicity in 

individuals with cancer [398]. This was supported by the recent European Society for Medical 

Oncology guidelines [399, 400], which suggests an absolute decline by >5% (relative decline of 

12%) in GLS may be indicative of cardiotoxicity in individuals with cancer.  

 

CPET measured cardiorespiratory fitness by determining VO2peak with continuous cardiac 

monitoring, 12-lead electrocardiography, and respiratory gas analysis [293]. VO2peak is the gold 

standard measure of integrative cardiovascular function and predictor of functional disability [141], 

cardiovascular events and all-cause and cardiovascular mortality in the general population and 

clinical cohorts [212, 216, 335]. Several other parameters were collected during the CPET, 

including VO2peak (L/min), VE/VCO2, peak power output (Watts), peak power output at VT(watts), 

peak heart rate, and peak systolic and diastolic blood pressure, and RER. Physical function was 

assessed using the timed stair-climb power test [292, 401].  

 

Arterial stiffness was evaluated using applanation tonometry (SphygmoCor CvMS, AtCor, Sydney, 

Australia) to measure cfPWV [130]. Pulse wave analysis via radial applanation tonometry was used 
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to estimate central blood pressure and calculate AIx. Other haemodynamic variables were collected 

during pulse wave analysis, including central systolic and diastolic blood pressure, brachial systolic 

and diastolic blood pressure, pulse pressure, augmented pressure, resting heart rate, and AIx (HR75) 

[130]. cfPWV is a reliable and accurate measure of arterial stiffness and a precursor of future 

cardiovascular events in the general population [128, 158]. Arterial stiffening and changes to 

pulsatile pressures are known contributors to adverse cardiac remodelling in the general and clinical 

populations with pre-existing CVD [158].  

 

DXA was used to assess body composition (body mass index, whole-body total mass, lean mass, fat 

mass, body fat percentage, regional fat mass, fat-free mass, and trunk fat mass). Reductions in 

whole-body lean and fat mass are known to negatively affect body composition in ADT-treated men 

[44, 49]. They are also considered key contributors to cardiovascular events, all-cause and 

cardiovascular mortality, independent of their association with traditional CVD risk factors in the 

general population [185, 402-405]. Epidemiological evidence suggests that obese patients also 

exhibit higher cardiac output (as well as higher peripheral systolic blood pressures) than those with 

relatively normal body fat distributions. This is often associated with adverse (concentric) cardiac 

remodelling [321, 325, 404].  

 

A comprehensive series of questionnaires were used to evaluate general and PCa-specific QoL, 

sleep, physical activity, and psychological distress. QoL was assessed using the EORTC QLQ-C30 

and PCa-specific EORTC-QLQ-PR25 [302-304]. FACIT-F was used to assess cancer-related 

fatigue. Psychological distress was assessed using the Brief Symptom Inventory (BSI-18)[307]. The 

Pittsburgh Sleep Quality Index (PSQI) measures sleep quality and disturbance [309, 310]. Modified 

Godin Leisure-Time Exercise Questionnaire evaluated habitual physical activity [313]. Blood 

biochemical markers such as total cholesterol and high-density lipoprotein were assessed at baseline 

and measured as a part of the Australian Absolute Cardiovascular Risk calculation. The issue 

documented in Chapter Five regarding blood biochemical markers was the primary reason follow-

up samples were not included in the below results. This issue was out of the research team's control. 

Clinical, demographical and lifestyle data were assessed by questionnaire.  
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6.3.7. Sample size calculation 

Sample size calculations were based on limited research evidence evaluating the effect  of exercise 

training on cardiac remodelling (LVM: V) in patients with CVD [226, 318, 389, 406, 407]. Clinical 

trials evaluating the effect of exercise training on LVM: V after three months revealed a moderate-

to-large effect (d = 0.50-0.82) relative to the UC group [226, 318, 389, 406, 407]. A priori, 25 men 

in each group provided 80% power (P< 0.05, two-tailed) to detect a between-group difference in 

LVM: V. To ensure we acquired a complete dataset and accounted for participant withdrawal, we 

increased our sample size to 31 participants per group (attrition rate of 25%). Prior experience in 

exercise oncology trials indicated that a maximum attrition rate of 20% over three months was 

necessary to obtain a complete dataset [247]. The power calculation was completed using G*Power 

(v3.1.9.2) [408, 409]. 

 

6.3.8. Randomisation and blinding 

Participants were randomised to EX or UC after the baseline evaluation. Participants were stratified 

by age (>68 years or <68 years) [410] and randomly allocated to each group in an allocation ratio of 

1:1 using a computer-generated random number generator. The allocation sequence was concealed 

from research personnel (cardiac sonographers, radiographers, and research assistants) who 

participated in the assessment and training of study participants.  

 

6.3.9. Usual care  

UC participants were instructed to maintain their typical physical activity for three months and 

received no formal exercise training advice. Following the three-month study period, all participants 

(EX and UC arm) were offered a consultation with an exercise physiologist to develop an 

individualised exercise training program following the primary intervention period.  

 

6.3.10.  Statistical analysis  

Statistical analyses were performed using SPSS (v27, IBM Australia, Sydney, NSW). Unless 

otherwise specified, data are displayed as mean SD for normally distributed data and median and 

interquartile range (IQR) for assumed non-normally distributed data. Categorical variables were 

presented as frequency and percentage. The normality of distribution was assessed by examining Q-

Q plots of residuals. Independent t-tests or Mann-Whitney U tests assessed baseline characteristics 

between EX and UC pending normality of distribution. Chi-square tests were performed for 
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dichotomous variables at baseline only. The primary analyses were performed using the intention-

to-treat methodology. A generalised linear mixed model for repeated measures was performed to 

determine the effect of the exercise training intervention on changes in primary (LVM: V) and 

secondary outcome variables between EX and UC. The generalised linear mixed models included a 

random effect (participants) to evaluate within-and between-group changes by group and group-by-

time interactions (fixed effects), including baseline values for age, physical activity and VO2peak 

(included for physiological assessments only). Within-group and between-group changes are 

presented as mean (absolute) change (95% CI) relative to baseline. The calculation of the net 

difference reflects the within-group mean change of the UC group from baseline subtracted by the 

within-group mean change of the EX-group from baseline. The link function determined the best-

fitting models, as determined by visual inspection of the residual plot and the Akaike Information 

Criteria [411], which determines the appropriate covariance structure for mixed models. Clinically 

meaningful changes were estimated as effect estimates according to Cohen et al.[368] where d 

equals 0 to 0.2 (trivial effect size), 0.2 to 0.49 (small effect size), 0.5-0.79 (medium effect size) and 

>0.8 (large effect size). Effect estimates were derived by dividing the mean difference by the 

aggregate standard deviation. The missing data were not imputed because the generalised linear 

mixed model uses robust estimation methods to account for missing data. An α of 0.05 was adopted 

for all analyses. 

 

6.4. Results 

6.4.1. Recruitment  

One hundred twenty-two patients were referred to the study and assessed for eligibility (Figure 6.1), 

and 31 participants were enrolled in the study (recruitment rate: 25%). A total of 55 participants 

were deemed ineligible (45% of referred participants). Previous ADT treatment was the most 

common reason for ineligibility (n=21, 17% of participants referred). Ten participants due to 

commence chemotherapy were also excluded, as the trial initially excluded participants who were 

scheduled to receive chemotherapy (recruitment initiation March 2019 until June 2019). However, 

due to advances in PCa treatment and the results of the STAMPEDE trial [33], concurrent ADT and 

chemotherapy are now considered standard care for men with low-volume metastatic disease at 

diagnosis. Therefore, we amended our inclusion criteria to include PCa patients receiving 

chemotherapy to reflect advances in medical treatment and clinical practice.  
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Thirty-Six (54%) eligible participants declined to participate for the following reasons: not 

interested (n=9), work commitment (n=4), personal/holiday commitment (n=9), unable to travel 

(n=10), COVID-19 restrictions (n=3), and acute illness (n=1). It is important to note that this study 

was considerably affected by the COVID-19 pandemic, which resulted in study closure from March 

2020 to October 2020. This prevented three eligible participants from enrolling in the study. 

Moreover, the study was paused until further notice from July 2021 due to the escalating COVID-

19 situation in Melbourne, Australia. 
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Figure 6.1: Flow diagram of the EX-HEART trial including men commencing ADT randomised to 

exercise training or usual care control for three months.  

Abbreviations: ADT (androgen deprivation therapy), CMR (cardiac magnetic resonance), CPET 

(cardiopulmonary exercise test), PWV (pulse wave velocity), PWA (pulse wave analysis), QoL 

(quality of life), 
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6.4.2. Participant characteristics 

Table 6.1 details the baseline characteristics of the 31 PCa participants involved in this study. 

Across EX and UC groups, most participants had completed post-secondary education (69% and 

67%, respectively), were employed full-time (37% and 27%) and were married (81% and 60%). 

Alcohol consumption was similar between groups. Participants reported consuming alcohol two or 

more days per week (37% and 27%, respectively). Among PCa participants allocated to the EX-

group, 19% of participants reported currently smoking. Cardiovascular comorbidities were highly 

prevalent in the UC group, with 53% and 33% of participants diagnosed with hypertension and 

hypercholesterolemia. In addition, men included in this study were deemed to have a medium CVD 

risk according to the Australian Absolute Cardiovascular risk score. Further, participants were 

mainly treated for hypertension with angiotensin-converting enzyme inhibitors (36-50% across both 

groups) and statin therapy (13-25%). Among men allocated to the UC group, 20% of participants 

were treated with calcium channel blockers. Compared to UC, men in the EX -group tended to be 

more physically active and reported higher adherence to the physical activity guidelines for 

individuals with cancer [314, 315] (47% vs. 15%). PCa staging was reported by the Gleason score, 

which was similar between groups. The most prescribed ADT were LHRH agonists (81% and 93%, 

respectively), and between 25-27% of participants have been prescribed both an LHRH agonist and 

anti-androgens. Three participants were scheduled to receive ADT and chemotherapy regimens 

following study enrolment. Prior PCa-specific treatments included surgery (radical prostatectomy) 

or radiation therapy.  

 

6.4.3. Study attrition, attendance, and adherence   

Thirty-one men commencing ADT were randomised to either the EX (n=16) or UC (n=15). From 

baseline to the three-month follow-up evaluation, participant retention was 93% (29 of 31 

participants). Two participants were considered lost to follow-up (they did not complete physical 

assessments and questionnaires), and three participants discontinued the exercise intervention in the 

EX-group. The reasons for exercise intervention discontinuation in the EX-group were illness (n=2) 

and the COVID-19 pandemic lockdown periods (n=1). One participant allocated to the UC group 

discontinued the intervention period due to study closures during the COVID-19 pandemic between 

March 2020 and September 2020; however, they did complete the three-month follow-up 

questionnaires. The average time between initiation of ADT and baseline assessments was 17 days 

(range, 1-41 days). Importantly, the maximum range of time between ADT initiation and baseline 
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assessment was attributable to the three participants who performed their baseline assessment 

outside of the strict four-week window. This was due to the COVID-19 closure period in 2020. The 

follow-up evaluation was completed within 3.4 months. Chapters Five and Six had a 100 percent 

compliance rate across all timepoints for the pre-testing preparation requirements of fasting, 

voiding, abstaining from caffeine, alcohol, and strenuous exercise for 24 hours. The mean session 

attendance to the prescribed exercise training program was 85% (range, 58-100%). Adherence to 

the prescribed aerobic exercise training intensity was 83% (range, 59-100%) and aerobic exercise 

training duration was 82% (range, 60-100%). Similarly, adherence to the prescribed resistance 

training intervention was 98% (range 93-100%). Three of sixteen participants successfully 

completed their hybrid exercise intervention via videoconferencing and in-person sessions. 

Attendance and adherence to the hybrid exercise intervention were replicable to the face-to-face 

exercise intervention; consequently, attendance and adherence outcomes were included in the above 

calculations. The mean sessional rating of perceived exertion was 13/20. 

6.4.4. Adverse events 

No serious adverse events were related to the exercise testing and training intervention. A single 

intermediate-risk event occurred during a prescribed exercise training session. A participant with 

significant pre-existing CVD (chronic heart failure and atrial fibrillation; deemed safe by our study 

doctors) had an atrial fibrillation episode (n=1) in the warmup stage of his aerobic exercise training 

session. Immediately following this episode, the participant consulted his general practitioner and 

was referred to a cardiologist for review. Following medical clearance, the participant returned to 

the prescribed intervention after session modification. Two minor adverse events related to the 

exercise intervention were reported in two participants. These included a calf strain (non-

specific)(n=1) and a bicep femoris strain (n=1). The aforementioned two minor adverse events were 

reported in participants undergoing the hybrid exercise intervention during the COVID-19 

lockdown perio
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Table 6.1: Baseline characteristics 

All participants 

(n=31) 

Exercise training 

(n=16) 

Usual care 

(n=15) 

Age, years 66.5±9.5 66.6±9.2 66.3±10.2 

Height, m 1.7±0.06 1.7±0.05 1.7±0.08 

Body mass, kg 79.6 (74.0-97.7) 81.9 (74.0-98.8) 75.3 (73.3-95.2) 

Body mass index, kg/m2 26.3 (24.2-32.0) 27.0 (24.3-32.0) 25.2 (23.5-32.6) 

Post-secondary education, n (%) 21 (68) 11 (69) 10 (67) 

Employment full time, n (%) 10 (32) 6 (37) 4 (27) 

Married, n (%) 22 (71) 13 (81) 9 (60) 

Alcohol consumption, n (%) 

Two or more days per week  17 (55) 8 (47) 9 (53) 

Current smoker n (%) 3 (9) 3 (19) 0 (0) 

Cardiovascular comorbidities, n (%) 

Hypertension 14 (45) 6 (37) 8 (53) 

Hyperlipidaemia 9 (30) 4 (27) 5 (33) 

Chronic heart failure 1 (3) 1 (6) 0 (0) 

Aortic stenosis  1 (3) 1 (6) 0 (0) 

Prior myocardial infarction  1 (3) 0 (0) 1 (6) 

Prior stroke 2 (6) 1 (6) 1 (6) 

Diabetes  2 (6) 1 (6) 1 (6) 

Cardiovascular medications, n (%) 

Beta-blockers 2 (6) 1 (7) 1 (6) 

Angiotensin II inhibitor 13 (42) 8 (50) 5 (36) 

Angiotensin Receptor blocker  2 (6) 0 (0) 2 (13) 

Statins 6 (19) 4 (25) 2 (13) 

Anti-arrhythmic 1 (3) 1 (6) 0 (0) 

Calcium channel blocker 4 (13) 1 (6) 3 (20) 

Anti-coagulant  2 (6) 1 (6) 1 (7) 

Diuretic  1 (3) 0 (0) 1 (7) 

Metformin 1 (3) 0 (0) 1 (7) 

Cardiovascular  risk score, % 9.6 ± 4.8 10.5±4.3 8.7 ± 5.5 

Physical activity  

 Godin Leisure-Time Exercise Score  26.3 ±24.5 32.6±28.0 19.5±18.7 

 Meets physical activity guidelines, n (%) 9 (31) 7 (47) 2 (15) 

Prostate cancer 

Gleason score 7.9±1.0 8.0 ±1.0 7.8±1.0 

Time since diagnosis, months 19 ±32.7 12.0 ±25.6 26.0 ±38.1 
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Prostate cancer treatment n (%) 

LHRH agonist  27 (87) 13 (81) 14 (93) 

LHRH antagonist 5 (16) 3 (19) 2 (13) 

Anti-androgen 7 (23) 4 (25) 3 (20) 

LHRH agonist plus anti-androgen 8 (26) 4 (25) 4 (27) 

LHRH agonist plus chemotherapy 3 (9) 2 (12) 1 (7) 

Previous prostate cancer treatments, n (%) 

Previous radiation therapy  4 (13) 2 (13) 2 (13) 

Previous radical prostatectomy  9 (29) 5 (31) 4 (27) 

Previous chemotherapy 0 (0) 0 (0) 0 (0) 

Other previous cancers  0 (0) 0 (0) 0 (0) 

Data presented as mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated otherwise.  

Abbreviations: LHRH (luteinizing hormone-releasing hormone). †Self-reported physical activity level of > 150 min/week.[314, 315] 
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6.4.5. Resting cardiac structure and function  

The effect of exercise training on resting cardiac structure and function are presented in Table 6.2, Table 

6.3, and Figure 6.2. Post-CMR imaging was not available for seven participants due to high body mass 

index (n=1) (CMR contraindication; beyond pre-specified bodyweight thresholds), illness (n=2) 

COVID-19 (n=2) and loss to follow-up (n=2). A single participant was excluded from the analysis due to 

poor imaging quality (n=1). Compared to UC, between-group differences for the primary outcome of 

LVM: V resulted in a statistically significant difference between groups of -0.13 ml/g (95% CI, -0.2, 

0.03; group by time interaction, P=0.01), in favour of the EX-group. In addition, a statistically 

significant between-group difference in LVEDVi (13 ml/m2 95% CI, 7, 18; group by time P<0.001) was 

observed favouring the EX-group (9 ml/m2, 95% CI, 5, 13) compared with UC (-4 ml/m2, 95% CI, -8, 

0.2). Favourable changes in LVEDVi and LVM: V were accompanied by proportional increases in 

LVSVi favouring EX compared to UC, which also resulted in a statistically significant between-group 

difference of 11 ml/m2  (95% CI, 6, 17, group by time P<0.001). In contrast, UC was associated with a 

reduction in LVCOi (-0.5 ml/m2, 95% CI, -0.7, 0.3), which was maintained in the EX-group (0.2 ml/m2 , 

95% CI, 0.1, 0.4). This led to a statistically significant between-group difference of 0.7 ml/m2 (95% CI, 

0.3, 1.0; group by time P<0.001) for LVCOi. No between-group differences were observed for LVMi or 

LVEF. A time effect for LVESVi (time, P = 0.01) was reported between groups; however, this was 

related to the significant increase in LVESVi in the EX-group only (3 ml/m2, 95% CI 0.7, 6). Between-

group differences were similarly reflected in raw and non-body surface-indexed values. The results were 

consistent with the Cohen’s d effect estimates observed in the analysis of body-surfaced indexed CMR-

derived values, demonstrating large effects for LVM:V (Cohens d [d] =1.29 ), LVEDVi (d =0.90), LVSVi 

(d= 1.21) and LVCOi (d=1.44) in favour of the EX-group. These Cohens d effect estimates were also 

similar for the non-bodyweight indexed CMR values.  

There were no statistically significant differences or low, medium, or large effect estimates related to 

exercise training for echocardiographic measures (Table 6.3). Both EX and UC groups showed similar 

resting cardiac structure and function values. There was a time effect (P=0.007) for an increase in GLS 

from baseline to three months, which appeared in the EX-group only (1.5 %, 95% CI, 0.4, 2.6).  
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Figure 6.2 A, B & C: Resting cardiac structure assessed by CMR imaging between exercise training and usual care in ADT-treated men.  

Group comparisons and individual responses demonstrate that exercise training significantly improved LVM: V (P=0.01) and LVEDVi 

(P<0.001) compared to UC. No significant effects were detected for LV mass (P>0.05) (Figure A-C). Grouped data is presented as mean ± 

SD. 

Abbreviations: CMR (cardiac magnetic resonance), ADT (androgen deprivation therapy), LVM:V (left ventricular mass to volume r atio), 

LVEDVi (left ventricular end-diastolic volume index), LVMi (left ventricular mass index).  
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Table 6.2: Mean baseline and three-month change values for CMR-derived indices between 

exercise training and usual care groups.  

Outcome Exercise Usual Care Net 

difference 

(95% CI) 

Time, P Group x 

Time 

interactio

n , P 

Cohens d 

Effect 

sizes 

LVEDV, mL 

Baseline 164±34 175±30 

Δ 3-months 18 (11, 25)§ -5 (-12, -1)□ 24 (14, 34) <0.001 <0.001 0.92 

LVESV, mL  

Baseline 62±22 68±16 

Δ 3-months 6 (-0.9, 11)* 4 (-0.8, 9) 2 (-5, 9) 0.02 0.63 0.05 

LVSV, mL 

Baseline 102±27 108±19 

Δ 3-months 12 (4, 20)□ -10 (-18, -3)* 22 (11, 34) 0.004 <0.001 1.21 

LVCO, mL 

Baseline 6.1±1.5 6.8±0.9 

Δ 3-months 0.4 (-0.0, 0.8) -1.0 (-1.4, 0.5)§ 1.3 (0.6, 2.0) 0.12 <0.001 1.24 

LVM, g/m2 

Baseline 109±29 99±22 

Δ 3-months -4 (-16, 7) 5 (-6, 17) -10 (-26, 7) 0.45 0.23 0.47 

LVESVi, ml/m2 

Baseline 31±12 33±8 

Δ 3-months 3 (0.7, 6)* 2 (-0.7, 4.5) 1 (-2, 5) 0.01 0.41 -0.05

LVSVi, ml/m2 

Baseline 51±11 53±9 

Δ 3-months 6 (2, 10)□ -5 (-9, -1)□ 11 (6, 17) 0.005 <0.001 1.21 

LVEF, % 

Baseline 62±11 57±17 

Δ 3-months -0.2 (-3, 3) -4 (-7, 0.7)* 3 (-0.7, 8) 0.89 0.10 0.81 

LVCOi, mL/m2 

Baseline 3.0±0.8 3.0±0.5 

Δ 3-months 0.2 (-0.1, 0.4) -0.5 (-0.7, 0.3)§ 0.7 (0.3, 1.0) 0.14 <0.001 1.44 
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Data presented as unadjusted baseline mean ± standard deviation or median (interquartile range, 25th and 75th percentile) unless stated 

otherwise. Within-group means to change (baseline to three months) presented as mean change (95% CI) relative to baseline 

(statistical significance from baseline; *P<0.05, □P<0.01, §P<0.001). Adjusted mean (95% CI) (including baseline values as 

covariates for age, habitual physical activity and VO2peak) and net difference are presented as the difference between baseline and 

three months for exercise and usual care. Effect estimates are presented as Cohen’s d effect sizes. LVEDV (end-diastolic volume), 

LVESV (end-systolic volume), LVSV (stroke volume), CO (cardiac output), LVM (mass), LVEF (ejection fraction) . 
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Table 6.3: Mean baseline and three-month change values for echocardiographic outcomes between 

exercise training and usual care groups 

Data presented as unadjusted baseline mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated 

otherwise. Within-group means to change (baseline to three months) presented as mean change (95% CI) relative to baseline (statistical 

significance from baseline; *P<0.05, □P<0.01, §P<0.001. Adjusted mean (95% CI) (including baseline values as covariates for age, habitual 

physical activity and VO2peak) and net difference are presented as the difference between baseline and three months for exercise and usual 

care. Effect estimates are presented as Cohen’s d effect sizes. LV (left ventricular), LVEF (left ventricular ejection fraction), GLS (global 

longitudinal strain), LVMi (left ventricular mass index), LVEDV (end-diastolic volume), E/A (ratio of early and late diastolic filling 

velocity), E/e’ (ratio of early mitral inflow velocity to mitral annual early diastolic velocity ), DT (deceleration time), LAVi (left atrial index).  

Outcome Exercise Usual Care Net difference 

(95% CI) 

Time, 

P 

Group x 

Time 

interaction , 

P 

Cohens d 

Effect 

sizes 

LVEF, % 

Baseline 60 (55-64) 60 (58-62) 

Δ 3-months 0.6 (-2, 3) 0.3 (-3, 2) 0.3 (-3, 4) 0.66 0.86 0.15 

GLS, % 

Baseline 18.1±3.6 19.2±1.1 

Δ 3-months 1.5 (0.4, 2.6)□ 0.8 (-0.1, 1.7) 0.5 (-0.8, 1.8) 0.007 0.32 0.02 

LVMi g/m2 

Baseline 84±17 92±14 

Δ 3-months 1 (-8, 11) -6 (-15, 3) 7 (-6, 21) 0.76 0.28 0.53 

LVEDVi, ml/m2 

Baseline 53 (47-65) 58 (49-66) 

Δ 3-months 1 (-7, 9) -5 (-13, 3) 6 (-6, 17) 0.86 0.32 0.06 

E/A 

Baseline 0.8 (0.7-1.5) 0.8 (0.7-1.0) 

Δ 3-months -0.0 (-0.3, 0.1) -0.0 (-0.2, 0.2) 0.0 (-0.3, 0.2) 0.35 0.51 -0.13

E/e’ 

Baseline 8.6±2.7 7.7±2.0 

Δ 3-months -0.6 (-1.6, 0.3) 0.1 (-0.9, 0.8) -0.7 (-2.0, 0.6) 0.19 0.30 -0.30

DT, cm/s 

Baseline 249.1±50.2 245.5±48.9 

Δ 3-months 28.8 (-13.4, 71.0) 1.5 (-44.3, 41.3) 27.3 (-32.8, 87.4) 0.17 0.36 -0.39

LAVi, ml/m2 

Baseline 44±22 40±11 

Δ 3-months 3 (-2, 9) 2 (-8, 3) 1 (-7, 9) 0.25 0.79 -0.08
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6.4.6. Cardiorespiratory fitness and physical function 

The effect of exercise training on cardiorespiratory fitness, other CPET parameters and physical 

function are presented in Figure 6.3 and summarised in Table 6.4. Nine participants did not perform 

the three-month follow-up CPET assessment due to the following reasons: declined (n=1), 

radiotherapy contraindication (gold brachytherapy seed insertion) (n=1), peak systolic blood 

pressure deemed unsafe to proceed by supervising cardiologist (>250 mmHg) (n=1), illness (n=2) , 

COVID-19 (n=2), and lost to follow-up (n=2). No participants reached VO2max or completed 

invalid tests (for example, failed to achieve VT). Twenty-three participants met the CPET criteria 

for VO2peak [296]. VO2peak increased by 8% in the EX-group after three months of ADT, 

compared to a 7% reduction in the UC group, which resulted in a significant between-group 

difference of 3.5 ml/kg/min (95% CI, 1.9, 5.0; group by time, P<0.001). This significant difference 

was similarly reflected in absolute VO2peak (0.25 L/min, 95% CI, -0.12, 0.38; group by time, 

P<0.001) and peak power output (32 Watts 95% CI, 13, 51; group by time, P=0.001) between 

groups. Other CPET and physical function measures did not reach statistical significance between 

groups. 

The Cohen’s d effect estimates were consistent with the above analyses showing medium effects for 

body-weight indexed VO2peak (d =0.71), absolute VO2peak (d =0.55) and peak power output (d= 

0.66) in favour of exercise training.  
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Figure 6.3 A & B: Cardiorespiratory fitness and peak power output assessed by cardiopulmonary exercise testing between exercise 

training and usual care in ADT-treated men. 

Group comparisons and individual responses showed that exercise training significantly improved VO2peak and peak power output 

compared to UC, resulting in a statistically significant difference of 3.5 ml/kg/min (P<0.001) and 32 Watts (P=0.001), respectively, 

in favour of the EX-group (Figure A and B). Group data is presented as mean ± SD. 

A 

B 
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Abbreviations: ADT (androgen deprivation therapy), VO2peak (peak oxygen uptake), UC (usual care), EX (exercise) 
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Table 6.4: Mean baseline and three-month change values for CPET and physical function 

parameters between exercise training and usual care groups 

Data presented as unadjusted baseline mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated 

otherwise. Within-group means to change (baseline to three months) presented as mean change (95% CI) relative to baseline (statistical 

significance from baseline; *P<0.05, □P<0.01, §P<0.001. Adjusted mean (95% CI) (including baseline values as covariates for age and 

habitual physical activity) and net difference are presented as the difference between baseline and three months for exercise  and usual care. 

Effect estimates are presented as Cohen’s d effect sizes. VO2peak (peak oxygen uptake), HR (heart rate), minute ventilation, ventilatory carbon 

Outcome Exercise Usual Care Net difference 

(95% CI) 

Time, P Group x 

Time 

interaction, 

P 

Cohens d 

Effect 

sizes 

VO2peak, L/min 

Baseline 2.1±0.7 1.9±0.4 

Δ 3-months 0.1 (0.4, 0.2)§ -0.1 (-0.2, -0.0)□ 0.2 (-0.1, 0.4) 0.008 <0.001 0.55 

Peak HR, bpm 

Baseline 154±21 141±16 

Δ 3-months -1 (-8, 7) -5 (-2, 12) 4 (-6, 14) 0.87 0.41 -0.02

VE/VCO2, ml/min 

Baseline 28.6 (26.0-30.1) 28.6 (26.1-30.0) 

Δ 3-months 0.6 (-0.8, 2.1) 0.2 (-1.1, 1.6) 0.4 (-1.6, 2.4) 0.37 0.69 0.17 

PPO at VT, Watts 

Baseline 114±69 93±29 

Δ 3-months 4 (-11,19) -10 (-25, 5) 14 (-7, 35) 0.59 0.18 0.50 

RER 

Baseline 1.24 (1.17-1.33) 1.19 (1.14-1.20) 

Δ 3-months 0.0 (-0.06, 0.06) -0.0 (-0.06, 0.06) 0.0 (-0.09, 0.09) 0.91 0.98 -0.56

Peak SBP, mmHg 

Baseline 206±29 199±18 

Δ 3-months -7 (-19, 5) 4 (-8, 16) -10 (-28, 7) 0.28 0.23 0.46 

Peak DBP, mmHg 

Baseline 84±15 84±7 

Δ 3-months -8 (-16, -0.2) 0.4 (-7, 8) -9 (-20, 3) 0.05 0.14 0.61 

Physical function 

Stair climb, seconds 

Baseline 4.2 (3.5-5.7) 5.1 (4.1-6.3) 

Δ 3-months -0.2 (-0.8, 0.3) -0.1 (-0.5, 0.8) 0.3 (-1.2, 0.6) 0.44 0.42 0.24 

Stair climb power, N 

Baseline 3578±1269 3041±935 

Δ 3-months 163 (-255, 582) 81 (-362, 525) 83 (-527, 692) 0.43 0.78 0.16 
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dioxide (VE/VCO2), respiratory exchange ratio (RER), systolic blood pressure (SBP), and diastolic blood pressure (DBP), PPO at VT (peak 

power output at ventilatory threshold). 
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6.4.7. Body composition  

The results for measures of body composition are presented in Table 6.5. Three-month follow-up 

assessments were not obtained in six participants due to illness (n=2), COVID-19 (n=2) and loss to 

follow-up (n=2). Overall, there were no statistically significant effects (including trivial effect estimates) 

of exercise training on any marker of body composition. However, there was a trend toward significance 

between groups for the net decline in trunk fat mass of -1.5 kg (95% CI, -3.0, 0.1; group by time, 

P=0.06).  
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Table 6.5: Mean baseline and three-month change values for body composition parameters between 

exercise training and usual care groups 

Data presented as unadjusted baseline mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated 

otherwise. Within-group means to change (baseline to three months) presented as mean change (95% CI) relative to baselin e (statistical 

significance from baseline; *P<0.05, □P<0.01, §P<0.001. Adjusted mean (95% CI) (including baseline values as covariates for age, habitual 

physical activity and VO2peak) and net difference are presented as the difference between baseline and three months for exercise and usual 

care. Effect estimates are presented as Cohen’s d effect sizes. Abbreviations: Body mass index (BMI). 

Outcome Exercise Usual Care Net difference 

(95% CI) 

Time, P Group x 

Time 

interactio

n, P 

Cohens d 

Effect size 

BMI, kg/m2 

Baseline 28.0 (24.2-32.3) 25.4 (23.3-36.5) 

Δ 3-months 0.11 (-0.5, 0.7) 0.3 (-0.2, 0.9) -0.2 (-1.0, 0.6) 0.69 0.59 0.07 

Total mass, kg 

Baseline 84.3±15.1 87.2±19.5 

Δ 3-months 0.03 (-1.7, 1.8) 1.4 (-0.29, 3.1) 1.4 (-3.8, 1.0) 0.98 0.26 0.05 

Lean mass, kg 

Baseline 55.9±7.6 57.0±8.8 

Δ 3-months -0.2 (-0.9, 0.5) -0.7 (-1.4, -0.8)* 0.5 (-0.4, 1.5) 0.47 0.86 0.19 

Fat mass, kg 

Baseline 25.4±8.9 27.2±11.5 

Δ 3-months 0.3 (-1.4, 2.0) 2.1 (0.4, 3.7) □ -1.8 (-4.2, 0.53) 0.71 0.13 0.11 

Body fat, % 

Baseline 30.2±6.3 31.2±7.1 

Δ 3-months 0.6 (-0.7, 1.9) 1.9 (0.6, 3.2) □ -1.3 (-3.2, 0.5) 0.39 0.14 0.14 

Regional fat mass. kg

Baseline 29.1±6.1 30.0±6.9 

Δ 3-months 0.6 (-0.6,1.9) 2.0 (0.75, 3.2)□ -1.36 (-3.1,0.49) 0.32 0.14 0.14 

Fat-free mass, kg 

Baseline 58.9±8.0 60.0±9.2 

Δ 3-months -0.25 (-0.94, 0.4) -0.5 (-1.3, 0.01) 0.39 (-0.56, 1.36) 0.46 0.10 0.20 

Trunk fat mass, kg 

Baseline 15.3±6.2 16.4 ± 8.3 

Δ 3-months -0.2 (-1.4, 1.0) 1.4 (-0.2, 2.4) □ -1.5 (-3.1, 0.1) 0.75 0.06 0.19 
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6.4.8. Vascular health  

The effect of exercise training on vascular health and haemodynamic indices is presented in Table 

6.6. Six participants did not complete the follow-up measurements for pulse wave analysis and 

cfPWV due to illness (n=2), COVID-19 (n=2) and loss to follow-up (n=2). A statistically significant 

difference between groups in brachial diastolic blood pressure of -5 mmHg (95% CI, -10, -0.2; 

group by time, P=0.04) was observed. Also, central systolic (-10 mmHg, 95% CI, -19, -0.1; group 

by time, P=0.04) and diastolic blood pressure (5 mmHg, 95% CI, -10, -0.2; group by time, P=0.04) 

were statistically significant between groups. Cohen’s d effect estimates were consistent with the 

above analyses demonstrating small and medium effects on brachial diastolic blood pressure 

(d=0.39), central systolic (d =0.62) and diastolic blood pressure (d =0.39). No differences in other 

markers of vascular health, including cfPWV or AIx, were observed, with both groups exhibiting 

similar cfPWV and AIx values after three months.  

6.4.9. Patient-reported outcomes  

The results for patient-reported outcomes are presented in Tables 6.7 and 6.8. Two participants did not 

complete the questionnaires due to loss of follow-up. Changes in insomnia (EORTC-QLQ-C30) differed 

between groups, with the EX-group reporting greater rates of insomnia than the UC after three months 

(18.6, 95% CI, 1.8, 35.6, group by time, P=0.03). In contrast, Cohen’s d effect estimates for the effect of 

exercise training on insomnia (d =-0.81) were considered trivial between groups. No differences were 

reported between groups for other patient-reported outcomes, including QoL, physical activity, 

psychological distress, fatigue, and sleep quality.  
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Table 6.6: Mean baseline and three-month change values for vascular and haemodynamic 

parameters between exercise training and usual care groups 

Outcome Exercise Usual Care Net difference 

(95% CI) 

Time, P Group x 

Time 

interacti

on, P 

Cohens 

d Effect 

size 

cfPWV, m/s 

Baseline 10.4±2.2 9.8 ±2.4 

Δ 3-months -0.6 (-1.7, 0.4) 0.4 (-0.6, 1.5) -1.1 (-2.5, 0.5) 0.24 0.17 0.48 

Brachial SBP, mmHg 

Baseline 138±23 130±13 

Δ 3-months - 3 (-10, 4) 5 (-2, 13) -8 (-18, 2) 0.44 0.11 0.50 

Brachial DBP mmHg 

Baseline 76±10 72±9 

Δ 3-months -1 (-5, 2) 4 (0.1, 7)* -5 (-10, -0.2) 0.37 0.04 0.39 

Pulse pressure, mmHg 

Baseline 62±19 58 ±11 

Δ 3-months -1 (-7, 5) 2 (-4, 8) -3 (-12, 6) 0.71 0.50 0.35 

Central SBP mmHg 

Baseline 125±21 118±14 

Δ 3-months -2 (-9, 4) 7 (-0.4, 14)* -10 (-19, -0.1) 0.46 0.04 0.62 

Central DBP mmHg 

Baseline 77±10 73±9 

Δ 3-months -2 (-5, 2) 3 (-0.7, 7)* -5 (-10, -0.2) 0.35 0.04 0.39 

Resting HR, bpm 

Baseline 61±9 66±10 

Δ 3-months -2 (-8, 4) 1 (-5, 8) -3 (-12, 5.5) 0.57 0.45 0.24 

AIx, % 

Baseline 25±6 24 ±8 

Δ 3-months -0.5 (-4, 3) 3.8 (-0.5, 6.7) 3 (-9, 1) 0.79 0.16 0.45 

AIx [HR75], % 

Baseline 19±6 20±6 

Δ 3-months -0.1 (-3, 3) 2 (-0.5, 5) -2 (-7, 2) 0.94 0.22 0.44 

AP, mmHg 

Baseline 11 (8-17) 10 (7-13) 

Δ 3-months -0.1 (-3, 3) 3 (-0.3, 6)* -3 (-7, 1) 0.90 0.10 0.46 

Data presented as unadjusted baseline mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated 

otherwise. Within-group means to change (baseline to three months) presented as mean change (95% CI) relative to baseline 

(statistical significance from baseline; *P<0.05, □P<0.01, §P<0.001. Adjusted mean (95% CI) (including baseline values as 

covariates for age, habitual 
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physical activity and VO2peak) and net difference are presented as the difference between baseline and three months for exercise and 

usual care. Effect estimates are presented as Cohen’s d effect size. Pulse wave velocity (cfPWV), systolic blood pressure (SBP), 

diastolic blood pressure (DBP), mean pressure (MP), Augmentation index (AIx), Augmentation index [heart rate 75 bpm] 

(AIx[HR75]), augmented pressure (AP). 
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Table 6.7: Mean baseline and three-month change values for quality-of-life parameters between 

exercise training and usual care groups 

Outcome Exercise Usual Care Net difference 

(95% CI) 

Time, P Group 

x Time 

interact

ion, P 

Cohens 

d effect 

size 

QLQ-C30       

Global health status       

Baseline 73.3±22.7 62.5±22.10     

Δ 3-months 4.8 (-5.8, 15.5) -3.6 (-14.4, 7.0) 8.5 (-6.6, 23.6) 0.36 0.26 0.27 

Physical functioning       

Baseline 94.6±6.7 85.2±13.8     

Δ 3-months 1.4 (-5.8, 8.6) -4.3 (-11.5, 2.8) 5.7 (-4.4, 15.9) 0.70 0.26 0.53 

Role functioning       

Baseline 93.3±25.8 77.3±24.6     

Δ 3-months 1.6 (-15.0, 18.2) -2.3 (-19.1, 14.4) 3.9 (-19.7, 27.6) 0.84 0.73 -0.15 

Emotional functioning       

Baseline 91.1±10.1 78.5±28.1     

Δ 3-months 0.6 (-4.9, 6.2) 1.9 (-3.6, 7.5) -1.3 (-9.2, 6.5) 0.82 0.73 -0.04 

Cognitive functioning       

Baseline 93.3±8.4 77.3±16.8     

Δ 3-months -3.8 (-11.9, 4.3) 3.4 (-4.6, 11.3) -7.1 (-18.5, 4.2) 0.35 0.21 -0.64 

Social functioning       

Baseline 92.2±25.8 82.1±20.1     

Δ 3-months -2.0 (-15.5, 11.4) -4.11 (-17.6, 9.3) -2.1 (-17, 21.3) 0.76 0.82 0.08 

Symptoms       

Fatigue       

Baseline 13.3±14.1 35.7±30.2     

Δ 3-months 5.5 (-3.1, 14.2) 1.7 (-7.0, 10.4) 3.8 (-8.4, 16.1) 0.20 0.52 -0.28 

Nausea       

Baseline 1.1±4.3 0.0     

Δ 3-months 2.7 (-2.2, 7.7) 3.6 (-1.3, 8.6) -0.88 (-7.6, 6.0) 0.27 0.80 -0.28 

Pain       

Baseline 11.1±22.4 19.0±22.5     

Δ 3-months -2.6 (-15.4, 10.2) 1.0 (-11.8, 14.0) -3.7 (-21.9, 14.5) 0.68 0.68 0.15 

Dyspnoea       

Baseline 4.4±11.7 16.6±21.6     

Δ 3-months 2.4 (-5.9, 10.6) 6.3 (-1.8, 14.50) -3.9 (-15.6, 7.7) 0.56 0.50 -0.27 
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Insomnia 

Baseline 17.7±21.3 35.7±33.2 

Δ 3-months 14.4 (2.6, 26.2)* -4.1 (-16.0, 7.7) 18.6 (1.8, 35.6) 0.01 0.03 -0.82

Appetite loss 

Baseline 2.2±8.6 7.1±19.2 

Δ 3-months 2.3 (-2.5, 7.7) 2.4 (-2.6, 7.4) 0.2 (-7.0, 7.3) 0.31 0.96 0.21 

Constipation 

Baseline 4.4±17.2 14.2±31.2 

Δ 3-months 0.4 (-10.5, 11.4) -4.8 (-15.7, 6.6) 5.0 (-10.7, 20.7) 0.93 0.52 0.19 

Diarrhoea 

Baseline 4.4±11.7 4.7±12.1 

Δ 3-months 0.21 (-5.0, 5.4) -0.0 (-5.2, 5.2) 0.2 (-17.1, 7.6) 0.93 0.95 0.06 

Financial difficulties 

Baseline 2.2±8.6 19.9±24.8 

Δ 3-months 3.9 (8.6, 16.5) 4.7 (-7.7, 17.2) 0.8 (-18.5,16.8) 0.53 0.92 0.15 

Data presented as unadjusted baseline mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated otherwise. 

Within-group means to change (baseline to three months) presented as mean change (95% CI) relative to baseline (statistical significance from 

baseline; *P<0.05, □P<0.01, §P<0.001. Unadjusted mean (95% CI) net difference for the difference between baseline and three months for 

exercise and usual care control. Effect estimates are presented as Cohen’s d effect size. 
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Table 6.8: Mean baseline and three-month change values for physical activity, fatigue, psychological 

distress, sleep quality and prostate-cancer-specific quality of life outcomes between exercise training 

and usual care groups 

Outcome Exercise Usual Care Net difference 

(95% CI) 

Time, P Group x 

Time 

interaction, 

P 

Cohens d 

effect size 

Godin Scale Score       

Baseline 32.6±28.0 19.5±18.7     

Δ 3-months 10.7 (-4.4, 26.0) -2.4 (-18.4, 13.6) 13.1 (-8.9, 35.1) 0.16 0.23 0.49 

Fatigue        

Baseline 47.4±2.6 39±12.1     

Δ 3-months -0.6 (-3.3, 2.0) -0.5 (-3.2, 2.2) -0.1 (-3.9, 3.6) 0.62 0.93 0.00 

BSI-18       

GSI       

Baseline 3.0±3.0 9.0±12     

Δ 3-months 0.2 (-2.3, 2.8) 1.4 (-1.1, 4.0) -1.2 (-4.8, 2.4) 0.87 0.51 0.09 

Depression       

Baseline 1.3±1.9 3.4±4.7     

Δ 3-months -0.3 (1.4, 0.8) 0.2 (-1.0, 1.3) -0.5 (-2.1, 1.2) 0.61 0.57 -0.08 

Anxiety       

Baseline 2.0±4.4 3.0±4.2     

Δ 3-months 0.2 (-1.0, 1.4) -0.7 (-1.9, 5.2) 0.9 (-0.8 ,2.5) 0.74 0.31 0.45 

Somatisation       

Baseline 0.6±0.9 2.7±3.5     

Δ 3-months 0.4 (-0.8, 1.6) 1.9 (-0.6, 3.1) -1.5 (-3.2, 0.2) 0.54 0.09 -0.09 

QLQ-PR25       

Urinary symptoms       

Baseline 15.5±17.4 21.4±12.6     

Δ 3-months -2.4 (-9.8, 4.9) 0.9 (-6.5, 8.3) 3.4 (-13.8, 7.0) 0.50 0.51 0.35 

Incontinence aid       

Baseline 2.2±8.6 7.6±14.6     

Δ 3-months 7.9 (-5.4, 21.3) 1.8 (-11.2, 15.0) 6.1 (-12.7, 24.8) 0.23 0.51 -0.81 

Bowel symptoms       

Baseline 2.7±5.1 7.1±14.5     

Δ 3-months -0.5 (-4.0, 3.0) 0.1 (-3.4, 3.7) -0.6 (-5.6, 4.3) 0.77 0.79 -0.04 

ADT symptoms       

Baseline 8.1±9.1 13.0±8.3     
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Δ 3-months 3.4 (-2.1, 9.0) 6.3 (0.80, 11.9)* -2.9 (-10.8, 9.0) 0.22 0.45 -0.39 

Sexual activity       

Baseline 42.2±26.6 28.5±22.0     

Δ 3-months -9.8 (-22.5, 2.9) -10.9 (-23.6, 1.6) 1.1 (-16.8, 19.1) 0.12 0.89 -0.20 

Sexual function       

Baseline 57.2±20.1 53.8±20.8     

Δ 3-months -5.3 (-18.3, 7.7) -8.8 (-21.9, 4.2) 3.5 (-14.9, 21.9) 0.41 0.38 -0.17 

PSQI scores       

Baseline 4.9±3.8 7.2±3.14     

Δ 3-months -0.8 (-2.5, 0.9) -0.6 (-2.4, 1.1) -1.7 (-2.6, 2.2) 0.34 0.88 -0.09 

Sleep quality       

Baseline 0.9±0.6 1.4±0.7     

Δ 3-months 0.2 (-0.2, 0.6) -0.04 (-0.5, 0.4) 0.2 (-0.4, 0.8) 0.40 0.43 0.34 

Sleep duration       

Baseline 0.7±1.0 0.4±0.6     

Δ 3-months -0.3 (-0.7, 0.1) 0.1 (-0.3, 0.5) - 0.4 (-1.0, 0.2) 0.17 0.16 0.43 

Sleep efficiency       

Baseline 0.9±1.3 1.1±0.9     

Δ 3-months -0.4 (-0.9, 0.2) 0.2 (-0.4, 0.2) - 0.5 (-1.3, 0.3) 0.19 0.19 0.48 

Sleep latency       

Baseline 0.4±0.6 1.1±0.82     

Δ 3-months 0.1 (-0.2, 0.5) 0.1 (-0.2, 0.5) 0.0 (-0.5, 0.5) 0.43 0.95 -0.12 

Sleep disturbance       

Baseline 1.2±0.45 1.5±0.6     

Δ 3-months -0.0 (-0.4, 0.5) -0.3 (-0.7, 0.2) 0.3 (-0.3, 0.9) 0.83 0.36 0.46 

Sleep medication       

Baseline 0.3±0.9 0.7±1.2     

Δ 3-months -0.1 (-0.5, 0.2) -0.3 (-0.7, 0.0) 0.2 (-0.3, 0.7) 0.43 0.44 -0.24 

Daytime dysfunction       

Baseline 0.3±0.5 0.8±0.87     

Δ 3-months -0.0 (-0.4, 0.4) -0.4 (-0.7, 0.0) 0.4 (-0.2, 1.0) 0.92 0.17 0.44 

Data presented as unadjusted baseline mean ± standard deviation or median (interquartile range, 25 th and 75th percentile) unless stated 

otherwise. Within-group means to change (baseline to three months) presented as mean change (95% CI) relative to baselin e (statistical 

significance from baseline; *P<0.05, □P<0.01, §P<0.001. Unadjusted mean (95% CI) net difference for the difference between baseline and 

three-months for exercise and usual care control. Effect estimates are presented as Cohen’s d effect size. Abbreviations: Global Severity index 

(GSI) 
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6.5. Discussion 

This is the first randomised controlled trial to evaluate the effects of exercise training on cardiac 

remodelling in ADT-treated men. Compared with UC, periodised aerobic and resistance exercise 

training initiated concurrently with ADT prevented adverse cardiac remodelling and improved 

VO2peak.  

 

A periodised exercise intervention, including HIIT, prevented adverse cardiac remodelling 

and improved VO2peak in ADT-treated men. 

Exercise training prevented adverse cardiac remodelling and improved LVEDV and other CMR-

derived variables compared with UC. While we are unaware of any previous studies evaluating the 

impact of exercise training on cardiac remodelling in ADT-treated men, our results align with prior 

observations in animal studies and hypogonadal men with or without testosterone supplementation 

[168, 393, 412, 413], which showed aerobic exercise training offset changes in LV geometry and 

reversed cardiac remodelling in orchiectomised and ADT-treated mice. In contrast, the changes to 

LV geometry observed in the UC group surpassed age-related longitudinal reference values 

(increase in LV mass, LVM: V and declines in LVEDV, LVSV) generally expected within five to 10 

years [49]. These adverse changes may confer a markedly higher risk of cardiovascular events than 

the EX-group, which abrogated age-related declines in LV cardiac remodelling despite severe 

hypogonadism [164]. This is important as the chronic, repeated high-intensity exercise stimulus, 

primarily responsible for inducing physiological cardiac remodelling, was a normal physiological 

response to haemodynamic demand, which has been similarly observed in other settings [390, 394, 

414]. While our findings have highlighted the beneficial effects of higher-intensity aerobic exercise 

training on cardiac remodelling in ADT-treated men, its relation to CVD risk reduction remains 

speculative. Our findings suggest that integrating higher-intensity exercise training could offer 

substantial cardiovascular benefits by preventing age-related or ADT-induced declines in LV 

remodelling in ADT-treated men [164]. However, future prospective studies with larger sample 

sizes, longer durations, and more vigorous exercise interventions must confirm our initial findings.  

 

VO2peak is a known marker of integrative cardiovascular function strongly associated with poor 

prognoses, all-cause and cardiovascular mortality in the clinical and general population cohorts 

[212-214, 216, 223, 415-418]. However, the effects of exercise training on VO2peak in ADT-treated 

men are limited [243]. Our study showed that a combined aerobic exercise and resistance training 
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intervention, including HIIT, markedly improved VO2peak by 8% (between-group difference of 3.5 

ml/kg/min) in the EX-group. These results differ from a prior trial in 97 ADT-treated men, who 

found that combined aerobic and resistance training exercise interventions, including moderate to 

vigorous exercise intensities, led to modest improvements in VO2peak (~1-2%) after six months 

[248]. Notably, our trial prescribed a combination of moderate continuous training and HIIT, which 

has been shown to have greater cardiovascular benefits in the general population and clinical 

cohorts than moderate continuous training interventions alone [141, 225, 226, 389, 392, 419, 420]. 

Notably the 3.5 ml/kg/min difference between the EX and UC groups is particularly notable, given 

that for every one-unit MET (3.5 ml/kg/min) increase in VO2peak, the risk of all-cause and 

cardiovascular mortality in the general population is reduced by 13% and 15%, respectively [212, 

213, 216]. We, therefore, contend that the magnitude of difference observed in our study is 

clinically meaningful [216]. It may confer substantial cardiovascular benefits for ADT-treated men, 

especially given the higher prevalence of CVD reported in this population group. Therefore, our 

findings highlight that incorporating a combination of moderate continuous exercise intensities 

combined with HIIT and resistance training may reduce the CVD burden in this population.  

 

Favourable changes in VO2peak and cardiac remodelling could not be explained by arterial 

stiffness. 

Arterial stiffness and wave reflection measurements are important predictors and often precursors of 

future cardiovascular events in the general population and those with pre-existing CVD [128, 130]. 

However, the effect of the optimised, more vigorous exercise intervention on cfPWV and wave 

reflection appeared limited in our cohort. No differences were observed between groups after three 

months in ADT-treated men. Our results align with data from 97 ADT-treated men who reported no 

effects of a six-month combined exercise intervention on arterial stiffness or wave reflection values 

[248]. Nevertheless, the lack of detectable differences in this trial and others [248] may partly be 

explained by being underpowered to detect statistically significant values. Despite the absence of 

statistical differences, medium effect sizes (d = >0.5) in favour of exercise training were observed 

for most vascular health indices in this trial, suggesting that the absence of detectable differences is 

likely due to the small sample size. Moreover, another possible explanation for the lack of 

differences may be related to the time-course of exercise-induced arterial remodelling [239-241]. 

Studies in healthy and CVD populations examining the time course of vascular adaptations suggest 

that functional and structural arterial remodelling occurs at different time points throughout an 
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exercise intervention period [239-241]. For example, changes in conduit artery function (first two to 

four weeks) precede structural adaptations, followed by a gradual increase in vascular structure 

(four to eight weeks) in response to repeated exercise-induced shear stress [239]. While biological 

risk factors associated with cancer, ADT and CVD [78] may impede vasodilator capacity, the time-

course of exercise-induced structural arterial remodelling may have differential effects in ADT-

treated men, possibly explaining the negligible effects of short-term exercise interventions on 

arterial stiffness in this population group [100, 127, 248]. Our findings highlight the need for future 

studies to include multi-modal vascular imaging to fully elucidate functional and structural vascular 

adaptations (e.g., FMD) across different time points throughout a prescribed exercise intervention 

during ADT. This may help guide the design of future exercise intervention trials targeting vascular 

health in ADT-treated men.  

 

Negligible differences between groups were detected for body composition and most patient-

reported outcomes. This lack of difference in body composition differs from previous exercise 

intervention trials [247, 248, 254] in ADT-treated men and the results from our meta-analysis 

[243], in which combined exercise interventions improved whole-body lean mass and reduced fat 

mass and other markers of adiposity [243]. Although the resistance exercise training prescription 

was similar to prior observations [247, 248, 254, 266], the greater emphasis on higher intensity 

aerobic exercise training assigned to participants and smaller sample size may partially explain the 

non-significant results, especially in light of negligible effect size estimates. In addition, it is 

noteworthy that two different DXA machines (same make/model) were used for this study across 

different sites. While the technologist ensured the procedures were the same across both sites, all 

participants were assessed using the same machine at baseline and three-months. However, we 

cannot exclude that using two different DXA machines may result in high inter and intra-variation 

and may have influenced the results. 

Furthermore, several studies have reported small beneficial effects of exercise training on fatigue, 

and health-related QoL, including sexual function in ADT-treated men [247, 370, 374]; this trial 

found no statistical differences between groups for patient-reported outcomes of QoL or fatigue. 

Although several systematic reviews and meta-analyses have shown small positive effects of 

exercise training on QoL and fatigue in men with PCa [265, 421, 422], the lack of detectable 

differences may be potentially related to the small sample size given that small to medium effect 

sizes observed in favour of exercise training for the EORTC QLQC30 and EORTC QLQPR25 
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functional and symptoms scales. While the larger body of evidence indicates that exercise training 

has shown small but significant effects on fatigue in men with  PCa [265, 421-423], our 

observation was inconsistent with the broader evidence. One possible explanation may be related 

to the fact that participants included in this trial were least fatigued at baseline compared to other 

cancer populations [304, 305, 423]. Future studies, especially those investigating the effect of 

exercise training on cancer-related fatigue, should include participants experiencing fatigue [424, 

425] to understand better the impact of HIIT in this susceptible population. 

 

Moreover, we found higher insomnia symptoms in the EX compared to the UC group in the 

subgroup of the EORTC QLQC30. While other systematic reviews and guideline 

recommendations have shown the beneficial effects of exercise training on sleep and insomnia 

symptomatology [314, 426, 427], limited data exist regarding the effect of exercise training, 

particularly HIIT, on sleep quality in ADT-treated men [428] and other cancers [429]. Therefore, 

the reported significant differences appear entirely coincidental in light of the small sample size 

and the negligible effect size. In light of the prevalence of fragmented sleep quality in ADT-treated 

men [430], future research is required to evaluate the effect of exercise training on insomnia and 

insomnia-related symptom clusters in ADT-treated men to understand the therapeutic benefits of 

exercise training better. 

 

Cardiac contributions could be central to VO2peak improvements. 

The results of this trial also extend prior observations [248, 431] to provide preliminary evidence 

for the mechanism for improvement in VO2peak in ADT-treated men. While we could speculate that 

the central contributions to VO2peak improvements could be partially attributable to the chronic, 

intense exercise stimulus resulting in higher haemodynamic demand [141, 225, 226], further 

investigations focusing on the integrative assessment of VO2peak (exercise stress) in ADT-treated 

men should be considered. Understanding the central and peripheral contributions to VO2peak may 

help improve therapeutic exercise training strategies, given the association of VO2peak with 

cardiovascular morbidity, all-cause and cardiovascular mortality in older men. However, our 

findings remain critical for future investigation [216].  
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Clinical implications  

This randomised controlled trial was conducted in ADT-treated men with a history of cardiovascular 

risk factors and pre-existing CVD conditions. Despite several barriers, the periodised exercise 

training intervention was well-tolerated and had high attendance and adherence compared to other 

trials [247, 248, 254]. While the ongoing recruitment challenges present in this trial are similar to 

others [271], the adverse events related to the intervention were minimal and similar to other trials 

(see Chapter Three [243]). The periodised exercise training intervention was assigned at moderate 

to vigorous exercise intensities, including HIIT and was progressively increased over three months, 

as similarly assigned in other settings [225, 226, 319, 389]. Our findings indicate that assigning a 

higher intensity combined exercise intervention prevented adverse cardiac remodelling and 

improved VO2peak compared with UC. As adverse cardiac remodelling and VO2peak are predictors 

of cardiovascular events and mortality [216, 223], our findings suggest that moderate continuous 

exercise training and HIIT could be cardioprotective and should be considered the preferred 

approach to reducing the CVD risk burden in ADT-treated men. Given that the 3.5 ml/kg/min 

difference between EX and UC translates to a risk reduction in all-cause and cardiovascular 

mortality by ~13% and 15% [216], the long-term implications of the above results on 

cardiovascular outcomes still need to be determined. While the literature provides examples of 

heterogenous exercise prescriptions that have demonstrated some beneficial effects on 

cardiovascular risk factors [243], assigning exercise interventions targeting cardiometabolic health 

(e.g., including HIIT) may offset the cardiovascular effects of ADT and potentially reduce future 

CVD risk in this susceptible population. However, future trial designs should consider including 

reliability studies and the calculations of a minimal clinically important change to provide more 

congruent practical and clinical interpretations of the findings related to exercise training on 

cardiovascular and metabolic health markers in ADT-treated men. 

 

6.6. Strengths and limitations 

There are several strengths and limitations worthy of comment and should be considered when 

interpreting the results of this study. This study expands on prior work [247, 248, 251, 254, 369, 

370, 432, 433] by investigating the effect of exercise training on mitigating cardiovascular risk in 

men treated with ADT. This study also addressed a clinically relevant question related to 

identifying and mitigating markers of cardiovascular health driven by potential changes to LV 

cardiac mass and volumes, as similarly investigated and established in CVD populations [225, 
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226, 390].This study included a series of gold-standard objective assessments and patient-reported 

outcomes to thoroughly examine the impact of a highly effective periodised exercise training 

intervention on cardiac remodelling, vascular health, cardiorespiratory fitness, physical function, 

body composition and patient-reported outcomes in ADT-treated men. The above was 

strengthened by our strict inclusion criteria, which specifically allowed us to investigate the 

cardiovascular effects of ADT. However, certain limitations should be considered when 

interpreting the outcomes of this trial. First, due to recruitment difficulties exacerbated by the 

COVID-19 pandemic, we ceased recruitment short of the intended sample size. This resulted in a 

modest drop-out rate and difficulty completing scheduled follow-up assessments during the 

COVID-19 lockdown periods between March 2020 to October 2020 and February 2021 to July 

2021. Second, although we used several recruitment pathways to recruit participants, our 

recruitment uptake was hindered by project initiation barriers (contract delays) and the COVID-19 

lockdown periods in Melbourne, Victoria, which limited the continuity of recruitment and our 

ability to be present or remind clinicians of the trial. This resulted in many potential participants 

screened deemed ineligible as they had previously received ADT or were outside the strict four-

week window. Due to the COVID-19 study closure period between March 2020 and October 

2020, three participants completed their baseline assessment outside the strict four-week window. 

While the above protocol deviation was out of our control, these participants would have achieved 

testosterone suppression (independent of ADT type). Therefore, the impact of testosterone 

suppression in these participants may have influenced the results. Third, participants volunteered 

for an exercise training intervention trial and may not be representative or generalisable to the 

broader community of men with PCa commencing ADT. Fourth, several participants included in 

the trial had previously undergone radical prostatectomy or radiotherapy, and some participants 

received radiotherapy and/or chemotherapy concurrently during the intervention period. 

Therefore, the impact of prior or concurrent treatments may have influenced the results of all 

outcomes reported in this thesis. In addition, it is important to note the variance in ADT type (87% 

received LHRH analogues vs. 16% received LHRH antagonists) included in this study. While 

most participants were administered with LHRH analogues, the time course to testosterone 

suppression differs widely and especially in those administered with LHRH antagonists. While it 

would be prudent to perform a sub-group analysis related to ADT type, the differences in the 

pharmacokinetics and clinical response time to castration levels may have influenced the results 

[12, 434]. Fifth, another limitation was the inability to blind all outcome assessors conducting the 
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assessments for three months due to resource limitations and financial constraints. This included 

the PhD candidate performing most of the baseline and post-assessment sessions, including blood 

collection (venepuncture), body composition (DXA), vascular function (PWA, PWV), and CPET, 

as well as the exercise training sessions with some support. However, for the assessments that 

included multiple assessors (CPET) or diagnostic examinations, e.g., CMR imaging or 

echocardiography, the research assistants, sonographers, and cardiologists were to refrain from 

asking the study coordinator or participants their group allocation. Sixth, despite the importance of 

cardiovascular and physiological measurements to the overall conclusions of the study, no formal 

reliability study, including clinically meaningful changes, was conducted or incorporated into the 

study design; only CVs were reported. While this is doubtlessly a limitation of the study design, 

the CVs reported in Chapter Four were consistent with trials performed in PCa [142, 217] and 

cardiovascular cohorts [435-438]. Seventh, as mentioned in the Methodology and Section 6.5, two 

DXA machines (same make/model) were used for this trial due to the transfer of the trial to be 

completely performed at the Baker Institute rather than ACU. While the short-term repeated CVs 

for DXA remain within normal limits, the high variation between machines cannot be excluded. 

Lastly, due to the ongoing COVID-19 pandemic and widespread closures of gymnasiums, the 

delivery of the exercise training intervention shifted to video-delivered telehealth. Although 

participants were supervised and had access to appropriate equipment (e.g., heart rate monitoring), 

the intensity of resistance training was likely inferior to the intended prescription. Despite these 

limitations, we detected between-group differences in the primary outcome (LVM: V), likely due 

to the use of the gold standard and highly sensitive measures (CMR imaging). This may mean that 

the initially calculated sample size from a non-cancer population may have been overestimated. 

Although we may have been underpowered to detect changes in vascular health, body composition 

and other outcome measures were also included in this study.  

 

6.7. Conclusions  

This trial demonstrated that a periodised exercise training intervention, including HIIT, prevented 

adverse cardiac remodelling and improved VO2peak in ADT-treated men. Future research would 

benefit from longer-duration exercise interventions and prolonged follow-up to examine whether 

the considerable cardiovascular benefits observed in this trial remained after 12 months. Given 

that our study showed minor intervention-related adverse events, clinicians, and supportive care 

staff within PCa care should consider recommending exercise training at the commencement of 
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ADT to manage cardiovascular risk and other ADT-related concerns throughout their treatment 

continuum.  
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CHAPTER SEVEN: Summary, key findings, strengths, limitations, and conclusions 

 

7. Overview 

The final chapter of this thesis presents an integrated overview of key findings from the two 

systematic reviews (Chapters Two and Three), a cross-sectional study (Chapter Five), and a 

randomised controlled trial (Chapter Six) reported in this dissertation. This chapter also briefly 

addresses the overall strengths and limitations of the experiments and, by extension, this thesis 

before highlighting recommendations for further research. 

 

7.1. Summary  

ADT is an effective cancer treatment that reduces biochemical recurrence and PCa-specific mortality 

and extends survival [32]; however, ADT is associated with several adverse effects [41] (e.g. CVD [53]). 

It has been widely theorised that the heightened risk of CVD may be related to the biochemical changes 

induced by ADT, such as those deleteriously altering cardiac geometry and vascular function [159, 160, 

169]. This line of inquiry is supported by observational data [159, 160, 169] and prompted decades of 

investigative trials to determine the association of ADT with incident cardiovascular events. Despite 

these efforts, the association of ADT with cardiovascular morbidity and mortality remains unclear [54, 

57, 76, 77]. Moreover, it is known that traditional cardiovascular risk factors correlated with 

cardiovascular events are mainly a consequence of and mediated by subclinical CVD markers (e.g., 

arterial stiffness, cardiorespiratory fitness) [439]. While some of the emphasis has shifted towards 

investigating the effect of ADT on subclinical CVD markers [100, 126, 182], the degree to which 

subclinical CVD markers evaluated in prior studies adequately reflect the clinical pathways/mechanisms 

by which alter CVD risk factors remains unclear [243]. Given that CVD is the primary cause of 

mortality among men with PCa [10] and that cardiovascular and metabolic toxicities are highly 

prevalent within the first 12 months of ADT [44], investigating the effect of exercise training on markers 

of cardiovascular and metabolic health is clinically relevant and has important implications for men with 

PCa throughout the cancer treatment continuum. Furthermore, emerging evidence supports the 

concurrent prescription of combined aerobic and resistance exercise training to counteract the adverse 

effects of ADT and, to a lesser extent, markers of cardiometabolic health in ADT-treated men [244, 265, 

387]. However, most exercise interventions in prior clinical trials [247, 248, 251, 254] have applied 

lower aerobic exercise training intensities compared with guideline-driven advice in other settings [221, 

440-442], which may partly explain the trivial effects observed on markers of cardiometabolic health to 
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date. Therefore, this PhD aimed to generate new knowledge and provide insight into the mediators of  

cardiovascular risk (subclinical CVD markers) while investigating the effects of a combined aerobic and 

resistance exercise training intervention, including HIIT, on markers of cardiovascular and metabolic 

health in ADT-treated men. The following section will address each key finding separately, followed by 

the overall experimental work strengths, limitations, and conclusions.  

 

To address some of the gaps above, the specific aims of this thesis were:   

1. To investigate the influence of pre-existing CVD on all-cause mortality, cardiovascular 

mortality, and cardiovascular events in PCa patients treated with ADT (Chapter Two) 

2. “To evaluate the effect of exercise training on cardiometabolic health in men with PCa 

receiving ADT (Chapter Three).” 

3. To evaluate measures of vascular health in men with PCa commencing ADT relative to 

age-matched non-cancer controls (Chapter Five). 

4. To examine the relationship between cardiorespiratory fitness, body composition, 

cardiovascular structure and function, traditional cardiovascular risk factors and vascular 

health in men with PCa commencing ADT and age-matched controls (Chapter Five). 

5. To evaluate the effects of a three-month exercise intervention initiated concurrently with 

ADT on (1) cardiac remodelling, (2) resting cardiovascular function and (3) 

cardiorespiratory fitness in men with PCa (Chapter Six). 

6. To evaluate the impact of three months of ADT on (1) cardiac remodelling, (2) resting 

cardiovascular function and (3) cardiorespiratory fitness in men with PCa (Chapter Six). 

 

The key findings from the thesis are: 

1. ADT-treated men with pre-existing chronic heart failure or prior myocardial infarction had 

increased all-cause mortality rates compared with non-ADT controls and those without 

pre-existing CVD. The evidence linking pre-existing CVD to cardiovascular events or 

mortality in ADT-treated men was less conclusive (Chapter Two).  

2. In a subset of randomised controlled trials and non-randomised studies, exercise training 

improved body composition (lean and fat mass/size), diastolic blood pressure, 

cardiorespiratory fitness, fasting blood glucose and c-reactive protein. However, exercise 

training did not improve other traditional cardiovascular risk factors such as systolic blood 

pressure and blood lipid profile (Chapter Three). 
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3. Men commencing ADT exhibited similar degrees of arterial stiffening to age-matched 

controls. Moreover, VO2peak, body fat percentage, resting heart rate and serum 

triglycerides were significantly different between men commencing ADT and CON. 

Furthermore, LV mass, heart rate and arterial stiffness positively correlated with a higher 

VO2peak (Chapter Five).  

4. A three-month multi-modal exercise intervention initiated at the commencement of ADT 

prevented adverse cardiac remodelling (LVM: V), increased LVEDV and improved 

VO2peak, compared to UC (Chapter Six).  

 

 

7.2. Key findings 

Pre-existing CVD in ADT-treated men was associated with an increased risk of all-cause 

mortality; however, there was limited evidence to suggest that pre-existing CVD increased the 

risk of cardiovascular events and mortality in ADT-treated men.  

The systematic review presented in Chapter Two addressed the influence of pre-existing CVD on 

cardiovascular morbidity and mortality in ADT-treated men. Based on five prospective [56, 57, 73, 

76, 77] and six retrospective studies [55, 59, 71, 72, 74, 75], the results indicated that men with pre-

existing CVD (chronic heart failure or prior myocardial infarction) treated with neoadjuvant ADT 

had higher all-cause mortality rates compared to men not treated with ADT or those men without 

pre-existing CVD [55, 59, 71, 73-75]. However, there was inconsistent evidence to suggest that 

ADT-treated men with pre-existing CVD had an increased risk of experiencing a cardiovascular 

event [56, 57, 76, 77] or cardiovascular mortality [72, 77]. A potential explanation may be that ADT 

duration and short-term follow-up periods may be insufficient to detect signals evident in 

observational studies with more extended follow-up periods. This is important to elucidate, 

particularly in light of the HERO trial [24], which detected higher cardiovascular event incidence 

rates in ADT-treated men (Leuprolide) with a history of CVD compared to Relguolix after two 

years. However, the association of ADT with CVD remains a subject of an ongoing investigation, 

particularly in light of the recent pharmaceuticals trial data that showed neither Leuprolide nor 

Degarelix increased the risk of developing cardiovascular events in men with pre-existing CVD [24, 

70]. Conclusions are therefore limited regarding whether the presence or absence of pre-existing 

CVD in ADT-treated men mediates incident cardiovascular events and cardiovascular mortality. 

Nevertheless, the results of this systematic review indicated a need for future trials to shift the 
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emphasis to evaluating the intermediary/mediating effects (subclinical CVD markers), as this may 

highlight the mechanistic pathways from pre-existing CVD/risk factors to cardiovascular events in 

ADT-treated men. Future trials would value from including larger generalisable samples of men 

with PCa, consistent definitions of pre-existing CVD conditions and cardiovascular events and 

differentiating by ADT type and duration.  

 

Current exercise training interventions improve some but not all markers of cardiometabolic 

health in men with prostate cancer treated with ADT.  

In Chapter Three, a systematic review and meta-analysis synthesised available evidence regarding 

the “effects of exercise training on cardiometabolic health in men with PCa receiving ADT.” This 

analysis indicated for the first time that current exercise training approaches improved some but not 

all cardiometabolic health markers in ADT-treated men. [247, 251-254, 292, 370, 373, 431-433, 

443-448]. Specifically, exercise training, when compared to non-exercise training control, improved 

the 400-metre walk test “(−10.11 s, 95%CI [−14.34, −5.88]), diastolic blood pressure (−2.22 

mmHg, [−3.82, −0.61), fasting blood glucose (−0.38 mmol/L, [−0.65, −0.11]), C-reactive protein 

(−1.16 mg/L, [−2.11, −0.20]) and body composition (whole-body lean mass 0.70 kg, [0.39, 1.01],  

appendicular lean mass 0.59 kg, [0.43, 0.76], whole-body fat mass −0.67 kg, [−1.08, −0.27]), 

whole-body fat percentage −0.79%, [−1.16, −0.42]), and trunk fat mass −0.49 kg, [−0.87, −0.12]).” 

However, other markers of cardiometabolic health, such as systolic blood pressure and serum blood 

lipids, remained unchanged [247, 248, 251, 252, 433]. While these results are promising for select 

markers of cardiometabolic health, this review was limited by a small subset of randomised 

controlled trials and non-randomised studies, of which none included cardiometabolic health as a 

primary outcome. In addition, substantial clinical heterogeneity was present, which included 

differences in participant characteristics (comorbidities), ADT timing and duration, the timing of 

exercise testing procedures, exercise intervention characteristics and the exercise dose prescribed, 

thus making it difficult to conclude whether the overall effect was attributable to the exercise 

intervention. Lastly, the cardiovascular risk profile of participants included in this review was 

considered normal according to age-appropriate reference ranges [357], which could be related to 

recruitment bias. This may be one of the key reasons small effects were observed for some key 

markers of cardiometabolic health. Despite these limitations, the insights from this systematic 

review and meta-analysis have important clinical considerations for designing exercise 

interventions targeting cardiometabolic health. Future studies should consider incorporating higher-
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intensity exercise interventions as it may represent a powerful means of counteracting ADT-induced 

biochemical changes that increase CVD risk in men with PCa. 

 

Men with PCa exhibited similar levels of arterial stiffening compared to controls; however, 

VO2peak,  body fat percentage, resting heart rate and serum triglycerides differed between 

groups.  

The cross-sectional study presented in Chapter Five compared markers of vascular health between 

men commencing ADT and age-matched controls. It also examined the relationship between 

vascular health, traditional CVD risk factors, cardiac structure and function, body composition, and 

cardiorespiratory fitness in all participants by correlation analyses. The prevalence of CVD and 

CVD events in PCa is widely documented [53]. However, it is currently unknown whether the 

higher prevalence of CVD may be linked to the shared biological risk factors between CVD and 

cancer [78]. It is well-documented that sub-clinical markers of CVD may mediate adverse changes 

in cardiovascular risk factors and/or cardiovascular events, particularly by changes in arterial 

stiffness [128, 130, 439]. Arterial stiffness and other subclinical CVD markers have strong 

prognostic value and are considered important predictors of cardiovascular events in the general 

population and chronic disease cohorts [128, 161, 216, 327]. However, the degree to which 

subclinical CVD markers could help explain the higher prevalence of traditional risk factors in men 

with PCa is currently unknown. In a cross-sectional study of 31 men commencing ADT, we found 

no statistically significant differences in arterial stiffness or wave reflection characteristics 

compared to age-matched controls (n=10). However, body-weight indexed VO2peak, body fat 

percentage, resting heart rate, and serum triglycerides were significantly different between men 

commencing ADT and CON. This may indicate that subclinical CVD markers of cardiorespiratory 

fitness and adiposity may be a critical intermediary/mediating pathway in further elucidating the 

deleterious effects on traditional cardiovascular risk factors in men with PCa. While it was 

surprising that arterial stiffness and wave reflection characteristics were indifferent, it may be 

possible that these subclinical CVD measures could not capture the attributable risks related to the 

higher prevalence of cardiovascular risk factors noted in this population. Moreover, while the 

reduced VO2peak observed in this cohort of men may be attributable to lower physical activity 

levels and higher adiposity [141], the magnitude of difference in VO2peak by 38% is clinically 

significant. Given that VO2peak was lower than normative values in men commencing ADT [343, 

449], we theorise that the PCa cohort has a higher CVD risk over time than the control group, which 
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exceeded the predicted reference values. Furthermore, the utility of VO2peak as a potential 

therapeutic target indicative of better cardiovascular health was also examined. When groups were 

combined, a higher VO2peak was positively correlated with LV mass and negatively correlated with 

resting heart rate and arterial stiffness, indicating that a higher VO2peak has beneficial effects on 

cardiovascular health markers. Nevertheless, from a clinical standpoint, our findings suggest that 

integrative indicators of subclinical CVD, such as VO2peak, may assist in quantifying the 

intermediate steps in the pathways leading from traditional CVD risk factors to clinical CVD events 

and potentially with understanding the shared biological risk factors between cancer and CVD. 

Further, it reemphasises the growing notion, specifically in cancer, that assessing cardiorespiratory 

fitness can improve patient management and identify those needing targeted lifestyle interventions 

designed to reduce cardiovascular risk in men with PCa.  

 

A three-month multi-modal exercise intervention initiated at the commencement of ADT 

prevented adverse cardiac remodelling, increased LVEDV and improved cardiorespiratory 

fitness compared to UC.  

The study presented in Chapter Six was a randomised controlled trial that evaluated the impact of 

exercise training on cardiac remodelling in ADT-treated men. There is a growing consensus that 

exercise training initiated concurrently with ADT can prevent various ADT-related adverse effects 

in men with PCa [243, 244]. Evidence in older adults with CVD supports the beneficial effects of 

exercise training on preventing adverse cardiac remodelling and other lifestyle-related 

cardiovascular conditions [221, 222, 225, 226]. However, as mortality in men with PCa is more 

common from CVD than PCa, as described in Chapter One, exercise interventions targeting cardiac 

remodelling or lifestyle-related cardiovascular risk factors are limited [243]. This trial showed 

concurrent prescription of aerobic and resistance exercise training-induced changes in LVM: V, 

which were reflected in improvements in LVEDVi, LVSV and LVCO. In addition, exercise training 

favourably improved bodyweight-indexed VO2peak by ~8% and power output by 32 Watts, 

compared with UC. These findings were consistent with prior observations related to VO2peak 

improvements in ADT-treated men [248]; however, we present the first evidence that VO2peak 

improvements coincided with CMR indices induced by exercise training as similarly reported in 

sedentary aging and athletic population studies [225, 226]. Considering the higher prevalence of 

CVD in this population and the fact that VO2peak may be a viable target for reducing the risk of 

CVD (discussed in Chapter Five), the difference between groups (3.5 ml/kg/min) is noteworthy. 
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Observational studies suggest that for every 3.5 ml/kg/min (one unit MET), improvement in 

VO2peak is associated with a risk reduction in all-cause and cardiovascular mortality by 13% and 

15% in the general population and chronic disease cohorts [216]. Based on this, we could theorise 

that men assigned to the EX-group have substantially reduced their future CVD event risk 

compared with the UC group. Furthermore, it is essential to note that the observed LV geometry 

changes (trends towards concentric cardiac remodelling) in the UC group surpassed age-related 

longitudinal reference values generally expected within five to 10 years, which was attenuated with 

exercise training. No significant effects of exercise training were observed for body composition, 

cfPWV, AIx and most patient-reported outcomes between groups, except for insomnia symptoms 

which were higher in the EX-group. The addition of effect estimates, particularly for measures of 

vascular health and patient-reported outcomes, was able to further explain that, despite the non-

significant values, small and medium effects favouring exercise training were present. Thus, the 

inability to achieve statistical significance was likely due to the small sample size. Therefore, 

exercise training maintained some markers of cardiometabolic health in ADT-treated men. Despite 

our reduced sample size, we observed significant between-group differences in CMR indices (LVM: 

V, LVEDV, LVSV, LVCO) and VO2peak, thus supporting the utility of more sensitive metrics to 

evaluate the effect of ADT (and cardioprotective advantages) in men with PCa. Therefore, these 

initial findings suggest that exercise interventions targeting cardiometabolic health, including HIIT, 

should be considered to reduce the CVD burden in men with PCa.  

 

7.3. Strengths and Limitations 

Several strengths and limitations in the experimental studies undertaken in this thesis are worthy of 

comment. Notably, the trial (Chapters Five and Six) was strengthened by the randomised design, 

novel objective assessments and tailored exercise intervention targeting cardiometabolic health, 

which addressed key limitations noted across the scientific literature (as discussed in Chapter 

Three). The comprehensive diagnostic and preventative strategy and using robust assessments (e.g., 

CMR imaging) and the quantification of vascular health (e.g., cfPWV and AIx), VO2peak and body 

composition was an additional strength of this trial design. The magnitude of effect between groups 

was large, resulting in favourable effects on the primary outcome (LVM: V) and other secondary 

outcomes, including VO2peak, thus suggesting that the beneficial effects observed are biologically 

plausible rather than a result of statistical error. This strategy showed that the combined effects of a 

higher intensity aerobic and resistance training intervention were cardioprotective on the integrative 
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components of VO2peak. Another strength of this study was the broader inclusion of men with a 

wide range of pre-existing CVD conditions or cardiovascular risk factors. This is important as most 

trials have excluded men with PCa with pre-existing CVD. This enhances the generalisability and 

comparability of these findings to men of similar age with PCa. The flexibility of the study design, 

especially during the COVID-19 pandemic, was the delivery of community-based exercise training 

and the uptake of video-delivered telehealth during the COVID-19 pandemic lockdown periods 

between March 2020 to May 2021. Despite these strengths, several limitations may affect the 

overall interpretation of these findings. First, this trial was markedly impacted by the COVID-19 

pandemic and subsequent ‘lockdown’ periods within Melbourne, Australia. Unfortunately, due to 

these barriers, the study ceased recruitment short of the intended sample size. Although the sample 

was smaller than prior studies [100, 127] and included several outcome measures due to its 

alignment with the randomised controlled trial in Chapter Six [100, 142], this may have increased 

the likelihood of Type I statistical error. Despite this, we detected statistically significant changes in 

a range of cardiovascular outcomes, partly due to the use of gold standard and highly sensitive 

measures (CMR imaging, VO2peak) [195, 200, 217, 274]. Second, although our strict inclusion 

criteria were viewed as a strength of this study, the four-week window may have posed a barrier for 

clinicians and supportive care staff to identify, discuss, and refer patients to our study within a pre-

specified timeframe. In addition, while we altered our inclusion criteria to reflect the current 

medical management of ADT-treated men due to the STAMPEDE trial, this modification did not 

seem to improve our recruitment uptake. Third, the population under investigation, ADT-treated 

men and CON were volunteers for a randomised controlled trial with an exercise training arm. 

These participants had higher rates of physical function and a general interest in exercise training. 

This may have limited the generalisability of our findings to broader, less health-conscious 

individuals. Specifically, the age-matched controls were recruited via a 3:1 non-probability 

convenience sample of men who regularly attend the Baker Institute Healthy Hearts clinic to assess 

cardiovascular risk. It is known that non-probability sampling through convenience samples is 

feasible, cost-effective, and easily accessible, particularly in time-sensitive trials such as PhD 

programmes; however, the results limit the comparison to the general population of men with and 

without PCa due to the small sample size and sampling method. In line with this, these participants 

were physically active and exceeded age-related reference ranges for VO2peak, which again limits 

the generalisability of this cohort to the typical male of a similar age [182, 449]. Fourth, 

complications related to the assessment of pulse wave analysis and cfPWV are well-documented, 



 

193 

 

especially in patients with arrhythmias or younger adult populations. Despite the reported CVs 

being in line with other PCa [100, 127] and other clinical cohorts [199, 275], these abnormal 

individual data points (negative AIx) were excluded from the primary analysis in line with 

recommendations [130, 196, 342]. Due to site closures during the COVID-19 pandemic (Australia 

Catholic University), two DXA machines were also utilised as part of this study. Even though the 

two DXA machines were of the same make and model, machine-to-machine variation is considered 

high; consequently, the body composition results may have been affected by using two different 

DXA machines. Fifth, the short duration of the exercise intervention and follow-up periods may 

have hindered our ability to detect changes in other cardiometabolic health markers (arterial 

stiffness, central and peripheral blood pressures, body composition) as similarly observed in other 

studies, therefore, may only provide a ‘snapshot’ of exercise-induced changes in cardiometabolic 

health markers. Sixth, some participants had previously undergone PCa treatments other than ADT, 

including surgery or radiotherapy and also were administered with combined therapies such as ADT 

and radiation/chemotherapy during the trial. While recent evidence suggests that the impact of these 

treatments is minimal [450], the impact on physical function and quality of life outcomes cannot be 

disregarded. In addition, different types of ADT were prescribed to participants in this study. While 

most participants were administered with LHRH analogues, the timing of testosterone suppression 

differs significantly between LHRH analogues and LHRH antagonists, which may have influenced 

the results. Some were medicated for pre-existing CVD and risk factors, which may have influenced 

these results. Lastly, the trial's design limited our ability to determine our findings' clinical and 

prognostic value. Although we can compare and speculate the implications of our findings, the 

findings of the experimental studies included in this thesis need to be validated in future trial s.  

 

7.4. Concluding remarks 

An overview of the concluding remarks and implications of the findings of this thesis is outlined in 

Table 7.1. This thesis provided novel insight into the degree to which measures of subclinical CVD 

may partly explain the higher prevalence of CVD and the impact of enhanced, more vigorous exercise 

interventions on cardiac remodelling in ADT-treated men. The key findings of this thesis were that 

measures of functional (integrative) subclinical CVD, such as VO2peak, provided a more sensitive 

means of detecting underlying cardiovascular dysfunction and may provide some insight into the 

intermediary clinical pathways or mechanisms not adequately reflected by traditional cardiovascular 

risk factors or anatomic subclinical CVD measures. This discrepancy is important as subclinical CVD 
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markers, such as arterial stiffness, evaluated in this study and those prior [100, 127] could not explain 

the higher prevalence of CVD reported in this cohort [328, 451]. Furthermore, this highlights the need 

for future research designs to assiduously focus on examining traditional and subclinical markers of 

CVD in parallel with clinically determined medical castration (<0.7 mmol/L). However, before 

undertaking any future designs, studies should consider measuring risk factors and subclinical CVD 

markers beyond a single time point, as singular measures do not robustly reflect changes in subclinical 

disease. Prospective designs spanning many timepoints between diagnosis and respective treatments 

are necessary. Consideration should also be given to comprehensive evaluations of PCa progression 

and clinically determined medical castration via ADT, as these observations would facilitate a clearer 

understanding of the aetiology of CVD progression in men with PCa. Evidence from such designs 

would help validate prognostic associations between traditional and subclinical markers of CVD and 

quantify the intermediate steps in the clinical pathways from traditional risk factors to clinical events 

in men with PCa.  

 

Whilst functional (integrative) measures of subclinical CVD (VO2peak) highlighted a markedly 

lower VO2peak in men commencing ADT, it was surprising that the results of other prognostic 

markers were negligible. Although arterial stiffness did not reach statistical significance in men 

commencing ADT, we could speculate that the severity of traditional and subclinical markers of 

CVD could be offset by increasing VO2peak. Based on this notion, there is a need for further 

research studies to evaluate the effect of more vigorous exercise interventions targeting 

cardiometabolic health in PCa. Our meta-analysis in Chapter Three explicitly highlighted this, 

whereby the physiological stimulus was insufficient to elicit beneficial effects on cardiometabolic 

health outcomes in ADT-treated men. Recognising the above and accepting that ADT-treated men 

are likely to be at a higher risk of CVD (Chapter Two and Chapter Five), given the known impact 

of severe hypogonadism, the clinically significant findings of Chapter Six demonstrated that an 

enhanced periodised approach, including HIIT targeting cardiometabolic health, prevented adverse 

cardiac remodelling, and improved VO2peak in ADT-treated men compared to UC. It is worth 

noting that this trial was the first to provide evidence for the mechanism of improvement in 

VO2peak, which suggests the cardiovascular benefits from exercise training could be related to 

improvements in LVCO and LVSV. In contrast, decrement declines observed in the UC group are 

noteworthy, specifically concerning trends toward concentric cardiac remodelling, reduced 

VO2peak, and negative alterations in other cardiovascular health markers, including central and 
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peripheral haemodynamic and adiposity. While the trial results provide an avenue for future 

investigative work, the cardiovascular benefits observed in a short-term intensive exercise 

intervention prescribed concurrently with ADT profoundly affected traditional and subclinical 

markers of CVD. Future prospective designs should include robust assessments to determine 

underlying integrative system-level limitations associated with ADT before prescribing exercise 

interventions. While these precision-based approaches are well-studied in breast cancer [210, 295, 

316, 363, 452-455], particularly in integrative cardiovascular impairment, PCa has received limited 

attention. The application of precision-based exercise approaches targeting physiological limitations 

via the evaluation of cardiac function under stress (stress echocardiogram or exercise cardiac MRI) 

across the duration of ADT may potentially yield superior exercise benefits for ADT-treated men. 

However, before embarking on future trial designs, examining the association between exercise 

dosage and cardiovascular risk/event reduction in ADT-treated men would be of interest using 

prospective cohort designs as similarly conducted by others in breast and childhood cancers [456, 

457]. This approach could not only unveil targeted strategies to minimise the distinct short-term and 

long-term cardiovascular effects experienced by men during ADT, but it would also provide a far 

more informative clinical trial design to address cardiovascular risk reduction in this susceptible 

population.   

 

Therefore, the questions addressed in this thesis and the unique experimental methodologies show a 

thorough review of the subject field of cardiovascular risk in ADT-treated men. While this series of 

experimental studies in this thesis contained multiple secondary outcomes, it may have raised the 

likelihood of Type I statistical error. Nevertheless, the results of this thesis provide an initial step 

and basis for future work to understand further the higher prevalence of CVD in ADT-treated men 

and its influence on subclinical markers of CVD in the postulated pathway to cardiovascular events. 

The utility of comprehensively evaluating traditional and subclinical markers of CVD, specifically 

VO2peak, holds promise as a therapeutic tool to identify and mitigate cardiovascular impairment 

before and during ADT. Moreover, it is hoped that the results of this thesis direct our focus to 

investigate the effects of more vigorous exercise interventions targeting cardiometabolic health in 

ADT-treated men. While comparative effectiveness exercise intervention trials could best achieve 

this, evidence from such designs could play a critical role in defining which interventions should be 

recommended or prioritised throughout the PCa treatment continuum, mainly to reduce the CVD 

risk burden in this susceptible population.
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Table 7.1 Implications and recommendations resulting from this thesis for managing the 

cardiovascular and metabolic side effects in men with PCa treated with ADT. 

 

Men with prostate cancer commencing or undergoing ADT. 

Cardiovascular risk 

• Prior to commencing ADT, men should discuss the cardiovascular and metabolic side effects of ADT with 

clinical staff, which may include performing a cardiovascular risk screening [120, 341]. These measures 

should be completed yearly or even six-monthly, dependent on 10-year cardiovascular risk until ADT is 

ceased. 

Exercise Training 

• It is also recommended that clinicians treating men with PCa commencing or undergoing ADT seek advice 

on appropriate and individualised exercise prescription for managing ADT-related side effects. The current 

recommendations for individuals with cancer are: 

• Aerobic exercise training, which includes cycling, walking, rowing, and cross-training for 30 minutes 5-7 

days per week, is recommended. 

• Progressive resistance exercise training should follow established exercise oncology literature for ADT-

treated men [247, 254, 314, 315]. Whole-body progressive resistance training be performed at least twice 

per week, including 8-10 upper and lower body exercises at moderate to vigorous exercise intensity (12-6 

repetition maximum). It is recommended that progressive overload should be applied each week (2-10% 

increase in training load) where appropriate [314].  

• In the context of the thesis findings, more vigorous aerobic exercise training interventions should be 

considered to reduce the cardiovascular and metabolic side effects of ADT [243]. Before participating in 

more vigorous exercise interventions, referral to an exercise physiologist should be considered, given that 

participating in vigorous aerobic exercise interventions carries a higher risk of exercise-related events. 

Exercise professionals working with ADT-treated men with PCa. 

• It is recommended that exercise professionals working with ADT-treated men ensure that a cardiovascular 

risk screening (e.g., CVD risk calculator) via the patient’s general physician has been performed prior to 

prescribing an exercise intervention.  

• Before commencing ADT and participating in an exercise intervention, exercise capacity (e.g., symptom-

limited exercise test) should be assessed to identify adverse signs and symptoms across various exercise 

intensities.  

• A submaximal/symptom-limited exercise tests can predict baseline exercise capacity using VO2peak 

prediction equations and, therefore, should be considered given that men commencing ADT appear to have 

a substantially lower exercise capacity compared to age-gender reference values. 

• It is recommended that men with PCa work towards meeting or exceeding the guideline-recommended 

advice for exercise training for individuals with cancer [314]. The results of this thesis have shown that 

multi-modal exercise interventions consisting of moderate-intensity continuous (20 beats per minute below 
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ventilatory threshold), maximal steady state (ventilatory threshold) and high-intensity interval training 

(>95% of heart rate maximum) using the individual heart rate training zones appears feasible, well-

tolerated and efficacious in this population [225]. A general preparation period of four weeks of moderate 

continuous exercise training is recommended before adding intensive efforts.  

• Before administering these more intensive exercise interventions to ADT-treated men, ensure a medical 

clearance has been provided, and there has been no change in their cardiovascular risk factors. 

Researchers investigating the impact of exercise training on the adverse effects of ADT, particularly 

cardiovascular and metabolic health. 

• Further evaluation of cardiovascular risk profiling prior to and during ADT is recommended. While this 

study comprehensively evaluated cardiovascular risk using both traditional and novel assessments, the 

impact of ADT in men with PCa remains unknown. Studies with larger sample sizes using traditional and 

novel CVD risk assessment methods would be recommended for future research in this area. In addition, 

determining the reliability, sensitivity, and validity of traditional and novel cardiovascular assessments, 

specifically in this population, would be interesting. 

• The value of measuring arterial stiffness and pulse wave reflection prior to and throughout ADT based on 

the results of this thesis remains unclear. While the results of this thesis, particularly the baseline values, 

are consistent with others [100, 127], the impact of ADT on arterial stiffness and pulse wave reflection 

appears trivial, and the reasoning for this is most likely related to the small sample size and the timing of 

assessments. Future studies with larger sample sizes should consider performing arterial stiffness and pulse 

wave reflection measures at baseline and once medical castration has been achieved (complete androgen 

blockade; minimum testosterone level of 0.7 mmol/L). This may offer additional insights as to whether 

adverse arterial structure and function changes may affect CVD risk in this population. 

• Cohort studies focusing on the dose-response relationship between cardiovascular risk/events and exercise 

dose would be highly recommended. Studies conducted by Scott et al.[456] and Jones et al.[457] may 

provide insight into the dose-response relationship between exercise training and CVD risk/event 

mitigation in ADT-treated men.  

• Given that HIIT appears efficacious in ADT-treated men, future studies should assign longer exercise 

intervention periods using this multimodal exercise intervention to determine if more extended 

intervention periods have beneficial effects on body composition and patient-reported outcomes, such as 

fatigue and quality of life. 
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