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ABSTRACTS 

THESIS ABSTRACT 

This thesis encompasses six main chapters - two reviews and four experimental 

chapters, in addition to a general introduction and discussion. Review 1 (Chapter 2) is a 

discussion of the negative impact of obesity on prostate cancer prognosis and common prostate 

cancer treatments. Review 2 (Chapter 3) is an evaluation of the current literature examining 

prostate cancer patients receiving androgen deprivation therapy (ADT) and how exercise and 

nutrition interventions can be used to induce fat loss, while preserving or improving lean mass. 

Study 1 (Chapter 4) is an examination of the efficacy of a weight loss program in altering body 

composition in overweight and obese prostate cancer patients scheduled for a robot assisted 

radical prostatectomy. Study 2 (Chapter 5) is an examination of the efficacy of a 12-week 

weight loss intervention to reduce fat mass and maintain lean mass in obese prostate cancer 

patients receiving ADT, with quality of life outcomes reported in an accompanying chapter 

(Chapter 6). Finally, study 3 (Chapter 7) is an investigation of the effect of a 12-week self-

managed home-based exercise and nutrition program on body composition, physical function, 

and quality of life in obese prostate cancer patients receiving ADT who had previously 

completed a 12-week weight loss program.  
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CHAPTER TWO ABSTRACT  

Title: A review of the relationship between obesity and prostate cancer 

There is accumulating evidence demonstrating obesity to have a negative impact on 

prostate cancer. Although not associated with prostate cancer incidence, overweight and obese 

patients are at increased risk of exacerbated treatment side effects, progressing to advanced 

cancer stage, recurrence, development of obesity-related comorbidities, and all-cause and 

prostate cancer-specific mortality. The exact physiological mechanisms associated with obesity 

and poor prostate cancer prognosis are largely unknown; however, an increased inflammatory 

environment and metabolic irregularities associated with excess fat mass are commonly 

suggested. As such, a reduction in fat mass may prevent or slow down prostate cancer 

progression and improve a patient’s risk profile. Therefore, the overall aim of this review was 

to present and discuss: 1) the association between obesity and poor prostate cancer prognosis; 

2) the potential physiological mechanisms linking obesity and prostate cancer progression; 3) 

the effect of obesity on treatments for prostate cancer; and 4) the potential for weight loss 

strategies to improve outcomes in patients with prostate cancer. The findings of this review 

describe consistent epidemiological and clinical evidence on the association between obesity 

and prostate cancer progression and mortality. Although caution is warranted due to limited 

research, weight loss strategies using exercise and nutrition interventions may improve the risk 

profile of obese prostate cancer patients. 
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CHAPTER THREE ABSTRACT 

Title: Using exercise and nutrition to induce fat loss while preserving lean 

mass in prostate cancer patients receiving androgen deprivation therapy: a 

narrative review. 

Fat mass gain and lean mass loss are common side effects for patients with prostate 

cancer receiving androgen deprivation therapy (ADT). Excess fat mass has been associated 

with an increased risk of developing comorbidities such as cardiovascular disease and type 2 

diabetes, prostate cancer progression, and all-cause and cancer-specific mortality. Lean mass 

is the predominant contributor to resting metabolic rate with any loss impacting long-term 

weight management as well as physical function and frailty. Consequently, reducing fat mass 

and preserving lean mass, may improve a patient’s quality of life, risk of disease progression, 

and comorbidity development. Exercise and nutrition interventions are common strategies 

utilised to reduce fat mass and preserve or increase lean mass in addition to improving chronic 

disease risk factors in the non-cancer population. In men with prostate cancer on ADT, exercise 

and nutrition interventions lead to improvements in quality of life, physical function, and 

fatigue; however, effects on body composition have been variable. Fat mass loss in particular 

has been rarely targeted despite the known relationship ADT-induced fat gain has with poor 

patient outcomes. Therefore, the aim of this review was to provide a descriptive overview of 

exercise and nutrition interventions in prostate cancer patients on ADT and their effect on fat 

and lean mass. The findings of this review demonstrate fat mass gain and lean mass loss are 

side effects of ADT that might be prevented or reversed with the implementation of an exercise 

and nutrition intervention. However, the specifics and combinations of exercise and nutrition 

interventions are yet to be determined in future studies. 
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CHAPTER FOUR ABSTRACT 

Title: Efficacy of a weight loss program prior to robot assisted radical 

prostatectomy in overweight and obese men with prostate cancer. 

Obesity in prostate cancer patients is associated with poor prostate-cancer specific outcomes. 

Exercise and nutrition can reduce fat mass; however, few studies have explored this as a 

combined pre-surgical intervention in clinical practice. This study examined the efficacy of a 

weight loss program for altering body composition in prostate cancer patients prior to robot 

assisted radical prostatectomy (RARP). A retrospective analysis of 43 overweight and obese 

prostate cancer patients, aged 47 to 80 years, who completed a very low-calorie diet (~3000-

4000 kJ) combined with moderate-intensity exercise (90 minutes/day) prior to RARP. Whole 

body and regional fat mass (FM) and lean mass (LM) were assessed by dual x-ray 

absorptiometry pre- and post-program. Body weight, waist circumference, and blood pressure 

were assessed weekly, with surgery-related adverse effects recorded at time of surgery and 

follow-up appointments. With a median of 29 days (IQR: 24-35 days) on the program, patients 

significantly (p < 0.001) reduced weight (-7.3 ± 2.9 kg), FM (-5.0 ± 2.6 kg), percent body fat 

(-3.1 ± 2.5 %), trunk FM (-3.4 ± 1.8 kg), LM (-2.4 ± 1.8 kg), and appendicular LM (-1.2 ± 1.0 

kg). Lower weight, FM, percent FM, trunk FM, and visceral FM were associated with less 

surgery-related adverse effects (rs = 0.335 to 0.468, p < 0.010). Systolic and diastolic blood 

pressure were reduced (p < 0.001) by 15 ± 22 and 8 ± 10 mmHg, respectively over the weight 

loss intervention. Undertaking a combined low-calorie diet and exercise program for weight 

loss in preparation for RARP resulted in substantial reductions in FM, with improvements in 

blood pressure, that may benefit surgical outcomes.  
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CHAPTER FIVE ABSTRACT 

Title: Weight loss for obese prostate cancer patients on androgen 

deprivation therapy. 

Excess fat mass (FM) contributes to poor prostate cancer (PCa) prognosis and comorbidity. 

However, FM gain is a common side effect of androgen deprivation therapy (ADT). We 

examined the efficacy of a 12-week weight loss intervention to reduce FM and maintain lean 

mass (LM) in ADT-treated obese PCa patients. Fourteen ADT-treated obese PCa patients (72 

± 9 years, 39.7 ± 5.4 % body-fat) were recruited for a self-controlled prospective study, with 

11 completing the 6-week control period, followed by a 12-week intervention comprising 300 

minutes/week of exercise including supervised resistance training and home-based aerobic 

exercise, and dietitian consultations advising a daily energy deficit (2100 – 4200 kJ) and protein 

supplementation. Body composition was assessed by dual x-ray absorptiometry. Secondary 

outcomes included muscle strength (1RM), cardiorespiratory fitness (VO2max), and blood 

biomarkers. There were no significant changes during the control period. Patients attended 89% 

of supervised exercise sessions and 100% of dietitian consultations. No changes in physical 

activity or energy intake were observed. During the intervention, patients experienced 

significant reductions in weight (-2.8 ± 3.2 kg, p = 0.016), FM (-2.8 ± 2.6 kg, p < 0.001), and 

trunk FM (-1.8 ± 1.4 kg, p < 0.001), with LM preserved (-0.05 ± 1.6 kg, p = 0.805). Muscle 

strength (4.6 - 24.7 %, p < 0.010) and VO2max (3.5 ± 4.7 mL·min-1·kg-1, p = 0.041) significantly 

improved. Leptin significantly decreased (-2.2 [-2.7 - 0.5] ng/mL, p = 0.016) with no other 

changes in blood biomarkers such as testosterone and lipids (p = 0.051 – 0.765); however, CRP 

(rs = -0.670, p = 0.024) and triglycerides ( r = -0.667, p = 0.025) were associated with individual 

changes in LM. This study shows preliminary efficacy for an exercise and nutrition weight loss 

intervention to reduce FM, maintain LM, and improve muscle strength and cardiorespiratory 
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fitness in ADT-treated obese PCa patients. The change in body composition may impact blood 

biomarkers associated with obesity and PCa progression, however, further research is required.  
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CHAPTER SIX ABSTRACT 

Title: Quality of life outcomes in obese men with prostate cancer on 

androgen deprivation therapy undergoing planned weight loss.  

Exercise and nutrition interventions have been established as a viable strategy to mitigate or 

improve androgen deprivation therapy (ADT)-related reductions in quality of life (QoL) in men 

with prostate cancer. Here we examine the effect of an exercise and nutrition-based weight loss 

intervention on QoL in obese prostate cancer patients undertaking ADT. Fourteen ADT-treated 

obese prostate cancer patients aged 72 ± 9 years with a body fat percent of 39.7 ± 5.4 % were 

recruited for a self-controlled prospective exercise and nutrition weight loss study. Eleven 

patients completed the full study program, including a 6-week control period followed by a 12-

week intervention comprising 300 minutes/week of exercise including supervised resistance 

training, home-based aerobic exercise, and dietitian consultations advising a daily energy 

deficit (2100 – 4200 kJ) with post-exercise protein supplementation. General health-related 

QoL and prostate cancer-specific QoL were assessed using the SF-36 and EORTC QLQ-PR25 

questionnaires, respectively. Patients experienced a significant reduction in body weight (-2.8 

± 3.2 kg) during the intervention, predominantly through fat loss (-2.8 ± 2.6 kg) while lean 

mass was preserved (-0.05 ± 1.6 kg). Improvements in muscle strength and cardiorespiratory 

fitness were also observed. There were no significant changes in the 8 domains of general 

health-related QoL by the SF-36 (p = 0.142 - 0.902) and the physical and mental component 

summary scores (p = 0.757 and 0.922, respectively). No changes were observed in urinary, 

bowel, and sexual activity domains of the QLQ-PR25 (p = 0.072 – 0.913), however, a decrease 

in hormone treatment symptoms approached statistical significance (p = 0.059). These 

preliminary findings indicate that general health-related and prostate cancer-specific QoL are 
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maintained in obese patients on ADT while undertaking an exercise and nutrition-based weight 

loss intervention.  
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CHAPTER SEVEN ABSTRACT 

Title: A home-based exercise and nutrition program preserves body 

composition and physical function in obese prostate cancer patients on 

androgen deprivation therapy. 

Supervised exercise and nutrition interventions in men with prostate cancer can improve or 

preserve body composition, physical function, and quality of life, which are negatively 

impacted when receiving androgen deprivation therapy (ADT). It is unclear whether these 

benefits are retained following a transition to self-management after a period of supervision 

while remaining on ADT. Accordingly, this study examined the effect of a 12-week self-

managed, home-based exercise and nutrition program on body composition, physical function, 

and quality of life in obese prostate cancer patients on ADT following a 12-week supervised 

weight-loss program. Fourteen obese men with prostate cancer (48 - 84 years, 39.7 ± 5.4% 

body-fat) on long-term ADT (> 6 months) were initially recruited to undergo a 6-week control 

period followed by a 12-week exercise and nutrition weight loss program, with 11 men 

completing the intervention. The 11 patients then underwent a self-managed home-based 

program comprising 150 minutes of aerobic and resistance training each week while 

maintaining a healthy balanced diet.  Measurements included whole-body and regional fat mass 

(FM) and lean mass (LM) assessed by dual x-ray absorptiometry, muscle strength (1RM), 

cardiorespiratory fitness by 400m walk, and quality of life by self-report questionnaires. The 

initial intervention resulted in a significant reduction in FM (-2.8 ± 2.6 kg) with LM preserved 

(-0.05 ± 1.6 kg), and improvements in muscle strength and VO2max. Following the self-managed 

program, there was no increase in FM (0.2 ± 1.4 kg, p = 0.619) and no significant change in 

LM (-0.8 ± 1.6 kg, p = 0.146), muscle strength (-0.2 to 4.1%, p = 0.086 – 0.745), or estimated 

VO2max (0.3 ± 2.1 mL·min-1·kg-1, p = 0.649). However, quality of life domains role-physical (-
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7.1 ± 7.2, p = 0.008), mental health (-3.6 ± 4.6, p = 0.027), and physical component (-3.6 ± 5.2, 

p = 0.048) decreased. Obese prostate cancer patients undertaking ADT were able to maintain 

improvements in body composition, muscle strength, and cardiorespiratory fitness using a self-

managed, home-based exercise and nutrition program following a supervised exercise and 

nutrition weight loss intervention. Nevertheless, quality of life declined during this period and 

requires further investigation of maintenance strategies.  
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CHAPTER ONE 

General introduction 
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BACKGROUND INFORMATION 

Advances in screening, detection, diagnosis, and treatment of prostate cancer have 

improved overall survival with 95% of men living a minimum of 5 years beyond diagnosis [1]. 

However, while the survival rate is impressive, many men with prostate cancer experience a 

significantly reduced quality of life with long-term complications becoming more apparent 

across the natural history of the disease [2, 3]. Obesity has emerged as a critical concern 

attributed with negative long-term patient outcomes. Although obesity does not appear to be 

associated with increased prostate cancer incidence [4, 5], the World Cancer Research Fund & 

American Institute for Cancer Research described a strong level of evidence associating obesity 

with aggressive prostate cancer at diagnosis [6]. Obesity has also been associated with faster 

time to castrate resistance, cancer recurrence, and prostate cancer-specific and all-cause 

mortality [6-9]. The exact mechanisms attributed to the obesity and prostate cancer relationship 

are unclear, however, altered insulin/insulin-like-growth-factor axis, sex hormone 

concentrations, and abnormal adipokine and cytokine signalling are commonly suggested [5]. 

In addition, obesity has a well-established relationship with the development of comorbidities 

such as cardiovascular disease and diabetes [10], and increased risk of acute prostate cancer 

treatment-related complications and side effects [11-16], particularly for patients undergoing a 

radical prostatectomy or androgen deprivation therapy (ADT) who are of interest in this thesis.  

 Radical prostatectomy is commonly offered to patients who are generally fit and healthy 

and have contained or locally advanced prostate cancer [17]. The aim of surgery is to render a 

patient cancer free by removing the disease affected prostate, surrounding tissue, seminal 

vesicles, and/or lymph nodes (lymphadenectomy) [17]. Overweight and obese patients present 

a challenge to urologists as they often have multiple comorbidities which add risk to the 

procedure such as high blood pressure [18-20]. The surgical procedure may also be complicated 
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by the increased distance from the skin surface to the prostate and excess periprostatic fat mass 

[14, 15]. With fat acting as a physical barrier, surgical techniques may have to be adjusted for 

an obese patient, such as altering the angles of equipment insertion, use of alternative equipment 

(e.g. longer probes), or converting to an open prostatectomy [15, 21]. With the added technical 

difficulty of conducting a radical prostatectomy, obese patients are at increased risk of surgical 

complications including capsular incision, longer operation time, higher blood loss, and central 

nervous system and head and neck complications due to excessive peak expiratory airway 

pressure while in the Trendelenburg position [14-16]. While most patients will experience acute 

and long-term surgery-related side effects, obese patients may experience worse urinary and 

sexual outcomes, increased risk of post-operative infection, lymphedema, and positive surgical 

margins [14, 15, 22]. 

 Prostate cancer is an androgen sensitive disease, where ADT is commonly used to 

prevent the growth of prostate cancer by reducing testosterone to castrate levels or eliminating 

the ability of testosterone to attach to receptors [23]. The most common types of ADT include 

luteinizing hormone-releasing hormone (LHRH) agonists/antagonists and anti-androgens [24]. 

LHRH agonists/antagonists are given by implant or injection at intervals between 1 and 6 

months to continuously supress the production of testosterone [25]. Anti-androgens are given 

as oral medication and block the binding of androgens to their receptors [24]. Both treatments 

may be given in isolation, a combination of the two, or as neoadjuvant or adjuvant therapies 

alongside other prostate cancer treatments such as radiation therapy, chemotherapy, or surgery 

[26]. ADT may be prescribed for a few months, or in some cases indefinitely, depending on 

disease stage and treatment purpose [26]. As with any treatment, ADT is accompanied by side 

effects, however, patients who are obese have been reported to experience poorer quality of life 

through greater fatigue and lower vitality, higher blood triglyceride levels, and increased risk 

of skeletal-related events [11-13]. In addition to the association between obesity and more 
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severe ADT-related side effects, ADT can cause obesity in previously non-obese patients, or 

exacerbate adiposity in currently obese patients. Testosterone plays a role in the activation of 

lipolysis, muscle mass development, and bone growth [27, 28]. With the removal of 

testosterone, it has been reported that men on ADT experience a 6.6 - 13.8% gain in fat mass, 

2.0 – 3.6% loss in lean mass, and 2.0 – 8.0% loss in bone mass within the first year of treatment 

[29, 30].  

 As obese prostate cancer patients are at increased risk of long-term adverse events 

including cancer progression, recurrence, and prostate cancer-specific mortality, as well as at 

increased risk of exacerbated acute treatment-related side effects and complications, it is 

important to manage these risks from the time of diagnosis. Obesity status, as well as common 

comorbidities and abnormal metabolic outcomes associated with obesity, may be targeted using 

a number of interventions including behaviour modification, surgical intervention, and 

pharmaceuticals [31]; however, exercise and nutrition strategies are often considered initially 

given the low cost and low risk of consequences when prescribed appropriately. There have 

been major advancements in the exercise oncology field in the last decade with healthier 

lifestyle changes now viewed as important contributors to improved survivorship [32, 33, 29]. 

Current clinical practice guidelines for the management of overweight and obesity in Australia 

recommend 300 minutes of moderate intensity or 150 minutes of vigorous intensity exercise 

per week combined with an energy deficit diet to achieve weight loss [31]. There are currently 

no specific weight loss guidelines for prostate cancer patients. When weight loss is required, 

prostate cancer patients are referred to the weight loss guidelines for the general population 

[34]. Although following these guidelines is unlikely to be harmful for prostate cancer patients, 

their effectiveness and efficacy in this population has not been clarified.  

Despite the awareness of a need for weight management to be a part of clinical practice 

for patients with prostate cancer who are obese [35, 36], targeted research that aims to reduce 
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fat mass in obese patients is limited. In a systematic review of diet, exercise, and combined 

interventions undertaken in prostate cancer patients, Mohamad et al. [37] concluded combined 

exercise and diet interventions to be the most beneficial for weight loss. This is reflected in the 

work by O'Neill et al. [38] and Freedland et al. [39] who showed fat mass can be significantly 

reduced in men on ADT, and Henning et al. [40] who demonstrated similar results in patients 

prior to radical prostatectomy. The aim of this thesis is to build on these findings by examining 

several research gaps in this field. First, cancer progression has been shown to increase linearly 

with obesity status [41], therefore, the experimental studies conducted for this thesis have 

included overweight and obese (Chapter 4), or obese (Chapters 5, 6, 7) only patients, as these 

cohorts are of highest risk, and underrepresented in the exercise and nutrition oncology 

literature. Second, fat mass is considered critical to the relationship between obesity and poor 

prostate cancer prognosis, so where possible this thesis has used body fat percentage as 

assessed by dual x-ray absorptiometry, instead of body mass index, as an inclusion criterion to 

ensure that patients with excess fat mass were targeted. Third, in addition to fat loss, the 

maintenance of lean mass is also important and in previous studies has either been measured 

using inferior techniques such as skinfolds [38], or substantially reduced more than that of a 

usual care control group [39]. Finally, it is anticipated that the examination of clinical data and 

prescription of exercise and nutrition will provide external validity to the results by highlighting 

the importance of using exercise and nutrition as an adjuvant therapy within a clinical 

environment. 

PURPOSE OF THE RESEARCH  

The purpose of this thesis was to examine the efficacy and effectiveness of exercise and 

nutrition-based weight loss programs in reducing fat mass, while maintaining lean mass, in 

patients with prostate cancer who are overweight or obese. The first experimental study 
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presented in Chapter 4 of this thesis examines overweight and obese men who were scheduled 

to undergo a radical prostatectomy. This population was of interest due to the significant impact 

obesity can have on the surgical procedure and increased risk of experiencing complications 

and side effects. Patients with prostate cancer who are obese and receiving long-term ADT 

were also of interest and the studies and outcomes are reported in Chapters 5, 6, and 7. Fat 

mass gain is a common side effect of ADT, which can lead to reduced physical function, quality 

of life, and poor prostate cancer prognosis. Specifically, the chapters within this thesis are 

investigations of the following:  

Chapter 2: This review is an exploration of the relationship between obesity and prostate 

cancer. It is an evaluation of the current evidence surrounding proposed mechanisms for the 

observed association between obesity and prostate cancer, how common prostate cancer 

treatments cause or are affected by obesity, and the potential for weight loss strategies to 

improve outcomes for patients with prostate cancer. 

Chapter 3: Building on the previous chapter, this review is a critical appraisal of the effect 

exercise and combined exercise and nutrition interventions have on fat mass and lean mass in 

ADT-treated patients by providing a comprehensive discussion of the literature. In addition, 

Chapters 2 and 3 are a platform for the methodology undertaken in the experimental studies. 

Chapter 4: This retrospective study is an examination of data previously collected within a 

clinical environment where overweight and obese patients with prostate cancer were requested 

and supported to lose weight prior to undergoing a robot assisted radical prostatectomy 

(RARP). The aim was to analyse the effect of a weight loss program on body composition in 

prostate cancer patients prior to surgery.  

Chapter 5: This prospective study is an investigation of the efficacy of a 12-week exercise and 

nutrition weight loss intervention in obese prostate cancer patients on ADT to reduce fat mass, 
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maintain lean mass, and improve physical function and blood biomarkers associated with 

cancer progression and obesity.  

Chapter 6: This study is a short clinical communication of the exercise and nutrition weight 

loss intervention described in Chapter 5 and focuses on quality of life.  

Chapter 7: This study is an extension of the results reported in Chapters 5 and 6, by examining 

the efficacy of a 12-week self-managed home-based exercise and nutrition program to maintain 

body composition, quality of life, and physical function, while remaining on ADT. 

SIGNIFICANCE OF THE RESEARCH 

Obese patients with prostate cancer are a population in critical need for novel clinical 

interventions, however, they have not been commonly targeted in exercise oncology research 

studies. With the improved survival rate in men with prostate cancer, and an increase in the 

prevalence of obesity in both the cancer and general populations, it is becoming an important 

research area to understand how obese patients could benefit from combined exercise and 

nutrition interventions. Obese men with prostate cancer are at increased risk of advanced stage 

disease, experiencing a greater number and more severe treatment-related side effects, 

developing obesity-related comorbidities, disease recurrence, and all-cause and prostate 

cancer-specific mortality [6-8, 10]. It is anticipated that findings from the experimental studies 

presented in this thesis will improve the current understanding of how patients with prostate 

cancer who are obese respond to exercise and nutrition weight loss programs either prior to a 

RARP or while receiving ADT. This thesis will also provide further insights into the 

importance of including such programs within clinical practice. 
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RESEARCH QUESTIONS 

Chapter 4  

Title: Efficacy of a weight loss program prior to robot assisted radical prostatectomy in 

overweight and obese men with prostate cancer. 

1. Can an exercise and nutrition weight loss program reduce fat mass in overweight and 

obese prostate cancer patients prior to undergoing a RARP? 

2. Is lean mass maintained during an exercise and nutrition weight loss program prior to 

RARP? 

3. Is blood pressure affected by a pre-surgery exercise and nutrition weight loss program? 

4. Are changes in body composition associated with the number of surgery-related adverse 

effects? 

Chapter 5 

Title: Weight loss for obese prostate cancer patients on androgen deprivation therapy. 

1. Can an exercise and nutrition weight loss program reduce fat mass in obese prostate 

cancer patients undergoing ADT? 

2. Is lean mass maintained in obese prostate cancer patients on ADT during an exercise 

and nutrition weight loss program? 

3. Can an exercise and nutrition weight loss program improve muscle strength and 

cardiorespiratory fitness in obese prostate cancer patients on ADT? 

4. Does an exercise and nutrition weight loss program have an effect on blood serum 

biomarkers associated with prostate cancer progression and obesity? 
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Chapter 6 

Title: Quality of life outcomes in obese men with prostate cancer on androgen deprivation 

therapy undergoing planned weight loss.  

1. Can an exercise and nutrition weight loss program improve general health-related 

quality of life in obese prostate cancer patients undergoing ADT? 

2. Can an exercise and nutrition weight loss program improve prostate cancer-specific 

quality of life in obese prostate cancer patients undergoing ADT? 

Chapter 7 

Title: A home-based exercise and nutrition program preserves body composition and physical 

function in obese prostate cancer patients on androgen deprivation therapy. 

1. Can obese men with prostate cancer maintain fat mass previously lost during a 

supervised weight loss intervention by completing a self-managed home-based exercise 

and nutrition program while remaining on ADT.   

2. Can obese men with prostate cancer maintain lean mass during a self-managed home-

based exercise and nutrition program while remaining on ADT.   

3. Does a self-managed home-based exercise and nutrition program maintain muscle 

strength, cardiorespiratory fitness, and quality of life in prostate cancer patients 

receiving ADT? 

RESEARCH HYPOTHESES 

Chapter 4  

Title: Efficacy of a weight loss program prior to robot assisted radical prostatectomy in 

overweight and obese men with prostate cancer. 
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Comparing baseline and pre-surgery assessments, an exercise and nutrition weight loss 

program will: 

1. Reduce total fat mass and regional trunk and visceral fat mass.  

2. Maintain total lean mass and regional appendicular skeletal mass.  

3. Reduce both systolic and diastolic blood pressures.  

Examining the effects of the weight loss program on surgery-related adverse effects.  

1. Those who lost the most amount of fat or had the lowest absolute amount of fat mass 

will experience less surgery-related adverse effects. 

Chapter 5 

Title: Weight loss for obese prostate cancer patients on androgen deprivation therapy. 

A 12-week exercise and nutrition weight loss program will: 

1. Reduce fat mass. 

2. Maintain lean mass.  

3. Improve upper and lower body muscle strength. 

4. Improve cardiorespiratory fitness.  

5. Improve blood serum biomarker concentrations associated with prostate cancer 

progression and obesity (lipid profile, insulin, HbA1c, CRP, IL-6, leptin, adiponectin, 

IGF-1, IGFBP-3).  

6. Maintain testosterone and PSA concentrations.  

Chapter 6 

Title: Quality of life outcomes in obese men with prostate cancer on androgen deprivation 

therapy undergoing planned weight loss.  
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A 12-week exercise and nutrition weight loss program will: 

1. Improve general health-related quality of life scores.  

2. Improve prostate cancer-specific quality of life scores.  

Chapter 7 

Title: A home-based exercise and nutrition program preserves body composition and physical 

function in obese prostate cancer patients on androgen deprivation therapy. 

Following a supervised 12-week exercise and nutrition weight loss program, a 12-week self-

managed home-based exercise and nutrition program will: 

1. Maintain fat and lean mass.  

2. Maintain upper and lower body muscle strength.  

3. Maintain cardiorespiratory fitness.  

4. Maintain general health-related and prostate cancer-specific quality of life.  

Overall, these positive effects of the respective interventions are hypothesised to 

improve, reverse, or prevent established and anticipated obesity-related complications and 

treatment-related adverse effects associated with a RARP or ADT. The resulting hypothesised 

changes will improve overall well-being of obese prostate cancer patients and improve their 

risk profile for comorbidity development and cancer progression.  
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CHAPTER TWO 

A review of the relationship between 

obesity and prostate cancer 
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A B S T R A C T   

Overweight and obese men with prostate cancer are at an increased risk of disease recurrence, exacerbated 
treatment-related adverse effects, development of obesity-related comorbidities, earlier progression and devel
opment of metastatic disease, and higher all-cause and prostate cancer-specific mortality. The physiological 
mechanisms associating obesity with poor prostate cancer outcomes remain largely unknown; however, an 
increased inflammatory environment and metabolic irregularities associated with excess fat mass are commonly 
postulated. Although research is limited, fat loss strategies using exercise and nutrition programmes may slow 
down prostate cancer progression and improve a patient’s prognosis. This review is an overview of: 1) the as
sociation between obesity and poor prostate cancer prognosis; 2) potential physiological mechanisms linking 
obesity and prostate cancer progression; 3) the effect of obesity on treatments for prostate cancer; and 4) the 
potential for weight loss strategies to improve outcomes in patients with prostate cancer.   

1. Introduction 

The prevalence of obesity is higher among people with cancer 
compared to the general population, with over 30 % of cancer-related 
deaths attributed to obesity (Balogh et al., 2018). Obesity is also a risk 
factor for the development of 13 different types of cancer and is likely to 
surpass tobacco as the leading preventable risk factor (Lauby-Secretan 
et al., 2016; Sung et al., 2019). With improvements in diagnosis and 
treatments, people with cancer are living longer, however, the acute and 
long-term side effects may significantly impair quality of life (Chambers 
et al., 2015). Consequently, obesity is becoming an increasingly 
important consideration throughout the cancer trajectory and is shown 
to impact the effectiveness of treatment, cancer progression, comor
bidity development, and survival, particularly in people with colorectal, 
breast, and prostate cancer (Demark-Wahnefried et al., 2015, 2012; 
Ligibel et al., 2015; Jaspan et al., 2021). 

For people with prostate cancer, obesity is associated with increased 
risk of recurrence following curative intent treatment, progression to 
advanced cancer, and prostate cancer-related mortality (Cao and Ma, 

2011; Harrison et al., 2020; Hu et al., 2014; World Cancer Research 
Fund, 2021). While undergoing active treatment, obese men with 
prostate cancer are at increased risk of experiencing more severe, and a 
greater number of, acute and long-term adverse effects, and shorter time 
to develop castrate resistant prostate cancer relative to non-obese 
counterparts (Cao and Ma, 2011; Calle et al., 2003; Rhee et al., 2016). 
Obesity can also lead to the development of comorbidities such as car
diovascular disease (CVD) and diabetes mellitus (Bray, 2004), and 
impact mobility, social life, psychological status, and quality of life 
(Fontaine and Barofsky, 2001). 

Following a prostate cancer diagnosis, non-obese men are vulnerable 
to becoming obese as a consequence of stress-related changes to eating 
habits due to heightened anxiety, decreased physical activity resulting 
from treatment side effects (Baker et al., 2015), and from androgen 
deprivation therapy (ADT), a common prostate cancer treatment which 
reduces androgen concentrations to suppress tumour growth (Labrie 
et al., 1986). Although clinicians treating overweight or obese men with 
prostate cancer often address weight loss, it is commonly discussed in 
relation to the patient’s general health and well-being, rather than as a 
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potential adjuvant therapy (Baker et al., 2015; Ligibel et al., 2019). The 
advice given is often generic, encouraging patients to increase physical 
activity and eat a healthy balanced diet (Sutton et al., 2017). While 
prescribed exercise and nutrition interventions have been demonstrated 
to be safe for men with prostate cancer (Hayes et al., 2019; Moyad et al., 
2016), their impact on weight loss and prostate cancer-related out
comes, is largely unknown, particularly as it pertains to obese patients. 

The aim of this review is to examine how obese men with prostate 
cancer may be managed while on treatment by discussing: 1) association 
between obesity and poor prostate cancer prognosis; 2) potential phys
iological mechanisms linking obesity and prostate cancer progression; 3) 
effect of obesity on prostate cancer treatments; and 4) potential for 
weight loss strategies to improve outcomes in men with prostate cancer. 

MEDLINE, Scopus, and PubMed databases were searched with pub
lished studies included until August 2021. Search terms included various 
combinations of: prostate cancer; obesity; radical prostatectomy; radi
ation therapy; androgen deprivation therapy; exercise; nutrition; body 
composition; fat mass; lean mass. Secondary searches involved reference 
lists of eligible articles. The key criterion was to identify studies that 
included prostate cancer patients with obesity or weight loss as a pri
mary component of interest. 

2. Obesity and prostate cancer prognosis 

While there is strong evidence indicating an association between 
obesity and advanced or lethal prostate cancer, the association with 
prostate cancer incidence is complex and not well defined (Joshu et al., 
2011; Pernar et al., 2018). A systematic review and meta-analysis con
ducted by the World Cancer Research Fund & American Institute for 
Cancer Research (World Cancer Research Fund, 2021) assessed a cohort 
of over 9 million men including 191,000 men with prostate cancer. They 
concluded there was a strong level of evidence indicating an 8–11 % 
increased risk of advanced prostate cancer and prostate cancer-specific 
mortality in obese men. Other meta-analyses have established similar 
conclusions (Cao and Ma, 2011; Harrison et al., 2020; Hu et al., 2014; 
Troeschel et al., 2020; Rivera-Izquierdo et al., 2021). In over 1 million 
initially cancer-free men, Cao and Ma (2011) reported a 15 % higher risk 
of prostate cancer mortality associated with every 5 kg/m2 increase in 
body mass index (BMI); and in a subgroup of 15,000 men with prostate 

cancer, a 5 kg/m2 increase in BMI was associated with a 21 % increased 
risk of biochemical recurrence. Hu et al. (2014) in a dose-response 
analysis of over 36,000 prostate cancer patients, found a 16 % 
increased risk of biochemical recurrence with every 5 kg/m2 increase in 
BMI. Also completing dose-response analyses, Harrison et al. (2020), in 
over 1 million men with prostate cancer, reported a 6 % increased risk of 
advanced disease per 5 kg/m2 increase in BMI, and Rivera-Izquierdo 
et al. (2021), in over 280,000 prostate cancer patients, reported a 9 % 
increased risk of prostate cancer-specific mortality with every 5 kg/m2 

increase in BMI. The risk increases associated with every 5 kg/m2 

change in these meta-analyses indicate that a substantial weight gain is 
required for a male to significantly increase their prostate cancer-related 
risks. For instance, a male weighing 85 kg and 1.8 m tall would need to 
gain ~13 kg to increase their BMI by 5 kg/m2. However, Troeschel et al. 
(2020) in a prospective cohort study of nearly 7000 non-metastatic 
prostate cancer patients indicated those who self-reported a weight 
gain of >5 % between 2- and 4-years post-diagnosis were at increased 
risk of prostate cancer-specific (HR 1.65, 95 % CI 1.21–2.25) and 
all-cause mortality (HR 1.27, 95 % CI 1.12–1.45) compared to men who 
maintained their post-diagnosis weight. These analyses in a large 
number of patients report a positive relationship between obesity and 
advanced stage disease, recurrence, and prostate cancer-specific and 
all-cause mortality, with increased risk apparent in obese patients 
regardless of physical activity status and clinical factors such as tumour 
characteristics (Fig. 1) (Harrison et al., 2020; Joshu et al., 2011; Troe
schel et al., 2020; Peisch et al., 2017). 

In contrast to the literature identifying a relationship between 
obesity and prostate cancer progression, some studies have identified 
obesity to have a protective effect for prostate cancer patients. For 
example, Vidal et al. (2014) reported obese men to have a significantly 
lower risk of low-grade disease (OR 0.79, 95 % CI 0.65–0.94), however, 
this analysis also agreed with the previously described meta-analyses 
associating obesity with a higher risk of high-grade disease (OR 1.28, 
95 % CI 1.01–1.63). In another analysis, Vidal et al. (2018) reported that 
men with non-metastatic castrate resistant prostate cancer with a higher 
BMI had a reduced risk of all-cause mortality (HR 0.98, 95 % CI 
0.97–0.99), albeit very minor. This was further reflected in an analysis 
by Martini et al. (2021) who found a similar association but with met
astatic castrate resistant prostate cancer patients where obesity was 

Fig. 1. Obese men with prostate cancer are at increased risk of poor prognosis and general health. Confounding factors at the time of prostate cancer diagnosis could 
contribute to this relationship. There is inconclusive evidence for obesity to increase risk of incidence, decrease risk of low-grade prostate cancer, and improve 
survival for patients with castrate resistant prostate cancer. 
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associated with reduced cancer-specific mortality (SHR 0.94, 95 % CI 
0.91− 0.98). Coined the obesity paradox, the protective nature of obesity 
compared to normal weight individuals requires further investigation 
across the entire scope of the prostate cancer population as it is unclear if 
the same relationships are also found among non-castrate resistant 
cancers. Additionally, much of the literature describing a relationship 
between obesity and prostate cancer outcomes utilise BMI as the clinical 
indicator for obesity. While BMI is useful for defining weight categories, 
it does not provide information on the metabolic health and proportions 
of fat and lean mass, which may be of greater importance for the 
development and progression of prostate cancer and further explain the 
various identified relationships between obese patients and their prog
nosis. In a study of 172 prostate cancer patients, Dickerman et al. (2019) 
examined the influence of fat mass distribution on prostate cancer 
aggressiveness measuring fat area of the abdomen (visceral and subcu
taneous) and thigh (intermuscular and subcutaneous) through 
computed tomography, along with total body fat mass by bioimpedance 
analysis. In agreement with previous meta-analyses, BMI increases were 
associated with increased risk of advanced and fatal prostate cancer; 
however, these authors also demonstrated that greater visceral fat and 
thigh subcutaneous fat were associated with advanced and fatal prostate 
cancer, respectively. In another study, Salji et al. (2018) assessed 
peri-prostatic fat using magnetic resonance imaging, demonstrating 
those with greater fat around the prostate developed castrate resistant 
prostate cancer faster than those who had less fat. Notably, both studies 
reported that total body fat was not associated with any prostate 
cancer-related outcomes, suggesting that the type of fat and its distri
bution may be of importance (Dickerman et al., 2019; Salji et al., 2018). 
This concept is further reflected, although with contrasting results, in a 
recent meta-analysis by Lopez et al. (2021) who reported prostate cancer 
patients with higher subcutaneous fat mass to have ~32 % survival 
advantage. Although there was no association noted between total and 
visceral fat mass with survival, sarcopenia (low muscle mass) was 
associated with mortality risk. 

While meta-analyses have established an association between 
obesity and poor prostate cancer outcomes (Harrison et al., 2020; Joshu 
et al., 2011; Troeschel et al., 2020; Peisch et al., 2017), research from 
clinical data presents several confounding factors at diagnosis that could 
explain why this relationship is evident (Fig. 1). Prostate cancer is more 
difficult to detect in obese men, potentially leading to a delayed diag
nosis (Allott et al., 2013). In a recent meta-analysis, obese men (BMI ≥
30 kg/m2) had a 12.9 % lower serum prostate specific antigen (PSA) 
level, a marker for prostate cancer, compared to men with a normal BMI 
(< 25 kg/m2) (Harrison et al., 2020). Obese men have greater plasma 
volumes, which could lead to hemodilution resulting in lower PSA 
concentrations (Buschemeyer and Freedland, 2007; Freedland et al., 
2020). The inverse relationships between BMI and blood volume with 
PSA is further highlighted using retrospective data of over 86,000 men 
screened for prostate cancer (Lin et al., 2021). A digital rectal exami
nation can also be inconclusive or result in under-staging in obese men 
as they often have larger prostates, which mask the presence of abnor
malities (Freedland et al., 2008). In addition, accurate biopsy testing is 
more difficult with an enlarged prostate (Buschemeyer and Freedland, 
2007). Irrespective of these confounding factors at diagnosis potentially 
impacting the association between obesity and poor prostate cancer 
prognosis, a relationship still appears to exist. Vidal et al. (2014) 
completed routine prostate biopsies independent of PSA levels and other 
clinical covariates, which in obese patients could mask the presence of 
prostate cancer, and still reported a significant association between 
obesity and increased risk of diagnosis at the advanced stage of prostate 
cancer. 

3. Potential mechanisms linking obesity and prostate cancer 

Excess fat mass is characterised by low-level chronic inflammation 
resulting in abnormal secretion of adipokines leading to disrupted 

immune responses and other metabolic irregularities (Deng et al., 2016). 
This state leads to decreased cancer cell apoptosis, and increased cancer 
cell growth, dysregulated angiogenesis, and the development of metas
tases and chemoresistance (Deng et al., 2016; Adesunloye, 2021). The 
mechanisms for the association between fat mass and prostate cancer 
progression are not well understood, and it is likely that multiple factors 
work together to create a favourable tumour micro-environment for 
cancer growth (Deng et al., 2016). In this regard, proposed factors 
include alterations to the insulin and insulin-like-growth-factor (IGF) 
axis, sex hormone concentrations, and adipokine signalling (Fig. 2) 
(Allott et al., 2013; Adesunloye, 2021). 

3.1. Insulin and IGF-axis 

Insulin resistance is a common side effect of obesity, resulting in 
excess concentrations of insulin, relative to glucose, circulating in the 
blood (Ahmadi and Daneshmand, 2013). Insulin is a growth promoting 
hormone, which could enhance cellular proliferation and differentia
tion, and reduce apoptosis in cancer cells (Nandeesha, 2009). Prostate 
cancer cells contain insulin receptors, although it is unclear how insulin 
and cancer cells interact (Nandeesha, 2009; Di Sebastiano et al., 2017). 
The IGF-axis, a complex system of cell surface receptors, ligands, high- 
and low-affinity binding proteins, and proteases (Adesunloye, 2021), 
has been identified as a possible stimulator where increased levels of 
IGF-1 may enhance cellular proliferation (Barnard et al., 2003; Párrizas 
et al., 1997). However, IGF-binding proteins 1 and 3 (IGFBP-1 and 
IGFBP-3) may inhibit cancer cell proliferation and survival through 
IGF-independent actions or by regulating the availability of free IGF-1 
(Fig. 2) (Adesunloye, 2021; Barnard et al., 2003; Sharma et al., 2014; 
Rajah et al., 1997). Barnard et al. (2003) compared serum samples from 
non-cancer male participants across three groups: exercise, diet plus 
exercise, and a control group of sedentary men who maintained their 
current exercise and dietary habits. The exercise and diet plus exercise 
groups had significantly lower IGF-1 and significantly higher IGFBP-1 
concentrations, as well as lower BMI compared to the controls. 
Further, when the in vivo collected serum was combined in vitro with 
LNCaP prostate cancer cells, the higher levels of IGF-1 in serum collected 
from the control group increased cell growth, and the higher levels of 
IGFBP-1 in the exercise and diet plus exercise groups induced apoptosis 
(Barnard et al., 2003). Similarly, IGFBP-3 has induced apoptosis in a 
PC-3 cell line in vitro (Rajah et al., 1997), and Wright et al. (2013) found 
increased concentrations of IGFBP-3 in men with prostate cancer who 
undertook a weight loss program, compared to usual care controls. The 
results from Barnard et al. (2003) and Wright et al. (2013) indicate that 
exercise and nutrition interventions leading to lower BMI and weight 
loss may be beneficial in improving IGFBP concentrations, leading to 
reduced bioavailable IGF-1, and decreased risk of prostate cancer pro
gression. Additionally, improved insulin resistance also decreases a pa
tient’s risk of developing other comorbidities, particularly type 2 
diabetes and CVD (Ormazabal et al., 2018). 

3.2. Sex hormone concentrations 

Sex hormone concentrations do not appear to be associated with 
increased risk of prostate cancer incidence (Boyle et al., 2016); however, 
prostate cancer regresses in response to castration, hence ADT is a common 
treatment modality as it reduces testosterone availability to cells (Allott 
et al., 2013; Taplin and Ho, 2001). However, continued exposure to castrate 
levels of testosterone from ADT creates an environment in which prostate 
cancer cells will eventually adapt and mutate to an androgen independent 
disease (Taplin and Ho, 2001). This prostate cancer evolution has been 
reported to occur more rapidly in obese than non-obese men (Salji et al., 
2018), although a genetic predisposition may also exist (Tong, 2021). 
Further, increased aromatase activity in obese individuals converts testos
terone to estradiol resulting in increased concentrations (Calle et al., 2003), 
which promotes prostate cancer growth (Allott et al., 2013; Tahergorabi 

R.L. Wilson et al.                                                                                                                                                                                                                               



Critical Reviews in Oncology / Hematology 169 (2022) 103543

4

et al., 2016). Massillo et al. (2019) examined the effect of estradiol on 
prostate cancer within two contexts. The first component was in vitro, where 
varying estradiol concentrations were applied to androgen-dependent and 
androgen-independent human prostate cancer cell lines. The second 
component was in vivo, that used a murine model comparing a control diet 
to a high fat diet designed to emulate the presence of metabolic syndrome, 
of which obesity is a key component (Massillo et al., 2019). This study 
showed increases in estradiol concentration led to increases in cell viability 
of the androgen-dependent prostate cancer cell line LNCaP, but not 
androgen-independent prostate cancer cell line PC-3. This was further 
examined in the murine model where mice on a high fat diet had a signif
icantly higher concentration of estradiol and was associated with increased 
prostate cancer cell proliferation (Fig. 2). Although preclinical studies sup
port the association between estradiol and prostate cancer progression 
(Bonkhoff and Berges, 2009), this relationship is yet to be confirmed in 
epidemiological and clinical studies (Yao et al., 2011). 

3.3. Adipokine signalling 

Adipokines are cell signalling proteins produced by adipose tissue (Galic 
et al., 2010). Leptin and adiponectin, in particular, have been proposed to 
promote prostate cancer progression and have anti-tumour properties, 
respectively (Adesunloye, 2021). Leptin inhibits hunger but also has 
pro-inflammatory and pro-angiogenic effects (Tahergorabi et al., 2016). 
High concentrations of leptin have been found to have a pro-tumour effect 
in androgen independent DU145 and PC-3 prostate cancer cell lines but not 
in androgen-dependent LNCaP-FGC cell lines (Onuma et al., 2003). How
ever, a recent meta-analysis only identified a weak inverse relationship 
between leptin and prostate cancer risk using pooled effect estimates of 
prospective studies (3 % decreased risk per 2.5 ng/mL increase in leptin) 
(Burton et al., 2021). Conversely, high concentrations of adiponectin have 
anti-tumour properties inhibiting androgen-dependent and 
androgen-independent prostate cancer cell growth (Fig. 2) (Tahergorabi 
et al., 2016; Bub et al., 2006). Adiponectin concentrations are inversely 
associated with fat mass, and in high concentrations may have a protective 
effect against prostate cancer by inhibiting inflammation; activating aden
osine monophosphate-activated protein kinase (AMPK) which has 
anti-tumour effects (Champ et al., 2016); stimulating fatty acid oxidation; 
and improving insulin sensitivity and glucose metabolism (Tahergorabi 
et al., 2016; Li et al., 2010). Men with prostate cancer on ADT have 
increased adiponectin concentrations despite a treatment-induced increase 
in fat mass (Smith et al., 2008). Although the relationship is inverse, the 
increased adiponectin concentration within this context does not appear to 
have an inhibitory effect on ADT-related adverse effects such as hyper
insulinemia (Smith et al., 2008). The relationship between these adipokines 
and prostate cancer incidence and progression is still unclear and further 
research is required to elucidate the role of leptin and adiponectin in 
prostate cancer (Burton et al., 2021). 

4. Obesity and implications for prostate cancer treatments 

Obese men with prostate cancer have an increased likelihood of 
developing treatment-related side effects of greater severity (Henning 
et al., 2018; Galvao et al., 2011; Newton et al., 2018; Knipper et al., 
2019; Thomas et al., 2013). Men with prostate cancer are also at 
increased risk of developing obesity after initiating treatment with ADT, 
which causes fat gain, and as a consequence of reduced physical activity 
or adversely altered stress-related eating behaviours (Baker et al., 2015; 
Galvao et al., 2008). The impact of obesity is discussed below (Sections 
4.1–4.3) for the most common treatments experienced by men with 
prostate cancer (Fig. 3). 

4.1. Surgery 

Obesity increases the difficulty of radical prostatectomy because of 
excess fat mass surrounding the prostate, and an increased distance from 
the skin surface to the prostate (Mikhail et al., 2006; Freedland et al., 
2005; Wiltz et al., 2009). Therefore, alternative instruments, measure
ments, and adapted surgical techniques are required (Mikhail et al., 
2006; Freedland et al., 2005; Wiltz et al., 2009). During surgery, obese 
men with prostate cancer have been reported to experience a higher 
number of surgery-related adverse effects, have a longer surgery dura
tion, higher blood loss, increased risk of capsular incision, and conver
sion to an open prostatectomy, or an aborted surgery due to excessive 
peak expiratory airway pressure while in the Trendelenburg position, 
with complications such as pneumoperitoneum (Freedland et al., 2005; 
Wiltz et al., 2009; Wilson et al., 2020; Siddiqui et al., 2006; Ahlering 
et al., 2005; Neuenschwander et al., 2018). In addition, post-surgical 
complications are more apparent in obese compared to non-obese in
dividuals and include increased risk of positive surgical margins, 
infection, lymphedema, and greater severity in urinary and 
sexual-related side effects (Knipper et al., 2019; Freedland et al., 2005; 
Wiltz et al., 2009; Wilson et al., 2020; Ferro et al., 2021). However, 
irrespective of the potential increased risk of a higher number or more 
severe complications for obese patients, the risks associated with sur
gical techniques can be reduced with greater surgeon experience (Wiltz 
et al., 2009). 

4.2. Radiation therapy 

External beam radiation therapy (EBRT) is the most common form of 
radiation (NML, 2014). Following EBRT obese prostate cancer patients 
are at increased risk of biochemical recurrence compared to non-obese 
patients (Hu et al., 2014). This is likely due to the technical difficulty 
of setting up the EBRT to accurately target the region of concern, due to 
increased day-to-day movement of the prostate in overweight and obese 
men, and larger levels of impedance between the radiation beam and the 
prostate (Cao and Ma, 2011; Stroup et al., 2007). Moreover, Wang, et al. 

Fig. 2. Proposed mechanisms for the association between fat mass and prostate cancer progression. *Estradiol only appears to effect androgen-dependant cancer 
growth, and leptin androgen-independent growth. 
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(Wang et al., 2015) showed that obese prostate cancer patients treated 
with image-guided radiation therapy, where the target area is imaged 
every session to allow for more precise radiation, still had increased risk 
of biochemical recurrence, higher propensity for distant metastases, and 
higher cancer-specific and overall mortality rates. Obesity has also been 
linked to the exacerbation of EBRT-related side effects including vitality, 
hormone function, skin irritation, rectal bleeding, and nocturia (Baker 
et al., 2015; Thomas et al., 2013; Sanda et al., 2008). 

Brachytherapy is another common radiotherapy technique involving 
the surgical implantation of radioactive seeds into the prostate (Parker 
et al., 2015). When comparing obese and non-obese men with prostate 
cancer receiving surgical implantation of radioactive seeds, no differ
ences in surgery-related outcomes have been reported (Mitsuyama et al., 
2006). Merrick et al. (2002) reported that obesity does not appear to 
impact quality of life parameters such as bowel and sexual function 
while undertaking brachytherapy. Moreover, although Merrick, et al. 
(Merrick et al., 2002) did not directly compare an obese cohort (BMI >
35 kg/m2) with non-obese patients, they did note that patient outcomes 
(e.g., urinary function, bowel function) in their obese patients were 
comparable to previous reports of the general brachytherapy popula
tion. Obese men with prostate cancer treated with radical prostatectomy 
or EBRT are at increased risk of biochemical recurrence, however, no 
such relationship has been established for obese patients receiving 
brachytherapy (Cao and Ma, 2011; Hu et al., 2014; van Roermund et al., 
2010). This may be due to the dose escalation delivery of the implanted 
seeds in the prostate, whereby brachytherapy, more than other prostate 
cancer treatments, may effectively overcome biological factors, patient 
selection bias, radiation dose distributions, and physical barriers asso
ciated with accessing the prostate through more invasive means such as 
radical prostatectomy (Hu et al., 2014; Stroup et al., 2007). Although the 
current literature describes obese and non-obese patients of having 
similar risks when receiving brachytherapy, this is a largely under
studied area and requires further examination. 

4.3. Androgen deprivation therapy 

Unlike other treatments, ADT can cause an increase in fat mass that 
will lead to obesity if unmanaged or will exacerbate obesity in those 
already overweight. This appears to occur regardless of whether ADT is 
given intermittent or continuously, although intermittent has been 

shown to have a reduced impact on metabolic complications (Rezaei 
et al., 2016). The purpose of ADT is to deprive the body of androgens by 
reducing testosterone to castrate levels and blocking the androgen re
ceptors, as prostate cancer is initially an androgen sensitive disease 
(Labrie et al., 1986). This suppression of androgen access for all cells of 
the body results in significant adverse changes in body composition, as 
testosterone acts to promote the activation of lipolysis, and enhance 
muscle mass and bone growth (Mohamad et al., 2016; Herbst and 
Bhasin, 2004). Weight gain has been reported to occur in most (70 %) 
men with prostate cancer receiving ADT, with an average increase of 4.2 
kg in the first 12 months of exposure (Kim et al., 2011). Specifically, 
prostate cancer patients receiving ADT experience a 6.6–13.8 % increase 
in fat mass, 2.0–3.6 % decrease in lean mass, and 2.0–8.0 % decrease in 
bone mass (depending on skeletal site) within the first year on treatment 
(Galvao et al., 2008, 2009). Accordingly, these men on ADT present with 
increased body fat, and thus are at an increased risk of high blood tri
glyceride levels, skeletal-related events e.g. orthopaedic surgery, and 
poor quality of life (Galvao et al., 2011; Newton et al., 2018; Buttigliero 
et al., 2015). In addition to treatment-induced changes in body 
composition, men on ADT are also at increased risk of developing CVD 
and type 2 diabetes (Keating et al., 2010). Although these comorbidities 
are often associated with obesity, it is unclear whether the greater 
likelihood of comorbidity development in men on ADT is related to the 
treatment itself or treatment-induced obesity. 

5. Weight management for prostate cancer 

Given the relationship between obesity and prostate cancer prog
nosis and negative impact on the incidence and severity of treatment 
toxicities, weight management strategies are needed to improve the risk 
profile and health outcomes of obese prostate cancer patients (Joshu 
et al., 2011). Exercise and nutrition interventions are first-line strategies 
to promote weight loss as they are low cost and, when prescribed 
appropriately, have low risk of adverse consequences (Heymsfield and 
Wadden, 2017). Exercise and nutrition also improve other cancer and 
treatment-induced side effects, including enhanced physical function 
and improved psychosocial outcomes (Moyad et al., 2016; Galvao et al., 
2009; Cormie et al., 2015; Baguley et al., 2021). Current weight loss 
guidelines for men with prostate cancer are no different than those given 
to the general population and include high volume exercise and an 

Fig. 3. Obese patients undertaking the prostate cancer treatments surgery, radiation therapy, or ADT are at increased risk of several undesirable outcomes (listed) 
compared to non-obese patients. Additionally, ADT can cause an increase in fat mass. 
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energy deficit diet (Fig. 4) (Skolarus et al., 2014). While there is no 
prostate cancer specific weight loss advice, Mohamad et al. (2015) 
systematically reviewed 20 randomised controlled trials examining ex
ercise, nutrition, and combined exercise plus nutrition interventions in 
men with prostate cancer, and concluded nutrition or combined exercise 
plus nutrition programmes were the most effective in reducing weight 
for prostate cancer patients, particularly interventions using low-fat or 
energy restricted diets. The effectiveness of combined exercise plus 
nutrition interventions has continued to be confirmed as the best option, 
with recent studies by us (Wilson et al., 2020, 2021a) and others 
(Freedland et al., 2019) demonstrating significant fat loss for obese 
prostate cancer patients undertaking such interventions, that is able to 
be sustained when self-managed after a period of supervision (Wilson 
et al., 2021b). 

Irrespective of weight loss, exercise and nutrition programmes may 
also influence cancer progression with a review by Peisch et al. (2017) 
describing a strong level of evidence for physical activity, which in
cludes prescribed exercise, and also some evidence for specific nutri
tional intake of tomatoes, lycopene, fish, vegetable fat, and cruciferous 
vegetables, to decrease risk of prostate cancer progression. Moreover, 
Kenfield et al. (2011) reported that those who completed ≥ 3 h per week 
of vigorous exercise, compared to < 1 h per week, had a 61 % lower risk 
of prostate cancer-specific mortality; and in a follow-up study by the 
same researchers those completing ≥ 3 h a week of vigorous exercise had 
a 57 % lower risk of prostate cancer progression (Richman et al., 2011). 
In support of observational studies, Rundqvist et al. (2013) demon
strated that serum from exercising non-cancer participants resulted in a 
significant 31 % inhibition of LNCaP cell growth in vitro, and more 
recently, we have demonstrated significant suppression of LNCaP cell 
growth in vitro with serum collected at rest from obese men with prostate 
cancer following a 12-week weight loss intervention (Kim et al., 2021). 

Thomas et al. (2014) examined polyphenol-rich foods, given their 
anti-neoplastic properties, in prostate cancer patients on active sur
veillance or watchful waiting and showed that those who consumed an 
oral capsule 3 times per day containing a blend of pomegranate, green 
tea, broccoli, and turmeric for 6 months had a median PSA rise of only 

14.7 % versus 78.5 % in the placebo group. Similarly, Freedland et al. 
(2020), in prostate cancer patients with biochemical recurrence, showed 
that a carbohydrate restricted diet compared to control diet resulted in a 
significantly longer PSA doubling time of 28 months versus 13 months, 
after adjusting for covariates including hemoconcentration, due to sig
nificant weight loss in the intervention group. It needs to be noted that 
their study was an exploratory hypothesis generating analysis and needs 
to be confirmed with larger studies. Evidence for an association for 
specific nutrients and prostate cancer progression is varied (Hack
shaw-McGeagh et al., 2015). In observational studies there is a differ
ence in prostate cancer incidence rates between countries worldwide, 
with a lower incidence in Asian countries comparatively to Westernised 
countries, although the Asian populace living within Westernised 
countries have an equal risk of prostate cancer to that of the Westernised 
populace. While discrepancies in screening programmes may account 
for some of these disparities, dietary patterns and the cultural environ
ment should be explored further to identify exercise and dietary differ
ences associated with prostate cancer incidence and progression 
(Hackshaw-McGeagh et al., 2015; Erdrich et al., 2015; Holly et al., 
2020). 

Interestingly, preliminary studies have shown that weight loss may 
increase prostate cancer proliferation. For example, Demark-Wahne
fried et al. (2017) completed a weight loss intervention prior to radical 
prostatectomy in prostate cancer patients and found that the rapid 
weight loss group had an increased production of Ki67, a nuclear protein 
indicative of cancer proliferation. However, a follow-up analysis of this 
study (Frugé et al., 2020) demonstrated that a loss in lean mass was 
strongly and inversely correlated with Ki67, suggesting that catabolic 
environments support tumour growth via the degradation of lean mass 
into free amino acids via mitochondrial pathways (Frugé et al., 2020). 
The relationship between rapid weight loss and the increase of prostate 
cancer proliferation requires further examination, however, the authors 
suggested that an emphasis on resistance exercise when undergoing 
weight loss could be important if rapid weight loss is required (Frugé 
et al., 2020). Griffin et al. (2019) assessed prostate cancer patients 
receiving ADT after radical prostatectomy and found those who lost 

Fig. 4. Current exercise and nutrition weight loss recommendations for prostate cancer patients and the associated considerations for prescription.  
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weight throughout their ADT treatment were at increased risk of pros
tate cancer progression. However, those who lost weight had a signifi
cantly higher BMI pre-ADT (29.3 kg/m2) than those who maintained 
(0–2.2 kg gain) or gained weight (≥ 2.3 kg) (27.4− 27.3 kg/m2). Fat and 
lean mass were not identified so it is unclear how body composition was 
altered with weight loss or gain. Further, this was not an 
intervention-based study, and the reasons for weight change were not 
identified, therefore, it is unclear whether it was purposeful weight loss 
(e.g. the weight loss group had a higher BMI to start with so may have 
been encouraged to lose weight by their healthcare professional) or due 
to physiological changes because of the cancer or general poor health. 

In contrast, other studies have found that weight loss had no impact, 
or produced improved outcomes associated with prostate cancer prog
nosis. For example, Henning et al. (2018) conducted an energy restricted 
weight loss study in men prior to radical prostatectomy and found no 
change in malignant epithelium apoptosis or proliferation levels of the 
tumour; but there was a significant decrease in fasting plasma insulin 
concentrations in the weight loss group compared to controls. Wright 
et al. (2013) also examined diet induced weight loss prior to radical 
prostatectomy and found similar effects, with significant improvements 
in IGFBP-3 concentrations in the weight loss group compared to con
trols. The method of weight loss (e.g. rapid versus progressive), inclu
sion of exercise, and the associated changes in fat and lean mass may 
influence the effect weight loss has as a stimulator of proliferative fac
tors, or if it has a positive response by improving the inflammatory 
environment associated with an obese state. With the known positive 
impact of weight loss on comorbidities such as diabetes and CVD (Ala
muddin et al., 2016), and the evidence linking obesity with prostate 
cancer progression, weight loss could be beneficial for prostate cancer 
patients. Patients undergoing weight loss should also be monitored by 
their attending clinician with further research required to clarify dis
crepancies between studies examining weight loss and prostate cancer 
progression. 

Based on the current evidence that clinician monitored weight 
management is likely beneficial for obese prostate cancer patients, 
several considerations need to be deliberated before a weight loss 
intervention is prescribed (Fig. 4). A 5 % reduction in total body mass is 
considered a clinically significant change, however, this should pre
dominately consist of a loss in fat mass with lean mass maintenance or 
increase (Skolarus et al., 2014). Cancer diagnosis is often described as a 
teachable moment and considered an optimal time to introduce healthy 
lifestyles and active therapies such as exercise as patients are more 
susceptible to change (Jain and Denlinger, 2017), although the type of 
treatment may dictate weight loss feasibility at diagnosis. For example, 
the time between diagnosis and surgery can be limited depending on 
availability and aggressiveness of the cancer and may not be sufficient to 
induce a clinically relevant change. However, we have previously 
demonstrated that a low-calorie diet and aerobic exercise can induce 
~16 % reduction in fat mass, mostly attributed to trunk fat loss, within a 
median 6-week period (Wilson et al., 2020). Weight loss may not be 
desired for patients receiving EBRT as substantial weight loss may result 
in movement of the prostate leading to reduced accuracy of EBRT if 
image guiding is not used (Stroup et al., 2007). However, exercise 
during radiation therapy has been deemed safe and feasible (Segal et al., 
2009). Moreover, it has been proposed that exercise immediately prior 
to radiation therapy may enhance tumour perfusion and reduce intra
tumoral hypoxia, thereby improving radiation therapy treatment out
comes (Schumacher et al., 2021). The hormonal changes experienced by 
men on ADT may also influence the effectiveness of a weight loss 
intervention with those on acute ADT (<6 months) shown to have a 
blunted response to exercise and nutrition interventions (Galvao et al., 
2011; Ndjavera et al., 2020), although this may be overcome by pre
scribing a larger energy deficit diet as demonstrated by Freedland et al. 
(2019). Reducing meal portions is the simplest form of creating an en
ergy deficit, however, the nutrient intake should not be dismissed. Bone 
and lean mass loss are common side effects of ADT (Galvao et al., 2008), 

as such, ensuring adequate intake of calcium, vitamin D, and protein, in 
addition to the inclusion of impact and resistance training, can assist in 
preventing treatment-induced, as well as age-induced, declines in bone 
and lean mass (Wilson et al., 2021a; Newton et al., 2019; Tsang and 
Alibhai, 2014). 

6. Conclusion 

Epidemiological and clinical evidence consistently associates obesity 
with expedited prostate cancer progression and increased mortality. 
However, the physiological mechanisms linking obesity and poor pros
tate cancer prognosis remain unclear. Pre-clinical and clinical studies 
provide evidence for altered insulin and IGF-axis, sex hormone con
centrations, and adipokine signalling to enhance cancer cell prolifera
tion in an obese environment. Men with prostate cancer who are obese 
or develop obesity as a result of androgen suppression, reduced physical 
activity, or stress-related eating, are at increased risk of enhanced 
severity of treatment-related side effects. Although caution is warranted 
due to limited research, weight loss strategies using exercise and 
nutrition interventions could be of substantial benefit to obese prostate 
cancer patients. On present knowledge, dietary strategies should include 
overall energy restriction, while maintaining adequate protein and cal
cium intake, with a focus on increased fruit and vegetable consumption. 
Any energy restriction should be accompanied by resistance and impact 
training to prevent or reduce loss of muscle and bone, combined with 
aerobic exercise to further increase energy expenditure. As research 
develops and understanding of the potential mechanisms involved in 
obesity and prostate cancer increases, clinical studies can assist in 
establishing prostate cancer specific weight loss guidelines by assessing 
the impact of weight loss on quality of life, markers of disease pro
gression, treatment effectiveness, treatment-related side effects, and 
comorbidities. 
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Abstract: Fat mass (FM) gain and lean mass (LM) loss are common side effects for patients with
prostate cancer receiving androgen deprivation therapy (ADT). Excess FM has been associated
with an increased risk of developing obesity-related comorbidities, exacerbating prostate cancer
progression, and all-cause and cancer-specific mortality. LM is the predominant contributor to resting
metabolic rate, with any loss impacting long-term weight management as well as physical function.
Therefore, reducing FM and preserving LM may improve patient-reported outcomes, risk of disease
progression, and ameliorate comorbidity development. In ADT-treated patients, exercise and nutri-
tion programs can lead to improvements in quality of life and physical function; however, effects on
body composition have been variable. The aim of this review was to provide a descriptive overview
and critical appraisal of exercise and nutrition-based interventions in prostate cancer patients on
ADT and their effect on FM and LM. Our findings are that FM gain and LM loss are side effects of
ADT that could be reduced, prevented, or even reversed with the implementation of a combined
exercise and nutrition program. However, the most effective combination of specific exercise and
nutrition prescriptions are yet to be determined, and thus should be a focus for future studies.

Keywords: androgen deprivation therapy; prostate cancer; exercise; nutrition; fat mass; lean mass

1. Introduction

Androgen deprivation therapy (ADT) is a mainstay treatment for prostate cancer
(PCa), where more than half of patients will receive ADT at some point during their can-
cer journey [1]. ADT is a pharmaceutical or surgical strategy that deprives the body of
androgens, thereby slowing cancer growth [2]. This may be achieved by either reduc-
ing testosterone concentrations to castrate levels defined as <50 ng/dL (<1.7 nmol/L)
using luteinizing hormone-releasing hormone agonists, antagonists or an orchiectomy
procedure, or by blocking the androgen receptors to eliminate testosterone binding using
anti-androgens [2]. Given that testosterone plays roles in the activation of lipolysis and
hypertrophy of lean mass (LM) [3,4], substantial body composition changes, as well as
loss of muscle strength and physical function, can occur [5,6]. Within the first 9 months
of treatment initiation, patients have been reported to experience a 13.8% increase in fat
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mass (FM) and a 2.4% decrease in LM [5]. This change in body composition places patients
with PCa at increased risk of obesity-related comorbidities, treatment-related side effects,
development of a more aggressive cancer, and PCa-specific mortality [7–10].

Excess FM upregulates pro-inflammatory cytokines, leading to a state of low-grade
chronic inflammation, which is associated with decreased cancer cell apoptosis, increased
cancer cell growth, angiogenesis, and metastases, and increased risk of developing car-
diovascular disease and type 2 diabetes (Figure 1) [7,11,12]. Post-diagnosis obese prostate
cancer patients with non-metastatic disease are more likely to experience cardiovascular
disease-related mortality than non-obese patients (hazard ratio of 1.24) [13]. In addition,
PCa patients on ADT with greater FM may experience higher fatigue, lower vitality, and
higher blood triglyceride concentrations [14,15]. A loss of LM also contributes to poorer
patient outcomes [14]. The development of sarcopenic obesity, a progressive loss of LM and
gain in FM, has been associated with multiple physical disabilities (Figure 1) [16,17]. Lean
mass is also the predominant contributor to resting metabolic rate. Therefore, preserving
or increasing LM is important for long-term weight loss maintenance [18]. Promoting
LM gain can also increase glucose storage, facilitate glucose clearance from circulation,
and reduce the amount of insulin required to maintain normal glucose tolerance [19],
which is important as insulin resistance may exacerbate cancer progression [20]. Owing
to the association between FM gain or LM loss and worse patient outcomes, strategies to
prevent or reverse this process are important to include as adjuvant therapies while on
ADT, particularly for those who are obese [9].
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Exercise and nutrition interventions are effective strategies to reduce FM and increase
LM in non-cancer populations [21]. Researchers conducting clinical studies in the PCa
population have reported that exercise interventions result in improved quality of life
and reduced ADT-related side effects such as cancer-related fatigue and poorer physical
function [22]. Nutrition interventions have been demonstrated to induce weight loss,
improve bone health, and in some instances slow PCa progression, although evidence is
limited [23–25]. Despite these beneficial outcomes, the variety of intervention designs, aims,
cohorts, and outcomes, presents variable evidence as to whether exercise and nutrition
interventions have a desirable effect on FM and LM for patients undergoing ADT. When
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examining body composition in ADT-treated patients, exercise has been the preferential
intervention utilised. As such, there is a lack of clarity concerning the feasibility and
efficacy of combined exercise and nutrition programs and the effect on FM loss, while
simultaneously seeking to preserve or enhance LM. Therefore, this review is a descriptive
overview and critical appraisal of exercise and nutrition-based interventions in ADT-
treated PCa patients and the effect on FM and LM, and to propose possible avenues for
further research.

MEDLINE and Scopus databases were searched with published studies included
until November 2020. Search terms included various combinations of: prostate cancer;
androgen deprivation therapy; exercise; nutrition; body composition; fat mass; lean mass.
Secondary searches involved reference lists of eligible articles as well as systematic reviews
and meta-analyses assessing interventions given to patients on ADT. The key criterion
was to identify studies that included PCa patients receiving ADT at time of intervention,
utilising an exercise, nutrition or combined intervention, while including a measure of FM
and/or LM.

2. Using Exercise to Decrease Fat Mass and Preserve or Gain Lean Mass
2.1. Aerobic Exercise

Aerobic exercise is an ideal intervention for FM loss as it is familiar to non-exercisers,
e.g., walking, easy to implement at home with little to no equipment, promotes higher
utilisation of lipids, and includes modes allowing reduced impact on joints, e.g., swim-
ming [26,27]. The aerobic exercise guidelines for prostate cancer patients recommended
within clinical practice suggest an accumulation of 150 min/week of moderate-to-vigorous
intensity or 300 min/week if weight loss is intended (Table 1) [28]. In this section, we
evaluate six studies examining aerobic-based interventions and the effect on FM and LM.

Table 1. Current prostate cancer-specific exercise and nutrition guidelines, including weight
loss guidelines.

Current Exercise and
Nutrition Guidelines

Current Weight Loss
Guidelines
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Hvid et al. [29] compared healthy aged-matched controls with normal testosterone
concentrations (10–28 nmol/L), and ADT-treated PCa patients with castrate levels of
testosterone (<1.7 nmol/L) completing the same 12 week aerobic-based cycling intervention
utilising high-intensity interval training (Table 2). Both groups significantly lost whole-
body, trunk, visceral, and subcutaneous FM, while preserving LM, with no between-group
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differences. The castrate levels of testosterone in ADT-treated patients, therefore, does
not appear to inhibit FM loss via high-intensity aerobic exercise. However, the healthy
controls exhibited a superior loss of intermuscular FM (−8.5% vs. 0%). The presence of
substantial intermuscular FM could interfere with muscle fibre quality and contribute to
insulin resistance, reduction in muscle strength, and increased fatigue [27,30,31], although
there was no between-group difference for insulin sensitivity; muscle strength and fatigue
were not measured. However, this study contained a small sample size and did not include
a PCa control group. Therefore, it is unclear whether the intervention prevented further
ADT-induced increases in intermuscular FM and if this in turn affects muscle fibre quality.
Furthermore, the groups had baseline cardiorespiratory fitness levels of 27.2 mL/kg/min
and 25.2 mL/kg/min, respectively, and prostate cancer patients staged T1 a/b to T3 a/b.
Therefore, the use of high-intensity aerobic-based exercise is uncertain for patients with
poor cardiorespiratory fitness or more advanced disease.

Table 2. Exercise-only interventions assessing fat and lean mass in prostate cancer patients receiving ADT.

Study Study
Design

Primary
Outcome Intervention

Body
Composition
Assessment

Groups (N) Outcome
Variable

Mean Pre-
Intervention
Values (kg)

Mean Post-
Intervention
Values (kg)

Aerobic-based interventions

Alberga
et al. [32] RCT

Body
composition
and fitness

24 weeks
3 ×/week

Supervised aerobic exercise at
50–75% HRmax

or
Supervised resistance exercise

at 60–70% 1 RM

DXA

Aerobic (N = 40)
ADT BF% 31.2% 33.3% *

Lean mass 65.0 63.0 *
No ADT BF% 29.9% 30.5%

Lean mass 66.2 65.7

Resistance (N = 40)
ADT BF% 32.6% 33.0% §UC

Lean mass 63.7 63.4 §UC
No ADT BF% 29.7% 29.2%

Lean mass 66.7 67.3

Usual care (N = 41)
ADT BF% 32.0% 35.2% §R *

Lean mass 64.2 61.1 §R *
No ADT BF% 31.2 30.6

Lean mass 65.0 65.6

Hvid et al.
[29]

Prospective
cohort

Insulin
sensitivity
and body

composition

12 weeks
3 ×/week

135 min/week
Aerobic interval exercise

50–100% VO2max

DXA and
MRI

Prostate cancer
exercise (N = 9)

Fat mass 24.4 23.1 #
Trunk fat 14.5 13.4 #

Lean mass 52.3 52.3
BF% 31.1% 29.8% #

Visceral a −8.4% #
Subcutaneous a −4.9% #
Intermuscular a 0% § #

Non-cancer
exercise
(N = 10)

Fat mass 20.5 19.6 #
Trunk fat 12.4 11.8 #

Lean mass 56.3 56.2
BF% 25.7% 25.0% #

Visceral a −5.8% #
Subcutaneous a −2.5% #
Intermuscular a −8.5% #

Santa Mina
et al. [33] RCT Quality of life

6 months
3–5 ×/week

90–300 min/week
Home-based resistance
band/ball/body weight

exercise 12–15 RPE
Or

Home-based aerobic exercise
at 60–80% HRmax

Skinfolds

Aerobic (N = 22) Chest skinfold 35.6 mm 33.5 mm *3
BF% 28.5% 27.3% *3

Resistance (N = 34) Chest skinfold 35.3 mm 33.7 mm
BF% 28.0% 27.3%

Santa Mina
et al. [34] RCT Blood

biomarkers
See Santa Mina et al. [33] Skinfolds

Aerobic (N = 13) BF% 28.4% 26.4%
Resistance (N = 13) BF% 26.5% 25.3%

Uth et al.
[35] RCT Lean mass

12 weeks
2 ×/week (1–8 weeks)

3 ×/week (9–12 weeks)
90–180 min/week

Supervised football training

DXA

Football (N= 29) Fat mass 27.6 26.3
Lean mass 53.1 54.0 § *

BF% 32.6% 31.7%

Usual care (N = 28) Fat mass 30.0 29.7
Lean mass 56.7 56.8

BF% 32.9% 32.9%
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Table 2. Cont.

Study Study
Design

Primary
Outcome Intervention

Body
Composition
Assessment

Groups (N) Outcome
Variable

Mean Pre-
Intervention
Values (kg)

Mean Post-
Intervention
Values (kg)

Newton
et al. [36] RCT

Bone mineral
density

12 months
2 ×/week

Supervised impact exercise at
ground reaction force of 3–5 ×

body weight
Resistance exercise 6–12 RM,

2–4 sets
2 ×/week

Home-based impact exercise
Or

6 months
2 ×/week

150 min/week
Supervised aerobic at 65–85%

HRmax
Resistance exercise 6–12 RM,

2–4 sets
Home-based aerobic exercise

6 months
Home-based aerobic

Resistance (body
weight/band) exercise

Or
6 months waiting period

6 months
2 ×/week

80 min/week
Aerobic exercise at 70%

HRmax

DXA

Resistance/impact
(N = 57)

Fat mass 24.0 25.1
Lean mass 57.9 59.3

ASM 25.0 25.9 §6DEL

Aerobic/resistance
(N = 50)

Fat mass 22.8 23.7
Lean mass 58.1 58.7

ASM 25.2 25.6

Delay/aerobic
(N = 47) Fat mass 27.1 28.3

Lean mass 59.3 60.4
ASM 25.3 25.9

Resistance-based interventions

Galvão et al.
[37]

Prospective
cohort

Muscle
function

20 weeks
2 ×/week

120 min/week
Supervised resistance exercise

6–12 RM, 2–4 sets

DXA

Resistance (N = 10) Fat mass 25.7 24.9
Lean mass 52.2 52.0

BF% 30.7% 30.6%
Quadriceps

thickness 2.15 cm 2.46 cm *

Hamstring
thickness 4.52 cm 1.53 cm

Biceps
thickness 2.69 cm 2.91 cm

Triceps
thickness 1.94 cm 2.33 cm

Alberga
et al. [32] Details in aerobic section

Santa Mina
et al. [33] Details in aerobic section

Santa Mina
et al. [34] Details in aerobic section

Hanson
et al. [38]

Prospective
cohort

Muscle size
and function

12 weeks
3 ×/week

180 min/week
Supervised high-intensity

resistance exercise 15
repetitions, first 5 at 5 RM

DXA and CT

Resistance (N = 17) Fat mass 31.2 31.1
Subcutaneous 118 cm2 118 cm2

Intermuscular 7.9 cm2 7.6 cm2

Lean mass 62.4 64.1 *
BF% 31.4% 30.7% *

Nilsen et al.
[39] RCT Lean mass

16 weeks
3 ×/week

Supervised resistance exercise
6–10 RM, 1–3 sets

DXA

Resistance (N = 28) Fat mass 26.5 26.4
Trunk fat 14.7 14.6

Lean mass 59.8 60.3
ASM 25.2 25.7 §
BF% 29.5% 29.3%

Control (N = 30) Fat mass 26.4 26.7
Trunk fat 14.6 14.7

Lean mass 57.9 57.9
ASM 24.8 24.7
BF% 30.0% 30.2%
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Table 2. Cont.

Study Study
Design

Primary
Outcome Intervention

Body
Composition
Assessment

Groups (N) Outcome
Variable

Mean Pre-
Intervention
Values (kg)

Mean Post-
Intervention
Values (kg)

Multi-modal interventions

Galvão et al.
[40] RCT Lean mass

12 weeks
2 ×/week

Supervised aerobic at 65–80%
HRmax

Resistance exercise 6–12 RM,
2–4 sets

DXA

Exercise (N = 29) Fat mass 22.5 22.3
Trunk fat 12.2 11.9

Lean mass 56.1 56.8 §
ASM 23.5 24.0 §
BF% 27.5% 27.2%

Usual care (N = 28) Fat mass 23.2 23.5
Trunk fat 12.4 12.2

Lean mass 57.8 57.8
ASM 24.6 24.4
BF% 27.3% 27.5%

Galvão et al.
[15] RCT Various ADT

side effects
See Galvão et al. [40] DXA

Acute ADT (N = 16) Fat mass 22.7 23.3 § *
Trunk fat 12.2 12.4

Lean mass 58.5 59.1
ASM 24.7 25.2
BF% 26.8% 27.2% §

Chronic ADT
(N = 34) b

Fat mass 23.4 23.0 *
Trunk fat 12.1 11.8 *

Lean mass 56.5 57.4 *
ASM 23.8 24.4 *
BF% 28.1% 27.4% *

Cormie et al.
[41] RCT Lean mass

12 weeks
2 ×/week

150 min/week
Supervised aerobic at 70–85%

HRmax
Resistance exercise at 60–85%

1 RM
Home-based exercise of choice

DXA

Exercise (N = 32) Fat mass 26.9 26.3 §
Trunk fat 14.8 14.3 §

Visceral fat 913 g 874 g *
Lean mass 56.6 56.0

ASM 23.7 23.5 §
BF% 30.6% 30.5% §

Usual care (N = 31) Fat mass 26.9 27.8 *
Trunk fat 15.2 15.5

Visceral fat 926 g 922 g
Lean mass 58.7 57.3 *

ASM 24.9 24.3 *
BF% 30.3% 31.4% *

Winters-
Stone et al.

[42]
RCT

Body
composition

12 months
2 ×/week

165 min/week
Supervised resistance at

60–80% 1 RM
Impact exercise

1 ×/week
Home-based exercise of choice

DXA

Exercise (N = 29) Fat mass 24.3 23.9 §
Trunk fat 13.5 13.1

Lean mass 59.2 59.2
BF% 28.7% 28.4%

Flexibility (N = 22) Fat mass 28.4 29.9
Trunk fat 15.0 15.4

Lean mass 57.5 57.2
BF% 31.6% 32.4%

Wall et al.
[43] RCT Cardiorespiratory

fitness

6 months
2 ×/week

150 min/week
Supervised aerobic at 70–90%

HRmax
Resistance exercise 6–12 RM,

1–4 sets
1 ×/week

Home-based aerobic exercise

DXA

Exercise (N = 50) Fat mass 24.1 24.5 §
Trunk fat 13.2 13.0 §

Lean mass 59.4 60.1 §
BF% 27.2% 27.2% §

Usual care (N = 47) Fat mass 25.7 27.2
Trunk fat 14.2 14.9

Lean mass 58.7 58.6
BF% 28.2% 30.3%

Newton
et al. [36] Details in aerobic section

Ndjavera
et al. [44] RCT Fat mass

12 weeks
2 ×/week

Supervised aerobic at 55–85%
HRmax

Resistance exercise 10 RM,
2–4 sets

Home-based aerobic exercise

BIA

Exercise (N = 24) Fat mass 24.3 21.7
Fat-free mass 58.2 58.9

Usual care (N = 26) Fat mass 23.3 22.7
Fat-free mass 59.1 58.2

* = Significant within group change; § = significant between-group change; §UC = significant between-group change with usual care
control group; §R = significant between-group change with resistance training group; # = effect of time in the two groups pooled together;
§6DEL = significantly different to delayed/aerobic group at 6 months only, not 12 months which is the value reported in the table;
*3 = significant loss at 3 months only, but not 6 months which is the value reported in the table. a Only reported mean change; b Acute
ADT < 6 months, chronic ADT ≥ 6 months. RCT = randomised controlled trial; ×/week = times per week; HRmax = maximum heart
rate; RM = repetition maximum; DXA = dual x-ray absorptiometry; ADT = androgen deprivation therapy; BF% = body fat percent;
VO2max = oxygen consumption; MRI = magnetic resonance imaging; RPE = rate of perceived exertion; CT = computed tomography;
ASM = appendicular skeletal muscle; BIA = bioimpedance analysis.
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Uth et al. [35] utilised an unstructured form of interval-based aerobic training, in the
form of football (soccer) game play and skill development (Table 2). Unlike Hvid et al. [29],
they recruited patients with bone metastases (19.3%), but similarly assessed an apparently
healthy prostate cancer cohort with only 5.3% of patients self-reporting a sedentary lifestyle,
with baseline cardiorespiratory fitness of 27.2 and 26.4 mL/kg/min, and mean body mass
index of 26.7 and 27.6 kg/m2, respectively. They reported a mean 0.5 kg significant increase
in LM and a mean 0.6 kg loss of FM that approached within-group significance. With the
improvement in LM and a trend for an effect on FM, sport-orientated activities may be an
effective alternative to clinic-based interventions in ameliorating treatment-related body
composition changes. Several adverse events were reported in the football group including
fracture, tendon tear, and sprain. While no injury was related to bone metastases and
most participants recovered and continued with the study, there is uncertainty whether
such an intervention would be feasible for high-risk patients, e.g., obese patients with
multiple comorbidities. Injury risk is higher within a team sport environment, compared to
individual sport or exercise, due to the unpredictable nature of opponents, teammates, and
ball. The authors suggested a lead-in period may be required to improve strength, balance,
and ball handling to reduce injury risks [35].

In contrast to the previous studies using interval training [29,35], Newton et al. [36]
and Alberga et al. [32] utilised clinic-based continuous aerobic exercise (Table 2). Examining
a cohort that excluded patients with bone metastases, Newton et al. [36] used a three-arm
study design over 12 months comparing impact and resistance exercise, aerobic and
resistance exercise, and delayed aerobic exercise after 6 months of usual care. When
compared to the aerobic-only exercise group during the 6–12 month period, no differences
in FM or LM were noted between groups. Alberga et al. [32] also utilised a three-arm study
design comparing aerobic exercise, resistance exercise, and usual care across a 24-week
period, in ADT and non-ADT groups, although the two treatment types were not compared.
The ADT aerobic group exhibited an undesirable significant increase in body fat percentage
(BF%) and 2 kg reduction in LM, although not statistically different to the other ADT
groups. The researchers did not report FM, so it is unclear whether a change in FM, in
addition to the LM loss, contributed to the modification in BF%. The decline in LM is
substantial and concerning, suggesting the prescribed aerobic exercise was insufficient to
prevent ADT-related declines in LM, in contrast to a non-significant 0.5 kg loss in LM in
the non-ADT aerobic group.

The previously described studies were supervised interventions [29,32,35,36]. How-
ever, ongoing supervision is not always viable. Santa Mina et al. [33,34] compared home-
based aerobic and resistance exercise over 6 months examining patients with non-metastatic
disease. Santa Mina et al. [34] used a smaller non-randomised group of the same cohort to
report on blood biomarkers (Table 2). There were significant within-group declines in chest
skinfold thickness and BF% at 3 months, but not 6 months [33] and weight change was
positively associated with changes in leptin and the leptin:adiponectin ratio, and negatively
associated with IGF-1:IGFBP-3 ratio [34], which are proposed markers associated with PCa
progression [45]. Although the use of anthropometric measures suggest weight loss may
improve risk of cancer progression, the researchers could not confirm if these changes were
subject to alterations in FM or LM. Nonetheless, both studies provide valuable insight
into the potential of home-based programs, although there is still uncertainty if those with
metastatic disease would benefit from a similar program.

2.2. Resistance Exercise

Weight loss can occur through loss of both fat and muscle tissue [46]; however, sub-
stantial loss of LM may exacerbate sarcopenia, reduce physical function, and increase
risk of falls [47]. Resistance exercise is commonly prescribed for muscle hypertrophy [48].
Within clinical practice prostate cancer patients are recommended to complete resistance
training on a minimum of two days each week (Table 1) [28]. This section is an evaluation
of six studies examining resistance exercise and the effect on FM and LM.



Nutrients 2021, 13, 1664 8 of 18

Galvão et al. [37] and Hanson et al. [38] conducted single-group studies and both ex-
cluded patients with metastatic disease (Table 2). Galvão et al. [37] prescribed a traditional
periodised resistance training program over 20 weeks and found no change in FM or LM
except for a significant increase in quadriceps thickness. In contrast, Hanson et al. [38]
utilised drop sets and repetitions to failure over a 12-week program. The exercise set began
at five repetition maximum and once volitional fatigue was reached the resistance was
reduced until 15 repetitions were achieved. A significant decrease in BF% and increase in
LM were reported. The differing results may be explained by the period between the two
studies and cohort examined. At the time of the Galvão et al. [37] study, the use of resis-
tance training for PCa patients was somewhat revolutionary and a conservative exercise
prescription was implemented with only 10 patients recruited. The Hanson et al. [38] study
was completed over a decade later in a cohort of 17 patients of African American ethnicity
with higher intensity and sophistication of resistance training design. While these studies
demonstrate the feasibility of resistance training in promoting changes to LM, both studies
utilised small or non-diverse cohorts, so the generalisability of these results is unclear.

Nilsen et al. [39] examined a 16-week clinic-based high-load periodised resistance
training program in which the intervention group significantly improved appendicular
skeletal muscle (ASM). However, no changes were found for whole-body LM or FM or for
any body composition measure when compared to the usual care controls (Table 2). High-
risk patients with medical conditions that could complicate participation were excluded
from this study, although cancer stage of included patients was not reported. Nevertheless,
three patients withdrew from the intervention group due to pain. Further research is
required into the appropriateness of high-load resistance training for high-risk patients
and may require a gradual increase in intensity. Furthermore, while the recruitment goal
was met in this study, the authors reported to be uncertain whether the effect size selected
to calculate sample size was appropriate to detect a change in LM.

Resistance and aerobic exercise are both recommended in the PCa survivorship guide-
lines [28]. Therefore, it is important to understand how patients respond to each exercise
mode. Alberga et al. [32] and Santa Mina et al. [33,34] compared aerobic and resistance
exercise (Table 2). Alberga et al. [32] utilised clinic-based periodised resistance training
conducted over 24 weeks and reported preservation of BF% and LM, which was signifi-
cantly different to usual care controls who gained BF% and lost LM. The 2 kg LM loss in the
aerobic group although not statistically different to the 0.3 kg loss in the resistance group,
is of clinical relevance and highlights the importance of resistance training in preserving
LM. Santa Mina et al. [33,34] examined home-based resistance exercise utilising bands,
balls, and body weight exercises, and reported no training effect [33,34]. From this work, it
appears that resistance training alone is insufficient to induce FM loss. However, it may
prevent further ADT-induced body composition changes and specifically alleviate loss
of LM.

2.3. Multi-Modal Interventions

The inclusion of multiple exercise modes is important when the intention is to al-
ter both FM and LM. In this section, we evaluate seven studies utilising multi-modal
interventions and the effect on FM and LM.

Several authors examined similar cohorts without bone metastases and compared
combined aerobic and resistance exercise interventions to usual care controls (Table 2).
Galvão et al. [40] reported significant between-group differences in whole-body LM and
ASM, but no change in FM over 12 weeks. Cormie et al. [41] found significant between-
group differences for whole-body and trunk FM, BF%, and ASM over the 12-week interven-
tion. The intervention group demonstrated a significant within-group loss of visceral FM,
while the control group significantly lost LM, ASM, and gained whole-body FM and BF%.
Wall et al. [43] reported significant between-group differences for whole-body FM and LM,
trunk FM, and BF% but conducted a longer intervention of six months. Ndjavera et al. [44]
reported no body composition changes over their 12-week intervention. Cormie et al. [41],
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Wall et al. [43], and Ndjavera et al. [44] reported greater adjusted group mean differences
for FM (−1.4, −1.1, and −1.9 kg, respectively) than Galvão et al. [40] (−0.01 kg), which
could be explained by the larger volume of aerobic exercise prescribed in these studies.

Galvão et al. [15] was a secondary analysis of the previously described Galvão et al. [40]
study and they compared different durations of ADT: chronic ≥ 6 months, and acute
< 6 months, completing the same intervention (Table 2). The authors reported a significant
between-group difference in FM with those on chronic ADT experiencing a 0.4 kg loss
compared to a 0.6 kg gain in the acute ADT group over 12 weeks. Furthermore, triglyceride
concentrations were significantly different between groups, which was associated with
the observed changes in FM. Despite these significant findings it resulted in an uneven
distribution between acute (n = 16) and chronic (n = 34) ADT-treated patients due to the
use of a delayed exercise control group. The smaller number in the acute group may have
limited the ability to observe differences between groups. Regardless, it is important to
note that body composition declines are greater during the initial 3–6 months of ADT
commencement and appear more difficult to ameliorate with exercise therapy.

Aerobic and resistance-based exercise are the most commonly prescribed modes;
however, both Newton et al. [36] and Winters-Stone et al. [42] examined the combined
effect of impact training, e.g., bounding movements, and resistance training (Table 2).
Newton et al. [36] reported that the combined impact/resistance group significantly im-
proved ASM compared to the usual care controls at 6 months. However, no effect on ASM
was noted after the same resistance training was undertaken by the aerobic/resistance
group. The authors described a potential interference effect when combining aerobic and
resistance training within the same session, which may have compromised muscle hyper-
trophy [49]. Winters-Stone et al. [42] reported that FM was significantly decreased in the
impact/resistance group compared to a flexibility control group who continued to gain FM.
Additionally, in line with the Santa Mina et al. [34] findings, Winters-Stone et al. [42] re-
ported that the changes in FM mediated differences in insulin, suggesting FM loss induced
an insulin-lowering effect.

3. Using Nutrition to Decrease Fat Mass and Preserve or Gain Lean Mass
3.1. Healthy Eating Guidelines and/or Energy Deficit

Healthy eating guidelines are recommended portions of each food group to be con-
sumed daily [50]. Weight loss in its simplest form is achieved through greater energy
expenditure over intake creating a daily energy deficit (Figure 2) [51]. Clinical practice
guidelines recommend prostate cancer patients to consume a healthy balanced diet high
in fruit and vegetables, low in saturated fat, and consume adequate amounts of vitamin
D (>600 IU) and calcium (<1200 mg/d), with an energy deficit if weight loss is required
(Table 1) [28]. In this section, we review six studies in which healthy eating guidelines
and/or an energy deficit were implemented and the effect on FM and LM evaluated.
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Gilbert et al. [52] and Focht et al. [53] prescribed combined aerobic and resistance-
based exercise and conducted small group healthy eating seminars over a 12-week period
(Table 3). Gilbert et al. [52] reported a significant difference in LM but no change in FM
compared to usual care controls. However, the intervention group reduced their mean
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FM from 34.5 to 31.6 kg compared to 30.4 to 29.0 kg in the control group. Although the
2.9 kg FM loss for the intervention group is potentially clinically meaningful, no within-
group changes were reported. Focht et al. [53] additionally included group-mediated
behaviour modification seminars based on social cognitive theory. Compared to usual
care controls, the intervention group significantly lost FM and BF%, with no change in LM.
Although the exercise and nutrition sessions were well adhered to, only a small subset
of the patients provided 3 day weighed food records and, therefore, overall nutritional
intake and compliance to nutrition advice were not confirmed. Further, 80% of patients
in the intervention group were overweight or obese and prescribed an energy deficit diet.
Therefore, the contribution of healthy eating guidelines versus an energy deficit diet to
promote FM and LM changes is unclear.

Table 3. Studies incorporating a nutrition component and assessed fat and lean mass in prostate cancer patients receiv-
ing ADT.

Study Study
Design

Primary
Outcome Intervention

Body
Composition
Assessment

Groups (N) Outcome
Variable

Mean Pre-
Intervention
Values (kg)

Mean Post-
Intervention
Values (kg)

Healthy eating guidelines and/or energy deficit

O’Neill et al.
[54] RCT Fat mass

6 months
≥5 ×/week

150 min/week
Home-based brisk walking

UK healthy eating guidelines
+ energy deficit diet if

overweight.

Skinfolds

Intervention
(N = 47) Fat mass 28.8 26.9 §

Lean mass 58.3 59.8
BF% 32.6% 30.8% §

Control (N = 47) Fat mass 29.5 30.1
Lean mass 59.8 59.1

BF% 32.4% 32.8%

Gilbert et al.
[52] RCT

Brachial
artery flow
mediated
dilatation

12 weeks
180 min/week

2 ×/week (1–6 weeks)
1 ×/week (7–12 weeks)

Supervised aerobic at 55–75%
HRmax + resistance exercise

at 60% 1 RM
1 ×/week (1–6 weeks)
2 ×/week (7–12 weeks)

Home-based exercise of choice
Fortnightly healthy eating

seminars

BIA

Intervention
(N = 25) Fat mass 34.5 31.6

Skeletal muscle
mass 31.9 32.9 §

Usual care (N = 25) Fat mass 30.4 29.6
Skeletal muscle

mass 31.2 32.3

Focht et al.
[53] RCT Mobility

12 weeks
150 min/week

2 ×/week (1–6 weeks)
1 ×/week (7–8 weeks)

Supervised aerobic 3–4 RPE
(1–10 scale) + resistance

8–12 RM, 3 sets
1 ×/week (7–8 weeks)
2 ×/week (9–12 weeks)
Unsupervised aerobic +

resistance
Home-based exercise of choice

Nutrition counselling
sessions—8 as a group and
2 individual phone calls +

energy deficit diet if
overweight.

Bod Pod

Intervention
(N = 16) Fat mass b −1.8 §

Fat-free mass b −0.06
BF% b −1.05% §

Usual care (N = 16) Fat mass b 0.9
Fat-free mass b −0.5

BF% b 0.82%

Freedland
et al. [55] RCT Insulin

resistance

6 months
≥5 d/week

150 min/week
Home-based walking
Carbohydrate intake

≤ 20 g/day

DXA

Intervention
(N = 11) Fat mass 32.3 24.0 §

Lean mass 61.0 58.9 §
BF% 28.3% 26.6% §

Control (N = 18) Fat mass 25.3 28.3
Lean mass 55.9 55.4

BF% 30.5% 32.3%

Baguley
et al. [56] RCT

Cancer-
related

fatigue and
quality of life

12 weeks
Individualised consultation
with dietician every 2 weeks

Mediterranean-style diet

DXA

Intervention
(N = 12) Fat mass 29.5 27.8 *

Lean mass 53.2 52.0

Usual care (N = 11) Fat mass 29.8 29.3
Lean mass 53.4 53.4
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Table 3. Cont.

Study Study
Design

Primary
Outcome Intervention

Body
Composition
Assessment

Groups (N) Outcome
Variable

Mean Pre-
Intervention
Values (kg)

Mean Post-
Intervention
Values (kg)

Wilson et al.
[57]

Prospective
cohort Fat mass

12 weeks
3 ×/week

300 min/week
Supervised resistance exercise

at 6–12 RM, 2–4 sets
Daily home-based aerobic

exercise, RPE 3–8 (1–10 scale)
3 nutrition counselling

sessions
Calorie deficit diet

40 g protein powder after each
supervised exercise session

DXA

Intervention
(N = 14) Fat mass 39.8 37.0 *

Trunk fat 20.1 18.3 *
Visceral fat 954 g 866 g *
Lean mass 55.9 55.9

ASM 23.3 23.3
BF% 40.0% 38.3% *

Protein intake

Dawson
et al. [58] RCT Lean mass

12 weeks
3 ×/week

150 min/week
Supervised resistance exercise

at 60–83% 1 RM
2 × 25 g protein powder per

day

DXA

Exercise (N = 8) +
Exercise/protein

(N = 8)

Fat mass 30.3 31.2
Lean mass 48.5 53.2 §

Fat-free mass 54.6 56.4 §
ASM 23.5 24.8 §
BF% 36.8% 35.9% §

Protein (N = 10) +
Flexibility control

(N = 11) a

Fat mass 25.6 26.2
Lean mass 51.5 48.6

Fat-free mass 51.4 51.5
ASM 21.5 21.6
BF% 33.9% 34.5%

* = Significant within group change; § = significant between-group change. a Patients were randomised to 4 groups: exercise, protein and
exercise, protein, usual care control; however, for the analysis the two exercising groups and two non-exercising groups were combined
as protein had no effect; b only reported mean change. RCT = randomised controlled trial; ×/week = times per week; RM = repetition
maximum; DXA = dual x-ray absorptiometry; RPE = rate of perceived exertion; BF% = body fat percent; HRmax = maximum heart rate;
BIA = bioimpedance analysis; UK = United Kingdom.

O’Neill et al. [54] prescribed a 6-month home-based walking program, with a dietary
booklet encouraging healthy eating habits to patients of all cancer stages (T1–4), although
metastatic status was not reported (Table 3). The authors reported a significant reduction
in FM and BF%, with no change in LM when compared to usual care controls. While they
showed that a home-based intervention can reduce FM, body composition was measured
using the less precise technique of skinfold measurement. Similarly, to Focht et al. [53],
O’Neill et al. [54] encouraged an energy deficit diet only for patients who were overweight
or obese.

Freedland et al. [55] and Wilson et al. [57] targeted overweight or obese patients who
did not have symptomatic or bone metastases, respectively (Table 3). Freedland et al. [55]
prescribed home-based walking and a low carbohydrate diet over 6 months. Compared
to an 11% increase in FM for the usual care controls, the intervention group significantly
lost 16.2%. This substantial loss in FM has not been previously achieved in PCa patients on
ADT. However, the intervention group also had a significant decline in LM compared to
controls. A loss in LM is not uncommon while undergoing weight loss [46], with similar
patterns also noted by Baguley et al. [56] in their 12-week nutrition-only intervention
(Table 3). Wilson et al. [57] also demonstrated a significant reduction in FM but in contrast,
achieved LM preservation. Wilson et al. [57] included supervised resistance training and
protein supplementation, which are both considered important for LM preservation [59].
While the intervention designs are different, these studies provide preliminary evidence on
the potential for effective FM and LM management for obese ADT-treated PCa patients
through diet and exercise, which includes resistance training.

3.2. Protein Intake

The optimisation of protein intake is often incorporated into weight loss nutrition
plans to assist the body to mobilise fat and preserve muscle tissue by supporting the
upregulation of muscle protein synthesis [59]. Next, we describe a study examining protein
supplementation and resistance exercise.
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Dawson et al. [58] examined four groups of patients with PCa, including those with
metastatic disease (54.3%), over a 12-week period: exercise-only, exercise and protein
supplement, protein supplement-only, and usual care control (Table 3). No additional effect
was found for protein supplementation and as the study was not powered to detect changes
using a four-armed design, results were reported for exercise versus non-exercise groups.
In the exercise groups there was a significant increase in LM, ASM, and fat-free mass, a
significant reduction in BF%, with no changes in FM. The lack of a synergistic effect of
protein supplementation could be attributed to the low adherence of the protein-only group
who consumed 1.0 g/kg/day compared to 1.1–1.4 g/kg/dayin the other three groups.
Further, the protein supplements were given as 2 × 25 g daily doses. This may not have
been sufficient to stimulate muscle protein synthesis as each dose was equivalent to ~0.3 g
protein/kg body weight/day, compared to the ~0.4 g protein/kg body weight/daywhich
has been shown to be effective in increasing muscle protein synthesis when combined with
an acute bout of resistance exercise in ADT-treated PCa patients [59].

4. Discussion

The field of exercise oncology has rapidly developed over the last two decades and
we have presented 22 exercise and nutrition interventions conducted in ADT-treated PCa
patients between 2006 and 2020. Despite this growth in awareness of the benefits that
can be derived from undertaking these practices, most of the studies report only modest
changes in FM and LM. In this discussion, we summarise the key conclusions from these
studies and propose future research directions to progress the field.

The American Cancer Society weight loss guidelines for PCa patients are no different
to that of the general population (Table 1) [28]. Notably, Wilson et al. [57] was the only study
to incorporate these guidelines, which are recommended in clinical practice but have not
been verified in the ADT-treated population. Although these guidelines have the potential
to provide successful body composition changes, the metabolic changes induced by ADT
likely require different strategies to induce change compared to the non-ADT population,
as alluded to by the results of Alberga et al. [32], although the ADT and non-ADT cohorts
were not compared. In this regard, we provide an important initial platform to help identify
how these guidelines may be tailored to suit hypogonadal men. Potential questions that
would lead to further understanding of how to tailor these weight loss guidelines for
ADT-treated patients to maximise FM and LM changes are presented in Table 4.

With body composition changes occurring early in the treatment process [60], it would
be preferable to implement an exercise and nutrition intervention at initiation of ADT.
However, the magnitude of intervention-induced body composition changes could depend
on length of time on ADT, as demonstrated by Galvão et al. [15], where those initiating
ADT may experience small or no intervention-induced changes compared to those on
chronic ADT. Similarly, Hvid et al. [29] highlighted a patient on ADT for <6 months who
did not respond to the exercise intervention and gained 2.6 kg of FM accompanied by a loss
in LM of 5.0 kg. Ndjavera et al. [44] also reported no training effect on body composition
within the first 3 months of ADT. However, each of these studies were exercise only and
it has been established that manipulation of nutrition substantially decreases FM more
than exercise alone [61]. Therefore, those initiating ADT may only experience substantial
FM loss when nutrition is also addressed, as was demonstrated by Freedland et al. [55].
Regardless of the influence of length of time on ADT on body composition changes, exercise
and nutrition should still be recommended from therapy onset as there will be additional
health benefits and likely prevention of substantial FM and LM changes, as demonstrated
by Cormie et al. [41].
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Table 4. Potential questions for future research relating to the prescription of exercise and nutrition
for prostate cancer patients receiving ADT aiming to lose fat mass and gain lean mass.

Unanswered Questions for Prostate Cancer Patients on ADT
Aiming to Induce Fat Loss and Muscle Gain.
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Studies utilising a multi-modal intervention compared to a single-exercise mode
showed more consistent beneficial responses in both FM and LM. However, the majority of
the multi-modal studies were conducted by the same research group [15,36,40,41,43,57] and,
therefore, may not represent the wider PCa population. Capitalising on the unique benefits
gained from utilising multiple exercise modes can induce concurrent desired adaptations of
FM and LM. However, there is uncertainty of best practice regarding exercise prescription
to induce concurrent FM loss and LM preservation or gain. While high-intensity [29,35,38]
and high-volume [54,55,57] exercise resulted in the greatest changes in FM or LM, they
may not initially be suitable for obese patients who have multiple comorbidities without
undergoing a lead-in phase to improve baseline fitness. Moreover, the impact of such
interventions on patients with metastatic disease is unclear with only two studies actively
recruiting patients of this disease stage [35,58]. Further research is required into the benefits
of high-intensity or interval-based interventions, such as high-intensity interval training
or team/individual sports, for ADT-treated PCa patients. There may also be a minimum-
intensity threshold that stimulates lipolysis and muscle protein synthesis, as demonstrated
by Alberga et al. [32], where patients undertaking aerobic exercise continued to gain BF%
and lose LM. Furthermore, the use of multiple modes within the same session, as noted by
Newton et al. [36], may have an interference effect where physiological pathways involved
in manipulating body composition are not stimulated compared to when a single-exercise
mode is undertaken.

While bone measurements are not reported in the current review, it is important
to highlight that in addition to FM gain and LM loss patients receiving ADT may also
experience a loss of bone mass placing them at increased risk of osteopenia or osteoporo-
sis [5]. Newton et al. [36] assessed bone health as their primary outcome and reported
preliminary efficacy for the inclusion of impact training in a multi-modal intervention to
prevent ADT-induced bone loss. Patients at increased risk of bone loss may also benefit
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from increased calcium and vitamin D intake, which are included as part of the exercise
and nutrition guidelines for prostate cancer patients [28].

The number of interventions measuring body composition that encompassed a nutri-
tion component were less common than those investigating exercise. The employment of
an energy deficit was effective at reducing FM as shown in both the O’Neill et al. [54] and
Freedland et al. [55] studies. However, preventing LM loss when the body enters a catabolic
state requires further clarity. Protein optimisation and the inclusion of resistance training
may be important components to promote LM preservation or gain when undergoing
weight loss as suggested by Wilson et al. [57] and Dawson et al. [58]. However, as protein
supplementation is currently understudied in this population, it is not included in the PCa
weight loss guidelines and needs further evaluation. Continued research into optimal diet
and exercise prescriptions for prostate cancer patients may further improve the benefits
of weight loss and the potential impact on a patient’s prognosis with particular interest
in diet and exercise modes that influence microbiome activity. Differences in composition
of the gut microbiome have been reported in men with prostate cancer compared to men
with benign prostatic conditions and could contribute to prostate cancer pathogenesis and
progression [62].

As noted by Nilsen et al. [39], the definition of a clinically significant change in FM
and LM needs to be established. A 5% loss of body weight, which should be predominantly
FM loss [63], has been shown in the non-cancer population to improve blood pressure,
cholesterol, and insulin resistance [64]. While this percentage is also used for cancer
patients, the significance is unknown. For example, increases in trunk, visceral, and
intermuscular FM are associated with increased insulin resistance, a potential mechanism
for the observed association between FM and PCa progression [65,66]. Therefore, a loss of
FM in these regional areas, independent of whole-body FM loss, may be more beneficial
for PCa patients on ADT than a 5% loss in total body mass [29,63]. Further, it is unknown
whether a loss in FM will improve a PCa patient’s risk of disease progression, treatment-
related side effects, or comorbidity development. Both Santa Mina et al. [34] and Winters-
Stone et al. [42] demonstrated that weight or FM loss was associated with improvements
in biomarkers related to cancer progression, which has also been demonstrated in non-
ADT PCa patients [67]. Moreover, Galvão et al. [15] reported that a decrease in FM was
associated with decreased serum triglyceride levels. These studies provide preliminary
evidence that FM loss could improve patient outcomes.

5. Conclusions

Fat mass gain and LM loss are side effects of ADT that might be prevented or re-
versed with the implementation of an exercise and nutrition intervention. Patients on
ADT, particularly those who are obese, require effective strategies to improve their body
composition, which in turn may improve general health and cancer-free survival. The
implementation of such strategies will be most successful through the effective communi-
cation of a multi-disciplinary team including, but not limited to, oncologists, urologists,
dietitians, and exercise physiologists. The inclusion of a multi-modal exercise program is
needed to stimulate both lipolysis and muscle protein synthesis to ensure FM loss and LM
preservation. While exercise should be tailored to the preferences and fitness level of the
patient, when FM loss is the objective, energy expenditure should be maximised, which is
best achieved through higher volume and intensity with the inclusion of an energy deficit
diet. The optimal macronutrient composition of a diet for PCa patients on ADT is unclear
but should ultimately follow healthy eating guidelines and optimise protein intake.
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A B S T R A C T

Background: Obesity in prostate cancer patients is associated with poor prostate-cancer specific outcomes. Ex
ercise and nutrition can reduce fat mass; however, few studies have explored this as a combined pre-surgical 
intervention in clinical practice. 
Purpose: This study examined the efficacy of a weight loss program for altering body composition in prostate 
cancer patients prior to robot assisted radical prostatectomy (RARP). 
Methods: A retrospective analysis of 43 overweight and obese prostate cancer patients, aged 47–80 years, who 
completed a very low-calorie diet (~3000–4000 kJ) combined with moderate-intensity exercise (90 min/day) 
prior to RARP. Whole body and regional fat mass (FM) and lean mass (LM) were assessed by dual-energy x-ray 
absorptiometry pre- and post-program. Body weight, waist circumference, and blood pressure were assessed 
weekly, with surgery-related adverse effects recorded at time of surgery and follow-up appointments. 
Results: With a median of 29 days (IQR: 24–35days) on the program, patients significantly (p < 0.001) reduced 
weight (− 7.3 ± 2.9 kg), FM (− 5.0 ± 2.6 kg), percent body fat (− 3.1 ± 2.5%), trunk FM (− 3.4 ± 1.8 kg), LM 
(− 2.4 ± 1.8 kg), and appendicular LM (− 1.2 ± 1.0 kg). Lower weight, FM, percent FM, trunk FM, and visceral 
FM were associated with less surgery-related adverse effects (rs = 0.335 to 0.468, p < 0.010). Systolic and 
diastolic blood pressure were reduced (p < 0.001) by 15 ± 22 and 8 ± 10 mmHg, respectively over the weight 
loss intervention. 
Conclusion: Undertaking a combined low-calorie diet and exercise program for weight loss in preparation for 
RARP resulted in substantial reductions in FM, with improvements in blood pressure, that may benefit surgical 
outcomes.   

1. Introduction

Reducing obesity is of critical interest when considering prostate
cancer patients’ tolerance and response to treatment as well as their 
long-term health outcomes [1]. Radical prostatectomy is a common 
surgical treatment for prostate cancer, however, obesity status places a 
patient at increased risk of poor surgical and prostate-cancer specific 
outcomes [2,3]. During surgery, obese patients are at increased risk of 
longer operation time and higher blood loss, as well as central nervous 

system and head and neck complications due to excessive peak expira
tory airway pressure while in the Trendelenburg position, with com
plications such as pneumoperitoneum [2,4,5]. The surgical technique 
may also be impacted, with obese patients reported to be at increased 
odds of capsular incision (inferior surgical technique), and a higher risk 
of converting to an open prostatectomy [6]. Post-surgery, obese patients 
may experience inferior urinary and sexual outcomes, increased risk of 
post-operative infection, lymphedema, and positive surgical margins [2, 
6,7]. Furthermore, there is a strong level of evidence for the association 
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of obesity and increased risk of aggressive prostate cancer [8], as well as 
an increased risk of biochemical recurrence, reduced time to the 
development of castrate resistance, development of other comorbidities 
such as cardiovascular disease (CVD), and earlier prostate 
cancer-specific death [1,9–14]. 

Lifestyle medicine is the inclusion of non-surgical and non- 
pharmaceutical therapies, such as exercise and nutrition, within a pa
tient’s treatment plan to prevent the development, or worsening, of side 
effects and chronic medical conditions such as obesity [15,16]. While 
one third of prostate cancer patients are likely to make lifestyle changes 
upon receiving a cancer diagnosis [17], the substantial amount of 
clinician contact at diagnosis represents an opportune time to imple
ment a clinically delivered lifestyle medicine weight loss intervention. 
This ensures patients can be monitored collaboratively by medical and 
allied health (exercise and nutrition) professionals to provide a tailored 
prescription to achieve the desired outcome of healthy intentional 
weight loss [18], a reduction in fat mass (FM) and maintenance of lean 
mass (LM). The majority of previous pre-surgical studies in men with 
prostate cancer have assessed physiotherapy-led programs focusing on a 
particular disease-specific outcome, such as urinary incontinence 
[19–22], or utilised exercise or nutrition strategies in isolation [23–25]. 
Only two randomized controlled trials have examined weight loss using 
a combined exercise and nutrition intervention prior to radical prosta
tectomy but results were inconsistent. Demark-Wahnefried et al. [26] 
demonstrated no significant change in FM or LM compared to a usual 
care control group, however, the intervention group did experience a 
substantial reduction in FM (3.1 kg), although within group significance 
was not reported. Henning et al. [27] reported a significant reduction in 
total and gynoid fat with no change in trunk FM compared to a usual 
care control. Both studies were controlled research trials, rather than the 
evaluation of weight loss achieved in clinical practice pragmatically 
recommended by a clinician as part of their pre-surgery standard of care. 

Clinically, it is important to quantify both FM and LM alterations 
with weight loss induced by combined exercise and nutrition in
terventions, as substantial loss in LM may negatively impact physical 
function, patient independence, and long-term weight maintenance 
[28]. Except for monitoring bone health, assessment of body composi
tion by dual-energy x-ray absorptiometry (DXA) in a clinical setting is 
not often performed, ‘nor considered a part of standard practice when 
weight loss is advised. The use of total body weight, body mass index, 
and waist/hip circumference are considered satisfactory indicators of 
positive FM change; however, these do not accurately identify changes 
in body composition [29] ‘nor differentiate between subcutaneous and 
visceral fat reductions. Here we report a retrospective analysis of the 
effect of a weight loss program in prostate cancer patients prior to ro
botic assisted radical prostatectomy (RARP) surgery using DXA to assess 
change in body composition. 

2. Methods

2.1. Patients

Between 2016 and 2018, 78 men with prostate cancer attending a 
single urology clinic in Perth, Western Australia, were referred by a 
single urologist, prior to RARP, to an external allied health clinic spe
cialising in exercise and nutrition programs for persons with chronic 
conditions including cancer. Patients undertook a weight loss program 
supervised by certified allied health professionals (Accredited Practising 
Dietitian (APD) or Accredited Exercise Physiologist (AEP)) prior to 
receiving a RARP. The urologist referred patients who were overweight 
or obese, as defined by a waist circumference ≥94 cm [30] at the initial 
consultation following a confirmed prostate cancer diagnosis. Of the 78 
patients referred to the weight loss program, a pre or post DXA scan was 
not available for 32 patients (declined scan, insufficient time before 
surgery) and 3 patients did not undertake a RARP. As a result, 43 pa
tients were included in the analysis. The study was approved by the 

Human Research Ethics Committee at Edith Cowan University (ID: 
18832). 

2.2. Measurements 

Body composition was assessed by DXA at the initial and final 
nutrition consultations prior to RARP. Body weight, waist circumfer
ence, and systolic and diastolic blood pressure were monitored at weekly 
scheduled appointments with an APD or AEP. 

2.2.1. Body composition 
Whole body fat mass (FM, kg), lean mass (LM, kg), and body fat 

percent (%), and regional trunk FM (kg), visceral FM (g), and appen
dicular skeletal muscle (ASM, kg) were assessed by DXA (Horizon W, 
Hologic Inc., Waltham, MA, USA). ASM was calculated as the sum of 
upper and lower limb LM [31]. Visceral FM estimated from DXA scan
ning has been shown to be strongly associated with that derived from 
computed tomography [32]. 

2.2.2. Anthropometric and blood pressure measures 
Body weight was measured using a calibrated electronic weight scale 

(Model #22089, SECA, Germany) and height using a wall-mounted 
stadiometer (Livingstone International Healthcare Pty Ltd, Australia), 
with body mass index (BMI) calculated from weight divided by height in 
meters squared (kg/m2). Waist circumference was measured following 
standard procedures [33]. Systolic and diastolic blood pressure were 
measured using a sphygmomanometer (Model #HEM-907, Omron, 
Japan) with the patient in a seated position after a minimum of 15 min of 
conversing with an APD. 

2.2.3. Surgical outcomes 
Written medical notes from the patient’s urologist were reviewed to 

determine the number and type of adverse side effects recorded during 
and up to 1-month post RARP (identified by the urologist as undesirable 
events during and post-surgery). Erectile dysfunction was not consid
ered a side effect if it was evident pre-surgery. Incontinence was defined 
as an ongoing concern up to 1-month post-surgery with patients 
continuing to use at least one continence pad daily [34]. 

2.3. Data collection process 

Data used in the analysis were obtained from the urology clinic and 
allied health clinic. At the initial consultation with the urologist, pa
tients provided consent for their information to be used in future 
research projects. A secondary consent form was also completed at the 
initial consultation at the allied health clinic. Patient age (years), cancer 
stage (TNM), smoking status (yes/no), alcohol intake (number of stan
dard drinks/day), medications, comorbidities, information related to the 
surgical procedure and side effects were obtained from the urology 
clinic, while DXA scans were obtained from the allied health clinic. 
Records from nutrition consultations were also reviewed, providing in
formation on weekly measurements of weight, waist circumference, and 
blood pressure. 

2.4. Weight loss program 

The weight loss program was a collaborative initiative between the 
urology clinic and allied health clinic to ensure safe practice of rapid 
weight loss required for surgery. Patients were referred by their urolo
gist to the external allied health clinic where they attended weekly ap
pointments. The program was part of the urology clinic’s standard of 
care for overweight and obese patients prior to RARP and designed to 
induce rapid weight loss by reducing FM, yet maintaining LM, while 
meeting exercise and micro- and macronutrient requirements. Patients 
participated in the program for up to 12 weeks, although this was 
dictated by surgery date, client willingness to continue with the 
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program, or target weight being reached. The standard clinic protocol 
required patients to begin losing weight before a surgery date was 
scheduled, however, prostate cancers that showed aggressive signs 
requiring immediate attention were scheduled for surgery without evi
dence of weight loss. Nevertheless, these patients were still required to 
initiate the program prior to surgery. Compliance to exercise and diet 
were monitored through attendance of nutrition consultations with 
APD, where a weekly weigh-in was completed to ensure patients were 
consistently losing weight. Barriers to completing exercise and diet and 
continued encouragement to comply with program guidelines were also 
addressed during weekly sessions using behaviour change techniques 
such as motivational interviewing and cognitive behavioural therapy. In 
addition to implementing exercise and nutrition changes, the clinic 
protocol required patients who smoked to cease. 

Patients were prescribed 90 min of moderate intensity aerobic ex
ercise to complete daily at 60–80% of their age-predicted maximum 
heart rate (using the formula: 220 - age), if patient owned a wearable 
heart rate monitor, or at an intensity where they could still hold a 
conversation. Intensity was not recorded. Moderate intensity aerobic 
exercise was chosen to minimise injury risk, optimise compliance, and 
maximise caloric expenditure over the pre-operative period. Resistance 
training was not required, although it was permitted if a patient had 
been undertaking this exercise mode prior to referral to the clinic. The 
exercise prescription was personalised to patient preference for aerobic 
exercise mode and target duration (example one: three, 30-min bouts of 
walking per day; example two: 90 min of cycling per day; example 3: 30 
min of swimming and 60 min of walking per day). Patients were pro
vided access to fitness facilities under the supervision of an AEP while 
undertaking the program, or if they preferred, patients could perform 
exercise at home, outdoors, or their own local recreational facility. 

An APD prescribed a very low-calorie diet of ~3360–4200 kJ 
consumed per day consisting of the following recommendations: 1) 3 
very low-calorie diet meal replacement products consisting of shakes, 
bars, or soups (KicStart; Optifast; Dr MaCleod’s) consumed throughout 
the day according to the preferred eating pattern of the patient (example 
one: 1 product for breakfast, 1 for lunch, 1 for dinner; example two: 1 
product for breakfast, ½ product mid-morning, ½ product lunch, ½ 
product dinner, ½ product after dinner); 2) at least 2 cups of low starch 
vegetables (defined as < 4g carbohydrate per 100g) or salad per day; 3) 
optimisation of fluid intake calculated based on body weight [35]; and 
4) optimisation of daily protein (1.0–1.07 g/kg body weight/d according
to age related recommendations) (from late 2017 only) [35]. Additional 
permitted food and drink items included miso soup or low starch 
vegetable soups (excluding soups with cream), sauces in small amounts, 
herbs and spices, sugar free lollies and gum, diet jelly, artificial sweet
eners, lemon and lime juice, tea/coffee with no sugar and minimal milk, 
diet soft drink, and diet cordial. Patients were instructed to refrain from 
consuming all other foods and drinks with emphasised restriction on 
fruit juice, alcohol, and sugar-sweetened drinks. Patients continued with 
this nutrition program until their scheduled surgical appointment at 
which time nutrition advice was provided by the urologist for how to 
prepare for surgery. 

2.5. Statistical analysis 

Statistical analyses were conducted using IBM SPSS version 25 (SPSS 
Inc., IBM Corp, Armonk, NY, USA). Normality of the distributions were 
assessed using the Kolmogorov-Smirnov test. To examine differences 
pre-to post-intervention Student’s paired t-tests were used or the Wil
coxon signed-rank test, as appropriate. Associations between variables 
were assessed using Pearson’s correlation or Spearman’s rank correla
tion, as appropriate. Data are presented as mean ± standard deviation 
(SD), median and interquartile range [IQR], or number (percentage). 
Tests were two-tailed and statistical significance was set at p < 0.05. 

3. Results

Forty-three men aged 47–80 years were included in the analysis and
their clinical characteristics are presented in Table 1. The majority of 
men had a Gleason score of 7 (76.7%), had their cancer contained within 
the prostate (86.0%), and a BMI range of 23.9–37.9 kg/m2; no patients 
were current smokers. Patients spent a median [IQR] of 29 [24–35] days 
undertaking the weight loss program as indicated by number of days 
between DXA scans. This included a median [IQR] of 5 [4–6] nutrition 
consultations with 81.4% of patients attending all scheduled weekly 
appointments. The most common reasons for missing an appointment 
were holiday or work. 

There were significant (p < 0.001) declines in FM (− 5.0 ± 2.6 kg), 
percent body fat (− 3.1 ± 2.5%), trunk FM (− 3.4 ± 1.8 kg), visceral fat 
(− 297 [375 – 245] g), LM (− 2.4 ± 1.8 kg), and ASM (− 1.2 ± 1.0 kg) 
from pre to post DXA scans (Table 2). Of the loss in FM, 68.5% of the 
reduction was the result of trunk FM loss. Individual responses to the 
program are shown in Fig. 1. All patients lost total FM and trunk FM with 
only 5 patients (11.6%) showing an increase in LM or ASM. Patients with 
a higher body weight at program initiation experienced a greater loss in 
weight, ASM, and LM (r = − 0.563 to − 0.727, p < 0.001), however, there 
was no association with loss in total FM (r = − 0.136, p = 0.386) or trunk 
FM (r = − 0.035, p = 0.824). Further, age was not significantly associ
ated with any baseline body composition measure (p = 0.098–0.530) or 
change in body composition (p = 0.112–0.920). Based on BMI at base
line, 4 patients were considered ‘normal weight’, however, they attained 
a similar magnitude of loss in FM (− 4.9 ± 2.7 kg) but less change in LM 
(− 0.6 ± 1.3 kg) when compared to the values for all patients. 

Total body weight (− 7.3 ± 2.9 kg), BMI (− 2.4 ± 0.9 kg/m2), waist 
circumference (− 8.3 ± 3.4 cm), systolic (15 ± 22 mmHg) and diastolic 
(− 8 ± 10 mmHg) blood pressure all decreased significantly (p ≤ 0.001) 
over the course of the diet and exercise program (Table 2). Those pa
tients on the program for longer and who attended a greater number of 
consultations with the APD experienced a greater loss of body weight (rs 
= 0.669; p < 0.001; rs = 0.436; p = 0.003, respectively). 

The most common adverse effects of surgery were urinary 

Table 1 
Patient characteristics.  

Variable Patients (N =
43) 

Age (years), mean ± SD 66 ± 7 
Height (m), mean ± SD 1.78 ± 0.07 
Total body weight (kg) mean ± SD 91.7 ± 12.5 
Daily alcohol intake (number of standard drinks/day), 

median [IQR] 
2 [0–2] 

Number of medications, median [IQR] 3 [1–4] 
Number of comorbidities a, median [IQR] 2 [0–3] 
Number of nutrition consultations, median [IQR] 5 [4–6] 
Days between pre/post DXA scan, median [IQR] 29 [24–35] 
Days between post DXA and surgery, median [IQR] 7 [2–21] 
Gleason score, N (%) 
Gleason 7 33 (76.7) 
Gleason 8 2 (4.7) 
Gleason 9 8 (18.6) 
T stage 2, N (%) 21 (48.8) 
T stage 3, N (%) 16 (37.2) 
Positive lymph involvement, N (%) 6 (14.0) 
Radical prostatectomy b, N (%) 26 (60.5) 
Radical prostatectomy þ lymph node resection b, N (%) 17 (39.5) 
Adjuvant radiation and androgen deprivation therapy, N (%) 1 (2.3) 
Positive surgical margins (n ¼ 39) c, N (%) 2 (5.1)  

a Type of comorbidities: Arthritis, chronic obstructive pulmonary disease, 
CVD, depression/anxiety, diabetes, dyslipidaemia, gastroesophageal reflux dis
ease, glaucoma, other cancer, Peyronie’s disease, peripheral neuropathy, sleep 
apnoea, thyroid condition.b A total of 23 (53.5%) surgeries involved full or 
partial nerve sparring, with a further 1 (2.3%) including an umbilical hernia 
repair.c Four patients did not have surgical margin data recorded, rendering n =
39 patients’ data available for inclusion. 
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incontinence (67.4%) and erectile dysfunction (32.6%), followed by 
lymphedema (11.6%) (Table 3). Patients who experienced a higher 
number of surgery-related adverse effects also had higher body weight, 
FM, body fat percent, trunk FM, and visceral FM (rs = 0.335 to 0.468, p 
< 0.010) post-intervention, prior to RARP. Change in FM and LM, and 
age were not associated with surgery-related adverse effects. There were 
no major adverse events recorded as a result of the dietary or exercise 
intervention. Minor adverse effects associated with the diet included 
hunger, headache, change in bowel habits, and light-headedness. 

4. Discussion

To our knowledge, this is the first evaluation of a weight loss pro
gram conducted as part of standard care procedures for overweight and 
obese patients prior to RARP within clinical practice. There were four 
important findings: 1) total body and regional FM were significantly 

Table 2 
Body composition, anthropometric, and blood pressure measures of prostate 
cancer patients undergoing weight loss pre-RARP.   

Pre- 
intervention 

Post- 
intervention 

Mean 
change 

P-value 

DXA derived measures 
Total body weight (kg) 91.7 ± 12.5 84.4 ± 11.1 − 7.3 ±

2.9 
<0.001 

Total fat mass (kg) 30.7 ± 6.7 25.7 ± 6.5 − 5.0 ±
2.6 

<0.001 

Body fat percent (%) 33.2 ± 3.6 30.1 ± 4.4 − 3.1 ±
2.5 

<0.001 

Trunk fat (kg) 18.0 ± 4.2 14.6 ± 4.2 − 3.4 ±
1.8 

<0.001 

Visceral fat (g) 1216 
[1014–1505] 

877 
[758–1150] 

– <0.001 

Total lean mass (kg) 57.9 ± 6.7 55.5 ± 5.7 − 2.4 ±
1.8 

<0.001 

ASM (kg) 25.0 ± 3.3 23.8 ± 2.9 − 1.2 ±
1.0 

<0.001 

Anthropometric and blood pressure measures 
Body mass index (kg/ 

m2) 
29.4 ± 3.4 27.0 ± 2.8 − 2.4 ±

0.9 
<0.001 

Waist circumference 
(cm) (N ¼ 39) a 

108.3 ± 8.2 100.0 ± 7.3 − 8.3 ±
3.4 

<0.001 

Systolic blood 
pressure (mmHg) (N 
¼ 28) b 

138 ± 17 123 ± 16 15 ± 22 0.001 

Diastolic blood 
pressure (mmHg) (N 
¼ 28) b 

79 ± 9 70 ± 11 − 8 ± 10 <0.001  

a Four patients did not have waist circumference recorded at their initial and/ 
or final nutrition consultation, rendering n = 39 patients’ data available for 
inclusion. 

b Similarly, fifteen patients did not have brachial blood pressure recorded at 
their initial and/or finial nutrition consultation, rendering n = 28 patients’ data 
available for inclusion. 

Fig. 1. Waterfall plots of individual participant changes in ascending order for A) whole body fat mass, B) trunk fat mass, C) whole body lean mass, and D) 
appendicular skeletal muscle mass, after a pre-RARP weight loss program. 

Table 3 
RARP related adverse effects experienced during surgery and up 
to 1-month post-surgery in men who had completed a pre-RARP 
weight loss program.  

Adverse effect (N = 43) Number (%) 

Incontinence 31 (72.1) 
Erectile dysfunction 15 (34.9) 
Lymphedema 5 (11.6) 
Pain 3 (7.0) 
Surgery difficulty a 2 (4.7) 
Constipation 2 (4.7) 
Poor wound healing 1 (2.3) 
Cardiac concerns 1 (2.3) 
Neuropraxia 1 (2.3) 
Herpetic neuralgia 1 (2.3) 
Urinary tract infection 1 (2.3)  

a Unexpected difficulty during surgery. 
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decreased, 2) lower absolute FM was associated with reduced number of 
surgery-related adverse effects, 3) decrease in FM was accompanied by a 
reduction in LM, and 4) improvements in blood pressure were observed. 

Significant reductions in FM around the surgical region is of clinical 
significance as it provides a promising setting for a less complicated 
surgery [2,6,36]. We found a significant 16.3% reduction in total FM 
with an average loss of 5.0 ± 2.6 kg. The majority of this fat was lost in 
the abdominal region where nearly 80% was attributable to trunk and 
visceral fat with a resulting 8.3 ± 3.4 cm reduction in waist circumfer
ence. Henning et al. [27] completed a similar weight loss program in 
men prior to prostatectomy that consisted of an energy restricted diet 
(consuming 5000–6000 kJ/day) and 60 min of exercise per day, and 
found a significant reduction in total FM of 2.1 kg and gynoid fat by 
1.4%, compared to a usual care control group. The more than 2-fold 
greater loss in FM achieved in our cohort and in a shorter period (29 
vs. 51 days) was likely due to the more severe caloric restriction 
(~3000–4000 kJ/day) and greater amount of exercise (90 min/day) 
prescribed. However, in one pre-radical prostatectomy weight loss 
program [26], an increase in Ki67, a marker of tumour cell proliferation, 
in the intervention group compared to usual care was noted. Although 
the intervention group did reduce their FM by − 3.1 ± 2.2 kg and LM by 
− 1.2 ± 1.0 kg, this was not significantly different to the usual care 
control group, and no within group significances were reported. 
Consequently, the implications of this finding regarding tumour cell 
proliferation in response to rapid weight loss requires further 
examination. 

With the substantial reduction in FM, it appears that those patients 
with lower central and subcutaneous FM at the time of surgery experi
enced less surgery-related adverse effects during and following the 
procedure. This relationship must be carefully interpreted as although 
statistically significant, it was not the primary aim of this analysis and 
could not be compared to a BMI-matched, non-weight loss control 
group. As such, this finding should be considered as hypothesis gener
ating where further research should assess the benefits of weight loss on 
both acute and long-term surgery-related adverse effects inclusive of the 
effect weight loss has on cancer progression. However, in support of our 
findings Knipper et al. [7] in a study evaluating clinical outcomes of 
obese (BMI ≥ 30 kg/m2) versus non-obese prostate cancer patients un
dergoing RARP or open-radical prostatectomy, also reported that obese 
patients had more complications peri-operatively for both surgical 
techniques. Additionally, older men receiving surgery are also at a 
higher risk of surgical complications [37]. Despite the broad age range 
(47–80 years) in the present study, age was not associated with number 
of surgery-related adverse events. 

While the loss in FM in the current study was substantial, patients 
also lost a significant amount of LM (− 2.4 ± 1.8 kg; 32% of total weight 
lost), despite the inclusion of an exercise requirement, albeit without 
emphasis on resistance training, and increased dietary protein intake. 
This is a concern given that patients post-surgery have been observed to 
lose LM as well. For instance, Singh et al. [25] reported that patients had 
a mean loss of 2.7 kg in LM 6-weeks post-prostatectomy. The loss in LM 
has been associated with poor long term weight management, longer 
hospital stays, increased risk of infection, and surgical complications 
[28,38,39]. The lack of monitored exercise via a written log, heart rate, 
or pedometer, or a supervised exercise component that included resis
tance exercise for all patients, are possible explanations for the signifi
cant loss in LM found in the current study compared to no loss in other 
pre-radical prostatectomy weight loss studies [26,27]. Nevertheless, 
excess weight can act as a barrier to exercise for many individuals [40]. 
Therefore, despite the significant loss in LM, the act of rapidly losing 
weight may act as a facilitator and provide patients with increased 
confidence and self-motivation to continue or start an exercise program 
post-surgery, and contribute to increasing LM and maintaining a healthy 
weight [18,41]. Consequently, the benefits of losing an average of 5 kg 
in FM may outweigh the negatives of the absolute loss in LM. Long-term 
survivorship goals for prostate cancer patients who have undergone 

weight loss prior to RARP should therefore focus on increasing LM and 
transitioning to a sustainable diet and exercise regimen after recovery 
from surgery. 

Weight loss is commonly accompanied with a reduction in blood 
pressure, another risk factor associated with CVD development [42]. 
Clinically significant reductions were evident in both systolic and dia
stolic blood pressure, similar to reductions obtained by medication [43]. 
A minimum 10 mmHg reduction in systolic blood pressure has been 
shown to reduce the occurrence of a cardiovascular event by 20% [44]. 
Although the baseline mean brachial systolic blood pressure was not 
considered hypertensive, patients were commonly taking prescribed 
blood pressure medication. Blood pressure control is also necessary for 
safe surgery. Sudden or prolonged hypo- or hypertension pre-, during- or 
post-surgery can place a patient at increased risk for longer hospital
isation, myocardial injury, and all-cause mortality [45–47]. For elective 
surgeries, a pre-surgery systolic blood pressure >180 mmHg, and/or 
consistent systolic blood pressure ≥160 mmHg in the primary care 
setting may result in postponement of surgery, although this is contro
versial [45,48]. No participant had a systolic blood pressure ≥160 
mmHg after the weight loss program, compared to 4 patients prior. 
Clinician communication was that many patients were able to cease 
antihypertensive medication, under the care of their general practi
tioner. This was not managed by the treating urologist and was, there
fore, not recorded in this study. However, the cost savings from 
cessation of medication could offset the cost of a weight loss program 
conducted in the clinical setting and would be an interesting avenue for 
further research. Nevertheless, given the significant reduction in blood 
pressure observed, it is important that a patient’s blood pressure man
agement plan is monitored by their general practitioner during rapid, 
pre-surgery weight loss as medications may need to be altered. This 
further highlights the importance of a multidisciplinary team when 
undertaking weight loss. 

Our analysis has several strengths. The utilisation of DXA scans 
demonstrated clinically relevant changes in FM and its distribution that 
can occur between diagnosis and surgery. This multidisciplinary, clini
cally run program resulted in a high level of patient engagement and 
adherence with over 80% of patients attending all scheduled appoint
ments and all patients losing FM. However, there are several limitations 
which must be acknowledged. The absence of a control group prevented 
the ability to make comparisons to a non-weight loss group (current 
standard care). Patients were given the choice to complete a self- 
directed exercise and nutrition regime post-surgery, which did not 
include follow-up body composition measures, or continue with a su
pervised programme. All but one patient selected self-directed lifestyle 
management post-surgery, as such, follow-up body composition data 
were not available. Not all patients completed the final DXA close to 
their surgery date, therefore, the post-program DXA scans may not 
reflect body composition at time of surgery. It should also be noted that 
DXA may not be readily accessible to clinicians and patients due to the 
cost involved of the equipment and for some patients, such as the 
morbidly obese, DXA scanning may not be physically possible. All data 
were collated from clinical notes designed to satisfy information on 
health status for the attending practitioner. As such, the patients’ 
compliance to exercise and nutrition requirements, as well as their 
physical function and quality of life, were not assessed by questionnaire 
but in conversation during the weekly nutrition consultation where 
weigh-ins showed consistent weight loss suggesting patients made sig
nificant lifestyle changes. Future studies should collect compliance data 
to better establish pre-surgery weight loss guidelines. Further, the 
intervention emphasis was on creating a large energy deficit with fat loss 
as the primary goal, however, this compromised LM which is a negative 
outcome. Whether, LM can be maintained or enhanced through targeted 
resistance training incorporated into the intervention needs to be 
determined. 
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5. Conclusion

In summary, this study completed within clinical practice demon
strated the efficacy of a significant reduction in FM, with additional 
improvements in blood pressure, while undertaking a weight loss pro
gram prior to RARP. Obese patients are at high risk of poor surgical 
outcomes as well as comorbidity development and weight lost prior to 
RARP may be a viable strategy to improve patient outcomes and co
morbidity risk profile. Future interventions should address this through 
incorporating supervised resistance training and optimisation of protein 
intake to help minimise the loss of muscle and increase protein meta
bolism. Future research should consider the translation of this clinically 
undertaken weight loss program as it could be impactful in other obese 
populations with chronic diseases, especially those who are morbidly 
obese. Consideration should also be given to exploring the effect that 
improving obesity status pre-surgery has on radical prostatectomy side 
effects and recovery, long-term health benefits and diet and exercise 
behaviours, and cancer progression and recurrence. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or non-for-profit sectors. 

Ethical approval 

Ethical approval was gained from Human Research Ethics Commit
tee at Edith Cowan University (ID: 18832). All procedures performed in 
studies involving human participants were in accordance with the 
ethical standards of the institutional and/or national research commit
tee and with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards. 

Informed consent 

Two informed consent forms were obtained from all individual 
participants included in the study after attending the urology clinic and 
allied health clinic, respectively. 

CRediT authorship contribution statement 

Rebekah L. Wilson: Data curation, Formal analysis, Conceptuali
zation, Methodology, data collection, data analysis, Writing - original 
draft, preparation, Writing - review & editing. Tom Shannon: Data 
curation, Formal analysis, Conceptualization, Methodology, data 
collection, data analysis, Writing - review & editing. Emily Calton: Data 
curation, Formal analysis, Methodology, data collection, data analysis, 
Writing - original draft, preparation. Daniel A. Galvão: Data curation, 
Formal analysis, Conceptualization, Methodology, data collection, data 
analysis, Writing - original draft, preparation, Writing - review & edit
ing. Dennis R. Taaffe: Data curation, Formal analysis, Conceptualiza
tion, Methodology, data collection, data analysis, Writing - original 
draft, preparation, Writing - review & editing. Nicolas H. Hart: Data 
curation, Formal analysis, Conceptualization, Methodology, data 
collection, data analysis, Writing - original draft, preparation, Writing - 
review & editing. Philippa Lyons-Wall: Data curation, Formal analysis, 
Conceptualization, Methodology, data collection, data analysis, Writing 
- original draft, preparation, Writing - review & editing. Robert U.
Newton: Data curation, Formal analysis, Conceptualization, Method
ology, data collection, data analysis, Writing - original draft, prepara
tion, Writing - review & editing.

Declaration of competing interest 

None. 

References 

[1] J.A. Ligibel, C.M. Alfano, K.S. Courneya, W. Demark-Wahnefried, R.A. Burger, R. 
T. Chlebowski, et al., American Society of Clinical Oncology position statement on 
obesity and cancer, J. Clin. Oncol. 32 (31) (2014) 3568–3574, https://doi.org/ 
10.1200/JCO.2014.58.4680. 

[2] A.L. Wiltz, S. Shikanov, S.E. Eggener, M.H. Katz, A.E. Thong, G.D. Steinberg, et al., 
Robotic radical prostatectomy in overweight and obese patients: oncological and 
validated-functional outcomes, Urology 73 (2) (2009) 316–322, https://doi.org/ 
10.1016/j.urology.2008.08.493. 

[3] E. Ballon-Landa, J.K. Parsons, Nutrition, physical activity, and lifestyle factors in 
prostate cancer prevention, Curr. Opin. Urol. 28 (1) (2018) 55–61, https://doi.org/ 
10.1097/MOU.0000000000000460. 

[4] T.E. Ahlering, L. Eichel, R. Edwards, D.W. Skarecky, Impact of obesity on clinical 
outcomes in robotic prostatectomy, Urology 65 (4) (2005) 740–744, https://doi. 
org/10.1016/j.urology.2004.10.061. 

[5] J. Neuenschwander, O. Burkhardt, L. Hess, M. Randazzo, K. Horton, C. Padevit, et 
al., Obese patients undergoing robotic radical prostatectomy have no impaired 
operative outcome, Eur. Urol. Suppl. 17 (2) (2018) e986. 

[6] S.J. Freedland, K.A. Grubb, S.K. Yiu, M.E. Nielsen, L.A. Mangold, W.B. Isaacs, et al., 
Obesity and capsular incision at the time of open retropubic radical prostatectomy, 
J. Urol. 174 (5) (2005) 1798–1801, https://doi.org/10.1097/01. 
ju.0000177077.53037.72. 

[7] S. Knipper, E. Mazzone, F.A. Mistretta, C. Palumbo, Z. Tian, A. Briganti, et al., 
Impact of obesity on perioperative outcomes at robotic-assisted and open radical 
prostatectomy: results from the national inpatient sample, Urology 133 (2019) 
135–144. 

[8] S.E. Bonn, A. Sjolander, A. Tillander, F. Wiklund, H. Gronberg, K. Balter, Body mass 
index in relation to serum prostate-specific antigen levels and prostate cancer risk, 
Int. J. Canc. 139 (1) (2016) 50–57, https://doi.org/10.1002/ijc.30052. 

[9] S.F. Peisch, E.L. Van Blarigan, J.M. Chan, M.J. Stampfer, S.A. Kenfield, Prostate 
cancer progression and mortality: a review of diet and lifestyle factors, World J. 
Urol. 35 (6) (2017) 867–874, https://doi.org/10.1007/s00345-016-1914-3. 

[10] C.E. Joshu, A.M. Mondul, A. Menke, C. Meinhold, M. Han, E.B. Humphreys, et al., 
Weight gain is associated with an increased risk of prostate cancer recurrence after 
prostatectomy in the PSA era, Canc. Prev. Res. 4 (4) (2011) 544–551, https://doi. 
org/10.1158/1940-6207.CAPR-10-0257. 

[11] H. Rhee, I. Vela, E. Chung, Metabolic syndrome and prostate cancer: a review of 
complex interplay amongst various endocrine factors in the pathophysiology and 
progression of prostate cancer, Horm Cancer 7 (2) (2016) 75–83, https://doi.org/ 
10.1007/s12672-015-0238-x. 

[12] Y. Cao, J. Ma, Body mass index, prostate cancer-specific mortality, and biochemical 
recurrence: a systematic review and meta-analysis, Canc. Prev. Res. 4 (4) (2011) 
486–501, https://doi.org/10.1158/1940-6207.CAPR-10-0229. 

[13] W.C. Buschemeyer III, S.J. Freedland, Obesity and prostate cancer: epidemiology 
and clinical implications, Eur. Urol. 52 (2) (2007) 331–343. 

[14] J. Sharma, K.P. Gray, L.C. Harshman, C. Evan, M. Nakabayashi, R. Fichorova, et al., 
Elevated IL-8, TNF-α, and MCP-1 in men with metastatic prostate cancer starting 
androgen-deprivation therapy (ADT) are associated with shorter time to castration- 
resistance and overall survival, Prostate 74 (8) (2014) 820–828. 

[15] B.I. Bodai, T.E. Nakata, W.T. Wong, D.R. Clark, S. Lawenda, C. Tsou, et al., Lifestyle 
medicine: a brief review of its dramatic impact on health and survival, Perm. J. 22 
(2018) 17–25, https://doi.org/10.7812/TPP/17-025. 

[16] S.B. Heymsfield, T.A. Wadden, Mechanisms, pathophysiology, and management of 
obesity, N. Engl. J. Med. 376 (3) (2017) 254–266. 

[17] E. Sutton, L.E. Hackshaw-McGeagh, J. Aning, A. Bahl, A. Koupparis, R. Persad, et 
al., The provision of dietary and physical activity advice for men diagnosed with 
prostate cancer: a qualitative study of the experiences and views of health care 
professionals, patients and partners, Cancer Causes Control 28 (4) (2017) 319–329, 
https://doi.org/10.1007/s10552-017-0861-7. 

[18] A.M. Baker, K.C. Smith, K.I. Coa, K.J. Helzlsouer, L.E. Caulfield, K.S. Peairs, et al., 
Clinical care providers’ perspectives on body size and weight management among 
long-term cancer survivors, Integr. Canc. Ther. 14 (3) (2015) 240–248, https://doi. 
org/10.1177/1534735415572882. 

[19] C. Sueppel, K. Kreder, W. See, Improved continence outcomes with preoperative 
pelvic floor muscle strengthening exercises, Urol. Nurs. 21 (3) (2001) 201–210. 

[20] K.L. Burgio, P.S. Goode, D.A. Urban, M.G. Umlauf, J.L. Locher, A. Bueschen, et al., 
Preoperative biofeedback assisted behavioral training to decrease post- 
prostatectomy incontinence: a randomized, controlled trial, J. Urol. 175 (1) (2006) 
196–201, https://doi.org/10.1016/S0022-5347(05)00047-9, discussion. 

[21] A. Centemero, L. Rigatti, D. Giraudo, M. Lazzeri, G. Lughezzani, D. Zugna, et al., 
Preoperative pelvic floor muscle exercise for early continence after radical 
prostatectomy: a randomised controlled study, Eur. Urol. 57 (6) (2010) 
1039–1043, https://doi.org/10.1016/j.eururo.2010.02.028. 

[22] G.T. Bales, G.S. Gerber, T.X. Minor, D.A. Mhoon, J.M. McFarland, H.L. Kim, et al., 
Effect of preoperative biofeedback/pelvic floor training on continence in men 
undergoing radical prostatectomy, Urology 56 (4) (2000) 627–630, https://doi. 
org/10.1016/s0090-4295(00)00687-7. 

[23] D. Santa Mina, W.J. Hilton, A.G. Matthew, R. Awasthi, G. Bousquet-Dion, S.M. 
H. Alibhai, et al., Prehabilitation for radical prostatectomy: a multicentre 
randomized controlled trial, Surg Oncol 27 (2) (2018) 289–298, https://doi.org/ 
10.1016/j.suronc.2018.05.010. 

[24] J.L. Wright, S. Plymate, A. D’Oria-Cameron, C. Bain, K. Haugk, L. Xiao, et al., 
A study of caloric restriction versus standard diet in overweight men with newly 
diagnosed prostate cancer: a randomized controlled trial, Prostate 73 (12) (2013) 
1345–1351, https://doi.org/10.1002/pros.22682. 

R.L. Wilson et al.

https://doi.org/10.1200/JCO.2014.58.4680
https://doi.org/10.1200/JCO.2014.58.4680
https://doi.org/10.1016/j.urology.2008.08.493
https://doi.org/10.1016/j.urology.2008.08.493
https://doi.org/10.1097/MOU.0000000000000460
https://doi.org/10.1097/MOU.0000000000000460
https://doi.org/10.1016/j.urology.2004.10.061
https://doi.org/10.1016/j.urology.2004.10.061
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref5
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref5
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref5
https://doi.org/10.1097/01.ju.0000177077.53037.72
https://doi.org/10.1097/01.ju.0000177077.53037.72
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref7
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref7
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref7
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref7
https://doi.org/10.1002/ijc.30052
https://doi.org/10.1007/s00345-016-1914-3
https://doi.org/10.1158/1940-6207.CAPR-10-0257
https://doi.org/10.1158/1940-6207.CAPR-10-0257
https://doi.org/10.1007/s12672-015-0238-x
https://doi.org/10.1007/s12672-015-0238-x
https://doi.org/10.1158/1940-6207.CAPR-10-0229
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref13
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref13
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref14
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref14
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref14
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref14
https://doi.org/10.7812/TPP/17-025
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref16
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref16
https://doi.org/10.1007/s10552-017-0861-7
https://doi.org/10.1177/1534735415572882
https://doi.org/10.1177/1534735415572882
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref19
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref19
https://doi.org/10.1016/S0022-5347(05)00047-9
https://doi.org/10.1016/j.eururo.2010.02.028
https://doi.org/10.1016/s0090-4295(00)00687-7
https://doi.org/10.1016/s0090-4295(00)00687-7
https://doi.org/10.1016/j.suronc.2018.05.010
https://doi.org/10.1016/j.suronc.2018.05.010
https://doi.org/10.1002/pros.22682


Surgical Oncology 35 (2020) 182–188

188

[25] F. Singh, R.U. Newton, M.K. Baker, N.A. Spry, D.R. Taaffe, J. Thavaseelan, et al., 
Feasibility of presurgical exercise in men with prostate cancer undergoing 
prostatectomy, Integr. Canc. Ther. 16 (3) (2017) 290–299, https://doi.org/ 
10.1177/1534735416666373. 

[26] W. Demark-Wahnefried, S. Rais-Bahrami, R.A. Desmond, J.B. Gordetsky, G. 
R. Hunter, E.S. Yang, et al., Presurgical weight loss affects tumour traits and 
circulating biomarkers in men with prostate cancer, Br. J. Canc. 117 (9) (2017) 
1303–1313, https://doi.org/10.1038/bjc.2017.303. 

[27] S.M. Henning, C. Galet, K. Gollapudi, J.B. Byrd, P. Liang, Z. Li, et al., Phase II 
prospective randomized trial of weight loss prior to radical prostatectomy, Prostate 
Cancer Prostatic Dis. 21 (2) (2018) 212–220, https://doi.org/10.1038/s41391- 
017-0001-1. 

[28] P. Stiegler, A. Cunliffe, The role of diet and exercise for the maintenance of fat-free 
mass and resting metabolic rate during weight loss, Sports Med. 36 (3) (2006) 
239–262, https://doi.org/10.2165/00007256-200636030-00005. 

[29] J.A. Pasco, K.L. Holloway, A.G. Dobbins, M.A. Kotowicz, L.J. Williams, S. 
L. Brennan, Body mass index and measures of body fat for defining obesity and 
underweight: a cross-sectional, population-based study, BMC Obes 1 (1) (2014) 9, 
https://doi.org/10.1186/2052-9538-1-9. 

[30] M.E. Lean, T.S. Han, C.E. Morrison, Waist circumference as a measure for 
indicating need for weight management, BMJ 311 (6998) (1995) 158–161, https:// 
doi.org/10.1136/bmj.311.6998.158. 

[31] S.B. Heymsfield, R. Smith, M. Aulet, B. Bensen, S. Lichtman, J. Wang, et al., 
Appendicular skeletal muscle mass: measurement by dual-photon absorptiometry, 
Am. J. Clin. Nutr. 52 (2) (1990) 214–218, https://doi.org/10.1093/ajcn/52.2.214. 

[32] S. Kaul, M.P. Rothney, D.M. Peters, W.K. Wacker, C.E. Davis, M.D. Shapiro, et al., 
Dual-energy X-ray absorptiometry for quantification of visceral fat, Obesity 20 (6) 
(2012) 1313–1318, https://doi.org/10.1038/oby.2011.393. 

[33] American College of Sports Medicine, ACSM’s Guidelines for Exercise Testing and 
Prescription, Lippincott Williams & Wilkins, 2013. 

[34] M.A. Liss, K. Osann, N. Canvasser, W. Chu, A. Chang, J. Gan, et al., Continence 
definition after radical prostatectomy using urinary quality of life: evaluation of 
patient reported validated questionnaires, J. Urol. 183 (4) (2010) 1464–1468, 
https://doi.org/10.1016/j.juro.2009.12.009. 

[35] National Collaborating Centre for Acute Care, Nutrition Support for Adults: Oral 
Nutrition Support, Enteral Tube Feeding and Parenteral Nutrition, 2006. 

[36] A.A. Mikhail, B.R. Stockton, M.A. Orvieto, G.W. Chien, E.M. Gong, K.C. Zorn, et al., 
Robotic-assisted laparoscopic prostatectomy in overweight and obese patients, 
Urology 67 (4) (2006) 774–779, https://doi.org/10.1016/j.urology.2005.10.049. 

[37] S.M. Alibhai, M. Leach, G. Tomlinson, M.D. Krahn, N. Fleshner, E. Holowaty, et al., 
30-day mortality and major complications after radical prostatectomy: influence of 

age and comorbidity, J. Natl. Cancer Inst. 97 (20) (2005) 1525–1532, https://doi. 
org/10.1093/jnci/dji313. 

[38] E.M. Cespedes Feliciano, C.H. Kroenke, B.J. Caan, The obesity paradox in cancer: 
how important is muscle? Annu. Rev. Nutr. 38 (2018) 357–379. 

[39] C.M. Prado, S.A. Purcell, C. Alish, S.L. Pereira, N.E. Deutz, D.K. Heyland, et al., 
Implications of low muscle mass across the continuum of care: a narrative review, 
Ann. Med. 50 (8) (2018) 675–693, https://doi.org/10.1080/ 
07853890.2018.1511918. 

[40] K. Ball, D. Crawford, N. Owen, Too fat to exercise? Obesity as a barrier to physical 
activity, Aust. N. Z. J. Publ. Health 24 (3) (2000) 331–333, https://doi.org/ 
10.1111/j.1467-842x.2000.tb01579.x. 

[41] J. Bidgood, J. Buckroyd, An exploration of obese adults’ experience of attempting 
to lose weight and to maintain a reduced weight, Counsell. Psychother. Res. J. 5 (3) 
(2005) 221–229, https://doi.org/10.1080/17441690500310395. 

[42] V.J. Stevens, E. Obarzanek, N.R. Cook, I.M. Lee, L.J. Appel, D. Smith West, et al., 
Long-term weight loss and changes in blood pressure: results of the Trials of 
Hypertension Prevention, phase II, Ann. Intern. Med. 134 (1) (2001) 1–11, https:// 
doi.org/10.7326/0003-4819-134-1-200101020-00007. 

[43] J. Wu, A.T. Kraja, A. Oberman, C.E. Lewis, R.C. Ellison, D.K. Arnett, et al., 
A summary of the effects of antihypertensive medications on measured blood 
pressure, Am. J. Hypertens. 18 (7) (2005) 935–942, https://doi.org/10.1016/j. 
amjhyper.2005.01.011. 

[44] D. Ettehad, C.A. Emdin, A. Kiran, S.G. Anderson, T. Callender, J. Emberson, et al., 
Blood pressure lowering for prevention of cardiovascular disease and death: a 
systematic review and meta-analysis, Lancet 387 (10022) (2016) 957–967, https:// 
doi.org/10.1016/S0140-6736(15)01225-8. 

[45] A. Hartle, T. McCormack, J. Carlisle, S. Anderson, A. Pichel, N. Beckett, et al., The 
measurement of adult blood pressure and management of hypertension before 
elective surgery: joint Guidelines from the Association of Anaesthetists of Great 
Britain and Ireland and the British Hypertension Society, Anaesthesia 71 (3) (2016) 
326–337, https://doi.org/10.1111/anae.13348. 

[46] L. Meng, W. Yu, T. Wang, L. Zhang, P.M. Heerdt, A.W. Gelb, Blood pressure targets 
in perioperative care, Hypertension 72 (4) (2018) 806–817, https://doi.org/ 
10.1161/HYPERTENSIONAHA.118.11688. 

[47] D.I. Sessler, J.A. Bloomstone, S. Aronson, C. Berry, T.J. Gan, J.A. Kellum, et al., 
Perioperative Quality Initiative consensus statement on intraoperative blood 
pressure, risk and outcomes for elective surgery, Br. J. Anaesth. 122 (5) (2019) 
563–574, https://doi.org/10.1016/j.bja.2019.01.013. 

[48] R.D. Sanders, F. Hughes, A. Shaw, A. Thompson, A. Bader, A. Hoeft, et al., 
Perioperative Quality Initiative consensus statement on preoperative blood 
pressure, risk and outcomes for elective surgery, Br. J. Anaesth. 122 (5) (2019) 
552–562, https://doi.org/10.1016/j.bja.2019.01.018. 

R.L. Wilson et al.

https://doi.org/10.1177/1534735416666373
https://doi.org/10.1177/1534735416666373
https://doi.org/10.1038/bjc.2017.303
https://doi.org/10.1038/s41391-017-0001-1
https://doi.org/10.1038/s41391-017-0001-1
https://doi.org/10.2165/00007256-200636030-00005
https://doi.org/10.1186/2052-9538-1-9
https://doi.org/10.1136/bmj.311.6998.158
https://doi.org/10.1136/bmj.311.6998.158
https://doi.org/10.1093/ajcn/52.2.214
https://doi.org/10.1038/oby.2011.393
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref33
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref33
https://doi.org/10.1016/j.juro.2009.12.009
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref35
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref35
https://doi.org/10.1016/j.urology.2005.10.049
https://doi.org/10.1093/jnci/dji313
https://doi.org/10.1093/jnci/dji313
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref38
http://refhub.elsevier.com/S0960-7404(20)30349-2/sref38
https://doi.org/10.1080/07853890.2018.1511918
https://doi.org/10.1080/07853890.2018.1511918
https://doi.org/10.1111/j.1467-842x.2000.tb01579.x
https://doi.org/10.1111/j.1467-842x.2000.tb01579.x
https://doi.org/10.1080/17441690500310395
https://doi.org/10.7326/0003-4819-134-1-200101020-00007
https://doi.org/10.7326/0003-4819-134-1-200101020-00007
https://doi.org/10.1016/j.amjhyper.2005.01.011
https://doi.org/10.1016/j.amjhyper.2005.01.011
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1111/anae.13348
https://doi.org/10.1161/HYPERTENSIONAHA.118.11688
https://doi.org/10.1161/HYPERTENSIONAHA.118.11688
https://doi.org/10.1016/j.bja.2019.01.013
https://doi.org/10.1016/j.bja.2019.01.018


123 

CHAPTER FIVE 

Weight loss for obese prostate cancer 

patients on androgen deprivation 

therapy 

D. R., 
Hart, 
N. H., 
Lyons-
Wall, 
P., & 
Galvão
, D. A. 
(2020). 
Weight 
loss for 
obese 
prostat
e 
cancer 
patient
s on 
androg
en 
depriva
tion 
therapy
. 
Medici
ne and 
scienc
e in 
sports 
and 
exercis
e, DOI: 
10.124
9/
MSS.0
000000
000002
509. 
Advanc
e 
online 
publica
tion. 
https://
doi.org/
10.124
9/
MSS.0
000000
000002
509 
(OA)

This chapter has been published as:
Wilson, R. L., Newton, R. U., Taaffe, D. R., Hart, N. H., Lyons-Wall, P., & 
Galvão, D. A. (2020). Weight loss for obese prostate cancer patients on 
androgen deprivation therapy. Medicine and science in sports and 
exercise, 53(3), 470. https://doi.org/10.1249/MSS.0000000000002509 

https://doi.org/10.1249/MSS.0000000000002509


Chapter 5 of this thesis has been published as the below article:

Wilson, R. L., Newton, R. U., Taaffe, D. R., Hart, N. H., Lyons-
Wall, P., & Galvão, D. A. (2021). Weight loss for obese 
prostate cancer patients on androgen deprivation therapy. 
Medicine & Science in Sports & Exercise, 53(3), 470-478.

https://doi.org/10.1249/MSS.0000000000002509

https://doi.org/10.1249/MSS.0000000000002509


Weight Loss for Obese Prostate Cancer
Patients on Androgen Deprivation Therapy

REBEKAH L. WILSON1,2, ROBERT U. NEWTON1,2,3, DENNIS R. TAAFFE1,2, NICOLAS H. HART1,2,4,5,
PHILIPPA LYONS-WALL2, and DANIEL A. GALVÃO1,2

1Exercise Medicine Research Institute, Edith Cowan University, Perth, WA, AUSTRALIA; 2School of Medical and Health Sciences,
Edith Cowan University, Perth, WA, AUSTRALIA; 3School of Human Movement and Nutrition Sciences, University of Queensland,
Brisbane, QLD, AUSTRALIA; 4Institute for Health Research, University of Notre Dame Australia, Perth, WA, AUSTRALIA; and
5Cancer and Palliative Care Outcomes Centre, Queensland University of Technology, Brisbane, QLD, AUSTRALIA

ABSTRACT

WILSON, R. L., R. U. NEWTON, D. R. TAAFFE, N. H. HART, P. LYONS-WALL, and D. A. GALVÃO. Weight Loss for Obese Prostate

Cancer Patients on Androgen Deprivation Therapy. Med. Sci. Sports Exerc., Vol. 53, No. 3, pp. 470–478, 2021. Purpose: Excess fat mass

(FM) contributes to poor prostate cancer (PCa) prognosis and comorbidity. However, FM gain is a common side effect of androgen depriva-

tion therapy (ADT).We examined the efficacy of a 12-wk weight loss intervention to reduce FM andmaintain leanmass (LM) in ADT-treated

obese PCa patients. Methods: Fourteen ADT-treated obese PCa patients (72 ± 9 yr, 39.7% ± 5.4% body fat) were recruited for a

self-controlled prospective study, with 11 completing the 6-wk control period, followed by a 12-wk intervention comprising 300 min·wk−1

of exercise including supervised resistance training and home-based aerobic exercise, and dietitian consultations advising a daily energy deficit

(2100–4200 kJ) and protein supplementation. Body composition was assessed by dual x-ray absorptiometry. Secondary outcomes included

muscle strength (one-repetition maximum), cardiorespiratory fitness (maximal oxygen consumption), and blood biomarkers. Results: There

were no significant changes during the control period. Patients attended 89% of supervised exercise sessions and 100% of dietitian consulta-

tions. No changes in physical activity or energy intake were observed. During the intervention, patients experienced significant reductions in

weight (−2.8 ± 3.2 kg,P = 0.016), FM (−2.8 ± 2.6 kg,P < 0.001), and trunk FM (−1.8 ± 1.4 kg,P < 0.001), with LMpreserved (−0.05 ± 1.6 kg,
P = 0.805). Muscle strength (4.6%–24.7%, P < 0.010) and maximal oxygen consumption (3.5 ± 4.7 mL·min−1·kg−1, P = 0.041) significantly

improved. Leptin significantly decreased (−2.2 (−2.7 to 0.5) ng·mL−1, P = 0.016) with no other changes in blood biomarkers such as testos-

terone and lipids (P = 0.051–0.765); however, C-reactive protein (rs = −0.670, P = 0.024) and triglycerides (r = −0.667, P = 0.025) were as-

sociated with individual changes in LM. Conclusions: This study shows preliminary efficacy for an exercise and nutrition weight loss

intervention to reduce FM, maintain LM, and improve muscle strength and cardiorespiratory fitness in ADT-treated obese PCa patients.

The change in body composition may affect blood biomarkers associated with obesity and PCa progression; however, further research is re-

quired. Key Words: NUTRITION, DIET, AEROBIC EXERCISE, RESISTANCE EXERCISE, FAT MASS, LEAN MASS

Overweight and obese men with prostate cancer are at
increased risk of recurrence, progression to castrate
resistance, advanced-stage disease, and prostate cancer-

specific mortality (1–3). Obesity is also associated with the
development of comorbidities such as cardiovascular disease
(CVD) and diabetes (4). Although much of the evidence on
obesity and poor prostate cancer outcomes relies on body
mass index (BMI) as a measure of obesity (2), it is the altered
metabolic environment created by excess fat mass (FM) that is
critical (1,5). Accumulation of fat has been associated with in-
creased risk of advanced and fatal prostate cancer (1,5). Al-
though the exact mechanisms are unclear, altered insulin/
insulin-like-growth-factor axis and sex hormone concen-
trations, and abnormal adipokine and cytokine signaling are
commonly suggested (6).

Obese prostate cancer patients initiating androgen depriva-
tion therapy (ADT) may be at a higher risk of faster cancer
progression than those of normal weight on the same treatment
(7). ADT reduces testosterone to castrate levels resulting in
significant changes in body composition (8). Prostate cancer
patients treated with ADT have been reported to gain 13.8%
in FM and lose 2.4% in both lean and bone mass within the
first year of treatment (9). Greater FM has also been associated
with exacerbating other ADT-related side effects, including
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increased serum triglycerides and reduced quality of life, spe-
cifically higher fatigue and lower vitality levels (10,11). ADT
may be prescribed from 3 months to several years, or indefi-
nitely in some cases, with most patients receiving ADT at some
stage after diagnosis (8). Therefore, it is fundamental to estab-
lish management strategies that can ameliorate or prevent fur-
ther ADT-induced changes to improve prostate cancer patients’
quality of life and physical well-being.

Lifestyle changes involving exercise and nutrition are often
strategies implemented for weight loss. Exercise can be safely
performed by ADT-treated prostate cancer patients to improve
physical function, quality of life, fatigue levels, and lean mass
(LM) (12). Appropriate nutrition may also mitigate ADT-related
side effects by inducing weight loss, supporting bone health
by optimizing calcium and vitamin D intake, and potentially
reducing prostate cancer progression with the consumption
of specific foods or eating patterns (13,14). However, evidence
for appropriate nutrition prescription is variable (14,15). To
date, three combined exercise and nutrition studies have re-
ported weight loss. Freedland et al. (16) and O’Neill et al.
(17) both targeted weight loss, and Focht et al. (18) aimed to
improve mobility; however, all demonstrated significant fat
loss to be feasible in prostate cancer patients on ADT showing
declines of 1.8–8.2 kg. Although all studies included obese
patients, only Freedland et al. (16) specifically targeted pa-
tients who were overweight or obese. Cancer progression has
been suggested to increase linearly with obesity status (3), and
development of multiple comorbidities is also more likely for
obese individuals (4). Therefore, obese patients with prostate
cancer, compared with those who are considered of normal
weight or overweight, are a high-risk population, and it is im-
portant to clarify how they respond to exercise and nutrition in-
terventions, especially those expected to receive long-term ADT
(7). In addition, Freedland et al. (16) reported a significant 2.1-kg
loss in LMwith their weight loss program, although bothO’Neill
et al. (17) and Focht et al. (18) found no change in LM. It is
important for an intervention to stimulate both lipolysis and
muscle protein synthesis, as the preservation of LM plays a
key role in the maintenance of weight loss and improvement
in insulin resistance and physical function (19).

Currently, men with prostate cancer are recommended to
maintain a healthy weight and stay physically active during
their treatment to prevent or reduce treatment-related side ef-
fects (20). If weight loss is required, patients are recommended
to undertake high-volume exercise and consume a healthy bal-
anced diet with an energy deficit, which is the same advice for
the general population (20). Although these recommendations
are likely beneficial for prostate cancer patients, their efficacy
within this population has not been confirmed, especially for
obese patients who are at increased risk. Therefore, this study
aimed to examine the preliminary efficacy of a 12-wk exercise
and nutrition weight loss intervention in obese prostate cancer
patients on ADT to reduce FM, maintain LM, and improve
physical function and blood biomarkers associated with can-
cer progression and obesity. We hypothesized that the weight
loss program would reduce FM while preserving LM.

METHODS

Participants

Fifty-four men with prostate cancer were screened from
February 2018 to June 2019 in Perth, Western Australia. Po-
tential participants were identified through clinician referral,
advertisements in local newspapers, and presentations at can-
cer support groups and cancer-related events. Patients were
screened for eligibility over the phone (n = 54) with a recruit-
ment packagemailed to interested and eligible patients (n = 27).
Inclusion criteria were as follows: receiving ADT for a mini-
mum of 6 months, anticipated to remain on ADT for the entire
study period, and being obese, defined as a body fat percentage
≥25% (21) assessed by dual x-ray absorptiometry (DXA; Hori-
zon A, Hologic, Waltham, MA) at their first visit. Exclusion
criteria were as follows: presence of bone metastases, a second-
ary cancer diagnosis, a musculoskeletal or uncontrolled comor-
bidity preventing participation in moderate-to-vigorous intensity
exercise, or did not speak English. Fourteen patients were
recruited to the study after written informed consent, with
further medical clearance gained from their general practi-
tioner before baseline testing. The study was approved by
the Edith Cowan University Human Research Ethics Com-
mittee (ID: 18832).

Study Design

This was a single-group, self-controlled 18-wk prospective
study comprising a 6-wk control period during which patients
undertook their usual activities and were not provided with
any exercise or nutrition information, followed by a 12-wk ex-
ercise and nutrition weight loss intervention. The use of a
self-controlled study design was deemed ethically appropriate
for this population given the plethora of evidence highlighting
exercise to be beneficial for prostate cancer patients on ADT.
As such, the 6-wk control period was included in lieu of a ran-
domized control trial design to inform whether the changes
observed during the 12-wk intervention period were due to
the intervention compared with activities of normal day-to-day
living and usual care. Testing was conducted in the Exercise
Medicine Research Institute (Edith Cowan University), over
2 to 3 nonconsecutive days at baseline (week 0), preintervention
(week 6), and postintervention (week 18). Supervised exercise
was conducted at exercise clinics in Joondalup or Mt Lawley
(Edith Cowan University) nearest to each patient.

Exercise and Nutrition Intervention

Patients undertook combined aerobic and resistance train-
ing to accumulate 300 min of exercise per week for 12 wk. Pa-
tients attended three supervised resistance training sessions
each week targeting the major muscle groups of the upper
and lower body, with exercise variations provided every 3 wk.
A periodized and progressive resistance training program was
provided, with intensity ranging from 6 to 12 repetition max-
imum over 1–4 sets per exercise, with the load increased by
5%–10% based on a subjective assessment of the patient’s
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ability to complete the prescribed volume with the correct tech-
nique. Each session was designed to span 60 min in duration,
including a 5- to 10-min aerobic-based warm-up and cool down.
Patients also completed self-directedmoderate-to-vigorous inten-
sity aerobic exercise daily, defined as an RPE of 3–8 on the Borg
1–10 scale according to the Exercise and Sport ScienceAustralia’s
exercise intensity guidelines (22), using modalities of their own
choice. Patients were provided with an education booklet contain-
ing information on goal setting and exercise and nutrition advice
to assist with construction of a self-directed home-based routine.

Patients attended three consultations with an Accredited
Practising Dietitian including an initial session to complete a
diet history at preintervention (week 6) and 2 nutrition
counseling sessions during the first and third weeks of the
12-wk intervention. Individual nutrition goals were developed
with each patient. The advice was designed to 1) establish an
estimated energy deficit of 2100–4200 kJ (500–1000 kcal),
2) reduce consumption of discretionary items including alco-
holic drinks and foods containing refined sugars, and 3) main-
tain protein intake. Patients were also provided with a 40-g
whey protein supplement (Whey Protein Concentrate; Bulk
Nutrients, Tasmania, Australia) three times per week immedi-
ately after each supervised resistance exercise session to support
muscle protein synthesis.

Measurements

Body composition and anthropometry. The primary
outcome FM (in kilograms), in addition to secondary outcomes
total body mass (in kilograms), bone-mineral free LM (in kilo-
grams), body fat percent, trunk FM (in kilograms), visceral FM
(in grams), appendicular skeletal mass (ASM; in kilograms),
and bone mineral content (BMC; in grams), was assessed by
DXA. ASMwas calculated as the sum of upper limb and lower
limb LM (23). Waist and hip circumference (in centimeters)
were measured with a constant-tension tape measure, and BMI
was calculated as body mass in kilograms divided by height in
meters squared (kg·m−2).

Muscle strength and cardiorespiratory fitness. Up-
per and lower body muscle strength was assessed using the
one-repetition maximum (24) for the chest press, leg press,
and seated row at baseline, preintervention, and postinterven-
tion, with a familiarization session provided before baseline.
Cardiorespiratory fitness was assessed using a cardiopulmo-
nary exercise test (CPET) at preintervention and postinterven-
tion only. Patients completed a standardized progressive maximal
walking test (Modified Bruce Protocol) on a motorized treadmill
(25) with expired gas collected via a face mask (Hans Rudolph
Inc., Shawnee, KS) to obtain maximal oxygen consumption
(V̇O2max; analyzed by TrueOne 2400; Parvo Medics, Salt
Lake City, UT). The protocol included monitoring of heart
rhythm and rate using a 12-lead ECG (CardioDirect 12S;
SpaceLabs HealthCare, Snoqualmie, WA) supervised by a
medical doctor. Patients completed a 3- to 5-min warm-up at
a self-selected walking pace at 0% gradient that continued into
stage 1 of the test (2.7 km·h−1, 0% gradient). Speed and/or

gradient was increased every 3 min until the patient reached vo-
litional fatigue, defined as an RPE of 9 or 10 on the 10-item
Borg scale. A secondary criterion for attainment of V̇O2max

was a respiratory exchange ratio greater than 1.1. The test
was concluded if the patient voluntarily stopped, or if signs
of chest pain, dizziness, faintness, ischemic ECG changes, ab-
normal blood pressure, or significant symptoms of concern
were evident. Total time of test (in seconds), absolute V̇O2max

(in liters per minute), and relative V̇O2max (in milliliters per
minute per kilogram) were recorded.

Blood biomarkers.Blood serum biomarkers were assessed
at preintervention and postintervention. Patients attended a
National Association of Testing Authorities–accredited phle-
botomy clinic (Australian Clinical Laboratories, Perth, WA,
Australia) where two serum separation tubes and one ethyl-
enediaminetetraacetic acid tube were obtained in the morning
after a minimum of 10-h overnight fast. Lipid profile including
total cholesterol, HDL, LDL, triglycerides, C-reactive protein
(CRP), insulin, hemoglobin A1c (HbA1c), testosterone, and
prostate-specific antigen (PSA) were commercially analyzed
(Australian Clinical Laboratories). Serum from one serum
separation tube was stored in a −80°C alarm-controlled freezer
at the Exercise Medicine Research Institute until analyzed for
adiponectin, leptin, insulin-like growth factor-1 (IGF-1), IGF-
binding protein-3 (IGFBP-3), and interleukin 6 (IL-6) in du-
plicate or triplicate, depending on agent volume available,
using human serum enzyme-linked immunosorbent assays
(Abcam, Cambridge, United Kingdom).

Monitoring intervention adherence. Adherence was
assessed using a customized adherence questionnaire (Table,
Supplemental Digital Content 1, adherence questionnaire,
http://links.lww.com/MSS/C134) completed weekly during
the 12-wk intervention. This questionnaire was adapted from
Erdrich et al. (26) and Martínez-González et al. (27), and de-
signed to provide an estimated frequency of consumption
and number of serves of foods of interest over the previous
week, based on the nutrition advice given, and whether pa-
tients completed at least 30 min·d−1 of purposeful exercise.
Food items of interest included fruit, vegetables and nuts,
high-protein foods, dairy, grains and cereals, beverages and al-
coholic drinks, and discretionary and take-away items. It also
addressed barriers and facilitators to meeting exercise and nu-
trition goals, which were discussed during supervised exercise
sessions. Patients were asked 25 yes/no questions, where a
score of 1 was given if the patient met a predetermined desired
outcome or 0 if not. A higher total score indicated greater com-
pliance, with a maximum score of 25. Adherence to the super-
vised resistance sessions was also recorded based on attendance
and exercise volume completed each session compared with
what was prescribed.

Physical activity monitoring. Physical activity and sed-
entary behavior were assessed using the ActiGraph wGT3X-BT
(ActiGraph LLC, Pensacola, FL) at baseline, preintervention,
midintervention, and postintervention. Patients wore the accel-
erometer on their hip for 3 consecutive days (1 weekend day
and 2 weekdays) excluding water-based activities. ActiLife
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software (ActiLife 6; ActiGraph LLC) was used to analyze the
ActiGraph data. Only wake wear time was used with a minimal
data collection period set for inclusion in analysis of 1 d of at least
600 min. Nonwear time was excluded from the analysis, defined
as ≥90 min of consecutive zeros with a 2-min spike tolerance
(28). Commonly used cutoff points among cancer patients were
used to classify sedentary time (<100 counts per minute), light
physical activity (100–1951 counts per minute), and moderate-
to-vigorous physical activity (≥1952 counts per minute) (29–31).

Nutrition monitoring. Patients completed a 3-d weighed
food record (3d-WR) over 3 consecutive days (1 weekend day
and 2 weekdays) at baseline, preintervention, midintervention,
and postintervention. This information provided an estimate of
total energy intake (in kilojoules per day) and macronutrients
and micronutrients consumed. The 3d-WR data were analyzed
using FoodWorks (FoodWorks 10 Professional; Xyris Soft-
ware Pty Ltd, Brisbane, QLD, Australia).

Statistical Analysis

Sample size was determined using data from three trials com-
pleted within the Exercise Medicine Research Institute
(24,32,33). Based on a total sample of 78 prostate cancer patients
undertaking ADT who had completed an exercise program of 12
or 24 wk in duration, the calculated SD of change for our primary
outcome FM was 2.1 kg. The goal was to achieve a ≥2-kg reduc-
tion in FM over the 12-wk intervention period, which would be
considered clinically significant (≥5% reduction) (34). For a
single-group study design, 12 patients were required to achieve
power of 90% at an α of 0.05 (two-tailed). To account for a poten-
tial dropout of ~15%, our goalwas to recruit 14 patients.Datawere
analyzed using IBM SPSS version 25 (SPSS Inc., IBM Corp,
Armonk, NY). Normality of the distribution was assessed using
the Shapiro–Wilk test. Analysis included one-way repeated-
measures ANOVA followed by a Bonferroni post hoc test to ac-
count for multiple comparisons, or Friedman’s ANOVA for
nonnormally distributed data followed by a Bonferroni-adjusted
Wilcoxon signed rank test to locate significant differences, as ap-
propriate. Associations between variables were assessed using
Pearson correlation or Spearman rank correlation, as appropriate.
Data are presented as mean ± SD, median and interquartile range
(IQR), or number (percentage). All tests were two-tailed with sta-
tistical significance set at P < 0.05.

RESULTS

Fourteen men with prostate cancer age 48 to 84 yr were
included in the study (Table 1). Most patients had a Gleason
score of 9 (57.1%), with 42.9% diagnosed with metastatic
prostate cancer in lymph nodes or organs at study entry. All
patients were on ADT for a minimum of 6 months (range,
6–55 months), and 13 men had additional therapy, mainly ra-
diation (92.9%). Two patients withdrew after baseline testing
(loss to follow-up, time commitment), and a third withdrew
at preintervention testing (family commitments). Eleven patients
(age 63–82 yr) completed the 12-wk intervention. There was a
significant increase in the weekly adherence questionnaire score

from 14.6 ± 2.2 at week 1 of the intervention to 17.6 ± 2.3 at
week 12 (P = 0.001). Changes for physical activity and nutrition
over the control period and intervention are provided in the sup-
plementary materials (Tables; Supplemental Digital Content 2,
physical activity and sedentary data, http://links.lww.com/MSS/
C135; Supplemental Digital Content 3, nutritional intake, http://
links.lww.com/MSS/C136). No significant differences were ob-
served during the 6-wk control period. Patients attended 89%
of the 36 supervised resistance training sessions (range, 25–36
sessions), with a 100% compliance in consuming the whey pro-
tein supplement after every attended session. Number of sessions
missed, modified, or completed as prescribed is provided in the
supplemental figure (Figure, Supplemental Digital Content 4, ad-
herence to supervised resistance exercise sessions, http://links.
lww.com/MSS/C137). No significant changes in physical activ-
ity occurred during the intervention, with a nonsignificant de-
crease from preintervention to postintervention in sedentary
behavior (68.4% ± 9.5% vs 64.9% ± 5.3%, P = 0.110) and an in-
crease in light-intensity physical activity (31.1% ± 9.3% vs
34.5% ± 5.3%, P = 0.083). Patients attended 100% of the nutri-
tion consultations. During the 12-wk intervention, there was a
modest nonsignificant reduction in mean energy intake from
7728 ± 1131 kJ at preintervention to 7268 ± 2209 kJ at postinter-
vention. There was a significant difference across the four time
points for percent protein intake (baseline: 19.3% ± 1.6%,
preintervention: 17.9% ± 2.4%, midintervention: 21.8% ± 2.9%,
postintervention: 20.8% ± 4.0%, P = 0.016); however, the
post hoc test was unable to locate the source of the difference.
No other significant differences were found.

Body composition. No significant changes in body compo-
sitionwere observed during the 6-wk control period (Table 2). From
preintervention to postintervention, therewere significant reductions

TABLE 1. Baseline patient characteristics of men with prostate cancer.

Variable Patients (n = 14)

Age, mean ± SD, yr 72 ± 9
BMI, mean ± SD, kg·m−2 34.4 ± 6.4
Postsecondary education, n (%) 8 (57.1)
Married, n (%) 14 (100)
Employed, n (%) 4 (28.6)
No. medications/supplements, mean ± SD 4.2 ± 2.7
No. comorbidities, mean ± SDa 3.0 ± 1.7
Years since prostate cancer diagnosis, median (IQR), yr 1.8 (1.2–5.6)
Gleason score, n (%)
Gleason 7 4 (28.6)
Gleason 8 1 (7.1)
Gleason 9 8 (57.1)
Gleason 10 1 (7.1)

Contained within prostate, n (%) 8 (57.1)
Lymph node metastases, n (%) 4 (28.6)
Organ metastases, n (%)b 2 (14.3)
ADT, n (%)
Gonadotropin-releasing hormone agonist + antiandrogen 8 (57.1)
Gonadotropin-releasing hormone agonist only 5 (35.7)
Antiandrogen only 1 (7.1)
Months on ADT, median (IQR) 13.5 (6.7–23.3)

Other prostate cancer–related treatment, n (%)
Surgery 4 (28.6)
Radiation therapy 13 (92.9)
Chemotherapy 2 (14.3)

aArthritis, atrial fibrillation, CVD, carpel tunnel syndrome, colitis, dyslipidemia, hypertension,
sleep apnea, thyroid disease, emphysema, type 2 diabetes, peripheral neuropathy, anxiety
disorder.
bLung.
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in total body mass (−2.8 ± 3.2 kg), FM (−2.8 ± 2.6 kg), trunk FM
(−1.8 ± 1.4 kg), and visceral FM (−88 ± 87 g; all, P < 0.05),
whereas LM (−0.05 ± 1.6 kg), ASM (0.06 ± 0.82 kg), and
BMC (8 ± 58 g) were preserved. The mean reduction in total
FMwas 6.8%, and for trunk FM it was 8.8%. FMwas primar-
ily lost from the trunk (84.8%), accompanied by a significant
decrease in waist (−4.8 ± 3.5 cm) and hip circumferences
(−3.8 ± 4.1 cm). Individual changes in body composition are
presented in Figure 1. All but one patient lost FM, whereas
the results were mixed for LM, with about half of the patients
gaining and half experiencing a reduction.

Muscle strength and cardiorespiratory fitness.Mus-
cle strength did not significantly change during the 6-wk control
period (Table 3). After training, there was a significant increase

in leg press (24.7% ± 24.5%) and chest press (19.8% ± 16.5%)
strength compared with baseline and preintervention (Table 3).
There was also a significant change for seated row strength
(P = 0.006); however, post hoc analysis was not able to locate
the source of the difference. Patients improved their cardiorespi-
ratory fitness with a significant increase in CPET time of 83 ± 78 s
from preintervention to postintervention, and a significant increase
in V̇O2max of a 3.5 ± 4.7 mL·min−1·kg−1 (P = 0.041).

Blood biomarkers. Mean preintervention and postinter-
vention concentrations of blood biomarkers (lipid profile, CRP,
insulin, and HbA1c) were within the recommended reference
ranges, except for LDL, which was higher (reference range,
<2.5 nmol·L−1; preintervention, 2.8 ± 1.4 nmol·L−1; postinter-
vention, 2.6 ± 1.2 nmol·L−1; Table 4). There was no change in

TABLE 2. Body composition and anthropometry at baseline, preintervention, and postintervention.

Variable Baseline Preintervention Postintervention P Comparison

Total body mass, kg 98.6 ± 15.1 98.3 ± 14.7 95.5 ± 14.1 0.016 3 < 2
Total FM, kg 40.4 ± 10.2 39.8 ± 10.3 37.0 ± 9.5 <0.001 3 < 2, 1
% body fat 40.5 ± 4.7 40.0 ± 4.9 38.3 ± 4.6 <0.001 3 < 2, 1
Trunk fat, kg 20.6 ± 6.3 20.1 ± 5.9 18.3 ± 5.4 <0.001 3 < 2, 1
Visceral fat, g 922 ± 293 954 ± 372 866 ± 333 0.023 3 < 2
Total LM, kg 55.6 ± 6.6 55.9 ± 6.5 55.9 ± 6.2 0.805 —

ASM, kg 23.2 ± 3.3 23.3 ± 3.3 23.3 ± 3.1 0.695 —

BMC, g 2610 ± 283 2567 ± 278 2576 ± 291 0.082 —

Waist circumference, cm 109.2 ± 11.5 108.7 ± 10.8 103.9 ± 8.9 0.002 3 < 1, 2
Hip circumference, cm 113.8 ± 8.4 113.5 ± 7.6 109.7 ± 8.1 0.008 3 < 1, 2

Values are the mean ± SD or median (IQR).
1, baseline; 2, preintervention; 3, postintervention.

FIGURE 1—Waterfall plots of individual patients in ascending order showing change in total body mass (A), total FM (B), trunk FM (C), visceral FM (D),
total LM (E), and ASM (F) over a 12-wk weight loss intervention. Individual patient numbers are identified in association with the bars.
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any of the biomarkers over the 12-wk intervention, except for
a decrease in leptin concentration (P = 0.016; Table 4). Signif-
icant inverse associations were evident between the change in
LM and change in CRP (rs = −0.670, P = 0.024) and triglyc-
erides (r = −0.667, P = 0.025).

Adverse events. No adverse events occurred during the
supervised exercise sessions. One patient was referred to their
general practitioner as a precaution because of an abnormal
ECG result after completing the CPET but was cleared of
any cardiac concerns. During home-based exercise, two pa-
tients described back pain while walking. This was addressed
by reducing the volume of supervised exercise and removal of
exercises involving the back until pain was reduced. One pa-
tient experienced an infected leg wound caused by resistance
band exercises completed at home. Resistance band exercises
were ceased, and all exercises putting pressure on the wound
were removed until healed.

DISCUSSION

This study evaluated an exercise and nutrition weight loss
program in obese prostate cancer patients undertaking ADT
to induce fat loss while preserving LM. There were three im-
portant findings: 1) total and regional FM significantly decreased,
whereas LM was preserved; 2) muscle strength and cardiore-
spiratory fitness significantly improved; and 3) serum leptin
concentrations significantly decreased, with changes in serum
CRP and triglycerides inversely associated with the individual
changes in LM.

Body mass is associated with prostate cancer recurrence
after prostatectomy, where weight gain of more than 2.2 kg in-
creases the risk twofold, whereas weight loss potentially re-
duces risk (3). We found a significant 2.8-kg mean decrease
in total body mass, which was attributed to a loss of FM. No-
tably, the majority of fat loss occurred in the abdominal region
from a loss in trunk FM. FM loss ranged from −0.7 to −7.1 kg
and was observed in 10 (90.9%) patients. O’Neill et al. (17)
and Focht et al. (18) also examined combined exercise and nu-
trition interventions in prostate cancer patients on ADT and re-
ported significant fat losses of 1.8 and 1.9 kg, respectively. In
contrast to the individualized nutrition advice prescribed in the
present study aiming to induce an energy deficit, reduce dis-
cretionary items, and optimize protein intake, both O’Neill
et al. (17) and Focht et al. (18) followed healthy eating guide-
lines. O’Neill et al. (17) also provided tailored nutrition ad-
vice; however, only participants who were overweight were
prescribed an energy deficit, whereas the Focht et al. (18) study
mostly utilized group nutrition sessions. Although the nutrition
and physical activity changes were modest in the present study,
the individualized nutrition advice as well as the greater exer-
cise volume (300 vs 150 min·wk−1) prescribed likely contrib-
uted to the greater FM loss. In another weight loss study
conducted in overweight and obese men with prostate cancer,
Freedland et al. (16) reported an FM loss of 8.2 kg. The greater
fat loss was due to the carbohydrate-restricted diet utilized
resulting in a significant energy deficit, in contrast to the lack
of significant energy deficit in the present study. However,
Freedland et al. (16) only included walking in their exercise

TABLE 3. Muscle strength and cardiorespiratory fitness at baseline, preintervention, and postintervention.

Variable Baseline Preintervention Postintervention P Comparison

Muscle strength
Leg press, kg 90.0 (69.8–108.0) 87.8 (72.0–120.0) 101.3 (87.8–145.0) <0.001 3 > 1, 2
Chest press, kga 41.3 ± 10.1 44.5 ± 12.7 52.4 ± 12.7 <0.001 3 > 1, 2
Seated row, kg 62.6 ± 7.0 64.8 ± 7.3 67.7 ± 7.7 0.006 —

Cardiorespiratory fitness
CPET timea, s — 660 ± 173 743 ± 163 0.008 —

Relative V̇O2max
a, mL·min−1·kg−1 — 16.5 ± 4.8 20.0 ± 5.0 0.041 —

Absolute V̇O2max
a, L·min−1 — 1.6 ± 0.5 1.9 ± 0.5 0.071 —

Values are the mean ± SD or median (IQR).
aOnly n = 10 patients completed both chest press and CPET at all time points.
1, baseline; 2, preintervention; 3, postintervention.

TABLE 4. Serum blood biomarkers associated with obesity and prostate cancer progression.

Variable Preintervention Postintervention P Reference Rangea

Insulin, mmol·L−1 9.0 (8.0–23.0) 9.0 (6.0–23.0) 0.262 2–12
CRP, mg·L−1 1.3 (0.7–4.0) 2.8 (0.7–5.8) 0.612 <3.0
Total cholesterol, mmol·L−1 4.7 ± 1.5 4.5 ± 1.4 0.438 <5.6
LDL cholesterol, mmol·L−1 2.8 ± 1.4 2.6 ± 1.2 0.387 <2.5
HDL cholesterol, mmol·L−1 1.3 ± 0.5 1.3 ± 0.4 0.255 >1.0
Triglycerides, mmol·L−1 1.2 ± 0.5 1.3 ± 0.6 0.295 <2.0
HbA1c, mmol·mol−1 41.0 (38.0–48.0) 42.0 (39.0–48.0) 0.765 <48
Testosterone, nmol·L−1 0.1 (0.1–0.4) 0.1 (0.1–0.3) 0.257 NA
PSA, μg·L−1 0.30 (0.02–2.27) 0.39 (0.01–2.21) 0.213 NA
Leptin, ng·mL−1 6.3 (4.7–14.3) 6.1 (3.3–11.7) 0.016 —

Adiponectin, μg·mL−1 65.5 ± 34.6 58.5 ± 24.4 0.215 —

IGFBP-3, ng·mL−1 139.2 ± 55.8 135.3 ± 46.7 0.529 —

IGF-1 (n = 9), ng·mL−1 9.3 (1.6–294.8) 10.8 (2.0–348.4) 0.051 —

IL-6 (n = 8), pg·mL−1 4.7 (3.0–37.9) 5.5 (1.7–51.1) 0.327 —

Values are the mean ± SD or median (IQR).
aReference ranges were obtained from Australian Clinical Laboratory pathology reports for the standard of care blood biomarkers.
NA, not applicable.
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program, which was not sufficient to stimulate muscle protein
synthesis as the FM loss was accompanied by a significant
2.1-kg LM loss. We also provided data on trunk and
estimated-visceral fat loss, which, to our knowledge, has not
been measured in any combined exercise and nutrition study
in men on ADT. Visceral fat is more metabolically active com-
pared with subcutaneous fat and has been associated with in-
creased risk of progression to advanced prostate cancer (5), as
well as the development of comorbidities such as diabetes (35).
Therefore, the observed reduction in visceral fat may be of
greater clinical importance than the reduction in total FM.

Contrary to previous weight loss studies in ADT-treated
prostate cancer patients reporting significant losses of LM or
utilizing less accurate measuring techniques such as skinfolds
to estimate LM (16,17), our study showed that LM can be pre-
served concurrent to significant FM loss. Despite the overall
preservation of LM, five (45.5%) patients experienced a gain
in total LM. Responders (LM gain) and nonresponders (LM
loss) to exercise have been previously demonstrated in the
prostate cancer population on ADT (36). The reasons for the
difference in response in our cohort, that is, some gained
LM and others lost LM, are unclear. Considerations include
absolute weight at preintervention, amount of FM lost, inten-
sity and volume of resistance and aerobic exercise, and protein
intake. However, no relationships were found between these
variables and change in LM. During the intervention, patients
consumed a mean daily intake of 1.0 g·kg−1 body weight
(BW) of protein, inclusive of the protein supplement con-
sumed 3 d·wk−1, which is slightly lower than the 1.07 g·kg−1

BW daily recommendation for men older than 70 yr (37).
It is possible this was too low to adequately support muscle
protein synthesis, although daily average protein intake in-
creased to 1.2 g·kg−1 BW on the day of resistance training
when the protein supplement was provided, where similar
protein intakes, in conjunction with resistance training, have
been previously shown in prostate cancer patients on ADT
to acutely increase muscle protein synthesis (38). However,
anabolic suppression (i.e., a blunted training response) to resis-
tance training while in an energy deficit state has been previously
demonstrated even in the presence of protein supplementation
and adequate daily protein intake of 1.2 g·kg−1 BW, and may
have been a contributing factor to the observed LM changes in
our study (39). Dawson et al. (40) conducted a resistance training
intervention in prostate cancer patients on ADT using four
groups, exercise, exercise and protein supplement, protein
supplement, and control, providing a daily protein supplement
of 50 g, which is higher than the protein supplement of 40 g
provided 3 d·wk−1 in the current study. They found a signifi-
cant increase in LMwith exercise but no additional effect from
the protein supplement. However, this study was not powered
to assess the effect of protein intake across the four study arms.
The optimal protein intake to effect body composition changes
in prostate cancer patients requires further examination.

Although the desired loss of FM and preservation of LM are
likely attributable to the intervention, the accelerometry and
3d-WR did not indicate a change in incidental physical activity

or nutritional intake during the intervention, with the exception
of percent of daily intake contributed to by protein. Several pa-
tients (n = 5) reported undertaking home-based cycling, and all
patients attended resistance training sessions, both modes of
which are not accurately captured with the ActiGraph technol-
ogy used in this study and may explain the lack of change in
accelerometry-measured physical activity (31). In addition,
the use of individual nutrition goals may further explain the
lack of a significant energy deficit. Individual goals were selected
with the intention that patients would be more compliant to nutri-
tion changes if goals were tailored to their lifestyle. Although
all patients were advised to reduce meal portion sizes, specific
goals such as reduction in alcohol or cake/biscuit intake, or in-
crease amount of fruit per day, were better adhered to as indi-
cated in discussions during supervised exercise sessions when
completing the weekly adherence questionnaire. Irrespective
of the lack of observable change in accelerometry and 3d-WR
data, there was a high adherence to the resistance training ses-
sions, protein supplement, and dietitian consultations demon-
strating a change in exercise and nutritional habits.

LM can be substantially lost with energy-restricted diets (41).
Therefore, it is important to ensure physical function is main-
tained, as a loss in either muscle strength or cardiorespiratory
fitness is associatedwith clinical morbidity (42,43). Accompa-
nying the significant loss in FM and preservation of LM, our
study showed a significant increase in upper and lower body
muscle strength. We also found a significant increase in the
length of time patients could sustain the CPET (83 ± 78 s)
and an increase in relative V̇O2max of 3.5 ± 4.7 mL·min−1·kg−1

indicating increased cardiorespiratory fitness. These findings of
increased muscle strength and cardiorespiratory fitness while
undergoing weight loss are consistent with other combined ex-
ercise and nutrition interventions in ADT-treated prostate can-
cer patients (16–18). In addition, the current study provides
more comprehensive and valid results by reporting directly
measured V̇O2max using a maximal CPET, rather than the sub-
maximal tests used by other combined intervention studies.

Weight loss is recommended as a viable strategy to decrease
an obese patient’s increased risk of prostate cancer progression
by improving insulin/IGF axis and sex hormone concentrations,
and the signaling of adipokines and cytokines (3,6). In our study,
a significant decline in leptin was found, where eight (72.7%)
patients showed a decrease in serum concentration. Although
the change in leptin was not associated with change in body
mass or FM in the current study, Santa Mina et al. (44) in a
larger sample size of 44 prostate cancer patients on ADT showed
a significant positive association between a reduction in leptin
and reductions in BMI, waist circumference, and body mass
after the completion of a home-based exercise program. Serum
leptin has been associated with prostate cancer progression,
mostly in androgen-independent prostate cancers; however, the
evidence is inconsistent (45,46). Nevertheless, there is prelimi-
nary evidence indicating that weight loss may slow down pros-
tate cancer progression by increasing PSA doubling time (47).
Further research is required to examine whether a reduction in
FM can affect prostate cancer progression, as our study found
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no change in IGF-1, IGFBP-3, IL-6, or adiponectin, which are
potentially more strongly associated with prostate cancer pro-
gression than leptin (6). Our study also found that those who
had a higher increase in CRP lost greater LM. CRP is an inflam-
matory biomarker with high levels associated with increased
risk of CVD (48). An increase in triglycerides, which is a known
risk factor for CVD (49), was also associated with a loss in LM.
These associations highlight the importance of targeting both
FM and LM when undertaking a weight loss program.

Strengths and limitations. This study has several strengths.
The use of DXA permitted the evaluation of not only whole
body but also regional changes in FM, that is, trunk FM and
visceral FM. The weight loss intervention had a high adher-
ence rate, with patients attending 100% of nutrition consulta-
tions and 89% of supervised resistance training sessions. The
intervention also has external validity. Patients adopted exercise
and nutrition-based lifestyle changes, which are growing in
awareness as important adjuvant therapies to improve treatment-
related outcomes such as body composition and physical
function. Study limitations include a small sample size, although
recruitment was powered for our primary outcome, and the lack
of a separate control group, which prevented comparison of our
results to usual care. Although this study had a small sample,
the minimal recruitment goals were met. Furthermore, the
study was designed to include an initial 6-wk period with no
intervention, where each patient acted as their own control.
As no changes were observed in any variable during the 6-wk
control period, it is assumed the changes observed during the
12-wk intervention resulted from the exercise and nutrition
weight loss program. Lastly, as stated previously, the ActiGraph
technology used in this trial may not have been the most ap-
propriate to assess resistance training and cycling activities.

CONCLUSIONS

This study shows preliminary efficacy for an exercise and
nutrition weight loss program to induce FM loss and preserve
LM in obese prostate cancer patients undergoing ADT. Muscle
strength and cardiorespiratory fitness were also significantly

improved. Because FM is associated with obesity-related co-
morbidities and prostate cancer progression, it is important to
monitor body composition, particularly in patients where the
treatment is likely to substantially alter FM and LM. To extend
the findings of this study, larger-scale studies are required to ex-
amine the metabolic significance of purposeful FM loss in
obese prostate cancer patients, as it is unclear if reductions in
FM will reduce cancer progression and improve survivorship.
Furthermore, the translation of this intervention to other popula-
tions such as non–ADT-treated prostate cancer, breast cancer,
and colorectal cancer patients, where obesity is a contributor to
poor patient outcomes, should also be of interest.
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INTRODUCTION 

Androgen deprivation therapy (ADT) has a number of adverse effects that can reduce 

the quality of life (QoL) in men with prostate cancer [1]. Specifically, common ADT-related 

side effects, including fat gain and muscle loss, predisposes prostate cancer patients to obesity 

or sarcopenic obesity, which increases their risk of developing obesity-related comorbidities, 

frailty, disability, and prostate cancer progression, and may exacerbate declines in QoL [2]. 

ADT may be prescribed for several months, years, or indefinitely, and as such, patients may 

experience long-term treatment-related side effects that need to be monitored throughout the 

natural history of the cancer to ensure the best QoL is experienced [1].   

In the prostate cancer population, exercise interventions have had a positive effect on 

QoL, independent of weight loss [3]. However, the effect of combined exercise and nutrition 

inducing weight loss, and their effect on QoL, are underrepresented in the prostate cancer 

literature [3]. Further, the generalisability of exercise and nutrition interventions is unclear, as 

many studies are conducted in relatively healthy prostate cancer populations, e.g. non-

sedentary and non-obese [3]. It is critical to understand if various populations and intervention 

types invoke different responses so that treatments and interventions can be better tailored to 

the patient. Therefore, we report changes in QoL from a single-cohort, prospective weight loss 

intervention in obese prostate cancer patients undertaking ADT; a population at increased risk 

of poor patient outcomes. Our combined exercise and nutrition-based weight loss intervention 

reduced fat mass and preserved lean mass with a mean change of -2.8 kg and -0.05 kg, 

respectively, and led to improvements in muscle strength and cardiorespiratory fitness (Chapter 

5). We hypothesised that a combined exercise and nutrition weight loss intervention would 

improve general health-related and prostate cancer-specific QoL.  
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METHODS 

 Fourteen obese prostate cancer patients on ADT were recruited and 11 patients 

completed a 6-week control period followed by a 12-week exercise and nutrition-based weight 

loss intervention (see Chapter 5). Assessments were conducted at baseline (Week-0), pre-

intervention (Week-6), and post-intervention (Week-18). The exercise intervention was 

designed so that patients accumulated a total of 300 minutes each week of exercise, including 

3 supervised resistance training sessions combined with daily home-based aerobic exercise. 

Patients attended 2 nutrition counselling sessions where individually tailored nutrition goals 

were provided to induce a daily energy deficit of 2100 – 4200 kJ and optimise protein intake, 

which included a 40g whey protein supplement after each supervised resistance exercise 

session. The study was approved by the Human Research Ethics Committee at Edith Cowan 

University (ID: 18832). 

 General health-related QoL was assessed via the 36-Item Short-Form Health Survey 

(SF-36; Version 2) (Appendix C2) [4]. The SF-36 comprises eight domains of perceived health 

status including physical functioning, role-physical, bodily pain, general health, vitality, social 

functioning, role-emotional, and mental health, where a higher score indicates an improved 

perceived status, with two summary scores derived, a physical component summary and mental 

component summary. Prostate cancer-specific QoL was assessed via the European 

Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire 

Prostate Cancer Module (QLQ-PR25) (Appendix C3) [5]. The QLQ-PR25 comprises the 

domains of urinary, bowel, and hormonal treatment symptoms, and sexual activity, where 

higher scores reflect more symptoms (urinary, bowel, hormonal treatment) or higher levels of 

functioning (sexual). 
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Data were analysed using IBM SPSS version 25 (SPSS Inc., IBM Corp, Armonk, NY, 

USA). Normality of the distribution was assessed using the Shapiro-Wilk test. Analysis 

included one-way repeated measures ANOVA or Friedman's ANOVA for non-normally 

distributed data. Data are reported as mean ± standard deviation (SD) and median or 

interquartile range [IQR]. All tests were two-tailed with statistical significance set at p < 0.05. 

RESULTS 

This analysis included 11 obese prostate cancer patients aged 62 to 80 years. More than 

half of the patients had a Gleason score of 9 (54.5%), with 54.5% diagnosed with metastatic 

cancer in the lymph nodes or organs. Patients had received ADT for a median of 16 [9 – 27] 

months, and 90.9% received other prostate cancer-related treatment, mainly radiation therapy 

(90.9%). Patients had a mean of 3.4 ± 1.4 comorbidities with hypertension (63.6%), 

dyslipidaemia (63.6%), and arthritis (54.5%) being the most common.  

There were no significant changes observed for general health-related or prostate 

cancer-specific QoL over the control period (Table 6.1 and 6.2). Over the 12-week weight loss 

intervention, general health-related QoL was maintained (p = 0.142 - 0.902) (Table 6.1). An 

improvement in hormone treatment symptoms was noted over the study period with a 

difference between time points approaching statistical significance (p = 0.059) (Table 6.2). All 

other prostate cancer-specific QoL domains were maintained (p = 0.072 – 0.913).  
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Table 6.1: Norm-based scores for the general health-related QoL domains of the SF-36 

questionnaire over the 6-week control period and 12-week weight loss intervention. 

Variable § Baseline Pre-intervention Post-intervention P-value 

Physical functioning 46.1 ± 6.8 46.8 ± 6.4 48.1 ± 6.7 0.445 

Role-physical 43.3 ± 9.2 45.1 ± 8.4 46.9 ± 5.9 0.364 

Bodily pain 46.7 [42.2 – 62.0] 50.7 [46.7 – 62.0] 50.7 [38.2 – 55.6] 0.902 

General health 49.9 ± 4.9 50.9 ± 5.6 50.0 ± 8.6 0.845 

Vitality 50.4 ± 7.0 51.5 ± 5.2 53.1 ± 6.9 0.301 

Social functioning  57.3 [57.3 – 57.3] 57.3 [57.3 – 57.3] 57.3 [47.3 – 57.3] 0.142 

Role-emotional  52.7 [49.2 – 56.2] 49.2 [46.2 – 56.2] 56.2 [49.2 – 56.2] 0.279 

Mental health  59.4 ± 2.9 57.8 ± 3.6 59.2 ± 4.2 0.458 

Physical component 44.3 ± 6.1 45.3 ± 7.4 45.3 ± 6.6 0.757 

Mental component  57.5 ± 4.1 57.6 ± 2.5 58.0 ± 4.7 0.922 

§ All data are reported as norm-based scores. Higher score indicates an improved perceived status. 

 

Table 6.2: Prostate cancer-specific QoL as reported by the QLQ-PR25 questionnaire over the 

6-week control period and 12-week weight loss intervention. 

Variable Baseline Pre-intervention Post-intervention P-value 

Urinary symptoms * 22.0 ± 11.2 20.5 ± 15.2 20.8 ± 12.5 0.913 

Bowel symptoms * 0.0 [0.0 – 8.3] 8.3 [0.0 – 8.3] 0.0 [0.0 – 0.0] 0.072 

Hormone treatment 

symptoms * 
31.3 ± 20.2 26.3 ± 17.0 20.2 ± 10.6 0.059 

Sexual activity # 16.7 [16.7 – 33.3] 0.0 [0.0 – 33.3] 0.0 [0.0 – 16.7] 0.100 

* Higher scores reflect more symptoms. # Higher score reflects increased level of functioning.  
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DISCUSSION 

This short clinical communication is a report of the effects of a combined exercise and 

nutrition weight loss intervention on QoL in obese prostate cancer patients on ADT. Following 

the 12-week intervention, we found no change in general health-related or prostate cancer-

specific QoL.  

All domains for general health-related QoL were maintained. In previous work from 

our research group [6], the cohort in the current study reported a lower baseline physical health 

component score (44.3 versus 52.5 points), while the mental health component was slightly 

higher (57.5 versus 54.1 points). The discrepancies could be explained by differences in the 

cohorts examined. Patients in the present study had multiple comorbidities of which arthritis 

was prominent and self-reported by patients to negatively impact tasks of daily living, which 

likely contributed to the lower physical component score. Cormie et al. [6] included patients 

initiating ADT in contrast to the current study where patients had been on ADT for a minimum 

of 6 months. Patients commencing a new treatment, whether related to a recent prostate cancer 

diagnosis or relapse, will likely result in heightened health concerns, which may have 

contributed to a lower mental health component score in the earlier study [6].  

Exercise and nutrition interventions play an important role in maintaining or improving 

QoL. In the non-cancer obese population, Villareal et al. [7] reported that QoL improved for 

obese older adults undertaking a year-long weight management intervention using either 

exercise, diet, or combined exercise and diet compared to a control group. The improvement 

in QoL was similar across the three intervention groups irrespective of weight being maintained 

(exercise group) or lost (diet and combined exercise and diet group). In the prostate cancer 

population, Bourke et al. [8] examined patients on ADT and demonstrated that QoL improved 

significantly after 12 weeks in the exercise and nutrition intervention group compared to usual 
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care; however, QoL decreased once supervision was ceased suggesting supervision may be 

important for QoL. In contrast O'Neill et al. [9] in a home-based exercise and nutrition 

intervention in prostate cancer patients on ADT reported that overall QoL was maintained, 

which is a similar finding to the present study as O'Neill et al. [9] also reported a significant 

reduction in fat mass. Despite the home-based setting, patients in the O'Neill et al. [9] study 

received phone calls every 2-3 weeks, which may have been sufficient contact with an allied 

health professional to maintain QoL compared to the diminished QoL noted by Bourke et al. 

[8] during a period of no supervision. While the previous prostate cancer studies [8, 9] provide

support for the findings of the present study in showcasing that a weight loss intervention is 

feasible in maintaining general health-related QoL, their direct comparison is limited by the 

use of different questionnaires.  

Prostate cancer-specific QoL was also maintained in our patient group. Notably, there 

was a trend towards a reduction in hormone treatment symptoms that approached statistical 

significance. Cormie et al. [6] also utilised the QLQ-PR25 and similar to above, the 

descrepancies in baseline measures are likely related to the cohort examined. The current study 

had higher hormone treatment symptoms (31.3 versus 5.2 points), however, at baseline the 

Cormie et al. [6] cohort were only initiating ADT. Cormie et al. [6] also reported an increase 

in hormone treatment symptoms across the 12-week study for both the intervention and control 

group. This is related to ADT side effects being more prominent in the first few months of 

treatment compared to stabilisation of ADT-related physiological changes after a longer period 

on ADT at which point side effects are more likely subject to improvement using lifestyle 

interventions [10]. Further, in the present study only 2 patients were sexually active and 1 

utilised a urinary pad. Therefore, sexual functioning and incontinence aid domains were not 

included, so it is unclear how these outcomes would alter in obese men undergoing a weight 

loss intervention. Future research is required to clarify the impact of a combined exercise and 
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nutrition-based weight loss programme on prostate cancer-specific QoL, particularly sexual 

functioning, given ADT-induced deterioration was prevented when compared to usual care 

controls in previous reports [6].  

Study Strengths and Limitations 

 Strengths of this short communication include the use of a combined exercise and 

nutrition weight loss intervention, which is underrepresented in the prostate cancer literature, 

and inclusion of obese patients on ADT. Study limitations include the use of a single group 

cohort that was powered for the study’s primary outcome, fat mass. As such, the small sample 

size may have limited the ability to detect clinically meaningful and statistically significant 

changes in QoL given the large variation in results. 

Clinical Implications  

Obese prostate cancer patients receiving ADT are at increased risk of poor patient 

outcomes, leading to poorer QoL. Exercise and nutrition weight loss interventions may be a 

viable strategy in preventing further ADT-related declines in QoL and should be investigated 

further as adjuvant therapy. 

CONCLUSION 

 This short communication provides preliminary findings that a combined exercise and 

nutrition weight loss intervention in obese prostate cancer patients on ADT might maintain 

general health-related and prostate cancer-specific QoL. Further research is required into the 

impact on sexual activity-related domains of QoL.  
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CHAPTER SEVEN 

A home-based exercise and nutrition 

program preserves body composition 

and physical function in obese 

prostate cancer patients on androgen 

deprivation therapy 
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Simple Summary: More than 50% of prostate cancer patients will receive androgen deprivation
therapy (ADT) and 70% will experience ADT-induced weight gain. Supervised exercise and nutrition
interventions are viable strategies to mitigate or reverse ADT-induced body composition changes;
however, the ability to preserve these benefits when supervision is no longer available is unclear.
Our study examined the effects of a home-based weight maintenance program on body composition
and physical function in obese men with prostate cancer on ADT who had previously completed
a supervised weight loss intervention. We demonstrated that a home-based weight maintenance
program can preserve body composition and physical function for at least 12 weeks following a
supervised intervention. This study provides insight into the prospect of home-based programs to
preserve benefits gained within a supervised environment for patients remaining on ADT when
ongoing in-person services are no longer viable.

Abstract: Supervised exercise and nutrition programs can mitigate or reverse androgen deprivation
therapy (ADT) induced fat mass (FM) gain, lean mass (LM) loss, and impaired physical function.
It is unclear whether these benefits are retained following transition to self-management. This
study examined the effect of a home-based weight maintenance program on body composition and
physical function in obese men with prostate cancer (PCa) on ADT following a 12-week supervised
weight loss intervention. Eleven obese PCa patients (74 ± 5 years, 40.0 ± 4.9% body fat) on ADT
(>6 months) completed a 12-week self-managed home-based weight maintenance program consisting
of 150 min/week of aerobic and resistance training while maintaining a healthy balanced diet.
Body composition (DXA), muscle strength (1RM), and cardiorespiratory fitness (400 m walk) were
assessed. Significant reductions in weight (−2.8 ± 3.2 kg) and FM (−2.8 ± 2.6 kg), preservation of
LM (−0.05 ± 1.6 kg), and improvements in muscle strength and VO2max were achieved across the
supervised intervention. Across the home-based program, no significant changes were observed in
weight (−0.6 ± 2.8 kg, p = 0.508), FM (0.2 ± 1.4 kg, p = 0.619), LM (−0.8 ± 1.6 kg, p = 0.146), muscle
strength (−0.2 to 4.1%, p = 0.086–0.745), or estimated VO2max (0.3 ± 2.1 mL/min/kg, p = 0.649). Self-
managed, home-based exercise and nutrition programs are a viable strategy to promote maintenance
of body composition and physical function following a supervised intervention in obese PCa patients
on ADT.

Keywords: nutrition; exercise; body composition; physical function; androgen deprivation therapy;
home-based
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1. Introduction

Improvements in screening procedures and medical treatments have elevated prostate
cancer to a chronic condition where ~90% of patients with localised disease survive more
than 10 years beyond diagnosis [1,2]. While beneficial, increasing survival rates are ac-
companied by long-term treatment and cancer-related adverse effects that can negatively
impact quality of life [3,4]. Androgen deprivation therapy (ADT) is a common neoadju-
vant, adjuvant, and primary treatment for prostate cancer, prescribed for months or years,
intermittently or indefinitely [5]. Adverse changes in body composition are a common
side effect of ADT with previous reports indicating a 6.6 to 13.8% gain in fat mass (FM),
2.0 to 3.6% loss in lean mass (LM), and 2.0 to 8.0% loss in bone mass within the first
year of treatment [6,7]. Fat mass gain is associated with faster development of castrate
resistance, an increased risk of fatal prostate cancer, and development of obesity-related
comorbidities [8–10]. Loss of LM and bone mass can reduce physical function and increase
risk of falls and fractures, which may lead to increased morbidity [11]. More than half
of men with prostate cancer are likely to receive ADT at some point during their cancer
journey [5], so it is important to determine appropriate adjuvant therapies to prevent or
regulate long-term ADT-induced side effects.

Exercise and nutrition programs are often provided as adjuvant therapies for men with
prostate cancer [12]. While supervised interventions are typically more effective due to face-
to-face instruction and personal accountability resulting in high adherence [13], home-based
unsupervised or minimally supervised programs are of interest to some clinicians and
patients to reduce costs and allow increased access to people who cannot travel frequently
to an exercise venue [14,15]. Two exercise and nutrition-based interventions by Bourke
et al. [16,17] examined a self-managed period after progressively reducing supervision for
men with prostate cancer on ADT compared to usual care controls. Both studies demon-
strated an improvement in aerobic fitness and exercise and nutrition behaviour during
the supervised intervention, which were maintained during the non-supervised follow-up
period, with Bourke, et al. [16] also reporting improvements in muscle strength. While
these studies provided preliminary feasibility for a self-managed period to preserve aerobic
fitness, muscle strength, and exercise and nutrition behaviours, neither study targeted
obese men with prostate cancer or reported an intervention effect on body composition-
related measures during the supervised or non-supervised period. This needs to be further
investigated, particularly as their programs only examined anthropometric measures.

Previously we have reported preliminary efficacy of a 12-week supervised exercise
and nutrition weight loss intervention to significantly reduce FM and maintain LM in
obese men with prostate cancer receiving ADT, with improvements in muscle strength and
cardiorespiratory fitness also observed [18]. Weight regain is common after a weight loss
intervention [19]. Additionally, this patient population may be at increased risk of weight
regain due to ongoing ADT [6,7] and it is unclear if a self-managed home-based exercise
and nutrition program is a viable approach to maintain previously established benefits in
body composition and physical function after a period of effective supervision. Therefore,
this pilot study examines the effect of a 12-week self-managed home-based exercise and
nutrition program on body composition and physical function in obese men with prostate
cancer on ADT, following completion of the supervised weight loss intervention. We
hypothesized that a 12-week home-based exercise and nutrition program would preserve
the body composition and physical function improvements achieved subsequent to the
supervised exercise and nutrition program.

2. Materials and Methods
2.1. Study Design and Participants

This is a follow-up report to a self-controlled prospective study of a supervised
exercise and nutrition weight loss intervention [18]. Eleven obese men with prostate cancer
completed the 12-week supervised intervention and continued with the presently examined
self-managed home-based program. Details of inclusion criteria, recruitment, and study
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design for the self-controlled prospective study have been previously reported [18]. Briefly,
patients completed a 6-week control period undertaking their normal activities followed
by a 12-week supervised weight loss intervention that included combined aerobic and
resistance training 3 times per week, and individualised nutrition advice to establish an
energy deficit of 2100–4200 kJ per day (d). Men were also provided with a 40 g whey
protein supplement after each supervised exercise session (Whey protein concentrate, Bulk
Nutrients, TAS, Australia). The study was approved by the Edith Cowan University Human
Research Ethics Committee (ID: 18832). All patients provided written informed consent.

2.2. Home-Based Program

Patients were advised to complete 150 min of combined aerobic and resistance training
each week, while maintaining a healthy balanced diet based on the Australian Dietary
Guidelines [20]. The lead researcher (RLW) facilitated the transition from a supervised
weight loss intervention to a self-managed home-based weight maintenance program, by
providing an information booklet and a single face-to-face training session of resistance
exercises to be completed at home with use of a GYMSTICKTM (Ratavartijankatu, Finland).
Examples of aerobic and resistance exercises to be completed at moderate-to-vigorous
intensity, and strategies to maintain a healthy balanced diet were included in the booklet.
Patients attended a nutrition counselling session immediately following the supervised
intervention where individual goals established at the start of the supervised weight loss
intervention were reassessed and adapted based on the patient’s weight loss progress, with
weight maintenance being the general goal. As a protein supplement was not provided
for the home-based program, advice was given to maintain an adequate protein intake
(1.07 g/kg body weight/d [21]). Patients were contacted once by telephone at week 6 of the
12-week home-based program to address any questions or concerns about maintaining their
exercise and nutrition regimen. All tests were conducted at post-supervised intervention
(week 1 of home-based program) and after week 12 of the home-based program, unless
otherwise stated.

2.3. Measurements
2.3.1. Body Composition

Total body mass (kg), FM (kg), bone-mineral free LM (kg), body fat percent (%), trunk
FM (kg), visceral FM (g), appendicular skeletal muscle (ASM, kg), and bone mineral content
(BMC, g) were assessed by dual-energy x-ray absorptiometry (DXA). ASM was calculated
as the sum of upper limb and lower limb LM [22]. Waist and hip circumference (cm) were
measured according to standardised procedures with a constant-tension tape measure [23].

2.3.2. Muscle Strength and Cardiorespiratory Fitness

Muscle strength was assessed by one-repetition maximum (1RM) for the chest press,
leg press (seated or incline), and seated row exercises [24], and cardiorespiratory fitness
(VO2max) was estimated by the 400 m walk test [25]. Estimated VO2max was calculated
using the following equation and is highly correlated (r = 0.83) with directly measured
peak VO2 in men [25]:

VO2 = 39.431 − (0.054 × 400 m time) + (2.832 × long stride) − (0.031 × end SBP) − (0.064 × CF)

where 400 m time is in seconds, long stride is 1 for stride <1.2 steps/m or 0 for stride
>1.2 steps/m, end SBP is measured in mmHg, and CF refers to the correction factor, which,
if the time taken to perform the 400 m course is slower than 240 s, is 0, but if the time is
faster than 240 s, then the CF is time in seconds to complete the 400 m minus 240.

2.3.3. Resting Metabolic Rate

Resting metabolic rate (RMR, kcal/d) was measured in the morning via indirect
calorimetry using a canopy hood (Fitmate, COSMED, Rome, Italy) [26]. Prior to arrival,
patients were instructed to complete a minimum 10-h overnight fast with allowance for



Cancers 2021, 13, 3411 4 of 12

water and morning medications. On arrival, patients rested in a supine position in a
darkened room for 10 min, after which the ventilated hood was placed over their head and
secured to avoid leakage of gases. Exhaled breath was collected until sufficient data were
collected for analysis or until 10 min, whichever occurred first.

2.3.4. Physical Activity Monitoring

Physical activity and sedentary behaviour were objectively assessed using the Acti-
Graph wGT3X-BT accelerometer (ActiGraph LLC, Pensacola, FL, USA). Patients were
instructed to wear the accelerometer on their hip continuously for 24 h/d for 3 consecutive
days (1 weekend day and 2 weekdays), excluding water-based activities, with ActiLife soft-
ware used for analysis (ActiLife 6, ActiGraph LLC, Pensacola, FL, USA). Only wake wear
time was used with a minimum data collection period required for inclusion in the analysis
set at 1 day of at least 600 min. Non-wear time was excluded from analysis and defined as
90 min or more of consecutive zeros with a 2-min spike tolerance [27]. Commonly used
cut-off points among cancer patients were used to classify sedentary time (<100 counts
per min, cpm), light physical activity (100–1951 cpm), and moderate-to-vigorous physical
activity (≥1952 cpm) [28–30]. The modified Godin Leisure-Time Exercise Questionnaire
was also completed pre and post the home-based program to assess the average time spent
undertaking resistance training during a typical week in the previous month [31].

2.3.5. Nutrition Monitoring

Patients completed a 3-day weighed food record (3d-WR) comprising 1 weekend day
and 2 weekdays. This information was used to estimate the average daily intake of energy
(kJ) and macronutrients. The 3d-WR was analysed using FoodWorks dietary analysis
software (FoodWorks 10 Professional, Xyris Software Pty Ltd, Brisbane, QLD, Australia).

2.4. Statistical Analysis

Sample size was calculated based on the anticipated fat mass changes to occur during
the supervised intervention and has been previously described [18]. Briefly, to achieve
90% power at an α level of 0.05 (two-tailed) in a single-group study and account for an
attrition rate of up to 15%, 14 participants were required to detect a ≥2 kg reduction in fat
mass. Data were analysed using IBM SPSS version 25 (SPSS Inc., IBM Corp, Armonk, NY,
USA). The Shapiro–Wilk test was used to determine normality of the distribution. Paired
t-tests were used to compare normally distributed variables between post-supervised
intervention and post-home-based program, while the Wilcoxon signed rank test was used
for non-normally distributed data. Pearson’s correlation or Spearman’s rank correlation
were used to assess associations, as appropriate. Data are presented as mean ± standard
deviation (SD), median and interquartile range [IQR], or number (percentage). All tests
were two-tailed with statistical significance set at p < 0.05.

3. Results

Eleven patients aged 63 to 82 years completed the 12-week self-managed home-based
program (Table 1). More than half of the men had a Gleason score of 9 (54.5%), with 54.5%
of patients also diagnosed with metastatic cancer in the lymph nodes or visceral organs
at study entry. During the home-based program, one patient developed nodal metastases
resulting in an anti-androgen being prescribed, and a second patient developed metastases
to their adrenal glands resulting in further radiation therapy.
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Table 1. Patient characteristics at post-supervised intervention.

Variable Patients (n = 11)

Age (years), mean ± SD 74 ± 5
Body mass index (kg/m2), mean ± SD 33.1 ± 5.3
Post-secondary education, n (%) 8 (72.7)
Married, n (%) 11 (100)
Employed, n (%) 1 (9.1)
Current smoker, n 0
Number of medications/supplements, mean ±
SD 4.5 ± 2.9

Number of comorbidities, mean ± SD a 3.4 ± 1.4
Years since prostate cancer diagnosis, median
[IQR] 3.9 [1.5–9.7]

Gleason score, n (%)
Gleason 7 3 (27.3)
Gleason 8 1 (9.1)
Gleason 9 6 (54.5)
Gleason 10 1 (9.1)
Contained within prostate, n (%) 5 (45.5)
Lymph node metastasis, n (%) 4 (36.4)
Organ metastasis, n (%) b 2 (18.2)
Androgen deprivation therapy, n (%)
LHRH agonist + antiandrogen 7 (63.6)
LHRH agonist only 4 (36.4)

Months on ADT, median [IQR] 16
[9–27]

Other prostate cancer-related treatment, n (%)
Surgery 4 (36.4)
Radiation therapy 10 (90.9)
Chemotherapy 2 (18.2)

a Types of comorbidities: Arthritis, atrial fibrillation, cardiovascular disease, carpel tunnel syndrome, colitis,
dyslipidaemia, hypertension, sleep apnoea, thyroid disease, emphysema, type 2 diabetes, peripheral neuropathy.
b Lung, adrenal gland. LHRH—luteinizing hormone-releasing hormone; ADT—androgen deprivation therapy.

3.1. Nutrition and Physical Activity

A significant increase in total energy intake was observed from post-supervised
to post-home-based program with a median change from 6759 to 7972 kJ/d (p = 0.041)
(Table 2). Carbohydrate intake (179.8 ± 68.0 vs 206.1 ± 67.1 g/d, p = 0.016) was also
significantly increased across the home-based period. There were no significant changes
in the percentage of energy derived from protein, total fat, carbohydrate, or alcohol, and
intakes were within Acceptable Macronutrient Distribution Ranges [21]. There was a
significant increase from post-supervised to post-home-based program in the percentage
of wake time spent in sedentary behaviour (65.9 to 70.2%, p = 0.003) and a significant
decrease in the average time and percentage of wake time spent in light physical activity
(4.8 to 4.0 h/day, p = 0.011; 33.3 to 28.6%, p < 0.001, respectively) (Table 2). Additionally,
self-reported resistance training duration decreased from 143 to 113 min/week but was not
significantly different (p = 0.685).
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Table 2. Nutrition intake as assessed by 3d-WR and physical activity as assessed by ActiGraph at post-supervised intervention and
post-home-based program.

Variable Post-Supervised
Intervention

Post-Home-Based
Program Mean Change p-Value

Nutrition intake
Energy intake (kJ/d) 6759 [4994–8980] 7972 [6353–8535] - 0.041

Protein (g/d) 85.9 ± 24.3 93.8 ± 21.1 8.0 ± 20.3 0.222
Protein (% total energy) 21.2 ± 4.0 20.1 ± 2.9 −1.1 ± 4.5 0.433

Fat (g/d) 60.7 ± 21.8 67.7 ± 20.9 7.0 ± 24.1 0.360
Fat (% total energy) 31.5 ± 4.8 31.0 ± 4.8 −0.5 ± 6.7 0.823
Carbohydrate (g/d) 179.8 ± 68.0 206.1 ± 67.1 26.2 ± 29.9 0.016

Carbohydrate (% total energy) 40.3 ± 4.3 40.7 ± 6.1 0.4 ± 5.9 0.848
Alcohol (% total energy) 0.0 [0.0–3.0] 2.1 [0.0–6.8] - 0.310

Physical activity
Average time in SB (h/d) 9.6 ± 1.9 9.5 ± 2.0 −0.1 ± 2.0 0.871

Time spent in SB (% wake hours) 65.9 ± 6.2 70.2 ± 8.8 4.3 ± 3.8 0.003
Average time in LPA (h/d) 4.8 ± 1.2 4.0 ± 1.6 −0.9 ± 0.9 0.011

Time spent in LPA (% wake hours) 33.3 ± 6.3 28.6 ± 8.1 −4.8 ± 3.1 <0.001
Average time in MVPA (min/d) 6.9 ± 5.4 10.7 ± 10.1 3.8 ± 11.2 0.286

Time spent in MVPA (% wake hours) 0.6 [0.3–1.1] 0.7 [0.3–2.2] - 0.424

Values are the mean ± SD where a paired t-test was used or median [IQR] where a Wilcoxon signed rank test was used. SB—sedentary
behaviour; LPA—light physical activity; MVPA—moderate to vigorous physical activity.

3.2. Body Composition

No significant changes were observed in body mass or any body composition measure
except for a modest increase in body fat percent (0.6 ± 0.8%, p = 0.034) from post-supervised
to post-home-based program (Table 3). Individual changes in body composition are pre-
sented in Figure 1. During home-based follow-up, four (36.4%) patients lost FM and
five (45.5%) patients gained LM. Correlation analysis indicated resistance training dura-
tion (min/week) was significantly associated with change in LM (rs = 0.606, p = 0.048).
No significant associations were found for absolute values or change in energy intake
(rs = −0.091–0.173, p = 0.612–0.811), sedentary time, light physical activity, and protein
intake per kg of body weight with change in FM or LM (r = −0.316–0.438, p = 0.178–0.928).

Table 3. Body composition and anthropometric changes over the 12-week home-based program.

Variable Post-Supervised
Intervention

Post-Home-
Based

Program
Mean Change Percent Change

(%) p-Value

Total body mass (kg) 95.5 ± 14.1 94.9 ± 12.9 −0.6 ± 2.8 −0.4 ± 2.7 0.508
Total fat mass (kg) 37.0 ± 9.5 37.3 ± 8.7 0.2 ± 1.4 1.1 ± 4.0 0.619

Percent body fat (%) 38.3 ± 4.6 38.9 ± 4.5 0.6 ± 0.8 - 0.034
Trunk fat (kg) 18.3 ± 5.4 18.5 ± 5.2 0.3 ± 0.7 2.0 ± 4.5 0.271
Visceral fat (g) 866 ± 333 860 ± 277 −7 ± 156 −1.6 ± 17.0 0.888

Total lean mass (kg) 55.9 ± 6.2 55.1 ± 6.2 −0.8 ± 1.6 −1.3 ± 2.7 0.146
ASM (kg) 23.3 ± 3.1 22.7 ± 3.1 −0.6 ± 1.2 −2.5 ± 4.9 0.130
BMC (g) 2576 ± 291 2544 ± 261 −32 ± 56 −1.1 ± 2.0 0.087

Waist circumference (cm) 103.9 ± 8.9 103.5 ± 8.5 −0.4 ± 2.6 −0.3 ± 2.5 0.626
Hip circumference (cm) 109.7 ± 8.1 108.7 ± 7.9 −1.0 ± 2.2 −0.9 ± 1.9 0.141

Values are the mean ± SD. ASM—appendicular skeletal muscle; BMC—bone mineral content.
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Figure 1. Waterfall plots of individual patient changes over a 12-week self-managed home-based program presented in
ascending order for: (A) total body mass, (B) total fat mass, (C) trunk fat mass, (D) visceral fat mass, (E) total lean mass, and
(F) appendicular skeletal muscle (ASM) mass. Individual patient numbers are identified in association with the bars.

3.3. Muscle Strength, Cardiorespiratory Fitness, and Resting Metabolic Rate

No significant changes in chest press strength (p = 0.745) or seated row strength
(p = 0.744) were observed; however, leg press strength approached significance (p = 0.086)
with a 6.1 kg increase reported across the home-based program (Table 4). No significant
changes were observed for RMR (p = 0.450) or cardiorespiratory fitness as determined by
estimated VO2max (p = 0.640) (Table 4).
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Table 4. Changes in muscle strength, cardiorespiratory fitness, and resting metabolic rate over the 12-week self-managed home-based
program.

Variable Post-Supervised
Intervention

Post-Home-Based
Program Mean Change p-Value

Leg press (kg) (n = 7) 126.3 ± 47.4 132.4 ± 53.7 6.1 ± 7.9 0.086

Chest press (kg) (n = 8) 51.8 ± 14.1 51.0 ± 13.0 −0.7 ± 6.0 0.745

Seated row (kg) (n = 10) 68.2 ± 7.9 68.8 ± 8.9 0.6 ± 5.4 0.744

Estimated VO2max (mL/min/kg)
(n = 9) 20.6 ± 3.6 20.3 ± 3.3 −0.3 ± 1.6 0.602

RMR (kcal/d) (n = 11) 1516 ± 207 1482 ± 186 −34 ± 143 0.450

Values are the mean ± SD. VO2max—maximal oxygen consumption; RMR—resting metabolic rate.

3.4. Adverse Events

One patient experienced a muscle strain in their chest and gluteal muscles in the
final week of the home-based program while completing the prescribed exercise. This
precluded him from completing the chest and leg press strength 1RM at the post-test
session. No other study-related adverse events were reported while undertaking study-
related activities. However, four patients experienced adverse events associated with
pre-existing comorbidities and musculoskeletal conditions. One patient was hospitalised
with a septic wound on their foot and could not complete any physical function testing
following the home-based program. Three patients experienced progressive pain in the
knee, back, shoulder, or ankle that prevented the completion of the leg press 1RM at the
post-home-based program testing session. Each patient received medical care and reduced
their activity levels as per clinician recommendations.

4. Discussion

In this research, we examined the effect of a self-managed home-based weight main-
tenance program in obese men with prostate cancer on ADT following a self-controlled
prospective study of a supervised weight loss intervention. There were two main find-
ings: (1) total and regional FM and LM were preserved; and (2) muscle strength and
cardiorespiratory fitness were preserved.

Weight regain in obese men is common after intentional weight loss [19] and is
likely to be exacerbated by ADT. As ADT can be prescribed for years or indefinitely,
it is important to examine exercise and nutrition intervention strategies that may help
mitigate treatment-related side effects. This study showed that a self-managed home-
based exercise and nutrition program can promote weight maintenance by preserving FM
for at least 12 weeks after a supervised intervention in obese men with prostate cancer
while on ADT who had previously benefited from a supervised weight loss intervention.
This occurred irrespective of a reduction in physical activity and an increase in energy
intake suggesting that the FM previously lost across a supervised intervention may be
maintained with a lower workload. Freedland, et al. [32] also examined overweight and
obese men with prostate cancer on ADT and compared a home-based intervention to usual
care. While it was a home-based program, their intention was to induce weight loss, not
preserve body weight as in our current study, thus changes across intervention groups
are not directly comparable. However, the usual care control group in the Freedland,
et al. [32] study demonstrated a 10.9% increase in FM, which was statistically different
to the intervention group, compared to a non-significant 1.1% FM increase in the present
study. Our study duration was 12 weeks and engaged men who had been on ADT for a
minimum of 6 months, whereas the Freedland, et al. [32] study was 6 months in duration
and engaged men initiating ADT. Patients initiating ADT experience substantial changes in
body composition in the first few months that slowly plateaus within the first year and FM
remains elevated if no intervention is implemented [33,34]. This may account for the larger
changes in the usual care control group of the Freedland, et al. [32] study. Nonetheless, the
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comparatively small changes observed in our study demonstrate potential for home-based
exercise and nutrition programs to preserve FM in obese patients on ADT for at least
12 weeks following a period of supervised weight loss. However, the results of the present
study may not be applicable to a population who has not undertaken a supervised exercise
intervention as the participants examined here were likely more motivated to continue with
the recommended lifestyle behaviours previously introduced in a supervised environment
that resulted in observable benefits [18].

Lean mass is the predominant contributor to RMR [35,36]; therefore, the maintenance
of LM is vital for long-term weight management. While there was no significant change in
LM, suggesting overall continued preservation from the supervised intervention, there was
a mean 0.8 kg decrease over the 12-week home-based program. Had the follow-up period
been longer, LM could have continued to decline resulting in a different statistical outcome.
This highlights the value of the inclusion of strength training as a potentially critical compo-
nent for LM preservation in this patient population when completing home-based exercise.
This was a small sample size, so correlation analysis has limited applicability; however, our
preliminary analysis showed the duration of self-reported resistance exercise was positively
correlated with LM change. No relationship between LM change and the changes in energy
intake, sedentary behaviour, light physical activity, and protein intake were found. All
patients were provided with a GYMSTICKTM as well as actively encouraged to join a gym
or fitness group to undertake resistance training. How patients distributed their resistance
training practices, e.g., utilising resistance machines, free weights, and GYMSTICKTM, is
unknown due to a lack of returned activity logs. While it has been suggested that there
are no superior strength gains when using conventional resistance equipment compared
to elastic-based resistance equipment [37], their differing effects on LM is unclear. This
may further explain the trend for a decline in LM as the use of a GYMSTICKTM alone, in
addition to the removal of the protein supplement provided during the supervised period,
may not have satisfied the necessary threshold to stimulate muscle protein synthesis when
transitioning from a clinic-based supervised weight loss intervention to a home-based
weight maintenance program.

Several patients in our study experienced an injury or illness related to known pre-
existing comorbidities and musculoskeletal conditions during the home-based program;
consequently, we further explored the individual changes that occurred across the two
intervention phases to better understand how these events may be addressed in future re-
search. For example, patient #6 achieved a desirable FM loss (−5.3 kg) and LM gain (2.6 kg)
during the supervised intervention [18]. However, due to progressive deterioration of a
musculoskeletal condition, this patient reported avoidance of exercise during the home-
based program. Although patient #6 lost further FM (−1.2 kg), they reversed their LM
gain with a 2.3 kg loss over the 12-week home-based program. Similar patterns were
noted for patients #4 and #9. In contrast, patient #3 had a desirable FM loss (−7.1 kg),
but also lost LM (−2.3 kg) during the supervised intervention. During the last 4 weeks
(12 sessions) of the supervised intervention, this patient missed six sessions due to illness
and had to complete four sessions at a reduced intensity. However, with the implemen-
tation of exercise at home, this patient prevented further LM loss with a 0.4 kg gain over
the 12-week period. These individual changes raise questions about the feasibility of LM
maintenance in injured or ill patients who may not be able to undertake sufficient exercise
to stimulate muscle protein synthesis, particularly resistance training. Such patients in a
supervised environment have assistance readily available to them to adjust their exercise
prescription as required, whereas those undertaking self-managed exercise do not. Other
LM management strategies could include protein supplementation and regular video or
telephone consultations via telehealth to monitor adherence and compliance and assist
with exercise program modification to account for injury or illness if in-person supervision
is not viable or desired.

Prolonged ADT significantly impacts the musculoskeletal system placing men with
prostate cancer at increased risk of disability [38]. Additionally, patients typically reduce
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their physical activity levels because of severe treatment-related side effects such as fatigue,
reduced physical function, or urinary incontinence [39], which can lead to diminished
cardiorespiratory fitness. For this reason, it is important to ensure muscular strength and
cardiorespiratory fitness are maintained. In the current follow-up study, patients in a
self-managed home-based program maintained upper- and lower-body muscle strength,
walking endurance, and cardiorespiratory fitness irrespective of a decline in LM. Previous
studies using home-based programs following supervised exercise and nutrition [16,17] or
exercise-only [40] programs also reported maintenance of muscle strength and cardiores-
piratory fitness, which is reflected in the results of our study. The present study extends
these findings by demonstrating that obese patients on long-term ADT can also preserve
their muscle strength and cardiorespiratory fitness using a home-based program following
a supervised intervention.

This study has several strengths. First, DXA allowed the evaluation of whole-body
and regional changes in FM and LM. Second, this study reports on a novel cohort, that is,
obese men with prostate cancer on long-term ADT and their response to a self-managed
home-based exercise and nutrition program following supervised exercise and dietary
advice. Limitations include the use of a small single group cohort with no control group
comparison, although a control period was undertaken prior to the supervised component
and the study was powered for the primary outcome of FM [18]. Four patients were not
able to complete all measures of physical function at the post-home-based program due
to poor physical health. Implementing a self-managed home-based exercise and nutrition
program in future studies could benefit from increased frequency of contact with patients
to ensure exercise and nutrition modifications reflect any changes to their health status.
Daily physical activity logbooks were poorly kept by patients and as such were not utilised.
However, the comparison of self-reported resistance exercise from the modified Godin
Leisure-Time Exercise Questionnaire, physical activity data collected using ActiGraph,
and nutritional intake assessed using the 3d-WR at post-supervised and post-home-based
program, provided important insight into the behaviour changes undertaken.

5. Conclusions

This pilot study provides preliminary evidence that obese men with prostate cancer
receiving ADT, who previously benefited from a supervised weight loss exercise and
nutrition intervention, can maintain their body composition and physical function im-
provements by undertaking a self-managed home-based exercise and nutrition program.
However, maintenance of LM was dependent on the duration of weekly resistance exercise
and should be an important consideration for future programs. As ADT may be prescribed
for several months, years or even indefinitely, it is important to implement interventions
such as exercise and nutrition programs that may prevent or regulate ADT side effects
and improve patient outcomes. Home-based programs will likely play an important role
in maintaining the positive effects gained from clinic-based programs once supervision
is no longer available or feasible for the patient. However, further research is required
to investigate the feasibility of self-managed programs for obese people with cancer who
are likely to have multiple comorbidities placing them at increased risk of illness and
injury. From this study, we provide the foundation for larger scale interventions to further
examine long-term adherence and compliance, and whether obese people with cancer can
continue to effectively manage ongoing treatment-related adverse effects, in particular FM
gain and LM loss.
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CHAPTER EIGHT 

General discussion 
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This thesis was an exploration of the efficacy of exercise and nutrition interventions to 

induce weight loss in overweight and obese patients with prostate cancer. In particular, patients 

scheduled for a radical prostatectomy and those prescribed long-term (≥ 6 months) androgen 

deprivation therapy (ADT) were identified as being at increased risk for obesity-related 

complications and were examined within this thesis. Although much of the literature 

associating obesity and poor prostate cancer prognosis was established using body mass index, 

it is the excess fat mass, its distribution, and the abnormal metabolic environment it creates that 

has been suggested to be of most importance [1, 2]. As such, the experimental studies presented 

in this thesis utilised body composition data assessed by dual x-ray absorptiometry to provide 

gold standard measures of whole body and regional measures of fat and lean mass, where fat 

mass was considered the primary outcome. With the accompanying information on treatment 

side effects, physical function, blood biomarkers, and quality of life, there is convincing 

evidence that exercise and nutrition interventions are beneficial for overweight and obese 

patients, which is an important finding given these patients have been underrepresented within 

the prostate cancer literature. 

CHAPTER SUMMARIES 

The literature review presented in Chapter 2 is an examination of the relationship 

between obesity and prostate cancer and why obese patients are important to target. This 

chapter highlights the evidence established by systematic reviews and meta-analyses, which 

conclude that obese patients are at increased risk of advanced cancer disease, recurrence, and 

prostate cancer-specific mortality, although the evidence is less conclusive for prostate cancer 

incidence [3-6]. Furthermore, clinical studies demonstrate excess fat mass is a key component 

to poor prostate cancer prognosis with potential mechanisms including altered insulin/insulin-

like-growth-factor axis, sex hormone, and adipokine concentrations [7]. Not only is the cancer 
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biology affected by obesity, but obese prostate cancer patients have an increased likelihood of 

developing treatment-related side effects of greater severity [8-12]. Given these risks, the 

reduction of fat mass has the potential to improve the risk profile of obese prostate cancer 

patients. Exercise and nutrition induced weight loss may be a beneficial adjuvant therapy; 

however, further research is required to understand the efficacy of such programs.   

 The notion that exercise and nutrition interventions are viable strategies to induce 

weight loss is developed in Chapter 3, where a critical appraisal of the evidence is provided for 

interventions to induce fat mass loss, while preserving lean mass, in patients receiving ADT. 

This review highlights the paucity of studies examining combined exercise and nutrition 

interventions conducted in ADT-treated patients measuring fat mass and lean mass, with only 

6 combined interventions, compared to 15 exercise only and no nutrition only studies. 

Furthermore, no study utilised the American Cancer Society prostate cancer weight loss 

guidelines as proposed in their survivorship document [13]. Although these guidelines are 

drawn from the general population where they have been deemed effective, they have not been 

validated in the prostate cancer population. As such, much can be learnt from the studies 

discussed in Chapter 3 in how exercise and nutrition advice may be tailored to induce weight 

loss and suit hypogonadal men with prostate cancer, who have high fat mass and low lean mass. 

For example, the use of protein supplementation is not included in the weight loss guidelines, 

however, has been highlighted as potentially important for men on ADT to prevent treatment-

induced lean mass loss [14, 15]. Irrespective of a lack of interventions complying with the 

weight loss guidelines, combined exercise and nutrition interventions induced the greatest loss 

of fat mass, with those incorporating resistance training more likely to prevent lean mass loss 

than aerobic exercise alone. Furthermore, exercise-only interventions are effective in 

preventing ADT-related fat mass gain and lean mass loss if sufficient intensity and volume of 

exercise is prescribed and include both aerobic and resistance training [16].  
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The first experimental study (Chapter 4) presented in this thesis examines retrospective 

data, collected within a clinical environment at a Urology clinic. The effect of a weight loss 

program on body composition of overweight and obese prostate cancer patients scheduled for 

robot assisted radical prostatectomy (RARP) surgery is reported. This study established that 

the prescription of a very low-calorie diet (~3000-4000 kJ/d) combined with moderate intensity 

exercise (90 minutes/day) was effective in significantly reducing weight, total fat mass, trunk 

fat mass, visceral fat mass, and blood pressure. Additionally, patients who experienced a higher 

number of surgery-related adverse effects also had greater absolute weight and fat mass. 

However, contrary to our hypothesis lean mass declined significantly following the 

intervention. The exercise and nutrition prescribed was unlikely sufficient enough to stimulate 

or support muscle protein synthesis, particularly as resistance training and optimised protein 

intake was not advised for all patients. Diagnosis is considered an opportune time to implement 

exercise and nutrition interventions [17]. This study established that newly diagnosed 

overweight and obese men with prostate cancer can reduce their fat mass and blood pressure 

prior to RARP and was associated with improved surgical outcomes.  

Chapter 5 is a report of a prospective study assessing the efficacy of a 12-week exercise 

and nutrition weight loss intervention in obese prostate cancer patients on ADT to reduce fat 

mass, maintain lean mass, and improve physical function and blood biomarkers associated with 

cancer progression and obesity. The results of self-reported outcomes such as general health-

related and prostate cancer-specific quality of life results from the intervention are reported in 

Chapter 6. This intervention consisted of 300 minutes of exercise per week including 

supervised resistance training and home-based aerobic exercise, and dietitian consultations 

advising a daily energy deficit of 2100 – 4200 kJ and protein supplementation. The intervention 

resulted in reductions of body weight, fat mass, trunk fat mass, and visceral fat mass, while 

preserving lean mass. Improved upper and lower body muscular strength and cardiorespiratory 
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fitness was also observed. The exploratory analyses of blood biomarkers and quality of life 

predominantly found no changes, except for a significant decline in leptin and a trend for an 

improvement in the hormone treatment symptoms domain of prostate cancer-specific quality 

of life. ADT is known to result in fat mass gain, lean mass loss, and reduced physical function, 

and this research indicates that prostate cancer patients who are obese and receiving long-term 

ADT may reverse or prevent these changes using a weight loss exercise and nutrition 

intervention.  

 Chapter 7 was an investigation of how obese patients with prostate cancer on ADT 

transitioned to a 12-week self-managed home-based exercise and nutrition program and if they 

could maintain the benefits gained from the supervised weight loss intervention. This study 

demonstrated that obese patients, who continued to receive ADT, could maintain their body 

composition, upper and lower body strength, and cardiorespiratory fitness during a home-based 

program where they were recommended to complete 150 minutes of moderate-to-vigorous 

aerobic and resistance exercise per week, and maintain a healthy balanced diet. However, 

individual changes in lean mass were dependant on weekly resistance training duration, with 

those completing more sessions gaining or maintaining lean mass. Furthermore, contrary to our 

original hypothesis quality of life was not maintained during this follow-up period. The 

domains role-physical, mental health, and physical component significantly declined, with 

vitality showing a substantial, albeit not statistically significant, decline as well. Several 

patients experienced changes to their physical health during the 12-week home-based period 

and were among the patients who reported a substantial decline in quality of life. Patients 

subject to illness and injury require additional home-based strategies to prevent a deterioration 

in physical and mental health.  
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CLINICAL SIGNIFICANCE AND RESEARCH IMPACT 

The findings of this thesis are of clinical significance and exhibit a meaningful 

treatment effect of exercise and nutrition and might have implications to reduce obesity-related 

and prostate cancer treatment-related adverse effects and enhance general health and well-

being of overweight and obese patients with prostate cancer. Through clinically collected data, 

Chapter 4 revealed that patients were receptive to urologist recommended weight loss and that 

fat mass and blood pressure could be significantly reduced by completing an exercise and 

nutrition program when undertaken from the time of diagnosis to prior surgery. The importance 

of fat mass loss was further highlighted by those with less fat mass experiencing a lower 

number of surgery-related adverse effects. The evaluation of clinical data in the urology 

practice setting has a significant translational impact as it demonstrates the efficacy of weight 

loss outside the constraints of a tightly controlled laboratory trial. Furthermore, DXA is not 

considered a measure of standard care for prostate cancer patients unless bone health is of 

concern, as such, the novel presentation of whole body and regional fat mass and lean mass 

provides further insights into the impact of a clinic-based weight loss intervention. 

Consequently, this study highlighted lean mass was significantly lost and prompts further 

investigation into how this may be prevented in future interventions.  

The findings of the prospective exercise and nutrition intervention presented in 

Chapters 5, 6, and 7 are of significant research impact and clinical significance as patients 

adopted exercise and nutrition-based interventions and long-term changes, which are being 

increasingly acknowledged as important adjuvant therapies to ameliorate ADT-related side 

effects. Additionally, the exploration of obese men on ADT is also of clinical importance as 

they are at increased risk of exacerbated treatment side effects, poor prostate cancer prognosis, 

and have been underrepresented in prostate cancer research. Accordingly, we have provided 
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novel findings reporting the efficacy of fat mass loss and the preservation of lean mass in this 

population during a supervised weight loss intervention and how these changes may be 

preserved during a home-based program. In addition, patients were able to improve and 

maintain their muscular strength and cardiorespiratory fitness, which further highlights the 

multitude of clinical benefits obtained from implementing exercise and nutrition changes for 

obese patients with prostate cancer. However, the finding of a decline in quality of life during 

the home-based program is a cause for concern. While quality of life was associated with 

individual changes in lean mass as well as a decline in physical health for some patients, it does 

demonstrate that home-based exercise and nutrition programs may not be appropriate for 

patients at increased risk of illness or injury, that is, obese patients with multiple comorbidities. 

This is of clinical significance and highlights the importance of tailored care as patients who 

are self-managing their exercise and nutrition regimes may not be able to appropriately adjust 

their practices to reflect changes in their health status. As a result, additional strategies are 

required to be tested in the future to address these concerns and provide better opportunities to 

patients with multiple comorbidities. 

In addition to the clinical significance and research impact of the thesis in relation to 

the outcome measures, it is also important to highlight the perceived or subjective impact the 

intervention had on patients in the prospective clinic-based exercise trial and self-managed 

home-based program. A questionnaire (Appendix C6) was given to the patients at the end of 

the intervention to assess their perceived benefit, if any, in addition to the physical changes 

objectively measured throughout the study. This information provides further substance to the 

work undertaken as part of this thesis and highlights the perceived clinical impact such 

interventions can have for patients, which is not necessarily conveyed through quantifiable 

changes.   
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Table 8.1: Written feedback of patients receiving ADT who participated in the prospective 

exercise and nutrition intervention (Chapters 5, 6, and 7).  

Question Responses 

What benefits did you 

notice by following the 

exercise and nutrition 

program? 

- “I've lost a little bit of weight. I am a lot stronger and have 

more stamina. I've got used to eating less.” 

- “My energy level improved and I was able to do a lot more 

strenuous work and exercising than previously.” 

- "Don't feel depressed anymore; helped with everything; 

more confident; stronger.” 

- “Fitter (until back injury), mentally felt better.” 

- “Better overall fitness and 10kg weight loss, overall more 

energy.” 

- “Weight loss -7 kg” 

- “Lost weight, big improvement in moving/walking, feeling 

good, muscle build up.” 

- “Felt healthier and assisted mentally knowing I was doing 

something positive to assist with my condition.” 

- “It is very hard for me to notice benefits because of the side 

effects of the drug Lucrin.” 

- “Until my recent illness I feel much fitter.” 

- “Able to move the body easier.” 

 

FUTURE RESEARCH DIRECTIONS 

 The summary of literature presented in the two reviews and the results reported in the 

experimental studies conveyed a number of important findings. However, just as equally, they 

have revealed several areas for further research.  

All experimental studies were conducted using a single group study design. The first 

study (Chapter 4), utilised retrospective data where a non-weight loss group was not available. 
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The decision to utilise a single group design for the second, prospective study (Chapters 5, 6, 

and 7) was based on limited recruitment time, and the plethora of evidence highlighting 

exercise to be beneficial for prostate cancer patients, so it was deemed inappropriate to include 

a non-exercising control group. As such, a 6-week control period was incorporated into the 

design to ensure any changes observed across the intervention period were due to the prescribed 

program. A randomised controlled trial with a non-weight loss, delayed, or low-intensity 

exercise control group would further validate the findings of the present thesis.  

This thesis demonstrates the efficacy of exercise and nutrition induced weight loss for 

overweight and obese prostate cancer patients scheduled for RARP or prescribed long-term 

ADT; however, the physiological benefits of the associated fat and lean mass changes are still 

unclear. As described in Chapter 2, there is no certainty which mechanistic pathways are 

responsible for the associations between obesity and poor prostate cancer prognosis. However, 

examining the proposed mechanistic pathways within an obese and weight loss state may 

provide further insight into the impact weight loss does or does not have on prostate cancer 

prognosis. The proposed blood biomarkers associated with obesity and prostate cancer 

progression were assessed, however, this was not a primary outcome of the study, as such, 

conclusions about the impact that weight loss has on prostate cancer progression is hypothesis 

generating and a potential guide for additional studies. Future studies would benefit from 

multifaceted designs that incorporate in vivo and/or in vitro methodologies in conjunction with 

combined exercise and nutrition-based interventions to examine the impact of weight loss on 

prostate cancer progression and tumour biology.  

Two undesirable findings were reported that need to be addressed and examined further. 

First, within Chapter 4 a significant loss of lean mass was reported. Lean mass loss is not 

unexpected when undergoing weight loss [18], however, prostate cancer patients are already at 
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an increased risk of lean mass decline after a radical prostatectomy [19] and as a side effect of 

ADT [20]. While patients were encouraged to exercise, resistance training was not actively 

prescribed for all patients prior to RARP. In contrast to this, lean mass was maintained in 

conjunction with fat mass loss in the exercise trial reported in Chapter 5. While the two cohorts 

cannot be directly compared, the inclusion of supervised resistance training and protein 

supplementation in the intervention reported in Chapter 5 is likely to have attributed to the 

maintenance of lean mass. Further research is required into the benefit of incorporating 

resistance training and protein supplementation into a weight loss program prior to radical 

prostatectomy to prevent loss of lean mass. Second, general health-related quality of life 

significantly decreased during the home-based program reported in Chapter 7. The decrease in 

role-physical, mental health, vitality, and physical component domains of quality of life were 

associated with a loss of lean mass and change in physical health during the home-based period. 

A prostate cancer diagnosis and the side effects of the various treatments can negatively impact 

a patient’s quality of life. While home-based programs are attractive given their low cost and 

increased access to rural communities and those who cannot travel, the lack of supervision may 

not be appropriate for all patients, particularly those at increased risk of illness and injury. 

Future studies should examine the feasibility and effectiveness of home-based programs for 

patients at increased risk of illness and injury. Consideration should be given for the use of 

regular video or phone consultations to assist those who may not be able to appropriately 

manage or adjust their self-managed exercise and nutrition practices in order to maintain their 

physical and mental health.  

CONCLUSION 

 The experimental studies presented in this thesis provide preliminary efficacy that 

overweight and obese prostate cancer patients scheduled for a RARP or receiving long-term 
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ADT can significantly reduce fat mass while undertaking combined exercise and nutrition-

based weight loss interventions. Furthermore, this fat loss may improve patient outcomes, 

however, only exploratory analyses to assess this relationship were conducted in this thesis and 

requires further clarification. ADT and weight loss induced lean mass loss can be prevented 

with the incorporation of resistance training and protein supplementation in a weight loss 

program, although further studies are required to assess the influential impact each had in 

isolation or synergistically. The findings established here create a foundation for future 

research in weight loss and the impact this may have on treatment-related side effects and 

prostate cancer prognosis. As research develops and exercise and nutrition programs become 

more accepted as adjuvant therapy within clinical practice in the care of patients with prostate 

cancer, it will be important for weight loss to be considered in their treatment plan, especially 

for patients who are obese, or at risk of developing obesity throughout the natural history of 

the cancer.   
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A2. Phone screening questionnaire 

REBEKAH PHD - PHONE SCREENING ELIGIBILITY QUESTIONNAIRE 

1. Brief introduction about the study •

 12-week exercise and diet intervention (3 exercise sessions a week + 3 nutrition counselling sessions

with a dietician over the 12-weeks).

 The entire study involves a 6-week delay period (control period), followed by the 12-week

intervention, followed by a 12-week home-based programme.

 Study is assessing the effect of the exercise and diet on changes in body composition

 Everyone completes the exercise and diet intervention (no control group).

 Involves DXA, pQCT, physical testing, questionnaires, blood and urine samples.

2. Get verbal permission to ask a few questions about themselves and their cancer •

3. Have you had a prostate cancer diagnosis?

Yes • No • (ineligible) 

4. Have you ever had another cancer diagnosis?

Yes •(ineligible) (basal cell carcinoma accepted) No • 

5. Are you currently receiving androgen deprivation therapy?

Yes • No • (ineligible) 

6. When did you start your course of ADT?

Start date (day/month/year):                                        (ineligible if within 6 months of start date).

NB: If ineligible please hold on to participants information as we may contact them later on in their

treatment process if they are otherwise eligible within the study recruitment period – January 2018-

January 2019.

7. When is your expected last dose of ADT?

End date (day/month/year):  (ineligible if NOT receiving any more ADT. MUST 

be getting at least one more dose while completing the study). 

8. Have you received or expecting to receive any other treatment for your prostate cancer?

Yes •  No •  

Treatment type:  . 

Date completed:     . 

(ineligible if receiving during study period). 

9. Are you taking/receiving any experimental drugs or treatment for your prostate cancer?

Yes •(ineligible) No • 

10. Have you been told that you have bone metastases?

Yes •(ineligible) No • 
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11. Do you have a body mass index (BMI) between 25 and 50 kg/m2? (If you don’t know, what is your

weight and height?)

Yes • No • 

12. Would you describe yourself as having excess fat mass around your abdomen or a waist

circumference > 102cm?

Yes • No • 

13. Do you perform two or more sessions of supervised aerobic or resistance training each week?

e.g. gym class, personal training session, sporting game (excluding golf), walking group.

Yes •(ineligible) No • 

14. Do you feel comfortable walking 400m?

Yes • No • (ineligible) 

15. Are you currently seeking dietary advice from a dietician?

Yes •(ineligible) No • 

16. Have you ever been told you have a kidney condition?

Yes •(ineligible) No • 

17. Have you ever been told you have cardiovascular disease?

Yes • No • 

a) Are you under the care of a cardiologist?

Yes •  No • 

Name: . Hospital:    . 

18. Have you ever been told you have diabetes?

Yes • No • 

19. Have you ever been told you have a thyroid condition?

Yes • No • 

20. If yes to questions 15, 16, or 17 has your doctor stated the condition is well controlled?

Yes • Not well controlled • (ineligible) 

21. Do you have any other known conditions that may prevent you from completing high-intensity

exercise? E.g. serious cardiac event in the last 12 months, spinal cord problems, chest pain when

exercising, severe bone pain, musculoskeletal injury/condition (severe arthritis, fracture).

Yes •(ineligible) No • 

22. Will you be away for more than 2 consecutive weeks during the next 8 months?

Yes •(ineligible) No • 
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NB: if away approximately at the time of the first 6 weeks or final 12 weeks of the study period still 

accept for further screening and we can try work with dates. 

23. Can you read and speak English? 

Yes •  No • (ineligible) 

 

24. Are you willing to obtain medical consent/clearance from your GP? 

Yes •  No • (ineligible) 

 

25. Are you willing to attend regular testing at Joondalup Campus, ECU and exercise training, and 

nutrition counselling sessions at Joondalup or Mt Lawley Campus, ECU? 

Yes •  No • (ineligible) 

 

26. Are they willing to complete exercise and adhere to a nutrition programme outside of the clinic 

setting? 

Yes •  No • (ineligible) 

NB: If no, explain that they will be expected to attend 3 exercise sessions a week at the clinic and 

then complete 30 minutes of exercise at home on the days they do not attend a clinic session. The 

diet will be an individually tailored nutrition programme developed over 3 sessions with a 

dietician.  

 

Send recruitment pack?  

Yes •  No •   

 

Postal address of patient:                                                                                                                       . 

                                                                                                                                                               . 

 

Home phone:                                                   . Mobile phone:                                                           . 

 

Email:                                                                                                                                                    . 
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A3. Participant information package 

 

 
 

 
PARTICIPANT INFORMATION LETTER  

 
Project title: 

Effects of a combined exercise and diet intervention in obese prostate cancer patients on androgen deprivation 

therapy: a prospective study. 

 
Purpose: 

Exercise has been established to be safe and result in improved physical function and quality of life for cancer 
patients. The purpose of this study is to assess the efficacy of a combined exercise and diet programme 

designed to induce a loss in fat mass while maintaining skeletal muscle mass in men with prostate cancer 
receiving ADT. We will also be investigating the effects of the diet and exercise intervention on blood and 

inflammatory biomarkers, cardiorespiratory fitness, resting metabolic rate, muscle strength, and quality of life. 

This study is being conducted as part of the requirement for a Doctor of Philosophy degree. 

 
Who can participate? 

We require men with prostate cancer who are currently receiving ADT and are overweight or obese. To be 

eligible, participants must: 
 

1. Be receiving ADT as part of their prostate cancer treatment plan. 

2. Have been on ADT for at least 6 months and anticipate remaining on ADT while participating in the 

study (that is, receiving at least one more dose of ADT).  

3. Not have bone metastases or a secondary cancer diagnosis. 
4. Have a body mass index (BMI) between 25-50 kg/m2. However, after completing a body composition 

assessment at the Exercise Medicine Research Institute, only those with a body fat percentage ≥25% 

will be included in the study. * 

5. Comfortably walk 400 m. 

6. Not performing regular exercise as defined by undertaking structured aerobic or resistance training 

two or more times a week within the past 3 months.  
7. Not receiving professional dietary advice as defined by seeking nutritional information from an 

Accredited Practising Dietician.  

8. Not have any acute illness, musculoskeletal, cardiovascular, kidney, thyroid, or neurological disorder 
that could place the participant at risk of injury or illness resulting from the exercise or diet. 

9. Your nominated GP must provide consent and clear you for participation in the study. 

10.  Be able to read and speak English. 

 

• If you do not qualify for the study based on your body fat percentage, you will be provided with information 

of other opportunities internal and external to the Exercise Medicine Research Institute, including other 
studies undertaken at ECU (if appropriate), or an enhanced primary care (EPC) plan to receive Medicare 

rebate exercise physiology consultations. 
 

If you qualify and choose to take part in the study all participants will complete the exercise and diet 
intervention.  

 

What will I be asked to do? 
 

Exercise programme 

All participants will complete a 12-week exercise programme and then asked to maintain this level of activity 

for a further 12 weeks via a prescribed home-based programme (see study commitment timeline below, 

Figure 1). The exercise programme will consist of three supervised aerobic/resistance training sessions per 
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week for the 12-week intervention period and completion of daily self-monitored aerobic activity of your own 

choice. In total, the participant will be asked to complete 300 minutes of exercise a week (3 x 60-minute 

supervised training sessions (180 minutes) + 120 minutes of self-monitored aerobic exercise) aiming for 
approximately 45 minutes of exercise per day. Participants will be asked to maintain this level of exercise for 
a further 12 weeks after the supervised sessions have stopped. Further advice and exercise prescription will 
be provided by the lead researcher (Ms Rebekah Wilson) for the home-based programme.  

 

The supervised training programme will be conducted in small groups of up to 10 participants exercising under 
direct supervision to ensure correct technique and to minimize the risk for injury. Sessions will take 

approximately 60 minutes (this includes the warm-up and cool down). Three times weekly training sessions 
will start with a 5-minute warm-up comprising of low-level aerobic activity such as walking and cycling. 

Resistance training will involve exercises that target all major muscle groups of the upper and lower body. 

Intensity will be manipulated from 6-12 repetition maximum (RM; i.e. the maximal weight that can be lifted 

6 to 12 times which is equivalent to ~60-85% of 1RM or your maximal strength) of 1-4 sets per exercise (a 

set is a series of repetitions). The aerobic component will involve the participants completing ~30-45 minutes 

of aerobic training on those days where resistance training will not be completed. The participants may partake 

in an aerobic exercise of their own choice such as swimming, walking, jogging, or cycling. Participants will be 

asked to maintain a moderate-vigorous intensity of 50-90% of maximum heart rate (220-age) where 

participants will receive consultation during the supervised sessions on how to monitor and complete the 

aerobic exercise. The exercise prescription will be progressive and modified according to individual response.  

 

Diet programme 

All participants will be asked to attend three nutritional counselling sessions conducted by the lead researcher 
(Ms Rebekah Wilson) and Accredited Practising Dietician (A/Prof Philippa Lyons-Wall). These will be completed 

at weeks 7, 9, and 18 of the study period (see Figure 1 for study timeline). Participants will not be asked to 

stick to a strict diet but simply be provided with individualised nutritional advice and goals that suit each 

participant’s lifestyle and preferences. The nutritional counselling sessions will include the development of an 

individualised meal plan highlighting portion sizes and appropriate food choices that will assist in making the 

necessary changes to induce fat mass loss. We will be targeting a 2-4MJ (500-1000 kcal) energy deficit as 
recommended by the Australian Weight Loss Guidelines. The advice will also aim to reduce consumption of 
refined carbohydrates (e.g. white bread, cakes, biscuits), saturated fats (e.g. processed meats, butter, cream), 

and to optimise protein intake (e.g. fish, skinless chicken). We will be aiming for a daily protein intake of 1-

1.2 g/kg/day which aligns with the daily intake recommended by the Australian Healthy Eating Guidelines and 

for cancer patients. We will also be providing each participant with a protein supplement (vanilla whey protein 

powder shake, supplied by Bulk Nutrients) after each supervised training session during the 12-week 

supervised period of the study.  

 

Figure 1: Participant timeline of commitment to study. 

 
Assessments 
As a participant in this research project you will be required to complete a series of assessments that will 
occur at 0 weeks, 6 weeks, 18 weeks, and 30 weeks (as shown in Figure 1). Participants will be thoroughly 

instructed on each of the assessments and supervised by qualified professionals at all times throughout these 

Testing 

session 1 
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session 4 
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session 3 
Nutrition 
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Nutrition 

session 2 

Nutrition 
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Week 30 Week 6 Week 18 Week 0 Week 7 Week 9 Week 18 
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12 week exercise (3x per 

week) and diet 

programme 

12 week home–based 

programme 
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sessions. The assessment appointments will take approximately 1-2 hours and will be conducted over 3 

separate days during a ~1-week period (see Table 1 below for assessment commitments). 

 

Body composition 

o Body mass index (BMI) will be calculated by measuring your weight and height. 
o Waist and hip circumference will be measured using a constant tension measuring tape. 

o Fat, muscle, and bone density will be measured with Dual Energy X-ray Absorptiometry (DXA). This 
assessment involves lying still for approximately 10-minutes and a scanning arm will move above your 
body. A low-dosage x-ray will pass underneath the table to the scanning arm.  

o Bone and muscle size of the lower leg will be measured using the Peripheral Quantitative Computed 

Tomography (pQCT). The assessment involves you sitting in a chair with your leg extended and the 

circular scanning arm moving from your ankle to your knee.  

o The total radiation dose for all scans undertaken during the study is very low, only a little more than 

normal background radiation from an airplane flight and much less than, for example, an international 
flight.  

 

Blood and inflammatory markers 
o We will be assessing lipid profile, C-reactive protein, insulin, HbA1c, PSA, testosterone, interleukin-6 

(IL-6), and insulin-like-growth-factor-1 (IGF-1). These markers will be analysed from venous blood 

samples collected and analysed by an accredited Australian National Association of Testing Authorities 

laboratory (i.e. Australian Clinical Labs). Participants will be asked to attend this appointment in a 

fasted state (consumption of no food or beverages (other than water) 6 hours prior to appointment), 
preferably first thing in the morning having fasted overnight.  

 
Resting metabolic rate 

o This measure requires all participants to attend the first testing day in a fasted state. This requires 

the consumption of no food or beverages (water is fine) 6 hours prior to appointment (we recommend 

having dinner the night before and only water after 10pm until your appointment the following 
morning). Participants are also asked to abstain from smoking in the 6 hours leading up to the 

appointment and vigorous exercise during the previous 24 hours. Morning medications may be 

consumed prior to appointment but with water only. Please bring your own breakfast, tea and coffee 

will be provided. Resting metabolic rate assessment involves lying down for up to 25 minutes. For the 
final 10-15 minutes of the test, participants will have a see through plastic hood covering their head 
(like an astronaut helmet), this will collect and analyse the expired air. 

 

Cardiorespiratory fitness 
o Maximal aerobic capacity test: This will involve walking/jogging on a treadmill until volitional fatigue. 

The test will last ~8-12 minutes. This test will be supervised by a medical doctor as well as by 

Accredited Exercise Physiologists. During the test, participants will have a 12-lead electrocardiography 

(ECG) system attached to the body which will be assessing heart rhythm and rate. Participants will 
also have a blood pressure cuff around the arm and a mask over the nose and mouth that will be 

assessing their expired air. The speed and gradient of the treadmill will be gradually increased every 

3 minutes until the participant says stop or we feel it is unsafe to proceed.   

o 400 metre corridor walk: Participants will be asked to walk 20 metres in a corridor, turn and return 

to the starting position and repeat another 9 times.  
 

Muscle strength 

o One-repetition maximum test: Maximal muscle strength will be determined for three of the resistance 

exercises performed during the exercise training sessions using weight-training machines (leg press, 
chest press, seated row). The maximal strength is the most weight that can be lifted one time using 

correct technique. 

 

Protein intake (urine assessment) 
o As a participant, you may be required to provide a 24-hour urine sample while completing day two 

of the 3-day diet weighed food record described below. This will involve participants collecting their 
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urine in a provided container over a period of 24 hours. We will be analysing total urinary nitrogen 

which allows us to calculate protein intake.  

 

 
 
Dietary monitoring  

o 3-day diet weighed food record: Participants will be asked to weigh and record all food and beverages 
consumed over three consecutive days; two week days and one weekend day. Participants will be 

provided with scales as well as written and verbal instructions on how to accurately complete this. 
 

Physical activity monitoring 

o Participants will be asked to wear an activity monitor (triaxial accelerometer) for a 3-day period, 

including while sleeping (same 3 days as completing above described weighed food record). This will 
allow us to accurately measure the duration and intensity of any physical activity completed. The 

device is very small (4.6cm x 3.3cm x 1.5 cm), lightweight (19g), and will be worn on the waist. 
Participants will also be provided with a heart rate monitor to monitor exercise intensity completed 

outside of the supervised sessions. The participant will be required to record their exercise length and 

average/peak heart rate in a logbook. 

Questionnaires  
o Participants will be asked to complete standardised questionnaires used to record demographic and 

health history information as well as to assess quality of life (both general and prostate cancer specific 

including treatment side effects e.g. incontinence, sexual health, bowel dysfunction), usual leisure 

time exercise and sedentary habits, and eating patterns/habits. These questionnaires will be 

completed at home at your leisure. During the 12-week supervised programme participants will be 

asked to fill out a weekly questionnaire looking at their food intake and exercise over the previous 7 

days. This questionnaire will also be undertaken via a phone call once at the mid-point of the home-

based period. Participants thoughts on the programme will also be asked. 

 
The assessments conducted during this study could reveal information that may be significant for your health. 
You have a choice to receive this information or not and, if you choose to receive it, you can also indicate how 
you would like it to be provided. Please note that the research team do not have the expertise to provide a 
medical diagnosis or advice on medical treatment. They will simply bring your attention to the abnormal result 
and recommend you seek further medical advice. The consent form allows you to provide your wishes, which 
will be respected by the research team.  
 

Table 1: Participants commitment for testing procedures to be repeated at each testing time point unless 
specified and will be conducted over the period of a week, subject to participant availability. 

 

 Procedures Time 

Testing day 1 

 Body composition (DXA, pQCT) 

 Resting metabolic rate (fasting) 

 Questionnaires (completed at home) 

1-2 hours 

Off-site testing 

(completed at 

home/off campus) 

 Blood test (fasting) (weeks 6 and 18 only) 

 24 hr urine sample (weeks 6 and 18 only) 

 3-day diet weighed food record (additional measurement at week 12) 

 3-day physical activity monitoring (additional measurement at week 12) 

3 days 

Testing day 2 
 Strength testing familiarisation session (week 0 only) 

 Maximal aerobic capacity test (weeks 6 and 18 only) 
1-2 hours 

Testing day 3 

 400m walk  

 Strength testing 

 Diet history (week 6 only) 

1 hour 
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All testing will take place at Edith Cowan University, Joondalup Campus. However, exercise training sites will 
be available at both Joondalup and Mt Lawley Campuses. We are not able to offer re-imbursement of your 
travel costs to testing and exercise training sessions.  
 

What risks are involved? 
Any exercise may result in mild discomfort and muscle soreness. Furthermore, there is the possibility of muscle 

pulls or strains associated with the exercise, common to any type of physical activity. In order to minimize 

these risks participants will perform an adequate warm-up and cool-down before and after any exercise bout, 
be comprehensively instructed on the correct lifting technique, thoroughly familiarised with the movements 

involved in this investigation, and supervised at all times when completing exercise sessions within the clinic 

facilities by a qualified professional. Risk of falling may exist in the performance of some tasks, however, 
participants will be closely supervised and spotted to prevent a fall from occurring. Furthermore, during 

exercise it is possible to experience symptoms such as abnormal blood pressure, fainting, light-headedness, 

muscle cramps or strain, nausea, and in very rare cases heart rhythm disturbances or heart attack. These 

potential risks are common to any form of physical activity.  
 

DXA scans are routine clinical tests but carry a small risk to the participant. DXA involves exposure to radiation. 

The level of radiation exposure is exceedingly small (10-30 microSieverts [μSv]) in comparison to the natural 
annual radiation dose in western communities (approximately 3000 μSv). A person would receive radiation 

exposure of approximately 80 μSv on an airline flight of 8-hours or 30-40 μSv during a typical chest x-ray. The 

number of scans proposed in this study is well within the guidelines provided by the manufacturer of DXA 

machines.  
 

The discomforts associated with the blood drawing procedures are minimal. There is a risk that sometimes 
bruising and infection may occur and that the arm might become sore. Risk of bruising or infection from the 

blood draws will be minimised because all blood draws will be performed by a trained phlebotomist with 

extensive experience. The total amount of blood drawn during each session will not exceed 15 ml. No syringes, 
lancets, needles or other devices capable of transmitting infection from one person to another shall be reused. 

All of these items, which are disposable, will be destroyed after each use. As an additional safeguard in 

preventing contamination new disposable gloves will be required for all blood draws. All contaminated items 
will be disposed of promptly in sharps containers.  
 

Participants will be required to consume a protein supplement after each supervised training session. It is 
possible a participant may have an allergic reaction to the contents of the powder e.g. lactose intolerance. 

Those participants who have a known lactose intolerance will be supplied with an alternative low lactose 

protein supplement (whey protein isolate). If a reaction does occur, participants will no longer be required to 

consume the protein supplement, however, will be asked to consult with the dietician about alternative 

protein products to consume instead of the protein powder supplement after each supervised training session. 

Please see the Bulk Nutrients, Whey Protein Concentrate, Vanilla flavour website page for further nutritional 
content information (http://www.bulknutrients.com.au/products/whey-protein-concentrate.html).  
 

As a participant, you should contact a member of the research team if you are concerned about the potential 
of any adverse effects or if you experience any adverse effects following any of the tests, exercise sessions 
and/or consumption of the protein supplement. If any major symptoms of concern do arise during the study, 

you will be referred to your GP for further consultation, remediation, and clearance to continue in the trial as 
needed. 
 

What benefits do I gain from participating? 
All study activities, including the exercise instruction and training, nutrition consultation, protein supplement, 
and exercise equipment provided for home use as well as all assessments are provided at no cost to the 

participants. 
 

Confidentiality and privacy statement: 
The conduct of this research involves the collection, access and/or use of your identified personal information. 

The information collected is confidential and will not be disclosed to third parties without your consent, except 
to meet government, legal, or other regulatory authority requirements. Your results will be kept as confidential 
as is possible by law. All data will be kept in the possession of the investigators and stored in locked filing 

cabinets and password restricted computers for a minimum of 25 years. If the results of the study are 

published in a scientific journal, your identity will not be revealed. Participants will not be referred to by name 

http://www.bulknutrients.com.au/products/whey-protein-concentrate.html)
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during research reports or study discussions. A re-identified copy of this data may be used for future research 

projects. However, your anonymity will be safeguarded at all times.  
 
Feedback: 

All participants will be provided with test results at the end of the study. A summary of study results will be 

made available to all interested participants upon completion of the trial.  
 

 
 
Voluntary participation: 

Whether you decide to participate in the study or not, your decision will not prejudice you in any way. No 

explanation or justification is needed if you choose not to participate. If you do decide to participate, you are 

free to withdraw your consent and discontinue your involvement at any time. 
 

Withdrawing consent to participate: 

Participants are free to withdraw their consent to further involvement in the research project at any time. If 
you decide to withdraw after initial baseline assessment, then your data may still be useful to us and assist 
with our study. If you wish to withdraw all information from the study then you may do so by indicating this 
to us in writing.  
 

Contacting the investigators: 

We are happy to answer any questions you may have at this time. Please do not hesitate to contact either: 
  

Ms Rebekah Wilson 

Prof Daniel Galvão 

Prof Rob Newton 

Phone: (   

Phone:  

Phone:  

Email:  

Email:  

Email:  

 

If you have any concerns or complaints about the research project and wish to talk to an independent person, 

you may contact 
 

Human Research Ethics Officer   Phone: (08) 6304 2170 Email: research.ethics@ecu.edu.au 
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A4. Patient consent forms 

Chapter 4: 

Image is not available in this version of the thesis
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Chapter 5, 6, 7: 

CONSENT FORM 
Project title: Effects of a combined exercise and diet intervention in obese prostate cancer patients 
on androgen deprivation therapy: a prospective study. 

 I understand this study is being conducted as part of the requirement for a Doctor of

Philosophy degree.

 I have read and understood the information sheet and this statement of informed consent.

 I understand that the study will be carried out as described in the information sheet, a

copy of which I have retained.

 The nature and possible effects of the study have been explained to me.

 Any questions that I have asked have been answered to my satisfaction.

 I understand that all research data will be treated as confidential.

 I realise data gathered from this study may be used in future studies conducted by the

Exercise Medicine Research Institute.

 I agree to participate in this study and give my consent freely.

 I realise that my participation in this research study is voluntary and whether or not I

decide to participate is solely my decision.

 I also realise that I can withdraw from the study at any time and that I do not have to give

any reasons for withdrawing.

 If I choose to withdraw from the study I understand that I also have the right to withdraw

all information, but this must be provided in writing.

 I agree that research data gathered for the study may be published provided my name or

other identifying information is not disclosed and may be used in future research studies.

 I understand that assessments conducted in this study could reveal information that may be
significant for my health;
- I would like to be informed
- I would not like to be informed

I would like to receive any abnormal results via: (please note only your GP can provide a 
medical diagnosis and treatment advice) 
Email: 
Letter: 
Phone call: 
My nominated GP: 

Participant: 

GP Name GP Practice 

Date Name Signature 



230 

A5. Medical clearance form 

MEDICAL PRACTITIONER CLEARANCE FORM 

Project title: Effects of a combined exercise and diet intervention in obese prostate cancer patients 

receiving androgen deprivation therapy: a prospective study 

Researchers: Ms Rebekah Wilson, Prof Daniel Galvão, Prof Robert Newton, Dr Nicolas Hart, Prof 

Dennis Taaffe, A/Prof Philippa Lyons-Wall 

Contact: Ms Rebekah Wilson, Email: Phone: (

Institute: Exercise Medicine Research Institute – Edith Cowan University 

Dear Doctor, 

The Exercise Medicine Research Institute is undertaking a research study investigating the efficacy of 

a combined exercise and diet intervention to reduce fat mass in obese prostate cancer patients receiving 

androgen deprivation therapy (ADT). Obesity within the prostate cancer population has been identified as an 

area of concern, with obesity being associated with increased risk of prostate cancer-specific death, more 

aggressive prostate cancer stage, and biochemical recurrence. Current strategies recommend the use of the 

prostate cancer physical activity guidelines of 75-150 minutes of exercise per week. Although these guidelines 

have been shown to induce significant improvements in quality of life, fatigue levels, muscular strength, and 

aerobic fitness, they have been unable to show significant reductions in fat mass. Greater amounts of exercise 

with an energy deficit diet aligning more with the Australian weight loss guidelines has been proposed as a 

potential strategy to improve body composition by losing fat mass and maintaining skeletal muscle mass.  

The purpose of this study, as part of the requirement for a Doctor of Philosophy degree, is to: 1) 

assess the efficacy of a 12-week combined exercise and diet intervention to reduce fat mass while maintaining 

skeletal muscle mass in obese prostate cancer patients receiving ADT; and 2) to assess the effect of the 

intervention on blood and inflammatory biomarkers, cardiorespiratory fitness, resting metabolic rate, muscle 

strength, and quality of life.  

We require men who are 6 months post commencement of ADT but who are anticipated to remain 

on ADT for the course of the study period. Participation in the research project involves completion of a 12-

week combined exercise and diet intervention designed and monitored by experienced exercise 

scientists/physiologists, and dieticians. Following the supervised training period, participants will complete a 

12-week self-monitored home-based programme where they will be recommended to continue utilising the

exercise and nutrition advice provided during the initial 12-week supervised training period. The exercise

component will involve 300 minutes of combined aerobic and resistance exercise each week (~45 minutes

per day), to be completed throughout the 12-week supervised training period and 12-week home-based

programme. The 12-week supervised training period will include completion of three aerobic/resistance

training sessions, under direct supervision, and daily self-monitored aerobic exercise of the participants own

choice. The resistance training component will include exercises covering all major muscle groups that will

gradually progress over the 12-weeks using 6-12 repetitions (the number of times the weight can be lifted

per set before resting and is equivalent to a moderate-to-high intensity) for 1-4 sets. Each supervised session

will last approximately 60-minutes commencing with a 5-minute warm up and concluding with a 10-minute

cool down period to minimize the participant’s risk of injury/harm. The resistance component is designed to

improve muscular strength and develop muscle hypertrophy while assisting in the increased daily energy

expenditure to assist fat loss. The aerobic component will be completed with researcher consultation and
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initial familiarisation during the supervised sessions but will be mostly executed without supervision. The 

recommended intensity will be 50-90% of their predicted heart rate maximum (220 - age). The diet 

component of the intervention will provide individualised nutritional advice delivered via three nutritional 

counselling sessions at week 1, week 3 and week 12 of the 12-week supervised training period by an 

Accredited Practising Dietician. Although advice will be individualised, we will aim for a daily energy deficit of 

2-4 MJ (500-1000 kcal), and reduced consumption of refined carbohydrates, saturated fats, and to optimise

protein intake (protein = 1-1.2g/kg/day; aligns with Australian Healthy Eating Guidelines for older persons).

To assist with protein intake, we will be providing participants with a whey protein concentrate shake after

each supervised training session throughout the intervention period.

Participants will undergo Dual Energy X-ray Absorptiometry (DXA) and peripheral Quantitative 

Computed Tomography (pQCT) scans in order to assess body composition, bone mineral density (including hip 

and spine), and cross-sectional areas of the lower limb. Blood tests will also be conducted by a commercial 

pathology laboratory to assess blood and inflammatory markers. Participants will also provide a 24hr urine 

sample to assess protein intake. Participants will undergo several physical tests including a maximal treadmill 

aerobic capacity test, which will be supervised by a physician, a 400m walk test, and one-repetition maximum 

strength tests (chest press, leg press, seated row). All tests will be conducted by a trained researcher and will 

be terminated with signs of undue stress.  

Participants must meet all the following criteria to participate: 

 Be receiving ADT, however, must have commenced at least 6 months prior to study entry and must

anticipate continuing to receive ADT for the remainder of the study period (that is, receiving at least

one more dose of ADT).

 Have a body mass index between 25-50 kg/m2, (however, only those with a body fat percentage

≥25%, as assessed by DXA in the first testing session, shall be accepted into the study).

 Do not have bone metastases or secondary cancer diagnosis.

 Not already performing regular exercise defined as undertaking structured resistance or aerobic

training two or more times per week within the last 3 months.

 Not receiving professional dietary advice defined as seeking nutritional recommendations from an

Accredited Practising Dietician.

 No acute illness, musculoskeletal, cardiovascular, kidney, thyroid, or neurological disorder that could

place the participant at risk of injury or illness resulting from the exercise and/or diet.

 Be able to complete moderate-vigorous intensity exercise, including able to comfortably walk 400m.

The concern of the researchers is of past and/or present medical conditions that may compromise the 

individual’s ability to participate in the exercise or diet component of this study. For these reasons, all potential 

participants have been asked to seek their medical doctor’s approval prior to involvement in the study. As the 

participant’s nominated doctor, you may be contacted if your patient receives any abnormal results that may 

require further medical advice.  Also, if any symptoms of concern arise during the study period, your patient 

will be referred back to you for further consultation, remediation, and clearance to continue in the trial as 

needed. 

The study has been approved by Human Research Ethics Committee at Edith Cowan University and 

subjects will be free to withdraw from the study at any time. Should you require further information, please 

feel free to contact us by phone or by email.  

Sincerely, 

Rebekah Wilson, Daniel Galvão, Robert Newton, Nicolas Hart, Dennis Taaffe, Philippa Lyons-Wall. 

 is in sufficient health to participate in this study. 

Participant’s name 

Doctor’s Name Doctor’s Signature Date 
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B. TESTING PROTOCOLS

B1. Testing sheets 

REBEKAH PHD DATA COLLECTION SHEET – DAY ONE 

Name:      Code: .  . 

DOB:  Age: .      . Date:  . . 

Testing time:      Baseline Pre-intervention  Post-intervention Post-follow up 

1. EQUIPMENT REQUIRED:

o Tape measure

o Fitmate Pro (hood + attached

flowmeter + analyser, machine +

black cord + extension cord,

pillow)

o Automatic blood pressure cuff

o Scales

o DXA (pillow, 3x machine pillows,

strapping tape)

o pQCT (towel, chair, box)

o Questionnaires (2x QoL, Godin

PA, FFQ, Adherence (pre

intervention/post follow-up),

participant survey (baseline, post

follow-up)

o Participant clip board + pen

o Off-site testing (actigraph, urine

test, blood test, food record) – Will

know before coming in if they need

these now or next appointment.

2. Arrive 45 minutes early.

3. Calibrate the DXA and pQCT – Select NHANES

4. Get out all the equipment required as per listed above.

5. Set up the RMR and make sure all good (are there any warning signs that come up? Battery?

Memory? O2 sensor state – all must be GREEN to go ahead)

6. Participant arrives.

7. Introduce study and how things will work today (DXA, RMR, questionnaires, pQCT).

8. Have you received/checked:

o Informed consent received?

o GP consent received?

o Participant permission for GP to receive

abnormal results?

o Patient is fasted?

o Did they take their morning medication?

YES     NO

o Is the patient seeing a cardiologist? May

require further consent for CPET.

o Demographic/health questionnaire OR health

changes form completed?

o Received exercise log book (post-follow up)

NB: Check to see that all questions were filled out. Go over questionnaires with participant and ask if there was 

anything they didn’t understand.  
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9. Body composition (anthropometrics/DXA):

NB: If W/HC is more than 2mm different, repeat untill consistent. 

NB: Feet together for hip circumference. 

NB: Object length is measured from the bottom of malleolous (ankle bone) to the tibial plateau (gap on the 

medial side of the knee).   

Item Result Item Result 

Height cm Weight kg 

BMI kg/m2 Waist circumference 1 cm 

Hip circumference 1 cm Waist circumference 2 cm 

Hip circumference 2 cm Waist circumference 3 cm 

Hip circumference 3 cm W/H ratio 

Object length mm 

NB: RADIATION BADGE 

NB: Ask participant to take off all metal and reflective clothing. This could include jewellery, zips, 

reflective logos. .                                                                                                                                 . 

NB: Ask if participant has any metal inside their body: .                                                              . 

NB: Instruct participant to get on the plinth without touching the sides. 

NB: Ask if they would like a pillow: .                                                                                               . 

NB: Input participants details into the computer and answer the FRAX questions as appropriate.  

NB: Set up participant in the centre of the plinth and tape feet together in an internally rotated position 

(ask if allergic to tape).  

NB: Instruct participant that the bed moves and to remain STILL over the next 3-5 minutes.  

10. Complete DXA :  WHOLE BODY  LEFT HIP  LUMBAR SPINE. 

11. CHECK FAT %.

Notes: 

12. Resting metabolic rate and resting blood pressure and heart rate (supine):

NB: Participant to lie down with no equipment on for 10 minnutes – Lights off.  

NB: Instruct participant to remain relaxed but to try and avoid a state of sleep. 

NB: Set up machine just before 10minutes and once the calibration is done place the hood over participant 

(flowmeter at head) and tuck in all sheets.  

NB: Turn off machine once you get a warning of “collected enough data.” 

NB: Complete BP and HR once finished. 

Item Result Item Result 

Blood pressure 1 (right) mmHg RMR kcal/d 

Blood pressure 2 (right) mmHg RMR kcal/kg/d 

Blood pressure 3 (right) mmHg RMR kcal/lean kg/d 

Blood pressure 1 (left) mmHg Heart rate 1 bpm 

Blood pressure 2 (left) mmHg Heart rate 2 bpm 

Blood pressure 3 (left) mmHg Heart rate 3 bpm 

Dominant arm Right   left 
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Notes: 

13. If still have time, set up the pQCT machine: participant details, and machine set.

14. Provide participants with the questionnaires, they may fill out what they can now but will need to

complete the rest at home:

o Quality of life (SF36 and EORTC)

questionnaires.

o Godin physical activity questionnaire.

o Food Frequency questionnaire.

o Health changes questionnaire

o Adherence questionnaire (pre-

intervention/post-follow up)

o Participant Survey (baseline/post-follow up)

o Envelope to keep in the questionnaires.

15. Complete tibia pQCT

NB: Feet flat on box (right height for chair). Have machine up high to start with.  

NB: Laser aligns with distal malleolous. Looking for the gap between the tibia and talus bone. 

NB: Participant may eat at this time while filling out the questionnaires 

NB: Check leg is not going to touch the machine 

16. Clarify with participant all the instructions of any homebased testing/next appointments:

o Booking of the next 2 appointments.

NB: require 0 days between this and the second appointment. Require at least 4 days, including the

weekend, for the third appointment.

.                                                                                                                                                         .

o Preferred training times completed (pre-

intervention): .      . 

o Below instructions will depend on

appointment timing – these are preferably

given at 2nd appointment not 1st).

o Provided participant with accelerometer +

instructions

o Provided participant with food diary +

instructions

o Provided participant with urine collection

container + bottle + chilly bag + instructions

(clarify if they will bring to you or you will

pick up).

o Provided participant with bloods form +

instructions + day they will complete test

(just to get an idea of when I will need to

pick up bloods).

17. Turn off heater – wait 5 minutes then turn off computer and met cart. Finish all equipment clean

up.

Notes: 
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REBEKAH PHD DATA COLLECTION SHEET – DAY TWO 

Name:      Code: .   . 

DOB:  Age: .                       . Date:                            . 

Testing time:      Baseline Pre-intervention   Post-intervention Post-follow up 

1. EQUIPMENT REQUIRED:

o Met cart (3x mixing chamber

attachments, hose, 7x mask

attachments, mask, head strap)

o Activated actigraph, instructions

o Food record sheet, instructions,

scales, cups, spoons

o Urine collection container, funnel,

bottle, chilly bag, 2x freezer bricks

(to freeze)

o Filled in bloods form, instructions

o Blood pressure cuff/stethoscope

o RPE scale

o ECG (razor, alcohol wipes,

scratchy sponge, sticky tabs)

o Spirometer, tube

o Oxygen saturation finger

o Scales for height and weight

o Medication list for doctor

2. Arrive 45-60 minutes early. Turn on computer (ECG and met cart computers), treadmill, and

met cart – Wait 5 minutes.

3. Get out all the equipment required for the met cart.

4. (after 5 minutes). Turn on the heater – Wait 30 minutes.

5. Set up the equipment required for the stress test (including BP, lung function, O2).

6. (after 30 minutes). Calibrate met cart. (Press “save” every time even if it’s incorrect).

o Performed the gas calibration (-1.5% and +1.5%)? Calibration result:  O2%:  CO2%:   . 

o Flow metre calibration (-1.5% and +1.5%)? Calibration result:  . 

7. Participant arrives.

8. Run through how things are going to work today

9. Have you received/checked:

o Received 2x Quality of life

questionnaires,

o Received Godin physical activity

questionnaire

o Received FFQ

o Received health changes form

o Received participant survey

(baseline/post follow-up)

o Received adherence questionnaire (pre-

intervention/post follow-up)

Supervising doctor (name):      .  (signature):  . 

Assistant #1 (name):      .  (signature):      . 

Assistant #2 (name):      .  (signature):      . 
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10. Update weight, use the same height from previous tests.

Item Result Item Result 

Weight kg Height cm 

11. ECG set up

NB: Get the participant lying down with their shirt off

NB: Find points starting with V1, V2, V4, V3, V5, V6 arms, hips in that order. Then shave, scratch, alcohol 

swab, electrodes attach.  

NB: Analyse resting ECG for 5 minutes.  

NB: Take O2 saturation while lying down.  

NB: Make note of BP supine/seated and HR after 5 minutes. 

Item Result Item Result 

Blood pressure left 

(supine)  

mmHg Blood pressure right 

(supine)  

mmHg 

Blood pressure left 

(seated)  

mmHg Blood pressure right 

(seated) 

mmHg 

Heart rate rest bpm O2 saturation % 

12. Lung volume measures/oxygen saturation

NB: Instruct participant (deep breath in and exhale until I say stop).

NB: Allow participant one practice – time each attempt for 6 seconds of exhaled breath. 

Item Result Item Result 

FVC – 1 L FEV - 1 L 

FVC – 2 L FEV - 2 L 

FVC - 3 L FEV - 3 L 

FEV/FVC - 1 % FEV/FVC - 3 % 

FEV/FVC - 2 % 

13. Maximal aerobic capacity test:

NB: One assistant to complete RPE, treadmill. Other assistant to complete BP. Other jobs could include

standing behind treadmill, stop watch.

NB: Blood pressure to be taken on the non-dominant side. .  . 

NB: Instructions to provide participant: 

a) This is a walking test and requires you to keep going until you think you have reached your maximum.

b) We will do a 5 minute warm up at 2.7kph then go straight into the test and finish with a 5 minute cool

down where you will continue walking.

c) During the test the treadmill gradient and/or speed will change every 3minutes.

d) The treadmill does start and stop quite abruptly so please have a hold on when it starts and stops.

e) When you think you have gone for as long as you can or you just want to stop the test because you

don’t feel good just raise your hand and this will let us know that you are finished.

f) However, we ask that you continue walking. We will reduce the treadmill speed and gradient to as low

as possible but you need to keep walking as the treadmill will not stop moving.

g) You may hold on to the rail at any point if you need to but try not to rely on it.
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Minutes Heart rate Blood pressure RPE (0-10) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Finish 

R1 

R2 

R3 

R4 

R5 

NB: 

- The finish column is the values take at the point at which the participant chooses to stop/terminate test.

- Measures all taken in the 30 seconds leading up to stage change e.g. minute 2.30-3.00

- TEST SUCCESS CRITERIA: RPE ≥ 9 (RER ≥ 1.1, ± 10 bpm of HRmax).

- CRITERIA TO STOP: hypertension - >200/110, abnormal exercising ECG with complaints, severe

cardiac arrhythmias, patient feels unwell or non-test specific pain.

Item Result Item Result 

Time min  sec Relative VO2max ml/kg/min 

End RQ/RER Absolute VO2max L/min 

Warm up rate km/hr HR max bpm 

Face mask size 
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Notes: 

14. Provide participant with:

o Clarify the dates they will complete

actigraph and activate the device for

those dates (Thursday, Friday,

Saturday OR Sunday, Monday,

Tuesday)

o Actigraph, log book, instructions

o Food diary, instructions, scales, cups,

spoons

o Urine collection container, funnel,

bottle, chilly bag, 2x freezer bricks

(to freeze), instructions

o Filled in bloods form, instructions

15. Check in before participant leaves

o Confirmed next appointment time (require at least 4 days, including the weekend, until next

appointment)?

o Remind of instructions of tests to complete at home.

16. Turn off heater – wait 5 minutes then turn off computer and met cart. Finish all equipment clean

up.
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REBEKAH PHD DATA COLLECTION SHEET – DAY THREE 

Name:  Code: .  . 

DOB:  Age: .  . Date:  . 

Testing time:      Baseline Pre-intervention Post-intervention Post-follow up 

o Familiarisation? o Actual test?

1. EQUIPMENT REQUIRED:

o Heart rate monitor

o Blood pressure cuff/stethoscope

o 2x cones, 2x door stop

o Stop watch

o Tape measure

o RPE scale

2. Arrive 30 minutes early. Prepare all paper work.

3. Participant arrives.

4. Run through how things will work today (400m walk, 3x 1RM, diet history if week 6).

5. Have you received/checked:

o If familiarisation – have you provided

patient with actigraph, food dairy,

scales/cups/spoons with clear

instructions for all?

o Received 2x Quality of Life

questionnaires

o Received Godin PA questionnaire

o Received Food Frequency questionnaire

o Received adherence questionnaire (pre-

intervention/post-follow up)

o Received actigraph with log book

o Received 3-day food diary, scales, cups,

spoons.

o Received 24hr urine sample with log

book (pre/post-intervention)

o Confirmed blood test has been done by

Clinical Labs (pre/post-intervention)

o Identified if patient has any existing

injuries/conditions that may prevent

them from doing one of the tests?

6. Place a heart rate monitor on participant

7. 400 m walking test

NB: Place BP cuff on participant and take pre-test HR/BP sitting down 

NB: Complete 20m of strides (“as if you were pacing something out”). Half a stride = 1 full count. 

NB: Instruct participant on test and that they may stop at any time (walk around the cone, walk as fast as you 

can) 
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Item Result Item Result 

Heart rate rest (seated) bpm Blood pressure pre-test mmHg 

Non-dominant hand Right  /  Left Warm up strides (20m) # 

NB: When finished stop watch immediately, ask participant to read HR, take BP on the non-dominant side, ask 

what their RPE was once BP finished.  

NB: make a note of 1min post HR 

NB: Warm down 

NB: Make a note of 2 min post HR 

Laps:   1 2 3 4 5 6 7 8 9 10 

Item Result Item Result 

Heart rate end bpm Time s 

Heart rate 1min post bpm RPE end 

Heart rate 2 min post bpm Blood pressure post-test mmHg 

Average heart rate bpm Estimated VO2max ml/kg/min 

Maximum heart rate bpm Stride length (< 1.2steps/m) Yes / No 

Notes:  

Blood pressure is taken in a seated position. 

8. Chest press

NB: Place the participant into the correct position. 90* at arms, bar at nipple line, feet where

comfortable and place tape/mark where his thumbs are to be placed each time. Mark down all the

equipment position measurements.

Item Result Item Result 

Bar Start (big/little) Bench position cm 

Grip position cm Step height 

Bench angle lowest 

NB: Instruct technique and breathing (out on the effort) 

NB: Complete each stage with 2 minutes rest between each one. 

NB: F marks a failed attempt 

Item Result Item Result 

6 reps x 80% 1RM kg 3 reps x 80% 1RM kg 

1RM attempt 1 kg 1RM attempt 2 kg 

1RM attempt 3 kg 1RM attempt 4 kg 

1RM attempt 5 kg Actual 1RM kg 

Notes: 

9. Leg press

NB: Place participant into the correct position. 90* legs, heels bottom of black on incline, toes at top in

supine, hands on handles. Mark down the equipment position

NB: 200kg is the limit of the incline leg press.
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Item Result Item Result 

Machine used Incline / Seated 90° knee level (distance 

from floor to top of tape) 

cm 

Foot position Heels in lie with bottom 

grip 

90° supine seat position 

Back support (supine) 5 

NB: Instruct technique and breathing (out on the effort). 

NB: Complete each stage with 2 minutes rest between each one. 

NB: F marks a failed attempt 

Item Result Item Result 

6 reps x 80% 1RM kg 3 reps x 80% 1RM kg 

1RM attempt 1 kg 1RM attempt 2 kg 

1RM attempt 3 kg 1RM attempt 4 kg 

1RM attempt 5 kg Actual 1RM kg 

Notes: 

10. Seated row

NB: Place the participant into the correct position. 90* at legs, arms not over stretched, feet where

comfortable. Mark down all the equipment position measurements

Item Result Item Result 

Seat height Handgrip position cm 

Chest pad Feet position Floor / Foot rest 

NB: Instruct technique and breathing (out on the effort) 

NB: Complete each stage with 2 minutes rest between each one. 

NB: F marks a failed attempt 

Item Result Item Result 

6 reps x 80% 1RM kg 3 reps x 80% 1RM kg 

1RM attempt 1 kg 1RM attempt 2 kg 

1RM attempt 3 kg 1RM attempt 4 kg 

1RM attempt 5 kg Actual 1RM kg 

Notes: 

11. Diet history (ONLY at week 6)

12. Final check in before participant leaves

o Confirmed/booked next appointment time (could be – next testing time point, nutrition counselling,

and/or exercise session)?

o Remind of instructions of tests to complete at home (if familiarisation).
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B2. Muscle strength one-repetition maximum (1RM) protocol 

Equipment: Chest press (+ step), leg press (+ pillow), seated row, tape measure, stopwatch. 

1. Record and measure all machine, hand, and feet positions – Machines then to be set the same for

each subsequent measure. NB: the seat angles never change for chest or leg press, they are on the

lowest incline always.

2. Legs or arms must be at 90 degrees at start of movement, for seated row the arms are outstretched

but not over stretched.

3. Instruct the patient of the movement techniques by first demonstrating then instructing while

demonstrating.

4. The patient completes 6 repetitions ~60% of 1RM

5. Rest 2 minutes

6. The patient completes 3 repetitions ~80% of 1RM

7. Rest 2 minutes

8. First attempt at 1RM

9. Rest 2 minutes.

10. If the patient says/looks like they can do more repeat 1RM with a higher weight until maximum

reached or 5 attempts, whichever comes first.
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B3. Cardiopulmonary exercise test protocol 

Modified Bruce Treadmill Protocol 

Stage Time (minutes) Speed (kph) Grade (%) 

Warm up 3 – 5 2.5 - 2.7 0 

1 0:00 2.7 0 

2 3:00 2.7 5 

3 6:00 2.7 10 

4 9:00 4.0 12 

5 12:00 5.5 14 

6 15:00 6.8 16 

7 18:00 8.0 18 

Cool down 3 - 5 2.5 - 2.7 0 
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B4. 400m walk protocol 

Equipment: 2x cones, stopwatch, blood pressure monitor, heart rate monitor, 2x door stopper, chair. 

1. Ask patient to sit down in a chair while you set up the cones.

2. Get the patient’s resting HR (HR monitor) and resting BP.

3. Instruct the patient that they are walking as fast as they can for 400m but must WALK. They will

complete 10 laps (there and back = 1) of the course but they do not need to count (I will do that).

4. Demonstrate to the patient how to walk AROUND the cone and tell them if they kick it by

accident to leave it and I shall pick it up.

5. Before starting, ask the patient to stride out one length (20m) (walks slightly longer than their

everyday stride) and count how many steps they complete.

6. Get them to walk back to the start.

7. Ask the patient to stand next to the cone and count down 3, 2, 1 GO to start.

8. Give standard encouragement like “that’s two, well done” “that’s halfway” “three more laps to go,

nice work”

9. On the final lap instruct the patient to walk straight past the cone (rather than around) and stop the

stopwatch as their foot walks past the cone.

10. Record the time.

11. Record the final HR, average HR, maximum HR.

12. Sit the patient down immediately and take blood pressure.

13. Record the recovery HR at 1 and 2 minutes post finish.
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B5. Blood collection and analysis protocol 

FASTING BLOOD COLLECTION 

Name:  . Date collected:  . 

From the blood samples, we will be analysing your lipid profile, insulin, HbA1c, C-reactive 

protein, testosterone, prostate-specific-antigen, insulin-like-growth factor-1, and interleukin-

6. These markers provide us with information on a number of different aspects of your overall

health. The blood samples will provide important data that has the potential to impact 

nutrition and exercise advice provided to prostate cancer survivors in the future.   

Please follow the instructions below carefully: 

1. Bloods are to be collected by Australian Clinical Labs ONLY (you do not need to make

an appointment you can just turn up).

2. You may go to any Australian Clinical Labs pathology clinic that is convenient to you.

For the locations please visit https://www.clinicallabs.com.au/location/.

3. Blood MUST be taken in a fasted state. This means no food or drink 10 hours prior to

bloods being collected. Ideally you will have your blood collected in the morning after

an over night fast (no food/drink, except water, after 10pm).

4. You are also asked to refrain from smoking during this fast.

5. The attached form is to be given to the nurse/phlebotomist that will be taking your

blood.

https://www.clinicallabs.com.au/location/
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Blood biomarker analysis completed at Edith Cowan University via ELISA: 

1. Interleukin 6

Dilution factor used: NA

https://www.abcam.com/human-il-6-elisa-kit-ab46027.html

2. Adiponectin

Dilution factor used: 30,000 fold

https://www.abcam.com/human-adiponectin-elisa-kit-ab99968.html

3. Leptin

Dilution factor used: 35 fold

https://www.abcam.com/human-leptin-elisa-kit-ab100581.html

4. IGFBP-3

Dilution factor used: 110 fold

https://www.abcam.com/human-igfbp3-elisa-kit-ab100541.html

5. IGF-1

Dilution factor used: 11 fold

https://www.abcam.com/human-igf1-elisa-kit-ab100545.html

https://www.abcam.com/human-il-6-elisa-kit-ab46027.html
https://www.abcam.com/human-adiponectin-elisa-kit-ab99968.html
https://www.abcam.com/human-leptin-elisa-kit-ab100581.html
https://www.abcam.com/human-igfbp3-elisa-kit-ab100541.html
https://www.abcam.com/human-igf1-elisa-kit-ab100545.html
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B6. ActiGraph 

3-DAY ACTIVITY MONITOR LOG

Name:  . Date started:  . 

The activity monitor is a device that measures the amount of physical activity you do in your 

everyday life. Some of the information it records includes the duration and intensity of activity, 

energy expenditure, number of steps taken, and sleep quality. The information obtained from 

the activity monitor will provide us with important data that has the potential to impact 

exercise and nutrition advice provided to prostate cancer survivors in the future.  

Please follow the instructions below carefully: 

1. The monitor must be worn on 2 week days and 1 weekend day.

2. Please START wearing the activity monitor first thing in the morning on the discussed

start date: .                                                                                                                        .

3. Please STOP wearing the activity monitor first thing in the morning on the discussed

end date: .                                                                                                                         .

4. Please note the time you started wearing the monitor on the morning of day 1 and the

time you took it off on the morning of day 4.

5. The monitor is to be worn around the hip area with the black circle facing upward. It

can be worn above or under clothing and does not need to touch the skin to work.

Please have the strap secure and snug around your waist to prevent any abnormal

readings (i.e. the device ideally should not bounce or slide around). Please do not cut

the straps.

6. The monitor must be worn for 3 days and 24 hours a day. This includes wearing it while

you sleep.

7. The activity monitor is NOT water proof. Please take the monitor off while

bathing/showering/swimming. The activity monitor needs to be put back on

immediately afterwards. 



248 

8. In the log below, please make note of anytime you took the monitor off and for how

long.

Day Details of activity monitor 

1 Time started wearing in the morning: 

Time took off: 

2 Time took off: 

3 Time took off: 

4 Time finished wearing in the morning: 

Thank you very much for your time in completing this activity log 
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B7. Three day weighed food record 

3-DAY WEIGHED FOOD RECORD

Name:  . Date:  . 

A 3-day weighed food record is a complete record of everything that you eat and drink over a 

three day period. Some of the information we can assess from this record includes total energy 

intake, the proportion of fats, carbohydrates, and protein in your diet, and the vitamin and 

mineral content. By completing this record, it will provide us with important data that will assist 

with the development of your individualised nutrition plan as well as information that has the 

potential to assist with nutrition advice provided to prostate cancer survivors in the future.  

Please follow the instructions below carefully: 

1. Keep your food diary for 3 consecutive days that suit you best. However, it must include

2 week days and 1 weekend day and please try not to change your eating habits:

Thursday, Friday, Saturday   OR  Sunday, Monday, Tuesday. 

2. It is best to write down the food to be consumed when being prepared or as soon as

possible after eating.

3. Record ALL that you eat and drink from the time you get up in the morning until you

retire at night: a glass of water; the different vegetables in a stir-fry; tea and biscuits;

vitamin pills.

4. At the top of the page please note your name and start date.

5. In the first column note the time of day you consumed the food or drink.

6. In the second column state the food or drink consumed e.g. toast with jam, and tea.

Include any nutrition supplements, vitamins, or minerals.

7. In the third column please describe everything about the dish (e.g. type of bread,

margarine, sugar in tea, type of milk added) including brand names where applicable.

Where possible, list all ingredients put into the dish consumed for example in mixed

dishes, sandwiches, soups. Attaching a recipe or food label where available would

improve the accuracy of your record and be appreciated.

8. All food and drink should be weighed using the scales provided and the weight written

in the fourth column in grams.  If food/drink is unable to be weighed, please estimate

what you consumed in the fifth column and describe using cups or spoons, avoid

subjective terms like “bowl” or “serving”. For example, when eating out, describe the
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dish as best as possible using spoons and/or cups as a guide to how much you 

consumed.  

9. If you do not consume everything then please re-weigh or provide an estimate of the

leftovers in the sixth column.

10. At the end of the day please go through the checklist below to make sure you have
included everything (these items are of particular interest for this study).

CHECKLIST: 

Portion guide: ¼ cup = golf ball, ½ cup = tennis ball, 1 cup = small fist, 1 teaspoon = quarter of 

your thumb, 80g cooked meat = a deck of playing cards.  

Please tick if you’ve considered whether you ate these today – if it reminds you of anything 

you haven’t included please add it to the record. 

Food Day 1 Day 2 Day 3 Food Day 1 Day 2 Day 3 

Confectionary Fruit 

Soft drinks/juice Vegetables 

Alcohol Milk 

Eggs Yoghurt 

Nuts Rice/pasta/bread 

Meat Added sugar 

Fish Supplements 
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Example food record for part of the day 

Time of day Food and drink Description of foods and drink Weight (g) Amount (cups or 
spoons) 

Leftovers (g) 

7.30am Jam toast with tea 2 x whole grain bread (Coles brand) 88 g 

Butter 13 g 

Jam 26 g 

Sugar in tea 1 teaspoon 

Water/tea 250 g 

Milk in tea (full cream) 20 g 

10am Muffin and coffee Flat white (large) (café bought) Large 

Raspberry and white chocolate muffin (café bought) Medium (size of a 
cup) 

12.30pm Green Thai Curry White rice 288g 

Green bean, chicken, red capsicum, curry paste (Valcom 
brand), coconut milk (recipe attached) 

237g 

Water 300 g 

Hint for weighing: Example of how to weigh the breakfast meal above: 

1. Place plate on scales and tare it to zero
(note: may help to place a bowl and then a
plate on top so that you can see the
screen).

2. Place cooked toast on and record weight.
3. Tare to zero.
4. Spread butter and record weight.

5. Tare to zero.
6. Spread jam and record weight.
7. For cup of tea place mug on scales and tare

to zero.
8. Pour in water and record weight without

tea bag.

9. Measure sugar with a teaspoon and
describe amount.

10. Tare to zero.
11. Pour milk and record weigh
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B8. Diet history template 

Diet History Protocol 

Protocol 

AIM - To supplement the information provided by the food frequency questionnaire and 

weighed food record with a diet history that enables a more detailed assessment of longer 

term dietary intake, in terms of typical portion sizes and food patterns. A diet history also 

allows assessment of average energy intake. 

The diet history asks: What sorts of foods do you eat in a typical day, how much and how 

often, starting from when you arise in the morning until you retire at night.  It provides a 

means for validating the data supplied from the food frequency questionnaire and weighed 

record, thereby minimising error and enhancing the strength of the study.  

A diet history is intended to provide an estimate of intake in a typical month over a specified 

time interval, for example, the last 6 months. Initial questions involve assessing whether the 

subject has changed their diet in any significant manner within that time or if it has remained 

stable from month to month. If the subject has had a stable diet then focus only on the last 

month as this will represent a typical month. If any significant changes have been made 

document the foods involved and the change in quantities consumed and frequency of intake. 

The number of meals reported should be approximately equal to 28 each for breakfast, 

lunch and dinner. Indicate the frequency of intake for meals/foods eaten multiple times in a 

month. The total should also include foods or meals eaten less frequently (eg restaurants). 

A variety of tools are to be used in conduction with the diet history to optimise accuracy. 

Models 

• Food models (eg serves of meat) - ask how much would you have in comparison?

• Standard utensils (plates, bowls, cups, spoons) of varying sizes. Ask what size

would you usually use?

• The display includes multiple quantities of vegetables and carbohydrate portions on a

dinner plate.  Ask subjects to indicate the portion size they would usually have.

• Three slices of bread with different amounts of margarine/butter (3g, 5g and 10g) will

be provided.  Ask men to indicate which amount they would usually have.

Detail 

Obtaining detail is essential.  This includes information such as: 

• Dairy foods - fat percentage, calcium enriched

• Bread - type eg white, multigrain, fruit, foccacia, home sliced or pre-sliced

• Method of preparing foods - eg boiled, baked, fried, steamed

• Amount and type of fat used in cooking
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• Use of fortified foods - eg iron enriched, fortified cereals

• Brand names wherever possible - especially for bread, cereal and yoghurt

Background questions 

1. Weight history

What is your ‘normal’ weight?  

Current weight? Recent weight gain and time interval since diagnosis of PrCa 

How much?  What time period?     

What do you feel is the reason for the weight gain?   

(eg hungrier, eating more, eating the same but gaining weight, hormone therapy) 

2. Do you avoid certain foods or fluids, if so which ones?

3. Have you made any significant changes to your diet since your diagnosis?    Yes / No

If so what changes and why? (types of foods, amounts, supplements)

4. Are you on any special ‘diet’, what type? eg heart healthy, general healthy, high protein,

diabetes) Source of information (eg family, wife, friends, PrCa Support group).

5. Has your GP or specialist recommended that you make changes to your diet?

6. Who prepares your meals (eg prepares own, spouse or partner, shared)

7. How much water do you drink per day?
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Diet History 

Ask about the sorts of foods and drinks you have in a typical day, starting at beginning of the 

day, going through until you retire at night. Include water and alcohol. Focus on intake over 

the last month. Include what you eat on each eating occasion, how much and how often. 

 

Starting with Week days 

 

BREAKFAST 
Beginning with weekdays. After you wake up, what is the first thing you usually have 

to eat and drink? Have you eaten anything else at this time during the last month? If 

so, how often? 
 

Weekdays    
Food 

Quantity 

Frequency 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MORNING TEA When is the next time you have anything to eat or drink? 
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LUNCH/DINNER 

On weekdays, what food or drinks do you eat for your main midday meal? Do you ever have 

anything different in a typical month? 

Weekdays 

Food 

Quantity 

Frequency 

AFTERNOON TEA 
When is the next time you have anything to eat or drink? 
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TEA/DINNER 
On weekdays what foods and drinks do you usually have for your main evening meal? 

In a typical month do you ever have anything different? 
 

Food Quantity 

Frequency 

 Meat/alt 

CHO 

Free veg  

Dessert 

 

 

 

 

SUPPER/ DURING NIGHT 
Do you have anything else to eat or drink before you arise the next morning? 

 

 

 

 

 

Do you eat differently over the weekends? 

 

 

 

 

 

 

 

 

 

 

Takeaway 

How often in a typical month do you eat takeaway food?  What sorts of foods/drinks do 

you consume? 

Restaurants/Coffee shops 

How often in a typical month do you eat out at restaurants or coffee shops?  What sorts of 

foods/drinks do you consume? 
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GLOSSARY 

Food - Specify the type of food and drink and the brand name where possible 

Amount - In standard measuring sizes: weights/teaspoons/tablespoons/metric cups/cm/mm measurements 

Frequency - How often the food is consumed per day, per week, per month or per >1month, whatever is most 

appropriate 

Meat/alternatives - red meats, chicken, fish, seafood, eggs, nuts, legumes 

CHO - bread, rice, pasta, potato, sweet potato, corn 

Free vegetables - all vegetables other than those listed in CHO and legumes 

Dessert - any sweet food consumed after meal, includes fruit 

CHECKLIST 

Based on foods specified in the food frequency questionnaire 

Assists in completion of written diet history - use as both a reminder of different foods to query and to summarise 

total daily or weekly intake 

Intended as a reminder to obtain further detail regarding the form of different foods eg within vegetables - boiled 

vs. baked vs. steamed vs. canned

Breads & Cereals 

◻ Cold breakfast cereal

◻ Cooked breakfast cereal

◻ Toast/bread

◻ Rolls

◻ Fancy breads eg foccacia, Lebanese

◻ Crackers, crispbread

◻ Sweet biscuits

◻ Couscous, polenta, barley, burghul, taco,

tortilla

◻ Pancakes/waffles

◻ Pasta/noodles/lasagne

◻ Rice

◻ Crumpets

◻ English muffins

◻ Sprinkles eg LSA, bran

◻ Scones
Fruit

◻ Fresh fruit ฀ 

Cherry/berry/grapes

◻ Dried fruit ฀ Grapefruit 

◻ Tinned fruit ฀ Olive 

◻ Stewed fruit ฀ Avocado 

◻ Fruit juice (g’fruit/apple/blackcurrant/grape)
Vegetables

◻ Raw/salad ฀ Herbs 

◻ Steamed/microwave ฀ GLV 

◻ Boiled ฀ Onions/garlic 

◻ Baked - fat/no fat

◻ Stir-fried ฀ Asparagus 

◻ Deep/shallow/pan fried

◻ Canned

◻ Soup

◻ Legumes
Milk

◻ Milk ฀ Flavoured/cocoa/milo 

◻ Yoghurt ฀ Smoothie/milkshake 

◻ Cheese

◻ Ice cream/dairy desserts

◻ Custard 

◻ Soy milk
Meat/alternatives

◻ Cold/sandwich meats ฀ Gravy/white sauce 

◻ Red meat - roast/steak/chops

◻ Red meat - stew/casserole/stir-fry ฀ Mince 

◻ Chicken/stuffing

◻ Meat products eg sausages, pies, bacon

◻ Fish/ seafood

◻ Offal

◻ Soy products

◻ Other vegetarian products eg TVP

◻ Legumes

◻ Nuts

◻ Eggs
Other

◻ Muesli/nut and seed bars

◻ Pastry/croissant/quiche

◻ Packet/frozen meals

◻ Ethnic

◻ Cake

◻ Muffin (cake type)

◻ Iced/fruit buns/fruit loaf

◻ Lollies

◻ Chocolate

◻ Spreads

(vegemite/PBut/hummus/marmalade/jam/honey)

◻ Sauces/salad dressing

◻ Fat – oils/dripping/marg/butter

◻ Pizza

◻ Deep-fried foods ฀Soft drink/cordial (diet?) 

◻ Crisps/hot chips ฀Beer 

◻ Desserts ฀ Spirits, liqueur 

◻ Ice blocks ฀ Red wine, white wine 

◻ Water (per day)

◻ Coffee, Tea
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C. QUESTIONNAIRES

C1. Adherence questionnaire 

Questions Criteria for 1 point 

1 How many days this week did you consume starchy vegetables? e.g. potatoes, yams, sweet potato, taro. ≤ 1 

2 On a given day, how many serves of starchy vegetables did you consume? (1 serve: ½ medium size potato). ≤ 1 

3 On average, did you consume more than 3 serves of non-starchy vegetables every day of the week? (1 serve: ½ cup cooked vegetables or 1 

cup raw vegetables) e.g. vegetable salad, carrots, broccoli, cauliflower, avocado, green beans/peas.  
Yes 

4 On average, how many pieces of fruit and/or fruit juice with no added sugar did you consume per day? (1 medium size piece; 1 small glass or 

125ml). 
≥ 1 

Nuts and beans 

5 How many days this week did you consume nuts (including peanuts)? (1 serve: 30g). ≤ 7 

6 How many days this week did you consume cooked or canned beans? (1 serve: 150g or 1 cup cooked) e.g. baked beans, falafel, chickpeas, 

lentils, soy beans, tofu, kidney beans, or any other type of beans. 
≤ 7 

Meat, fish, and eggs 

7 How many days this week did you consume meat or meat products, seafood, or eggs? ≥ 6 

8 What type did you consume? 

• Skinless chicken

• Coated chicken (e.g. skin, crumbed)

• Shellfish

• Sausages

• Lamb (fat cut off)

• Beef (fat cut off)

• Fried fish

• Baked/smoked fish

• Salami

• Lean mince

• Bacon

• Canned fish (low salt)

• Pork (fat cut off)

• Veal (fat cut off)

• Ham

• Eggs

• Kangaroo (fat cut off)

• Other    . 

Italicised 
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Spreads and oils 

9 On average, how many serves of butter or margarine did you consume per day (1 serve: 10g / approx.. 2tsp) ≤ 1 

Dairy 

10 How many days this week did you consume cheese? (1 serve: 2 slices or 40g) ≥ 5 

11 How many days this week did you consume milk or yoghurt? (1 serve: 250mL milk, 200mL yoghurt) 7 

12 What type of milk or yoghurt did you consume? 

• Skim • Reduced fat • Full fat • Other.  . 
Italicised 

Extras 

13 How many times this week did you consume sweets, ice cream, pastries, cakes, cookies, or biscuits? ≤ 2 

Grains and cereals 

14 What type of bread, flat bread, or wraps did you consume? 

• White

• Wholegrain,

wholemeal or rye

• High fibre- white

• Brown

• Multi-grain

• Corn tortilla

• Flour tortilla

• Wholemeal tortilla

• White wrap

• Wholemeal wrap
Italicised 

15 What type of carbohydrates did you consume this week? 

• White pasta

• Wholemeal pasta

• White couscous

• Wholemeal couscous

• White rice

• Brown rice

• Flour based pizza base

• Noodles

• Quinoa

Italicised 

16 What type of breakfast cereal did you consume? 

• Untoasted Muesli

• Rice based cereals e.g. Rice Bubbles

• Wheat biscuits/flakes

• Corn flakes (no sugar)

• Porridge

• Bran based cereals e.g. All-bran,

Sultana Bran

• Nutri-grain

• Sugary cereals e.g. Crunchy Nut

• Special K

• Mixed grain cereals e.g. Just

Right, Sustain

• Other  . 

Italicised 
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Fluids 

17 On average, how many energy drinks, cordials, or soft drinks did you consume per day? 0 

18 On average, how many glasses of water did you consume per day? ≥ 2 

19 How many days per week did you consume alcohol? ≤ 5 

20 What type of alcohol did you consume? 

• Red wine

• White wine

• Bubbles

• Beer

• Light beer

• Spirits (straight)

• Spirits with sugary mixer e.g. Bourbon and Coca-

Cola

• Spirits with non-sugary mixer e.g. gin and tonic

Italicised 

21 On a given a day, how many alcoholic drinks did you consume on one occasion? ≤ 2 

22 On average, how many hot drinks do you drink per day? ≥ 2 

23 What type of hot drink did you consume? 

• Coffee • Tea • Hot chocolate • Other .  . 
Italicised 

Eating out 

24 How often did you eat take away food this week? e.g. fish and chips, pizza, hamburgers 0 

Exercise 

25 Have you done at least 30 minutes of purposeful exercise every day this week? Yes 
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1. What was your weekly nutritional goal? Did you achieve it?

.    . 

.    . 

.    . 

.    . 

2. What was your weekly exercise goal? Did you achieve it?

.    . 

.    . 

.    . 

.    . 

3. Was there any nutrition and/or exercise element that you struggled with this week?

.    . 

.    . 

.    . 

.    . 

Thank you very much for your time in completing this important 

questionnaire
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C2. 36-Item Short-Form Health Survey 

Form not available in this version of the thesis
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C3. European Organisation for Research and Treatment of Cancer Quality of Life 

Questionnaire Prostate Cancer Module 

Questionnaire not available in this version of the thesis
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C4. Godin Leisure-Time Exercise Questionnaire 
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C5. Demographic and medical history questionnaire 

 



272 
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275 
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C6. Feedback questionnaires 

PARTICIPANT’S FEEDBACK FORM (pre-study) 

 

We thank you so much for your participation in this study. Your commitment and enthusiasm 

is important to the development of exercise and diet programmes to better improve the care of 

prostate cancer patients.  

We would like to ask for your thoughts around exercise and nutrition and how they fit into your 

prostate cancer care plan.  

 

1. Thinking about your overall health and prostate cancer health, why do you feel it is 

important to begin an exercise and diet programme? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                        

2. Thinking about your prostate cancer journey thus far, what barriers have prevented or 

discouraged you from completing exercise and/or seeking nutritional advice? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

 

3. Based on your current knowledge of the programme you are about to start, what 

benefits do you anticipate gaining that are not currently offered to you through your 

current prostate cancer care plan? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

 

4. Consider any experience you may have with receiving an exercise and/or diet 

programme or advice, what strategies do you anticipate will be helpful in assisting with 

successful completion of the current programme?  

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

 

I                                        give permission for my responses to be quoted in an academic journal 

publication, conference presentation, and/or programme advertisements. I understand that no 

identifying information will accompany published quotes.  

 

Signed:                                                              . Date:                             . 
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PARTICIPANT’S FEEDBACK FORM (post-study) 

 

We thank you so much for your participation in this study. Your commitment and enthusiasm 

is important to the development of exercise and diet programmes to better improve the care of 

prostate cancer patients.  

We would like to ask for your feedback on the programme. 

 

1. Thinking about the physical and/or mental changes you may have experienced over the 

last 6 months, do you feel an exercise and diet programme is an important part of your 

prostate cancer care plan? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                        

2. Thinking about the 3 month supervised training period, what barriers prevented or 

discouraged you from completing exercise and/or following the nutritional advice? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                        

3. Thinking about the 3 month home-based training period, what barriers prevented or 

discouraged you from completing exercise and/or following the nutritional advice? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

 

4. Thinking about the 3 month supervised training period, what strategies (self-

implemented or researcher implemented) did you find helpful in assisting with 

successful completion of exercise and diet programme? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

 

5. Thinking about the 3 month home-based training period, what strategies (self-

implemented or researcher implemented) did you find helpful in assisting with 

successful completion of exercise and diet programme? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 
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6. Thinking about the last 6 months, what benefits did you notice by following the exercise 

and/or diet programme? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

 

7. Would you change anything about the programme? 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

                                                                                                                                              . 

 

I                                        give permission for my responses to be quoted in an academic journal 

publication, conference presentation, and/or programme advertisements. I understand that no 

identifying information will accompany published quotes.  

 

Signed:                                                              . Date:                             . 
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C7. Health changes form 
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D. INTERVENTION PRESCRIPTION  

D1. Resistance training protocol (Chapter 5 and 6) 

Name: .                                                                     . Body mass: 1).             kg. 4).             kg. 7)              kg.  

Adherence questionnaire completed during sessions:  1 4 7    

Session # 1 2 3 4 5 6 7 8 9 

Date          
 

WARM UP 1 2 3 4 5 6 7 8 9 

Machine          

Time          
 

Exercise target week 1 (Sessions 1-3) = 12 repetitions x 1 set (R/S) 

Exercise target week 2 (Sessions 4-6) = 10 repetitions x 2 sets  

Exercise target week 3 (Sessions 7-9) = 10 repetitions x 3 sets  

MONDAY AND FRIDAY SESSIONS: 

Exercise Monday Friday Monday Friday Monday Friday 

R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt 

Seated leg 
press 

            

Leg 
Extension 

            

Leg curl             

Seated 
chest press 

            

Seated row             

Bicep curl             

Tricep 
extension 

            

Ab/back             
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WEDNESDAY SESSIONS: 

Exercise Wednesday Wednesday Wednesday 

R/S Wt R/S Wt R/S Wt 

Seated leg press       

Hip ab/adduction       

Seated calf raise       

Seated chest press       

Lat pulldown       

Shoulder press       

Ab/back       
 

COOL-DOWN 1 2 3 4 5 6 7 8 9 

Machine          

Time          

Stretching          

 

 

 

Booked in Nutrition Counselling sessions: 

Week 1 = .                                                                                                                                                                                        

. 

Week 3 = .                                                                                                                                                                                        

. 

Comments/Reasons for missing sessions:  

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

Please collect your protein powder from Rebekah after EVERY session. 
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Name: .                                                                 . Body mass: 10).             kg. 13).             kg. 16)              kg. 

Adherence questionnaire completed during sessions:  10 13 16    

Session # 10 11 12 13 14 15 16 17 18 

Date          
 

WARM UP 10 11 12 13 14 15 16 17 18 

Machine          

Time          
 

Exercise target week 4 (Sessions 10-12) = 8 repetitions x 3 sets (Monday/Friday), 10 repetitions x 3 sets 

(Wednesday) (R/S) 

Exercise target week 5 (Sessions 13-15) = 8 repetitions x 3 sets (Monday/Friday), 10 repetitions x 3 sets 

(Wednesday) 

Exercise target week 6 (Sessions 16-18) = 8 repetitions x 3 sets (Monday/Friday), 10 repetitions x 3 sets 

(Wednesday) 

MONDAY AND FRIDAY SESSIONS: 

Exercise Monday Friday Monday Friday Monday Friday 

R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt 

Supine leg 
press 

            

Hip 
ab/adduction 

            

Standing calf 
raise 

            

Seated chest 
fly 

            

Pulldown             

Bicep curl             

Tricep 
extension 

            

Ab/back             

 

WEDNESDAY SESSIONS: 

Exercise Wednesday Wednesday Wednesday 

R/S Wt R/S Wt R/S Wt 

Seated leg press       

Leg Extension       
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Leg curl       

Seated chest press       

Low seated row       

Dumbbell lateral raise       

Ab/back       
 

COOL-DOWN 10 11 12 13 14 15 16 17 18 

Machine          

Time          

Stretching          

 

 

 

 

Food record and actigraph measurement 

Week 6 =  Sunday Monday Tuesday  OR Thursday Friday Saturday 

Comments/reasons for missing sessions:  

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                       

Please collect your protein powder from Rebekah after EVERY session. 
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Name: .                                                                   . Body mass: 19).             kg. 22).             kg. 25)            kg. 

Adherence questionnaire completed during sessions:  19 22 25   

Session # 19 20 21 22 23 24 25 26 27 

Date          
 

WARM UP 19 20 21 22 23 24 25 26 27 

Machine          

Time          
 

Exercise target week 7 (Sessions 19-21) = 8 repetitions x 3 set (Monday), 10 repetitions x 3 sets (Wednesday), 

12 repetitions x 3 set (Friday) (R/S) 

Exercise target week 8 (Sessions 22-24) = 8 repetitions x 3 set (Monday/Friday), 10 repetitions x 3 sets 

(Wednesday) 

Exercise target week 9 (Sessions 25-27) = 8 repetitions x 4 set (Monday/Friday), 10 repetitions x 4 sets 

(Wednesday) 

MONDAY AND FRIDAY SESSIONS: 

Exercise Monday Friday Monday Friday Monday Friday 

R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt 

Incline leg 
press 

            

Leg 
Extension 

            

Leg curl             

Standing 
chest press 

            

Standing 
row 

            

Bicep curl             

Tricep 
extension 

            

Ab/back             

 

WEDNESDAY SESSIONS: 

Exercise Wednesday Wednesday Wednesday 

R/S Wt R/S Wt R/S Wt 

Seated leg press       

Hip ab/adduction       
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Seated calf raise       

Seated chest fly       

Rear dealt       

Shoulder press       

Ab/back       
 

COOL-DOWN 19 20 21 22 23 24 25 26 27 

Machine          

Time          

Stretching          

 

 

 

 

Comments/reasons for missing sessions:  

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

Please collect your protein powder from Rebekah after EVERY session. 
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Name: .                                                                 . Body mass: 28).             kg. 31).             kg. 34)              kg. 

Adherence questionnaire completed during sessions:  28 31 34   

Session # 28 29 30 31 32 33 34 35 36 

Date          
 

WARM UP 28 29 30 31 32 33 34 35 36 

Machine          

Time          
 

Exercise target week 10 (Sessions 28-30) = 6 repetitions x 4 sets (Monday/Friday), 10 repetitions x 4 sets 

(Wednesday) (R/S) 

Exercise target week 11 (Sessions 31-33) = 6 repetitions x 4 sets (Monday/Friday), 10 repetitions x 4 sets 

(Wednesday) 

Exercise target week 12 (Sessions 34-36) = 10 repetitions x 3 sets (Monday), 8 repetitions x 3 sets 

(Wednesday), 6 repetitions x 3 sets (Friday) 

MONDAY AND FRIDAY SESSIONS: 

Exercise Monday Friday Monday Friday Monday Friday 

R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt R/S Wt 

Incline leg 
press 

            

Leg 
Extension 

            

Leg curl             

Smith chest 
press 

            

Seated row             

Bicep curl 
(grip 
change) 

            

Tricep 
extension 
(grip 
change) 

            

Ab/back             

 

WEDNESDAY SESSIONS: 

Exercise Wednesday Wednesday Wednesday 

R/S Wt R/S Wt R/S Wt 

Incline leg press       
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Hip ab/adduction       

Standing calf raise       

Seated chest press       

Lat pulldown       

Dumbbell lateral raise       

Ab/back       
 

COOL-DOWN 28 29 30 31 32 33 34 35 36 

Machine          

Time          

Stretching          

 

 

 

 

Booked in Nutrition counselling session: 

Week 12 = .                                                                                                                                                                                      

. 

Booked in post-intervention testing: 

Testing session 1 = .                                                                                                                                                                        

. 

Testing session 2 = .                                                                                                                                                                        

. 

Testing session 3 = .                                                                                                                                                                        

. 

Comments/reasons for missing sessions:  

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                          

. 

.                                                                                                                                                                                                     

  

Please collect your protein powder from Rebekah after EVERY session. 
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D2. Diet prescription template (Chapter 5 and 6) 

Weight loss programme for prostate cancer patients 

 
Name: .                                                                             . 

 

 

Food groups Examples of food items Daily recommended consumption 

Vegetables 

 Cooked vegetables e.g. greens beans, peas, 

pumpkin, carrot, cauliflower, mushrooms 

 Cooked dried or canned beans, lentils 

 Green leafy salad, tomato, cucumber, onions, 

celery 

 Sweet corn, potato or other starchy 

vegetables 

 

Fruit 

 Apple, banana, orange  

 Apricots, kiwi fruits, plums 

 Diced or canned fruit (no added sugar) 

 Fruit juice (no added sugar) 

 Dried fruit  

 

Grains (cereals)  

 

 Bread, flat bread, bread roll 

 Cooked rice, pasta, noodles, quinoa 

 Oats  

 Wheat cereal flakes 

 Muesli 

 Crumpet 

 English muffin or scone 

 

Sources of 

protein 

 Lean red meats e.g. beef, lamb, veal, pork 

 Lean poultry e.g. skinless chicken 

 Fish fillet or one small can e.g. tuna 

 Eggs 

 Cooked or canned beans e.g. chickpeas 

 Tofu 

 Nuts, seeds, peanuts 

 

Dairy 

 Milk 

 Hard cheese e.g. cheddar 

 Ricotta cheese 

 Yoghurt 

 

Discretionary 

items 

 Alcohol 

 Soft drinks 

 Confectionery 

 Hot chips, potato crisps 

 Process meats e.g. salami, bacon 

 Puddings, desserts 

 Cake, biscuits 

 Take away food 

 Honey, jam 
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Nutrition goals: 

 

1. 

 

2.  

 

3.  

 

 

 

.                                                                                                                                                                                    

. 

  

Meal example: 

 

BREAKFAST 

 

MORNING TEA 

 

LUNCH 

 

AFTERNOON TEA 

 

DINNER 

 

DESSERT 
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E.  EXERCISE AND NUTRITION INFORMATION BOOKLETS  

E1. Weight loss intervention booklet (Chapter 5 and 6) 

Weight loss 

programme for 

prostate cancer 

patients 
 

Guide to exercise and nutrition 

intervention 
 

 

Developed by  

Rebekah Wilson, MPhysEd  

Ph.D Candidate 
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WELCOME! 

Congratulations on taking the first steps to a healthier lifestyle and thank you for your participation in 

Rebekah’s PhD project of an exercise and nutrition programme for men with prostate cancer on androgen 

deprivation therapy (ADT). This project has been designed and will be monitored by our team of medical, 

exercise, and nutrition experts from the Exercise Medicine Research Institute at Edith Cowan University. 

 

This programme has been developed specifically for men with prostate cancer on ADT as a strategy to 

improve body composition. Changes to body shape are very common when receiving ADT with most 

men typically experiencing a loss in lean muscle mass and a gain in fat mass. This programme has been 

designed to reduce fat mass and build muscle mass that will lead to improved physical function and 

general state of well-being.  

 

This manual was written to help with the home-based section of the programme and will assist with any 

initial questions or concerns you may have. You will receive 12 weeks of contact time with the Research 

Team who will help with all your queries. This manual will act as a reminder and keep you on track with 

your home-based exercise and nutrition plan as well as provide extra information on prostate cancer, 

exercise, and nutrition.   

 

Why exercise and diet? 

Exercise improves health…. It is as simple as that. In fact, a number of the world’s leading doctors and 

scientists have said that if exercise could be encapsulated in a pill it would be among the most powerful 

medications ever developed. 

 

This is because exercise works all the major systems in your body simultaneously. Through improving 

the structure and function of the body’s systems, exercise and eating a balanced diet acts as a shield against 

disease as well as the declines in physical and mental function that can occur as we age.  

 

There is a long list of benefits of exercising and eating the right foods such as: 

 

 Help you feel good both physically and 

mentally 

 Improve your health 

 Improve your quality of life 

 Help you live longer 

 Reduce risk of developing diseases such as 

heart disease, diabetes, and osteoporosis 

(being on ADT places one at increased risk of 

these conditions) 

 Reduce risk of other cancers 

 Reduce risk of cancer recurrence or 

progression 

 Improve function of your heart and lungs 

 Improve strength and build muscle 

 Improve the strength of bones and function of 

joints 

 Improve balance and reduce the risk of falls 

 Increase energy levels and reduce fatigue 

 Improve your state of mind and relieve stress 

 Reduce the severity of anxiety and depression 

 Improve your self-esteem 

 Improve the quality of your sleep 

 Help you lose weight and keep it off 

 Help maintain your physical function and 

make everyday activities easier to do 

 

But why exercise and diet while I am receiving treatment.... Many of the cancer treatments can be quite 

harsh on your body with a number of adverse side effects. Common side effects of ADT include: 
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 Loss of muscle mass/strength 

 Increase in fat mass and body weight 

 Loss of energy levels (fatigue) 

 Hot flushes 

 Loss of bone mass 

 Impotence 

 

Exercise and a balanced diet offer the greatest potential to prevent and reverse treatment related side 

effects in men with prostate cancer. This is why many health organisations advise people with cancer to 

avoid inactivity even while undergoing difficult treatment regimes. Exercise and healthy nutrition 

choices are also known to reduce a number of risk factors and help control conditions such as 

cardiovascular disease, diabetes, and depression, which men on ADT are at increased risk of developing.  

 

Exercise increases testosterone levels, is it safe to exercise while on ADT…. YES! There is much scientific 

evidence showing exercise, and even high-intensity exercise, is safe for men with prostate cancer while 

on ADT and after treatment has finished. Getting involved with exercise can help reduce long-term side 

effects that may occur after treatment has stopped and as an added bonus can even help get your mind off 

your treatment and the stresses of everyday life. 

 

Obesity and prostate cancer 

 

Obesity is a heavily targeted condition in Australia (and worldwide) with more than 60% of Australia’s 

adult population considered overweight or obese. However, it is only in the last few years that obesity has 

become a concern in the cancer population. Studies have shown that almost 90% of men on ADT are 

overweight or obese. This places a larger burden on prostate cancer survivors with not only having to 

worry about their cancer-related health but the potential of other issues evolving from being overweight.  

 

Why is being overweight or obese an issue if I have cancer… The combination of being overweight or 

obese and having a prostate cancer diagnosis has been associated with a higher risk of poor prostate cancer 

prognosis. What this means is if you are overweight or obese, you are at an increased risk of recurrence 

(your PSA increasing again after treatment which could indicate cancer progression), developing other 

conditions such as cardiovascular disease, and diabetes (which are commonly developed in men on ADT), 

and your cancer becoming more aggressive. 

  

The good news is…. Increasing your activity levels and eating a balanced diet (even without significant 

changes to your body shape) can improve these risks!!!! Not to mention that exercise and diet will also 

provide other benefits that have already been referred to on the previous page.  
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Goal setting 

 

The aim of this programme is to help you lose fat mass by providing a supervised exercise programme, 

an individualised nutrition programme, and advice for how to manage your own exercise and nutrition 

habits. Ultimately, we are aiming for 300 minutes of aerobic and resistance exercise per week, and a diet 

consisting of smaller portion sizes and healthy choices. These guidelines are in line with what is currently 

recommended in clinical practice for obesity management (http://www.health.gov.au). In this study, you 

will be prescribed an exercise and nutrition programme specific to the needs of prostate cancer patients 

and yourself.  

Although you will be coming to the Vario Clinic three times a week for 12 weeks, you will also be asked 

to complete exercise outside of the Clinic and monitor your own nutritional intake. One way to implement 

these changes and monitor your progress is by having weekly goals. Sometimes the “big picture” is too 

much to take on board all at once so one way to set goals is to break down the big goal into smaller steps. 

For example: 
 

Study goal: “For 12 weeks you will be walking briskly for 30 minutes on 4 days, and attending 

supervised training sessions on 3 days each week.” 

My goal 1: “During week one of study I will complete 20 minutes of low intensity walking on 4 

days and attend 3 supervised training sessions.” 

My goal 2: “During week one of study I will have one piece of multi-grain toast and a piece of 

fruit for breakfast and consume smaller portions of all foods at lunch and dinner meals.” 
 

Learning to set your own goals will help you be successful. Here are some tips about how to set SMART 

goals: 

 

S – Specific: 

Describe what you will do and how you will do 

it: 

 I will walk 30 minutes a day, 4 days a week. 

I will walk quickly enough that I am 

breathing heavily. 
 

M – Measurable: 

Keep track of your progress: 

 Set goals that are measured in minutes per 

session, heart rate intensity, amount of food, 

or food selection.  

 We will be asking you to keep a record of 

your exercise and intensity in the log book 

at the back of this booklet. Hopefully this 

will help you to stick with your goals.  
 

A – Achievable: 

Can you meet this goal? 

 Pick a goal you think you can meet.  

 By gradually increasing the amount and 

intensity of exercise and food items 

replaced/removed, this should help in 

achieving the study aims described, rather 

than trying to change everything at once. 
 

R – Rewarding 

Is this goal meaningful or rewarding for me? 

 Try to consider the health benefits that are 

important to you as a male with prostate 

cancer.  

 Remember that good things take time, and 

you may not see changes immediately. 

However, you may start noticing that you 

feel better i.e. less fatigued.  
 

T – Timeline 

How long will this goal take? What is my 

timeline? 

 Think short term and long term, for 

example: 

- This week I will add 5 minutes to every 

walking session.  

- By the end of 3 months I will be 

walking briskly for at least 30 minutes.

http://www.health.gov.au/
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Barriers to exercise and dieting 
 

There are many things that can keep us from exercising regularly or making healthy food choices. Especially 

while on treatment, exercising and making changes to your nutrition intake may not be a priority as you are 

trying to take on board all this new information about your cancer and treatment. However, try to remember 

that increasing your activity levels and improving your food choices may make your cancer journey easier.  
 

Here are some common barriers as well as suggestions for getting around those concerns: 

I’m too busy and exercise is not a priority: 

 You are likely to have work commitments, 

family responsibilities, cancer-related 

appointments, seeing friends, holidays, and 

making time to relax. That’s just for starters! 

But there are always little ways that we can fit 

things in. 

 Try taking a walk around the block at lunch 

time. 

 Meeting a friend for coffee? Take a walk 

along the beach instead (or as well as).  

 Schedule in exercise. Make an appointment 

with yourself.  

 Going to an appointment? Try leaving a little 

earlier and park further away so you have to 

walk a little longer.  

 Use the stairs instead of the lift or escalator.  

 Sometimes it is just about adding in incidental 

activity on those busy weeks.  
 

Where does exercise and nutrition fit in to my 

cancer treatment? 

 Try to remember all the important benefits of 

exercise and healthy food choices such as: 

Feeling less tired, less depression, reduced 

risk of cancer coming back, and reducing risk 

of other diseases such as diabetes. It can also 

take your mind off the cancer! 

 Keep in mind that your exercise and healthy 

eating plan is an important aspect of your 

recovery and is actively encouraged by many 

doctors as part of a prostate cancer patient’s 

care plan.  
 

My family likes to eat these other things: 

 Our aim is to provide a meal plan for you that 

works within your home situation.  

 Eating out? Not a problem! There are healthy 

choices within takeaway shops. Take the time 

to look at the menu and consider ordering less 

food e.g. only consume a main meal with no 

entrée.  
 

Feeling tired? 

 Fatigue is a common side effect of cancer 

treatment, so it is important to consider ways 

that you can adjust your exercise plans to work 

when you are feeling tired.  

 Remember that something is always better 

than nothing! 
 

It’s expensive: 

 Particularly good quality fruit, vegetables, and 

meat can be expensive. Consider cooking 

meals with seasonal foods.  

 Try shop around! There are many farmers 

markets and supermarkets to choose from. See 

which have the best offers for you.  

 Gyms can also be expensive. We will be 

providing you with a gym stick and this will 

help with completing exercises at home. But 

being outside is free! Take the time to find 

walking/cycling tracks around Perth, and 

swimming in the ocean in summer time is very 

refreshing on those hot days.  
 

I have another illness that makes it difficult to 

exercise: 

 Exercise has been shown to be beneficial for 

many conditions such as arthritis, diabetes, 

and heart disease.  

 Exercise within your limits (e.g. stop if you 

experience pain). 

 Ask your doctor or Rebekah for advice if you 

are unsure. 
 

I don’t want to make these changes by myself: 

 Getting your friends and family on board can 

really help with achieving your goals.  

 Ask friends and family to exercise with you or 

cut out certain foods. Having someone you are 

accountable to can be very encouraging.  
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Study timeline 

 

This is an outline of the study commitments. The study is ~30 weeks in total. 

 

Part 1: BASELINE TESTING + 6 WEEK CONTROL PERIOD 

 

What When 
Approximate 

time 
Where What does it involve? 

Testing day 1 Week 0 2 hours 

Joondalup 

Campus (ECU) 

 Background health information 

 Body composition (DXA, pQCT) 

 Resting metabolic rate (fasting) 

 Quality of life questionnaire (x2) 

 Physical activity questionnaire 

 Food frequency questionnaire 
 

Testing day 2 Week 0 1 hour 
 Strength testing familiarisation session 

Off-site testing Week 0 3 days  3-day weighed food record 

 3-day physical activity monitoring 

Testing day 3 Week 0 1-2 hours  400m walk 

 Strength testing 

Start of 6-week control 

period 
Week 1  

Home 
You will be asked to continue with life as normal. Eat and exercise the same as you 

have been doing for the past few months. End of 6-week control 

period 
Week 6  
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Part 2: PRE-INTERVENTION TESTING + 12 WEEK SUPERVISED INTERVENTION 

 

What When 
Approximate 

time 
Where What does it involve? 

Testing day 1  Week 6 2 hours Joondalup 

Campus (ECU) 

 Body composition (DXA, pQCT) 

 Resting metabolic rate (fasting) 

 Quality of life questionnaire (x2) 

 Physical activity questionnaire 

 Food frequency questionnaire 

 

Testing day 2  Week 6 1-2 hours 
 Maximal aerobic capacity test 

Off-site testing Week 6 3 days 

Australian 

Clinical Labs 

(bloods only) 

Home  

 Blood test (fasting) at your local 

Australian Clinical Labs 

 24 hr urine sample 

 3-day weighed food record 

 3-day physical activity monitoring 

Testing day 3  Week 6 2-3 hours 
Joondalup 

Campus (ECU) 

 400m walk  

 Strength testing 

 Diet history (this may be required to be on a separate day depending on 

availability) 

Start of 12-week training 

programme (supervised 

intervention) 

Week 7 

Each 

supervised 

exercise 

session will be 

1 hour. 

Joondalup or 

Mt Lawley 

Campus (ECU) 

All sessions will be conducted by Rebekah Wilson. You will complete 3 supervised 

training sessions at the Exercise Clinic of your choice (Joondalup or Mt Lawley 

Campus, ECU), plus at least 30 minutes of aerobic exercise on the days when you 

don’t attend a clinic session, totalling 300 minutes of exercise each week. The 

exercise sessions will be run in a group setting (however, times will be flexible). 

You will also be required to fill out a short weekly questionnaire about your eating 

and exercise habits for the past week.  

During the 12 weeks you will also be asked to follow an individualised nutrition 

plan.  
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Nutritional counselling 

session 1 
Week 7 1-2 hours Joondalup or 

Mt Lawley 

Campus (ECU) 

These will be individual sessions conducted by A/Prof Philippa Lyons-Wall and 

Rebekah Wilson. The main aim of the nutrition intervention is to choose smaller 

portion sizes at meals, while optimising protein intake. Then have a plan to reduce 

intake of refined carbohydrates and saturated fats. Please see Nutrition Element 

section for more information. 

Nutritional counselling 

session 2 
Week 9 1 hour 

During this session you will be provided with an example meal plan for you to use 

as a guide for your daily nutrition to help optimise loss of body fat.   

Off-site testing  Week 12 3 days Home  3-day weighed food record 

 3-day physical activity monitoring 

End of 12-week training 

programme 
Week 18  

Joondalup or 

Mt Lawley 

Campus (ECU) 

All supervised exercise sessions stop 

Nutritional counselling 

session 3 
Week 18 1 hour 

Joondalup or 

Mt Lawley 

Campus (ECU) 

This session will assist with advice moving into the home-based intervention.  
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Part 3: POST-INTERVENTION TESTING + HOME-BASED PROGRAMME + FINAL TESTING 

What When 
Approximate 

time 
Where What does it involve? 

Testing day 1  Week 19 2 hours Joondalup 

Campus (ECU) 

 Body composition (DXA, pQCT) 

 Resting metabolic rate (fasting) 

 Quality of life questionnaire (x2) 

 Physical activity questionnaire 

 Food frequency questionnaire 

 

Testing day 2  Week 19 1-2 hours  Maximal aerobic capacity test 

Off-site testing  Week 19 3 days 

Australian 

Clinical Labs 

(bloods only) 

Home 

 Blood test (fasting) at your local 

Australian Clinical Labs  

 24 hr urine sample 

 3-day weighed food record 

 3-day physical activity monitoring 

 

Testing day 3  Week 19 1-2 hours   400m walk  

 Strength testing 

Start of 12-week follow-up 

(home-based intervention) 
Week 19  

Home 

You will be asked to continue completing 300 minutes of aerobic and resistance 

exercise at home. You will be provided with a GYMSTICK to assist with completing the 

resistance exercises at home. You will also be asked to continue utilising the nutritional 

advice.  

Phone call check up Week 24 15-20 minutes 
This will be a phone call to ask the nutrition and exercise questionnaire that you would 

have filled out every week during the supervised training session.  

End of 12-week follow-up Week 30  Other than final testing described below, study contact time has now finished.  

Testing day 1  Week 30 2 hours 
Joondalup 

Campus (ECU) 

 Body composition (DXA, pQCT) 

 Resting metabolic rate (fasting) 

 Quality of life questionnaire (x2) 

 Physical activity questionnaire 

 Food frequency questionnaire 

 

Off-site testing Week 30 3 days Home  3-day weighed food record 

 3-day physical activity monitoring 

Testing day 2 Week 30 1-2 hours 
Joondalup 

Campus (ECU) 

 400m walk  

 Strength testing  
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Nutrition element 

 
Making healthy food choices can have a positive impact on your prostate cancer journey and the extent 

of treatment related side effects. For this study, our primary aim is to influence body shape which is 

commonly altered as a result of ADT. We will be providing individualised nutrition advice that aligns 

with the Australian Dietary Guidelines and the nutrition recommendations for prostate cancer patients.  
 

What will the nutritional counselling sessions involve? 

 You will be asked to attend three compulsory nutritional counselling sessions (~60 minutes each). 

The first one will be during week one of the supervised intervention, the second will be 2 weeks later, 

and the final session will be at the transition point between the supervised and home-based 

intervention periods. The sessions will be conducted by A/Prof Philippa Lyons-Wall (Accredited 

Practising Dietitian) and lead researcher Rebekah Wilson. You will be asked about your usual eating 

habits and from there we will work through some basic goals that will help align your eating patterns 

to meet our intervention requirements (described below) and assist in weight loss. You will not be 

provided with a strict diet, simply given advice and examples of how to easily alter your current 

eating habits to assist with weight loss.  
 

Aims of nutrition intervention 
 

All advice provided will be individually tailored (advice that suits your lifestyle and preferences). We do, 

however, have two aims to help standardise the advice given to each participant.  

 

 

  
 

What does this mean? 

 A portion size is the amount of food that you choose to eat for a meal or snack. It can be large or small. 

To successfully lose weight we must consume less energy than we use. The Australian clinical practice 

guidelines for weight management recommend a 2-4 MJ (500-1000 kcal) energy deficit to lose weight.  
 

How will I create this deficit? 

 We will calculate your daily energy requirements (the amount of energy your body needs to function 

each day). To create an energy deficit, you will be asked to eat 2-4 MJ (500-1000 kcal) less than your 

daily energy requirements. Since your body will be receiving less energy than it is currently used to 

your body will generate energy from the fat stores you already have. This process is what will result 

in changes to your body composition. During the nutritional counselling sessions, we will develop 

your example meal plan (personal to you) that will give you an idea of the portion sizes and types of 

carbohydrates, fats, and protein you may consume each day. You do not have to follow this plan meal 

for meal, it simply gives you an idea of the amount and type of food you may consume that will assist 

in successful weight loss and meeting the study requirements.  
 

How will I know how much to eat? 

 The individual meal plan we develop with you will state the ideal amounts to consume per day of 

vegetables, fruit, grains, meats and alternative protein sources, dairy, and discretionary items. The meal 

plan will give you a clear guide to the types of food and how much you should be consuming to meet 

the study’s nutrition aims. We use the Australian Dietary Guidelines (www.eatforhealth.gov.au) and 

prostate cancer specific nutrition guidelines for the advice provided. 

 
 

AIM ONE: To decrease your portion sizes resulting in a 

daily energy deficit of 2-4 MJ (500-1000 kcal). 

 

http://www.eatforhealth.gov.au/


304 
 

Food groups Examples of food items Daily recommended consumption 

Vegetables 

 Cooked vegetables e.g. greens beans, peas, 

pumpkin, carrot, cauliflower, mushrooms 

 Cooked dried or canned beans, lentils 

 Green leafy salad, tomato, cucumber, 

onions, celery 

 Sweet corn, potato or other starchy 

vegetables 

 

Fruit 

 Apple, banana, orange  

 Apricots, kiwi fruits, plums 

 Diced or canned fruit (no added sugar) 

 Fruit juice (no added sugar) 

 Dried fruit  

 

Grains (cereals)  

 

 Bread, flat bread, bread roll 

 Cooked rice, pasta, noodles, quinoa 

 Oats  

 Wheat cereal flakes 

 Muesli 

 Crumpet 

 English muffin or scone 

 

Sources of 

protein 

 Lean red meats e.g. beef, lamb, veal, pork 

 Lean poultry e.g. skinless chicken 

 Fish fillet or one small can e.g. tuna 

 Eggs 

 Cooked or canned beans e.g. chickpeas 

 Tofu 

 Nuts, seeds, peanuts 

 

Dairy 

 Milk 

 Hard cheese e.g. cheddar 

 Ricotta cheese 

 Yoghurt 

 

Discretionary 

items 

 Alcohol 

 Soft drinks 

 Confectionery 

 Hot chips, potato crisps 

 Process meats e.g. salami, bacon 

 Puddings, desserts 

 Cake, biscuits 

 Take away food 

 Honey, jam 
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Nutrition Counselling meeting goals: 

 

.1.                                                                                                                                                             . 

.                                                                                                                                                                . 

.                                                                                                                                                                . 

.2.                                                                                                                                                             . 

.                                                                                                                                                                . 

.                                                                                                                                                                . 

.3.                                                                                                                                                             . 

.                                                                                                                                                                . 

.                                                                                                                                                                . 

  

Meal example: 

 

BREAKFAST 

 

 

MORNING TEA 

 

 

LUNCH 

 

 

AFTERNOON TEA 

 

 

DINNER 

 

 

DESSERT 
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What are refined carbohydrates? 

 These are plant based foods that have had the fibre and much of the nutritional value removed during 

the processing phase. We often refer to carbohydrates as grains and/or cereals. 

 Below are some examples of refined carbohydrates to limit or avoid: 

 

Refined Carbohydrates 

 White bread 

 Lollies/chocolate 

 Cakes 

 Sugary beverages 

 White pasta 

 Pastries 

 Biscuits 

 Quick-cook rice packets (white rice 

specifically) 

 Potato chips 

 Sugary cereals 

 Sweeteners e.g. white/brown sugar 

 Muffins 

  

What are saturated fats? 

 Saturated fats are not considered essential for good health. They are solid at room temperature and 

mainly found in animal products although some plant products as well. 

 Below are some examples of foods containing saturated fats to limit or avoid: 

 

Foods containing saturated fats 

 Butter 

 Cream 

 Full-fat milk 

 Cheese 

 Coconut oil 

 Pies 

 Deep fried take away food e.g. fish ‘n’ chips 

 Fatty cuts of beef/pork/lamb 

 Processed meats e.g. salami, sausages, chicken 

with skin/coating 

 Palm oil 

 Cooking margarine 

 Cakes 

 Biscuits 

 

What do you mean by optimising protein? 

 Protein consumption is important for lean muscle development. We will be asking you to optimise 

your protein intake by consuming ~1-1.2 g/kg/day which is what the Australian Healthy Eating 

Guidelines and cancer nutrition guidelines recommend. For an 80kg male this would involve 

consuming ~80 grams of protein which may equate to - two serves of oats, and a single serve of milk, 

steak, and fish and half a serving of cheese over the period of a day.  

 We will provide a vanilla whey protein shake after every supervised training session (40g protein) 

which will optimise muscle adaptations from the resistance workout and assist in your daily protein 

consumption.  

 Below are examples of foods containing protein and should be regularly consumed in moderation: 

 

 

 

AIM TWO: To optimise protein intake and reduce 

consumption of refined carbohydrates and saturated fats. 
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Foods containing protein 

 Beef (fat cut off) 

 Pork (fat cut off) 

 Lamb (fat cut off) 

 Kangaroo (fat cut off) 

 Skinless Chicken 

 Fish/shellfish 

 Nuts and seeds 

 Dried beans and lentils 

 Milk (low fat) 

 Yoghurt (low fat) 

 Cheese (low fat) 

 Soy products 

 

What about my vegetable and fruit intake? 

 We will be recommending that you consume > 5 serves of vegetables and fruit per day and consume 

vegetables of many colours. This aligns with the Australian Dietary Guidelines. 

 

What about alcohol? 

 We will be recommending that you limit your alcohol intake by consuming no more than 2 standard 

drinks at a time with at least 2 alcohol free days during the week. These align with the Australian 

Guidelines to reduce health risk from drinking alcohol.  

 Below are some examples of alcoholic beverages to be consumed in moderation: 

 

Alcoholic beverages 

 Light beer 

 Red wine 

 

 Straight spirits e.g. whisky 

 Spirits with a non-sugary mixer e.g. Gin and 

Tonic.  

 

What should my plate look like? 

 Based on the above described Aim Two (optimise protein and reducing refined carbohydrates and 

saturated fats) the below diagram gives an idea of what your lunch and dinner meal should look like. 

 

 

  

Vegetables 

Protein  

Carbohydrates 
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Exercise element 
 

Cancer patients are actively recommended to avoid inactivity during their treatment. Exercise has been 

shown to have a positive effect on many treatment related side-effects, even going as far as reversing or 

preventing side effects from developing. As described, the primary aim of this study is to alter body shape. 

The exercise programme we have developed aligns with the Australian clinical practice guidelines for 

weight management and American College of Sports Medicine prostate cancer exercise guidelines. We 

will be aiming to induce fat mass loss, develop muscle size and strength, and improve general fitness. 

You will attend a 12-week supervised programme where you will be taken through an aerobic and 

resistance training workout and also provided with recommendations of home-based activities to complete 

throughout the 6-month intervention. 

 

Aim of exercise intervention 

Although a set workout will be provided during the supervised training sessions, all exercises will be 

individually tailored to your needs and fitness level. Exercise completed at home will also be individually 

tailored giving you the ability to select any aerobic exercise type you wish. However, we do have a study 

aim and outlines that will help standardise exercise prescription provided to all participants.  

 

 

 

 

 

 

 

 

 

 

 

What type of exercise will you be required to do? 

 When you are in the Vario Clinic exercise facilities you will be completing mostly resistance training. 

This involves doing exercises using machine and handheld weights that will target all major muscle 

groups.  

 You will complete some aerobic exercise during the supervised sessions e.g. walking, cycling, 

rowing, to introduce you to the types of aerobic exercise and help you understand what the ideal 

intensity is to work when completing aerobic exercise outside of the clinic.  

 At home, you will be asked to complete aerobic exercise of your choice. This may involve walking, 

jogging, cycling, swimming, rowing or playing a sport. Home-based exercises will be prescribed 

after consultation with Rebekah. However, you will simply be encouraged to select an activity you 

enjoy.  

 In total, you will be asked to accumulate at least 300 minutes of exercise a week. For example, your 

week may contain 3 x 1hr supervised training sessions (180 minutes) (compulsory) plus you may 

complete 30 minutes of walking every other day of the week (120 minutes). Your total week will 

result in 300 minutes of exercise.  

 300 minutes of exercise a week is recommended for weight loss by the Australian clinical practice 

weight management guidelines.   

 

 

AIM: To complete a minimum of 300 minutes of combined aerobic and 

resistance exercise each week.  

Exercise training outlines:  

 Aerobic exercise intensity to be completed between 50-90% 

 Resistance training exercises will progress from 6-12 repetitions and 1-4 

sets.  

 Resistance (weight) lifted will be individually prescribed based on 

participant fitness but will be ~60-85% of maximum lifting ability. 
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What is aerobic exercise? 

 Aerobic exercise (also known as cardio or endurance exercise) is a form of exercise which involves 

repetitive movements of large muscle groups that can be maintained for a prolonged period of time. 

Completing aerobic exercise has many benefits for your health and lifestyle. 

 Types of aerobic exercise include but are not limited to:  

 Walking  

 Jogging/running 

 Riding a bicycle 

 Using a stationary bicycle 

 Rowing 

 Gym cardio fitness classes e.g. Spin 

 Cross trainer 

 Soccer 

 Basketball 

 Golf 

 Tennis  

 Swimming 

 

How hard should I be exercising? 

  During the supervised exercise sessions, we will show you how to judge your exercise intensity 

using a heart monitor and rate of perceived exertion (RPE).  

  Heart rate is strongly associated with exercise intensity. Generally, the higher the heart rate, the 

harder you are working. We will be recommending that you exercise between 50-90% of your heart 

rate maximum. What we do is we work out your maximum heart rate (220-age) e.g. 220-65 = 155. 

From here, just say you want to work at 70%, we would ask that you exercise at an intensity where 

your heart rate is around 109 beats per minute (109 = 70% of 155).  

 The other option is to work on a rate of perceived exertion scale. Below is a scale out of 10 that 

describes how hard you felt you worked throughout the session. We will be recommending that you 

exercise from 2 to 8 out of 10 which equates to ~50-90% intensity. The follow page is a table from 

Exercise and Sports Science Australia (https://www.essa.org.au/) that may also assist with describing 

the intensity of your exercise session.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rating Descriptor 

0 Rest 

1 Very, very easy 

2 Easy 

3 Moderate 

4 Somewhat hard 

5 Hard 

6 * 

7 Very Hard 

8 * 

9 * 

10 Maximal 

https://www.essa.org.au/
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What is resistance exercise? 

 Resistance exercise or weight training is a form of exercise involving the repetitive lifting or moving 

against a force or weight. Some examples include using a GYMSTICK (which you will be provided 

with at the end of the supervised sessions to use at home), dumbbells, weight machines or your own 

body weight. Regular resistance exercise is extremely beneficial to your health and will enhance your 

physical function.  

 

How do I complete resistance exercises at home? 

 For the home-based intervention, you will be asked to continue completing resistance training 

exercises on a weekly basis, you will be provided with a GYMSTICK to assist with this. The 

GYMSTICK will come with a DVD for you to follow if you wish but Rebekah will show you how 

to use the GYMSTICK to replicate the exercises you would have completed during the 12 week 

supervised intervention period.  

 

What is flexibility exercise? 

 Flexibility exercise is a form of exercise that involves stretching of the muscles in order to improve 

range of motion. Flexibility exercises are typically done in a dynamic form e.g. moving through a 

range of motion, or a static form e.g. holding a position. Flexibility exercise will be completed during 

the warm up and cool down periods of the supervised exercise sessions.  

 

Unintentional exercise 

It’s amazing how much of a difference the little things in life can make. Here are some ideas of the little 

things you can do to help increase your daily activity: 

 Take the stairs. You can build up your fitness by taking the lift up but walking down the stairs or 

vice versa. If you work in a tall building maybe you walk up the first few flights and take the lift 

the rest of the way and slowly build up the number of flights of stairs you take.  

 Park further away. Stop looking for that 'perfect car park.' Yes, sometimes we are in a rush and 

need to get things done but think of how much time you might save taking the first car park and 

walking then driving around and around looking for the closest car park.  

 House work. Use the house chores as an opportunity to get up and do some exercise.  

 Use the TV ads to get up and move. Ads on TV are a great opportunity to give your eyes a break 

from the screen and use your legs. You may use the 3 minutes to clear the dishes or bring in the 

washing or simply just stand and stretch.  

 Ten minutes here, ten minutes there. The exercise completed at home does not have to be done in 

one go. If time is a concern try for a 10 minute brisk walk around the block in the morning, 10 

minute brisk walk at lunch time, and 10 minute brisk walk in the evening.  

 Change your form of transport. Parking, especially in the city, can be a nightmare. Try taking the 

bus or train, or even walk/cycle to your destination.  

 

How do I include my family/friends? 

For some it may be easy to make these changes by themselves for others the support of their children, 

grandchildren, friends, partner or wife will be important to the success of this programme. With the 

exercise and nutrition changes we are encouraging we do not want you to feel like you have to do or eat 

something different from the rest of your family. As well as your set 3 sessions in the clinic gym we are 

also encouraging you to exercise outside of these sessions. These sessions do not have to be organised 

walks by yourself (although sometimes the alone time can be welcomed!) they can be weekend outings 

or romantic walks on the beach! Some ideas include: 
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 Picnic on the beach. Take the time to walk up and down the sand or throw a ball around.  

 Take the dog out for a walk. 

 Take your children or grandchildren to the playground and get involved!  

 Get your wife, partner or a friend on board and organise weekly active outings so that you have 

someone else to be accountable to.  

 Catching up with a friend for coffee? Catch up with them for a walk instead! Or find a nice spot 

near a park or beach and do both.  

 Have you been constantly thinking about re-joining a sporting club? Go for it! Take a friend or 

family member and play together. Tennis, squash, bowels, soccer, golf… the sky is the limit.  
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Exercise log book 
 

We recommend that you either leave in the booklet or rip these pages out and place them somewhere you will look at them constantly e.g. kitchen fridge, by 

the front door, or on your night stand. The information you provide in this logbook will help with our overall analysis of exercise completed during the study 

period.  

When to fill this in? 

 Any non-supervised exercise you complete e.g. exercise completed away from the Vario Clinic exercise facilities, we ask that you write the type of exercise 

performed, how long you exercised for, and provide a value out of 10 of how hard you felt the exercise session was (see page 14 and 15).  

 There is also a space that if you wish you can create a weekly exercise goal to help you meet the required 300 minutes of exercise. See page 3 for further 

information on how to develop a goal. Please take the time to discuss with Rebekah during your clinic exercise sessions if you wish.  

 We would also like to know if you have any adverse events as a result of the programme or health concerns that stopped you from completing any exercise. 

For example, you may develop the flu and may do no exercise for a few days, or you may injury yourself while completing an exercise session. Please 

make note of any adverse events that may occur as a result from the programme or health concerns and how they affected you.  

 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

1 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

 

 

 

 

 

 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 
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2 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 

 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

3 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

4 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 
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Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

5 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

6 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

7 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 



316 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

8 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

9 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

10 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 
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Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

11 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

12 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

13 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

 



318 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

14 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

15 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

16 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

 



319 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

17 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

18 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

19 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 
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Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

20 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

21 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

22 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 
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Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

23 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 

 

 
 

Week  Monday Tuesday Wednesday Thursday Friday Saturday Sunday Weekly exercise goal 

24 What type of exercise 

did you do? 

        

 

 

 

 

 

How long did you 

exercise? 

       

How hard was the 

exercise 1= easy, 10 = 

maximal effort 

       

Adverse events/health concerns: 
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Individualised meal plan example 

 

 Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Breakfast        

Lunch        

Dinner        

Snacks        

Week 

nutrition 

goal 
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E2. Home-based intervention booklet (Chapter 7) 

 

 

 
 

 

EXERCISE AND 
NUTRTION 

INFORMATION 
FOR  

HOME-BASED 
PROGRAMME 

 

Developed by  

Rebekah Wilson, MPhysEd  

Ph.D Candidate 



324 
 

CONTENTS 

 
EXERCISE HOME-BASED PROGRAMME IMPLEMENTATION .................................. 326 

Exercise Medicine Research Institute – Vario Health Clinic ............................................ 326 

LIVING LONGER, LIVING STRONGER EXERCISE TIMES .................................. 327 

Edith Cowan University Sport and Fitness Centre – Mt Lawley and Joondalup .............. 328 

Local Gym.......................................................................................................................... 328 

Home-based exercise using GymStick© ........................................................................... 328 

Home-based exercise programme using own exercise equipment .................................... 329 

HOW WERE THE SUPERVISED EXERCISE SESSIONS STRUCTURED? ................... 330 

BEFORE YOU START EXERCISING - WHAT YOU NEED TO KNOW: ....................... 330 

EXERCISE TIPS ................................................................................................................... 331 

GymStick© anatomy: .................................................................................................... 331 

EXAMPLE EXERCISES ...................................................................................................... 332 

5-10 minute warm up: ........................................................................................................ 332 

Leg exercises: ..................................................................................................................... 332 

Chest exercises: .................................................................................................................. 342 

Back exercises: ................................................................................................................... 347 

Arm and shoulder exercises: .............................................................................................. 350 

Abdominal exercises: ......................................................................................................... 354 

5-10 minute Cool-down: .................................................................................................... 358 

Stretching: .......................................................................................................................... 358 

EXAMPLE WEEKLY EXERCISE PLAN ........................................................................... 359 

HOW THE NUTRITION SESSIONS WERE STRUCTURED............................................ 360 

 

 

  



325 
 

 
 

Congratulations again on taking the first step to a healthier lifestyle and completing the supervised 

stage of Rebekah’s PhD project (HREC ID: 18832) of an exercise and nutrition based weight loss 

programme for men with prostate cancer on androgen deprivation therapy (ADT).  

 

The achievements made and progress gained has been incredible and we hope you have found a 

sense of accomplishment in completing the exercise sessions and taking on board the nutrition 

advice. Our hope is that you will take this advice and experiences and develop your own exercise and 

nutrition routine that will continue to develop and maintain your strength and general well-being as 

you continue with your treatment and beyond.  

 

Our main message to you as you move on from the supervised sessions is to: 

1. Be mindful of what and how much you are consuming and, 

2. STAY ACTIVE on a daily basis.  

 

This booklet is designed to provide exercise and nutrition ideas, advice, and reminders to 

complement what has already been provided throughout the 12-week supervised programme. 

Although this booklet focuses on resistance based exercises, don’t forget that staying active can be 

as simple as getting off the couch and doing chores around the house, taking trips to the shopping 

centre, and being active and engage in physical activity with your family and friends. However, for 

ongoing results, purposeful exercise is encouraged in the form of aerobic training e.g. walking, biking, 

swimming, and resistance training e.g. lifting weights, GymStick©.  Completing purposeful exercise 

will assist with continued development and maintenance of your overall fitness and strength and help 

keep your desired weight which are all commonly altered with cancer treatment. 

 

We hope you will find this compilation of exercises and basic nutrition advice/reminders useful as 

you begin to create your own exercise and nutrition routine beyond that of the research study’s 

programme.  
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EXERCISE HOME-BASED PROGRAMME IMPLEMENTATION 

Now that the 12-week supervised programme is finished, it is time to create your own exercise 

routine. You have already been completing aerobic based exercise at home whether that was 

walking, biking, or swimming and so on. We encourage you to continue with this routine and maintain 

30+ minutes of aerobic based exercise completed 3-5 days a week. However, you will now need to 

implement your own resistance based workouts to replace the now finished supervised sessions. 

Structured resistance exercises are recommended for men with prostate cancer to be completed a 

minimum of 2 times per week (but ideally 3 to continue with the exercise routine that has been 

completed over the last 12 weeks). These sessions should utilise 6 to 8 exercises covering all major 

muscle groups of your whole body each session (legs, chest, back, arms, and abdominals). Exercise 

(either resistance or aerobic training) should be completed on a daily basis for ongoing results.  
 

Exercise Medicine Research Institute – Vario Health Clinic 

To keep up your resistance training we would like to encourage you to continue your exercise with 

us at the Vario Health Clinic, Joondalup, as a paying client costing only $10 a session. Unlike local 

gyms, the Vario Health Clinic provides a casual membership (you pay when you come) and sessions 

are supervised by Exercise Physiologists specialised in working with cancer patients. You will be 

joining our “Living Longer Living Stronger” programme. These are group sessions run in one hour 

slots (see next page) where you will be provided with an individualised exercise programme by one 

of our Exercise Physiologists who supervise the sessions. Although these sessions are supervised you 

are given independence to move through your exercise programme. If you feel you still require close 

supervision while exercising we do have other groups and one on one sessions with greater level of 

supervision. Please speak to Rebekah,  if you are interested in 

attending the Vario Health Clinic or call the Vario Health Clinic reception (08) 6304 3444 for more 

information and to see what option is right for you.  

 
 

See website for further details 

https://www.exercisemedicine.org.au/ 

https://www.exercisemedicine.org.au/
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LIVING LONGER, LIVING STRONGER EXERCISE TIMES 

Monday Tuesday Wednesday Thursday Friday 

7.00am – 8.00am  7.00am – 8.00am 7.00am – 8.00am  

8.00am – 9.00am 8.00am – 9.00am 8.00am – 9.00am 8.00am – 9.00am 8.00am – 9.00am 

 9.00am – 10.00am 9.00am – 10.00am  9.00am – 10.00am 

 11.00am –12.00pm    

12.00pm – 1.00pm  12.00pm – 1.00pm  12.00pm – 1.00pm 

1.30pm – 2.30pm 1.30pm – 2.30pm 1.30pm – 2.30pm 1.30pm – 2.30pm 1.30pm – 2.30pm 

2.30pm – 3.30pm   2.30pm – 3.30pm  

3.30pm – 4.30pm   3.30pm – 4.30pm  

 

NOTE: At this time the red time slots are not available due to full capacity reached. 
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If membership costs or travel distance is an issue, we would recommend coming to the Vario Health 

Clinic once a week (remember our membership is a pay when you come, unlike local gyms where it 

is often a set 6 or 12 month membership) to complete a more intense resistance exercise session 

then complete 1 or 2 more resistance based sessions at home.  

 

Edith Cowan University Sport and Fitness Centre – Mt Lawley and Joondalup 

For those exercising at Mt Lawley you may like to take on a membership with the Edith Cowan 

University (ECU) Sport and Fitness Centre where you have been exercising for the 12-week supervised 

sessions. As part of your membership you will have access to Group Fitness including yoga, Pilates, 

BodyPump and more, plus individualised exercise programmes every 6-12 weeks (please note the 

individual programmes are not actively supervised, a staff member of the ECU Sports and Fitness 

Centre will provide a written exercise programme for you to complete). Memberships start at $30.60 

per fortnight for an ongoing membership (6 months minimum) or you may like to try a fixed pay up 

front membership: 3 months = $273, 6 months = $426, 12 months = $571. Memberships may also 

be used at the ECU Sports and Fitness Centre at the Joondalup Campus if you wish (these prices are 

as of October 2018).  

 

Local Gym 

If a membership at the Vario Health Clinic or ECU Sports and Fitness Centre does not work for you 

but you are still interested in maintaining a gym-based exercise routine there are many local gym 

memberships available. Please speak to Rebekah if this is an option for you and what 

memberships/gyms would suit you best.  

 

Cancer or senior specific programmes 

Living longer living stronger: This is an evidence-based supervised progressive strength training 

exercise programme designed for those 50+ years. We run this programme at the Vario Health Clinic, 

however, there are over 50 sites throughout WA. Refer to their website http://www.lllswa.org.au/ 

for more details and site locations. Each site has a different cost (but are around $10 for a casual 

session) and programmes offered. Please speak to Rebekah about the best option for you.  

PROST!: This is a prostate cancer support group who run exercises session at the Subiaco football 

club (Tuesday and Thursday 9am) in Leederville and at the University of Western Australia 

(Wednesday and Friday 1.30pm). All sessions are supervised by an exercise physiologist incur a cost 

of $10 a session. Please see website for contact details: http://www.prostate.org.au/support/list-of-

support-groups/wa-support-groups/prost-exercise-4-prostate-cancer-inc/ or contact Ross Campbell: 

arcampbell@iinet.net.au or 0407886823. 

Cancer council WA: This organisation provides a number of different services for cancer patients and 

caregivers covering all aspects of a cancer patient’s journey. They run 6-12 week exercise 

programmes at various venues throughout WA. However, please note that there are restrictions on 

participation based on time of diagnosis and treatment. Please see website for more details: 

https://www.cancerwa.asn.au/patients/support-and-services/life-now/  

 

Home-based exercise using GymStick©  

http://www.lllswa.org.au/
http://www.prostate.org.au/support/list-of-support-groups/wa-support-groups/prost-exercise-4-prostate-cancer-inc/
http://www.prostate.org.au/support/list-of-support-groups/wa-support-groups/prost-exercise-4-prostate-cancer-inc/
mailto:arcampbell@iinet.net.au
https://www.cancerwa.asn.au/patients/support-and-services/life-now/
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As part of this study we have provided you with a GymStick© to assist you with maintaining resistance 

exercises at home if continuing with a membership at the Vario Health Clinic, ECU Sport and Fitness 

Centre, or a local gym is not an option for you. The GymStick© comes with a DVD and poster of 

exercises that you may follow as well as the example exercises provided within this booklet. Also see 

https://www.gymstick.com/training-videos/gymstick-original.html for more exercise options. For 

those who choose to use the GymStick© as their predominant form of resistance training or would 

like to learn more with the GymStick©, Rebekah will complete 2 exercise sessions (after the 12-week 

programme) to demonstrate how to use it.  

 

Home-based exercise programme using own exercise equipment 

Finally, if you have a gym within your residence and/or exercise equipment (such as dumb-bells, 

exercise ball) at home, please let Rebekah know what equipment is available to you and she will 

provide an individualised home programme in addition to the below example exercises to get you 

started. A home-based resistance session may also be completed in conjunction with an exercise 

session at the Vario Health Clinic.  

  

https://www.gymstick.com/training-videos/gymstick-original.html
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HOW WERE THE SUPERVISED EXERCISE SESSIONS STRUCTURED? 

Each exercise session was structured in a similar way that exercised the whole body. We started with 

an aerobic based exercise (such as stationary cycling) and then we began the resistance exercises 

starting with the larger muscles (such as those in the legs) and progressing to the smaller muscles 

(such as those in the arms). Over the 12 weeks we changed how many repetitions (one complete 

motion of an exercise) and sets (group of consecutive repetitions) we completed but these remained 

within the ranges of 6 to 12 repetitions and 1 to 4 sets for each exercise. When selecting how many 

sets and repetitions you complete during your resistance exercise sessions, change it up, as the body 

responds better when it receives different stimulations e.g. one week complete 3 x 10, the next week 

change it to  3 x 8 but maybe increase the weight or intensity of the task. Please note: if you choose 

to take on a membership at the Vario Health Clinic an exercise programme will be provided. 

 

BEFORE YOU START EXERCISING - WHAT YOU NEED TO KNOW: 

1. If you experience any chest pain, radiating pain, extreme breathlessness or rapid or irregular 

heartbeat during exercise please stop exercising immediately and seek medical advice by calling 

000 if it is an emergency or contact your local GP.  

2. If any exercise causes excess discomfort stop performing that exercise immediately. Injuries such 

as muscle tears or strains are likely to occur if you push your body too hard and/or too quickly. If 

you feel any excessive or ongoing tightness, spasms, pain or cramps that cannot be relieved with 

rest or stretching the affected area, please seek medical advice from your GP or physiotherapist. 

3. In the unlikely event of an injury or fall while completing exercise during the 12-week home-based 

period of the study please seek medical advice (GP or physiotherapist) for how/when to continue 

with exercise. We also ask that if an injury/fall does occur due to structured exercise during the 

unsupervised 12-week period that you please make a note of it in the exercise log you are required 

to keep during this time.  

4. If you are not attending the Vario Health Clinic or do not have the ability to discuss your exercise 

with a trained professional at a local gym, please feel free to contact Rebekah at any stage for 

advice on exercise progression, concerns regarding completion of exercises, or concerns with 

injury. 

Rebekah Wilson: 

Email:   

Phone:  
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EXERCISE TIPS 

WHEN COMPLETING EXERCISES: In all exercises think about what muscle group you are supposed to 

be working and actively engage that area. Also engaging the abdominal muscles across each exercise 

provided will assist with a more controlled movement. 

TIMING: Choose to exercise at a time of the day that you feel at your best. If you find you get quite 

tired in the afternoons try exercising in the mornings. You may also find you have good days and bad 

days, particularly with the treatment you are currently receiving. We encourage you to complete more 

activity on the good days, whereas the days you feel exhausted simply do as much as you can but we 

still encourage you to get active even if 5-10 minutes of low intensity exercise is all you can manage 

(you may even find this helps improve your fatigue levels).  

GYMSTICK: To make an exercise more challenging rotate the elastic bands around the stick as this will 

provide more resistance making the band harder to pull and push.  

GymStick© anatomy: 

Image not available in this version of the thesis



332 

EXAMPLE EXERCISES 

NOTE: If attending the Vario Health Clinic, ECU Sports and Fitness Centre or a local gym is not a viable 

option, the following exercises are examples to prompt ideas for home based resistance workouts 

where you do not have access to machine weights. These exercises are EXAMPLES ONLY and may not 

be appropriate for all participants. Please take the time to discuss your proposed exercising routine 

with Rebekah as additional material may be given on request. 

5-10 minute warm up:

Complete an aerobic based exercise at a light-moderate intensity. A warm up is designed to 

“kick-start” the muscles and get the blood flowing. Examples may include walking or cycling 

(stationary or push bike).  

Leg exercises: 

Select 3 different leg exercises that target different muscle groups each resistance exercise 

session. These were the main muscle groups targeted during the supervised sessions.  

Image not available in this version of the thesis
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Examples: 

a) Squat (targeting mainly gluteus and quadriceps muscle groups).

This exercise may be completed free standing (Picture A). To progress this exercise you 

may wish to use hand held weights while completing the movement (Picture B) or use the 

GymStick© provided (Picture C).  

Picture A: 

Picture B: 

Start position: 

Place feet just wider than 

hips.  

End position: 

Make sure your knees line up over 

your toes as you bend and you keep 

your upper body as upright as 

possible. 

Start position: 

Place feet just wider than hips. A power 

bag is pictured but any form of weighted 

object may be used e.g. dumbbell, kettle 

bell, weighted item from around the 

house. 

End position 

Make sure your knees line up over your 

toes as you bend and you keep your 

upper body as upright as possible. Only 

bend as far as is comfortable for you. 

Picture A is not available in this version of the thesis

Picture B is not available in this version of the thesis
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Picture C: 

b) Lunges (target gluteus, hamstring and quadriceps muscle groups) (Picture A)

This is a great all-round leg exercise. If balance is an issue please complete exercise close 

to a wall or chair for support. This exercise may be done stationary (movement completed 

on the spot) or walking if balance allows (complete the lunge movement and then bring 

the back leg forward to step into next lunge). To progress this exercise use hand held 

weights (Picture B) or GymStick© (Picture C) – a twist may be completed for added 

abdominal engagement.  

Picture A: 

Start position: 

Bar of the GymStick© is placed across 

the shoulders with one foot loop around 

each foot. Place feet just wider than 

hips.  

End position: 

Make sure your knees line up over your 

toes as you bend and you keep your 

upper body as upright as possible. Only 

bend as far as is comfortable for you. 

Start position: 

Place feet in a wide stance with the back heel off 

the ground. Keep weight in the centre of both legs. 

End position: 

Make sure your knees line up over your toes as 

you bend keeping weight centred between legs. 

Only bend as far as is comfortable for you. 

Picture C is not available in this version of the thesis

Picture A is not available in this version of the thesis



335 

Picture B: 

Picture C: 

 

 

 

Start position: 

Place feet in a wide stance with the back 

heel off the ground. Keep weight in the 

centre of both legs. 

End position: 

Make sure your knees line up over your 

toes as you bend keeping weight centred 

between legs. Only bend as far as is 

comfortable for you. 

Start position: 

Place one loop on each foot and 

bar across the shoulders. Place 

feet in a wide stance with the 

back heel off the ground. Keep 

weight in the centre of both legs. 

Middle position: 

Make sure your knees line up over 

your toes as you bend keeping 

weight centred between legs. 

Only bend as far as is comfortable 

for you. 

End position: 

Twist torso towards front leg for an 

added core rotation exercise. Twist 

back to “middle position” and then 

rise to “start position” before 

completing next repetition.  

Picture B is not available in this version of the thesis

Picture C is not available in this version of the thesis
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c) GymStick© seated leg extension (targeting the quadriceps muscles)

d) Rear kick with GymStick© (targeting gluteus, hamstring and quadriceps muscle groups).

In order of difficulty, start kneeling on the floor (Picture A). Ensure something is placed 

under the knees to cushion the knee joint. When standing, complete the movement while 

using the wall to assist with balance (Picture B). To progress complete exercise balancing 

on one leg and adding in a chest press (Picture C).  

Picture A: 

Start position: 

You will likely have to wrap the band around 

the bar for added resistance. Place 

GymStick© behind the body on the chair with 

loop around the exercising foot.  

End position: 

Extend knee out but do not lock knee in a straight, stiff 

position.   

Start position: 

Have both loops around the 

working foot. Place 

GymStick© on floor directly 

under shoulders. Bring 

working leg into chest if 

flexibility allows or just off 

the floor as pictured.  

End position: 

Extend leg behind body 

making sure the leg is 

directly in line with the 

working side shoulder 

creating a flat line from 

head to foot.  

Image is not available in this version of the thesis

Picture A is not available in this 
version of the thesis
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Picture B: 

Picture C: 

Start position: 

Have both loops around the working foot. 

Place GymStick© at chest height on a flat 

wall. Start with foot close to the supporting 

knee.   

End position: 

Extend leg behind body making sure the leg is 

directly in line with the working side shoulder. Do not 

take leg any higher than knee height. 

Start position: 

Have both loops around the working 

foot. Place GymStick© at chest height 

with working foot close to supporting 

knee.  

End position: 

Extend leg behind body making sure the leg is directly in line with the working 

side shoulder creating a flat line from head to foot. Arms complete a chest 

press with bar finishing no higher than nose.   

Picture B is not available in this version of the thesis

Picture C is not available in this version of the thesis
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d) Standing calf raise (targeting gastrocnemius and soleus as well as balance) (Picture A).

Have a wall or chair handy to assist with balance. To progress this exercise use handheld 

weights (Picture B) or complete with balls of feet on a step (Picture C). To target the soleus 

muscle complete same motion but with knees bent (Picture D). All exercise may be done 

one foot at a time for added challenge. 

Picture A: 

Picture B: 

Start position 

Place feet together or shoulder 

width apart depending on 

balance.  

End position: 

Make sure your weight is over the 

big toe (do not roll your feet towards 

the little toe). 

Start position 

Place feet together or shoulder 

width apart depending on 

balance. Weights held in hands 

at sides.  

End position: 

Make sure your weight is over the 

big toe (do not roll your feet towards 

the little toe). 

Picture A is not available in this version of the thesis

Picture B is not available in this version of the thesis
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Picture C: 

Picture D: 

Start position 

Place balls of the feet on step. Heels 

lowered just below the step line. You 

should feel a slight calf muscle stretch.  

End position: 

Make sure your weight is over the 

big toe (do not roll your feet towards 

the little toe). 

Start position 

Bend knees. This may be done on a 

step as pictured or on the ground.   

End position: 

Raise heels while keeping knees bend 

and ensuring weight is over the big toe 

(do not roll your feet towards the little 

toe).  

Picture C is not available in this version of the thesis

Picture D is not available in this version of the thesis
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e) GymStick© outer thigh exercise (targeting the iliotibial tract).

Have a chair or wall handy to assist with balance. 

f) Wall squat (targeting gluteus, quadriceps, hamstrings, adductor muscles and iliotibial band).

This exercise is completed using your own body weight against a wall (Picture A). To 

engage the adductor muscles squeeze a ball between the knees (Picture B). The iliotibial 

band may be targeted by wrapping one of the GymStick© bands around the knees and 

pressing the knees outward (Picture C). This is an isolated movement meaning you simply 

hold this position for a set time (e.g. 15 seconds). Have a chair handy to assist with 

balance. 

Picture A: 

Start position 

Place one loop on each foot. Twist the bar so that 

the bands are crossed over. Place the opposite 

side of the stick from the working leg on the 

ground for stability.   

End position: 

Raise the leg, no higher than knee height as pictured, 

to the side of the body. Complete a pulsing action – try 

not to let the working foot touch the ground after each 

repetition.  

Start position 

Have back straight against the wall 

and slide down pressing your weight 

into the wall. Only bend knees as far 

as you feel comfortable. Hold this 

bent position for a set length of time 

e.g. 15 seconds. 

Image is not available in this version of the thesis

Picture A is not available in this version 
of the thesis
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Picture B: 

Picture C: 

Start position 

Have back straight against the wall 

and slide down pressing your weight 

into the wall. Only bend knees as far 

as you feel comfortable. Once in bent 

position place ball between knees, 

squeeze and hold or complete small 

pulsing movements keeping the ball 

between knees. 

Start position 

Have back straight against the wall 

and slide down pressing your weight 

into the wall. Only bend knees as far 

as you feel comfortable. Once in bent 

position wrap one GymStick© around 

knees and lightly press knees 

outwards, and hold or pulse.  

Picture B is not available in 
this version of the thesis

Picture C is not available in 
this version of the thesis
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Chest exercises: 

Select one chest exercise to complete each resistance session. The pectoralis major was the 

main muscle targeted during the supervised exercise sessions. 

Examples: 

a) Chest fly

This exercise may be completed standing, sitting or lying down. Progress this exercise 

using handheld weights (Picture A) or GymStick© (Picture B). 

Picture A:  

- Lying down:

Start position: 

Lie down on a bench with knees up as pictured. Hold weights 

above the body at chest height, arms slightly bent.  

End position: 

Arms move to the sides staying in a slightly bent 

position. Do not take arms lower than bench.  

Image is not available in this version of the thesis

Image is not available in this version of the thesis



343 

- Standing up

NOTE: This exercise may also be done seated 

Picture B:  

Start position: 

Have arms slightly bent in front of the body 

at chest height.   

End position: 

Open arms to side keeping arms slightly bent 

(W shape). Do not take arms behind or above 

shoulder level.  

Start position: 

Stand on GymStick© and hold a loop in each hand. Have 

arms slightly bent out wide at shoulder height.  

End position: 

Bring arms together at the same time as completing a 

squat for added challenge (see leg exercises). This may be 

done with or without the squat movement.  

Image  is not available in this version of the thesis

Picture B is not available in this version of the thesis
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b) Push up

In order of difficulty, a push up may be completed on a bench (Picture A), on knees 

(Picture B) or on toes (Picture C).  

Picture A: 

Picture B: 

Start position: 

Place a mat or pillow under 

knees. Place hands a little wider 

and slightly forward of 

shoulders. 

End position: 

Lower chest to ground 

making sure hips do not 

drop.  

Start position: 

Make sure head, hips and legs make a straight line as 

pictured.  Hands should be a little wider than shoulders.  

End position: 

Lower chest to bench making sure hips do not drop.  

Picture A is not available in this version of the thesis

Picture B is not available in this version 
of the thesis
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Picture C: 

c) Chest press

This exercise may be completed lying down using handheld weights (Picture A) or 

standing using a GymStick© (Picture B). 

Picture A: 

Start position: 

Lie down on a bench. Place a step under feet if this 

position places strain on your back. Hold weights near 

shoulders.  

End position: 

Raise weights straight into air keeping in line with 

shoulders. 

Start position: 

Make sure head, hips and 

legs make a straight line as 

pictured.  Hands should be a 

little wider and slightly 

forward of shoulders.  

End position: 

Lower chest to ground making 

sure hips do not drop.  

Picture C is not available in this 
version of the thesis

Picture A is not available in this version of the thesis
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Picture B: 

Start position: 

Place both loops around one foot and step 

through into a lunge position (front leg 

bent, back leg straight – back foot may be 

flat or heel raised depending on flexibility). 

Bar is held at chest height with arms 

positioned slightly wider than shoulders. 

End position: 

Press bar forward of body, no higher than nose 

line.  

Picture B is not available in this version of the thesis
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Back exercises: 

Select one back exercise per session. Change the exercise each session to target different 

areas of the back. The main targeted muscle groups during the sessions were:  

Examples: 

a) Upright row (targets the trapezius).

To complete this exercise use hand held weights (Picture A) or GymStick© (Picture B). 

Picture A: 

Start position: 

A kettle bell is pictured but any 

weighted object may be used e.g. 

dumbbell. 

End position: 

Raise weight to sternum, arms will 

make a “V shape” as pictured.  

Image is not available in this version of the thesis

Picture A is not available in this version of the thesis
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Picture B: 

b) Bent over row (targets the latissimus and lower trapezius).

To progress this movement use hand held weights (Picture A) or GymStick© (Picture 

B). 

Picutre A: 

Start position: 

Have one loop around each foot, hold bar at hip 

height. 

End position: 

Raise bar to armpits but do not bring the bar any 

higher than shoulders.  

Start position: 

Bend knees. With a straight back lean 

forward slightly so that the weights 

are touching the knees and are 

straight down from shoulders.  

End position: 

With the elbows going towards the 

ceiling, raise the weights to your waist 

line ensuring knees stay bent and back 

tilted forward.  

Picture B is not available in this version of the thesis

Picture A is not available in this version of the thesis
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Picture B: 

c) GymStick© rear dealt (targets the rear deltoid (shoulder muscle), trapezius, rhomboids).

Start position: 

You will need to shorten the bands for this 

exercise – roll over bar. Bend knees. With a 

straight back lean forward slightly so that the bar 

is touching the knees and arms are straight down 

from shoulders.  

End position: 

With the elbows going towards the ceiling, 

raise the bar to your belly button ensuring 

knees stay bent and back tilted forward.  

Start position: 

Place bar under feet, bend knees, hold one loop in each 

hand with bands in a crossed position. Arms are pictured 

bent, for a more challenging exercise start with arms 

straight.   

End position: 

Extend arms to side making sure arms do not go behind body.  

Picture B is not available in this version of the thesis

Image is not available in this version of the thesis
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 Arm and shoulder exercises: 

Select two arm/shoulder exercises to complete each resistance training session. Rotate the 

exercises to target different muscle groups each time. The main muscle groups targeted 

during the supervised sessions were:  

Examples: 

a) Bicep curl (targets the biceps brachii).

This exercise may be completed standing or sitting with either handheld weights (Picture 

A) or GymStick© (Picture B).

Picture A: 

Start position 

Hold weights in hands down by 

sides. 

End position: 

Bring weights towards shoulders. 

Make sure the movement comes only 

from the elbows, the back should not 

tip. 

Image is not available in this version of the thesis

Picture A is not available in this version of the thesis
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Picture B: 

b) Triceps extension (targets the triceps brachii).

To complete this movement use handheld weights with a combined bent over row for an 

added challenge (Picture A) or GymStick© (Picture B).  

Picture A: 

Start position: 

Place a band around each foot. Hold bar at hip 

height.   

End position: 

Raise bar to just below chin height. Make sure 

the movement comes only from the elbows, 

the back should not tip.  

Start position: 

Place knee on cushioned chair/bench with same 

hand used as support. Have working arm (opposite 

to kneeling leg) hang straight down from shoulder 

holding weight.  

Middle position: 

Bend elbow to bring weight up to near the shoulder.  

Picture B is not available in this version of the thesis

Picture A is not available in this version of the thesis
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Picture B: 

 

 

 

End position: 

Extend elbow behind body. To finish 

movement bring weight back into 

“Middle position” then down to 

“starting position” to begin second 

repetition.  

Start position: 

Wrap one band around the bar so that a suitable 

resistance is achieved. Facing the elbow behind 

the body, hold the band at hip height.  

End position: 

Extend the working arm behind the body. The elbow 

should not lift. 

Picture B is not available in this version of the thesis

Image is not available in this 
version of the thesis
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c) Shoulder press (targets the deltoids).

To complete this movement use hand held weights (Picture A) or GymStick© (Picture B). 

This exercise may be done seated or standing. 

Picture A: 

 

Picture B: 

 

 

 

Start position: 

Place a band around each foot and have hands holding the bar 

near shoulders.  

End position: 

Raise bar above the head. Make sure bar is kept slightly in 

front of the body and not behind the head. 

Start position: 

Hold weights near shoulders.  

End position: 

Raise weights above the head. Make sure weights 

are kept slightly in front of the body and not behind 

the head. 

Picture A is not available in this version of the thesis

Picture B is not available in this version of the thesis
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Abdominal exercises: 

Select one abdominal exercise each resistance training session. Change the selected exercise 

each session so that all abdominal muscles are targeted. Main muscled targeted during 

supervised sessions: 

Examples: 

a) Plank (targets rectus and transverse abdominal muscles).

In order of difficulty this exercise may be completed using a bench (Picture A) or on the 

floor (Picture B). When on the floor, similar to above demonstration of the push up, this 

exercise can be completed on either the knees or toes depending on ability. 

Picture A: 

Picture B: 

NOTE: Position may be held resting on the elbows if this is more comfortable on both the 

floor and bench.  

Start position: 

Make sure head, hips and legs 

make a straight line as pictured.  

Hands should be a little wider than 

shoulders.  

Start position: 

Make sure head, hips 

and legs make a straight 

line as pictured.  Hands 

should be a little wider 

and slightly forward of 

shoulders.  

Image s not available in this version of the thesis

Picture A is not available in this 
version of the thesis

Picture B is not available in this 
version of the thesis
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b) Single leg lowers (targets the rectus abdominis).

In order of difficulty this exercise may be completed using just the legs (Picture A), by 

adding an arm movement (Picture B), or using a GymStick© for added resistance (Picture 

C).  

Picture A: 

Start position: 

Lay on ground or bed and 

raise legs off the floor into a 

90° position. Back should be 

flat on the floor. Engage 

abdominal muscles before a 

movement is completed.  

End position: 

Keeping the abdominal 

muscles engaged and back 

flat on the floor, extend one 

leg out. The closer the leg is 

extended to the floor, the 

more challenging the 

exercise.   

Picture A is not available in this 
version of the thesis
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Picture B: 

Picture C: 

Start position: 

Lay on ground or bed and raise legs 

off the floor into a 90° position and 

arms held in air in line with shoulders. 

Back should be flat on the floor. 

Engage abdominal muscles before a 

movement is completed.  

End position: 

Keeping the abdominal muscles 

engaged and back flat on the floor, 

extend one leg and opposite arm. The 

closer the leg is extended to the floor, 

the more challenging the exercise.   

Start position: 

Place a loop around each foot. Lay on 

ground or bed and raise legs off the 

floor into a 90° position with arms 

holding bar above the head (bands 

may also be wrapped around bar and 

held at hips if shoulder flexibility is 

minimal). Back should be flat on the 

floor. Engage abdominal muscles 

before a movement is completed.  

End position: 

Keeping the abdominal muscles 

engaged and back flat on the floor, 

extend one leg holding the arms 

above the head (or at hip is flexibility 

does not allow arms over the head). 

The closer the leg is extended to the 

floor, the more challenging the 

exercise.   

Picture B is not available in this 
version of the thesis

Picture C is not available in this 
version of the thesis
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c) Core rotations (targets all abdominal muscles).

This exercise may completed standing or sitting down. To complete exercise use 

handheld weights (Picture A) or GymStick© (Picture B).  

Picture A: 

Picture B: 

  

 

Start position: 

A dumbbell is pictured but any weighted object 

may be used. Hold weight in line with chest, have 

arms slightly bent to take strain off the upper back 

and neck. Engage abdominal muscles before 

movements begins.  

End position: 

Keeping the abdominals engaged and weight centred 

between two feet e.g. when twisting have weight equal 

on two feet, twist to the side holding weight at chest 

height. Arms may be kept slightly bent throughout 

movement to take strain off upper back and neck.  

Start position: 

Stand on bar holding both loops in both hands at chest 

height. Engage abdominal muscles before movement begins.  

End position: 

Keeping the abdominals engaged and weight centred 

between two feet e.g. when twisting have weight equal on 

two feet, twist to the side holding arms at chest height.  

Picture A is not available in this version of the thesis

Picture B is not available in this version of the thesis
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5-10 minute Cool-down:

Complete an aerobic based exercise at a light-moderate intensity. A cool down is designed to 

relax the muscles. Examples may include walking or cycling (stationary or push bike).  

Stretching: 

Take the time to stretch out the major muscle groups worked during the resistance session. 

Hold each stretch for ~15 seconds.   



359 

EXAMPLE WEEKLY EXERCISE PLAN 

During the study, we encouraged a total of 300 minutes of exercise a week to encourage weight loss. Now that the supervised component is completed 

we recommend that you complete at least 150 minutes of purposeful exercise each week – a total of 30 minutes each day (although 300 minutes is still 

good to maintain – a total of 45 minutes each day) which includes aerobic based training and a minimum of two resistance based sessions. When the 

term “purposeful exercise” is used it means to complete an organised exercise session (not walking around the shops, but going for a purposeful walk 

around the block or in the park). These are the prostate cancer exercise guidelines as recommended by the American College of Sports Medicine and 

endorsed by Exercise and Sport Science Australia.  

Please note – although 30 minutes per day is the recommendation you must listen to your body. Stay as active as possible but do complete low-intensity 

activities on the days you do not feel great and save the moderate-high intensity tasks for the good days.  

EXAMPLE Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

Exercise 1 hour Vario 

Health Clinic 

resistance 

training session 

30 minute brisk 

walk   

30 minute 

GymStick© 

workout at 

home 

1 hour bike ride 30 minute 

GymStick© 

workout at 

home 

30 minute pool 

session 

(walking or 

swimming) 

30 minute low 

intensity walk 

NB: Adjust weight/resistance as needed. 

EXAMPLE LAYOUT Week 1 Week 2 Week 3 

3x leg exercises 2 sets  

10 repetitions 

3 sets  

10 repetitions 

3 sets 

8 repetitions 1x chest exercise 

1x back exercise 

2x arm/shoulder exercises 

1x abdominal exercise 
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HOW THE NUTRITION SESSIONS WERE STRUCTURED 

Each participant’s nutrition counselling sessions were individually tailored depending on 

personal goals and eating patterns. When providing advice, we aimed to make lifestyle 

adjustments that would be easy to maintain in the long-term to assist with ongoing weight 

maintenance and initial weight loss rather than implementing drastic measures to result in 

rapid weight loss. Associate Professor Philippa Lyons-Wall made nutrition-related goals with 

each person. We recommend that you continue working on these personal goals in order to 

continue with weight loss or maintain your current weight. Although personal goals were 

made, these were developed based on 2 over-arching aims of the study and we encourage you 

to continue thinking about these when making food choices to continue with a balanced diet.  

The FIRST AIM of the study focused on reducing portion sizes to create an energy deficit diet. 

To completely simplify weight loss, it is a balance of energy intake versus energy expenditure. 

You must take in LESS and expend MORE as demonstrated in the figure below to result in 

weight loss.  

Figure 1: To lose weight consume less energy and expend more. 

Adjusting portion sizes may be completed by using a smaller plate, sharing an item of food 

rather than having one each, or simply actively placing less food on your plate. Continue 

consuming smaller portions of food for ongoing weight loss.  

However, in general, yes, consuming less food will assist is weight loss but this is a balancing 

act of making sure you are still consuming a balanced diet across all food groups, vitamins, and 

minerals and consuming at least 3 meals a day. Therefore…… 

The SECOND AIM was to ensure a well-balanced diet was consumed. We focused 

predominantly on three areas – increasing fruit and vegetables, optimising protein, and 

reducing refined carbohydrates and saturated fats.   

Energy intake 

e.g. food

consumption

Energy 

expenditure e.g. 

exercise 
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1. Vegetable and fruit intake: It is important to have 2 serves of fruit e.g. medium size apple

and banana, and a minimum of 5 serves of vegetables e.g. ½ cup of cooked carrots, ½

cup peas, ½ cup of sweet corn, ½ cup of green leafy salad and ½ medium potato (Figure

2), over the day, every day. Making sure you are consuming adequate fruits and

vegetables is important as most have little calories and contain many essential vitamins

and minerals. When eating vegetables, it is recommended to cook with lots of different

colours. However, please bear in mind that starchy vegetables such as potato, sweet

potato, corn, yams, pumpkin, have a higher carbohydrate content and should be

consumed as the “carbohydrate” item on the plate e.g. when having potatoes there is

no need to also consume pasta or rice or bread, the potatoes will be a large enough

source of carbohydrate on their own (see below for further advice on why carbohydrates

are important to cut back for weight loss/maintenance).

Figure 2: Example of 2 servings of fruit and minimum of 5 servings of vegetables to consume 

every day.  

2. Protein intake: During the programme you were provided with a protein powder shake (~40g

of whey protein) after every exercise session. Protein is best consumed across the day e.g. egg

for breakfast, beans at lunch, fish for dinner (Figure 3). After consumption, protein is slowly

released and used for energy throughout the day so it makes you feel less hungry (this is why

it is good to spread it throughout the day). Optimal protein intake will also help slow down or

stop age-related or cancer/treatment-related loss of lean muscle mass. Meat is a commonly

consumed source of protein, however, when selecting meat it is best to consume non-

processed lean meat with no skin or crumb coating and the fat cut off e.g. fish, skin-less

chicken.

Figure 2 is not available in this version of the thesis
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Figure 3: Example of sources of protein to be consumed throughout the day– egg for breakfast, 

beans (chickpeas, lentils, black beans) for lunch, and fish (salmon) for dinner.  

If you are looking to keep up with the protein ingestion after a resistance training session (it 

has been shown that consumption of protein within an hour after exercise helps with muscle 

growth and development) you may replace the protein powder supplement with wholesome 

foods. Foods that contain protein include unprocessed meat (e.g. fish, skinless chicken), dairy 

(e.g. plain or fruit yoghurt, milk), and beans (e.g. chickpeas). These would be good options for 

ingestion of protein after resistance exercise if a supplement is not wanted. If you would like 

to purchase a protein supplement these can be in a muesli bar or powder format. We used 

Bulk Nutrients (https://www.bulknutrients.com.au/), however, there are many protein 

supplement products available within your local supermarket. 

3. Reducing refined carbohydrate and saturated fat intake: Carbohydrates are a high source of

calories and are often the food group that is reduced in a diet to assist with weight loss.

However, it is still important to consume some carbohydrates each day as part of a healthy

balanced diet. This can be done by consuming smaller portions of unrefined carbohydrates

(carbohydrates that have not been stripped of fibre) such as wholemeal pasta, brown rice,

wholemeal/rye/multigrain bread and starchy vegetables (Figure 4). Unrefined carbohydrates

should replace refined carbohydrates such as biscuits, confectionary, cakes, white bread, and

ice-creams, for a well-balanced nutritional intake.

Figure 4: Examples of unrefined carbohydrates to be consumed in moderation – wholemeal 

pasta, brown rice, wholemeal bread, starchy vegetables.  

Figure 3 is not available in this version of the thesis

Figure 4 is not available in this version of the thesis

https://www.bulknutrients.com.au/
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Fats are important to consume as part of a healthy balanced diet as well but it is the saturated 

fats that are considered non-essential for good health and should be consumed in moderation. 

Items such as cheese, butter, meat pies, deep fried take away food, fatty meat cuts, cakes and 

biscuits should be limited in consumption or avoided.  
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