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Abstract
The utilisation of Androgen Deprivation Therapy (ADT) in prostate cancer patients 

is associated with a number of adverse side effects including: changes in body 

composition; an increase in fat mass and a decrease in muscle mass, increased 

fatigue and a reduced Quality of Life (QoL). Existing literature suggests that physical 

activity plays a key role in alleviating some of the associated side effects of ADT; 

however studies in this area are based on supervised facility-based exercise programs 

without dietary modification.

The aim of this thesis is to present the rationale and methodology of a Randomised 

Controlled Trial (RCT) to test the efficacy of a 6 month combined dietary and 

walking intervention on alleviating the Health-Related QoL (HRQoL) issues 

associated with ADT treatment. Ninety-four men were recruited and randomised to 

the intervention arm or a standard care control arm. The trial had a significant impact 

on reducing the adverse body composition changes as well as improving the 

functional capacity of intervention patients compared to control patients.

Additionally, using data from the Prospective Epidemiological Study of Myocardial 

Infarction (PRIME) study, the association between body composition measurements 

(body mass index, height, waist circumference and waist-hip ratio), physical activity, 

smoking status and prostate cancer risk was explored using Cox Proportional Hazard 

analysis. None of the included lifestyle behaviours or body composition 

measurements had a statistically significant effect on prostate cancer risk.

A systematic review was also completed to determine if expression of the lipogenic 

enzyme Fatty Acid Synthase (FAS) differs in prostate cancer tissue compared with 

normal prostate tissue, and if FAS expression in cancer tissue has a role in prostate 

cancer progression. The number of studies in the area was limited, however 6 of the 

7 studies included in the review reported elevated FAS expression in prostate cancer 

tissue when compared to normal tissue.
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Preface
The broad aims of this thesis are to present the findings from a Randomised 

Controlled Trial (RCT) to evaluate the efficacy of a 6 month dietary and physical 

activity intervention on reducing the HRQoL side effects associated with Androgen 

Deprivation Therapy (ADT), with particular emphasis on; body composition 

changes, fatigue, quality of life, stress, functional capacity and dietary intake. 

Chapter 1 introduces the reader to the issues surrounding the utilisation of ADT, the 

associated side effects and the recent interventions that have been utilised to alleviate 

some of the associated side effects, thus providing the rationale for this trial. 

Chapters 2-4 describe the methodological processes involved in the completion of 

the trial, the baseline characteristics of included patients, their current lifestyle 

behaviours and the overall results of the 6 month intervention. Chapter 5 presents the 

results of a study utilising the PRIME (Prospective Epidemiological Study of 

Myocardial Infarction) dataset. The aim of this chapter was to investigate possible 

modifiable risk factors for prostate cancer incidence using baseline data from men 

recruited to the PRIME study between 1991 and 1993. Finally, Chapter 6 provides 

the results of a systematic review, the purpose of which was to evaluate if levels of 

Fatty Acid Synthase (FAS) expression differed in prostate cancer tissue compared 

with normal tissue and if FAS expression was related to prostate cancer progression:

The aim of Chapter 1 is to provide a detailed overview of the background of prostate 

cancer. It includes information on: the normal structure and function of the prostate; 

the aetiology and pathophysiology of prostate cancer; the diagnostic tools available; 

staging and grading systems for defining the extent of disease, and a general 

overview of the treatment modalities available as well as the associated side effects 

of treatments. This chapter places a specific emphasis on the side effects related to 

the use of hormone treatment, specifically ADT and the efforts being made to reduce 

the health implications associated with long term use, providing justification for the 

subsequent three chapters.

Chapter 2 describes in detail the methodology of the 6 month diet and physical 

activity RCT including: the aims and objectives; the study design and recruitment 

process; the outcomes of interest, and tools used for data collection.

xvii



Chapter 3 presents the baseline characteristics of ADT treated prostate cancer 

patients recruited to the R.CT, including the socio-economic, physiological and 

psychological characteristics of the patients. Furthermore, the number of cancer 

patients adhering to the American Cancer Society (ACS) guidelines at baseline was 

identified and the patient’s current stage of readiness to change their lifestyle 

behaviour was determined using the Transtheoretical Model (TTM) of behaviour 

change questionnaire.

Chapter 4 presents the overall results of the RCT, highlighting the impact of the 6 

month dietary and physical activity intervention on both the primary and secondary 

outcomes of interest. Primary outcomes included: body composition, fatigue and 

QoL; secondary outcomes included: physical functioning, stress and dietary intake.

Chapter 5 presents the results of the PRIME analysis. The aim of this analysis was to 

identify potential modifiable risk factors for prostate cancer, including the role of 

smoking, alcohol intake, body composition and physical activity using data from the 

PRIME cohort. Data collected on lifestyle factors at baseline in this cohort were used 

for these analyses.

Chapter 6 presents a systematic review, the aim of which was to determine if 

expression of the lipogenic enzyme Fatty Acid Synthase (FAS) differs in prostate 

cancer tissue compared with normal prostate tissue, and if a difference in FAS 

expression exists, what role FAS expression had on prostate cancer progression.

Chapter 7 provides an overall summary of the findings from the previous 6 chapters 

as well as the potential for future research in this area.

With the exception of Chapters 1 & 7, each chapter within this thesis is self- 

contained; all include an introduction, which provides an explanation of the aims and 

objectives of the chapter, the study hypotheses followed by the methods, results and 

an overall chapter discussion with conclusions.
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1.1 Anatomy, Structure and Function of the Prostate
The prostate is a gland of the male reproductive system, approximately 4cm (side to

side) x 3 cm (top to bottom) x 2cm (front to back) in dimension and weighs

approximately 20g. It is located at the neck of the bladder, in front of the rectum and

surrounds the urethra: the tube that connects the bladder to the outside of the body

and also acts as the channel for ejaculation of semen during sexual intercourse

(Tortora & Grabowski 2003). There are two ejaculatory ducts which begin at the

seminal vesicles ducts superior to the base of the prostate and pass through the

prostate joining with the urethra at the verumontanum: an elevated ridge located on

the wall of the urethra. The entire prostate gland is surrounded by a thick sheet of

connective tissue known as the anterior fibro-muscular stroma (Fig 1.1) (Tortora &

Grabowski 2003).

The prostate gland consists of both glandular and muscular tissue and has three 

zones (Me Neal 1981);

1. Central zone: this is a cone shaped region at the convergence of the 

ejaculatory ducts and urethra and contains approximately 25% of glandular 

tissue.

2. Transitional zone: this area has two equal portions of glandular tissue lateral 

to the urethra; this is the area of the prostate prone to the development of age- 

related Benign Prostatic Hyperplasia (BPH) and less commonly the 

development of prostate adenocarcinoma.

3. Peripheral zone; this is the largest zone of the prostate, the majority of which 

is made up of glandular tissue; it is the area of the prostate where 

adenocarcinomas (approximately 70%) are most likely to occur.
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Figure 1.1 Diagram illustrating the location of the prostate gland 
(Encylopedia Britannica 2007)

The prostate is as an accessory sex gland which functions to assist in the production 

and delivery of semen. Although the ducts of the male reproductive system store and 
transport sperm cells, the accessory glands are responsible for the liquid portion of 

semen. The prostate secretes a milky white fluid that contain a number of important 

proteolytic enzymes such as Prostate Specific Antigen (PSA) (Tortora & Grabowski 

2003). PSA is expressed by both normal prostate epithelial cells and prostate cancer 

cells; its function is to assist in the breakdown of Semenogelin-1 into smaller 

peptides leading to the liquefaction of semen. Semenogelin-1 is a clotting protein 

produced in the seminal vesicles; the breakdown of this protein allows the 

spermatozoa to move more freely (Robert & Gagnon 1999). An additional function 

of the prostate is to control the flow of urine from the bladder through the urethra for 

excretion and as the urethra runs through the prostate, the muscular fibres of the 

prostate help control the flow of urine (Tortora & Grabowski 2003).
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1.2 Prostate Cancer
Prostate cancers occur when the cells of the prostate mutate, evade apoptosis and 

multiply uncontrollably and depending on the severity of the disease these cells can 

spread and grow in other areas including the lymph nodes and bone (Kerr et al. 

1994). The prostate gland is made up of several different cell types, the majority of 

which is glandular tissue. Although cancer can occur in other cell types, the majority 

of cancers occur in the glandular tissue; this type of cancer is known as 

adenocarcinoma. The majority of adenocarcinomas occur in the peripheral zone of 

the prostate gland. Other, less common cancers of the prostate include sarcomas, 

small cell carcinomas and transitional cell carcinomas (Hargund et al. 2008).

1.3 Cancer Statistics 

1.3.1 Incidence rates

Prostate cancer is the most common cancer diagnosed in men in the UK (excluding 

non melanoma skin cancer), accounting for one quarter of newly diagnosed cancer 

cases in men (Cancer Research UK 2012). The most recent statistics for incidence 

rates suggest that almost 40,975 men were diagnosed with prostate cancer in the UK 

in 2010; 953 of these cases occurred in Northern Irish males. There has been a 

substantial increase in the incidence rates of prostate cancer over the fifteen year 

period from 1993 and 2008; statistics suggest that in 1993, the UK, European Age- 

Standardised incidence rate was 62 cases of prostate cancer per 100,000 men, yet in 

2008 that number had increased to approximately 101 cases in every 100, 000 men - 

an increase of 63% (Cancer Research UK 2012).

Prostate cancer incidence rates differ worldwide but nearly three quarters (72%) of 

all cases are diagnosed in developed countries (Ferlay et al. 2010); the utilisation of 

PSA testing has had a role to play in influencing trends in prostate cancer incidence 

rates and thus contributing to geographical differences in prostate cancer.

Globally, Jemal et al 2011 reported that prostate cancer accounted for nearly 14% of 

all cancer cases in 2008 and was the sixth most common cancer diagnosed in men. 

Approximately 903,500 incident cases were identified in 2008 (Jemal et al. 2011), 

with European countries, accounting for around 382,000 of these cases (Ferlay et al. 

2010).
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Worldwide prostate cancer incidence rates were highest in Australia/New Zealand 

with age-standardised rates of 104.2 cases per 100,000 males (Figure 1.2), followed 

by Western Europe with 94.1 cases per 100,000 men. Interestingly when each 

European country is considered independently (Figure 1.3), Ireland, France, 

Belgium, Sweden, Finland, Germany and Luxembourg all have higher age- 

standardised incidence rates of prostate cancer per 100, 000 males than 

Australia/New Zealand. In fact, statistics suggest that Ireland has the highest prostate 

cancer rates in the world with approximately 183 new cases per 100,000 men.

The lowest incidence rates of prostate cancer were observed in Southern and Central 

Asia with only 4.1 cases per 100,000 men (Figure 1.2). Although the aetiology of 

prostate cancer is poorly understood, epidemiological studies have suggested that the 

healthier lifestyle behaviours of Asian populations are responsible for the low rates 

of prostate cancer on this continent (Whittemore et al. 1995), especially as 

populations who migrate from Asia to North America develop similar trends in 

cancer as those of white Americans (Cook et al. 1999), with the next generation of 

their family having the same risk of developing prostate cancer as white American 

men (Dunn 1975). Furthermore as Asian countries become more westernised in 

terms of their lifestyle behaviours, rates of prostate cancer in these countries are 

increasing (Sim & Cheng 2005).
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Figure 1.2 Worldwide age-standardised incidence and mortality rates for prostate cancer per 

100,000 males (2008) (Jemal et al. 2011).
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1.3.2 Mortality rates
The most recent prostate cancer mortality rates for the UK are based on data from 

2010 and suggest that approximately 10,700 men died from prostate cancer that year 

(Cancer Research UK 2012); data from the Northern Ireland Cancer Registry suggest 

that 1,085 of these deaths from prostate cancer occurred in NI. Mortality rates have 

remained generally stable across the 17 years from 1993 to 2010. Statistics from 

1993 suggest that the European age-standardised mortality rate for the UK was 24.3 

cases per 100,000 men compared to 23.9 cases per 100,000 men in 2010 (Cancer 

Research UK 2012).

Worldwide prostate cancer mortality statistics presented by Jemal et al are illustrated 

in Fig 1.3 and are based on 2008 statistics (Jemal et al. 2011). They show little 

variation in mortality across developed nations such as Northern and Western 

Europe, Australia and Northern America. Countries with the highest mortality rates 

were the Caribbean with 26.3 deaths per 100,000 men in the population; Southern 

Africa: 19.3 per 100,000 men and Western Africa: 18.3 per 100,000 men (Jemal et 

al. 2011) - all of which are predominantly black populations. Being of black race is 

an established risk factor for prostate cancer development and will be discussed in 

detail later in this chapter (Using & Chokkalingam 2006).
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Figure 1.3 European age-standardised incidence and mortality rates for prostate 

cancer per 100,000 males (GLOBCAN 2008).
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1.3.3 Surv ival rates

Prostate cancer survival rates have continued to improve in the UK and Northern 

Ireland in the past two decades. During the time period from 1993-1995, 83% of 

newly diagnosed prostate cancer patients could expect to be alive one year post 

diagnosis and 56.6% five years post diagnosis. Between the years of 2006-2010 the 

one year survival rate had increased to 96.1% and the five year survival rate was 

much higher than the previous decade at 88.1% (Cancer Research UK 2012). 

European statistics for survival demonstrate better survival in Western and Northern 

European countries and poorer survival in Eastern European countries (Cancer 

Research UK 2012).

Improvements in the detection, treatment and management of prostate cancer have 

contributed to the improvements in survival rates however the early detection of 

slow growing tumours, accidentally detected by Transurethral Resection of the 

Prostate (TURP) or Prostate Specific Antigen (PSA) screening may influence 

survival rates due to lead-time bias (Draisma et al. 2003). Lead time refers to the 

difference in time when comparing the early detection of a disease (for example 

through screening) to detection through the clinical manifestation of symptoms; lead 

time bias exists when measurements from each time-point are compared and there is 

no effect on the outcome of disease in the early detection group (Draisma et al. 

2003). Although survival may appear to be longer as a result of early detection, early 

detection may in fact have no impact on the length of survival.

1.3.4 Prevalence rates

The increase in incident cases of early stage prostate cancer coupled with improved 

survival rates have lead to an increase in the prevalence of prostate cancer. 

Prevalence refers to the total number of patients living with a diagnosis of a disease 

at a given time. The most up-to-date prevalence rates for the UK suggest that the 

prevalence of prostate cancer was 127,630 men (2001-2006) (Cancer Research UK 

2012) Worldwide, the prevalence of prostate cancer was 3.2 million men (2003- 

2008) (Cancer Research UK 2012). If current trends are to continue this figure will 

inevitably continue to grow.
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1.4 Screening for prostate cancer
In 2010 the UK National Screening Committee (UKNSC) concluded that the harms 

associated with PSA testing currently outweigh the benefits (Mackie 2010). 

Although men over 50 can ask for a PSA test and will receive a test if presenting 

with any symptoms, the committee decided that a UK national screening program 

was not appropriate. In their report, the committee weighed evidence from two large 

scale screening studies including the Prostate, Lung, Colorectal and Ovarian cancer 

screening trial (PLCO) and the European Randomised Study of Cancer Screening 

(ERSCS) (Schroder et al. 2009). Andriole et al reported that in the PLCO screening 

trial, screening provided no mortality benefit, when screening with PSA testing was 

combined with a Digital Rectal Exam (DRE) during an average follow-up time of 11 

years, yet they did find more prostate cancer deaths in the screened group compared 

to the control but this was not significant (Andriole et al. 2005). Within the ERSCS, 

Schroder and colleagues reported a reduced death rate ratio in the screened group 

compared to the control group as screening without a DRE and with PSA only, was 

associated with a 20% relative reduction in death rates after a median follow-up of 9 

years.

One of the key issues that must be considered when introducing a national screening 

program is the potential harm to the patients. Numerous studies have addressed the 

impact of PSA screening on the psychological well being of the men being screened, 

for example the implication of false-positive tests on mental well-being and the 

implications to the well being of older men, who may have an indolent tumour that 

may never have caused any issue to their health. Essink-bot et al investigated the 

effects of population health based screening on HR-QOL and reported that 

subgroups in the population can experience high levels of associated anxiety 

(Essink-bot et al. 1998). Furthermore Kilpelainen et al 2010 reported that false 

positives are a common adverse event in prostate cancer screening (Kilpelainen et al. 

2010). After considering all current evidence, the ERSCS concluded that PSA is a 

poor test for prostate cancer and highlights the importance of future research in 

developing a more sensitive and specific screening test. Secondly they suggest that it 

is currently impossible to identify cancers that are indolent and could be safely 

managed through active surveillance or watchful waiting and those which are 

aggressive (Mackie 2010). Future research is required to accurately differentiate
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between aggressive and indolent prostate cancer tumours to provide accurate 

treatments for these very different prognostic groups.

1.5 Aetiology of prostate cancer
The aetiology of prostate cancer is not completely understood; currently there are 

only three established risk factors for prostate cancer: age, race and family history 

(Hsing & Chokkalingam 2006; Crawford 2003) These are briefly discussed below;

1.5.1 Risk factors for prostate cancer

15.1.1 Age

Age is the strongest known risk factor for prostate cancer with almost 75% of 

prostate cancer cases reported in men over 65 years old. In men under 50, the risk of 

prostate cancer is low but risk increases thereafter. Statistics based on the UK 

population of males between 2007 and 2009 reported approximately 3,935 incident 

cases of prostate cancer per 100,000 males aged 50-59, 12,742 cases per 100,000 

males in the 60-69 age group and 14, 371 per 100,000 men in the 70-79 age category 

(Cancer Research UK 2012). Furthermore a study by Haas et al reported that 80% of 

men over 90 years who died of causes unrelated to prostate cancer had some degree 

of cancerous tissue present in their prostate at time of autopsy (Haas et al. 2007).

1.5.1.2 Family history

It has been reported that as many as 5-10% of prostate cancer cases in all men and as

many as 30-40% of early onset cases in younger men are related to hereditary factors

(Bratt 2002). A systematic review by Johns and Houlston 2003 reported a relative

risk of 2.5 for prostate cancer development in men with a first degree relative such as

a brother or father with the disease (Johns & Houlston 2003). Previously, Lesko

1996 assessed the effect of age at diagnosis and family risk; they suggest that the risk

increased substantially [Odds Ratio (OR) 5.3, (95% Confidence Interval (Cl) 2.5-

12)] when the first degree relative was <60 years old at diagnosis (Lesko et al. 1996).

This study also reported that as the number of first degree relatives with prostate

cancer increases so too does the risk: [OR 3.9 (95% Cl, 1.7-5.2)] for men with 2 or

more relatives diagnosed with prostate cancer. In summary, it appears that with

regard to family history and risk of prostate cancer development there are a number

of influential factors: 1) the age of the male at risk; 2) the age of their affected
11
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relative at diagnosis; 3) the number of relatives diagnosed with the condition (Johns 

& Houlston 2003).

1.5.1.3 Ethnicity

Evidence from Surveillance Epidemiology and End Results (SEER) using US data 

suggests that the incidence of prostate cancer in black men is approximately 60% 

higher than white men and mortality is two to three times greater in black that white 

men in the US (Homer et al. 2009). The suggested justification for these disparities 

focuses on socio-economic and cultural reasons as black men may have poorer 

access to health care, presenting later and may be less likely to attend for cancer 

screening; however the Behavioural Risk Factor Surveillance System (BRFSS) data 

indicated that African American men are just as likely to attend PSA screening as 

white American men; (59.6% versus 55.5% respectively) yet are still presenting with 

more advanced disease. A recent study by Powell et al 2009 using Radical 

Prostatectomy (RP) samples from 2,874 African American men and white American 

men (between the ages of 39-77 years), reported greater prostate cancer volume and 

higher grade tumours in African American men (Powell et al. 2010).

1.5.1.4 WCRF/AICR Summary report on prostate cancer

There currently remains no definitive modifiable risk factor for prostate cancer 

development however a plethora of work exists addressing the impact of lifestyle 

behaviours particularly dietary and physical activity behaviours in prostate cancer 

prevention. The World Cancer Research Fund/American Institute Cancer Research 

WCRF/AICR, compiled their 2nd global report on Food, Nutrition Physical Activity 

and Cancer Prevention in 2007 (WCRF/AICR 2007); in this report they identify 

foods or individual nutrients that have been investigated to determine if an 

association exists with prostate cancer risk. Evidence on each food or nutrient 

investigated is summarised using systematic reviews and meta-analyses and is then 

given a graded judgement in terms of its association with prostate cancer risk. The 

possible judgements include; ‘convincing’, ‘probable’, ‘limited suggestive’ and 

'limited no conclusion’.

Figure 1.4 outlines the summary of this report relating to foods/nutrients and prostate 

cancer risk. Although this report concluded that current evidence suggests no food
12
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stuff or nutrient has a convincing effect on prostate cancer prevention, evidence does 

suggests that foods containing lycopene have a ‘probable’ protective effect in 

prostate cancer development, and those with a high intake have a decreased risk 

compared with those with a low intake. A meta-analysis by Etminan and colleagues 

reported that men who were the highest consumers of tomato-based products had a 

20% reduced risk of prostate cancer compared to the lowest consumers (Etminan et 

al. 2004). Furthermore, a number of studies including the European Prospective 

Investigation into diet and Cancer (EPIC) reported a protective effect of foods 

containing lycopene and prostate cancer risk (Key et al. 2007) adding further support 

to the 2007 recommendations by the WCRF/AICR. Randomised controlled trials are 

required to provide definitive conclusions on the impact of lycopene and prostate 

cancer risk.

The WCRF/AICR 2007 report also suggested that there was strong evidence from 

trials and cohort studies to conclude that foods containing selenium may have a 

protective effect on prostate cancer risk (Duffield-Lillico et al. 2003; Clark et al. 

1996; Blot et al. 1993), it also suggested that although inconsistent, there is limited 

evidence suggesting that foods containing vitamin E may have a protective effect 

against prostate cancer (Blot et al. 1993; Heinonen et al. 1998). However since this 

report in 2007, results from the SELenium and vitamin E Cancer prevention Trial 

(SELECT) have disputed these findings. This was one of the largest randomised 

placebo-controlled prevention trials, including 35,533 men, yet it failed to 

demonstrate a protective effect of selenium or vitamin E supplementation, either 

alone or in combination, on prostate cancer risk (Lippman et al. 2009).

Furthermore, the WCRF/AICR report concluded that diets high in calcium have a 

‘probable’ risk of increasing prostate cancer (WCRF/AICR 2007). Evidence from 

cohort, case control and ecological studies have investigated the associated risk of 

diets high in calcium and prostate cancer development (Giovannucci et al. 2006; 

Chan et al. 2002; Ahn et al. 2007) evidence from these studies is ‘substantial and 

consistent’ with a dose repose relationship according to the WCRF. More recent date 

from the EPIC reported a 7% increase in risk for every 0.3g/day increase in intake of 

dairy calcium (Allen et al. 2008). The relationship between intake of red and 

processed meats and prostate cancer risk has also been investigated and although a
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small number of cohort and case control studies have reported an increased risk of 

prostate cancer with increased consumption (Cross et al. 2005; Giovannucci et al. 

1993; Marchand et al. 2004; Hsing et al. 1990), the WCRF report concluded that 

this evidence was currently inconsistent and concluded that evidence is currently 

limited to make a definitive conclusion. This was also the case for intake of milk 

and dairy products and although some studies demonstrated an increased risk 

associated with an increase in consumption, research remains inconsistent and 

evidence of an association is limited (Rodriguez et al. 2003; Giovannucci et al. 2006; 

Chan et al. 2002).
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Figure 1.4 WCRF table on prostate cancer and nutritional risk factors (WCRF/AICR 2007)

15



Chapter 1

1.6 Symptoms of prostate cancer
The difficulty associated with prostate cancer diagnosis is that many cases of the 

disease are asymptomatic, and are lacking any symptoms during the early stages of 

disease, being identified accidently following a TURP for Benign Prostatic 

Hyperplasia or due to elevated PSA levels (Heidenreich et al. 2011). For many men, 

the symptoms only begin once the tumour is large enough to place pressure on the 

urethra. These side effects include;

• Difficulty in passing urine

• Increase in the frequency of urination

• Pain when passing urine

• Weak/intermittent flow

• Feeling that the bladder has not been fully emptied 

® Terminal dribbling

• Rarely, blood can be present in the urine

1.7 Investigative procedures for diagnosis
The diagnostic tests used for the determination of prostate cancer and the extent of 

disease are discussed in detail below:

1.7.1 Digital Rectal Examination (DRE)
During a DRE, the physician places a gloved finger into the patient’s rectum to feel 

the prostate for any abnormalities. The position of the prostate in front of the wall of 

the rectum makes this a relatively straightforward procedure. The physician will 

feel for any changes in the shape and size of the prostate, as well as any areas of 

hardening or swelling. It is generally painless and takes just minutes to conduct. 

Although the DRE does not provide a definitive diagnosis and is commonly used in 

combination with other diagnostic tools mentioned below, a suspect DRE is an 

absolute indication for a prostatic biopsy (National Institute for Clinical Excellence 

(NICE) 2008).

1.7.1.1 Transrectral Ultrasonography (TRU)

A TRU is an ultrasound imaging technique used to provide oncologists with an 

image of the prostate gland and surrounding tissue (Lee et al. 1985). An ultrasound 

probe is inserted into the rectum of the patient and an image provides a
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measurement of the size and density of the prostate. As the ultrasound provides real 

time images, the TRU is used to guide needle biopsies, collecting tissue samples 

from the abnormal tissue areas of the prostate (Aus et al. 1993).

Other imaging scans used in the investigation of prostate cancer include;

Computed Tomography (CT) scan

CT scans use x-rays and a computer to generate computerised images of internal 

structures of the body including organs, blood vessels, bones and tumours. They are 

based on the differential absorption of an x-ray beam by tissues within the body and 

a computer image is generated. They have a greater contrast resolution than plain x- 

rays and the attenuated x-ray beam is absorbed by detectors which are capable of 

differentiating very subtle differences in tissue density making them useful for 

identifying cancer spread to lymph nodes and other organs (Hargund et al. 2008).

Magnetic Resonance Imaging (MRI) scan

An MRI scan is a medical imaging technique which utilises a strong magnetic field 

to produce detailed images of internal structures and unlike a CT scan it does not 

use ionizing radiation. It is used to help diagnose health conditions affecting organs, 

tissue and bone. As it provides a good contrast between different soft tissues, it is 

also useful for the imaging of tumours and may therefore provide a more precise 

image and can be used to estimate staging of cancer and can be performed when a 

radical prostatectomy is a consideration for treatment (Hargund et al. 2008).

1.7.2 PSA testing
PSA secretion is elevated in prostate cancer and for this reason PSA is used as a 

serum biomarker for prostate cancer. The cut-offs for normal PSA ranges differ by 

age group and are as follows (Watson et al. 2002);

• <3ng/ml in men under 60 years old

• <4ng/ml in men 60-69 years old

• <5ng/ml in men over 70 years old

PSA testing was approved by the US Food and Drugs Administration (FDA) for use 

in 1986 as a monitoring tool for prostate cancer and in 1992 as a tool for diagnosis 

(Legler et al. 1998; Etzioni et al. 2002). However, controversy exists surrounding its
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use as a screening tool as discussed previously in this chapter (Mackie 2010); PSA 

levels are also elevated in other prostatic conditions such as BPH therefore the test 

lacks specificity in diagnosing prostate cancer alone. However, it is commonly used 

to monitor the effectiveness of treatment response in prostate cancer patients.

1.7.3 Prostatic Biopsy
A prostatic biopsy is carried out when PSA levels are elevated above normal 

recommended levels or if a DRE identifies any lumps or abnormalities in the 

prostate (National Institute for Clinical Excellence (NICE) 2008). The procedure 

involves the removal of a number of small tissue samples using a thin needle 

inserted into the prostate gland (Rodriguez & Terris 1998); normally through the 

rectum (transrectal biopsy) or urethra to assess for the presence of cancer cells.

1.8 Staging of prostate cancer

1.8.1 Tumour, Node, Metastases (TNM) staging system
Cancer staging is the process of examining the size, location and extent of cancer 

spread in the patient. It provides a standardised criterion allowing the oncologist to 

determine the severity of disease, to establish a prognosis for the patient, and to plan 

the most appropriate treatment (Sobin & Fleming 1997). The staging process for 

prostate cancer is based on the TNM staging system and was developed by the 

American Joint Committee on Cancer (AJCC) and the International Union against 

Cancer (UICC). It involves three factors;

1) Tumour (T) - this is based on the characteristics of the primary tumour generally

referring to the size and location of spread either inside or outside the prostate

gland:

T1 - The tumour is small and confined to one lobe of the prostate. It is generally 

missed by DRE and is confirmed following a needle biopsy or by being detected 

incidentally by PSA testing or during a TURP.

T2 - The tumour remains confined to the prostate yet is large enough to be 

identified by a DRE. The patient may still be asymptomatic.

• T2a - tumour involves only half or less than one half of one lobe

• T2b - tumour involves over half of one lobe
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• T2c - tumour involves both lobes

Both T1 and T2 tumour grades are classified as localised prostate cancer.

T3 - The tumour has extended through the capsule of the prostate and to the area 

immediately outside the prostate gland.

• T3a - extra capsular extension unilateral or bilateral

• T3b - tumour invades seminal vesicles

T4 - Tumour is fixed and has evaded adjacent tissue structures such as the rectum 

and neck of the bladder.

2) Nodal involvement (N) - this confirms if disease has spread to nearby lymph

nodes. The classification is as follows;

• Nx - Lymph nodes not assessed or cannot be assessed

• NO-No regional nodal involvement

• N1 - Regional lymph node involvement

3) Metastases (M), confirming the presence or absence of metastatic disease spread

to other organs or bone;

• MO - No distant metastases

• Mia - Cancer spread to lymph nodes outside the pelvic area (non regional 

lymph nodes)

• M1 b - Cancer spread to bone

• M1 c - Cancer spread to other areas of the body

The adequate staging of prostate cancer relies on a number of tests discussed below. 

There are two types of staging: clinical and pathological.

1.8.1.1 Clinical staging

In order to clinically stage prostate cancer, the oncologist will consider the results 

of;

• Physical examinations, such as DRE which allow the doctor to feel the size 

and location of the tumour
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• Imagining of the prostate, including CT scans, MRI scans and x-rays to 

confirm the exact location, size and spread of disease

• Laboratory tests such as blood and urine samples can provide information on 

tumour markers such as PSA levels providing information on the cancer

1.8.1.2 Pathological staging

This is the second level of staging and can only be completed in patients who have 

had surgery or a biopsy, allowing a histological examination of the tumour tissue to 

be completed.

1.8.1.3 Restaging of prostate cancer

On rare occasions, restaging may be carried out. This occurs only when a patient has 

had curative treatment but their cancer has returned. It is completed to determine the 

next step in the patient's treatment pathway.

1.8.2 Gleason score
The Gleason score is the strongest prognostic factor of a prostate cancer patient’s 

time to progression and is determined using both Radical Prostatectomy (RP) and 

needle biopsy samples (Gleason 1981). Grading of the tumour occurs when the 

sample of tissue is assessed under a microscope and cancer cells are analysed to 

determine their structure and pattern of differentiation. In order to established the 

total grade, microscopic analysis of the tissue is completed and the two areas of the 

tissue with the highest grade are totalled to provide the overall Gleason grade. Each 

area of tissue can have a Gleason grade ranging from 1-5; 1 representing well 

differentiated tissue, suggesting less aggressive disease and 5 representing poorly 

differentiated tissue, suggesting a more aggressive tumour type. Both Gleason 

scores are totalled to provide an overall tumour grade of between 2 and 10. A lower 

grade tumour represents a low risk tumour.
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Gleason's Pattern Scale
Well

1. Small, uniform glands.

2. More space (stroma) 
between glands.

differentiated

3 Distinctly Infiltration of 
cells from glands at margins.

Moderately
differentiated

i
Poorly differentiated

Anaplastic
4. Irregular masses of neoplastic 
cells with few glands.

5. Lack of or occasional glands, 
sheets of cells.

Fig 1.5 Classification of tumour tissue using the Gleason grading system based on 

levels of cell differentiation

1.9 Treatment options for prostate cancer
Due to the nature of localised prostate cancer and the evidence that suggests 

indolent, low grade tumours may never pose a risk to a patient’s health over their 

lifetime, the choice of treatment is controversial as doctors will try to avoid 
subjecting patients to the unnecessary side effects or risks of treatments. A number 

of factors are considered before choosing a suitable treatment modality for the 

patient but stage and grade are of upmost importance as markers of its potential to 

progress and spread. Localised prostate cancers are stratified into low, intermediate 

and high risk prostate cancer (Table 1.1) (National Institute for Clinical Excellence 

(NICE) 2008) based on the diagnostic tests mentioned above and this guides 

treatment decisions. Additionally the consultant will consider the patient’s age, their 

current health status and the number of co-morbidities. The National Institute of 

Clinical Excellence (NICE) guidelines have placed an emphasis on the informed 

choice of patients in the treatment pathway ensuring all patients are aware of all 

possible options (National Institute for Clinical Excellence (NICE) 2008), the 

benefits and side effects of each treatment, and the information required to make an 

informed decision based on the options available to them.
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Table 1.1 NICE guidelines for defining low, intermediate and high-risk prostate 

cancer (National Institute for Clinical Excellence (NICE) 2008).

PSA Gleason

Score
Clinical
Stage

Low Risk <10ng/ml And <6 And Tl-T2a

Intermediate
Risk

10-20ng/ml Or 7 Or T2b-T2c

High Risk >20ng/ml Or 8-10 Or T3-T4

Commonly used treatment options for localised prostate cancer are described in 
detail below;

1.9.1 Watchful waiting/ Active surveillance
In cases where prostate cancers have been identified incidentally, patients may have 

no symptoms of prostate cancer and the oncologist may advise monitoring of the 

condition. In such cases, patients are monitored by their GP or oncologists without 

active treatment. The condition will be monitored periodically with PSA testing, a 

DRE and after a year with a repeat biopsy (National Institute for Clinical Excellence 

(NICE) 2008); if these change for example the PSA doubling time decreases or if 

the patient becomes symptomatic, the oncologist will discuss beginning active 

treatment. Although the terms watchful waiting and active surveillance are often 

used interchangeably, it is important they are not confused. A patient will receive 

watchful waiting when a curative treatment is not possible if the condition does 

progress; generally in this circumstance, radical treatment is not an option due to the 

patient’s co-morbidities or they may be too frail for surgery. A patient is placed on 

active surveillance when radical treatment with curative intent is an option if their 

cancer progresses (Heidenreich et al. 2011).

Both watchful waiting and active surveillance are appropriate for healthy men with

low grade disease, i.e. a Gleason score <6, low PSA and stage, and a low tumour

volume (National Institute for Clinical Excellence (NICE) 2008). It is also

appropriate for older men who may have a limited life expectancy or men who have

other chronic disease such as heart disease, uncontrolled diabetes etc. The major

issue surrounding watchful waiting or active surveillance is the psychological
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implications for a patient living with a diagnosis of prostate cancer without active 

treatment; this understandably leads to increased levels of stress and anxiety 

(Wallace 2003).

1.9.2 Radical Prostatectomy (RP)
This is the surgical removal of the entire prostate gland (Hargund et al. 2008). 

During the procedure, surrounding seminal vesicles are also removed to increase the 

likelihood that all cancer cells have been removed. RP is futile if the cancer has 

already spread. Surrounding lymph nodes are generally removed and analysed for 

cancer cells before a RP is performed; the procedure can be completed as open 

surgery or keyhole surgery and is a radical procedure which aims to cure the 

disease. It is suitable for patients with high grade tumours which are still confined to 

the prostate capsule. Younger, healthier, physically fit men are candidates for this 

surgery (National Institute for Clinical Excellence (NICE) 2008); RP is not an 

option however for men with co-morbidities such as significant heart disease. 

Although the procedure has the potential to cure prostate cancer it also has a number 

of side effects including erectile dysfunction and urinary incontinence (Meyer et al. 

2003; Benson et al. 2012; Burnett 2005).

1.9.3 Radiotherapy

1.9.3.1 External Beam Radiotherapy (EBR)

EBR is a standard treatment for localised prostate cancer and involves focusing high 

energy x-ray waves on the affected area of the prostate gland to kill the cancer cells. 

Radical radiotherapy which aims to cure the disease is only possible when the 

cancer is confined to the prostate gland however EBR may also be used to control 

the spread of prostate cancer in more advanced disease and is also used to control 

pain in progressive disease (National Institute for Clinical Excellence (NICE) 2008). 

A complete course of radiotherapy lasts 37 days and NICE suggest that men 

receiving EBR should receive a minimum dose of 74Gy at no more than 2Gy per 

fraction. Side effects of radiotherapy include; diarrhoea, discomfort, erectile 

dysfunction, incontinence and infertility (Bolla et al. 1997)
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1.9.3.2 Brachytherapy

Brachytherapy involves the implantation of radioactive seeds placed into or near to 

the tumour releasing high dose radiation to the cancer tissue (Ash et al. 2000); this 

release of radiation is short range and precise to target the affected area and provide 

only low dose radiation to the normal surrounding tissue. It is a more convenient 

procedure than that of EBR but is not suitable for men with high risk localised 

disease or those with extra-capsular spread (National Institute for Clinical 

Excellence (NICE) 2008). There is a lower risk of adverse side effects associated 

with treatment and side effects are generally less severe than those associated with 

normal radiotherapy or other therapies such as prostatectomy (Frank et al. 2007).

1.9.4 Hormone therapy
Huggins and Hodges first highlighted the beneficial effects of hormone deprivation 

therapy for metastatic prostate cancer in 1941 (Huggins & Hodges 1941) and since 

then, androgen suppression has been the mainstay of treatment for advanced prostate 

cancer. Approximately 90-95% of androgens are synthesised in the testes and a small 

proportion are also synthesised in the adrenal glands; discussed below are the 

surgical and pharmacological methods which function to decrease levels of 

circulating androgens, thus depriving the prostate cancer cells of testosterone 

therefore leading to apoptosis of the cancer cells.

1.9.4.1 Surgical castration

Bilateral orchiectomy is the removal of both testicles and is an irreversible procedure 

carried out in prostate cancer patients to suppress levels of circulating androgens 

(Klugo et al. 1981). Approximately 95% of androgens in men are provided by the 

testes and their removal leads to the suppression of 90% of circulating testosterone 

within 24 hours post surgery. There are considerable side effects post treatment 

including; impotence, infertility, loss of muscle mass, increases in fat mass, 

gynecomastia and loss of Bone Mineral Density (BMD) (Daniell 1997; Smith 2002). 

Due to the introduction of equally effective pharmacological methods of 

suppression, the use of orchiectomy has declined in recent years (Cooperberg et al. 

2003; McLeod 2003).
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1.9.4.2 Medical castration

Medical castration consists of Androgen Deprivation Therapy (ADT) which function 

to stop the body from producing testosterone, and anti-androgens which inhibit the 

actions of testosterone at the prostate cell receptor;

1.9.5 ADT

1.9.5.1 Luteinising Hormone Releasing Hormone agonists (LHRHa)

LHRHa are the most commonly used method of ADT and include Goserlin 

(Zoladex), Leuprorelin acetate (Prostap) and Triptorelin (Decapeptyl) which are 

synthetic analogues of LHRH (Joint Formulary Committee 2012). They are 

generally delivered as monthly or three monthly depot injections and function by 

causing a reduction in Luteinising Hormone (LH) which subsequently prevents the 

production of testosterone in the testes (Sharifi et al. 2005). Continual exposure to 

LHRHa leads to the down regulation of LHRH receptors in the pituitary, leading to 

the suppression of pituitary LH, Follical Stimulating Hormone (FSH) and 

testosterone. In most patients, testosterone decreases to castrate levels within 2-4 

weeks of treatment. A flare of testosterone occurs with the initiation of LHRHa 

treatment (Sharifi et al. 2005). This flare (an initial increase in testosterone 

production) can stimulate the growth of the tumour; to counteract this flare, anti

androgens will be provided for two weeks prior to the start of treatment (National 

Institute for Clinical Excellence (NICE) 2008). LHRHa are currently the most 

commonly used pharmacological method of castration however there are a number 

of adverse side effects associated with their use. These are discussed in more detail 

later in this chapter but included; changes in body composition, increases in fatigue 

and a reduction in QoL (Alibhai et al. 2006)

1.9.5.2 Diethylstilbestrol (DES)

DES is a synthetic ethinyl oestrogen and was one of the first non surgical methods of 

castration for prostate cancer (Huggins & Hodges 1941). Evidence suggests that 

DES has similar efficacy to that of bilateral orchiectomy; a number of potential 

mechanisms of action exist for its anti-tumour effect on prostate cancer (Malkowicz 

2001);
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1. The negative feedback exerted on the hypothalamic-pituitary complex causes 

a decrease in Luteinising Hormone (LH) secretion leading to a decrease in 

androgen secretion

2. DES increases the level of sex-hormone binding globulin and pituitary 

prolactin secretion leading to a reduction in testosterone production in the 

testes

3. DES can suppress the function of the Ledig cells and inhibit secretions of 

androgenic steroids decreasing the secretion of testosterone

Although DES is as effective as other methods of castration, the cardiovascular 

toxicities associated with its use have resulted in it being used much more 

infrequently (Voogt et al. 1986).

1.9.5.3 Anti androgens

Anti-androgens include Bicalutamide, Cyproterone and Fluamide; they are designed 

to affect the testosterone made by the adrenal glands, inhibiting circulating 

androgens by blocking the androgen receptor of the prostate cancer cell (Kirby 

1996). As the production of testosterone is not affected, the side effects of anti

androgens are milder than those of LHRHa. In a RCT by Smith et al, patients were 

randomised to receive either Bicalutamide monotherapy or a LHRHa; men in the 

Bicalutamide arm were more likely to maintain or increase their BMD over the study 

period yet men in the LHRHa group had a significant decrease in BMD (Smith et al. 

2004). Similar results were also apparent in another RCT by Sieber et al (Sieber et 

al. 2004). These studies did not find a significant difference in body composition 

between groups for example lean muscle mass decreased in both the Bicalutamide 

and LHRHa group. However, Smith et al did report that fatigue and sexual 

dysfunction were less common in the Bicalutamide group when compared to LHRH 

(Smith et al. 2004). The milder side effects have resulted in anti-androgens being 

used as a monotherapy for prostate cancer however they are less effective than 

LHRHa at controlling prostate cancer and are most commonly used in Combined 

Androgen Blockage (CAB) along with ADT (Iverson et al. 2000). As mentioned 

previously, they are also commonly prescribed 1-2 weeks before LHRHa are 

commenced to counteract the flare in testosterone associated with the initiation of 

LHRHa (National Institute for Clinical Excellence (NICE) 2008).
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1.9.6 Epidemiology of ADT
In the decades that have followed Huggins and Hodges discovery regarding the role 

of androgens in prostate cancer, methods of androgen suppression have been 

continually improving and evolving to ensure the most effective treatment with the 

least side effects. Discussed below is a brief overview of the epidemiology of ADT 

use.

Cooperberg et al 2003 highlighted that between 1989 and 2001 there was an increase 

in medical castration by pharmacological methods of ADT for prostate cancer 

(Cooperberg et al. 2003). They reported that in advanced cancer, the number of men 

receiving treatment with primary ADT was 32.8% in 1989 yet this increased 

significantly to 48.2% in 2001 (pO.OOl). Furthermore utilisation in low grade 

tumours also increased from 4.6% in 1989 to 14.2% in 2001. Although clinical 

guidelines do not support the use of ADT in low risk settings, Gilbert et al (2009) 

reported that throughout the 1990s ADT was increasingly used in place of 

observation in low risk prostate cancer patients (Gilbert et al. 2009). The controversy 

surrounding the use of ADT in low grade tumours is due to the numerous studies 

demonstrating no survival benefit of use as well as the increasing literature reporting 

the adverse side effects associated with ADT use. Interestingly, a later study by 

Cooperberg 2007 in the US, reported a reduction in the utilisation of ADT in low 

risk prostate cancer patients between 2004 and 2006 (Cooperberg et al. 2007). A 

suggested explanation for this reduction in ADT utilisation, alongside those 

mentioned above was the introduction of the Medicare Modernisation Act 2003 

which reduced reimbursements for Gonadotropin Releasing Hormones (GnRH) by 

approximately 50% (Cooperberg et al. 2007), however one-third of the 2 million 

prostate cancer survivors in the US are receiving ADT as treatment.

As prescribed use of ADT by LHRHa increased throughout the 1980s (Demers et al. 

2001), the number of surgical orchiectomies have decreased significantly from 

approximately 10.4 per 100,000 men in 1991 to less than 1.4 per 100,000 in 2004. 

Prescriptions for anti-androgens rose from zero before 1983 to approximately 

151,000 per year in 2004 with a reported decline in prescriptions for oestrogen 

between the mid 1970s and early 1990s. Within the Northern Irish population, the 

most recent data from 2006 reported that nearly three quarters (74%) of all patients
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with prostate cancer will receive hormone therapy at some point during their cancer 

treatment (Bannon & Gavin 2009).

1.10 Side effects of ADT
Treatment with ADT leads to a number of adverse side effects. In some cases the 

side effects may be temporary, if treatment is for a short period of time; however 

many men receive treatment long-term (<2years) and therefore suffer the 

consequences of these side effects long-term.

1.10.1 Hot flushes
80% of men undergoing ADT therapy reported hot flushes as a result of their 

treatment and 27% stated that this was their most troublesome side effect (Smith 

1994; Smith & Bray 1996). A short course of progesterone hormones such as 

Medroxyprogesterone and Cyproterone is usually effective in reducing these hot 

flushes (Loprinzi et al. 1994).

1.10.2 Sexual dysfunction
Erectile dysfunction and loss of libido are common side effects associated with 

hormone therapy however the severity of side effects depends on the method of 

hormone suppression. In surgical castration such as Orchiectomy, the side effects are 

irreversible however in treatment with medical forms of castration such as anti

androgens, the side effects are less severe and diminish after treatment 

(Holzbeierlein 2006). In a study by Lubeck et al 2001, patients receiving ADT were 

compared with RP patients one year post treatment; ADT treated patients had poorer 

HRQoL scores one year post treatment including: reduced energy, poorer sexual 

dysfunction and poorer urinary function when compared to patients receiving RP and 

radiotherapy (Lubeck et al. 2001).

1.10.3 Reduction in Bone Mineral Density (BMD)
ADT is associated with a reduction in BMD (Stoch et al. 2001) therefore increasing 

the likelihood of osteoporosis and increased risk of fracture. Several studies have 

determined that the use of ADT leads to a significant decreases in bone mineral 

density when compared to a control group not receiving ADT. Shanhinian et al 

(2005) used data from 50,619 men in the SEER and Medicare databases in order to 

compare the risk of fracture in men treated with ADT compared to those not treated 

with ADT; 5 years post diagnosis 19.4% of men receiving ADT had a fracture
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compared to 12.6% of those not receiving ADT; authors of this study also reported a 

statistically significant relationship between the number of doses of GnRHa during 

the first year post diagnosis and risk of fracture (p= <0.001) (Shahinian et al. 2005).

1.10.4 Adverse body composition changes
Androgens play a key role in the development of muscle mass and consequently 

strength (Griggs et al. 1989); suppression of testosterone therefore leads to adverse 

effects on both lean muscle mass and strength (Smith et al. 2002). Furthermore the 

loss of muscle leads to metabolic alterations such as a decrease in basal metabolic 

rate and therefore an increase in weight gain. Sarcopenic obesity is a term used 

particularly in elderly individuals who experience excess weight gain and a reduction 

in muscle mass (Zamboni et al. 2008). This appears to be a common event in patients 

treated with ADT. A recent systematic review and meta-analysis by colleagues at 

Queen’s University Belfast aimed to determine the impact of ADT prescription on 

body composition. This review identified 16 longitudinal studies which addressed 

the impact of ADT use on body composition changes (Haseen 2010).

Seven of the 16 studies included fat mass as an outcome measure; treatment duration 

varied from 3-12 months and body composition in all studies was measured using a 

Dual Energy X-ray Absorptiometry' (DEXA) scan. All seven studies demonstrated 

significant increases in percentage body fat mass from baseline to endpoint; the 

pooled estimate of mean change in percentage fat mass reported was an increase of 

7.7% (95%CI 4.3, 11.2) (p<0.001). Six of the included studies examined changes in 

lean muscle mass and showed a reduction in lean muscle mass associated with ADT 

treatment which lasted between 3-24 months. Pooled analysis showed a mean 

decrease in percentage lean muscle mass of -2.8% (95%CI -3.6, -2.0). Furthermore 

sub-group analysis categorised studies according to duration of treatment to assess if 

the duration of treatment influenced the extent of side effects. Categories included 

<3 months <6 months and >6 months of treatment. Significant increases in weight 

and BMI were evident at three months and increased with duration of treatment. 

Interestingly two studies included in the review demonstrated significant increases in 

weight (1.96% 95%CI 0.54-3.39) after only a month of ADT. These reductions in 

lean muscle mass, the increase in fat mass and the associated alteration in 

metabolism have the potential to increase prostate cancer patients’ risk of developing 

other co-morbid conditions such as diabetes and CVD.
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1.10.5 Fatigue
The suppression of testosterone leads to a reduction in haemoglobin levels, and 

combined with the previously mentioned side effects: loss of libido, hot flushes, 

weight gain etc, leads to increased lethargy and fatigue in ADT treated patients. 

Numerous studies have reported higher levels of fatigue in ADT treated prostate 

cancer patients. Joly et al 2006 compared fatigue levels in a cross sectional study of 

57 patients receiving ADT with 51 age-matched controls and reported that ADT 

patients had significantly lower median haemoglobin levels than controls (134 vl48 

gm/1) (pO.OOOl) and significantly more of the patients receiving ADT reported 

more fatigue than the control patients (14% v 4%) (p=0.03) (Joly et al. 2006). In a 

longitudinal study of 62 prostate cancer patients by Stone et al 2000, median Fatigue 

Severity Scores (FSS) increased from 24.4 (9-50) at baseline to 30 (9-63) after 3 

months (pO.Ol) with 66% of patients reporting feeling fatigued at 3 months 

compared to only 8% of men at baseline (Stone et al. 2000).

Furthermore, patients receiving GnRHa are more likely to experience fatigue than 

those receiving treatment with anti-androgens. For example in a RCT involving 52 

patients with advanced stage disease half were assigned to receive treatment with 

either a GnRHa (Leuprorelin) or an anti-androgen (Bicultamide). Although fatigue 

scores increased in both groups during the study period, after a 1 year period, men in 

the GnRHa group reported higher levels of fatigue (mean score 34.9) compared to 

the anti-androgen group (mean score 22.5) (Pirl et al. 2007). In a larger RCT by 

Bolla et al 2009, 970 patients who had recently completed a course of EBR and 6 

months of LHRHa treatment were randomised into one of two groups; 1) no further 

treatment (defined as short term suppression); 2) a further 2.5 years of suppression 

with LHRHa. After 18 months of follow-up, a significant increase in fatigue was 

apparent in the long term LHRHa group when compared to the short term LHRHa 

group (p=0.02) with mean scores of 25.5 and 21.9 respectively (Bolla et al. 2009).

1.10.6 Reduction in QoL
The QoL issues surrounding the utilisation of ADT encompass both physiological 

and psychological difficulties which have the potential to have a detrimental effect 

on the patient’s wellbeing and standard of life (Alibhai et al. 2010). The associated 

sexual dysfunction and changes in body composition discussed above can have an
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impact on the self esteem and confidence of the patient, affecting mental wellbeing 

and leading to poorer mood and depression (Herr & O’Sullivan 2000). Cognitive 

impairment has also been shown to be a neuropsychological consequence of 

treatment (Green, 2002). Furthermore the increase in fat mass, the reduction in 

strength and muscle mass and the impact on BMD can impact on physical 

functioning of the patient, impacting on the mobility and physical functioning of the 

patient. Numerous cross sectional and longitudinal studies have demonstrated the 

negative effect of ADT on QoL measures. For example, Dacal et al recruited 96 

men; 24 had been receiving treatment for <6 months; 29 for >6months; 23 prostate 

cancer patients were not receiving ADT and 20 healthy controls. The HRQOL of 

patients receiving ADT in the short term was not different from those on long term 

ADT, however, men receiving ADT treatment (either short or long term) had a 

significant reduction in physical functioning, general health and physical health 

compared to those men not receiving any ADT (pO.OOl) (Dacal et al. 2006) . 

Furthermore a study by Potosky et al 2002 showed that amongst a sample of patients 

from the Prostate Cancer Outcomes Study (PCOS), 245 of whom were placed on 

ADT treatment and 416 received no therapy for one year following their diagnosis, 

the men receiving ADT were more likely to report physical discomfort than those 

receiving no treatment (Potosky et al. 2002). Indeed 80% of men receiving ADT 

were impotent in comparison to only 30% of those receiving no treatment (p<0.001). 

Additionally a prospective cohort study by Smith et al 2009 (119) with a three year 

follow-up period reported poorer general and physical health scores and sexual 

function in men receiving ADT in comparison to other treatments such as RP, 

radiotherapy and active surveillance.
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Table 1.2 Summary of the physiological, psychological and metabolic side effects associated 
with ADT treatment.
Side effects of ADT

Physiological Psychological Metabolic

Adverse Body Composition Cognitive Impairment CVD

Decreased functional Poorer QOL Diabetes

capacity

Osteoporosis Depression Anaemia

Hot Flushes Stress Insulin Resistance

Decreased muscle strength Dyslipidemia

Sexual dysfunction

Fatigue

1.10.7 Metabolic alterations associated with ADT
The metabolic alterations associated with ADT utilisation have been related to an 

increased risk of chronic diseases such as cardiovascular disease, diabetes and 

metabolic syndrome (Braga-Basaria et al. 2006; Saylor & Smith 2009; Muller et al. 

2005); in fact a longitudinal study by Laaksonnen and colleagues demonstrated that 

low testosterone levels are an independent predictor of the metabolic syndrome 

(Laaksonen et al. 2004).

In a special article by Saylor and Smith published in the Journal of Urology in 2009 

(Saylor & Smith 2009), the authors highlighted the severity of ADT side effects with 

emphasis on the impact of ADT on obesity, insulin resistance and alterations in lipid 

profile; furthermore they stressed the implications of these metabolic irregularities 

on chronic diseases such as diabetes and CVD health - supporting existing literature 

mentioned above (Keating et al. 2010; Saigal et al. 2007; Keating et al. 2006). In his 

editorial Dr Thomas Flaig (Dept of Medicine, University of Colorado Denver) 

reiterated the message of the authors that 'investigations evaluating the treatment and 

prevention of these metabolic changes needs and deserves widespread support’ 

(Saylor & Smith 2009).

Interventions to reduce these side effects are imperative to prevent future 

complications to the health of prostate cancer patients. Although some of the side 

effects associated with ADT treatment, for example those relating to BMD, sexual
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dysfunction and hot flushes are difficult to alleviate without pharmacological or 

medical intervention, the latter: body composition changes, fatigue and QoL, are 

potentially modifiable by the lifestyle behaviours of the patient.

1.11WCRF/AICR advice for cancer survivors
The WCRF/AICR concluded in 2007 (WCRF/AICR 2007) that there is currently 

insufficient research to provide evidence based guidelines on the role of diet and 

physical activity specifically for cancer survivors. Instead, they concluded that 

cancer survivors should follow the same guidelines for cancer prevention and this is 

supported by the American Cancer Society (ACS) guidelines for cancer survivors 

(Doyle et al. 2006). Both groups stress the importance of maintaining a healthy 

body weight, avoiding excessive weight gain throughout life and following healthy 

eating and physical activity guidelines. Recently the American College of Sports 

Medicine (ACMS) stressed the importance of remaining physically active after a 

diagnosis of cancer especially for prostate and breast cancer survivors (Schmitz et al. 

2010).

1.12 Exercise interventions in ADT treated prostate cancer patients. 
Evidence supporting the use of lifestyle behaviour change in reducing the associated

side effects of ADT treatment is continuing to grow, with particular emphasis on

physical activity interventions. Recently Keogh and Macleod 2012 (Keogh &

MacLeod 2012) completed a systematic review of literature investigating the effect

of physical activity on the side effects of prostate cancer treatment. Although this

review also included prostate cancer patients receiving other treatments, Table 1.3

summarises the current interventions evaluating the impact of physical activity on

reducing the side effects of ADT treatment.
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Chapter 1

As illustrated in Table 1.3, these studies demonstrate the positive impact of physical 

activity on a number of HRQoL outcomes including: changes in body composition 

(Galvao et al. 2009), strength and endurance (Galvao et al. 2009; Galvao et al. 2006), 

aerobic fitness (Culos-Reed et al. 2007), physical activity (Culos-Reed et al. 2007; 

Culos-Reed et al. 2010), fatigue (Galvao et al. 2009; Segal et al. 2003; Culos-Reed et 

al. 2007) and QoL (Galvao et al. 2009; Segal et al. 2003; Culos-Reed et al. 2007). 

Many of the physical activity interventions in patients on ADT to date have involved 

scheduled supervised classes which may be impractical to patients currently 

undergoing treatment. A more pragmatic approach is required for such interventions, 

including exercise modalities which are more convenient, achievable and can be 

incorporated into daily activities and routines of patients.

Walking is a simple, cost-free exercise which is appropriate for all age groups to 

improve physical fitness and is easily incorporated into daily activities. In an elderly 

population, regular walking has demonstrated improvements in cognitive function 

and quality of life (Weuve et al. 2004; Yaffe et al. 2001). Research is limited 

regarding the benefit of walking interventions on the HRQOL of ADT treated 

prostate cancer patients, however in studies involving women with breast cancer, 

walking interventions have lead to improvements in HRQOL, including many 

aspects of physical and mental wellbeing (Galantino et al. 2007; Pinto et al. 2005).

In regard prostate cancer progression, a recent study by Richman and colleagues 

used a subset of the CaPSURE database to prospectively examine levels of physical 

activity (vigorous, non vigorous and walking pace/duration) with risk of prostate 

cancer progression using the data from 1455 men with clinically localised prostate 

cancer (Richman et al. 2011). Results suggested that men who walked 3 or more 

hours per week at a brisk pace had a statistically significant 57% reduced rate of 

prostate cancer progression (defined as biochemical reoccurrence) compared with 

men who walked less than brisk pace for <3 hours per week [HR 0.43 (95%CI 0.2- 

0.9)]. Furthermore, a brisk walking pace was associated with a statistically 

significant reduced risk of prostate cancer progression when compared to those who 

walked at an easier pace, independent of walking duration [HR0.52 (95%CI 0.29- 

0.91)].
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The ease of implementing a walking intervention; the evidence of the benefit of 

walking on the physiological and psychological health of older populations; as well 

as the more recent studies suggesting an association between brisk walking and a 

reduced risk of prostate cancer progression, add to the rationale for the 

recommendation of brisk walking as the proposed mode of physical activity in this 

intervention. This intervention will be the first to address the impact of brisk walking 

combined with dietary intervention on body composition as well as a number of 

health related QOL measures in ADT treated patients. Interestingly, recruitment for 

a 6 month RCT is about to begin in a Canadian population of ADT treated prostate 

cancer patients also (Lee et al. 2012); the aim of this study is to investigate the effect 

of a walking interv'ention on measures of cognitive and psychosocial functioning in 

ADT treated patients. Results from both studies will contribute to the existing 

literature in this area which is currently limited.

Diet and prostate cancer progression

A number of cohort studies have investigated the association between post 

diagnostic diet in prostate cancer patients and risk of disease progression. Chan et al 

2006 completed one such study to prospectively examine if an association exists 

between overall dietary intake and progression of disease using data from 1202 

prostate cancer patients in the Health Professionals Follow-up study, 392 of whom 

developed disease progression (Chan et al. 2006). Researchers examined the 

associations between a variety of foods including: fruit and vegetables, tomato sauce 

intakes, fish consumption and milk intake, and risk of prostate cancer progression 

using Cox Proportional Hazard Regression models (adjusted for pre-diagnostic diets, 

patient’s age and total energy). Results (after a 12 year follow-up period) suggested 

that men who were high fish consumers had a statistically significant 27% reduced 

risk of prostate cancer progression when compared to the lowest consumers of fish 

[0.73 (95%CI 0.52-1.02)] and the highest consumers of tomato sauce products had a 

44% reduced risk of progression when compared to the lowest consumers [0.56 

(95%CI 0.38-0.82)].
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Richman et al 2011, used data from a cohort of men recruited to CaPSURE to 

establish if an association existed between intake of vegetables specifically 

cruciferous vegetables, tomato sauces and legumes and risk of prostate cancer 

specific progression. In total, 1560 men were diagnosed with non-metastatic prostate 

cancer, 134 of whom had disease progression over approximately 2 years of follow

up. Diet was assessed using food frequency questionnaires. Results of this study 

demonstrated a statistically significant reduced risk of prostate cancer progression in 

the highest consumers of cruciferous vegetables compared to the lowest consumers 

[HR 0.41 (95%CI 0.22-0.76)] (Richman et al. 2012). Data from these cohort studies 

suggest that post-diagnostic diets high in vegetables, tomato sauce and fish may slow 

disease progression and increase survival time.

Although progression of prostate cancer is not an outcome in the intervention 

reported in this thesis, data from these cohort studies provide additional support for 

the benefit of good nutrition in this population, and provide rationale for the diet 

recommended to patients who participated in the intervention arm of the trial.

Weight and prostate cancer progression

A recent systematic review and meta-analysis carried out by Cao and Ma 2011, 

pooled the results of observational studies addressing the relationship between BMI 

and risk of prostate cancer mortality as well as biochemical reoccurrence. The 

comprehensive review identified 6 cohort studies addressing the association between 

BMI and prostate cancer-specific mortality and 16 studies addressing the association 
between obesity and biochemical recurrence after primary treatment (Cao & Ma 

2011):

Pooled results from the 6 studies addressing the association between obesity and 

prostate cancer-specific mortality followed the survival of 18, 203 prostate cancer 

patients, of which, 932 men died from the disease. The pooled analysis demonstrated 

a 20% higher risk of death from prostate cancer associated with each 5kg/m 

increase in BMI [RR:1.20 [95% Cl 0.99-1.46)]. Authors concluded that the 

borderline significance demonstrated in the overall estimate was a result of high 

heterogeneity between studies (I2 =74%). One of the six studies analysed data from 

the CaPSURE dataset with a cohort of 7,274 men - therefore accounting for over a
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third of the pooled population. Even though the findings reported in this study were 

non-significant for an inverse association between BMI and prostate cancer 

mortality, the large contribution this study made to the overall pooled population, 

had an effect on the overall estimate.

Of the 16 studies that addressed the association between obesity and biochemical 

recurrence after treatment, 12 studies addressed the association between BMI and 

biochemical recurrence after radical prostatectomy and 5 after radiation therapy, 

with one study reporting data on both treatments. Results from the meta-analysis 

suggests that after radical prostatectomy, men had a 25% increased risk of 

biochemical recurrence with every 5kg/m increment in BMI [1.25(95%1.12-1.40)]. 

Men treated with radiotherapy had a 15% increase in risk of biochemical recurrence 
with every 5kg/m2 increment in BMI [1.15(1.03-1.31)]. The combined RR for the 

overall pooled analysis on all 16 cohorts suggests that risk of biochemical recurrence 

is 21% higher with every 5kg/m2 increase in BMI 

[1.21(1.11-1.31)].

The results of this systematic review suggest that overweight men have poorer 

prostate cancer outcomes than those maintaining a healthy BMI; the diet and 

exercise recommended in the proposed intervention should lead to a modest weight 

loss over the 6 month study period, but should also equip patients with the 

information necessary for achieving and sustaining weight loss in the long term thus 

potentially impacting on their risk of prostate cancer progression in the future.

Combined Dietary and Exercise Interventions

Pekmezi and Demark-Wahnefried carried out a recent review of the literature on the 

role of diet and exercise interventions in cancer survivors (Pekmezi & Demark- 

Wahnefried 2012); although this review was restricted to RCTs with over 75% 

retention rates and within the three years period November 2007- June 2010 it did 

highlight the beneficial effect of multi-behaviour interventions in a variety of 

different cancer patients including prostate, breast, endometrial and colorectal. 

Although research specific to prostate cancer patients is limited, a number of 

Randomised Controlled Trials (RCT’s) have been completed in the USA. These
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include the RENEW study (Reach out to ENnhancE Wellness) (Morey et al. 2009), 

discussed in the Pekmezi and Demark-Wahnefried review mentioned above which 

showed a beneficial effect of a home-based multi-behaviour intervention focused on 

exercise, and including a low saturated fat, plant-based diet, at reducing the 

functional decline and improving the quality of life of prostate cancer patients. In 

addition, prostate cancer patients who completed a 6 month home-based diet and 

exercise intervention in Project LEAD (Leading the way in Exercise and Diet) 

(Demark-Wahnefried et al. 2006) had improved physical functioning. These studies 

demonstrated the beneficial effects of diet and exercise in a mixed group of cancer 

patients (breast and prostate cancer) but they did not specifically investigate the 

impact of their interventions in prostate cancer patients on ADT, a subgroup of 

cancer patients who are most likely to benefit from such an intervention.

To date, only one pilot study has investigated the impact of a combined dietary and 

physical activity intervention on reducing the associated side effects of ADT 

(Bourke et al. 2011). This 6 month long pilot study by Bourke at al 2011 recruited 50 

patients who were receiving ADT for >6 months. Patients were randomised to either 

a dietary and physical activity intervention group (n=25) or a standard care control 

arm (n=25). The physical activity component consisted of a series of supervised and 

unsupervised exercise sessions; the dietary component included a nutritional 

information pack encouraging a reduction in saturated fat, refined carbohydrates and 

an increase in dietary fibre. Results demonstrated that men in the intervention group 

had significantly improved levels of fatigue (p=0.002), aerobic exercise tolerance 

(pO.OOl) and muscle strength (P=0.03) at the end of the 6 month study period when 

compared to the standard care control group. Furthermore, significant reductions in 

dietary fat intake (p=0.001) and total energy (p=0.005) consumed were apparent in 

the intervention group when compared to the standard care control arm.

1.13 Conclusion
Incidence rates of prostate cancer have been increasing in recent years yet mortality 

rates have remained stable; improvements in the detection and management of 

prostate cancer have led to an increase in survival and therefore the prevalence of the 

disease. Although many treatment options exist, the utilisation of hormone therapy 

is commonly used in the management of the condition both as a standard method of
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controlling advanced stage disease and increasingly in localised disease, before/after 

radical treatment.

The utilisation of ADT therapy is generally long term and associated with a number 

of adverse side effects. These side effects have the potential to be detrimental to the 

patient’s health, increasing the possibility of prostate cancer progression as well as 

other chronic diseases. In recent years, exercise interventions in ADT treated patients 

have successfully demonstrated a positive effect in reducing some of the associated 

side effects of treatment; although beneficial, these interventions have been costly, 

involving scheduled, facility-based exercise sessions with trained exercise 

professionals. As recent evidence suggests that walking may have a beneficial effect 

on prostate cancer progression, as well as its cost effectiveness and ease of use, the 

potential of a walking intervention in this population of men should be evaluated. 

Furthermore, the promotion of physical activity should be coupled with dietary 

advice for a number of reasons: firstly evidence is accumulating regarding the 

benefits of a healthy diet and prostate cancer progression; secondly, a number of 

combined lifestyle interventions which included both diet and exercise advice have 

demonstrated the benefit of combining physical activity with dietary modification on 

a mixed groups of cancer patients, yet no similar RCTs have been utilised in ADT 

specific patients. It is likely that a combined intervention of dietary and physical 

activity could minimise the adverse side effects of ADT to an even greater degree.
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2.1 Introduction
A Randomised Controlled Trial (RCT) was carried out at the cancer centre at Belfast 

City Hospital (BCH) to evaluate the efficacy of a 6 month dietary and physical 

activity intervention for prostate cancer patients treated with Androgen Deprivation 

Therapy (ADT).

2.2 Aims and Objectives
The aim of this chapter is to describe in detail the methodological processes involved 

in: the design of the study; collection of data; development of the intervention; the 

measurement tools used to assess primary and secondary outcomes, and the 

statistical analysis of data collected.

2.3 Location, Setting and Ethical Considerations
The study was conducted at the clinical trials unit at the Cancer Centre at BCH, over 

a 26 month period, from August 2009 until September 2011 (inclusive). The study 

protocol was approved by the Office of Research Ethics Committees Northern 

Ireland (ORECNI), the Research Governance Offices of Queen’s University Belfast 

and the Belfast Health and Social Care Trust (BHSCT) (Reference No. 09001 JO

SS). Honorary appointments were obtained from the BHSCT for two researchers, 

Farhana Haseen (FH) and Roisin O’Neill (RO’N), to recruit patients, access medical 

notes and complete data collection. Oncologists were consulted and were 

instrumental in identifying eligible patients. Each patient provided informed written 

consent in the presence of a researcher (Appendix 1); the document was 

countersigned by the same researcher and a copy provided to the patient before data 

collection began. It was made clear to patients from the outset, that their 

participation was entirely voluntary and that they could withdraw at any time. The 

study has also been registered and has an International Standard Randomised 

Controlled Trial Number: ISCRTN75282423

2.4 Study Size and Statistical Power
The sample size for this study was calculated based on data from Smith et al (Smith 

et al. 2002) where prostate cancer patients had a 9.4% (SD 1.7%) mean change in fat 

mass following ADT treatment. It was assumed that the controls in the planned study 

would have a similar percentage change in fat mass. Therefore with 36 patients in 

the intervention group and 36 patients in the control group the study had 90% power 

at 5% significance to detect a mean percentage change in fat mass of 7.4% between
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the intervention and control arm. An additional 30% was added to the sample size 

calculation to account for non-compliance and potential drop-outs or discontinuation. 

Therefore a total of 94 patients were required; 47 randomised to the intervention and 

47 randomised to the control group. This sample size was sufficient to detect a 3.4 

point difference in Fatigue Severity Scale (FFS) scores (Segal et al. 2003) (a three 

point difference on the FFS is considered to be a minimally clinical important 

difference (Celia et al. 2002)) and a 6 point (S.D =9.0) difference on the Functional 

Assessment Cancer Therapy-General (FACT-G) questionnaire (Segal et al. 2003). A 

clinically meaningful change in Functional Assessment of Cancer Treatment - 

Prostate (FACT-P) is estimated to be between 6 and 10 points (Celia et al. 2009).

2.5 Study Design
A Randomised Controlled Trial design was used to evaluate the efficacy of the 

intervention. The study design followed the guidelines recommended by the 

Consolidating Standards of Reporting Trials - CONSORT statement guidelines 

These guidelines ensure standardised, transparent reporting of RCT’s with the 

purpose of ensuring a high quality design, appropriate methodology, easily 

interpreted results and the avoidance of unnecessary bias (Begg et al. 1996). The 

most up-to-date version of the CONSORT statement was published in 2010; this is 

an updated version of the original 1996 CONSORT statement (Schulz et al. 2010). 

Patients were randomised to either the intervention group or a standard care control 

arm based on an allocation ratio of 1:1. Figure 2.1 is a flow diagram illustrating the 

study design as recommended by CONSORT.
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Excluded

Excluded

One phone call midway between
week 1-13

Allocated to control group 
(Week 0)

Allocated to Intervention group 
(Week 0)

weeks 13-25
One phone call midway between

Endpoint measurements (week 
25)

weeks 1-13
Fortnightly phone calls between

3 weekly phone calls between 
weeks 13-25

Midpoint measurements (week 
13)

Week 0: Baseline measurements and 
randomisation

Midpoint measurements (week 
13)

intervention within one week

Eligible, interested patients are screened 
and provided with a patient information 
sheet

Assess patient notes for eligibility and if 
necessary consult oncologists on the 
suitability of patients

Agree to participate and are scheduled 
for baseline measurements. Provided 
with a randomisation number

Endpoint measurements (week 
25)

Patients provided 
Intervention materials

Figure 2.1 Study design; Recruitment, Randomisation, Follow-up and Outcomes Assessment
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Eligibility was assessed based on the inclusion and exclusion criteria below

Table 2.1 Inclusion and Exclusion Criteria
Inclusion Exclusion

Histologically proven prostate cancer Co-morbid conditions that limit
physical activity e.g. a recent 
Myocardial Infarction; severe asthma 
or breathlessness; uncontrolled 
hypertension (blood pressure 
>160/95mm/Hg)

Currently receiving/ beginning ADT 
and planning to continue for a 
minimum of 6 months

Medical conditions that require a 
reduced fruit and vegetable diet e.g. 
kidney failure

Treatment with steroid hormones

History of insulin dependent diabetes 

Treatment for another cancer

Life expectancy of less than 2 years

2.5.1 Recruitment of patients
Patient notes were assessed at prostate cancer clinics, twice weekly for the duration 

of the recruitment period. FH began recruitment for the initial five months, from 
August 2009 until December 2009 and RO’N continued thereafter from January 

2010 until March 2011. Medical notes were screened for eligibility based on the 

inclusion/exclusion criteria in Table 2.1; the notes of patients who met these criteria 

were then referred to their oncologist who decided if they were physically fit enough 

to partake in the study. If suitable, the oncologist suggested participation in the trial; 

this undoubtedly increased recruitment rates within the study. Interested patients 

were then referred to the researcher (FH or RO’N) for more information. Patients 

were screened and had their blood pressure measured to ensure they were not 

hypertensive; i.e. exceeding the 160/95mm/Hg cut off.

If blood pressure was within range, patients were provided with more information 

from the researcher; this included the study rationale, design, randomisation process 

and the expectations of patient involvement. Patients were provided with a detailed
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information sheet explaining the purpose of the study (Appendix 2), and were asked 

to read it and decide if they were willing to participate; they were contacted forty- 

eight hours later for their decision. Willing participants were assigned a 

randomisation number and a date for their baseline data collection appointment. A 

letter was also sent to the patients’ general practitioners to inform them of their 

patient’s participation in the trial (Appendix 3).

2.5.2 Randomisation
A block randomisation approach, using computer generated random numbers, was 

used to assign patients to either the intervention or control group. There was an 

allocation ratio of 1:1 with equal probability that patients were randomised into 

either the intervention or control arm. Six permutations, with a block size of four 

were used to assign patients to either group. One of the six permutations was 

selected at random and four patients assigned accordingly. The process was repeated 

24 times in order to allocate all 94 patients to either the intervention or control arms. 

An example of the randomisation process is explained in Figure 2.2. An independent 

researcher (Dr Marie Cantwell (MC)) numbered envelopes (1-94) and used the 

allocation sequence to assign a letter, either ‘C’ for control or T for intervention to 

each envelope. These envelopes were sealed and stored at the Cancer Centre.

Patients received their randomisation number after providing verbal consent to 

participate. After their baseline measurements were completed, the corresponding 

sealed envelope was opened to reveal their allocation group assignment to both the 

researcher and the patient. At this stage, a home visit was scheduled for all patients 

randomised to the intervention group. The home visit was scheduled within a week 

of baseline measurements.
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Figure 2.2 Example of how a computer generated numbers table was used to assign patients 

to either the intervention or control arms.

Intervention (I) Control (C)
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2.5.3 The Intervention
The intervention was delivered in the patient’s home with a partner or caregiver 

present where possible and contained two components; a dietary modification and 

physical activity intervention.

2.5.3.1 Dietary Modification

The dietary modification was individually tailored (by RON) to meet the food 

preferences of each patient based on a 7 day diet diary provided at baseline. The goal 

was to educate patients on the importance of achieving a balanced diet and to help 

them adopt an eating pattern that was commensurate with current healthy eating 

guidelines (Appendix 4).

There are currently no dietary guidelines available specifically for cancer survivors 

however advice from the WCRF/AICR suggests that cancer survivors should follow 

cancer prevention guidelines (WCRF/AICR, 2007). These cancer prevention 

guidelines for dietary behaviours are comparable with UK healthy eating guidelines 

(Food Standards Agency (FSA), 2006) with the exception of alcohol intake 

guidelines. For example UK guidelines suggest no more than 3-4 units per day for 

men in the general population yet the WCRF suggests no more than 1-2 units for 

cancer survivors. Each patient’s diet was individually tailored to meet the following 

guidelines a) >5 servings vegetables and fruits/day; b) 30%-35% of total energy 

from fat, and <10% energy from saturated fat/day; c) 10% of energy from 

polyunsaturated fat/day; d) limited consumption of processed meats; e) 25-35gm of 

fibre/day; f) <28units/week of alcohol; g) limited intake of foods high in salt and/or 

sugar. Each patient in the intervention arm received an individualised guidebook 

with tips to help adherence to the dietary component. Each guidebook included; a 

portion size guide of commonly consumed foodstuffs, tips for incorporating more 

fruit and vegetables into the diet, increasing fibre and reducing overall fat 

consumption, sample menus of healthy meals and snack ideas and a list of foods to 

be limited in the diet and those to be eaten more often. Weight loss was not 

considered a primary goal of this intervention however due to the health issues 

associated with being overweight, patients with a BMI >25, were guided towards a
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SOOkcal reduction in their daily calorie allowance. This would therefore lead to a 1 lb 

per week weight reduction (Thomas & Bishop 2007). Energy requirements were 

calculated based on the patient’s weight and physical activity levels at baseline and 

if necessary during midpoint measurements; daily calorie allowance was calculated 

using the Schofield regression equation (James & Schofield 1990).

2.S.3.2 Physical Activity

The physical activity component of the intervention was also tailored to each patient 

based on their baseline physical activity level; this was completed by RO’N. 

Patients were encouraged to walk briskly for a minimum of 30 minutes, five or more 

days per week in agreement with guidelines for the general population (Davies et al. 

2011). Walking was the chosen physical activity modality for this intervention as it 

involves no cost, is easily incorporated into the daily routines of participants (Morris 

& Hardman 1997), it is the most commonly reported exercise modality in the general 

population (Macera et al. 2005) and is the exercise most likely to improve physical 

activity at a population level. Men who were already physically active were 

encouraged to complete the brisk walking element of the intervention in addition to 

their existing exercise schedule. All patients were provided with a pedometer 

(Omron HJ005E Vital Steps) as a motivational tool and a method of measuring their 

physical activity. A systematic review by Bravata et al 2007 concluded that 

pedometer use was significantly associated with increased physical activity levels as 

well as an improvement in health related outcomes such as a decrease in BMI 

(Bravata et al. 2007). Patients were instructed to keep a log of their daily step counts, 

and to total their daily step counts at the end of each week and divide by the number 

of days walked to get their daily average for the week. They were also encouraged to 

set a goal of increasing their step count by 10% each week based on their previous 

weeks step counts. This has been shown previously to be a realistic goal (Stovitz et 

al. 2005) with the purpose of encouraging patients to build up their distance/speed to 

ensure they were walking at a brisk pace. It was not expected that this 10% increase 

continued throughout the intervention as patients would be expected to reach a 

plateau after a number of weeks; it was hoped that the pedometer would encourage
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men to continue to aim for their highest achieved step counts as the study 

progressed.

The delivery of each intervention ranged from 45minutes - 3 hours, averaging at 

approximately 1.5 hours per visit. Men in the control arm received standard care 

throughout the 6 month period; at the end of the 6 month study period they were 

provided with all intervention materials. Although information was provided to 

control patients at the hospital after their endpoint visit, they received exactly the 

same materials that were provided to intervention patients, and similarly tailored 

advice.

2.5.4 Data Collection
In order to test the efficacy of the intervention, a series of measurements were 

carried out at three time points: baseline, midpoint (13 weeks) and 6 months (25 

weeks). Baseline measurements were completed on patients at different stages of 

their treatment pathway and therefore included both incident and prevalent cases. 

The primary time-point for data collection typically occurred one week after 

assessment for study eligibility, which was completed during a visit to the prostate 

oncologist. A series of questionnaires were posted to patients a week prior to each 

visit. They were advised to complete all questionnaires and bring them to their 

scheduled appointment (Appendix 5). These included;

• A Fatigue Severity Scale (FSS)

• A Functional Assessment of Cancer Treatment Questionnaire - Prostate 

(FACT-P)

• A Perceived Stress Scale (PSS)

• A seven day diet diary

All questionnaires were checked for completeness by the researcher during the 

baseline, midpoint and 6 month visit. Any discrepancies or incomplete forms were 

discussed with the patient and completed where possible. Seven day diet diaries were 

reviewed in detailed by the researcher to ensure that as much information was 

recorded as possible; for example, portion sizes, cooking methods, etc.

During each visit the following measurements/questionnaires were also completed 

(Appendix 6);
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• A series of anthropometric measurements to assess body composition

• A 6 Minute Walk Test (6MWT) as a measure of physical functioning

• Completion of a seven day physical activity recall to assess current levels of 

physical activity (7 Day Physical Activity Recall Questionnaire (7-DPARQ)

• A fasting blood sample (30 ml) to be stored for future analysis e.g. levels of 

serum ferritin, anti-oxidant vitamins, dietary lipids, C-reactive protein and 

albumin.

At baseline two additional questionnaires were also completed;

• A structured questionnaire to collect information on socioeconomic and 

demographic characteristics, as well as medical history

• A questionnaire based on the Transtheoretical Model (TTM) of behaviour 

change, which aimed to assess the patients current stage of readiness to 

change aspects of their diet and physical activity

All measurement tools used are discussed in detail in the next section of this chapter 

and a copy of all questionnaires and measurement tools are available in Appendix 5- 

6; they have all been validated in this population of prostate cancer patients.

2.5.5 Baseline Questionnaires
During the baseline visit, patient medical notes were used to collect information on 

the patients’ clinical history. Information was collected on: date of diagnosis, 

treatment modalities received and duration of treatment; stage and grade of the 

tumour and PSA scores at diagnosis. The most recent PSA score to the patients’ 

midpoint and endpoint visits were also collected. Additional information was also 

collected from each patient regarding their current and previous health status. This 

structured questionnaire collected information on current medication, supplement 

use; family history of cancer or a previous diagnosis of cancer, a history of/or 

currently suffering from any of the following medical problems: Coronary Heart 

Disease (CHD), Diabetes, Parkinson’s disease, Arthritis, respiratory disease, vision 

problems, emotional issues such as depression/anxiety, chronic pain or sleep 

problems. This information was collected to establish the number of co-morbidities 

of patients upon entering the study.
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An additional questionnaire was used to collect information on the age, socio

economic status and lifestyle behaviours of recruited patients. This structured 

questionnaire was collected during baseline measurements and gathered information 

on the patients’; current/previous occupation, employment status and education 

history, from which socioeconomic status was calculated using National Statistics 

Socio-Economic Classification (NS-SEC) scale (Office for National Statistics, 

2010); alcohol consumption and tobacco use; perceived barriers to improving health 

behaviours such as increasing physical activity, fruit and vegetable consumption and 

reducing total fat/saturated fat intake.

2.5.6 Transtheoretical Model (TTM) of Behavioural Change
The TTM is a model used in psychology to assess an individual’s readiness to

change their lifestyle behaviours for the improvement of health. It was initially

developed for addictive behaviours such as smoking (Prochaska & DiClemente

1982) but has also been incorporated into other health behaviours such as weight loss

and physical activity interventions (McArthur & Pawlak 2011; Marshall & Biddle

2001). A questionnaire based on the TTM of behavioural change was used to assess

the patient’s stage of readiness to change their lifestyle behaviours based on their

current health practices (Prochaska et al. 1992). Three questions were asked in

relation to: fruit and vegetable consumption, ‘on average do you eat at least 5

servings of fruit and vegetables per day’; fat intake, 'do you avoid eating too much

fat’; and physical activity, 'do you walk for 30 minutes at a brisk pace, 3-5 days per

week’ The possible answers were the same for each question;

a) Yes - for more than 6 months; interpreted as the maintenance stage of 

behaviour change

b) Yes - for less than 6 months; interpreted as the action stage

c) No - Intention to make change in the next thirty days; interpreted as

preparation stage

d) No - Intention to make change in the next 6 months; interpreted as

contemplation stage

e) No intention to make changes in the next 6 months; interpreted as pre

contemplation stage
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2.6 Outcomes of interest

2.6.1 Primary Outcomes
The three primary outcomes of interest were body composition, fatigue and QoL. As 

described in Chapter 1, these are three adverse side effects of ADT treatment that 

have the potential to be alleviated by lifestyle interventions.

2.6.1.1 Body Composition

A number of anthropometric measurements were collected to assess body 

composition at baseline, midpoint and endpoint; each measurement was completed 

by FH and RO’N and followed a standard protocol including: body weight and 

height which were used to calculate Body Mass Index (BMI); waist and hip 

measurement which were used as a measure of central adiposity; skinfold thickness, 

to assess percentage body fat and mid-upper arm muscle circumference to calculate 

mid-upper arm muscle area, a measure of lean muscle mass. Both researchers 

completing the measurements are nutritionists with previous training in the 

completion of anthropometric measurements.

Weight
Body weight was measured using a calibrated SECA704 digital electronic column 

scale. Patients were advised to remove shoes, heavy clothing and heavy items from 

their pockets before being weighed. They were advised to stand straight and still 

over the centre of the platform, distributing their body weight equally between both 

feet and looking straight ahead. The measurement was taken twice to ensure an 

accurate reading. If the second reading differed from the first, a third measurement 

was taken and the average of the three recorded as the patient’s weight. Weight was 

measured to the nearest 0.1kg.

Height
A SECA Leicester portable height scale was used to measure the standing height of 

patients. Patients were advised to stand straight on the floorboard of the stadiometer 

with their arms by their sides, their head held upright, chin parallel to the floor and 

their neck held in a natural non-stretched position. They were told to place their feet 

together with their body weight distributed equally across both feet and their heels 

placed against the base of the vertical board.
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The researcher carrying out the measurement ensured the patients’ scapula, buttocks 

and heels were touching the vertical backboard, their head was correctly positioned 

and their arms were by their side before the measurement was taken. The moveable 

headboard was lowered onto the top of the patients head and the measurement was 

recorded. The measurement was taken twice to ensure an accurate reading. If the 

second reading differed from the first, a third measurement was taken and the 

average of the three recorded as the patient’s height. Measurements were taken to the 

nearest 0.1cm.

Body Mass Index
The following formula was used to calculate patients BMI. This is a method of 

assessing an individual’s weight relative to height in order to determine if they fall 

within an appropriate/healthy weight category (WHO, 2000)

BMI = Weight in kilograms (kg)
(Height in metres (m))2

The international classification of BMI categories, as defined by the World Health 

Organisation (WHO) are presented in Table 2.2 below:

Table 2.2 Classification of BMI categories as defined by WHO
Classification BMI (kg/m2)

Underweight <18.5

Normal 18.5-24.99

Overweight >25.00

Obese >30.00

Both waist and hip measurements were assessed according to the guidelines set by 

the WHO. Men wore only their underwear for both measurements (WHO, 2000)

54



Chapter 2

Waist circumference
The patient was advised to stand upright with their feet 25-30cm apart, with weight 

equally distributed across both feet, arms relaxed and by their side, and their 

abdomen relaxed. The tape measure was wrapped around the waist mid-way between 

the lowest rib and the iliac crest using a flexible, non-elastic tape measure. The 

patient was asked to gently exhale and the measurement was taken to the nearest 

0.1cm. The procedure was repeated three times and an average of the three 

measurements recorded.

Table 2.3 Classification of risk based on waist measurements (WHO, 2000)
Risk Category Waist Circumference (cm)

Low/Ideal <94cm

High 94-102cm

Very High >102cm

Hip circumference
The patient stood straight with their feet positioned together, arms by their side and 

weight evenly distributed across both feet. The tape-measure was positioned around 

the widest portion of the buttocks and the measurement taken to the nearest 0.1cm 

and was taken three times and the average of the three values was recorded.

Waist-Hip Ratio (WHR)
The patient’s WHR was obtained by dividing the mean waist circumference by the 

mean hip circumference (WHO, 2000). A WHR > 1 classifies an individual as obese 

and has significant implications to health. In a meta-analysis by de Koning et al 

2007, WHR was associated with an increased risk of a Cardiovascular Disease 

(CVD) event, in fact the association was stronger than that of BMI; for every 0.01 

increase in WHR, the relative risk of a CVD event increased by 5% (de Koning et al. 

2007).
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Percentage body fat
Skin fold thickness measurements were used as they are non-invasive, require less 

time to complete and are inexpensive to utilise as a measure of assessing body 

composition when compared to other methods such as Dual Energy X-ray 

Absorptiometry (DEXA), underwater weighing and bioelectrical impedance (Wang 

et al. 2000). Although skin fold thicknesses have been used in numerous studies 

involving prostate cancer patients (Segal et al. 2003; Clarke & Whittemore 2000) 

they have not been validated in this population of patients; however they have been 

validated in an elderly population of males (Dumin & Wormersley 1974). As the 

DEXA is the gold standard measure of body composition, ideally, we would have 

preferred to evaluate a subset of skin fold measurements against those from a DEXA 

scan, however economic constraints meant that this was not possible. Interestingly, 

in a study of anthropometric risk factors for prostate cancer, two researchers took 

separate skinfold measurements from the same sample of patients in order to test the 

reliability of the measurement. Precision and technical error of the bicep 

measurements were 0.998 and 0.052 respectively suggesting excellent reliability in 

the estimates (Wahnefried et al. 1997).

Each patient was asked to remove all clothing from their upper body; for 

consistency, all measurements were taken on the patient’s right side, with the patient 

instructed to stand straight, in a relaxed position with feet together, weight evenly 

distributed and hands hanging freely by their side. The measurements were 

completed using the Harpenden skin-fold calipers and measurements were taken in 

triplicate at each site; the average of all three was recorded to the nearest 0.1mm 

(Lohman et al. 1988).

The Dumin/Wormersle caliper method was used to collect measurements from the 

following four sites (Durnin & Womersley 1974);

1. Tricep: measured as the thickness of the vertical fold on the posterior midline 

of the upper arm, located midway between the Acromion process and the 

Olecranon process.
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2. Bicep: measured as the thickness of the vertical fold on the anterior aspect of 

the upper arm, directly above the pit of the elbow (Cubital fossa), at the same 

level as the triceps skinfold measurement.

3. Subscapular: measured as the thickness of an oblique fold 1cm below the 

inferior angle of the scapula; taken at a 45°c angle from the floor.

4. Suprailiac: measured as the thickness of an oblique fold in the midaxillary 

line immediately above the iliac crest.

The values recorded for each skin-fold site were used to calculate; % body fat, total 

fat and fat-free mass. Before these measurements could be obtained it was necessary 

to calculate body density. This was calculated using the formula shown below which 

uses the log total of all four skin-fold sites (Dumin & Womersley 1974).

D= 1.1715-0.0779 x(L)

D = Predicted density of the body (kg/m3), and L = log 10 of the total of the 4 skin- 

folds (mm)

Percentage body fat was calculated based on body density using the following 

equation;

% body fat = (4.95/Density - 4.5) x 100

Total body fat was calculated based on the following formula

Total body fat (kg) = Body weight (kg) x %Body fat
100

Fat free mass was calculated as below;

Fat-free mass (kg) = body weight (kg) - Body fat (kg)
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A classification system categorising body fatness in men has been produced by the 

American College Sports Medicine (ACSM 2004) and percentages for men are 

shown in Table 2.4;

Table 2.4 Percentage body fat categories for men as defined by the ACSM

Classification %Body Fat

Essential fat 2-5%

Athletes 6-13%

Fitness 14-17%

Average 18-24%

Obese 25% or above
(ACSM 2004)

Mid Upper Ann Circumference (MUAC)
The patient was instructed to stand straight and sideways to the researcher, with feet 

apart and arms relaxed by their side. They were directed to bend their arm in order to 

locate the midpoint of the upper arm; this was marked with a pen. The MUCA 

measurement was taken at the midpoint of the left upper arm, between the shoulder 

(Acromion) and tip of the elbow (Olecranon process). Patients were then instructed 

to relax their arm with their palm facing towards their thigh; the flexible insertion 

TALK-MU AC tape measure was wrapped around the marked area of the arm, gently 

but firmly, taking care to not squeeze the arm. The measurement was taken three 

times and an average recorded to the nearest 1mm (Gurney & Jelliffe 1973).

Mid upper arm muscle area
The mid-upper arm muscle area is a more appropriate index of total body muscle 

mass and more adequately reflects the true extent of muscle tissue change. The 

following equation has been used to estimate mid-upper arm muscle area (Frisancho 

1981).
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Arm Muscle area (mm2) = (MUAC - (^ x TSF))2

4 71

MUAC: Mid-Upper Arm Circumference; TSF: Triceps Skinfold Thickness, both 
measured (mm)

The above equation is based on a number of assumptions including; the mid-upper 

arm cross sectional area is circular and bone loss occurs in proportion to muscle 

wastage. An equation can be utilised to adjust for these assumptions (Heymsfield et 

al. 1982) however this equation has not been validated in an elderly population and 

so the original equation was used for the purpose of assessing mid-upper arm muscle 

area in this intervention.

2.6.1.2 Fatigue

The FSS was used to measure fatigue in the intervention and control arm at baseline, 

midpoint and endpoint. This is a self-administered questionnaire which aims to 

assess how fatigue has impacted on the patient’s day to day life over the previous 

seven days (Neuberger 2003). The FSS consists of nine statements and patients are 

advised to report their degree of agreement based on a seven-point Likert scale for 

each item. A score of one suggests that the patient strongly disagrees with the 

statement and a score of 7 indicates that the patient strongly agrees with the 

statement; the total score is obtained by summing the responses to each of the nine 

statements. Scores can therefore range from 9 indicating minimum fatigue to 63, 

indicating maximum fatigue. Higher scores suggest higher levels of fatigue. The 

questionnaire was chosen as it is short and therefore convenient for an aging 

population; it has no associated costs to delivery and the researcher requires no 

specialised training. It has been used in both prostate cancer patients receiving ADT 

(Stone et al. 2000) as well as advanced stage prostate cancer patients (Stone et al. 

1999). The validity of the FSS as a measurement tool is supported by its correlation 

with the European Organisation for Research and Treatment of Cancer (EORTC) 

fatigue scale (Spearman’s Rank Correlation coefficient Re =0.83) and the 

Bidimensional fatigue scale (R=0.62). The test-retest reliability has also been shown 

to be adequate (measurement error =4.7) (Stone et al. 2000). In a previous study of 

fatigue among healthy volunteers, a score of less than 42 was reported in 95% of the 

population, Stone et al 2000 defined a score of 42 or more as the definition of severe
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fatigue in ADT treated prostate cancer patients (Stone et al. 2000) and we have 

therefore used the same criteria to define fatigue (i.e. 42 or more) in this study.

2.6.1.3 Quality of life

QoL was measured using the FACT-P questionnaire (Celia et al. 1993). This is a 40 

item self-reported questionnaire which covers a range of quality of life domains 

including physical, social/family, emotional and functional wellbeing. It also 

includes a 12 item subscale that is specific to issues arising from prostate cancer 

treatment such as sexual and urinary dysfunction. Responses are provided using a 0- 

4 Likert-type scale, 0 suggests that the patient is not troubled by symptoms and 4 

that they are very much troubled by symptoms/side effects of treatment. Subscales 

were totalled using a standardised scoring system. The physical, social/family and 

functional subscale scores ranged from 0-28; the emotional wellbeing subscale 

ranged from 0-24 and the prostate specific subscale ranged from 0-48. Combining 

the total of all subscales provided the overall FACT-P score; the total of all scales 

minus the prostate specific scale provided the Functional Assessment of Cancer 

Therapy - General (FACT-G). Additionally a score for the Trial Outcome Index 

(TOI) was obtained by combining the scores of the physical and functional subscales 

with the prostate specific subscales. A higher overall score represented a better QoL 

or fewer symptoms. The FACT-G/P is cancer specific and has been designed to 

encompass a multi-dimensional structure with the 5 separate subscales. It is 

appropriate for self-administration and is considered a reliable measurement tool 

with sensitivity to changes in PSA scores and performance status (Esper et al. 1997). 

It has been used for the assessment of QoL in prostate cancer patients, specifically 

ADT treated patients (Shapiro et al. 2004).
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2.6.2 Secondary Outcomes
Secondary outcomes included stress, nutrient intake, physical activity levels and 

physical functioning.

2.6.2.1 Stress

The PSS was used to evaluate stress levels in patients at the beginning, middle and 

end of the study (Cohen et al. 1983). This scale is the most widely used 

psychological instrument for measuring the degree to which situations in a person’s 

life are deemed stressful; its purpose is to provide an indication of how 

unpredictable, overloaded or under-pressure an individual feels with their lives. The 

scale has been validated previously and used in prostate cancer patients (Lev et al. 

2004).

The PSS-10 questionnaire contain 10 items; answers are rated on a Likert type scale 

with responses ranging from 0-4 where 0=‘never’, l=’almost never’, 2=’sometimes’ 

3='fairly often’, and 4 = ‘very often’. Higher scores are indicative of higher levels of 

stress. In an average male aged >65 years, an average PSS score is 12.0 (Cohen et al. 

1983). Within the study, men with a scores of <6 were classified as being relatively 

stress free; men with scores >18 were classified as having medium-high levels of 

stress; and men with scores of >24 suggested significantly high levels of stress which 

could impact on their health (Cohen et al. 1983).

2.6.2.1 Nutrient Intake

A seven day diet diary was used to measure dietary intake in this group of patients. 

This has been used to assess nutrient intake in a number of large scale studies 

including the UK EPIC (European Prospective Investigation of Cancer and 

Nutrition) cohort (Bingham et al. 1997). It was thought that it would reduce the 

possibility of memory recall problems in this older age group; it has also been shown 

to provide a better estimation of average intake when compared with a 24 hour recall 

or food frequency questionnaire (Day 2001).

Patients were advised to keep a record of all food and drink consumed 7 days prior to 

their measurement day. The diary consisted of 6 meal profiles, these included; 

breakfast, light mid-morning meal, lunch, light mid-afternoon meal, evening meal

and a profile for beverages and snacks. Each meal profile contained a blank table,
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divided into seven sections; each one labelled Monday to Sunday. Patients were 

advised to record all food and drink consumed during each meal. They were advised 

to measure their portion sizes based on household measures such as tablespoons, 

cups, slices etc. and if possible packet weights; information on cooking methods and 

brand names was also recorded. During their measurement visit, the researchers (FH 

or RO’N) reviewed the diet diary to ensure all information had been provided.

Food intakes were then converted into grams and in cases where the patient was 

unsure about their portion sizes, standard portion sizes were used (Crawley & MAFF 

1994). The dietary data were then entered into a computerised analysis system 

(WISP, Tinuviel Software Warrington, UK) based on the UK food composition 

tables (Church 2002).

Portion sizes for fruit and vegetables consumed were calculated based on the 

information provided on each of the seven day diet diaries; they were counted 

manually using the food portions sizes as defined by the UK Food Standards Agency 

(Church 2002).

2.6.2.3 Physical Activity

A 7 day physical activity recall questionnaire was used to measure the duration and 

intensity of patients’ physical activity levels for the 7 days before their measurement 

visit (Blair et al. 1985). This is an interview administered questionnaire which has 

been previously validated in a prostate cancer population (Demark-Wahnefried et al. 

2006; Demark-Wahnefried et al. 2007) and can be used to calculate energy 

expenditure (Blair et al. 1985). Taking each day from the previous seven in turn, 

patients were first asked to describe their sleeping patterns and time spent in bed. 

Each day was then divided into morning, afternoon and evening, and patients were 

asked to describe their daily activities with specific emphasis on activities that were 

moderate, hard or very hard, as well as the duration of that activity. Examples of 

exercises and their associated intensities were used to assist the process, and time 

spent on each activity was recorded. All remaining daily activity was classified as 

Tight’ intensity. Patients were also asked to report how typical the previous week’s 

exercise was in comparison to their physical activity levels over the previous 3 

months. The 7 day physical activity recall provides an estimate of energy
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expenditure for the previous week (kcal/kg/day). Energy expenditure is estimated on 

the basis of 1 Metabolic Equivalent Task (MET) =lkcal/kg'1/hour'1 (Blair et al. 

1985)

Table 2.5 MET values associated with various categories of exercise intensity

Intensity Metabolic Equivalent Task (MET)

Value
Sleep 1
Light Activity 1.5
Moderate Activity 4
Hard Activity 6
Very Hard Activity 10

(Blair etal. 1985)

To produce an estimate of energy expenditure using this method, the total number of 

hours reported for each category of intensity is multiplied by the appropriate MET 

value: for example, 8 hours spent sleeping per day equals 8 METs (8hours x 

IMETs), 1 hour of very hard activity equals 10METS (Ihour x lOMETs) and the 

remaining 15 hours of the day is classified as light activity (unless otherwise stated 

by the patient), and would equal 22.5 METs (15 hours x l.SMETs). This is repeated 

for the seven days and the total METs for the week (168 hours) provides the total 

energy expenditure for the week and is independent of body size. In order to 

establish total caloric expenditure for the week this value is multiplied by the 

patients' body size in kilograms; to establish the daily total energy expenditure 

(kcal/kg'Vday'1), this value was divided by 7.

Patients who reported engaging in 30 minutes or more of moderate-vigorous 

intensity exercise, five or more days per week were considered to be physically 

active (Davies et al. 2011).
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2.6.2.4 Functional Capacity

Functional capacity was assessed using the 6MWT (Butland et al. 1982). This test 

aims to measure the maximum distance a person can walk in 6 minutes, it is self- 

paced and was carried out on a 30m long corridor and followed a standard protocol 

for delivery (Enright 2003). The test provides an objective measure of the functional 

performance of patients and has demonstrated a high test-retest reliability over a two 

week period (r=0.87). It has been shown to provide a more appropriate reflection of 

the activities of daily living, is easy to implement, does not require any equipment 

and is inexpensive (Enright 2003). It has also been widely used in patients with 

chronic disease (Guyatt et al. 1985; Peeters & Mets 1996) as well as prostate cancer 

patients (Alibhai et al. 2010).

2.7 Blood Storage
A research nurse from the clinical trials unit took a peripheral venous blood sample 

from patients during their baseline, midpoint and endpoint visit. This blood sample 

was processed for storage only and no tests have been carried out for the purposes of 

this thesis.

A total of 5 x 6ml vacutainer tubes were used for blood collection. This included: 2 x 

6ml plasma tubes, containing an anti-coagulant ethylenediaminetetraacetic EDTA 

(purple top tubes) and 3 x 6ml serum tubes (red top tubes); blood tubes were labelled 

with the patients’ study ID number, the date and study time point. Immediately after 

collection, purple tubes were gently shook to mix the anti-coagulant to avoid 

clotting, they were stored on ice and processed within 2-4 hours of sample 

collection; serum samples were stored at room temperature in a dark place (an 

opaque envelope) for at least an hour before processing to assist coagulation. All 

tubes were transferred to the pathology laboratory at Queen’s University Belfast for 

processing before storage.

All blood tubes were placed in the centrifuge at 3000 Revolutions per Minute (RPM) 

for 15 minutes at 4°C in order to separate the plasma/serum from the red blood cells. 

A plastic transfer pipette was used to transfer serum from the three red top tubes into 

9 x 2ml aliquot tubes which were sealed with a red lid for storage. Two aliquot tubes 

were pre-processed for future testing of ascorbic acid; both aliquots had 900 pi of
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meta-phosphoric acid (MPA) added alongside 100 pi of the plasma and were sealed 

with a yellow top. The remainder of the plasma sample was equally distributed 

between 4 aliquot tubes and sealed with a purple lid. Each aliquot tube was labelled 

using Tubee’s high/low level laser labels; these are designed to withstand long-term 

freezer storage. Each label included the patient’ study ID number, the date and the 

study time point and were immediately placed in long term freezer storage (-80°C) 

for future processing. (This was completed by FH and RO’N).

2.8 Statistical Analysis
The data collected in the trial were analysed based on intention to treat and cases lost 

to follow-up were considered as missing observations (Montori & Guyatt 2001). 

Change over the treatment period was calculated by subtracting the baseline value 

from the value at month 3 and month 6. Primary and secondary endpoints in the 

intervention and control group were compared using analysis of covariance 

(ANCOVA) with baseline scores included in the models as covariates (Vickers & 

Altman 2001). Before completing the analysis the normality of the outcomes was 

assessed using normal probability plots; all data were normally distributed. 

Differences in baseline characteristics between men in the intervention and control 

group were tested using an independent t-test. Statistical significance was set at 

p<0.05 throughout, with 95% CIs used to express the uncertainty in the estimates.

2.9 Compliance and Dropouts
Compliance with the dietary and physical activity intervention was assessed by 

regular phone calls to intervention patients; these were fortnightly for the first 6 

months and three-weekly thereafter. These calls typically inquired about the patient’s 

meal/snack plan from the previous day and asked for step counts/time spent walking 

to provide an indication of adherence to the study intervention. At the end of the 

study intervention patients provided a logbook with their weekly step counts/time 

spent walking, as a measure of compliance with the recommended walking element 

of the trial. The 7DPARQ form also provided an overall indication of energy 

expenditure from physical activity across time-points. The food diary data collected 

at midpoint and endpoint follow-up visits also provided a measure of patient 

adherence to the dietary component of the intervention. Follow-up visits at midpoint
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also provided an opportunity for patients to discuss any concerns or problems they 

were having with participation in the intervention.

Patient dropouts were recorded along with their reason for dropping out. As data was 

analysed based on the intention to treat principle, all data was included and analysed 

up until the point of dropout.

Furthermore we encouraged patients to include their partners/caregivers in the 

delivery and implementation of the intervention. We encouraged them to have their 

family present during the delivery of both the dietary and physical activity 

components, with the hope that the support from their partners/caregivers would 

provide encouragement and improve compliance.

2.10 Quality Control
A number of measures were implemented throughout the study to ensure good 

quality data was collected. A standardised protocol was used for each measurement 

tool, as described previously. All measurements were taken using previously 

validated techniques, at a similar time of day and were collected by the same 

researcher at each time point to avoid intra-interviewer bias. Unfortunately due to 

limited human resources it was impossible to blind the researcher to treatment 

groups. In order to reduce the associated biases, researchers did not access 

previously collected data until after follow-up data collection was complete. 

Collected data was held at the Centre for Public Health at Queen’s University Belfast 

yet all data collection occurred at the clinical trials unit at the Cancer Centre at BCH.

Patients recruited to the intervention arm were contacted regularly throughout the 

study period. These phone calls provided an opportunity for patients to voice any 

issues or concerns and ask any questions relating to their participation in the 

intervention. Furthermore it provided the researcher with an opportunity to gauge the 

level of participation in both components of the intervention. In order to try to 

balance the contact provided to the intervention and control patients, control patients 

received one phone call mid-way between each of their visits; the purpose of this call 

was to enquire about their health status and to ask if they had any questions or issues 

concerning their participation in the study.
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2.11 Data Storage and Confidentiality
Patients’ randomisation numbers were prefixed with a 10- and this number 

represented each patient’s unique, anonymous identification number. All 

questionnaires were anonymous at the point of data collection and participation in 

the study was treated in accordance with the Data Protection Act 1998. Anonymous 

data was transferred from the BCH to the Centre for Public Health at QUB where it 

was locked in a secure filing cabinet. Consent forms were stored in a separate locked 

cabinet in the same building, and the form linking anonymous numbers with patient 

names was stored in another secure cabinet. All data entered into the study database 

was anonymous and accessible by the study team only. This data will be held for a 

period of 17 years from the date of collection; this is in accordance with the rules of 

the BHSCT.
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Chapter 3

Chapter 3: Lifestyle characteristics of 
ADT treated prostate cancer patients 
in Northern Ireland.
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3.1 Introduction
Improvements in the detection, treatment and management of prostate cancer have 

lead to an increase in survival rates. In the UK, 81.4% of men diagnosed between 

2005-2009 could expect to be alive 5 years after a diagnosis of prostate cancer, in 

comparison to only 53% of men diagnosed in 1991(CRUK, 2012). The effects of 

lifestyle behaviours such as smoking, poor nutrition and lack of physical activity are 

well characterised in regard to their impact on cancer development and progression 

(WCRF/AICR 2007) yet an area with limited research is the impact of lifestyle 

behaviours in cancer survivorship.

Cancer survivors are at an increased risk of developing secondary tumours as well as 

other chronic diseases such as cardiovascular disease (CVD) and type 2 diabetes 

(Aziz & Rowland 2003; Hewitt et al. 2003; Schultz et al. 2003; Yabroff et al. 2004) 

Poor lifestyle behaviours have the potential to increase this risk further. Furthermore 

lifestyle and behavioural changes may improve the quality of life and reduce the side 

effects of patients receiving long term treatment or suffering from the late effects of 

cancer treatment (von Gruenigen et al. 2008; Morey et al. 2009; Bloom et al. 2008; 

Campbell et al. 2009). This is particularly relevant to prostate cancer survivors as 
they have high survival rates (Cancer Research UK 2012) and the majority of 

patients are treated with hormone therapy, which is prescribed to ~74% of patients 

for an average duration of ~2 years (Bannon & Gavin 2009). Evidence suggests that 

this treatment has adverse consequences on the physiological and psychological 

health of cancer patients (Alibhai et al. 2006; Holzbeierlein 2006), increasing the 

likelihood of developing metabolic syndrome, diabetes, CVD and osteoporosis 

(Keating et al. 2010; Saylor & Smith 2009; Smith et al. 2005). Therefore, 

maintaining an appropriate weight, healthy diet, and a physically active lifestyle to 

prevent recurrence, second primary cancers, and other chronic diseases should be a 

priority for ADT treated prostate cancer patients. Scientific knowledge about 

nutritional and lifestyle factors that may prevent the recurrence of or death from 

prostate cancer, other co-morbidities and improve quality of life is still limited.

As a result of the limited research on cancer survivors, the World Cancer Research

Fund (WCRF) and the American Institute of Cancer Research (AICR) recommended

in 2007 that all cancer survivors should aim to follow the guidelines set out by the

American Cancer Society (ACS) for cancer prevention. These guidelines stress the
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importance of not smoking, maintaining a healthy body weight, avoiding excessive 

weight gain throughout life and following healthy eating and physical activity 

guidelines (Doyle et al. 2006).

Research suggests that a cancer diagnosis is a ‘teachable moment’ where cancer 

survivors are likely to be motivated to make improvements to their lifestyle 

behaviours (Demark-Wahnefried et al. 2005), however evidence of this teachable 

moment is inconsistent (Lawson & Flocke 2009). Limited research is available 

which addresses lifestyle behaviours in cancer survivors in the UK however large 

population based studies have been carried out in both the US and Australia. 

Observational studies show that cancer patients have poor health behaviours and are 

failing to meet lifestyle recommendations (Underwood et al. 2012; Blanchard et al. 

2008; Bellizzi et al. 2005; Demark-Wahnefried et al. 2000; Mayer et al. 2007). Data 

collected from 393,770 cancer survivors in the US (36.1% of whom were prostate 

cancer patients) using the Behavioural Risk Factor Surveillance System (BRFSS) 

reported that nearly one third (31.5%) of cancer survivors are not physically active 

and 27.5% are obese (Underwood et al. 2012). Previous studies provide a bleaker 

outlook, suggesting that 31.5-70% of prostate cancer patients are not physically 

active (Underwood et al. 2012; Bellizzi et al. 2005; Blanchard et al. 2008; Mayer et 

al. 2007; Demark-Wahnefried et al. 2000), 45-84.4% of cancer survivors do not eat 

>5 portions of fruit and vegetables daily (Blanchard et al. 2008; Mayer et al. 2007; 

Demark-Wahnefried et al. 2000), and only 30-42% are within a healthy BMI range 

(Mayer et al. 2007; Coups & Ostroff 2005; Rogers et al. 2008). Indeed it has also 

been shown that male cancer survivors tend to have poorer lifestyle behaviours than 

age matched non cancer males within the general population (Mayer et al. 2007). 

Mayer and colleagues reported that cancer survivors were less likely than controls to 

meet physical activity guidelines, (45.3% v 53% respectively) and were more likely 

to be overweight (58% v 54% respectively). However, evidence from Bellizi 

contradicts this and has shown that survivors are 9% more likely to meet physical 

activity levels compared to aged matched controls (Bellizzi et al. 2005). Nonetheless, 

there is a general consensus amongst existing data that a large percentage of cancer 

survivors are failing to meet recommended guidelines for good health behaviours 

and this is an area of research that warrants further study including randomised 

controlled trials of diet and physical activity.
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However, it is imperative to understand the current behaviours of this cancer 

population before any intervention to improve lifestyle behaviours in cancer 

survivors can be developed adequately. This chapter aims to present the 

characteristics of ADT treated prostate cancer patients in Northern Ireland, collected 

during baseline measurements from the RCT. Firstly, the socio-economic and 

treatment related characteristics of patients will be described alongside lifestyle 

behaviours including; the amount of fruit and vegetables consumed daily, alcohol 

intake, supplement use, dietary habits of patients, physical activity levels and 

smoking status. Secondly, this chapter addresses the physiological and psychological 

characteristics of long term users of ADT, including body composition 

measurements, functional capacity, levels of physical activity, fatigue, stress and 

overall QoL measures. Furthermore as the ACS guidelines for cancer survivors were 

used to develop the intervention component of the RCT, this chapter describes the 

number of cancer patients adhering to these guidelines at baseline. Lastly this 

chapter presents each patient’s stage of readiness to change their current behaviour 

and presents the barriers to change.

3.2 Methodology
The methodology and justification for the trial have been described in detail in 

Chapter 2. This chapter provides a summary of the baseline characteristics of all 
recruited patients. Data were analysed using the STATA statistical software package 

(Release 11. College Station, TX StataCorp LP). Analysis includes standard 

descriptive and summary statistics where appropriate.

3.3 Recruitment of patients
Patients were recruited from the cancer centre at BCH between 20th August 2009 

and 15th March 2011. A total of 163 patients were deemed eligible for participation 

in the trial by their consultant and were therefore referred to the researcher for more 

information. Five patients had blood pressure readings exceeding the 160/95mm/Hg 

eligibility cut off and were excluded after screening, 64 patients declined to take part 

after they had read the study information sheet; 94 patients were consented and took 

part in the RCT.

All recruited patients were receiving/initiating ADT for prostate cancer and planned 

to continue on treatment for the duration of the study period. Androgen deprivation
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was achieved in all patients with the use of monthly or 3 monthly LHRHa injections 

(Zoladex®, 10.8mg Goserelin implant or Decapeptyl® SR 11.25mg Triptorelin 

acetate injection). As discussed in more detail later, a number of men received 

Combined Androgen Blockage. This was achieved with the addition of an anti

androgen (Casodex® tablets administered orally which contain 50mg of 

Bicalutamide).

3.4 Baseline characteristics of patients 

3.4.1 Socio-economic characteristics
As illustrated in Table 3.1, men recruited to take part in the study ranged in age from 

50 to 83 years with an average age of 70 years. Over 80.8% were married and had 

the support of a spouse, whilst the remaining 19.2% lived alone, having been 

widowed, divorced, separated or having never married. Of those recruited, 56.4% of 

men had spent < 11 years in school i.e. had left school before the age of 16 and 

41.4% of men had >11 years of education and received a college/university level 

education. In addition 90.4% of recruited patients were retired whilst 9.6% were 

currently employed; 7 in full-time jobs and 2 in part-time employment. All patients 

had been employed prior to their retirement.
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Table 3.1: Socio-economic characteristics of recruited patients
Characteristics n=94

Age (years)
Mean ±SD 69.8±6.8
Median 70 (50-83)

Marital status % (n)
Married 80.8 (76)
Single, Separated, Divorced, 
Widowed

19.2(18)

Year of Education, % (n)
< 11 Years 56.4(53)
>11 Y ears 41.5(39)
Employment Status, % (n)
Fulltime/Part time 9.6 (9)
Retired 90.4(85)
Job classification, % (n)A
Professional 16.0(15)

Manual/technical 24.5 (23)

Skilled manual/non manual 34 (32)

Partly skilled manual 19.1 (18)

Unskilled 6.4 (6)

aNS-SEC scale (Office for National Statistics 2005)

3.4.2 Treatment-related characteristics
Patients were on average 27.2±30.5 months post diagnosis and 83% of patients had 

been diagnosed for >6 months. The most recently diagnosed patient was one month 

prior to recruitment and the longest was 154 months (12.8 years) post diagnosis. 

Patients had been receiving LHRHa treatment for an average of 22.9±26.4 months 

and treatment duration ranged from .3 weeks to 141 months with 76.6% of men 

having received ADT for over 6 months.

Information on tumour grade was available for 93 of the 94 patients recruited to the 

study: 90% of patients had a gleason score of >7 and 9% had a gleason of <7. 

Staging information was available for all patients, 69.8% of whom had no nodal or 

metastatic involvement however 53.5% of these men did have a stage 3-4 tumour. Of 

the patients that had stage 3-4 disease, 11.6% had progression to the lymph nodes 

and 18.6% had bone metastases. As discussed, men in this trial were being treated 

with hormone therapy, however, 34% had also received 37 days of external beam
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radiotherapy treatment alongside the LHRHa injections and 11.7% of men received 

their radiotherapy during participation in the RCT. Furthermore, 19.2% of study 

participants were receiving Combined Androgen Blockage (Table 3.2).

Information regarding family history of cancer was also collected at baseline (Table 

3.2) and 15% of patients had a father or brother with a history of prostate cancer 

whilst 52% of patients had a family history of other cancers. Of those with a family 

history of cancer, other than prostate cancer, bowel cancer (n=13), lung cancer (n=9) 

and breast cancer (n=6) were the most notable. One patient had four family members 

with cancer and another patient had three immediate family members diagnosed with 

cancer in the past.
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Table 3.2: Treatment Related Characteristics
Characteristics n=94
Duration since prostate cancer diagnosis

Mean±SD 27.2±30.5
Median (Range) 15 (1-154)

Time since diagnosis %, (n)
<6 Months 17.0(16)
6- 11 Months 23.4 (22)
12-24 Months 23.4 (22)
> 2 years (25 - 60 months) 21.3 (20)
> 5 years (>61 months) 14.9(14)

Treatment Duration
ADT duration, (months)

Mean ±SD 22.9 ±26.4
Median (Range) 13 (0.75-141)

Time Receiving ADT, %(n)
<6 Months 23.4 (22)
6-11 Months 22.3 (21)
12-24Months 22.3 (21)
>25Months 31.9 (30)

Stage & Grade
Stage, % (n)

Tl/2, NO MO 16.3 (14)
T3/4, NO MO 53.5 (46)
T, N1 MO 11.6(10)
T, N1M1 18.6 (16)

Gleason Score, % (n)
<7 9(8)
>7 90(85)
No Gleason available LQ)

Additional treatment
Radiotherapy, % (n)

During study 11.7 (11)
Before Study 22.3 (21)
None Ever 66 (62)

Addition of Anti-androgen, % (n)
Yes 19.2(18)
No 80.8 (76)

Family History of Cancer
Family History of Prostate Cancer, % (n)

Yes 15 (14)
No 85 (80)

Family History of other cancers, % (n)
Yes 52 (49)
No 48 (45)
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3.4.3 Health status and health-related behaviours
Information on health status and health related behaviours collected at baseline are 

shown in Table 3.3. The majority of patients recruited to the study had at least one 

other co-morbidity. These included; arthritis (39.4%) and CVD (19.5%) and less 

commonly type 2 diabetes (8.5%) and osteoporosis (5.3%). However, despite these 

co-morbidities and the high grade disease of recruited patients, 90.4% of patients 

reported their health status to be average or good and only 9.6% of patients reported 

poor health.

In terms of lifestyle behaviours, only 8.5% of men were current smokers while the 

remaining 91.5% had either quit (51%) or had never smoked (40.4%). The average 

number of cigarettes smoked per day by current smokers was 19±8.3. The majority 

of men (63.8%) currently consumed alcohol, 20.2% were previous drinkers and had 

subsequently quit and 16% had never consumed alcohol. The average number of 

alcohol units consumed by current drinkers was 13.6±12.7 and 91.7% of current 

alcohol drinkers were mild to moderate drinkers, and did not exceed the 

recommendations of >28 units per week. However, a small proportion of men (8.3%) 

did exceed the recommended number of units of alcohol per week. Information on 

medication use at baseline showed that 45.7% of recruited patients were taking 

cholesterol lowering medication and 7.5% were taking daily medication to control 

blood glucose levels. Information on use of nutritional supplements showed that 

38.7% of patients were regularly taking supplements and supplement users averaged 

2±1.2 supplements daily. The most commonly used nutritional supplements included 

cod liver oil (25.5%), garlic (11.7%), a multi-vitamin (9.6%) and glucosamine 

(7.5%) - no patient reported the use of lycopene supplementation. The average 

number of daily fruit and vegetable portions consumed was 3.6±1.7 yet consumption 

ranged from as little as 0.7 portions per day for the lowest consumer to 10.2 portions 

for the highest consumer and only 17% of all patients were meeting the suggested 

target of >5 portions per day (Table 3.3).
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Table 3.3: Health Status and health-related behaviours
Characteristic (n=94)
No. of co-morbidities, % (n)

0 4.3 (4)

1-2 48.9 (46)

3-4 36.2 (34)

5+ 10.6(10)

Mean ±SD 1.2 ± 1.3

Reported Health status, % (n)
Good 70.2 (66)
Average 20.2(19)
Bad 9.6 (9)

Smoking, % (n)
Current 8.5(8)
Use to but stopped 51.1 (48)
Never 40.4 (38)

No. of cigarettes smoked per day (Current)
Mean ± SD 19 ± 8.3
Median 15(7-30)

Alcohol, % (n)
Current drinker 63.8 (60)
Use to drink but stopped 20.2(19)
Never drinker 16.0(15)

Units per week (current)
Mean ±SD 13.6 ± 12.7
Median (range) 10(1-57)

<14 units 71.7(43)
14-28 units 20(12)
>28 units 8.3 (5)
Use of Supplement, % (n)
Yes 39.4 (37)
No 60.6 (57)

Single supplement 19.2(18)

Multi-supplement use 20.2(19)
Servings of fruit and vegetables/ day (piece)
Mean ±SD 3.6 ± 1.7
Median (range) 3.4 (0.7-10.2)
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3.4.4 Baseline anthropometric measurements
The anthropometric measurements of the 94 men recruited to the study are described 
in Table 3.4. The BMI of patients was 29.8 ± 4.6 kg/m2 and the range was 22kg/m2 - 

46kg/m2. According to the WHO BMI categories, only 11.7% of prostate cancer 

patients recruited to the study had a normal BMI of <25kg/m and the remaining 
88.3% of patients had a BMI of >25kg/m2. Of these 40 (42.6%) had a BMI greater 

than 30kg/m2 and were therefore classified as clinically obese (World Health 

Organisation 2000).

The average waist circumference of patients was 107.3 ±11.4cm. According to the 

WHO guidelines a waist measurement >94cm puts an individual at “high risk” of 

developing CVD whilst a waist measurement > 102cm puts individuals at a “very 

high risk” (World Health Organisation 2000). Only 10.6% of patients fell within a 

“low/ideal” waist circumference of <94cm, 24.5% of men had a waist circumference 

>94cm and the remaining 64.9% had a waist circumference >102cm. After 

accounting for hip measurements, which were also higher than normal (mean±SD = 

107.1±8cm), WHR was calculated. Half of the men in this study had a WHR of >1 

which is an additional risk factor for CVD and metabolic syndrome. Furthermore, 

the average percentage of body fat was 32.5±6.0 exceeding the healthy cut off of 

<28% for this age group of men (ACSM 2004).
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Table 3.4: Body composition measurements at baseline
Characteristics Mean ±SD Median (Range)

(n=94) (n=94)
Height 173.2±5.75 173(155.3-185.2)
Weight 89.1±13.1 86.5(67.3 -140.8)

Body Mass Index (BMI) 29.8±4.6 26.1 (22-46)

BMI categories, % (n)

Normal (< 25)
Overweight(25-
29.99)
Obese (> 30)

11.7(11)
45.7 (43)

42.6 (40)

Waist circumference (cm) 107.3±11.4 105.8 (82.5-143.5)

Waist circumference
categories, % (n)

Increased Risk (> 94- 
101cm)

High Risk (> 102 cm)

24.5 (23)

64.9 (61)
Hip circumference (cm) 107.1±8.0 105.5 (93.1 -134)

Waist-to-hip ratio (WHR) 1.0±0.06 1.0 (0.83-1.2)

WHR category, % (n)
- Obese (> 1.0)

50 (47)

Mid upper arm
circumference (mm)

335.5±35.9 330 (274-466)

Arm muscle area (cm2) 6037±1168.2 5779.4 (3230-10,259)

Percentage of fat (%) 32.5±6.0 32.0 (20.5-46.7)

Obese > 28% (%) (n) 78.7 (74)

Fat mass (kg) 29.2±9.5 27.4(12.7-65.7)

Fat free mass (kg) 59.1±7.8 58.9 (26.2 -76.8)
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3.4.5 Baseline Fatigue and Stress scores
Fatigue scores in this group of prostate cancer patients ranged from 9-63; a higher 

score indicating a higher level of fatigue (Table 3.5) compared to ‘normal’ fatigue 

scores in a healthy adult population which is <21. Nearly one third (31.9%) of 

patients had a fatigue score <21 and 29.8% of patients had a fatigue score of > 42, 

which is an indication of severe fatigue, at baseline.

Table 3.5 also presents the levels of stress experienced by the men in the study at 

baseline. A lower score in the PSS indicates a lower level of psychological stress and 

scores can range from 0-40. At baseline, PSS scores ranged from 0-35 with an 

average score of 10.4±7.7 in this group which is lower than the average stress score 

of 12 in this age group of men. Two-thirds (63%) of all patients had a score <12, and 

36.1% had a score of <6 which indicates that they were relatively stress free at 

baseline. Thirteen patients had a stress score of over 18 suggesting they were 

suffering from high - significantly high stress that could potentially impact upon 

their health and wellbeing.

Table 3.5: Fatigue and Stress scores at baseline
Characteristic Mean±SD Median Normal Population

(n=94) (Range) Scores
Fatigue 31.8±16.3 29 (9-63) 21a

Psychological 10.4±7.7 9.5 (0-35) 12b
stress

Percentage (n)

Stress
Category % (n)

Relatively stress 36.1 (34) 
free
(score <6)
High stress 8.3 (8)
(scores >18)
Significant high 5.3 (5) 
stress
(scores >24)________________ _______________________
‘‘Neuberger (Neuberger 2003) Cohen (Cohen et al. 1983)
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3.4.6 Baseline QoL scores
QoL scores at baseline are shown in Table 3.6; a higher score indicates a better 

quality of life. In general the average QoL scores for each of the four QoL subscales 

in this group of prostate cancer patients were similar to the scores in the general 

population. The average social wellbeing of prostate cancer patients was slightly 

higher than that of a general population of a similar age. However the combined 

general wellbeing score for prostate cancer patients was lower at 76.7±15.9 than the 

average for a general healthy population of 86.4±13.1 for 60-69 year olds.

Table 3.6: Quality Of Life scores
Characteristics Mean±SD Median Normal Population'

(n=94)
(Range)

60-69 yrs >70 yrs

Overall FACT-P 117±20.2 119.8 (56-149)

Individual Subscales

Physical well being 22.2±4.6 24(8-28) 25.1 (4.3) 24.4 (4.9)

Social/family well 21,3±4.5 22.5 (5-28) 19.1 (6.4) 18.7 (6.2)

Emotional well
being

19.0±4.4 20 (5-24) 20.1 (3.9) 19.7(4.9)

Functional well
being

20.5±6.0 21.5 (5-28) 21.7 (5.6) 20.1 (6.4)

General Well Being 
(four subscales 
combined)

76.7±15.9 81 (22-98) 86.4(13.1) 83.3 (17.3)

Prostate cancer
well being

34.0±7.4 36 (9-48)

(Holzner et al. 2004)
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3.4.7 Baseline energy expenditure and functional capacity
Mean energy expenditure was measured by 7 day physical activity recall and is

shown in Table 3.7. The mean energy expenditure at baseline was 33.5±3.0

kcal/kg/day and typically ranged from 29.1-47.9 kcal/kg/day. Furthermore 66% of

patients reported that the exercise behaviour recorded on their 7 day physical activity

recall form was an accurate representation of their physical activity over the previous

three months. However, 9.6% said that this was more than usual and almost a quarter

(24.4%) said that it was less than usual.

Functional capacity was assessed using the 6MWT and data is presented in Table 

3.7. The average distance walked during the 6MWT was 492.5±69.4 metres at 

baseline and with the exception of men in the 50-60 year old age group, functional 

capacity decreased as age increased. The functional capacity of men in the 60-74 age 

group was less than that recommended for their age. However older men, i.e. those 

in the 80-84 year old age group had a 6MWT of 464.1±42.9 which is within the 

range recommended for their age (407-553m).

Table 3.7 - Energy Expenditure and Functional Capacity
Mean±SD
(n=94)

Median (Range)

Energy expenditure-
kcal/kg/day

33.5±3.0 32.7(29.1-47.9)

Six minute walk
test, distance (m)b

492.5 ±69.4 503 (275-654.5)

50-60yrs 492.8±79.5 472.8 (367.5-613)

60-64yrs (558-672m) 523.6±38.32 536.4 (455-570)

65-69yrs (512-640m) 502.7±70.7 510.6 (341.5-654.5)

70-74yrs (498-622m) 490.5±71.0 494.5(275-600)

75-79yrs (430-585m) 475.5±74.5 492.2 (351-608.3)

80-84yrs (407-553m)
a/Tx 1 • . . i irvo^-\b-/T-v

464.1 ±42.9 459.7(424.3-512.6)

a(Blair et al. 1985) b'(Enright & Sherrill 1998)

82



Chapter 3

3.4.8 Baseline nutrient intake
A seven day food diary was used to measure dietary intake in this group of patients 

at baseline; energy and nutrient intake data are shown in Table 3.8. The food diaries 

were analysed to determine the average consumption of macro and micronutrient 

intake and these values were compared with Dietary Reference Values (DRVs) in 

order to establish if men were achieving recommended government guidelines. 

Energy consumption (kcals) decreased as age increased and 73.4% of patients were 

consuming less than 2500kcals per day. However, the average daily protein intake 

was 87±17.3g, exceeding the recommended nutrient intake (RNI) of 53g per day for 

this age group of men. Indeed, ninety one patients were consuming more than 53g 

per day.

Patients consumed an average of 56g of Non Milk Intrinsic Sugars (NMES) 

compared with the recommended guideline of 60g per day and approximately 68% 

of men consumed less than the 60g recommendation by Committee on Medical 

Aspects of food policy (COMA).

The majority of men (89.4%) were consuming less fibre than the suggested target of 

24g per day. The average intakes of calcium, iron and zinc in these men were higher 

than the RNIs however 21.3%, 9.6% and 40.4% of patients were not meeting the 

RNIs for each respective mineral. Furthermore 89.4% were not meeting the RNIs for 

selenium of which 27.7% were not meeting the Lower Reference Nutrient Intake 

(LRNI). Vitamin D levels were considerably lower than the recommended lOpg per 

day and only 9% of patients were meeting the RNI.

In contrast levels of vitamin C were more than double the RNI with 90% of patients 

meeting recommendations. Worryingly, 99% of patients consumed above the RNI 

for salt with an average intake of 3080.2±658.9mg per day compared to the guideline 

of 1600mg per day.
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Table 3.8 - Energy and Nutrient Intake
Nutrient Means±SD Median (Range) EARs/DRV/R LRNIs*

(n=94) NIs*
Energy (kcal) 2199.7± 457.5 2220.5

(1156-3361)

Age category

(50-60years) 2477±553.0 2550

(60-64years) 2461.4±247.9 2380

(65-74years) 2166.6±483.4 2,330

(75+years) 2099.31±359.9 2,100

Protein (g) 87±17.3 89.3 (49.2-128.4) 53.3g

Total fat 85±22.3 85.5 (39.2-154.9)

Saturated fat 31.7±11.0 31.4(11.8-63.1)

Monounsatu rated 26.5±8.0 26.6(11-49.3)

fat

Polyunsaturated fat 12.1±4.6 11.8(4-26)

Cholesterol (g) 306.2±111.2 295.5 (122-751)

Carbohydrate (g) 264.2±68.4 258.7 (128.2-512)

Sugars (g) 121.1±50.0 116.2 (37-2910)

NMES (g) 56.5±41 45.6 (2.7-254.7) 60

Fibre (g) 16.1±5.7 14.9 (6-36) 24A

Calcium (mg) 905.7±251.5 855 (381-1528) 700* 400

Iron (mg) 13.1±3.6 12.5 (6.5-25.7) O
O * 4.7

Zinc (mg) 10.0±2.4 9.9(4.8-15.9) 9.5 * 5.5

Selenium (^g) 51.1±20.6 47(16-145) 75 * 40'

Retinol (fig) 705.4±962.9 456.5 (51-6151)

Carotene (fig) 3317.4±1803.7 2837 (482-8882)

Vitamin D (fig) 3.5±2.4 2.94 (0.56-15.82) 10

Vitamin C (mg) 140.1±122.5 101 (23-606) 40* 10

Sodium (fig) 3080.2±658.9 3016.5 (1566- 5037) 1600* 575

NMES: Non-Milk Extrinsic Sugars; *EAR: Estimated Average Requirement for energy; DRV: 
Dietary Reference Value for fat and carbohydrate; RNI: Reference Nutrient Intake (values are set at 
levels of intake considered likely to be sufficient to meet the requirements of 97.5% of the 
population); LRNI: Lower Reference Nutrient Intake (values are set at levels of intake considered 
likely to be sufficient to meet the needs of only 2.5% of the population) - for adults aged >65 years 
(Department of Health 1991) AFood Standards Agency (ESA 2006)
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3.4.9 Percentage contribution of energy from macronutrient intake
Table 3.9 presents data on the percentage contribution of energy from each of the

macronutrients: protein, fat (including saturated, monounsaturated and

polyunsaturated) and carbohydrate (including non-milk extrinsic sugars) and the

COMA recommendations for these nutrients. The contribution of energy intake

from protein and carbohydrate were similar to current recommendations whilst

saturated fat and monounsaturated fat intakes were higher than COMA

recommendation at 12.9±3.4% and 10.9±2.3% compared with RNIs of 10% and 6%

respectively. However, the contribution of energy intake from polyunsaturated fat

and non-milk extrinsic sugars were lower than recommended levels.

Table 3.9: Percentage contribution of energy from macronutrient intake

Nutrients % contributed to Median
food energy intake (Range)
(n=94)

RNIs*

Protein (g) 16.1±2.7 15.8(11.2-25.8) 15

Total fat (g) 34.7±5.3 35 (22.2-50.4) 33

Saturated fat (g) 12.9±3.4 13 (5.2-20.8) 10

Monounsaturated 10.9±2.3 10.9(4.8-15.7) 6

fat (g)
Polyunsaturated 5.0±1.8 4.7(1.66-12.4) 12

fat (g)
Carbohydrate (g) 48.1±7.3 48.8(30-66) 47

NMES (g) 9.8±5.7 8.5 (.5-30.3) 10

NMES: Non Milk Extrinsic Sugars; *(Department of Health 1991)
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3.4.10 Adherence to the American Cancer Society guidelines
The intervention component of the RCT described previously in this thesis was

developed using the UK healthy eating guidelines and the guidelines proposed by the

American Cancer Society for cancer survivors: Alcohol intakes (<14 units per

week); >5 portions of fruit& vegetables per day; BMI <25kg/m ; 30 minutes of

moderate physical activity 5 or more days per week. Figure 3.1 illustrates the

number of recommended guidelines being met by patients at baseline. Worryingly,

8.5% of patients were not achieving any of the goals for diet and physical activity set

out by the American Cancer Society and only 2.1% were meeting all four guidelines.

The majority (91.5%) were meeting at least one recommendation with an alcohol

consumption of <14 units per week being the most common guideline adhered to by

81.9% of patients. Half of men (50%) were meeting >2 recommendations yet only

14.9% were meeting 3 or more guidelines.

Figure 3.1: Percentage of patients adhering to the American Cancer Society guidelines

2.1

12.8

41.5

■ No guidelines met
■ 1 of4
■ 2 of 4
■ 3 of 4
■ All guidelines met

Guidelines include: Alcohol intakes (<14 units per week); >5 portions of fruit& 

vegetables per day; BMI <25kg/m ; 30 minutes of moderate physical activity 5 or 

more days per week.
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3.4.11 Stage of readiness to change lifestyle behaviours
All patients completed a Transtheoretical Model (TTM) of behaviour change

questionnaire during their baseline visit and the results are shown in Table 3.10. The

questions included in the TTM behaviour change questionnaire are specifically

devised to determine the patient’s intention to change certain aspects of their lifestyle

behaviours in the future. Maintenance suggests that patients have been practicing the

behaviour for >6months. As Table 3.10 illustrates, 40.4% of patients classified

themselves in the maintenance group for physical activity, stating that they walk 30

minutes at a brisk pace, 3-5 days per week. In terms of dietary behaviours, 30.9%

stated that they were following a low fat diet and had been for more than 6 months

and over half of the men (56.4%) recruited stated that they ate 5 or more portions of

fruit and vegetables daily and had been for more than 6 months. A smaller

percentage of patients fell into the action stage of the lifestyle behavioural model.

This suggests that they had made changes to their lifestyle recently, typically less

than 6 months ago. Amongst the group of men in this stage of behaviour change,

7.5% were physically active, 6.4% were following a low fat diet and 6.7% were

consuming 5 or more portions of fruit and vegetables per day. A large proportion

(42.6%) of patients were in the preparation or contemplation stage meaning they

intended to make changes within the next 30 days to 6 month period. Amongst men

in this group 42.6% intended to make changes to their physical activity behaviour by

starting to walk briskly 3-5 days per week within the next 1-6 months, 52.1% were

preparing to reduce the amount of fat in their diet while 34% were intending to

increase their fruit and vegetable consumption. A small number of patients were

classified as pre-contemplators according to their baseline questionnaires and had no

intention of modifying their behaviours.
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Table 3.10: Current stage of readiness to change lifestyle behaviours

Stage of readiness to 
change

Lifestyle Behaviour
Physical Readiness to Readiness to
Activity -Brisk reduce fat increase fruit
walking % (n) intake and vegetable

% (n) consumption
%(n)

Maintenance
Practicing behaviour 
for >6months

40.4(38) 30.9 (29) 56.4 (53)

Action
Practicing behaviour 
for <6months

7.5 (7) 6.4 (6) 6.4 (6)

Preparation
Intention to change
behaviour in next
3Odays

24.5 (23) 27.7 (26) 17.0(16)

Contemplating
Intention to change
behaviour in next 6 months

18.0(17) 24.5 (23) 17.0(16)

Pre-contemplating
No intention to 
change behaviour

9.6 (9) 10.6(10) 3.2 (3)

Barriers to change

Alongside the TTM questionnaire, patients were asked to state any barriers that 

would stop them from making the healthy lifestyle changes specified in the 

questionnaire including; following a low fat diet, increasing fruit and vegetable 

consumption and brisk walking regularly. Only a small percentage of patients stated 

that there were specific barriers preventing them from making these lifestyle 

changes. For example, 7.5% of patients listed barriers to carrying out brisk walking 

daily and these included, hip/knee pain (n=3), shortness of breath (n=l), fatigue 

(n=l), and lack of footpaths near the patient’s home (n=l). Barriers to reducing 

dietary fat intake were provided by 6.4% of men and included a dislike of low fat 

products (n=3), enjoyment of fried foods (n=2) and a belief that there was no need to 

change current fat intake (n=l). Barriers to changing fruit and vegetable 

consumption were also provided by 3.4% of men and included a dislike of the taste
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(n=4), a concern that increasing consumption would place an extra burden on the 

spouse (n=l) and a belief that there was no benefit to increasing fruit and vegetable 

consumption (n=l).

Table 3.11 - Percentage of patients stating they had a barrier which prevented behaviour 
change

Lifestyle Behaviour
Physical Activity

(Brisk walking)

Readiness to
reduce fat intake

Readiness to
increase fruit and 
vegetable 
consumption

Barrier to Change 7.5% (7) 6.4% (6) 6.4% (6)

3.5 Discussion
Studies describing the lifestyle behaviours of cancer survivors report conflicting 

information regarding the ‘teachable moment’ associated with modifying behaviours 

after a cancer diagnosis (Lawson & Flocke 2009). Previous studies indicate that 

lifestyle behaviours are generally poor in cancer survivors when compared to 

recommended guidelines (Blanchard et al. 2008). There is currently no information 

describing the lifestyle behaviours of cancer survivors in Northern Ireland. 

Information presented throughout this chapter is based on ADT treated Northern 

Irish prostate cancer patients, on average, >2years post diagnosis. The evidence 

provided in this chapter supports the argument that a teachable moment may exist for 

prostate cancer patients as most lifestyle behaviours were better in cancer survivors 

when compared with the general population. As discussed previously, the ACS 

suggests that patients should aim to maintain a healthy weight, eat > 5 portions of 

fruit and vegetables per day, exercise regularly and drink alcohol in moderation in 

order to reduce their risk of cancer progression and to improve survival outcomes 

(Doyle et al. 2006) yet less than 21.3% of patients were carrying out three such 

behaviours and only 2.13% were carrying out all four behaviours in this prostate 

cancer group. This suggests that a more concerted effort may be needed to promote 

behavioural change in prostate cancer survivors. The patients recruited to this study 

were all receiving ADT which is known to have significant adverse effects on body 

composition which in turn can affect physical functioning, stress and quality of life. 

This chapter presents the physiological and psychological characteristics of men
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receiving long term treatment with ADT and supports existing literature illustrating 

the adverse consequences of long term utilisation of ADT.

Amongst the patients recruited to this study, 8.51% were current smokers and over 

half (51.1%) had been previous smokers. Data from the general population in 

Northern Ireland suggests that 14% of 65-74 year olds are current smokers and 55% 

are ex-smokers (Northern Ireland Executive (NIE) 2011). Similarly, a number of 

large population studies have demonstrated lower numbers of current smokers 

amongst cancer survivors when compared to non cancer, aged matched controls 

(Underwood et al. 2012; Blanchard et al. 2008; Bellizzi et al. 2005; Demark- 

Wahnefried et al. 2000; Mayer et al. 2007). A recent large scale study in the US for 

example suggests that approximately 15.1% of cancer survivors smoke compared to 

20% in the general US population (CDC 2011). It would appear that smoking 

cessation is one behaviour change that cancer survivors tend to make and research 

has shown that in some populations of cancer survivors, as little as 5.5-8% continue 

to smoke after a diagnosis of cancer (Bellizzi et al. 2005; Blanchard et al. 2008; 

Demark-Wahnefried et al. 2000; Coups & Ostroff 2005). Interestingly, Mayer et al 

highlighted variations in smoking rates amongst cancer survivors depending on 

cancer site. For example, prostate cancer survivors are more likely to quit smoking 

whereas woman with gynaecological cancers have higher rates than women with 

cancer at other sites (Mayer et al. 2007).

The healthy eating guidelines to eat >5 portions of fruit and vegetables per day was 

only achieved by 17% of the prostate cancer patients in the current study. This is 

much lower than a previous study by Demark-Wahnefried which showed that 35% 

of prostate cancer survivors are meeting the recommended five or more portions per 

day (Demark-Wahnefried et al. 2000); yet comparable to previous studies by 

Blanchard et al 2008 and Mayer et al 2007 which indicated that as little as 15.6-18% 

of cancer survivors were meeting their daily fruit and vegetable targets (Blanchard et 

al. 2008; Mayer et al. 2007). Over a quarter (26%) of healthy Northern Irish males 

over 65 years consume >5 portions of fruit and vegetables per day (Northern Ireland 

Executive (NIE) 2011) in comparison with 17% of prostate cancer survivors in the 

present study. The average number of portions consumed by men at baseline was 

3.6±1.7 portions per day compared with just 2.5 portions typically consumed by
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healthy Northern Irish males aged over 65 (Northern Ireland Executive (NIE) 2011). 

The larger daily average intake by prostate cancer patients in this study suggests that 

their cancer diagnosis may have been a teachable moment resulting in higher daily 

intakes in some men. However, this group of cancer survivors on average are still 

failing to meet the recommended guidelines. Interestingly, Demark-Wahnefried et al 

highlighted the disparities between male and female cancer survivors; breast cancer 

patients were more likely to meet the target for fruit and vegetable consumption than 

prostate cancer patients (Demark-Wahnefried et al. 2000). This would suggest that 

greater emphasis is required on the importance of increasing fruit and vegetable 

consumption.in male cancer survivors when addressing the issue of healthy eating.

Although 63.8% of patients were consuming alcohol regularly in the present study, a 

limited number of patients consumed in excess of the suggested recommendations of 

28 units per week. Indeed, 71.7% of patients were consuming less than the 14 units 

per week recommended by the ACS and 20% were consuming less than the UK 

recommendations of <28units for men (Department of Health 2012). The number of 

cancer survivors in the present study that could be defined as ‘heavy drinkers’ i.e. 

consuming more than 28 units per week was less than half that shown in other 

studies (Bellizzi et al. 2005).

Previous studies have shown that physical activity is beneficial in terms of 

improving the HRQoL outcomes associated with cancer treatment and survivorship. 

Physical activity improves functional capacity, fatigue, stress and overall quality of 

life scores, yet less than half (47.5%) of prostate cancer patients in the present study 

were following UK recommendations for physical activity, by carrying out a 

minimum of 30 minutes of moderate exercise 5 or more days per week. According 

to the Health and Social Wellbeing Survey of Northern Ireland, only 31% of 65-74 

year olds are exercising regularly (Northern Ireland Executive (NIE) 2011). The 

higher percentage of physically active cancer survivors when compared to the 

Northern Irish population of similarly aged healthy men, supports research by 

Bellizzi et al demonstrating an increase in physical activity levels amongst cancer 

survivors when compared to a non cancer control group (Bellizzi et al. 2005). This 

again suggests a possible teachable moment associated with a cancer diagnosis in 

terms of physical activity behaviours. Although almost half of the patients in the
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present study were physically active compared to 29.6% of cancer survivors in the 

study by Bellizi, it is lower than the 69.5% of American cancer survivors who met 

physical activity guidelines in the report by Underwood and colleagues (Underwood 

et al. 2012). It must be noted that although both these studies were carried out in 

North American populations, they differed in both sample size and the number of 

included cancer sites. A total of 7384 cancer survivors with 13 different cancers were 

included in Bellizzi’s study yet 393, 770 cancer survivors with 27 different cancer 

sites were included in the study by Underwood et al 2012. Furthermore Bellizzi et al 

did not obtain the current health status of individuals to determine the extent of side 

effects.

Research relating to an association between obesity and prostate cancer development 

is contradictory yet evidence investigating an association between obesity and 

prostate cancer progression/disease survival is more consistent (Calle 2000; 

Andersson et al. 1997; Rodriguez et al. 2001). As obesity has been shown to increase 

progression and impact upon survival, it is important that all prostate cancer 

survivors maintain a healthy weight. In the present study 83.9% of patients were 

overweight/obese, and although much higher than the prevalence of obesity 

mentioned in previous studies of cancer survivors, it is similar to studies recruiting 

ADT patients. It is also higher than that of the general population of which 76% of 

65-74 year olds are overweight. However, as all patients recruited to this study were 

receiving ADT, which leads to significant changes in body composition including 

increases in weight gain, percentage body fat and central adiposity (Haseen 2010) it 

is unsurprising that the prevalence of overweight/obesity is higher than in the general 

population and indeed other cancer patients. As we do not have retrospective data on 

weight at diagnosis it is impossible to link the higher prevalence of obesity to the 

duration of ADT utilisation in this study. However previous studies have shown that 

adverse body composition changes resulting from ADT increase as duration of ADT 

increases (Haseen 2010). The increased risk to health associated with an increase in 

central adiposity is well-established (Donahue et al. 1987; Kannel et al. 1991) and 

the high prevalence of obesity and central adiposity in this population undoubtedly 

increases their risk of co-morbidities.
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It is well established that the metabolic syndrome, CVD and diabetes are co-morbid 

conditions associated with ADT utilisation (Keating et al. 2006; Braga-Basaria et al. 

2006; Saylor & Smith 2009). According to the Northern Ireland Cancer Registry 

(2006) CVD and diabetes are two of the most commonly reported conditions in 

prostate cancer patients after excluding other malignancies (Bannon & Gavin 2009). 

Interestingly the most commonly diagnosed co-morbidity in the present study was 

arthritis (39.4%), while CVD accounted for 18.8% of co-morbidities and diabetes 

and osteoporosis accounted for 8.51% and 5.32% respectively.

More than a third of patients within the present study (39.4%) supplemented their 

diet with a vitamin, mineral or herbal supplement, 20.22% of whom were taking two 

or more supplements regularly. Previous studies show a variation in supplement use 

amongst prostate cancer patients; Chan et al reported that within the Cancer of the 

Prostate Strategic Urological Research Endeavor (CaPSURE) registry, only 26% of 

men use vitamin and mineral supplements, however Demark-Wahnefried et al 2000 

reported that 66% of prostate cancer survivors use vitamin and mineral supplements 

in their diets (Demark-Wahnefried et al. 2000; J M Chan et al. 2005). The current 

body of evidence suggests that micronutrient supplementation does not have any 

beneficial effect on survival outcomes for cancer patients and as a result it is 

advocated that cancer survivors aim to meet recommended guidelines by diet alone 

(Doyle et al. 2006).

Within the present study, the RNEs for a number vitamin and minerals were not 

being achieved through dietary intake alone. Men were achieving only one third of 

the recommended intake for daily vitamin D. This is consistent with an average of 

4.0|ig/day in the general UK population, in comparison to the lOpg/day 

recommendation. Although a recent systematic review and meta-analysis from 

Gilbert et al has concluded that there is limited evidence to support a major role of 

vitamin D in the prevention or progression of prostate cancer (Gilbert et al. 2011), 

vitamin D deficiency is an established risk factor for osteoporosis in the elderly 

population; as ADT treatment has adverse effects on bone mineral density 

(Shahinian et al. 2005), deficiency is placing these patients at a further risk. 

Furthermore 89.4% of patients were not meeting the RNI for selenium and 27.7% 

were not meeting the LRNI. Although the effect of selenium on prostate cancer
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prevention has been disputed (Lippman et al. 2009), the antioxidant properties of 

selenoproteins is well established (McKenzie et al. 1998) and therefore meeting 

recommended guidelines in this group of men is prudent. Educating patients and 

cancer survivors about the importance of specific vitamins and mineral as well as 

practical ways of achieving recommended guidelines is essential to ensure good 

nutrition.

Energy consumed within this group was not excessive of recommended requirements 

with an average intake of 2199.7±457.5kcals. The contribution of macronutrients to 

energy intake is however a concern. The percentage of energy from carbohydrate 

and non milk extrinsic sugars was similar to recommendations made by COMA. 

However the average percentage contribution of energy from total and saturated fat 

was 34.7±5.3% and 12.9±3.4% respectively which exceeds the recommended 33% 

and 10% recommended in healthy elderly males. An increase in fat consumption has 

been associated with prostate cancer progression and saturated fat in particular has 

been linked to aggressive disease and poorer survival (Kolonel et al. 1999; Marchand 

et al. 2004). It is therefore essential that prostate cancer survivors are made aware of 

the difference in the composition of fats and are advised on ways of achieving 

appropriate intakes.

The Food Standards Agency recommends a minimum of 24g of fibre per day (ESA 

2006) however patients within this study had an intake much lower (16.1±5.7g) than 

this recommendation. A diet high in fibre has been shown to improve gastrointestinal 

health, improve glucose and insulin response and reduce cholesterol levels (Fung et 

al. 2002; Perieira et al. 2004; Anderson et al. 1994); evidence suggests that it may 

also play a role in cancer progression by altering hormones important for tumour 

development (Dorgan et al. 1996). It is therefore important that this population are 

advised of the importance of meeting dietary fibre goals after their cancer diagnosis.

The consumption of salt in this group of cancer patients was excessively high. 

Typically an adult male is recommended to consume no more than 1600mg per day, 

the equivalent of no more than 6g of salt per day yet patients were consuming on 

average double this recommendation (ESA 2006). The association between salt 

intake and risk of hypertension, stroke and heart disease is well established (He & 

MacGregor 2002; Hooper et al. 2009; Schmieder et al. 1988). The ESA reported a
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decrease in salt intake in the general population over a 5 year period from 2002-2007 

yet levels in adults in the UK still remain higher than recommended at 10.2g.

Only 2.13% of patients included in this study were meeting all four of the ACS 

recommendations; moderate physical activity for 30 minutes or more 5 days per 

week; a BMI of <25kg/m ; >5 portions of fruit and vegetables per day and alcohol 

consumption of >14 units per week. 8.51% of patients did not meet any of these 

recommendations and the most commonly achieved guideline was an alcohol 

consumption less that the recommended intake. Less than 3% of patients met 

physical activity, fruit and vegetable consumption and the healthy weight criteria 

suggested by ACS. It may be argued that patients are increasingly aware of the 

negative effect alcohol can have on health and therefore limit consumption after a 

diagnosis of cancer. More emphasis may be needed on weight management and 

physical activity and these should be the focus of interventions in prostate cancer 

patients. Evidence suggests that HRQoL scores are higher in patients meeting more 

of these recommended health behaviours (Blanchard et al. 2008). Furthermore 

research suggests that one behavioural change may provide a stimulus for further 

change (Emmons et al. 2005). It is therefore essential that interventions are 

introduced to encourage patients to achieve as many of the recommended guidelines 

as possible.

The majority of patients (80.9%) recruited to the study were married and therefore 

may have a good support network available. Furthermore 54.3% were one year post 

diagnosis and therefore may have come to terms with their diagnosis and be more 

accepting of their condition. This could explain the low stress and high QoL scores 

in the present sample. Previous research investigating the QoL and stress of ADT 

treated patients suggests poorer scores in ADT patients (Potosky et al. 2002; Lubeck 

et al. 2001; Dacal et al. 2006) yet in this group of patients, scores were similar to the 

general population. The functional capacity of men within the study matched the 

recommended age standards for the six minute walk criteria. Functional capacity 

declined with age, which was an expected observation yet scores were better than 

those of a similar study of ADT treated prostate cancer patients (Joly et al. 2006). In 

the study by Joly et al, patients were older, (median 73 years (range 52-87)) 

compared to the median 70 years (range 50-83) in the present study which may
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explain the difference. The average fatigue levels in the present study were much 

higher when compared to those of a normal population (Neuberger 2003) but are 

similar to previous studies of ADT patients (Stone et al. 2000).

Although the TTM model was designed for use in addictive behaviours (Prochaska 

& Di Clemente 1983), it has been widely used in lifestyle behavioural change too 

(Johnson et al. 2008; Sarkin et al. 2001). In this group of patients, it appears to have 

lead to conflicting information, when compared to similar data, collected using 

different measurement techniques. For example a 7 day diet diary was used to 

collect information on fruit and vegetable consumption and suggests that only 17% 

of patients were meeting the target of >5 portions per day, yet data collected using 

the TTM behavioural questionnaire suggests as many as 56.4% were already meeting 

the target and have been for 6 months. When collecting data every effort was made 

to ensure clarity in the description of portion sizes however it may be that patients 

perceive their portion sizes to be adequate whenever they are much smaller than the 

80g recommended size. Povey et al 2009 suggested that the use of the TTM stage of 

change for dietary behavioural change can be problematic for this reason as a 

patients’ perceived dietary requirements could be different to their actual dietary 

intake (Povey et al. 1999). A large percentage of patients fell within the 

preparation/contemplation stage for all three questions therefore acknowledging a 

need to change certain aspects of their lifestyle behaviours but potentially requiring 

additional motivation and support to do so.

3.5.1 Limitations & strengths
Firstly, questionnaires used to collect dietary data, fatigue, stress and QOL scores 

were based on self reports and are therefore dependent on the accuracy of recall and 

honesty of patients. Secondly, we did not distinguish between prevalent and incident 

cases of prostate cancer when carrying out baseline analysis and it is likely that 

difference in fatigue, QOL and stress differ amongst these groups as the side effects 

of ADT are notable after a few months of treatment and progress with duration. 

Thirdly, the average length of time since diagnosis was 27.2±30.5 months and is 

therefore not representative of newly diagnosed patients who have just been 

prescribed ADT. Patients with advanced prostate cancer generally have poorer levels 

of fitness as well as specialist dietary requirements which would have deemed many 

end stage disease patients ineligible to participate. Also the study included only
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white men and is not representative of other ethnicities. Unfortunately due to the 

consent process it is impossible to determine if the health behaviours of patients who 

declined to participate in the study matched those who consented. It is possible that 

patients who consent to participate in research trials are more motivated to improve 

their lifestyle behaviours and therefore may have better lifestyle behaviours from the 

outset. Additionally, no retrospective data was collected from patients during their 

baseline measurements and it is therefore impossible to attribute the better lifestyle 

behaviours of cancer survivors to their diagnosis of cancer.

It should also be noted that there are a number of disadvantages to the utilisation of 

large scale population studies used as a comparison throughout this chapter. Firstly, 

many rely on self reported measures to determine information on a cancer diagnosis: 

secondly they typically use populations of non institutionalised individuals and 

thirdly they can vary in their data collection measurements for example different 

questionnaires to collect the same information. Dietary data is one such method that 

can show considerable variation depending on data collection method used. A 4 day 

weighted food diary is the gold standard tool for dietary intake however a 7 day diet 

diary was used in the present study as a weighed food diary was thought to be 

inconvenient for an elderly population. Furthermore, the diet diary also avoids issues 

with memory recall in an elderly population that would be associated with other 

methods such as a FFQ or a 24 hour recall. Therefore the variation in data collection 

techniques may account for the differences in dietary data apparent across other 

populations of cancer survivors.

The study has a number of strengths. Firstly, it is the first to assess the nutritional 

status, lifestyle behaviours and quality of life of prostate cancer patients in Northern 

Ireland and all instruments used to collect data have been previously validated in this 

population of men. The recruitment rate for the study was 60%. This is similar to the 

study by Bourke et al which had a recruitment rate of 64% in a dietary and physical 

activity intervention with ADT treated prostate cancer patients, but considerably 

more favourable than the 31% recruitment rate by Segal et al (Segal et al. 2003; 

Bourke et al. 2011). The sample size is also adequate to draw conclusions regarding 

the health-related behaviours of long-term users of ADT.
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3.6 Conclusion
The results of this study provide valuable information regarding the prevalence of 

poor nutrition, behavioural risk factors, levels of fatigue and stress, and quality of 

life of prostate cancer patients treated with ADT. This chapter has highlighted the 

worryingly high rates of obesity in this population of men, as well as the poor dietary 

and physical activity behaviours that need to be addressed. As smoking rates are low 

and alcohol consumption is within recommendations for this population, it may be 

that an increased emphasis is placed on cessation of these lifestyle behaviours at 

diagnosis. It may also be the case that health promotion messages focus on both 

alcohol and smoking as the main risk factors for cancer and therefore after a 

diagnosis, patients are more likely to reduce these behaviours. Equal emphasis needs 

to be placed on dietary and physical activity behaviours by both health professionals 

within the clinical setting and by health promotion bodies. Although cancer 

survivors appear to have better lifestyle behaviours than those of similarly aged 

healthy men, the majority are still falling short of recommendations for good 

lifestyle behaviours. The findings are important given that an unhealthy diet 

(especially with respect to high fat, fibre, salt and low fruit and vegetable intake), 

low physical activity and unfavourable body composition measures may adversely 

affect prostate cancer recurrence or patient survival. These findings demonstrate the 

need for improvement in lifestyle behaviours in this patient group and the need for 

interventional studies to address these behaviours.

Methods of implementing and encouraging these lifestyle behaviours need to be 

addressed as there is currently limited advice available to prostate cancer patients. 

The evidence is clear that prostate cancer patients need to modify both their diet and 

physical activity levels and the impact of a diet and physical activity intervention in 

the form of a randomised controlled trial is required to establish the feasibility of a 

diet and physical activity intervention in this group of patients as well as to test the 

effectiveness of the intervention on modifying the adverse body composition side 

effects of ADT.
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Chapter 4: A RCT to evaluate the 
efficacy of a 6 month dietary and 
physical activity intervention for 
prostate cancer patients receiving 
ADT - Results
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4.1 Background
Prostate cancer has become the most common cancer diagnosed in men in the UK. 

The increase in incidence rates of prostate cancer has been driven by the increased 

utilisation of the PSA test, which has lead to the detection of many early stage 

tumours. Survival rates are also improving as a consequence of early detection as 

well as improvements in the management and treatment of disease. As discussed in 

detail in Chapter 1, the pharmacological suppression of testosterone by androgen 

deprivation therapies such as LHRHa have become the most commonly prescribed 

treatment for prostate cancer (Loblaw et al. 2007; Sharifi et al. 2005). Treatment 

with ADT is generally prescribed for a minimum of 2 years, as an adjuvant treatment 

for men receiving radical radiotherapy for locally advanced cancer (Gleason >8) or 

as a neo adjuvant treatment before radiotherapy when the average duration is ~3-6 

months (Bannon & Gavin 2009). Within the Northern Irish population, the most 

recent data from 2006 reported that nearly three quarters (74%) of all patients with 

prostate cancer will receive hormone therapy at some point during their cancer 

treatment (Bannon & Gavin 2009). Indeed, as the evidence of the benefit of ADT in 

prostate cancer grew, the number of prescriptions of ADT for treating prostate 

cancer in the UK also increased from 33,000 in 1987 to 470,000 in 2004 (Hussain et 

al. 2008).

Although ADT has been associated with a reduction in disease-specific mortality 

(Loblaw et al. 2007), the reduction in testosterone to castrate levels by ADT leads to 

a number of adverse physiological and psychological side effects that can have a 

detrimental effect on the HRQoL of prostate cancer patients (Alibhai et al. 2006) In 

fact, recent research suggests that the severity of side effects is directly related to the 

duration of treatment (Haseen 2010). The side effects associated with ADT are 

discussed in detail in Chapter 1 and include; changes in body composition (Haseen 

2010), including an increase in fat mass as well as a decrease in muscle mass and 

strength; a reduction in bone mineral density, increasing fracture risk (Shahinian et 

al. 2005; Smith et al. 2005; Stoch et al. 2001) and increased risk of osteoporosis; 

gynaecomastia (development of breast tissue); sexual dysfunction and impotence 

(Fowler et al. 2002); and a reduction in haemoglobin levels, which can result in 

increased fatigue (Joly et al. 2006). ADT treatment has also been associated with the
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development of metabolic syndrome and insulin resistance (Braga-Basaria et al. 

2006; Saylor & Smith 2009), as well as an increase in adverse cardiovascular events 

(Tsai et al. 2007)(Saigal et al. 2007).

Furthermore, as prostate cancer is a disease of old age (the average age at diagnosis 

in N.I in 2006 was 70.5 years) (Bannon & Gavin 2009) and approximately 57% of 

prostate cancer patients have at least one other comorbidity at the time of their 

prostate cancer diagnosis, patients are at an increased risk of developing a secondary 

primary cancer as well as other comorbidities such as CVD, type 2 diabetes and 

osteoporosis. In addition, as physical functioning declines with age (Araujo et al. 

2008), the effects of ADT will further exacerbate this decline (Clay et al. 2007). 

Lifestyle interventions (dietary and physical activity) could therefore play an 

important role in ameliorating the side effects of ADT and further comorbidity risk 

in this specific group of prostate cancer patients.

The impact of dietary and physical activity interventions on cancer survival in 

general and health related outcomes in cancer survivors is limited. As a result the 

WCRF/AICR (WCRF/AICR 2007), the American Cancer Society (ACS) (Doyle et 

al. 2006) and the American College of Sports Medicine (ACMS) (Schmitz et al. 

2010) suggest that cancer survivors should follow cancer prevention guidelines for 

diet and physical activity in the absence of specific guidelines for cancer survivors.

In 2008, Demark-Wahnefried & Jones completed a review: 'Promoting a healthy 

lifestyle in cancer survivors’. The aim of this review was to present the existing 

literature evaluating the efficacy of lifestyle behaviour change interventions on the 

HRQoL of cancer survivors; this review was updated in 2011 by the same research 

group (Pekmezi & Demark-Wahnefried 2012). Interventions specific to prostate 

cancer patients remain limited and none are specific to men with ADT.

Three large RCT’s; Project LEAD (Leading the way in Exercise and Diet) (Demark- 

Wahnefried et al. 2006), FRESHSTART (Demark-Wahnefried et al. 2007) and 

RENEW (Reach out to ENnhancE Wellness) (Morey et al. 2009) have demonstrated 

the beneficial effects of home-based, multi-behaviour interventions (focused on 

exercise, combined with a reduction in saturated fat and an increase in the plant 

content of the diet) on improving the HRQoL of a mixed group of cancer patients
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including breast and prostate cancer patients. These multi-behaviour interventions 

were shown to reduce functional decline and improve the quality of life of both 

patient groups (breast and prostate). However these studies did not specify treatment 

modalities and, as current literature, shows ADT treated patients are a population of 

men who may benefit most from such interventions.

As discussed in Chapter 1, a small number of physical activity interventions have 

been completed on ADT treated prostate cancer patients and have demonstrated a 

beneficial effect in reducing the side effects associated with ADT. Interventions 

which ranged from 10-16 weeks in duration have been beneficial in reducing side 

effects such as the fatigue, depression and quality of life (Segal et al. 2003; Culos- 

Reed et al. 2007); furthermore, a 20 week intervention has proven beneficial in 

maintaining muscle mass and strength and reducing the associated weight gain in 

this population of cancer patients (Galvao et al. 2006). These studies were small and 

focused on aerobic or resistance exercise without a dietary component. Additionally, 

the exercise components were generally facility-based training sessions; such 

interventions are not only costly to complete, but they are inconvenient to the 

patient. There is a need to evaluate pragmatic lifestyle interventions which provide 
patients with the necessary guidance and information to incorporate healthy lifestyle 

behaviours into their daily routine.

More recently a feasibility study by Bourke and colleagues assessed the impact of a 

combined 12 week dietary and physical activity intervention on ameliorating the side 

effects associated with ADT treatment (Bourke et al. 2011). This was the first study 

to date which assess the combined use of both diet and physical activity on ADT 

treated patients. Results were positive and supported the hypothesis that changes to 

dietary and exercise behaviours could improve physical fitness and functional 

capacity. However this study was a feasibility trial and the primary aim was to 

address issues associated with recruitment, adherence and compliance to the 

intervention.

Larger RCTs which can evaluate the impact of pragmatic lifestyle changes 

(including both dietary and physical activity) in prostate cancer patients treated with 

ADT are therefore required. This chapter presents the results of a 6 month RCT of a 

diet and physical activity intervention in ADT treated men in order to assess the
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benefit of a combined diet and exercise intervention on reducing the side effects of 

ADT.

4.2 Study hypothesis

It was our hypothesis that a 6 month dietary and physical activity intervention 

would;

(1) Prevent or reduce weight gain in men in the intervention arm compared to 

the control arm

(2) Prevent or reduce the increase in body fat mass typically found in patients 

treated with ADT, in men in the intervention arm compared to the control 

arm

(3) Prevent or reduce the loss of lean muscle mass in men in the intervention 

arm compared to the control arm

(4) Improve fatigue scores and physical function in men in the intervention 

arm compared to those in the control arm

(5) Improve quality of life scores and perceived stress scores in men in the 

intervention arm compared to those in the control arm

We hypothesised that men undergoing ADT randomised to the lifestyle intervention 

arm would experience improvements in these outcomes over the 6 month study 

period, in comparison with ADT patients randomised to a standard care control arm 

for 6 months.

4.3 Methods

The study protocol has been published (Haseen et al. 2010) and a detailed 

description of the methodology has been provided in Chapter 2. In brief, the study 

was conducted at the clinical trials unit at the Cancer Centre at BCH, over a 26 

month period, from August 2009 until September 2011 (inclusive). The study 

protocol was approved by the ORECNI, the Research Governance Offices of 

Queen’s University Belfast and the BHSCT (Reference No. 09001 JO-SS). Men with 

histologically proven prostate cancer who were currently receiving/ beginning ADT 

and planning to continue for a minimum of 6 months were eligible to participate in
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the study. Patients with co-morbid conditions that limit physical activity (e.g. a 

recent myocardial infarction or uncontrolled hypertension); conditions that require a 

reduced fruit and vegetable intake (e.g. kidney failure); men undergoing treatment 

with steroid hormones; those with a history of insulin dependent diabetes; patients 

receiving treatment for another cancer; or patients with a life expectancy of less than 

2 years were excluded. A block randomisation approach, using computer generated 

random numbers, was used to assign patients to either the intervention or control 

group. There was an allocation ratio of 1:1 with equal probability that patients were 

randomised into either the intervention or control arm. An independent researcher 

constructed the allocation sequence without disclosure of the sequence to the 

researcher responsible for the running of the trial until after completion of baseline 

assessments.

4.4 Lifestyle intervention
The 6 month lifestyle intervention combined self-directed exercise with dietary 

advice.

4.4.1 Dietary intervention

The intervention was delivered by a nutritionist (RO’N) within 1 week of the 

baseline measurements. It was delivered in the patient’s home with a partner or 

caregiver present where possible and contained two components; dietary 

modification and physical activity. The dietary modification was individually 

tailored to meet the following guidelines; a) >5 servings vegetables and fruits/day; b) 

30-35% of total energy from fat, and <10% energy from saturated fat/day; c) 10% of 

energy from polyunsaturated fat/day; d) limited consumption of processed meats; e) 

25-35gm of fibre/day; f) alcoholic drinks <28units/week; g) limited intake of foods 

high in salt and/or sugar. The dietary modification was also individually tailored to 

meet the food preferences of each patient based on a 7 day food diary provided at 

baseline. The goal was to educate patients on the importance of a balanced diet and 

help them adopt an eating pattern that was commensurate with current healthy eating 

guidelines. Men who were overweight/obese were guided towards a SOOkcal 

reduction in daily calorie allowance to prevent/reduce associated weight gain. Each
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patient in the intervention arm received an individualised guidebook with tips and 

guidelines to help adherence to the diet.

4.4.2 Physical activity intervention

The physical activity intervention was also tailored to each patient based on their 

baseline physical activity level. As a minimum, each patient was encouraged to 

walk at a brisk pace for at least 30 minutes per day, 5 times or more per week. 

However, men who were already physically active were encouraged to increase the 

duration and frequency of walking each week. They were also encouraged to set a 

goal of increasing the number of steps by at least 10% every week. A pedometer was 

provided to each patient as a motivational tool and to provide an independent 

measure of physical activity levels during the intervention period.

Men in the control arm received standard care only throughout the 6 month period 

but were provided with all of the intervention advice and materials at the end of the 6 

month intervention.

Following the initial visit, patients were contacted by phone every 2 weeks for the 

first 3 months and every 3 weeks thereafter to monitor progress and compliance with 

the intervention and to record any possible adverse events. The control group was 

also contacted every 6 weeks to reduce performance bias.

4.5 Outcome measures
Primary outcomes of interest were body composition, fatigue and QoL. Secondary 

outcomes included perceived stress, functional capacity and changes in dietary 

behaviours. Changes in body composition were assessed by a series of 

anthropometric measurements which followed a standard protocol. Measurements 

included weight, height, BMI, fat mass, lean muscle mass, waist circumference, hip 

circumference, WHR, mid-upper arm muscle area, fatigue, stress, and physical 

function. A detailed description of all anthropometric measurements used to collect 

data and assess changes in body composition measurements are provided in more 

detail in Chapter 2. Briefly, weight and height measurements were collected to 

determine changes in BMI across groups at each time point. Measurements of waist 

and hip circumferences were used to assess changes in WHR, skin fold thicknesses

were used to determine changes in fat and lean mass in both groups and MU AC was
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also recorded to determine mid-upper arm muscle area in both groups over the 

duration of the 6 month study. Fatigue scores were assessed using the FSS 

(Neuberger 2003); QoL using the FACT-G and the prostate specific subscale 

(FACT-P) (Celia et al. 1993); stress using the PSS (Cohen et al. 1983) and functional 

capacity using the six-minute walk test (Butland et al. 1982). Total exercise 

behaviour was assessed using the 7-day physical activity recall questionnaire and 

dietary intake was assessed by the 7 day food diary and analysed using Net Wisp 3.0; 

Tinuviel Software). Data were collected at three time points; baseline, midpoint (13 

weeks) and endpoint (25 weeks after baseline).

4.6 Data analysis
The data collected in the trial were analysed based on intention to treat and cases lost 

to follow-up were considered as missing observations (Montori & Guyatt 2001). 

Change over the treatment period was calculated by subtracting the baseline value 

from the value at month 3 and month 6. Data were normally distributed and primary 

and secondary endpoints in the intervention and control group were compared using 

analysis of covariance (ANCOVA) with baseline scores included in the models as 

covariates (Vickers & Altman 2001). Statistical significance was set at P<0.05 

throughout, with 95% CIs used to express the uncertainty in the estimates. STATA 

software (Release 11. College Station, TX StataCorp LP) was used to carry out these 

analyses. The trial outline conforms to the CONSORT statement guidelines.

4.7 Results

4.7.1 Screening and Recruitment
Patients were recruited from the regional oncology unit at BCH between 20th August 

2009 and 15th March 2011. A total of 163 patients were deemed eligible for 

participation in the trial by their consultant and expressed an interest in taking part; 

these men were referred to the researcher (FH or RO’N) for more information. Five 

of these patients had blood pressure readings exceeding the 160/95mm/Hg eligibility 

cut off and were therefore excluded after screening; 64 patients declined to take part 

after they had read the study information sheet and 94 patients were consented and

106



Chapter 4

included in the trial. Reasons for declining to participate included; a lack of interest 

(50%), feeling unwell (18.8%), distance or a lack of transport (15.6%), work/family 

commitments (7.8%), or the patient was currently maintaining a healthy lifestyle 

(7.8%). Figure 4.1 shows the screening, recruitment and follow-up throughout the 

study. This flow diagram adheres to the CONSORT statement guidelines.
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Intervention arm (n=47)

Patient notes assessed for eligibility (n=3355)

Excluded (n= 2910) 
Did not meet 
inclusion criteria

Standard care control arm (n=47)

Consented and Randomised (n=94)

6 Month Follow-up (endpoint)
(n=45)

6 Month Follow-up (endpoint)
(n=45)
1 drop out: accidental death

Excluded (n=287)
Due to issues with 
mobility,
poor health status/ not 
interested in taking 
part/hypertension

3 Month Follow-up (n=45)

progression 
1 to care for sick wife

3 Month Follow-up (n=46)
1 dropout: to undergo
chemotherapy for a diagnosis of 
lung cancer

Study design, objectives and data collection 
procedures discussed with potential participants 
(n=163)

Patients who initially met inclusion criteria are 
flagged to their oncologist who confirms eligibility 
based on current health status (n=445)

Declined (n=64)
No Interest (50%) 
Feeling unwell (18.75%) 
Distance/no transport 
(15.6%)
Healthy enough already 
(7.8 %)
No time (7.8 %)

Figure 4.1: Screening, Randomisation and Follow-up
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4.7.2 Monthly Recruitment
Figure 4.2 illustrates the rate of patient accrual over the 20 month study period. 

Recruitment slowed from the beginning of 2010 onwards as the number of 

researchers recruiting for the study fell from two to one. There was notable 

fluctuation in the number of recruits across 2010 specifically the months of May, 

September and December when only one patient was recruited per month and in 

October when no patients were recruited. This was due to a number of reasons 

including; holiday times resulting in smaller clinics and review clinics resulting in 

fewer eligible patients.

Monthly Recruitment
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Figure 4.2: Recruitment rate over the 20-month study period
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4.7.3 Proportion of recruited patients from each health board
Figure 4.3 illustrates the percentage of patients recruited from each of the 5 health

boards in Northern Ireland. It shows a larger proportion of patients recruited from the

3 closest health boards; the Belfast, Northern and South-Eastern trusts. Less than

10% of patients were recruited from the Southern and Western trusts combined.

Figure 4.3: Map of Northern Ireland illustrating each of the health boards and the percentage 
of patients recruited by area
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4.7.4 Socioeconomic and demographic characteristics

Table 4.1: Socio-economic and demographic characteristics of the intervention and control 
groups

Total

(n=94)

Intervention

(n=47)

Control

(n=47)

*P-Value

Age (Mean±SD) 69.8±6.8 69.7 ±6.8 69.9±7.0 0.88

Marital Status

Married 76 (80.9) 43 (91.5) 33 (70.2)

Single/widowed/Divorced 18(19.2) 4(8.5) 14(29.8) 0.009

Employment Status

Retired 85 (90.4) 42 (89.4) 43 (91.5)

Employed 9 (9.6) 5(10.6) 4(8.5) 0.7

Education
Total Years of Education1 11.7±3.7 12.15±4.3 11.2±2.9 0.2

<12 years 60 (63.8) 25 (53.2) 35 (74.5)

>12 years 34 (36.2) 22 (46.8) 12(25.5) 0.03

Job Classification

Professional 15 (16.0) 6(12.8) 9(19.2)

Manual/Technical 23 (24.5) 11 (23.4) 12(25.5)

Skilled Manual/Non 32 (34) 19(40.4) 13 (27.7)

Manual

Partly Skilled Manual 18(19.1) 7(14.9) 11 (23.4)

Unskilled 6 (6.4) 4(8.5) 2 (4.3) 0.5

* p-values from an independent sample t-test of group comparisons 
Parentheses indicate (percentages); ’Mean ±SD

A comparative analysis was carried out to establish if the socio-economic and 

demographic characteristics of the 47 patients randomised to the intervention group 

and the 47 patients randomised to the control group differed at baseline (Table 4.1). 

There was no statistically significant difference in age across groups (p= 0.88). The 

majority of men recruited to the study were retired (90.4%) with a similar number of 

retired men in each group (p=0.7). Job classification was also similar across groups 

(p=0.5). Overall approximately 81% of patients recruited to the study were married. 

However, a significantly higher proportion of men assigned to the intervention group
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had a spouse (n=43) compared with the control group (n=33) (p = 0.009). There was 

also a statistically significant difference in the educational attainment of patients 

across groups. Nearly half (46.8%) of intervention patients were educated for more 

than 12 years compared with only a quarter (25.5%) of control patients (p=0.03).
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4.7.5 Treatment and Health-Related characteristics

Table 4.2: Treatment and health-related characteristics of men in the intervention and control 
groups

Total (n=94) Intervention
(n=47)

Control (n=47) p-value*

Months since diagnosis^ 27.2±30.5 32.3±37.0 22.2±21.3 0.11

Duration of treatment* 22.9±26.4 26.4±32.4 19.3±18.6 0.19

Gleason Score 8.1±1.2 8.0±1.3 8.2±1.0 0.3

PSA at diagnosis* 192.6±1050.4 112.8±405.4 272.3±1433.0 0.5

PSA Baseline* 3.3±7.3 3.7±8.4 2.8±6.2 0.6

Combined Androgen 18(19.1) 10(21.3) 8(17.0) 0.6

Blockage

Receiving Radiotherapy 11 (11.7) 5(11.6) 6(13.0) 0.7

No. of Co-morbidities
0 4 (4.3) 2 (4.3) 2 (4.3)

1-2 46 (48.9) 25 (53.2) 21 (44.7)

3-4 34(36.2) 14(29.8) 20 (42.6)

5+ 10(10.6) 6(12.8) 4(8.5) 0.9

Perception of health

Good 66 (70.2) 33 (70.2) 33 (70.2)

Average 19(20.2) 9(19.2) 10(21.3) 0.9

Bad 9 (9.6) 5(10.6) 4(8.51)

Smoking Status
Current 8 (8.5) 3 (6.4) 5(10.5) 0.5

Previous 49(52.1) 27(57.4) 22 (46.8) 0.3

Alcohol
Current 60 (63.4) 29 (61.7) 31 (66.0)

Ever 19(20.2) 10(21.3) 9(19.2) 0.7

Never 15 (16.4) 8(17) 7(14.9)

Supplement use1 39 (41.5) 20 (42.6) 19(40.4) 0.8

Energy Expenditure 33.53±3.0 33.2±2.0 33.9±3.8 0.23

kcal/kg/day (mean±SD)
Fruit and Vegetables2 3.6±1.7 4.0±0.3 3.2±0.22 0.04
*values from an independent sample t-test; Parentheses indicate (percentages); ±Mean±SD PSA- 
Prostate Specific Antigen; 'taking at least one supplement;2 Portions of fruit and vegetables per day 
(mean±SD)
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Table 4.2 illustrates the comparative analysis which shows no statistically significant 

differences between the treatment-related characteristics of patients assigned to the 

intervention arm compared to the control arm. Both intervention and control groups 

had comparable Gleason grades (p=0.3) and PSA scores at both diagnosis (p=0.5) 

and baseline (p=0.6). They had also been receiving their treatment for a similar 

length of time (p=0.19), with a comparable amount of time having lapsed since 

diagnosis (p=0.11); the number of men receiving radiotherapy while taking part in 

the study was also similar in both groups (p=0.7). The perception of health of 

patients in the study was generally positive with 90.4% of patients perceiving their 

health as good/average. There was no difference in the perception of health (p=0.9) 

or the number of comorbidities (p=0.9) between both groups. Lifestyle behaviours 

including; currently smoking (p=0.5), drinking alcohol (p=0.7) and supplement use 

(p=0.83) were comparable for both groups. The consumption of fruit and vegetables 

differed significantly between both groups (p=0.04) with men in the intervention arm 

eating more fruit and vegetables than those in the control group at baseline.
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4.7.6 Differences in outcomes measurements between groups at baseline

Table 4.3: A comparison of outcome variables at baseline in the intervention and control 
groups

Total (n=94) Intervention (n=47) Control (n=47) P-value

Weight (kg) 89.1±13.1 89.1±11.5 89.2±14.6 0.97

BMI (kg/m2) 29.8±4.6 29.9±4.5 29.7±4.6 0.81

Waist (cm) 107.3±11.4 107.3±11.1 107.3±11.8 0.99

Hip (cm) 107.1±8.0 107.3±7.5 106.9±8.6 0.84

Waist/Hip l.OiO.l 1.00±0.06 1.00±0.06 0.99

Ratio
MUCA 335.5±35.9 335.34±34.4 335.7±37.7 0.96

Fat Mass (%) 32.47±5.8 32.6±5.88 32.35±5.8 0.83

LeanMass (%) 59.1±7.8 58.28±8.8 59.84±6.7 0.34

6MWT(m) 492.5±69.4 515.5±52.9 470.08±76.5 0.001

Fatigue 31.8±16.3 30.7±14.9 32.8±17.6 0.54

Stress 10.4±7.7 11.7±8.5 8.96±6.7 0.08

FACT-P 116.9±20.3 115.8±20.2 118.1±20.4 0.58
Mean ± SD
*p-values from an independent sample t-test; MUCA: Mid-upper Arm Circumference; 6MWT: 6 
Minute Walk Test; FACT-P: Functional Assessment of Cancer Treatment - Prostate

There were no baseline differences in primary outcome measures; body composition, 

fatigue and QoL scores between groups (Table 4.3); nor were there any differences 

in the mean stress scores between groups at baseline (p=0.08). Patients in the 

intervention group did however have a significantly better functional capacity 

compared with the control group (p=0.001) however the statistical analysis of 

endpoint results will take account of this difference at baseline.

4.8 Dropouts
The overall attrition rate for the study was 4%; three dropouts in total between 

baseline and midpoint measurements. Two patients, one from each group dropped 

out due to rapid disease progression while an intervention patient dropped out to 

look after his sick wife. A control patient also died due to an accident between 

midpoint and endpoint of the study.
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4.9 Patient compliance

Data Collection

All patients who finished the study (n=90) completed both follow-up appointments 

at 3 months and at 6 months. During this time all measurements carried out at 

baseline were repeated with the exception of the TTM questionnaire and the socio

economic demographic questionnaire. One intervention patient did not complete the 

6MWT due to a flare-up of gout during baseline measurements; he was subsequently 

excluded from follow-up 6MWT measurements. Another intervention patient had a 

muscle strain on his final visit and a control patient had heart surgery prior to his 

midpoint measurements; both were excluded from follow-up measurements. 

Including dropouts, midpoint analysis of the six-minute walk test included 45 control 

patients and 44 intervention patients and endpoint analysis included 43 patients and 

44 patients in the intervention and control arms respectively.

Compliance with the intervention

A pedometer was provided to all intervention patients at baseline and they were 

asked to keep track of their steps. In some cases men had difficulty using the 

pedometers and were asked to keep a record of daily time spent walking. Overall, 
64% of men recruited to the intervention arm provided either a daily step count or 

time spent walking. The reasons for non-compliance to the physical activity 

component of the intervention were: pain due to arthritis or gout for 4 patients 

(8.5%). The remaining 27.5% of patients did not provide step counts due to reasons 

such as the inconvenience of recording or issues with the pedometer. These men 

were adamant that although they did not provide step counts they did comply with 

the recommended exercise suggested.

Furthermore, patients were asked to complete a food diary at baseline, midpoint and

endpoint of the 6 month study period. This provided the information necessary to

analyse changes in diet across the three time-points. Portions of fruit and vegetables

were also counted manually using the information collected from each food diary to

establish if men in the intervention arm were more likely to achieve their five

portions of fruit and vegetables per day as a result of the intervention: 46.8% of

intervention patients were consuming 5 or more portions of fruit and vegetables at
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endpoint and 80.85% had increased to 4 or more portions of fruit and vegetables 

after the 6 month intervention period compared to only 11% and 27% for each 

respective portion size in the control group. After 6 months, 44% of intervention 

patients were complying with recommendations for <10% of energy from saturated 

fat, yet only 11% of control patients were complying with this recommendation.

4.10 Time spent delivering intervention
On average delivery of the intervention took 90 minutes per patient and ranged from 

45-180 minutes. Intervention patients were called fortnightly for the first 3 months 

and three weekly thereafter; phone calls lasted an average of ~ 10 minutes (5- 50 

minutes) while control patients received one call between each follow-up visit; each 

call lasted ~4 minutes and ranged between 3-12 minutes in duration.

4.11 Primary Outcomes
4.11.1 Body composition

4.11.1.1 Weight & Body Mass Index (BMI)

The mean weight of men randomised to the intervention group decreased from 

89.1±11.5kg at baseline to 86.4±10.6kg at midpoint whilst men in the control group 

increased their weight from 89.2±14.6kg at baseline to 90.2±15.2kg at 3 month 

follow-up (Table 4.4). The between group difference [-2.7kg (95% Cl -3.7, -1.7)] 

was statistically significant (pO.OOl) after 3 months. At 6 months patients in the 

intervention group had decreased their weight further to 85.9±10.5kg and control 

patients continued to increase their weight to 90± 14.3kg. The group difference [- 

3.3kg (95% CI-4.5, -2.1)] was also statistically significant (pO.OOl) at 6 months. 

The reduction in weight by the intervention group resulted in a decrease in BMI also; 

within the intervention group, BMI decreased by 0.8kg/m at 3 months and by 1.0 

kg/m at 6 months yet increased by 0.3kg/nT and 0.3 kg/m in the control group over 

the 3 and 6 month follow-up periods respectively. The between group difference [-

1.1 (95% Cl -1.5, -0.7)] was statistically significant (pO.OOl) after adjusting for 

baseline values.
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4.11.1.2 Waist & Hip Circumferences

The mean waist circumference of men randomised to the intervention group 

decreased from 107.3±11.1cm at baseline to 104.4±10.8cm at 3 months yet increased 

from 107.3±11.8cm at baseline to 107.9±11.9cm in the control group. The between 

group difference [-2.7cm (95% Cl -3.7,-1.6)] was statistically significant (p<0.001) 

at 3 months. At 6 months the waist circumference of patients in the intervention 

group had decreased further to a mean of 103.6±10.7cm whilst the waist 

circumference of control patients continued to increase to a mean of 107.7±12.1cm. 

This between group difference [-3.3cm (95% Cl -4.6, -1.9)] was again statistically 

significant (pO.OOl) at 6 months (Table 4.4).

Hip circumferences also decreased significantly in the intervention group whilst 

increasing in the control group at both 3 month (pO.OOl) and 6 month (pO.OOl) 

foliow-up. The between group difference at midpoint after adjusting for baseline 

values was [-1.5cm (95% CI-2.1, -0.8)]; the difference between groups at endpoint 

was [-2.0cm (95% Cl -3.0, -1.0)] after adjusting for baseline measures. There was 

also a statistically significant reduction (p=0.009) in the WHR of intervention 

patients, decreasing from 1.0±0.1 to 1.0±0.1 whilst the WHR of control patients 

remained steady at 1.0±0.1.

4.11.1.3 Percentage fat mass and lean mass

At 6 months percentage fat mass had decreased in the intervention group from 

32.6±5.9% to 30.8±5.8% and increased in the control group from 32.4±5.8% to 

32.8±5.8%, a statistically significant between group difference [-2.1% (95% CI-2.8, - 

1.4)] (pO.OOl). Lean mass increased in the intervention group from 58.3±8.8kg to 

59.8±6.6kg and decreased in the control group from 59.8±6.7kg to 59.1±5.2kg over 

the 6 month study period, however the between group difference was not statistically 

significant (p=0.64). Mid upper arm muscle area also increased in the intervention 

group and decreased in the control group although between group differences were 

not statistically significant at either 3 (p=0.5) or 6 months (p=0.1).
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Chapter 4

As mentioned previously in the study methodology (Chapter 2), a lower fatigue score 

indicates a lower level of fatigue. Fatigue scores improved in both the intervention 

and control group between baseline and 3 month follow-up. Scores in the 

intervention group fell from 30.7±14.9 at baseline to 28.4±15.1 at 3 months, whilst 

scores in the control group also fell from an average of 32.8±8 at baseline to 

31.5±17.6 at endpoint (Table 4.5). A comparison of group means at 3 month follow

up showed no significant difference in group fatigue scores midway through the 

study (p=0.5) and between group difference was -1.5 (95% CI-6.2, 3.2). At 6 

months, fatigue in the intervention arm had improved further falling to 29.4± 15.5 

and fatigue scores in the control group had increased beyond that of baseline to 

34.1±19.0. This change between groups at endpoint was not statistically significant 

after adjusting for baseline values (p=0.3) with a between group difference of -2.8 

(95% CI-7.8, 2.1).

4.11.2 Quality of Life (QoL)
In four of the five QoL domains there were no statistically significant differences 

between the scores of patients in the intervention and control groups at 6 months 

after adjusting for baseline measurements (Table 4.6); Physical well-being (p=0.72) 

Social/family well-being (p=0.7), Emotional well-being (p=0.8) and the Prostate 
cancer subscale (p=0.6). However the functional well-being of men randomised to 

the intervention group improved significantly compared with control patients at the 

end of the 6 month study period (p=0.04). The mean between group difference after 

adjusting for baseline values was +1.3 (95% Cl 0.1, 2.6).

There was also a statistically significant improvement in the overall quality of life of 

intervention group patients compared with control patients from baseline to 3 

months, as assessed by the FACT-G questionnaire (p<0.05). Mean intervention 

group scores improved from 82.1+14.6 to 86.4+14.2 during the first half of the trial 

whilst control scores remained relatively steady from 83.9+14.6 at baseline to 

84.3+16.0 at midpoint. After accounting for baseline measurements, the between 

group difference was +3.5 (95% Cl 0.4, 6.9) (p=0.05). At 6 months this significance 

between both groups was not maintained (p=0.2). There was no statistically 

significant difference in the FACT-P scores after either 3 months (p= 0.1) or 6
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months of follow-up (p=0.2) however there were overall improvements demonstrated 

in both groups with the between group differences at 3 months of +3.5 (95% Cl -0.9, 

7.9) and +2.8 (95% Cl -1.3, 6.9).

4.12 Secondary Outcomes
4.12.1 Stress

14

12

10

O 11.7 O 11.4 ____ _ 11.2
------- O 10.5

t

1 8<z>
</)
£ 6 O Intervention

c«
4

2

0

9 1 Control

Baseline Midpoint
Timepoint

Endpoint

Figure 4.4 - Changes in mean stress scores in the intervention and control group at 3 months 

and 6 months of follow up calculated using ANCOVA

Higher scores using the PSS are indicative of higher levels of stress. In the 

intervention group, stress scores improved slightly, falling from 11.7+8.5 to 11.4+7.4 

from baseline to 3 months; this decrease continued with scores falling to 10.5+6.9 by 

6 months (Figure 4.4). Stress scores increased in the control arm from 8.96+6.7 at 

baseline to 9.7+6.6 at 3 months. At 6 months the mean stress score in control patients 

had increased to 11.2+10.2. After adjusting for baseline values, the difference 

between the intervention and control group at 6 months [-2.53 (95% Cl -5.4, 0.3)] 

was not statistically significant (p=0.08). As mentioned previously, the sample size 

used for this intervention was calculated to detect changes in body composition; a
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larger sample would be required to detect significant differences in stress scores 

between the intervention and control group.

Additional analysis was carried out to assess whether additional radiotherapy 

treatment during the intervention period had an impact on the overall fatigue, stress 

and quality of life scores of patients at their final 6 month follow-up visit. There were 

no statistically significant differences in any of these outcome measures when 

analyses were adjusted for the use of radiotherapy treatment; fatigue (p=0.4), FACT- 

P (p=0.7) or stress (p=0.4).

4.12.2 Functional Assessment

^Between group comparisons adjusted for baseline measurements calculated using 
ANCOVA (p=0.05)

Figure 4.5 Mean number of metres walked in 6 minutes by men in the intervention and 
control groups at 3 and 6 months
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Improvements in functional capacity were evident in both the intervention and 

control groups at 6 months (Figure 4.5). The control group increased their distance 

walked from 470.1±76.4m at baseline to 480.5±72.9m at midpoint (3 months) but 

this decreased to 474.43±76m between midpoint and endpoint (6 months) of the 

study. Men in the intervention group showed a steady increase in the distance walked 

over the two follow-up visits. At 3 months they increased their 6MWT distance from 

515.5±52.9m at baseline to 541.8±69.6 at midpoint. A further increase 

(553.2±76.8m) was evident at 6 months; after adjusting for baseline measurements, 

men in the intervention arm had a statistically greater improvement than those in the 

control arm at both 3 months (p=0.02) and 6 months (pO.OOl) with a between group 

difference of +19.3m (95% Cl 3.4, 35.3) and 36.5m (95% Cl 14.5, 58.4) 

respectively.

4.12.3 Physical Activity Levels

□ 33.6 Intervention
Control

Baseline Midpoint Endpoint
Time Point

Between group comparisons adjusted for baseline measurements using ANCOVA

Figure 4.6 Average energy expenditure of patients in the intervention and control 

groups at baseline, 3 months and 6 months 

(assessed by a 7 day physical activity recall questionnaire)
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Energy expenditure increased in the intervention group from 33.2±2.0kcal/kg/day to 

35.2±8.4 kcal/kg/day after 3 months of participation in the study whilst energy 

expenditure fell in the control group from 33.9±3.75kcal/kg/day at baseline to 

33.6±3.3kcal/kg/day at midpoint. The difference between both groups was 

2.1 kcal/kg/day (95% CI-.5, 4.7) (P=0.1) after adjustment for baseline values. After 6 

months, energy expenditure in the intervention group was slightly less than that at 

midpoint (34.4±2.6 kcal/kg/day); there was however an overall improvement from 

baseline to endpoint. Energy expenditure in the control group remained relatively 

static. This difference between groups of 1 .Okcal/kg/day (95% Cl -0.01, 2.1) was not 

statistically significant after adjustment for baseline values.

4.13 Nutrient Analyses 
4.13.1 Energy, Fat & Protein intake
As Table 4.7 illustrates, a number of differences in dietary intakes were apparent 

between the intervention and control groups across time points. Energy consumption 

in the intervention group was significantly lower at both 3 months (p<0.001) and 6 

months (p=0.002). The between group differences in kilocalorie intake at 3 month 

and 6 months were -349.6 kcal (95% Cl -517.9, -181.3) and -234.1kcal (95% Cl - 

379.3, -89.0) respectively, after accounting for baseline values. Intakes of protein 

were not statistically significantly different between groups at either 3 months 

(p=0.2) or 6 months (p=0.5).

The total fat (g) consumed decreased in both groups over the course of the 6 month 

study period decreasing by an average of -20.2g in the intervention group but only - 

2.5g in the control group between baseline and 6 months. The difference between 

groups was statistically significant at both time points after adjustment for baseline 

values (pO.OOl). Similarly saturated fat intake decreased in the intervention group 

over the 6 month study period (-9.8g) yet remained relatively steady in control 

patients (-0.5g) from baseline to endpoint. This was a statistically significant 

(pO.OOl) between group difference of -7.96g (95% Cl -11.2, -4.8) after adjustment 

for baseline differences. No significant changes were evident in polyunsaturated fat 

intakes by group at either 3 months (p=0.4) or 6 months (p=0.3). There was however
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a reduction in levels of monounsaturated fats in the intervention group over the 6 

month period and an increase in the control group; the between group difference was 

[-5.8g (95% Cl -8.2, -3.4)], (p<0.001) (Table 4.7).

Both groups also reduced their intakes of dietary cholesterol however intervention 

patients reduced theirs to a much greater extent than the control patients. The 

between group difference at 3 months was -58.4mg (95% Cl -101.9, -14.8), (adjusted 

p=0.009) and at 6 months was -19 (95% Cl -58.6, 20.1) (adjusted p=0.33) (Table 

4.7).

4.13.2 Carbohydrate and Fibre
Significant reductions in the intake of total carbohydrate (CHO) (pO.OOl), Non 

Milk Intrinsic Sugars (NMIS) (pO.OOl) and sugars (p=0.02) were evident in the 

intervention group compared to the control group at 3 months; the between group 

differences were as follows: CHO -39.2g (95% Cl -60.7, -17.7), NMIs -21.3g (95% 

Cl -32.1, -10.4) and sugar intakes -17.6g (95% Cl -32.4, -2.9). However, at 6 

months, the between group differences in CHO, NMIS and sugar intake were not 

statistically significantly different. Fibre intake increased significantly in the 

intervention group and remained static in the control group at 6 months; the between 

group difference was 2g (95% Cl -0.18, 3.4) (adjusted p=0.03).

4.13.3 Alcohol
There was no statistically significant change in total alcohol consumption in either 

the control or intervention group at 6 months (p=0.7); the between group difference 

was 0.6g (95% Cl -2.8, 4.0) after adjustment for baseline values.

4.13.4 Salt
Patients in the intervention group reduced their salt intake over the 6 month study 

period while those in the control group increased their intake. The between group 

difference was -402mg (95% Cl -803.8, -0.23) (adjusted p=0.05) (Table 4.7).
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Intakes of Iron and Calcium decreased in both groups over the course of the study 

but these changes were negligible and non-significant. Carotene was the only micro

nutrient where consumption changed significantly over the 6 month study period for 

intervention patients compared to controls; the between group difference at 6 months 

was 808.8pg (95%CI 23.1 pg, 1594.5 pg) (adjusted p= 0.04) (Table 4.8).

With regard to other micronutrient intakes; reductions in selenium and retinol intake 

occurred in both groups but differences between groups were not statistically 

significant at 6 months. There was no change in Vitamin C or D intakes by either 

group at 6 months.

4.13.5 Fruit and vegetable consumption

Between group comparisons adjusted for baseline measurement using ANCOVA 

(p<0.05)

Figure 4.7 Mean fruit and vegetable intakes by group at baseline, 3 and 6 months

The mean daily intake of fruit and vegetables at baseline was higher in men 

randomised to the intervention group compared to controls (p=0.04). On average 

men in the intervention group typically consumed 3.95±1.8 portions of fruit and 

vegetables per day at baseline compared with 3.2±1.5 portions per day in the 

controls. With regard to meeting UK dietary guidelines of 5 or more portions of fruit
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and vegetables per day, as discussed in Chapter 3, 10.6% of intervention patients 

were already achieving the target compared to only 5.3% of control patients, 

however this between group difference at baseline was accounted for in the analyses 

of study outcomes.

As Figure 4.7 illustrates, fruit and vegetable consumption increased in the 

intervention group and decreased in the control group at 6 months. At midpoint the 

intervention group consumed an average of 4.7±1.8 portions, an increase of 0.75 of a 

portion from baseline whilst consumption decreased by 0.03 portions to 3.2±1.8 

portions in the control group. At 6 months, men in the intervention group were 

consuming an average of 4.9±2.1 portions per day, just a fraction off the government 

recommendation for fruit and vegetable intake. The control group continued to 

decrease their intake from midpoint to endpoint, to just 3.0±1.7 portions per day by 6 

months.

Between group differences in fruit and vegetable intake at 3 months [+0.9 portions 

(95% Cl 0.4, 0.4)] were statistically significant (adjusted p=0.001); this had 

increased by 6 months, where the between group difference was +1.3 (95% Cl +0.7, 

+1.9) (adjusted pO.OOl). At the end of the 6 month period, 47% of intervention 

patients were meeting the target of 5 portions of fruit and vegetables per day; an 

increase from 25.5% at baseline.

4.14 Changes in PSA levels

Table 4.9 - PSA at baseline and over the 6 month study period in both the intervention and 

control patients

Group Baseline PSA Recent (End Between Group P-Value

PSA of study) Difference

Intervention 3.7+8.4 1.5+3.5 -.6 (-1.9, .7) 0.4

Control 2.8+6.2 1.9+3.5

*p-values from an independent sample t-test; PSA Prostate Specific Antigen

During baseline visits each patient’s medical notes were assessed for the most

recently recorded PSA value (Table 4.9); this was defined as baseline PSA. At

endpoint, the most recently recorded PSA level was also recorded as a means of
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comparison. Due to the scheduling of baseline and endpoint appointments, most 

recorded PSA values for baseline and end of study were within three weeks of the 

patients study visit. Mean PSA fell in both groups over the 6 month study period 

however there was no significant difference in PSA levels between groups after 

adjusting for baseline values (p=0.4).

4.15 Adverse effects of study
There were no adverse events attributed to the dietary component reported over the 

course of the 6 month study period. Three intervention patients did report some 

lower back pain during their final follow-up visit. As lower back pain can be 

associated with advanced stage disease, it is difficult to distinguish if this pain is 

attributable to the physical activity component of the intervention or to the disease 

process.

4.16 Discussion
This study has demonstrated a significant benefit from a 6 month dietary and 

physical activity intervention in terms of reducing the adverse body composition 

changes associated with ADT in prostate cancer patients. To our knowledge it is the 

first definitive RCT, which follows a previous feasibility RCT (Bourke et al. 2011), 

of a diet and physical activity intervention to assess the benefits of a combined 

intervention on this subgroup of prostate cancer patients. Men randomised to the 

intervention group had significant improvements in weight, BMI, fat mass, waist 

circumference, hip circumference, and waist-hip ratio. The intervention also resulted 

in significant improvements in physical functioning, assessed by a six minute walk 

test, compared to the standard care control group. Improvements in fatigue, quality 

of life and stress scores were also apparent in the intervention group; however these 

were not statistically significant. Furthermore, positive changes were made to 

patients’ levels of physical activity and dietary intakes compared with standard care. 

Intervention patients significantly reduced their overall energy intake, total and 

saturated fat and salt intakes whilst also increasing the number of portions of fruit 

and vegetables eaten daily, as well as fibre and carotene. There were no differences 

in polyunsaturated fat intake between groups yet monounsaturated fats decreased 

significantly in the intervention group after 6 months.
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The beneficial lifestyle changes outlined above could have a significant impact upon 

not only the prevention of co-morbidities such as diabetes, cardiovascular disease 

and metabolic syndrome associated with ADT treatment (Braga-Basaria et al. 2006) 

but also on overall prostate cancer survival in this patient group (Richman et al. 

2011; Richman et al. 2012). The link between lower body weight at the time of 

diagnosis and cancer survival has been established in both breast and prostate cancer 

patients (Kroenke et al. 2005; Rodriguez et al. 2007). Given the evidence that obesity 

is related to poorer survival, increased prostate cancer recurrence and a reduced 

quality of life (Amling 2005), the evidence to support weight controlling measures in 

this population is accumulating rapidly. The reduction in BMI, fat mass and waist 

circumference shown in this intervention is also likely to impact upon serum 

cholesterol and triglycerides levels and in turn CVD risk and metabolic syndrome 

risk (Goldstein 1992). Also, gradual weight loss has proven benefits in controlling 

hypertension, pain, and improving levels of physical functioning (Stevens et al. 

2001).

Men in the intervention group made significant dietary changes including a reduction 

in total calories, and total and saturated fat intake. Numerous studies have 

demonstrated an association between saturated fat intake and aggressive prostate 

cancer (Giovannucci et al. 2008); in fact, saturated fat intake has also been linked to 

an increased risk of prostate cancer progression and poorer survival (Strom et al. 

2008; Meyer et al. 1999). A biologically plausible mechanism to explain this risk 

focuses on the altered production of circulating sex-hormones associated with 

saturated fat consumption (Dorgan et al. 1996; Ross & Henderson 1994; Pienta & 

Esper 1993).

Other positive dietary changes as a result of the intervention included an increase in 

fruit and vegetable intake as well as fibre intake. This dietary change is likely to 

impact upon not only prostate cancer progression (Richman et al. 2012) but also risk 

of other co-morbidities such as hypertension, CVD and diabetes as these foods are a 

rich source of antioxidants, fibre and phytochemicals (He et al. 2007). Increased 

fibre consumption has also demonstrated an impact on modifying circulating sex 

steroid hormones which could influence prostate cancer progression (Dorgan et al. 

1996).
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The impact of the intervention on levels of fatigue was also examined. For the 

purposes of the trial, a score of >42 was classified as ‘severe fatigue’, the same cut

off used by Stone et al 2000 in their population of ADT patients (Stone et al. 2000). 

The average fatigue score at baseline in the current study was 31.8±16.3, slightly 

higher than those reported by Pirl et al 2007 who reported fatigue scores in men 

receiving ADT to be on average 27.8 (Pirl et al. 2007). At 6 months, the intervention 

group demonstrated a reduction in mean fatigue scores whilst the control group 

experienced an increase in scores; however these differences were not statistically or 

clinically significant. Better fatigue scores at the beginning of the present study may 

however explain the small changes reported at endpoint. More intensive exercise 

only interventions have previously demonstrated significant improvements in fatigue 

in this population of men, including a home-based aerobic exercise intervention 

(Culos-Reed et al. 2007) and a combined resistance and aerobic exercise intervention 

(Galvao et al. 2010). It should however be noted that body composition, the primary 

outcome of interest was used to determine sample size within this study; a larger 

sample is therefore required to provide sufficient power to detect a significant 

difference in fatigue scores.

The impact of the intervention on QoL scores demonstrated that when each domain 

was measured separately, only the functional wellbeing subscale was significantly 

improved after 6 months in the intervention group compared with the control group 

(DF Celia et al. 2002). This correlates with improvements observed in the functional 

capacity (assessed by the six minute walk test) of those assigned to the intervention 

group compared to the control group.

Previous studies have shown that exercise interventions have a positive impact on 

stress reduction (Penedo & Dahn 2005). Although improvements were evident in the 

scores of the intervention group compared with the control group these changes were 

neither clinically nor statistically significant. It may also be the cases that similar to 

measures of fatigue and QoL scores, a larger sample size is required to detect 

significant changes in stress levels in this population of men.

The impact of the intervention on prostate cancer progression was not tested as the 

trial was not powered to detect these changes. However, PSA levels have been used 

in previous intervention studies as a biomarker of prostate cancer progression
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(Ornish et al. 2005). Men in the intervention arm of the present study had a much 

lower change in PSA over the 6 month period than men in the control group and 

these non-significant changes in PSA are similar to those reported by Bourke et al 

(Bourke et al. 2011). However, a previous dietary intervention by Ornish et al 

demonstrated a statistically significant effect of the intervention on reducing PSA 

levels. The intervention by Ornish and colleagues did however involve a strict 

dietary regime, supplementation and patients were not receiving treatment for their 

cancer; the results of their intervention were therefore not confounded by the effects 

of treatment.

An important outcome evaluated in the present study was functional capacity. It has 

been reported that approximately 63% of all cancers occur in over 65 year olds 

(Goggins 2006) and elderly people are at an increased risk of functional decline. 

Indeed a cancer diagnosis has the potential to accelerate this decline (Chirikos et al. 

2008). Greater improvements in functional capacity amongst cancer survivors have 

been reported in interventions which have utilised multi-modal behaviour change. In 

fact, project LEAD which utilised a combined physical activity and dietary 

intervention (Morey et al. 2009) had a positive impact of the functional capacity of 

prostate cancer survivors. It should also be noted that obesity can also contribute to 

functional decline (Jensen & Friedmann 2002). It is therefore likely that the weight 

loss demonstrated in the present study through the use of a combined dietary and 

physical activity intervention, contributed to the positive improvements in functional 

capacity amongst men in the intervention group of this RCT.

Recruitment for this study was carried out at the cancer centre at BCH, the regional 

oncology unit for NI. Map 4.3 shows that over 90% of the recruited patients came 

from the three closest health boards (Belfast, Northern and South Eastern Health 

trusts) whilst the 2 health boards furthest away (Southern and Western Health trusts) 

represented less than 10% of recruits. The results of the study are therefore 

generalisable to the majority of ADT prostate cancer patients in NI. The recruitment 

rate for this study was 60%, less than the 64% recruitment rate reported by Bourke et 

al but more favourable than a number of previous intervention studies in this 

population of cancer patients. For example, an exercise intervention by Segal et al 

(Segal et al. 2003) reported a recruitment rate of only 31% while Galvao et al
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reported a recruitment rate of 59%, similar to our intervention (Galvao et al. 2006). It 

is possible however that the present study included more health-conscious men, or 

those with better baseline lifestyle behaviours. The participation of

consultants/oncologists in the recruitment process contributed substantially to the 

recruitment target as it provided additional support and reassurance for the patient. 

Indeed, Carmack-Taylor et al have also shown that the support of

consultants/oncologists leads to better uptake in recruitment.

This RCT described in this chapter included a 6 month follow-up period; to date this 

is the longest period of follow-up in any study addressing the impact of diet and/or 

exercise in alleviating the side effects of ADT. It would be of great interest to 

continue follow-up amongst these patients for a greater length of time as we cannot 

discuss whether patients sustain the positive changes in lifestyle behaviours, seen 

during the 6 month period. Prochaska et al do however suggest that a 6 month 

intervention is adequate to develop new habits, to avoid relapse and to maintain new 

healthy lifestyle behaviours post intervention (Prochaska et al. 1994).

It should be noted that men randomised to the intervention group were more likely to 

be married and to have the support of a spouse while the control group patients were 

more likely to be widowed, divorced or single. It could be assumed that support of a 

wife/partner may lead to better compliance with behavioural change, due to 

increased encouragement. However marital status was included as a confounder in 

sensitivity analysis and this did not alter the results (data not shown). Indeed, further 

sensitivity analyses showed that men who did not have the support of a spouse had 

greater improvements in their functional capacity as assessed by the 6 minute walk 

test (data not shown).

Differences in education levels by groups were also present at baseline. More men 

randomised to the intervention group had remained in education >12 years compared 

with those in the control group However analysis which included education as a 

confounder was not significantly different from unadjusted results.

4.16.1 Positive aspects of the intervention
This intervention lasted 6 months which is longer than the previous 12-20 week 

exercise only interventions which have addressed the side effects of ADT in prostate 

cancer patients (Galvao et al. 2006; Galvao et al. 2009; Culos-Reed et al. 2010). It
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was also longer than the feasibility study carried out by Bourke et al which lasted 

only 12 weeks, however this study did have a 12 week follow up period (Bourke et 

al. 2011). Our intervention was developed to be as straightforward and as 

manageable as possible with the intention of promoting healthy eating and physical 

activity guidelines and educating patients of ways to meet targets without resulting 

in additional cost or inconvenience; it was pragmatic in its delivery and both 

components were delivered at home which has been shown to be beneficial in this 

population of men (Demark-Wahnefried et al. 2006). Previous exercise 

interventions in ADT treated prostate cancer patients have involved regular, 

scheduled classes, training participants on specific resistance and aerobic exercise 

techniques involving weekly visits to training facilities causing inconvenience to the 

patients which may account for higher attrition rates in some of these studies. The 

brisk walking element of our intervention involved no training and men were advised 

to complete the 30 minutes/5 days per week at times convenient to them removing 

the added pressure of scheduled exercise classes. Walking was chosen as it involves 

no cost, it is easily incorporated into an individual’s daily routine (Morris & 

Hardman 1997), is suitable for all age groups and is the most common exercise 

modality completed in the general population (Macera et al. 2005). Patients were 

also provided with a pedometer to encourage step counts (Bravata et al. 2007), to 

help inform them of their progress and as means of assessing adherence. Dietary 

counselling also involved the promotion of healthy eating as opposed to severe 

dietary restriction or intensive supplementation which has been used in previous 

interventions (Ornish et al. 2005). Patients were not advised to remove any food 

group from their diet, but instead were advised on how to make healthy choices, to 

measure correct portion sizes and to eat meals and snacks at regular intervals to 

avoid dips in blood sugar that would result in feelings of hunger or craving 

unhealthy foods. Furthermore the intervention was individually tailored to the 

patients’ current dietary and physical activity habits; current evidence suggests that 

individually tailoring advice to patient preferences leads to better adherence to the 

information provided (Demark-Wahnefried et al. 2007; Campbell et al. 2009).

Compliance to the intervention was good with 64% providing a log sheet of either 

daily step counts or in some cases daily time spent walking as a small percentage of 

men had issues with the functioning of their pedometers. A further 27% of patients

142



Chapter 4

stated that they did comply with the walking intervention but did not provide step 

counts due to the inconvenience of recording this information. In future similar 

RCTs, a standardised telephone recording sheet should be used by researchers to 

collect this information during follow-up phone calls; this should help remove any 

such issues with recording and would provide more appropriate evidence of 

compliance.

A number of features of this RCT may have contributed to the low overall attrition 

rates (4%) and good adherence to the intervention component (64%);

1) The study was hospital-based and patients were initially offered the study by 

their oncologist, potentially increasing the interest in enrolment onto the 

study.

2) Where possible, follow-up visits were scheduled to coincide with the 

patients’ oncology appointments, saving them additional trips to the hospital, 

and therefore the added expense of petrol and parking etc.

3) The intervention component was delivered at home and was practical and 

easily incorporated into the patients daily activities, and, designed to ensure 

minimal inconvenience and maximum manageability for the patients 

involved.

4) The control group were provided with all intervention materials at the end of 

the 6 month study period, this may have provided an incentive for control 

patients to continue in the study.

4.16.2 Limitations
Northern Ireland is made up of ~98% white Europeans (Northern Ireland Statistics 

and Research Agency (NISRA) 2010) therefore all men who took part in the study 

were white. The results of the study are therefore not generalisable to other 

races/ethnicities. They are also not generalisable to some cases of advanced stage 

metastatic disease where the patient may face barriers to physical activity and may 

require specialised dietetic advice. Dietary intake, physical activity recall, fatigue, 

stress and QOL measures were all self-reported and are therefore dependent on the 

patient’s accuracy and truthfulness in recalling behaviours. However, all data
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collection instruments have been previously validated in this population of patients, 

adding to the internal validity of the results.

It may be argued that the time spent delivering this intervention is impractical as ~90 

minutes was spent with each patient. Demark-Wahnefried et al have described the 

benefits of telephone counselling and a mailed intervention in cancer survivors. The 

provision of the intervention described in the present study could be adapted for 

either a mailed intervention or through telephone counselling although the efficacy 

and associated costs would need to be calculated and compared to the costs 

associated with the present intervention. A combined intervention such as this one 

makes it difficult to distinguish between the contributions of each component to the 

overall effect of the study. The benefit of simultaneous dietary and physical activity 

interventions has never been assessed in this population before however the positive 

changes in body composition and physical functioning is much more pronounced 

than in studies that have examined the impact of the individual elements separately. 

Furthermore, evidence suggests that one behavioural change may provide a stimulus 

for further change (Emmons et al. 2005) thus providing support for a combined diet 

and physical activity intervention.

A limitation of the present study was that assessors of study outcomes were not 

blinded to group assignment. However, we aimed to minimise this bias by 

randomising all men after they had completed baseline measurements and 

researchers carrying out follow-up measurements had no access to previously 

collected data until follow-up visits had been completed. Men in the control group 

also received less follow-up phone calls than those in the intervention arm. 

Originally, all patients were scheduled to receive the same number of calls regardless 

of study arm; this was to avoid any associated bias, such as the questionability that 

an observed effect in the intervention group is due to an increase in attention rather 

than the delivered intervention. However, as the study was not blinded it was 

decided that the regular contact in the control group may lead to the control patients 

adopting the intervention or changing their current dietary habits - as a result the 

decision was made to have less contact. Both prevalent and incident cases of prostate 

cancer were recruited to the study with duration of ADT treatment ranging from 1-54 

months in the 94 men; of these, 73.4% had received their treatment for more than 6
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months. As the adverse body composition changes associated with ADT occur 

within the first 6 months of treatment (Haseen 2010; Alibhai et al. 2006), the impact 

of the intervention on patients beginning treatment should be investigated. The 

impact of the intervention, in terms of preventing body composition changes in 

newly diagnosed patients, is likely to be even greater than the effect in long term 

users. The positive effects of the intervention, demonstrated in patients who have 

lived with these adverse side effects for months or even years is therefore even more 

impressive.

4.17 Conclusion
The HRQoL issues associated with the long term utilisation of ADT for prostate 

cancer patients are well established, and have the potential to be detrimental to the 

future health of these men; this intervention has proven successful in reducing the 

adverse body composition changes, functional decline, fatigue and QOL issues 

associated with ADT in prostate cancer patients as well as improving dietary 

behaviours. Improvements in these HRQoL side effects have the potential to 

positively influence the future health of this group of prostate cancer patients. 

Furthermore, the provision of simple, dietary and physical activity instruction to 

ADT treated patients is a potentially cost effective option for the NHS to implement, 

especially as evidence accumulates suggesting that treatment is associated with an 

increase in risks of the metabolic syndrome, CVD and type 2 diabetes.

In addition, a diagnosis of cancer may cause patients to evaluate their current 

lifestyle behaviours, they may decide they need to stop smoking, increase their 

physical activity, eat better etc, this has been referred to as a teachable moment and 

may occur at anytime during the treatment pathway. For some, the diagnosis of 

cancer is the reason for the instigation of a change to lifestyle behaviours, yet for 

others, it may never occur, or it may not occur until post treatment or once in 

remission in an attempt to prevent future re-occurrence.. Clinicians and healthcare 

professionals should be aware of the potential for a teachable moment at diagnosis 

and at various stages throughout the treatment pathway and should take full 

advantage of this time, especially as the support for dietary and exercise 

modification in this population is continuing to grow.
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Future efforts should focus on a number of issues;

1. Educating men receiving ADT of the beneficial role dietary and physical 

activity modification can have on ameliorating some of the associated side 

effects of this treatment. As the teachable moment associated with a 

diagnosis of cancer will decline over time, it is imperative that the 

importance of a healthy diet and physical activity are discussed from the 

outset.

2. Completing similar studies to evaluate the efficacy of a similar trial in 

incident cases only, to establish the rate of side effects and to prevent side 

effects before they have the potential to impact on health.

3. Complete similar interventions in ADT treated patients, followed up over a 

longer period of time to evaluate the impact of such an intervention on the 

health behaviours of patients in the long term, and assess the impact of the 

intervention on future comorbidities.
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Chapter 5: Lifestyle behaviours, body 
composition measurements, and risk 
of Prostate Cancer in the PRIME 
cohort
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5.1 Introduction
Prostate cancer is the second most common cancer in men (and the sixth most 

common cancer overall) worldwide. Diagnosis of prostate cancer is generally higher 

in high-income countries, where PSA testing/screening is common. Incident cases of 

prostate cancer are at the highest they have ever been in the UK; in fact, in 2009, 

approximately 40,800 men were diagnosed with the disease (Cancer Research UK 

2012). PSA testing is the driving force for this increase in incidence rates, 

identifying more cases at an earlier stage. Improved survival amongst prostate cancer 

combined with an increasing incidence has led to an increase in the prevalence of 

prostate cancer. The most up-to-date prevalence rates for the UK suggest that 

127,630 men are living with prostate cancer (2001-2006).

Although the established risk factors for prostate cancer are non-modifiable (age, 

family history and race) (Using & Chokkalingam 2006), global cancer statistics 

(Jemal et al. 2011) have highlighted the disparities in incidence rates of prostate 

cancer that exist worldwide. As highlighted in (Chapter 1, Page 8, Figure 1.3), 

worldwide, aged-standardised incidence rates vary considerably between continents. 

For example, in Southern and Central Asia, 4 men in every 100,000 were diagnosed 

with prostate cancer in 2008 yet in Western Europe, approximately 94 men in every 

100,000 were diagnosed in the same year. Epidemiological studies have suggested 

that the healthier lifestyle behaviours of Asian populations contribute to the low rates 

of prostate cancer there and may explain differences between continents 

(Whittemore et al. 1995). Migration studies have also shown that Asian men who 

migrate to other countries go on to develop a similar risk of prostate cancer as those 

of their adoptive country, providing additional evidence of the role of environmental 

risk factors (Parker et al. 1998) (Cook et al, 1999).

These differences in prostate cancer rates between countries have raised many

questions regarding the aetiology of prostate cancer, and have generated numerous

hypotheses concerning the impact of lifestyle behaviours on prostate cancer risk. As

a result, a plethora of observational and experimental research exist which examines

the role of lifestyle factors (i.e. nutrition, alcohol intake, smoking status and physical

activity levels etc.) and prostate cancer risk. The World Cancer Research Fund

(2007) panel of judges concluded, using systematic reviews and meta-analyses of

observational studies conducted up to that date, that foods containing lycopene,
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probably protect against prostate cancer and foods containing calcium are a probable 

cause of this cancer. However, data related to other foods and nutrients as well as 

physical activity and body fatness was limited and no conclusion could be drawn in 

terms of prostate cancer risk.

5.1.1 BMI, Weight, Height and Body Composition
Maintenance of a healthy body weight is a common health promotion message due 

to the extensive research demonstrating the beneficial effects to general health and 

well-being in cancer survivors; indeed the ACS advocate the importance of 

maintaining an appropriate weight based on height (BMI >18.5 & <25kg/m ). 

Numerous prospective cohort and case-control studies have been conducted to 

evaluate the association between body size and prostate cancer risk. To date a 

number of reviews have collated existing evidence in an attempt to provide evidence 

based guidelines (Dagnelie et al. 2004; Calle 2000). However, research to date, 

investigating the risk of prostate cancer associated with body size have tended to 

focus on the role of weight, height and BMI and less on measurements of central 

adiposity such as waist circumference or WHR (Macirmis & English 2006), which is 

likely to be more clinically relevant. A systematic review by Bergstrom and 

colleagues 2001 collated the results of studies which had examined the role of BMI 

on prostate cancer risk and showed a positive association, but with borderline 

statistical significance (p-value not reported). The relative risk for overweight and 

obese versus normal weight men was 1.06 and 1.12 respectively. Macirmis et al 2006 

also completed a meta-analyses which included both case-control and prospective 

cohort studies investigating an associations between anthropometric measurements 

including; height, weight, BMI, waist circumference and WHR, and risk of prostate 

cancer. This review demonstrated that height was positively associated with prostate 

cancer risk [RR 1.05 per 10cm increment, (95% Cl 1.02,1.09)] and obesity was 
weakly associated [RR 1.05 per 5kg/m2 (95% Cl 1.01-1.08)] however there was 

limited evidence of an association between, central obesity and prostate cancer risk 

(Macirmis & English 2006).
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5.1.2 Physical Activity
In a review by Friedenreich et al 2001, an inverse relationship was reported between 

levels of physical activity and risk of prostate cancer however epidemiological 

evidence in this area is conflicting and the magnitude of risk is small (Friedenreich 

& Thune 2001). A recent systematic review by Young-McCaughan (2012) 

summarised the results from 40 epidemiological studies updating the previous 

reviews findings (Young-McCaughan 2012). Twenty-two studies suggested that 

physical activity reduced the risk of prostate cancer, 14 found no association 

between physical activity and risk of prostate cancer, and four reported an increased 

risk of prostate cancer. In the 22 studies reporting a protective effect, the effect sizes 

were however predominantly small or moderate. Furthermore, evidence from EPIC, 

which followed a cohort of 127, 923 men (aged 20-97) over 8.5 years, identified 

2458 men who had developed prostate cancer; analysis was completed to determine 

if levels of leisure and occupational physical activity were associated with prostate 

cancer risk. There was no association between leisure time physical activity and 

prostate cancer risk however higher levels of occupational activity were associated 

with a reduced risk of prostate cancer (p (trend) = 0.024) (Johnsen et al. 2009). It is 

important to further evaluate the association between physical activity and prostate 

cancer risk due to the overall health benefits associated with physical activity.

5.1.3 Smoking
Although cigarette use is the leading cause of death from cancer, evidence pertaining 

to the association with prostate cancer risk is conflicting. Numerous studies have 

demonstrated an elevated risk of prostate cancer in smokers (R. Hayes et al. 1994; 

Hiatt et al. 1994), others have reported no association (Gronberg et al. 1996; 

Hakulinen et al. 1996). A review of the literature related to smoking and prostate 

cancer risk was conducted by Hickey and colleagues (2002) and included studies 

published between 1966 and March 2000 (Hickey et al. 2001). Their review 

identified 18 prospective cohort/nested case-control studies which had examined the 

relationship between smoking and prostate cancer risk but the majority of these 

studies reported no association. A recent systematic review and meta-analysis by 

Huncharek 2010 (Huncharek et al. 2010) pooled data from 24 cohorts which
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included data from 26,000 men with prostate cancer. The authors reported a modest, 

yet consistent, increase in prostate cancer risk associated with smoking. For example, 

former smokers (8 of the included cohorts) had a 9% increased risk compared with 

non-smokers [RR1.09 (95%CI 1.02, 1.22)] and current smokers (4 of the included 

studies) had a 22% increased risk compared with non-smokers [RR1.22 (95% Cl 

1.01, 1.46],

Research remains inconsistent and to date no major environmental or lifestyle factor 

has been consistently shown to be associated with prostate cancer risk. In an effort to 

better understand the relationship between lifestyle risk factors and prostate cancer 

risk we examined the relationship between smoking status, physical activity levels 

and a number of anthropometric measurement and risk of prostate cancer in the 

PRIME (Prospective Epidemiological Study of Myocardial Infarction) cohort.

5.2 Methods

5.2.1What is the PRIME study?
The PRIME study is a multi-centred prospective cohort study established in 1991 

with the purpose of investigating the contribution of risk and genetic factors to the 

development of Ischemic Heart Disease (IHD) and other cardiovascular endpoints. 

Four centres were included in the trial, three from France (Lille,Strasbourg and 

Toulouse; and one in Northern Ireland (Belfast), recruiting a total of 10,593 

participants. The analysis discussed within this thesis uses data from the Belfast 

centre only. The Belfast centre recruited men aged between 50-59 years who broadly 

matched the social class structure of the background population i.e. participants were 

recruited from industry, civil service and general practices etc. Participation in this 

study was entirely voluntary; a total of 2,745 men were recruited at the Belfast centre 

- a response rate of 52% from the 5,266 men originally contacted to participate. All 

2,745 men were informed of the aims and objectives of the study and the 

requirements of annual follow-up before they consented to participate.
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5.2.2Baseline data collection
Baseline information was collected from 1991-1994 and participants who agreed to 

participate were scheduled for a morning appointment and asked to arrive fasting 

(consume no food or drinks, for the 10 hours prior to their visit, with the exception 

of water) for their baseline measurements. A series of measurements were collected 

during this visit. These included:

Anthropometric measurements including; weight, height, waist and hip 

measurements all completed using a standardised measurement procedure 

Blood pressure and heart rate measurements

A series of biological measurements were also collected. There were two categories 

of biological measurements: Category 1 and Category 2.

Category 1 measurements were collected on the entire cohort and included the 

following:

• Lipids: Total and High Density Lipoprotein (HDL) cholesterol, 

Triglycerides, LpAl, LpE: B, Lp(a), Apo Al, Apo B^

• Haemostasis: Fibrinogen, factor 7 coagulant activity, PAI-1 activity

• Chemistry: Glutathione Peroxidase

Category 2 measurements were collected as part of a nested-case control study of 

400 participants (100 from each centre) at baseline and 100 participants (25 from 

each centre) at endpoint. These included:

• Lipids: Very Low Density Lipoprotein (VLDL) and Low Density 

Lipoprotein (LDL) cholesterol, LpC IILB, LpE: non B, LpCIII: non B; total 

Apo cm
• Haemostasis: Factor VII antigen, plasminogen activator inhibitor antigen 

(PAI-1), t-PA antigen, von Willebrand factor antigen, D-dimer

• Hormones: Insulin, Estradiol, Testosterone, Sex Hormone Binding Globulin 

(SHBG), T3, free T4 and Thyroid Stimulating Hormone (TSH)

• Antioxidant micronutrients: Vitamin A (and major carotenoids). Vitamin C 

& E
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A series of self-administered questionnaires were also mailed to participants to be 

completed at home. These questionnaires collected information on; the individual’s 

demographic and socioeconomic status, levels of education, personal and family 

history' and a number of lifestyle factors including: occupational activity, physical 

activity levels, tobacco, alcohol consumption, dietary intake and use of medications. 

Researchers checked the self-administered questionnaires for completeness during 

their visit to the clinic.

5.2.3 Follow-up
Men were contacted annually by letter and a clinical events questionnaire was sent to 

their home. If a clinical event was reported, clinical information was sought directly 

from the hospital or GP practice notes. All details were recorded regarding the event, 

hospital admissions, surgical procedures, blood tests performed etc. In the case of 

death, death certificates were checked for supporting clinical and post-mortem 

information. A medical committee comprised of members from each PRIME centre 

and three independent cardiologists provided independent validation of coronary 

events in PRIME. Prostate cancer cases (ICD-10-C61) that occurred before July 

2012 were identified by direct linkage with the Northern Ireland Cancer Registry 

which contains information on every cancer diagnosed within Northern Ireland.

5.3 Aims and Objectives
The aim of this chapter is to assess the association between lifestyle factors and 

prostate cancer risk within the PRIME cohort. Data collected at baseline including 

information on anthropometric measurements, smoking, and physical activity will be 

utilised to examine the temporal relationship with prostate cancer risk.

We hypothesised that men who developed prostate cancer had:

• Higher weight/BMI at baseline compared with non-cases

• A higher waist circumference/WHR compared with non-cases at baseline

• Poorer health behaviours (i.e. smoking and less physically active) compared 

with non-cases
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5.4 Statistics
STATA software (Release 11. College Station, TX StataCorp LP) was used to carry 

out analyses. Follow-up time was calculated for each man from baseline (date 

questionnaires were completed) until they were diagnosed with prostate cancer, until 

they died, or until the end of follow-up (July 2012), whichever occurred first. The 

strength of the association between baseline parameters and prostate cancer risk was 

determined using Cox Proportional Hazards to take into account the differences in 

the varying length of follow-up time. All analyses were initially adjusted for age 

(continuous). Multivariate models included mutual adjustment for smoking 

(ever/never), BMI (18.5-<25.0; >25.0-<30.0; >30.0 kg/m2) and physical activity (No 

activity; light activity on most weeks; vigorous activity at least 20 minute once/twice 

per week or vigorous physical activity for at least 20 minutes three of more times 

per week), alcohol (ever/never) as well as social status (lower, middle, high). In 

order to achieve a parsimonious model only confounders that changed the HR. by 

10% or more or have been shown to be associated with risk in previous studies were 

included. Statistical significance was set at p<0.05.

5.5 Results
Baseline data for the PRIME cohort was collected from 2745 men between 1991 and 

1994. Two participants had a history of prostate cancer at baseline and were 

therefore excluded from this analysis; the total cohort used for this analysis was 

therefore 2743 participants. Ninety-nine men developed incident prostate cancer 

during the follow-up period; the average follow-up time was 17.83 (SD 4.34yrs).

5.5.1 Baseline Characteristics
Baseline data for the PRIME cohort is shown in Table 5.1. The average age was 

54.8±2.9yrs and most were married (85.56%); the cohort included a similar 

representation of men from each social class grouping. Baseline body composition 

measurements suggest that men were overweight (average BMI 26.3±3.4kg/m ). 

Mean waist circumference was 91.29±9.42cm and WHR was 0.94. With respect to 

lifestyle behaviours, 67.1% of men were current or previous smokers, 53.66% were 

current or previous drinkers and only 12.1% of participants completed vigorous 

activity at least once per week.
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Table 5.2 reports the association between non-modifiable and modifiable factors and 

prostate cancer risk. Age was statistically significantly associated with risk of 

prostate cancer demonstrating a 7% increase in risk per 1 year increase in age [HR 

1.07 (95% Cl 0.68, 1.22)] in this cohort which is unsurprising as age is a known risk 

factor for prostate cancer.

5.5.2 Body Mass Index and Prostate Cancer Risk
We utilised information from four variables: BMI, height, waist circumference and 

WHR, to examine the association between body composition and prostate cancer 

risk. Data for BMI was categorised into normal (BMI>18.5 & <25kg/m2) which was 

used as the reference category, overweight (>25 & <30kg/m ), obese (>30 kg/m ) 

and underweight (<18.5 kg/m ) (Table 5.1). The underweight category (n=12) was 

dropped from the analysis due to its size (n=12). A 14% reduction in prostate cancer 

risk was observed in overweight men compared with men of normal weight [HR 

0.86 (95% Cl 0.57, 1.30)] and a 40% reduction in risk was shown for obese men 

compared with normal weight men, however neither risk was statistically significant 

[HR 0.60 (95% Cl 0.30, 1.30)] (Table 5.2). After adjusting for: age, alcohol 

consumption, smoking, social status, and physical activity, which, for the remainder 

of this chapter will be referred to as the fully adjusted model (Table 5.2), risks 

remained similar in both the overweight and obese men compared with normal 

weight men, [HR 0.86 (95%CI 0.57, 1.30)] and [HR 0.62 95%0.29, 1.33)] 

respectively. The association between height both as a continuous and categorical 

variable demonstrated no association with prostate cancer risk. For example, a 10cm 

increase in height resulted in a non-statistically significant 9% reduction in risk [HR 

0.91 95%CI 0.68, 1.22)].

5.5.3 Central adiposity and Prostate Cancer Risk
Waist circumference was categorised based on the WHO cut offs (World Health 

Organisation 2000); ideal (<94cm), high >94cm & <102cm and very high >102cm. 

There was no difference in risk of prostate cancer for men in the high risk waist 

circumference category compared with men in the ideal waist circumference 

category [HR 1.01 (95% Cl 0.64, 1.60)]; there was however a 34% reduction in risk 

of prostate cancer in men in the ‘very high' waist circumference category compared

with those in the normal waist category [HR 0.66 95%CI 0.32, 1.40)]. This was not
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statistically significant and further adjustments using the fully adjusted model (Table 

5.2) did not markedly change the results.

A WHR of >1, which classifies an individual as obese (WHO 2000) was associated 

with a 3% increase in prostate cancer risk compared with men with a WHR ratio of 

<1 [HR 1.03 (95% Cl 0.60, 1.79)]. This was not statistically significant nor did the 

values change significantly with additional adjustment for potential confounders in 

the fully adjusted model.

5.5.4 Smoking and Prostate Cancer Risk
For smoking, a 5% increase in risk of prostate cancer was observed in the ever 

smokers compared with never smokers [HR 1.05 (95% Cl 0.70, 1.60)] however this 

was not statistically significant and after full adjustment for all possible confounders 

the risk remained static (Table 5.2). Analysis was also conducted to investigate the 

cumulative effect of smoking by categorising exposure into categories of pack years 

as follows; never smoker, <13.8 pack years, >=13.8 pack years. Compared to never 

smokers, men with less than 13.8 pack years had a non-statistically significant 35% 

increase in prostate cancer risk (HR 1.35 (95% Cl 0.73, 2.50) in multivariate 

analysis, while those with greater than 13.8 pack years has a 5% increase in risk (HR 

1.05 (95% Cl 0.70, 1.60) which was also not statistically significant.

5.5.5 Physical Activity and Prostate Cancer Risk
Physical activity data was categorised into: no activity; light activity on most weeks; 

vigorous activity at least 20 minute once/twice per week or vigorous physical 

activity for at least 20 minutes three of more times per week. Interestingly men in 

the latter category, exercising more often and completing more intense exercise had 

an increased risk of prostate cancer compared with those who were not physically 

active [unadjusted HR 2.1 (95% Cl 0.60, 7.80)]. However, this was not statistically 

significant nor did the results change markedly when adjusted for all potential 

confounders [HR 2.0 (95% Cl 0.53, 7.50)].
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Table 5.1: Descriptive characteristics of participants recruited to PRIME from 1991-1994
Characteristics Total (n=2743) Prostate Cancer 

Cases (n=99)
Non Cases (n=2644)

Age* 54.8 (2.9) 55.21 (2.9) 54.8 (2.9)
Education
Primary 809 (29.5) 26 (26.3) 783(29.6)
Secondary 573 (20.9) 25 (25.3) 548 (20.7)
Technical 1,025 (37.4) 37 (37.4) 988 (37.4)
Higher 336(12.3) 11(11.1) 325 (12.3)
Marital Status
Single 181 (6.6) 3 (3.0) 178 (6.7)
Married or cohabiting 2347 (85.6) 89 (89.9) 2258 (85.4)
Widowed 69 (2.5) 4 (4.0) 65 (2.5)
Divorced/Separated 146 (5.3) 3 (3.0) 143 (5.4)
Social Status
High 1026 (37.4) 43 (43.4) 983 (37.2)
Medium 968 (35.3) 35 (35.4) 933 (35.3)
Low 749 (27.3) 21(21.2) 728 (27.5)
Body Composition Measurements
Height (cm)* 173.9(6.8) 173.5(7.3) 173.9 (6.8)
Weight (kg)* 79.4(11.6) 78.5 (10.3) 79.5 (11.6)
BMI (kg/m2)* 26.3 (3.4) 26.0 (2.6) 26.3 (3.5)
Normal 1,010(36.8) 41 (41.4) 969 (36.7)
Overweight (BMI >25 <30) 1,387 (50.6) 50 (50.5) 1337(87.2)
Obese (BMI >30) 334(12.2) 8 (8.08) 326 (99.6)
Underweight (<18.5) 12 (0.4) 12 (0.45)
Waist Circumference (cm)* 91.29 (9.4) 91.3 (9.5) 90.7 (8.0)
Hip Circumference (cm)* 96.9 (6.8) 96.4(6.1) 96.9(6.8)
Waist-Hip Ratio (cm)* 0.94 (0.1) 0.94(0.1) 0.94(0.1)
Physical Activity
No physical activity 205 (7.5) 5(5.1) 200 (7.6)
Only light physical activity most
weeks 2207 (80.5) 79 (79.8) 2128 (80.5)
Vigorous activity 1-2 times per
week for 20+ minutes 261(9.5) 11 (11.1) 250(9.5)
Vigorous activity 3+ times per week
for 20+ minutes 69 (2.5) 4 (4.0) 65 (2.5)
Smoking Status
Never smoker (%) 903 (32.9) 33(33.3) 870 (32.9)
Ever- smoker (%) 1840 (67.1) 66 (66.7) 1774 (67.1)
Pack years (amongst ever smokers) 34.0 (24.0) 18.7(22.3) 20.7(24.7)
<13.8 1361 (49.6) 52 (52.5) 1309 (49.5)
>13.8 1382 (50.4) 47 (47.6) 1335 (50.15)
Alcohol
Never drinker 1271 (46.3) 42 (42.4) 1229 (46.5)
Ever drinker 1472 (53.7) 57 (57.6) 1415 (53.5)
*Mean ±SD

157



Ta
bl

e 5
.2

 Ri
sk

 of
 pr

os
ta

te
 ca

nc
er

 in 
re

la
tio

n t
o b

od
y c

om
po

sit
io

n m
ea

su
re

m
en

ts
 (B

M
1, h

ei
gh

t, w
ai

st
 ci

rc
um

fe
re

nc
e, W

H
R

), s
m

ok
in

g a
nd

 ph
ys

ic
al

 ac
tiv

ity
 

le
ve

ls

Chapter 5

^ ^-S /—\ /—\© © © tn © 00(N q q ON ^
d d d dr. »• „ „NO r- on r- inq q q <N no m

© © © © © ©
ON fS NO (N 00 m r- ooq © Os © q q q © ^- q q
© d © d © © © d d d ©

<N OON o o
o ^ ^

ooNO NO
o o
— r-ON o ON
o o

<Da.,S a
I? ° 

X

ON o <N m

NO OO 
IT) (N
O O 

ooo NO ^
o o o

o o

o

no o m oo no -—

omV

m(N
■4—*
-C o 

<u
ID>
O

■y.

>"e
o ^

pa 6

O

(N —
no m 
o d

oo in m o on no m 
^ d d d

oNO

NO <N
O O

o o
NO ON
no <n

— O O

o(N
o

= v
S ^
? ^
V Al
d "Si
2 2

EO
oc
£

,D

w u^ u

EDtNO
Al
45bO
X -a t" c
<D ^
> cu

o o

o

O

CB 1 —-IS .£f"O MNN *

cc
a
a

(NNO m oTt r-
— <s
00NO

ino

fN O r- r-
o o
fS Orn r-

ipH ©

oNO

ONNO

ON fS 
NO

r4
rn oT
t- NO
d ©
m no m ©inq ©

^ ©

©NO

©r-

in
©

m no 
r4
r<r oo 
r- no 
© ©

in in tn rn © 00 
©

. ^3 H
£ ^44 
g D 3

Lao J_
c«
La a

00
00
d

-o
fla> a>

> <u > d Li c
> II o

£ d z, V A 0. z

VIu

«a
L. s-

o ©
S Eto

<n<N (N © (N in

(N on mm rj- in
© © ©
©<n ©

©
^ <N

no r-Tt q
d d
d no" in in
© ©

oo
00
©"NO

© <N© q q 
d d d d

r-
(N

(n
NO r,in <n
© ^ W o
OO w<n in

q
d
no"
©

^ — (N

©(N

>>
*©Ocd
"cd

% 1

+<n

©(N

>
Ocd

m<n

^d-<N

<n
©

3O (U O

d
O =3 OX) c
> £ >

<D
(D

t—«

^ c
>, t-HJO ^ T3 CL

O

73

158Si
gn

ifi
ca

nt
 d

iff
er

en
ce

 (p
<0

.0
5)

 F
ul

ly
 A

dj
us

te
d m

od
el

: a
dj

us
te

d 
fo

r a
ge

; s
m

ok
in

g;
 dr

in
ki

ng
; B

M
I; 

ph
ys

ic
al

 ac
tiv

ity
 an

d s
oc

ia
l s

ta
tu

s



Chapter 5

5.6 Discussion
In this prospective cohort study, no associations were shown for body composition 

measurements (BMI, height, waist circumference and WHR), smoking or physical 

activity and prostate cancer risk. However, these analyse were exploratory as during 

the 17.8 year follow-up period only 99 incident cases of prostate cancer occurred in 

the PRIME cohort. The small number of prostate cancer cases is likely to have 

resulted in the null results for the most part and additional analysis with further 

follow-up and an increased number of cases will likely yield most precise results.

5.6.1 Body Mass Index, waist circumference and waist-hip ratio
Our analysis showed a non-statistically significant inverse association between BMI

and prostate cancer risk, and an inverse association between waist circumference and

prostate cancer risk. The results suggest that overweight and obese men had a 14%

and 40% respective reduction in risk of prostate cancer compared to men in the

normal weight category. A potential explanation for this reduction in

overweight/obese men could be due to poorer detection as a greater plasma volume

can lead to haemodilution of PSA making detection more difficult (Fowke &

Matthews 2010; Rundle et al. 2009). The inverse association can also be explained

through the effects of obesity on hormone levels. For example, obesity in males is

associated with lower circulating testosterone concentrations and higher oestrogen

concentrations (Vermeulen et al. 1993; Lima et al. 2000), which could decrease the

risk of prostate cancer. The high levels of circulating leptin in obese men may

reduce androgen levels (Isidori et al. 1999), while the lower concentration of

testosterone associated with higher BMI may be responsible for the decreased risk of

prostate cancer.

The WCRF 2007 report concluded that the evidence was limited and no conclusion 

could be made in terms of the role of BMI and prostate cancer risk and studies 

published from 2007 to date have also shown inconsistent results. It is likely 

however that these inconsistent results are caused by the complex relationship 

between obesity and several hormones. It has been outlined above how BMI may 

influence hormonal concentrations leading to a reduced prostate cancer risk. 

However, obesity is also associated with higher insulin and insulin-like growth 

factor-1 (Cotterill et al. 1993; Suikkari et al. 1989) and lower sex hormone-binding
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globulin concentrations, which could possibly increase prostate cancer risk (Hsing et 

al. 2001; JM Chan et al. 1998).

Only a small number of prospective studies have examined the association between 

central adiposity (measured as waist circumference or WHR) and prostate cancer 

risk and the results have been inconsistent (Macinnis et al. 2003; Lee et al. 2001; 

Hubbard et al. 2004; E. Giovannucci et al. 1997; Wallstrdm et al. 2009). Similar to 

results report by Macinnis and English 2006, we found no significant association 

between central adiposity and prostate cancer risk (Macinnis & English 2006).

From a clinical or public health perspective, even if obesity lowers the risk of 

prostate cancer, its effects on general health status are overwhelmingly deleterious. 

Nonetheless, further analyses examining the role of BMI and body composition in 

larger, most ethnically diverse populations with both sporadic and familial prostate 

cancer cases are needed to further our understanding of the mechanisms underlying 

the possible inverse association between BMI and prostate cancer. In addition, it is 

important to identify susceptible groups of men that may benefit from enhanced or 

increased frequency of screening or from interventions to reduce their prostate 
cancer risk.

5.6.2 Height
Evidence regarding the relationship between prostate cancer risk and height has also 

been inconsistent. A number of cohort studies have demonstrated a significant 

positive relationship between increasing height and prostate cancer risk (Andersson 

et al. 1997; Engeland et al. 2003; Macinnis et al. 2003; Marchand et al. 2004), yet 

other studies have shown no association (Habel et al. 2000). A potential mechanism 

to explain this relationship is that height is a marker of IGF-1 exposure and elevated 

IGF-1 levels are associated with an increase in prostate cancer risk (Gunnell et al. 

2001). In the present study, using the PRIME data, we observed a 9% reduction in 

risk for every 10cm increase in height however this was not statistically significant. 

As mentioned previously, it is likely that the null results shown in the present study 

are related to the small number of prostate cancer cases identified during the follow

up period.
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5.6.3 Physical activity
Exercise has beneficial effects on the immune system and can suppress testosterone 

levels, thus, it has been hypothesised to lower the risk of prostate cancer; a growing 

body of epidemiological research exists supporting this theory. A potential biological 

mechanism of action relates to the increased production of sex hormone-binding 

globulin as a result of increased physical activity, leading to lower circulating levels 

of free testosterone (Friedenreich & Orenstein 2002). A recent systematic review by 

Young-McCaughan (2012) summarised the results from 40 epidemiological studies 

(Young-McCaughan 2012). Over half of all included studies (22) suggested that 

physical activity reduced the risk of prostate cancer, 14 studies found no association 

and four showed an increased risk of prostate cancer. In the studies reporting a 

protective effect, the effect sizes were small or moderate. Interestingly men in the 

PRIME cohort who were more physically active had a non-statistically significant 

increase in prostate cancer risk compared to those who are not active. There was also 

a positive dose-response trend as exercise duration and intensity increased, so too did 

the increase in risk of prostate cancer; however this trend was not statistically 

significant. It is possible that detection bias may explain the null findings between 

physical activity and risk of prostate cancer in the present study. For example if men 

who reported an increased frequency of vigorous exercise were more health 

conscious and were more likely to be screened for prostate cancer, the rates of 

prostate cancer might have been overestimated among those who were more active 

because of a high rate of detection of early-stage lesions among them.

Despite plausible biological mechanisms for an association between physical activity 

and decreased risk of prostate cancer results from epidemiological studies assessing 

physical activity and risk of prostate cancer have been inconsistent. Indeed, the 

WCRF 2007 report concluded that there was insufficient evidence to draw any 

conclusions regarding the role of physical activity and prostate cancer risk. These 

inconsistent results could be attributable, in part, to the limited number of prostate 

cancers in some previous studies, imprecise assessment of the types and intensity of 

physical activity, detection bias, and failure to adjust for confounding factors. For 

example, it is possible that more active men are also more socially mobile and 

therefore have other high risk behaviours such as higher alcohol consumption.
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However adjustments for smoking and alcohol in the fully adjusted model in the 

present study did not alter the associated risk.

Further investigation of the aetiologic role of physical activity is needed before more 

definitive conclusions can be made. Specifically, research studies should be designed 

to measure all types and parameters of physical activity throughout lifetimes. 

Furthermore, a better understanding of the biologic mechanisms and aetiologically 

relevant time periods in prostate carcinogenesis when physical activity may be 

operative is needed, so that these studies can be properly designed.

5.6.4 Age
Alongside race and family history, age is the only other established risk factor for 

prostate cancer. As expected, prostate cancer risk increased significantly with 

increasing age in this cohort. In fact, a 7% increase in risk was associated with every 

1 year increase in age.

5.6.5 Smokers
An increase in risk of prostate cancer was observed in the ever smokers when 

compared to the never smokers. Although this was non-significant, this is the 

direction we anticipated and supports a recent meta-analysis by Huncharek and 

colleagues (2010) reporting a modest increase in prostate cancer risk in smokers 

when compared to non smokers (Huncharek et al. 2010). A number of potential 

mechanisms exist for this association. Firstly, cigarette smoke contains multiple 

carcinogens, detrimental to health. Secondly, an associated hormonal relationship 

may exist; Dai et al reported elevated levels of circulating androgens and 

androsterone in male smokers compared to non smokers, which may potentially 

increase risk or progression of prostate cancer in smokers (Dai et al. 1988). 

Huncharek et al concluded that more work is warranted in the area, specifically 

addressing better defined smoking statuses, repeat assessments of smoking status in 

cohorts as well as more accurate data from former smokers on dates of cessation and 

smoking history. Regardless of the association between smoking and prostate cancer, 

the established risks to general health are enough to advocate smoking cessation in 

the general population.
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There are a number of strengths to this study. Firstly, the prospective nature of the 

study design removes any issue of recall or selection bias associated with 

retrospective study designs and allows for the examination of the temporal 

relationship between exposures of interest and prostate cancer risk. Secondly, the 

anthropometric measurements used for the body composition predictor variables 

were completed by a trained researcher, which followed a standard protocol to 

minimise measurement misclassification. Thirdly, the smoking predictor variable 

was assessed looking at both binary outcomes (ever/never) and as a continuous 

variable (pack years) providing sufficient data to examine the dose response 

relationship. Men were recruited to the PRIME study based on the overall social 

class structure of Northern Ireland and therefore the results of the study are 

generalisable to the entire NI population. Lastly, linkage to the NICR reduced the 

possibility of missing newly identified prostate cancer cases during the follow-up 

period.

Disadvantages

Published literature on the PRIME cohort typically utilise data from all four centres 

combined; the major shortcoming of this particular analysis was the small dataset 

due to the utilisation of only the Belfast centre’s data. As this analysis was 
completed as an exploratory study only, and there were time constraints associated 

with the project, it was not possible to ascertain the appropriate data transfer 

agreements for use of the entire dataset. Future studies should take this into 

consideration and apply for the appropriate agreements necessary to utilise the entire 

PRIME cohort.

Secondly, the misclassification of physical activity is also a concern as we only used 

the data relating to a single question regarding vigorous physical activity. The 

contribution of physical activity from occupational sources was not included in this 

analysis and therefore total physical activity was likely to be under-reported as our 

physical activity question assessed vigorous exercise rather than total physical 

activity. This was again due to the time constraints and the exploratory nature of this 

project; future research using this cohort should incorporate all physical activity 

variables collected.
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5.7 Conclusion
From a clinical or public health perspective, the adverse effects of obesity, central 

adiposity, smoking and low levels of physical activity on general health status are 

overwhelmingly deleterious. These lifestyle factors have been consistently shown to 

be associated with risk of cancers other than the prostate as well as to other co

morbidities such as CVD, diabetes and metabolic syndrome. Additional research is 

required to further examine the mechanisms through which physical activity and 

body composition are associated with prostate cancer risk. Larger studies where 

analysis of physical activity levels are stratified by age and BMI categories are also 

required.
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6.1 Introduction
FAS is a lipogenic enzyme required for the conversion of dietary carbohydrates into 

fatty acids. It plays a key role in fatty acid synthesis, functioning to catalyse the 

synthesis of the long chain fatty acid palmitate from acetyl-CoA and malonyl-CoA 

(Kuhajda 2006). Fatty acid synthesis occurs when the body has a surplus of energy 

and functions to store excess carbohydrate as triglyceride (Kuhajda 2006).

Elevated levels of FAS expression have been reported in a number of different 

cancer tissues including; breast (Alo’ et al. 1996; Jensen et al. 1995) ovarian 

(Gansler et al. 1997; Pizer et al. 1996) colorectal (Rashid et al. 1997) and prostate 

(Epstein et al. 1995; Shurbaji et al. 1996). Increased levels of FAS have been linked 

with poorer prognosis in both breast and prostate cancer (Shurbaji et al. 1996; Alo’ 

et al. 1996). A number of studies have reported that a westernised diet, particularly 

that of high fat consumption, similar to the composition reported at baseline by men 

participating in the previously mentioned intervention, is related to the development 

and progression of a number of malignancies (Boyd et al. 2003; Giovannucci et al. 

1993). In normal, highly lipogenic tissue such as the liver and adipose tissues, FAS 

expression is tightly regulated by a series of hormones including; insulin, glucagon, 

glucocorticoids and thyroxine (Kuhajda 2006) and endogenous synthesis of FAS is 

minimal, however, this does not appear to be the case for cancer tissue. It appears 

that cancer cells have the ability to synthesis their own supply of FAS, independent 

of the physiological hormonal regulation of normal cells. The mechanism for the 

observed increase of FAS expression in cancer tissue is yet to be fully established 

due to the complex nature of this clinically heterogeneous disease. One potential 

mechanism of action may be the impact of environmental factors on FAS expression: 

a high fat diet may lead to the development of a ‘lipogenic phenotype’, whereby 

cancer tumours develop fat-like properties, therefore leading to an increase in FAS 

expression in these cancer tissues.

The binding of FAS (a type 1 membrane receptor of the Tumour Necrosis Factor

(TNF) family), and FAS ligand (a type 2 membrane protein and a natural ligand),

leads to apoptosis in a variety of cells. Apoptosis is the process of programmed cell

death, occurring in multi-cellular organisms, and has an essential role in the

regulation of tissue growth and renewal (Reed 2000). Current evidence points to the

dysregulation of the FAS system causing the evasion of apoptosis of cancer cells
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(Jiang et al. 2002). Members of the TNF receptor gene families are known regulators 

of apoptosis in a variety of tissue; it is thought that this pathway could be essential to 

cancer cell survival.

To date, a number of studies have quantified levels of FAS expression in both 

normal and prostate cancer tissue in an attempt to identify the mechanism of action 

of FAS expression in prostate cancer pathophysiology, its use as a prognostic 

indicator and its capabilities as a therapeutic target for identification of prostate 

cancer and progression of disease. There is currently no systematic review of the 

literature combining the results of these studies. The aim of this chapter is to 

evaluate existing literature in this area, to establish the extent of differences in FAS 

expression in normal and prostate cancer tissue and determine the impact FAS 

expression may have on the development and progression of prostate cancer.

6.2 Methodology 

6.2.1 Objectives
The main objective of this systematic review was to establish if levels of FAS 

expression in prostate cancer tissue differs from that of normal tissue and if an 

association exists between levels of expression and prostate cancer 

prognosis/survival.

6.2.2 Study selection

6.2.2.1 Databases

A systematic search of three electronic databases was conducted from their inception 

until May 2012. These included: Ovid MEDLINE (US National Library of 

Medicine, Bethesda, Maryland, USA), EMBASE (Reed Elsevier PEC, Amsterdam, 

Netherlands) and Web of Science (Thompson Reuters - New York, NY, USA).
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6.2.1.2 Search strategy

The search strategy was developed in consultation with the Medical Librarian at 

Queen’s University Belfast and was originally designed to address two questions:

1. Does FAS expression differ in prostate cancer tissue in comparison to normal 

tissue?

2. If a difference exists, is the difference in expression associated with the risk of 

prostate cancer progression/poorer survival outcomes?

The search strategy identified studies that contained at least one keyword or Medical 

Subject headings (MeSH) from each of the following:

(!) FAS OR Fatty Acid Synthase OR. Fatty Acid Synthase inhibitor OR Fatty 

Acid Synthesis OR FASN 

AND

(2) Prostate Cancer(s) OR Prostate Neoplasm(s) OR Prostate Tumo(u)r(s) OR 

Prostate neoplasia OR Prostate carcinoma(s) OR Prostate adenoma(s) OR 

Prostate adenocarcinoma(s) OR Cancer of the prostate

The research strategy also incorporated a number of limits excluding animal studies 

and review articles however there was no language restriction. The reference lists of 

included studies were also searched to identify any other potentially relevant articles 

that may have been missed.

6.2.2.3 Inclusion criteria

Duplicates were deleted and articles were independently screened for eligibility by 

two reviewers (MC and RO’N). Studies were included if they met the following 

criteria:

1. Primary investigative research

2. Human prostate tissue used for analysis

3. Sample size >50 patients
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The reviewers initially screened all titles, and any that were clearly irrelevant were 

removed. If the relevance of the article could not be ascertained from the title, the 

abstract/full text was read as required. In the case where abstracts were not 

available, a full text copy was ordered from the British library by a medical librarian, 

and a decision made regarding its relevance when the article was obtained.

6.2.2A Data extraction

Data extraction was conducted by two independent reviewers (MC & RON) using 

separate data extraction forms (Appendix 7). The data extraction form was designed 

to collect the following information from each study: year of publication, location, 

study objectives and design, sample size, case definitions, technique for evaluating 

FAS expression, antibody used, method of quantifying expression, levels/intensity of 

expression and statistical techniques used for analyses. Discrepancies between 

reviewers were resolved via discussion and if necessary a third reviewer (Liam 

Murray) was asked to settle any differences.

In order to ensure the highest standards of reporting of results, the development and 

implementation of this systematic review followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al. 2009).

6.2.3 Immunohistochemical (IHC) staining
IHC staining is a technique which utilises antibodies to detect the presence of 

specific antigens in the cells of tissue (Coons et al. 1941). This method requires 

tagging the antibody with a visualising agent such as the enzyme immunoperoxidase; 

these catalyses a colour reaction highlighting the antibody-antigen interaction, 

assisting in the detection and quantification of abnormal cellular proteins. In order to 

ensure detection of the correct protein of interest during IHC testing, it is imperative 

that the antibody used is well validated and appropriately chosen for the specific 

interaction (Shi et al. 1997). Monoclonal antibodies are more specific; they have a 

higher homogeneity and are directed against a single epitope. Polyclonal antibodies 

are also commonly used however these are less specific and are directed against 

various epitopes (Lipman et al. 2005).

A number of different methods exist for IHC staining. These have been evolving 

over numerous years in an effort to refine the sensitivity of the antigen-antibody
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interaction and improve the specificity of this method. These methods include; 

Tissue Microarray, Envision; Strepavidin amplified peroxidise method and the Avid- 

biotin complex immunoperoxidase method.

6.2.3.1 Quantification of FAS expression
IRC FAS expression can be quantified using a number of different methods. These 

included;

1) Positive/Negative - a criteria for defining positive staining is provided and 

samples are classified as positive/negative based on this definition provided

2) Staining in each tissue sample is quantified as a percentage or proportion

3) An Immunoreactivity Score (IRS) - An IRS requires intensity of staining to be 

determined as well as quantity; intensity is presented as either none, weak, 

moderate or strong. IRSs are calculated by multiplying the staining intensity 

score with the score for quantity of staining.

6.3 Results
The electronic search strategy identified a total of 2077 potentially relevant 

publications, from which 487 duplicates were deleted. The remaining 1590 articles 

were reviewed to determine if they fulfilled the inclusion and exclusion criteria 

(Figure 6.1). Thirteen articles met the pre-defined criteria however 5 were 

conference abstracts and one study compared FAS expression in treated and 

untreated prostatectomy samples ( Pizer et al. 2001); these articles were excluded 

and a total of 7 articles were included in the review. An examination of the reference 

lists of these studies led to the inclusion of a further 2 articles bringing the total to 9. 

The full text of one of these articles was published in the Chinese Journal of 

Andrology and after a number of attempts to obtain the article failed, a decision was 

made by the group to exclude it from the review. In total 8 journal articles were 

included in this review however two of these studies were from the same research 

group in Belgium and appeared to use the same sample of tissue for both their 

experiments; the authors were contacted to confirm if this was the case but the email 

provided on the original research papers had expired and a more recent address 

found online was also invalid. As a result the decision was made to remove the latter 

of the two published papers from the review (Van de Sande et al. 2005). Figure 6.1
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provides an overview of the study retrieval and selection process using the pre

defined selection criteria.

6.3.1 Characteristics of included studies
As illustrated in Table 6.1, a total of seven studies were included in this review; all 

included studies had a sample size > 50. In total 1140 prostate tissue samples were 

assessed; sample sizes ranged from 64 to 622 prostate samples. Three included 

studies used a monoclonal antibody for antigen detection and four used a polyclonal 

antibody. The method of tissue extraction varied; three studies used RP (Epstein et 

al. 1995; Jiang et al. 2002; Tischler et al. 2010), one study used needle biopsy 

samples only (Swinnen et al. 2002) and one study used a variety of techniques 

including RP, Needle biopsies and TUR (Shurbaji et al. 1996). The remaining 

studies did not specify the method of tissue extraction (Rossi et al. 2003; Swinnen et 

al. 2002; Kim et al. 2009). Four of the studies stated that archived tissue was used 

(Epstein et al. 1995; Shurbaji et al. 1996; Jiang et al. 2002; Tischler et al. 2010), 

three of which stated the date archived (Jiang et al. 2002; Shurbaji et al. 1996; 

Tischler et al. 2010). Gleason grades were variable depending on the study; the 

method of IHC staining also varied: three studies used Tissue Microarray (Tischler et 

al. 2010; Rossi et al. 2003; Kim et al. 2009), two used Avid-biotin complex 

immunoperoxidase (Shurbaji et al. 1996; Epstein et al. 1995), one Strepavidin 

amplified peroxidise (Jiang et al. 2002) and one Envison (Swinnen et al. 2002). Four 

of the studies were North America based (Shurbaji et al. 1996; Epstein et al. 1995; 

Jiang et al. 2002; Rossi et al. 2003), 2 European (Swinnen et al. 2002; Tischler et al. 

2010) and 1 Asian (Kim 2009).
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Figure 6.1 - An overview of the search strategy results and study selection
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6.3.2 Objectives of studies
The objectives of the studies differed however all seven provided a measure of FAS 

expression in normal and prostate cancer tissue. Two of the seven studies assessed 

the use of FAS expression as an indicator of pathological stage, similar to that of 

Gleason score (Epstein et al. 1995; Swinnen et al. 2002); one study investigated the 

use of FAS as a diagnostic marker and compared it to the use of alpha-methylacyl- 

CoA racemase (AMACR) as a marker of malignancy (Tischler et al. 2010); one 

study discussed the FAS system, comparing the ratio of fas/fas ligand expression in 

normal and cancerous tissue types (Jiang et al. 2002); another study investigated the 

association between FAS expression and FLICE-like inhibitory protein (FLIP)( Kim 

et al. 2009), and another FAS mRNA (Rossi et al. 2003). Finally, one study assessed 

FAS expression as a predictor of progression using survival analysis (Shurbaji et al. 

1996).

6.3.3 FAS expression in normal and prostate cancer tissue
Table 6.2 reports the levels of FAS expression in those studies which utilised a

monoclonal anti-body for antigen detection during IHC staining; Table 6.3 reports 

levels of FAS expression in the studies which used a polyclonal antibody for 

detection. Rossi and Swinnen both reported negligible levels of FAS expression in 

normal tissue yet substantial expression in adenocarcinoma. The normal tissue, 

adjacent to the prostate cancer tissue was used to determine levels of FAS expression 

in all study samples. Swinnen et al reported increases in FAS expression in cancer 

tissue when compared to the surrounding normal tissue (94% v 0%). Rossi also 

reported an increase in FAS expression in cancer tissue when compared with normal 

prostate tissue (38% v 3%) however neither author stated the significance of these 

findings. The largest of the studies by Tischler et al (n=622 samples) reported FAS 

expression in 49.4% of normal tissue samples and 88.1% in cancer tissue. This 

difference between FAS expression in normal tissue compared to prostate cancer 

tissue was statistically highly significant (p<0.01).

Table 6.2 reports the levels of FAS expression in normal and prostate cancer tissue 

in the four studies that used a polyclonal antibody for detection during IHC staining. 

Similarly, two studies (Shurbaji et al. 1996; Epstein et al. 1995) reported no FAS 

expression and one reported minimal expression (14%) in normal tissue samples 

(Jiang et al. 2002). All three of these studies demonstrated increases in FAS
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expression in cancer tissue however only Jiang et al reported a significant difference 

between FAS expression in normal compared to cancer tissue (14% V 50%) with a 

mean difference of 31% (p=0.001).

Interestingly one study (Table 6.2) contradicted the findings of the other 6 studies 

reporting a reduction in FAS expression in cancer tissue when compared to normal 

surrounding tissue. This study by Kim et al reported FAS expression in 100% of the 

normal tissue samples and in only 56% of prostate tissue samples. The authors of 

this study did not report if these differences between tissues were significant.

6.3.4 FAS expression in Prostatic Intraepithelial Neoplasia (PIN) tissue
PIN refers to changes in the structure of the cells of the prostate gland (Bostwick

2000). These changes to the normal structure of the cells are only identified through

microscopic assessment of tissue taken during a prostate biopsy; cells can be mildly

abnormal referred to as Low Grade PIN (LGPIN) or similar in structure to cancer

cells known as High Grade PIN (HGPIN). Current imaging techniques cannot

identify PIN, it is only identifiable by microscopic examination of a tissue biopsy.

Evidence suggests that PIN is the precursor lesions to adenocarcinoma (Davidson et

al. 1996); in fact, research by Davidson et al 1995 suggests that HG-PIN lesions

were a significant predictor of adenocarcinoma with PIN lesions having a risk ratio

of 14.9(5.6-39.8).

Five of the seven studies (Epstein et al. 1995; Jiang et al. 2002; Swinnen et al. 2002; 

Kim et al. 2009; Tischler et al. 2010) identified areas of HGPIN in a number of the 

tissue samples; levels of FAS is these samples were reported in Tables 6.2 & 6.3. In 

the studies which used monoclonal antibodies for detection (Tischler et al. 2010; 

Swinnen et al. 2002) (Table 6.2), HGPIN expressed higher levels of FAS than 

normal prostate tissue but neither author reported the significance of this association. 

A similar pattern was observed for two of the three studies using polyclonal 

antibodies (Jiang et al. 2002; Epstein et al. 1995), FAS expression was higher in PIN 

when compared to normal tissue. Jiang et al reported a significant difference in 

expression between normal and HGPIN (mean increase of 13% in PIN tissue; 

p=0.001). Furthermore these reported levels of FAS expression in HGPIN were 

lower than those of prostate cancer tissue. Kim et al also reported high levels of
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FAS expression in HGPIN however levels were similar to those expressed in normal 

tissue.

One study (Swinnen et al 2002) reported FAS expression in LGPIN lesions (Table 

6.3): levels were higher than those expressed in normal tissue yet lower than those 

expressed in HGPIN and carcinoma tissue. This suggests a linear trend; as cells 

mutate from normal to cancerous, levelsof FAS appear to increase.

6.3.5 FAS expression across Gleason grade
The Gleason grade of a tumour is identifiable only by tissue biopsy and provides the 

level of differentiation of the prostate cancer tissue (Gleason 1981). It is the strongest 

prognostic indicator for progression. A higher grade suggests poor differentiation of 

prostate cancer cells and as a result poorer prognosis: Gleason score <6 suggest less 

aggressive cancer; Gleason score of >6 suggests more aggressive disease.

A number of studies separated prostate cancer samples into low/high grade Gleason 

score groupings, reporting levels of FAS expression across different Gleason grades, 

to determine if levels of FAS expression differed between tumour grades. Jiang and 

Epstein (Jiang et al. 2002; Epstein et al. 1995) reported a significant association 

between FAS expression and Gleason score, with increasing levels of FAS 

expression as Gleason score increased. Epstein et al (Epstein et al. 1995) included 

only Gleason grades 6-7 yet found a significant trend in expression between Gleason 

grades (p=0.004); Jiang et al (Jiang et al. 2002) observed a weak statistical 

correlation between the percentage of stained cells and higher Gleason score 

(correlation co-efficient 0.24) demonstrating a trend towards higher levels of 

expression in higher grade tumour samples. In the study by Tischler et al Gleason 

grades ranged from 2-10 yet there was no association between levels of FAS 

expression and tumour grade (p=0.36) (Tischler et al. 2010). Kim et al 2009 also 

included tumour tissue with Gleason scores >5 and reported no association between 

Gleason grade and levels of FAS expression.

6.3.6 FAS expression and risk of progression
Only one of the seven studies assessed the risk of prostate cancer progression using 

survival analysis. Progression was defined as ‘the appearance of local or advanced 

disease after ‘curative’ treatment’(Shurbaji et al. 1996). 57% of all prostate cancers 

had moderate-strong expression of FAS (Table 6.3). The results of follow-up are
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presented in Table 6.5. After a 4.17 years (range, 2.01-9.33) follow-up period, fifteen 

(27%) of the FAS positive patient samples had progression of disease yet only four 

(9%) of the FAS negative samples developed disease progression. This difference 

was significant (Fisher’s exact test, p=0.04) (Table 6.5). A multivariate analysis was 

carried out to assess the effect of FAS expression, histological grade (Gleason score), 

clinical stage and treatment on time to progression. Gleason score was the only 

variable to have a significant effect on time to progression however when the same 

analysis was carried out on samples with a Gleason score of >8 (n=85), FAS 

expression was shown to have a statistically significant effect on progression [HR 

4.94, (p=013)].
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6.4 Discussion
The aim of this systematic review was to determine if levels of FAS expression in 

prostate cancer tissue differed from that of normal tissue, and if so, did an 

association exist between levels of FAS expression and prostate cancer 

progression/survival. To our knowledge this was the first systematic review of 

publications reporting FAS expression in prostate cancer tissue. Research in this area 

is limited with only seven studies meeting the criteria for inclusion into this review. 

Only one of the seven studies carried out survival analysis to determine if levels of 

FAS expression had an impact on time to progression; two assessed levels of FAS 

across different stages of Gleason grade and the remaining studies varied in their 

overall objectives. Regardless of the study objectives, all were designed to quantify 

FAS expression in both tumour tissue and adjacent normal tissue. All studies 

provided a quantifiable measurement of FAS expression, allowing comparisons to be 

made between cancerous and normal tissue.

Studies were generally small (<100 samples) with the exception of two studies 

Tischler 2010 and Kim 2009 which had samples of 622 and 107 samples 

respectively. Four of the studies stated the source of the tissue samples and in all 

cases tissue samples were from hospital pathology files and were therefore single 

centred. Three studies did not specify the source of the tissue samples however the 

sample sizes were small enough to presume that these were extracted from single 

centres also. This raises the question of how generalisable the patient samples were 

in each study. All studies in this area appear to be small; in order to improve the 

quality of this review, a quality criterion of no less than 50 samples was 

implemented and all studies less than 50 patient samples were excluded. 

Furthermore, five studies did not explicitly state the length of tissue storage and three 

did not provide the method of tissue extraction i.e. needle biopsy, radical 

prostatectomy etc. The type of IHC staining method also varied as did the method of 

quantification of staining. Four of the studies were carried out in the US, two in 

Belgium and one in Korea.

Six of the seven studies included in this review reported higher levels of FAS

expression in prostate cancer tissue and considerably lower levels in the normal

surrounding tissue; two of these 6 studies found a statistically significant difference

in FAS expression between prostate cancer and normal tissue: both studies
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demonstrated a significant increase in expression of FAS in prostate cancer tissue 

compared to normal tissue (PO.OOl). Due to the differences in study design; the 

differing objectives of each study, the different IHC techniques used for assessment 

and the different methods used for the quantification of FAS expression, the decision 

was made not to pool the study results. Nonetheless the differences in levels of FAS 

expression apparent in Tables 6.2 and 6.3 suggest increases in expression of FAS in 

prostate cancer and support existing evidence from in vitro studies which suggest 

FAS expression is higher in prostate cancer cell lines (Rokhlin et al. 1997), as well 

as other cancer cell lines such as ovarian (Pizer et al. 1996; Gansler et al. 1997) 

colorectal (Rashid et al. 1997) and breast cancer cell lines (Alo’ et al. 1996; Jensen et 

al. 1995)

In contrast, one of the seven studies (Kim et al. 2009) demonstrated strong FAS 

expression in normal tissue and a weakening of expression in prostate cancer tissue; 

Kim et al, identified strong staining in 100% of normal tissue samples yet only 56% 

of prostate cancer samples were strongly stained. Although this study by Kim et al 

presented findings that contradict the bulk of existing research in this area, it is 

supported by a study by Takeuchi et al that reported a lack of FAS expression in two 

human prostatic cell-lines (Takeuchi et al. 1996). The theory put forward by Kim et 

al to explain the decrease in FAS expression in prostate cancer tissue suggests that 

promoter hypermethylation which is a process of gene silencing may occur in cancer 

cells and may lead to the silencing of FAS expression in prostate cancer; evidence 

supporting this theory is limited.

Five of the seven studies identified areas of PIN in the tissue samples; as mentioned 

previously PIN is the pre-cursor lesions associated with an increased risk of prostate 

cancer development (Davidson et al. 1996). When compared with normal tissue, 

levels of FAS expression were elevated in PIN lesions; comparisons between 

prostate cancer tissue and FAS expression reported lower levels of FAS expression 

in the PIN lesions. This provided evidence of increasing levels of FAS expression as 

the condition progresses. Similarly data from these five studies were not pooled due 

to the heterogeneity between study designs as mentioned previously. Furthermore, 

PIN was not the focus of this review and as a result was not a key term in the search 

strategy; it is possible that more studies are available addressing the issue of FAS
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expression in these pre-cancerous lesions and future reviews should consider 

addressing this term.

Two of the studies reported a significant association between levels of FAS and 

tumour grade (Gleason score) (Jiang et al. 2002; Epstein et al. 1995); as Gleason 

score increased, the levels of FAS expression also increased. The Gleason grades did 

differ between these studies; Jiang included samples of Gleason grades ranging from 

low to high (4-10), Epstein included only tumours with Gleason grades 6-7. Both 

studies add support to the suggestion that expression of FAS is higher in more 

advanced staged disease.

The mechanism by which FAS functions in malignant tissue is poorly understood 

however a number of possible mechanisms have been suggested;

1) As mentioned previously, apoptosis is the process of programmed cell death 

and it is thought that the dysregulation of the FAS/FAS ligand system plays a 

key role in preventing apoptosis in cancer cells. A number of studies have 

reported higher levels FAS ligand expression in prostate cancer cells (Gratas 

et al. 1998; Mullauer et al. 2000). It is suggested that this up regulation of 

FAS ligand in cancer cells acts as a mechanism for cancer cells to escape 

immune surveillance by inducing apoptosis of the activated lymphocytes and 

natural killer cells by binding to the FAS in these cells (Jiang et al. 2002).

2) Another potential mechanism involves the elevation of FLIP which is 

possibly involved in the evasion of apoptosis of cancer tissue. A number of in 

vitro studies demonstrated elevated expression of FLIP in many human 

cancer tissues when compared to normal tissues (Thomas et al. 2002; Ryu et 

al. 2001; Griffith et al. 1998); in mouse models the inhibition of death 

receptor signalling by FLIP demonstrated an advantage in the survival of 

cancerous tissue by preventing apoptosis.

All but one of the studies included in this review demonstrate higher expression of 

FAS in invasive prostate cancer and pre-invasive PIN when compared to normal 

tissue. Furthermore a linear trend is apparent with levels of FAS progressively 

increasing from negligible rates in normal tissue to higher expression is PIN and
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much higher rates in adenocarcinoma; in adenocarcinoma tissue, levels of FAS 

expression also increased as the grade of the tumour increased suggesting an 

association between FAS expression and prostate cancer progression. Future studies 

are required to assess this relationship further; studies assessing FAS expression 

using sequential biopsies from the same patients over time are necessary to 

determine a definitive relationship between expression of FAS and progression of 

disease.

6.4.1 Strengths
To our knowledge, this is the first review to date combining studies that have 

provided a measure of FAS expression in prostate cancer and normal tissue, as well 

as evaluating if expression in cancer tissue can be used as a prognostic indicator for 

disease progression/survival. Three medical databases were extensively searched for 

any studies addressing FAS expression in prostate cancer tumour samples. All 

studies provided a quantifiable measure of FAS based on IFIC staining which is a 

widely used measure for detecting abnormal protein behaviour in the cells of cancer 

tissue (Coons et al. 1941; Brandtzaeg 1998). A total of 1140 prostate cancer tissue 

samples were assessed for levels of FAS expression in the studies included in this 

review however samples were not pooled due to the between-study heterogeneity.

6.4.2 Limitations
The overall objectives of the 7 studies varied considerably and caution is required 

when interpreting these results as a number of potential biases may exist: Firstly, the 

study sample sizes ranged from 64 to 622 but generally included samples of less than 

100. In the four studies which stated the source of prostate cancer tissue, all were 

hospital/university pathology laboratories and were taken from only one centre; this 

raises questions regarding the generalisability of the samples used. In future, multi- 

centred trials are required with larger sample sizes in order to draw more 

generalisable conclusions. Secondly, studies differed in the IHC techniques used to 

evaluate FAS expression; although advantages and disadvantages exist for each 

method, the use of a variety of different methods will contribute to the between- 

study heterogeneity of this review. Methods of IHC staining are evolving and 

continually adapting and improving in an effort to improve the sensitivity of antigen 

detection. Methods which involve the use of the avid-biotin complex are older but 

well established and are widely used for IHC staining. One limitation to the use of
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this method is that the presence of biotin can lead to an increase in background 

staining (Ramos-Vara 2005). The use of formalin fixation of tissue significantly 

reduces background staining in this method; all three studies that assessed FAS 

expression using the avid-biotin complex in this review all used formalin-fixed 

paraffin-embedded tissue, therefore reducing the possibility of background staining. 

Evision is a newer IHC technique which does not rely on biotin and has been 

developed to reduce the limitations associated with the avid-biotin techniques yet 

only one study included in this review used this method. This review has highlighted 

the variation in methods during experiments with similar objectives; future research 

requires methodological standardisation to ensure data can be pooled and more 

definite conclusions drawn from future systematic reviews/meta-analyses.

The type of antibody used in IHC staining is imperative for the successful staining of 

the relevant protein of interest. Weak staining is caused by the use of inappropriate, 

ineffective antibodies which result in difficulty interpreting staining results (Lipman 

et al. 2005). The types of antibodies used include monoclonal and polyclonal 

antibodies. Monoclonal antibodies are more specific, they have a higher 

homogeneity and are typically directed against a single epitope; polyclonal 

antibodies are a heterogeneous mix of antibodies directed against various epitopes 

and generally have non-specific reactivity. Monoclonal antibodies provide more 

reproducible results than polyclonal antibodies (Lipman et al. 2005), however due to 

the limited research available in the area of FAS expression and prostate cancer, the 

decision was made to include studies that used both types of antibodies; studies were 

however presented in the results section based on their antibody type.

Furthermore, tissue samples were obtained from a variety of methods including 

needle biopsies, TURP and RP. Samples from needle biopsies yield only a small 

sample of tissue while samples from TUR and prostatectomies yield a more 

sufficient section of tissue for analysis; an advantage of needle biopsies is that they 

can be taken and processed rapidly and therefore avoid tissue deterioration. One of 

the two studies that used needle biopsies stated that they used snap freezing for 

conservation. It has been suggested that snap freezing is a superior method of tissue 

conservation in comparison to formalin fixation and paraffin embedding, particularly 

regarding its sensitivity to IHC antigen detection (Swinnen et al. 2002).
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The methods of quantifying expression of FAS differed across studies. Two of the 7 

studies quantified staining by providing a definition of positively stained tissue and 

comparing sample tissue to that definition (Kim et al. 2009; Shurbaji et al. 1996); 

this method is subjective to the individual researcher carrying out the quantification 

of staining, and a potential bias exists in the interpretation of levels of FAS 

expression. Difficulties also occur when the intensity of staining is not recorded and 

therefore the percentage of staining may encompass; weak, moderate, and strongly 

stained tissue. All studies included in this review provided percentages of each 

intensity; moderate-strongly stained tissues were defined as positive for the purposes 

of this review. Epstein et al provided an IRS; this is a more superior method of 

quantification which takes into consideration both levels of intensity as well as 

quantity of staining. An IRS is calculated by multiplying the percentages of 

expression by the intensity of staining (Epstein et al. 1995). No study included in this 

review stated if the quantification of staining was carried out by an independent 

researcher.

Publication bias refers to the situation whereby researchers are more likely to write

up positive results for submission to journals, and journal editors are more likely to 

accept positive study results for publication (Johnson & Dickersin 2007). This leads 

to the possible over estimation of the effect size. In this review, it was not possible to 

determine if publication bias existed. It should be noted that it is a possibility that 

positive results bias may exist due to researchers failing to submit negative results 

for publication.

6.4.3 Clinical Relevance of FAS
Although existing research is limited, a number of experiments have been 

performed, exposing well established cell lines to pharmacological inhibitors of 

FAS, to test the effect on the cancer cell lines. Cerulenin is one such FAS inhibitor; 

it is a natural antibiotic of the fungus Cephalosporium ceruleans family (Omura 

1976) and has been tested on numerous cell lines including ovarian, colorectal and 

prostate cancer cell lines (Pizer et al. 1996; Pizer et al. 1998) to establish an effect. In 

these studies Cerulenin demonstrated a cytotoxic effect leading to the induction of 

apoptosis in the cell lines; it has also demonstrated similar effects, inducing 

apoptosis in vivo xenograph mouse models with ovarian cancer (Pizer et al. 1996).
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It has however been shown to have a number of side effects including severe weight 

loss as mice included in this study experienced a 25% reduction in weight. As a 

result, C75 was developed (Kuhajda et al. 2000); C75 is a novel inhibitor designed to 

exert the cytotoxic effects of Cerulenin minus the side effects. It also demonstrated a 

cytotoxic effect in xenograft mouse models and longer survival of mice, however 

this FAS inhibitor also demonstrated significant reductions in weight loss similar to 

that of Cerulenin (Zhou et al. 2003). These studies add further support to the theory 

that cancer cells are dependent on the FAS pathway for survival and points to the 

potential of FAS as a therapeutic target for prostate cancer. However a more 

chemically stable FAS inhibitor is required to reduce the associated weight loss, 

evident in mouse models when exposed to Cerulenin and C75.

6.6 Conclusion
In conclusion, this review suggests that expression of FAS is considerably higher in 

prostate cancer tissue in comparison to normal adjacent tissue of the prostate. 

Furthermore, there appears to be a trend in expression from negligible levels in 

normal cells with levels increasing in PIN tissue, and increasing further in cancer 

tissue; this supports existing literature from both in vitro, in vivo studies which 

suggest that FAS expression is elevated in prostate cancer tissue.

This review was limited by the lack of high quality studies in this area. More 

research is warranted in a number of different areas;

1) Research to determine the exact mechanism of action of FAS expression in cancer 

tissue is required

2) Future well-designed, high quality studies are required, (utilising larger 

representative patient samples) to determine if an association exists between levels 

of FAS expression in prostate tissue and the risk of progression.

3) Further investigations, using more stable FAS inhibitors are required to determine 

their effectiveness as a therapeutic target for prostate cancer.
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Chapter 7: Discussion
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Prostate cancer has become the most common cancer diagnosed in men in the UK; 

an increase which has been driven by improvements in detection of prostate cancer 

through the utilisation of PSA testing. Alongside improvements in detection, 

improvements in the treatment and management of prostate cancer have lead to 

better survival rates; the one year survival rate for men diagnosed in the UK from 

2006-2010 was 96.1% and the five year survival rate was 88.1% (Cancer Research 

UK 2012). According to figures from 2006, ~74% of prostate cancer patients in 

Northern Ireland will receive ADT at some stage during their treatment pathway. As 

length of survival increases treatment with ADT has become long term; in fact it is 

generally prescribed for a minimum of 2 years, as an adjuvant treatment for men 

receiving radical radiotherapy for locally advanced cancer, or as a neo adjuvant 

treatment before radiotherapy when the average duration is ~3-6 months (Bannon & 

Gavin 2009). The mean (±SD) duration of ADT for patients recruited to the RCT 

described in this thesis was 22.9±26.4 months.

The effectiveness of ADT in prostate cancer treatment is well established; the 

pharmacological suppression of testosterone by androgen deprivation therapies such 

as LHRHa has become the most commonly prescribed treatment for prostate cancer 

in recent years (Loblaw et al. 2007; Sharifi et al. 2005). Although the impact of ADT 

has a beneficial effect on delaying prostate cancer progression and therefore disease 

specific mortality, a number of adverse side effects are associated with ADT 

treatment. These include; changes in body composition (Haseen 2010), including an 

increase in fat mass as well as a decrease in muscle mass and strength; a reduction in 

bone mineral density, increasing fracture risk (Shahinian et al. 2005; Smith et al. 

2005) and risk of osteoporosis; gynaecomastia (development of breast tissue); sexual 

dysfunction and impotence (Fowler et al. 2002); and a reduction in haemoglobin 

levels, which can result in increased fatigue (Joly et al. 2006). ADT treatment has 

also been associated with the development of metabolic syndrome and insulin 

resistance (Braga-Basaria et al. 2006; Saylor & Smith 2009), as well as an increase 

in adverse cardiovascular events (Tsai et al. 2007)(Saigal et al. 2007).

From the outset of this thesis the beneficial effects of physical activity on reducing 

the associated HRQoL side effects of ADT were discussed (Galvao et al. 2009; 

Galvao et al. 2006; Culos-Reed et al. 2007; Culos-Reed et al. 2010; Segal et al.
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2003). However these studies were generally based around facility-based exercise 

programs involving regular scheduled classes and did not address the issue of 

nutrition or dietary intake.

This thesis provides the rationale, methodology and overall results of a RCT 

developed to evaluate the efficacy of a 6 month dietary and physical activity 

intervention for prostate cancer patients receiving ADT. The outcomes of interest 

included body composition, fatigue, QOL, stress, dietary intake and functional 

capacity. We hypothesised that men randomised to the intervention group would: 

maintain their current weight or have a lower weight gain and increase in body fat 

mass associated with ADT compared to the control group; maintain or have a lower 

loss of lean muscle mass compared to the control group; have improved fatigue, 

stress and QoL scores compared to the control group; have a lower decline in 

physical functioning compared to the control group and finally that they would 

demonstrate improvements in dietary intake compared to the control group.

7.1 Key Findings
This study has demonstrated a number of key findings;

1. At baseline, only two of the 94 patients recruited to the study met all 4 of the 

recommendations suggested by the ACS for cancer survivors; i.e. eating >5 
portions of fruit and vegetables per day; limiting alcohol to <14 units per 

week; maintaining a healthy body weight (BMI <25kg/m ) and being 

physically active for at least 30 minutes 5 or more days per week. This 

clearly illustrates the need for lifestyle interventions in this population of 

cancer patients.

2. Men randomised to the intervention group had a significant reduction in body 

weight, BMI, percentage body fat mass and waist-hip ratio compared to 

patients in the control group after 6 months of follow-up.

3. Patients in the intervention group had a significant improvement in functional 

capacity compared to those in the control group after 6 months

4. Dietary intake improved in the intervention group compared to the control 

group including a reduction in total energy intake as well as a reduction in 

total fat and saturated fat intake combined with an increase in consumption of 

dietary fibre.
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These results are comparable to other interventions which have demonstrated a 

beneficial effect of dietary and physical activity interventions in reducing the 

HRQoL issues associated with ADT such as fatigue, functional decline and changes 

in body composition. However it differed from others studies as it provided both 

dietary and physical activity advice combined; furthermore it was designed to be as 

manageable and achievable as possible. The low attrition rates, good compliance and 

positive results demonstrate that this pragmatic intervention is achievable within this 

patient group.

The RCT had a number of caveats and challenges that have been discussed 

throughout each chapter but will be discussed briefly:

Due to limited human resources, recruitment took longer than expected. Generally 

researchers attended twice weekly clinics to recruit; if interest in study participation 

was low, researchers attended a third clinic or in some cases review clinics in an 

effort to improve recruitment rates. The difficulties surrounding patient recruitment 

is a common limitation of RCTs and it is important that study designs have measures 

in place to counteract slow spells in recruitment.

Secondly as Northern Ireland is made up of -98% white Europeans (Northern 

Ireland Statistics and Research Agency (NISRA) 2010) all men were white and the 

results are therefore not generalisable to other races/ethnicities. The results are also 

not generalisable to some cases of advanced stage metastatic disease where the 

patient may face barriers to physical activity and may require specialised dietetic 

advice. Furthermore, dietary intake, physical activity recall, fatigue, stress and QOL 

measures were all self-reported and are therefore subject to recall bias as they are 

dependent on the patient’s accuracy and truthfulness in recalling behaviour. 

However, all data collection instruments have been previously validated in this 

population of patients, adding to the internal validity of the results presented.

Lastly, a combined intervention makes it difficult to distinguish between the 

contributions of each component to the overall results of the study. Evidence 

suggests that one behavioural change may provide a stimulus for further change 

(Emmons et al. 2005) and the positive results reported in this intervention suggests 

that this may be the case.
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Chapter 5 presents analyses of the relationship between several lifestyle factors 

including smoking status, physical activity levels and a number of anthropometric 

measurements and risk of prostate cancer in the PRIME (Prospective 

Epidemiological Study of Myocardial Infarction) cohort. In this prospective cohort 

study, no associations were shown for body composition measurements (BMI, 

height, waist circumference and WHR), smoking or physical activity and prostate 

cancer risk. However, these analyse were exploratory as during the 17.8 year follow

up period only 99 incident cases of prostate cancer occurred in the PRIME cohort. 

The small number of prostate cancer cases is likely to have resulted in the null 

results for the most part and additional analysis with further follow-up and an 

increased number of cases will likely yield most precise results. Although no 

associations were shown between the lifestyle variables examined and prostate 

cancer risk, it should be noted that from a clinical or public health perspective, the 

adverse effects of obesity, central adiposity, smoking and low levels of physical 

activity on general health status are overwhelmingly deleterious. These lifestyle 

factors have been consistently shown to be associated with risk of cancers other than 

the prostate as well as to other co-morbidities such as CVD, diabetes and metabolic 

syndrome. It would be appropriate therefore to encourage men to maintain an ideal 

BMI as well as to be physically active throughout life to reduce their risk of other 

cancers such as oesophageal, pancreatic and colorectal cancer as well as other co

morbidities. Additional research is required to further examine the mechanisms 

through which physical activity and body composition may be associated with 

prostate cancer risk.

The systematic review of FAS tumour expression and prostate cancer progression

described in this thesis outlines a new area of research in terms of cancer prognosis.

It is well known that patient characteristics can affect cancer prognosis, for example

physical activity, dietary intake as well as use of commonly used medication such as

aspirin or non-steroidal anti-inflammatory drugs. However, a new area of research

has emerged which examines the characteristics of the tumours and how they impact

upon cancer progression. The aim of the systematic review was to examine research

to date which explored the relationship between FAS tumour expression and prostate

cancer progression. Previous research has shown that FAS expression is an

important predictor of cancer progression at sites other than the prostate e.g. ovarian
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cancer however none had examined its role in a systematic way in terms of prostate 

cancer progression. There was a large degree of heterogeneity between studies 

included in the systematic review which made it impossible to pool the individual 

study estimates. This is however the first systematic review to date to include all 

studies that have provided a measure of FAS expression in prostate cancer compared 

with normal tissue, as well as addressing its role as a prognostic indicator for 

prostate cancer progression/survival. The results demonstrated that six of the seven 

studies included in the review reported higher levels of FAS expression in prostate 

cancer tissue and considerably lower levels in the normal surrounding benign tissue.

7.2 Future Research

7.2.1 Future research in terms of FAS tumour expression and prostate cancer 
progression

The FAS systematic review has highlighted the need for additional research, which 

is currently limited, in order to make more definitive conclusions regarding its role in 

prostate cancer progression. Additional research in a number of areas could improve 

our understanding of its role in prostate cancer progression;

• Research to determine the exact mechanism of action of FAS expression in 

cancer tissue is warranted

• Future well-designed, high quality studies are required, (utilising larger 

samples of clinically representative patients) to determine if an association 

exists between levels of FAS expression in prostate tissue and the risk of 

progression

• Further investigations, using more stable FAS inhibitors are required to 

determine their effectiveness as a therapeutic target for prostate cancer

7.2.2 Future research in terms of the RCT
Firstly, the provision of simple, dietary and physical activity instruction to ADT 

treated prostate cancer patients is a potentially cost effective option for the NHS to 

implement, especially as evidence accumulates suggesting that treatment is 

associated with an increase in the risk of metabolic syndrome, CVD and Type 2 

Diabetes. A cost benefit analysis is necessary to establish the cost effectiveness of
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incorporating diet and physical activity counselling into the routine clinical practice 

of this group of patients.

Secondly, a RCT with long term follow-up is warranted with adequate power to 

assess the effect of diet and physical activity on prostate cancer-specific survival and 

overall survival. Also similar RCTs are required in future to evaluate the efficacy of 

diet and physical activity in incident cases only, to establish the effectiveness of the 

intervention on preventing the side effects associated with ADT before they occur as 

this is likely to have an even greater impact towards the prevention of other co

morbidities as well as on prostate cancer progression/survival.

Thirdly, the blood sample collected from patients at baseline and during both follow

up visits has not been used for analysis for this thesis. These serum/plasma samples 

could be utilised to examine a number of clinically relevant questions outlined 
below;

• Analysis to evaluate if the diet and physical activity intervention had an 

impact on circulating sex steroid hormones: serum testosterone, sex-hormone 

binding globulin; as well as growth hormones: IGF-1 and IGFBP-3

• Determine if the dietary and physical activity intervention had a positive 

impact on dietary biomarkers such as serum ferritin, antioxidant vitamins, 

dietary lipids (total cholesterol, high density lipoproteins, low density 

lipoproteins and triglycerides) and inflammatory markers such as C-reactive 

protein

• Utilise the Homeostasis Model Assessment (HOMA) (Matthews et al. 1985) 

to determine if the prescribed dietary and physical activity intervention had 

an effect on insulin resistance or beta cell function

• Similar to the experiment by Ornish et al 2005 (Ornish et al. 2005), the serum 

sample could be used in cell culture experiments to evaluate if the serum of 

men receiving the dietary and physical activity intervention inhibits the 

growth of a prostate cancer cell-line to a greater degree than men in the 

standard care control group
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Lastly, this research may also have the potential to benefit the health and well being 

of breast cancer patients who also suffer from similar side effects associated with 

hormone treatment.
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Patient* name: 

Hospital ID:

CONSENT FORM

A study to evaluate the efficacy of a 6 month dietary and physical activity 
intervention for prostate cancer survivors receiving hormone therapy

Nome of the researcher .......................... Please
initial
hox

1 1 confirm that 1 have read and understand the informatiim sheet, version 5 dated 01 May 2000 far 
the above study. 1 have had the opportunity to consider the information, ask questions and have had 
these answered satisfactorily.

□
2. 1 understand that my participation in the study is voluntary and that I am free to withdraw at any 

time without giving any reason, and without my medical core or legal rights being affected. □
3. I understand that relevant sections of my medical notes and data collected during the study, may he 

looked at by responsible individuals from Queen's University , from regulatory authorities or from 
the Belfast Trust, where it is relevant to my taking part in this research. I give permission for these 
individuals to have access to my records.

□
4. I give permission for trained researchers to examine relev ant sections of my medical records in 

order to extract data <for confidential storage i.c. independent of my name and address details) for 
analysis as pan of the study.

□
5. I agree to my GP being informed of my participation in the study. □
6. 1 agree to the confidential storage (i.e. independent of my name and address details) of the 3

repeated blood samples which 1 agree to donate for future research. 1 understand that this is a girt. □
7. I agree to take pan in the above study. □

Name of patient Date

Name of Person taking consent Date

Signature

Signature

Version 3 / 01 May 2009
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Patient Information Sheet

1. Study title

A 6 month dietary and physical activity intervention for men receiving hormone 
therapy for prostate cancer.

2. Invitation paragraph
You are being invited to take part in a research study that is being carried out in 
Northern Ireland. The research team is from Queen's University Belfast and the 
Cancer Centre at Belfast City Hospital. Before you decide to take part, it is important 
that you understand why the research is being done and what it will involve
Please take time to read the following information carefully and discuss it with others 
if you wish. Ask us if there is anything that is not clear or if you would like more 
information. Take time to decide whether or not you wish to take part.

Thank you for reading this.

3. What is the purpose of the study?

The aim of the study is to examine how improved diet and physical activity effect you 
while you are being treated with hormone therapy. We would like to collect 
information from you including your weight, overall quality of life and to measure any 
changes you experience over a 6 month period. We would like to gather information 
and blood samples from you over this 6 month period.

4. Why have I been chosen?

You have been chosen because you have been diagnosed with prostate cancer and 
you are receiving, or will receive, hormone therapy. All men with prostate cancer 
who are being treated with hormone therapy and attending the Cancer Centre at the 
Belfast City Hospital are being invited to take part in this research. We hope to talk 
to as many patients as possible in order to come to reliable conclusions.

3. Do I have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you 
will be asked to keep this information sheet and to sign a consent form (you will also 
keep a copy of the consent form). If you decide to take part you are still free to 
withdraw at any time and without giving a reason. A decision to withdraw at any 
time, or a decision not to take part, will not affect the standard of care you receive.

Version 3 (01 M ay 2009 Page 1 of S
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6. What will happen to me if I take part?

If you agree to take part, our study coordinator will contact you in order to arrange an 
appointment to meet you at Belfast City Hospital. We will send you some 
questionnaires to complete at home to measure your levels of stress, fatigue and 
overall quality of life. You will be randomly assigned to the intervention or non
intervention group, using a computer programme.

If you are allocated to the intervention group you will meet with a nutritionist 
(dietician) who will advise you based on your specific needs the changes that you 
can make to your current food intake and physical activity levels to make your 
lifestyle as healthy as possible over the next 6 months. The nutritionist will provide 
you with all the information you need to improve your diet including the type and 
amount of foods that should be eaten as well as recipes and tips to help you to make 
these changes. You will be offered a tailored physical activity intervention which is 
not strenuous and consists of brisk walking only and will be based on your baseline 
physical activity level. You will be asked to set a goal of increasing your activity 
every week. A pedometer (to measure the number of steps you take on a daily 
basis) will be provided to encourage you to comply with the physical activity 
intervention and as an independent measure of physical activity levels during the 
intervention period. We will also call you every 2 weeks for the first 3 months and 
every 3 weeks for the remainder of the study to make sure we can deal with any 
queries or questions you may have. You are always welcome to contact us at any 
other time during the study penod. with questions.

If you are in the non-intervention group you will also meet with the nutritionist and 
have the same measurements taken as those in the intervention group including a 
measure of your dietary intake and physical activity levels. You will be given 
standard care and will be telephoned every 3 weeks for follow-up during the 6 
months. The results of the two groups will be compared 3 and 6 months later.

The following information and samples will be collected from you during the study 
whether you are in the intervention or non-intervention group;

- Diet questionnaire - completed with the nutritionist at your first visit, 
month 3 and month 6

- Physical function - completed in person with the nutritionist during 
your visit at your first visit, month 3 and month 6

- Weight /Height / waist circumference/ mid-upper arm circumference 
/ body fat (a non-invasive method using callipers to measure the

Version 3/01 May 2009 Page 2 of 5
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amount of fat on your body. These measurements will be taken by 
the nutritionist at your first visit, month 3 and month 6.

- Quality of Life / fatigue/stress - these will be measured using the 
answers you provide in a questionnaire filled out by you alone at 
your first visit, month 3 and month 6.

- A fasting blood sample - a 30 ml blood sample will be taken by a 
qualified nurse at your first visit, month 3 and month 6. This will 
allow us to measure any changes that occur in your blood over the 
6 month period e.g. we can measure vitamin C in your blood and 
this should reflect what you have been eating.

- A questionnaire that will assess how keen and eager you are to 
make changes to your diet and physical activity level. This will only 
be measured at your first visit

7. What do I have to do?

You will be asked to sign a consent form, agreeing to provide the information and 
blood samples we need for this study (listed above in Q6). You will also be asked to 
provide consent for a trained researcher to examine your medical notes. Then all 
you have to do is complete the questionnaires, have some measurements taken 
including a measure of your weight, height, waist circumference and body fat, 
physical function which includes a test of balance, and a measure of walking speed 
Finally you will be asked to provide a 30 ml fasting blood sample to be taken by a 
nurse for our study.

8. What are the possible disadvantage and risks of taking part?

There are no major disadvantages of participating in the study. You are not being 
asked to take any additional medication and none of the standard treatments you 
receive will be affected by taking part.

The members of both groups will visit the researcher at Belfast City Hospital. 
Patients in the intervention group will follow the advice for dietary modification and 
physical exercise. It may change your food habit and activity pattern which may 
cause psychological stress. Anyone experiencing distress should contact the nurse 
specialist or doctor in charge of their care for advice and support. Alternatively, you 
can contact the research nutritionist in charge of this study at the number given at 
the end of this form.

Version 3/01 May 2009 Page 3 of S
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9. What are the side effects of any treatment received when taking part?

This study does not involve the administration of any drug or treatment procedures 
and therefore it is extremely unlikely that patients will experience any side effect as a 
result of taking part. We will offer a complete healthy lifestyle intervention which is 
adopted from American Cancer Society Nutrition and Lifestyle Guideline for cancer 
survivors.

10. What are the possible benefits of taking part?

For those in the intervention group we expect that the diet and physical activity 
intervention will prevent or reduce weight gain, and prevent or reduce the increase in 
body fat that can happen as a result of hormone therapy We also anticipate that if 
you are following the intervention you will feel better, have less fatigue and stress 
and an overall better quality of life. If you are in the control group you will receive 
information about your diet and will receive all the tips and guidance that the 
intervention group received, at the end of the 6 months so that you can also benefit 
entirely from the intervention.

11. What if something goes wrong?

This study does not involve the administration of any drugs or treatment procedures 
and therefore it is extremely unlikely that you will experience any harm as a result of 
taking part. In addition you may use the complaints procedures operated by your 
local Health Trust if you have any concerns about the way you have been 
approached or treated during the course of this study. We can assist you with these 
procedures, should the need arise, but we will of course make every effort to ensure 
that participation in the study will be an interesting and rewarding experience.

12. Will my taking part in the study be kept confidential?

If you agree to take part in the research, your data will be stored by the research 
team. This data may also be looked at by responsible individuals from Queen's 
University to check that the study is being carried out correcliy. Your GP will be 
notified of your participation in the research and will receive information about the 
study.

All information collected about you during the course of the research will be kept 
strictly confidential.

Version 3/01 May 2009 Page 4 of S
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13. What will happen to the results of the research study?

This research will take two years to complete. The results will be presented at 
professional conferences and to local cancer groups and published in scientific 
journals. You will not be identified in any publication, or presentation.

14. Who is organising and funding the research?

Tuition fees and salary of the researcher are paid by a Queen's University Overseas 
Research Students Awards Scheme (ORS) and the project costs will be supported 
by funding from Queen's University, Belfast.

13. Who has reviewed the study?

This research project has been approved by the Office for Research Ethics 
Committees Northern Ireland.

16. Further information and contact details

If you have any questions that have not been answered here, please contact us for 
further information The contact details for the study coordinator are provided below:

Roisin O'Neill
PhD Student
Centre for Public Health
Dept of Epidemiology and Public Health
Institute of Clinical Science B
Queen's University Belfast
Royal Group of Hospitals
Grosvenor Road
Belfast, UK
BT12 6BJ
(Mobile): 07541033800

Version 3/01 May 2009 Page 5 of 5
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Centre iW Public Health 
Queen's University Belfast 
Institute of Clinical Science B 
Royal Group of Hospitals 
Grosvenor Road 
Belfast BT12 6BJ 
Tel: 44 7541033800 
Fax: 44 2890 235900 
www.gub.ac.uk

Dear Dr

A team at Queen's University Belfast is carrying out a Randomized Control Tnal (RCT) to evaluate the 
efficacy of a 6 month diet and physical activity intervention for prostate cancer patients receiving 
androgen deprivation therapy in Northern Ireland.

We would like to inform you that your patient___________________ has consented to participate in
this study led by Dr Joe 0 Sullivan. Consultant Clin cal Oncologist a! the Cancer Centre. Belfast City 
Hospital The patient has been enrolled into the [insert intervention or non-intervention] group of the 
study.

The study will involve the completion of questionnaires to assess dietary intake, physical activity levels, 
perceived stress, quality of life and fatigue. Each patient will also have amhropometnc measurements 
taken including weight, height waist hip ratio and skinfold thickness as well as a 30 ml blood sample to 
assess antioxidant status. C-reactive protein and cholesterol levels

The intervention group will meet individually with a nutntiomst to receive dietary advice based on their 
usual Intake, measured at baseline m order to encourage them to adopt a diet that is commensurate 
with current dietary guidelines to meet the following criteria:

a) Eart 5 or more servings of vegetables and fruits per day
b) Reduce total fat intake 30% - 35% of total energy, with <10% saturated fat intake
c) Limit polyunsaturated fat intake to 10% of daily total energy intake
d) Limit consumption of processed meats
e) Eait fibre-rich foods. Aim to consume 25g to 35g of fibre daily
f) Limit alcohol intake to £28 units' week
g) Limit intake of foods high in salt andfor sugar.

Version 3 / 01 May 2009
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Centre tor Public Health 
Queen's University Belfast 
Institute of Clinical Science B 
Royal Croup of Hospitals 
(irosvcnor Road 
Belfast BTI2PBJ 
Tel: 44 7541033*00 
Fax: 44 2*00 235900 
www.aub.ac.uk

Participants will also be encouraged to include at least 30 minutes of brisk walking per day in addition 
to their usual activities on 5 or more days of the week Men in the control group will receive standard 
care dunng the intervention penod but will be offered the same guidebook at the end of the 6 month 
interverrlion.

Please do not hesitate to contact me if you have any queries about this study at Ihe number above. 

Roisin O’Neill

Version3/01 May 2009
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Modify your diet and lifestyle

4iL

Name............................................................. DoB...... /......../
ID Number......................
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How to use the Food Pyramid

The Food Pyramid balances foods in the amounts needed to make sure that 
you get all the energy and vitality that you need. You can see at a glance 
that most of your food should come from the breads cereals and potatoes 
shelf and from the fruit and vegetables shelf. Fats, biscuits, cakes, 
confectionary and high fat food snacks can be enjoyed as part of a healthy 
eating plan, but in limited amounts. Choosing foods from each shelf in the 
food pyramid in the correct amounts will provide you with the balance of 
energy, protein vitamins and minerals you need each day. Energy should 
come from the breads, cereals and potatoes shelf, and from the fruit and 
vegetable shelf.

Foods that contain similar nourishment are grouped together and can be 
interchanged. This allows you flexibility of choice, and provides the variety 
you need for good health - plenty of variety is the key to getting the balance 
right!

Amounts to eat from each shelf of the pyramid

Breads cereals and potatoes

Choose 6 of the following each day: Note to researcher (alter this amount 
based on energy requirements assessed at baseline)
• 1 bowl of breakfast cereal or
• 1 slice of bread or
• 3 dessertspoons of cooked pasta/rice or
• 1 medium potato - boiled or baked

Fruit and vegetables
Choose at least 5 or more of the following each day
• Yz a glass of fruit juice or
• 3 dessertspoons of cooked vegetables or salad or
• Small bowl of homemade vegetable soup or
• 1 medium sized fresh fruit or
• 3 dessertspoons cooked fruit or tinned fruit (preferably in its own juice)
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Milk, cheese and yogurt
Choose any 3 of the following each day
• 1/3 of a pint of milk or

• 1 carton of yogurt or
• 1 oz of Cheddar cheese or Edam or Blarney 

Note: Choose low fat choices frequently

Meat, fish and alternatives
Choose any 2 of the following each day
• 2oz cooked lean meat or poultry or
• 3oz cooked fish or
• 2 eggs (not more than 7 per week)
• 9 dessertspoons cooked peas/beans or
• 2oz Cheddar type cheese (preferably low fat) or
• 3oz nuts

Use these foods sparingly:

Oils and fats
Use about loz low fat spread/low fat butter or Vi oz margarine or butter each 
day. Use oils sparingly.

Sugars, confectionary, cakes, biscuits and high fat snack foods
If you drink or eat snacks containing sugar, limit the number of times you 
take them throughout the day. Eat high fat snacks in only small amounts, 
and not too frequently. Choose lower fat, sugar free alternatives.

Alcohol
In moderation, preferably with meals and have some alcohol free days
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Meal Plan

[To be modified for each individual based on their baseline dietary intake]

Breakfast

____slices of wholemeal or wholegrain bread or 2 oz wholegraln cereal

______pint low fat milk

Or

1 boiled egg plus grilled tomatoes/ mushrooms/

Or

____slices wholemeal/ wholegrain bread 3-4 oz baked beans/

Snack

Piece fruit (insert other appropriate options based on baseline diet)

Lunch

____slices bread or____ oz pasta/rice or baked potato

2 oz chicken/meat/fish/beans/ cheese 

1 cup salad (lettuce/cucumber/peppers/onions)

Snack

Piece fruit/low fat yoghurt 

(insert other appropriate options based on baseline diet)
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Dinner

4oz chicken/fish/meat/beans

1 large potato or 2 medium potatoes (baked/boiled) or 2 oz pasta/rice 

2 servings vegetables 

Piece fruit/ sugar free jelly/ low fat yoghurt

Snack

2 digestive biscuits/ oat biscuits/ nuts/popcom 

(insert other appropriate options based on baseline diet)

Total milk per day pint

Total butter / spread per day________ oz! pats

Guidelines for a healthy life
• Plenty of fruits and vegetables
• High fibre - whole grains and 

beans/legumes
• Low fat diet
• Limit simple sugars
• Adequate fluids
• Be physically active

Why more fruits and vegetable?
Fruits and vegetables contain vitamins, minerals, and fibre as well as various 
cancer-fighting agents (examples: carotenoids, lycopene, flavonols). Try to 
eat at least five servings per day
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One serving is equal to

• One medium piece of fruit
• Vz cup cut-up fruit
• 1 cup green salad
• ’/z cup cooked peas or beans (baked beans/ kidney beans/lentils/broad 

beans / pinto beans)
• 'A cup dried fruit (raisins, sultanas, cranberries)
• ¥4 cup or 6 fl oz fruit or vegetable juice
• 1 cup carrots/ parsnips/broccoli/cauliflower/spinach

It's not very difficult to adopt the healthy eating plan. Here are some
ways to get started:

Change gradually.....
r If you now eat one or two vegetables a day, add a serving at lunch and 

another at dinner.
^ If you don't eat fruit now or have only juice at breakfast, add a serving 

to your meals or have it as a snack.
Gradually increase your use of fat free and low fat dairy products to 
three servings a day. For example, drink milk with lunch or dinner, 
instead of soda, sugar-sweetened tea, or alcohol. Choose low fat (1 
percent) or fat free (skim) dairy products to reduce your intake of 
saturated fat, total fat, and calories.
Read food labels on margarines and salad dressings to choose those 
lowest in saturated fat.
If you now eat large portions of meat, cut them back gradually—by a 
half or a third at each meal.
Include two or more vegetarian-style (meatless) meals each week e.g 
omelette or a casserole that has beans in it rather than meat.

^ Increase servings of vegetables, rice, pasta, and dry beans in meals. 
Try casseroles and pasta, and stir-fry dishes, which have less meat and 
more vegetables, grains, and beans.

^ Choose whole grain foods to get added nutrients, such as minerals and 
fibre. For example, choose whole wheat bread or whole grain cereals.
Use fresh, frozen, or canned vegetables.

♦- Try these snacks ideas: unsalted pretzels or nuts mixed with raisins; 
crackers; low fat and fat free yogurt and frozen yogurt; popcorn with no 
salt or butter added; and raw vegetables.
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To include 5 or more fruit and vegetable servings per day

- 2-3 pieces of fruit and
- 1 cup or more of vegetables with lunch and dinner and
- 6 fl oz fruit juice

To include 25-35 grams of fibre dally
- 1 serving beans/legumes and
- At least 2 servings of whole grains per day.
- Choose breads with three or more grams of fibre per slice 

and try to chose wholegrain/ wholemeal bread instead of 
white bread, cereals include oat (porridge)

- 2 tablespoon flaxseed per day

Limit fat
- Reduce you intake of processed meats (sausages, black 

and white pudding, meat pies and the visible fat on meat 
and fried foods

- Try to include healthy fats in your diet such as such as 
salmon, trout, herring, sardines, flaxseed, walnuts, 
soybeans, avocadoes, and olive oil.

Saturated fat
- Limit your use of butter, mayonnaise, baked goods, and 

regular salad dressings due to high saturated fat and total 
fat content. Consider rice vinegar, balsamic vinegar, lemon 
juice, or salsa as alternative salad dressings.

- Limit cheese consumption to 1 oz per day.

Limit sugar
- Limited amounts of foods made with refined flours or 

refined grains, alcohol, and sweets, cookies, cakes, and 
pies.

Drink plenty of water — about 6-8 glasses a day
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Rate your plate
A cancer-fighting diet emphasizes vegetables, fruits, whole grains, legumes, 

and lean protein sources. Vegetables, fruits, and other plant foods are 

abundant with antioxidant nutrients.

It's important to rate your plate at every meal by 

including:
• Va of your plate filled with vegetables

• Vi of your plate filled with either chicken, 
or fish or lean meat

• ’A of your plate with wholegrain foods 

(for example wholemeal or whole grain 

bread or whole wheat pasta or brown rice)

Glass of water r J

Make sure your lunch and dinner plate 
looks like this

Lunch/Dinner Plate
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This Is the list of healthy snacks
• 1/4 cup nuts and a fruit
■ 2-3 whole grain crackers with peanut butter
• 1 slice of whole grain bread with natural peanut butter
■ Carrots, cherry tomatoes, cucumber or celery sticks with a canola or 

olive oil based salad dressing
• Popcorn trail mix: 1 cup of popcorn made with non-trans fat oil and 

mixed with 1/4 cup of nuts and 2 TBSP raisins
• Low-fat yogurt with 2-3 TBSP chopped nuts
■ Peanut butter smoothie: 1 cup of low fat vanilla yogurt, banana and 

1 TBSP of natural peanut butter
• Fruit smoothie: Blend a 6oz. low-fat vanilla yogurt, 1/2 cup of skim 

milk, 1 cup of fresh or frozen berries (strawberries, raspberries or 
blueberries)

■ Fresh fruit or vegetables with 1/2 cup of low-fat hummous
• A hard-boiled egg with a piece of whole grain toast
• 1 cup of whole grain cereal with low fat milk
• Oatmeal with chopped nuts and low fat milk
• Sliced apple or banana with peanut butter
• Low fat cheese (edam) with 2-3 whole grain crackers
• Hummus with cut veggies or whole wheat pita bread
• Minestrone, chicken vegetable or lentil soup with whole grain 

crackers
• Small green salad with flaked tuna or chicken strips served with a 

canola oil or olive oil dressing
• A cup of low-fat, flavoured yogurt
• Wrap: 1/2 whole wheat tortilla with tomato and a few turkey slices, 

chicken, ham, or some canned salmon

Limit alcohol drink
If you drink at all, limit consumption to no more than 2 drinks a day.

What is considered one drink?
- 125 mis or 5 oz of wine
- Half a pint of beer
- 1.5 oz of spirit (I measure)

All alcohol contains calories and if you are trying to lose weight cutting back 
on your alcohol intake will make weigh loss much easier.
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Alternative meal suggestions
Breakfast
Breakfast #1 (Energy-326kcal Fat-7g Sugars-29g Fibre-15g)
Bran cereal 4 tbsp (40g)
Skimmed milk lcup(lOOg)
Grapefruit/Orange >4/I fruit (160g)
Tea/Coffee without sugar, with/without skimmed milk 1 cup(190g)
Wholemeal bread, toast 1 slice (31g)
Low fat butter 1 tsp (5g)
Breakfast H2 (Energy-342kcal Fat -7g Sugars - 23g Fibre - 7g)
Oatmeal, cooked 4 tbsp (60g)
Apple/pear diced 1 fruit (lOOg)
Skimmed milk Xcup(lOOg)
Grapefruit/tomato/fruit juice 1 cup (SOg)
Tea/Coffee without sugar, with/without skimmed milk 1 cup (190g)
Breakfast #3 (Energy-304kcal Fat-7g Sugars-21g Fibre-4g)
Wholemeal bread, toast 2 slices (62g)
Cheese, reduced fat or fat free 2 slices (2Sg)
Low fat butter Itsp (5g)
Sliced tomato X (40g)
Fruit juice/fruit 1 cup/lfruit (160g)
Tea/Coffee without sugar, with/without skimmed milk 1 cup (190g)
Breakfast #4 (Energy-334kcal Fat-7g Sugars-42g Fibre-3g)
Whole grain cereal 4 tb spoon (SOg)
Skimmed milk 1 cup(lOOg)
Banana 1 medium (100)
Tea/Coffee without sugar, with/without skimmed milk 1 cup (190g)
Breakfast #5 (Energy-272kcal Fat-lOg Sugars-18g Fibre-2g)
Bran muffin/whoie meal scone, low-fat. 1 med (SOg)
Margarine, low fat. 1 tsp (5g)
Fruit (orange) /fruit jutte unsweetened 1 fruit/1 cup (160g)
Tea/Coffee without sugar, with/without skimmed milk 1 cup (190g)
Breakfast #6 (Energy-306kcal Fat-lOg Sugars-13g Fibre-5g)
Wholemeal toast 
Low fat butter 
Hardboiled egg 
Melon/orange/apple
Tea/Coffee without sugar, with/without skimmed milk 
Breakfast#? (Energy-315kcal Fat-3g Sugars-26g Fibre-5g) 
Wholemeal bread/toast 
Low fat butter/ jam 
Scramble egg
Fruit/ fruit Juice, unsweetened 
Tea/Coffee without sugar, with/without 
BreakfastftS (Energy-306kcal Fat-6g 
Muesli
Skimmed milk
Fruit/ fruit Juice, unsweetened 
Tea/Coffee without sugar, with/without skimmed milk

skimmed milk 
Sugars-30g Fibre-7g)

2 slice (62g)
Itsp (Sg|
1 (SOS)
1 large slice/lfruit (175g) 
1 cup (190g)

2 slice (62gJ 
Itsp (8g)
1 (SOg)
Ifruit/lglass (160g) 
1 cup (190g|

4 tbsp (SOg)
1 cup(lOOg) 
Ifruit/lglass (160g) 
1 cup (190g)
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Breakfast#!) (Energy-386kcal Fat-13g Sugars-9g Fibre-8.7g)
Baked Beans in Tomato Sauce, Healthv Balance, Heinz VS Small Can (80g)
1 grilled sausage ipc (20g)
Tomato, grilled Imed (85g)
Egg, poached 1 (SOg)
Tea/Coffee without sugar, with/without skimmed milk 1 cup(190g)
Wholemeal bread, toast 2 slices (62g)
Low fat butter ltsp(5g)
Breakfast#10 (Energy-262kcal Fat-9g Sugars-9g Fibre-Sg)
Wholemeal bread 2 slice (72g)
low-calorie/low sugai jam/peanut butter 2 tsp (12g)
Fruit (plum)/ fruit Juice, unsweetened lfruit/1 glass (SSg)
Tea/Coffee without sugar, with/without skimmed milk 1 cup(190g)
Breakfast #11 (Energy-275kcal Fat-3g Sugars-26g Fibre-6g)
Banana on toast (2 small slices of wholemeal bread and a small banana) 1
Fruit (kiwi)/ fruit Juice, unsweetened Ifruit/lglass (60g)
Tea/Coffee without sugar, with/without skimmed milk 1 cup (190g)
Breakfast #12 (Energy- 330kcal Fat - Sg Sugars -34g Fibre -4.8g)
Fruit Salad One bowl (140g)
Natural fat-free fruit yogurt 1 small pot (150g)
Porridge Oats (made with water, no sugar) 4tb spoon (HOg)
Tea/Coffee without sugar, with/without skimmed milk 1 cup(190g)
Wholemeal toast 1 slice (31g)
Lowfat butter >S tsp <2.Sg)
Breakfast#13 (Energy-405kcal Fat-16g Sugars-2Ig Fibre-Sg)
Omelette with little oil, skimmed milk, mushrooms (1 egg, Itb spoon 1 USOg)
milk, 4/5 mushrooms, V5 tbsp tomato, VS tbsp onions)
Whole meal toast 2 slice (62g)
Fruit/fruit Juice, unsweetened Ifruit/lglass (160g)
Tea/Coffee without sugar, with/without skimmed milk 1 cup(190g)
Breakfast#14 (Energy- 346kcal Fat-9g Sugars-20g Fibre-Sg)
Porridge 1 medium bowl
Skimmed milk VS cup
Tea/Coffee without sugar, with/without skimmed milk 1 cup (190g)
1 piece of fruit( apple, banana, orange, strawberries) lcup(lOOg)
Wholemeal toast 1 slice (31g)
Low fat butter VS tsp (2,5g)
BreakfastfflS (Energy- 357kcal Fat-Sg Sugars-23g Fibre-6g)
Weetabix 2 pc (40g)
Skimmed milk leup (lOQg)
Fruit/ fruit Juice, unsweetened Ifruit/lglass (160g)
Tea/Coffee without sugar, with/without skimmed milk 1 cup(190g)
Wholemeal toast 1 slice (31g)
Low fat butter VS tsp (2.5g|
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Snacks
Fruit, large (Melon)-1 slice (175g)
(Energy - 42kcal Fat -Og Sugar - lOg Fibre - Ig)
Fruit, medium (Orange/apple/banana)-1 whole fruit (lOOg) 
(Energy - 47kcal Fat - Og Sugar -12g Fibre -2g)
Fruit, small (Berries) - 2 handful/ X cup/lOpc (50g) At least 2-3 serving/day
(Energy -13kcal Fat - Og Sugar - 3g Fibre 2g) 1 servings at midday
Fruit, canned in juice- 3 table spoon (115g) 1 servings at afternoon
(Energy -33kcal Fat-Og Sugar-8g Fibre-lg)
Fruit, dried-1 heaped table spoon (2Sg)
(Energy -67kcal Fat- Og Sugars- 17g Fibre- Ig)
Nuts and seeds-2 table spoon (40g)

1 servings before sleeping

(Energy- 192kcal Fat- 14g Sugars- 12g Fibre- 2g)
Packet of low fat chips
(Energy - USkcal Fat -SgSugars-Og Fibre -lg)

1 pack/day (25g)

Low fat fruit yoghurt
(Energy -62kcal Fat Og Sugars - 9g Fibre - Og)

1 small pot/day (I50g)

Cream crackers 2(14g)
(Energy - SSkcal Fat -2g Sugars - Og Fibre - Og)

Lunch
Lunchffl (Energy-527 kcal Fat-7g Sugars-27 g Fibre-5g)
Wholemeal bread filled with - 

-Thin turkey 
-Cranberry sauce 
-Salad

Any fruit, orange
luochff2 (Energy-279kcal Fat-8g Sugars-16g Fibre-5g)

2 slices (72g)
6 slices (240g)
2tsp(30g)
1 handful (30g)
1 fruit (120)

Brown bread roll filled with
- grated reduced-fat Cheddar cheese
- pickles
- salad

Any fruit
LunchflB (Energy- 441kcal Fat - 2g Sugars - 20g Fibre - 6.88g)

10cm/5" piece (48g)
4tbsp (40g)
Itbsp (33g)
1 handful (30g)
1 fruit (lOOg)

Jacket potato with
- low fat cottage cheese.

Melon
Salad
LunchM (Energy-245kcal Fat-4g Sugars-3g Fibre-112g) 
Grilled chicken breast
Boiled vegetable
Gravy, made with water 'add bread/potato*

1(220g)
Stbsp (lOOg)
1 large slice (175g)
1 cereal bowl (80g)

1(130g)
6 heaped tbsp (90g)
3 tbsp (45g)

LurvchKS (Energy-526 kcal Fat-12 g Sugars-6g Fibre-lOg)
Baked potato
Heinz" baked beans
Grilled salmon * reduce calories'

1 medium (180g)
VS tin (135g)
1 pc/ 3 oz (85g>
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Limchttti
A subway sandwich of any kind that had 6 grams fat or less. 6" size (no cheese)
Any fruit
Lunch#? (Energy-55Ikcal Fat-4g Sugars-7g Fibre-llg)

1
1 fruit

Grilled chicken 1 breast (180g)
Baked Potato 1 medium (135g)
Small Salad 3 heaped tbsp (60g)
Heinz baked beans % tin (135g)
Luoch#8 (Energy-277kcal Fat-7g Sugars 277-g Fibre-4 g)
Wholemeal roll filled with 1 med/5" <48g)

tuna (canned in brine) V> tin (92g)
reduced calorie mayonnaise 2tsp (15g)

Mixed salad 1 cereal bowl (lOOg)
lunch#9 (Energy- 330kcal Fat - 6g Sugars -15 g Fibre - 4g)
Brown bread 2 slice (72g)

Tuna (canned in brine) K tin (92g)
Low fat mayonnaise 2tsp(15g)

Any fruit 1 fruit (lOOg)
Lunch#10 (Energy-289kcal Fat-7g Sugars - 5g Fibre - Ig)
Birds eye "Captain's Fish pie" frozen meal* 1 (220g)
Mixed Vegetables 'increase calories/ fibre* 6 heapedtbsp(90g)
Lunch#ll (Energy-382kcal Fat-14g Sugars-24g Fibre - 7g)
Mushroom soup, low fat 1 cup (220g)
Wholemeal bread 2 slice (72g)
Low calorie butter 2 tsp (lOg)
Any fruit (pears) 1 fruit (160g)
Lunch#12 (Energy- 663kcal Fat-2Sg Sugars - 14g Fibre-5g)
Wholemeal pasta 1
Tuna in brine a tin
Onion Itbsp
Sweet-corn Itbsp <30g|
Reduced fat mayonnaise Itbsp (15g|
Any fruit 1 fruit (lOOg)
Lur>ch#13 (Energy-343kcal Fat-llg Sugars-7g Fibre-4g)
French bread Pizza* 150 grams
Mixed Salad Large portion 1 cereal bowl (80gj
Lunch#14 (Energy-191kcal Fat-lg Sugars-8g Fibre-4g)
Rye crisp breads no butter 3(30g)
Low fat cottage cheese 1 slice (40g)
Tuna in brine mixed with low fat mayonnaise >4 tin (45g)
Any fruit (Clementine) 1 fruit (60g)
LurtchfflS (Energy-458kcal Fat-4g Sugars-19g Fibre-3g)
Wholemeal Pita bread with 1 (75g)

grilled chicken 1 breast (130g;
mixed salads 3 heaped tbsp(30g)
low-fat dressing Itsp(lOg)

Fruit juice, unsweetened 1 glass (160g)
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Lui>eh#16(Energy-561kcal Fat-17g Sugars-13g Fibre-Bg) 
Brown baguette with

- Egg, boiled
- Salad
- low-fat mayonnaise 

Any fruit (kiwi)
i Lunch#17 (Energy-586kcal Fat-2 Sugars-24g Fibre-17g) 

Baked potato with
- Beans
- Low calorie cheese

Any fruits (pears)________________________________________
lunditflg (Energy—671 kcal Fat—12g Sugars —2Sg Fibre -6g) 
Pasta, cooked
Steamed vegetables (i.e. broccoli, cauliflower)
Tomatoes, tin 
Chicken boiled
Salad dressing, reduced-fat or fat-free 

Fruit juice, unsweetened
•Calories should be less than 350 kcal in any ready meal

1(160g)
IfSOg)
6 heaped tbsp (80g) 
Itsp(lOg)
1 fruit (60g)

2 medium (330g) 
Stin(135g)
1 slice (20g)
1 fruit (160g)

6 heapedtbsp(220g)
3 heapedtbsp(90g) 
V, tin (200g)
K breast (lOOg)
1 tbsp (15g)
1 glass (160g)

i

Dinner
Dinner#! (Energy-502kcal Fat-18g Sugars-22g Fibre-lOg)
Vegetable Pie 1 medium (340g)
Boiled beans or peas half cup K cup (lOOg)

| Fruit yogurt  1 small pot (150g)
Dinner#2 (Energy629kcal Fat-13g Sugars-34g Fibre- 6g)
Grilled Salmon steak lpc/6oz(i70g)
Baked potatoes 1 medium (175)
Steamed Vegetables 6 heaped spoon (180g)
togurt or sugar free jelly 1 pc(150g)
Dinner#! (Energy 345kcal Fat - 6g Sugars - 5g Fibre - 6g)
Chicken breast, skinless, boiled/grilled l(130g)
Boiled potatoes 2 small (120g)
Carrots, cooked tbsp (60g)
Steamed broccoli tbsp (85g)
Gravy made with water 2tbsp (70g)
Dinner## (Energy 628kcal Fat-27g Sugars - l&g Fibre- 5g)
Pork chops, trimmed, pan fried 1 Chops (170)
Steamed broccoli and cauliflower V* cup % cup/3 heaped tbsp (85g)
Baked potato 1 small (120g)
Low fat margarine. 2 tsp (lOg)
Fruit /fruit juice, unsweetened 1 fruit/lglass (160g)
DinnerKS (Energy-445kcal Fat-15g Sugars-22g Fibre- 6g)
Spaghetti, cooked (wholemeal pasta) 1 Vi cups/ 6 heaped tbsp (250g)
Tomato and meat sauce, made with lean ground meat 1 cup
(mushrooms and onions)
Green salad (lettuce, cucumber, tomato) 1 small bowl (60g)
Garlic whole grain bread, toasted 1 slice (30g)
Fruit 1 fruit(160g)
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Dinner#6 (Energy - 622kcal Fat - 4g Sugars-30g fibre - 8g)
Barbecue chicken:
Grilled chicken, skinless. 1 medium breast (!30g)
Barbecue sauce Xcup(70g|
Baked beans X cup (80g)
Baked potato 1 medium (180g)
Yogurt, reduced-fat, light 1 small pot (150g)
Dinner#? (Energy -412kcal Eat - 7g Sugars - 20g Fibre - 6g)
White fish, cooked 1 stake (!20g)
Baked potato ! small (lOOg)
Parsley/white sauce (low fat) 2 tbsp (30g)
Peas and carrots, cooked % tup(3Sg)
Fruit /fruit juice, unsweetened 1 fruit/1 glass (160g)
DinnerDS (Energy 512kcal Fat-15g Sugars-22g Fibre-4g)
Vegetable soup, canned 1 bowl (220g)
Whole wheat crackers/ oat cake 6 pc (78g)
Green salad 1 cup (60g)
Salad dressing, reduced-fat or fat-free. Itbsp(lSg)
Low fat fruit yogurt 1 pot (150g)
Dinner#9 (Energy 439kcal Fat-19g Sugars-21g Fibre-3g)
Pitta, froten, thin crust 2 med. slices (150g)
Green salad ! cup (60)
Salad dressing, reduced-fat or fat-free Itbsp(lSg)
Fruit /fruit juice, unsweetened 1 fruit/1 glass (!60g)
Dinner#10 (Energy-263kcal Fat-7g Sugars-18g Fibre-4g)
Prawn cocktail:

Prawns 2 heaped tbsp (50g)
Onions 1 tbsp (30g)
Tomatoes Itbsp (30g)
Seafood sauce 1 tbsp (15g)

Wheaten bread 1 piece (36g)
Fruit (applej/fruit juice, unsweetened 1 fruit/ Iglasss (lOOg)
Dinner#!! (Energy-SIBkcal Fat-9g Sugars-28g Fibre-lOg)
Spaghetti, cooked 1 Yi cups (230g)
Mixed vegetables (broccoli, cauliflower) cooked Vi cup (90g)
Spaghetti sauce X cup (60g)
Green salad 1 cup (80g)
Garlic whole grain bread 2 slice (30g)
Fruit /fruit juice, unsweetened 1 fruit/1 glass (160g)
Dinner#!! (Energy-534kcal Fat-lOg Sugars-18g Fibre-7g)
Beef and broccoli stir-fry:
Beef, lean, trimmed 80 gm/ldeck of card
Broccoli K cup (8Sg)
Carrots X cup (60g)

Brown rice 1 cup (180g)
Green salad 1 cup (80g)
Salad dressing, reduced-fat or fat-free 1 tbsp (15g)
Low fat yogurt 1 pot (150g)
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Dinner#13 (Energy 498kcal Fat - 27g Sugars - 39g Fibre-6g)
Frozen ready dinner* 1 meal (420g)
Green salad 1 cup (80g)
Salad dressing, reduced-fat or fat-free. Itbsp (15g)
Piece of fruit (Melon, honeydew) 1 piece (200g)
Low fat yogurt IpotllSOg)
Dinner«14 (Energy 503kcal Fat - 12g Sugars - 27g Fibre -4g)
Vegetable Curry with plain Rice "Take away meal" or any other 1 meal (400g)
ready meal*
Low fat yogurt Ipot(lSOg)
Fruit 1 fruit (lOOg)
Dinner#lS (Energy-545kcal Fat-20g Sugars - 25g Fibre-9g)
Lasagne "Birds Eye" Menu Master frozen* 1 meal (420g)
Mixed Vegetables 3 heaped tbsp (90g)
Low fat yogurt 1 pot (ISOg)
D!nner#16 (Energy -599kcal Fat -26g Sugars - 16g Fibre -6g)
Chicken Chow Mein "St Michael"* 1 meal (350g)
Mixed vegetables 3 heaped tbsp (90g)
Fruit (apple)/fruit juice, unsweetened 1 fruit/1 glass (lOOg)
Dinnerttl? (Energy-499kcal Fat-14g Sugars-7g Fibre -4g)
Quick Chicken Wrap-

Flour tortilla (6-8") K65g)
Cooked chicken 1 breast (130g)
Low-fat shredded cheese Itbsp (20g)
Tomato, 1/2 tsp dried herbs 1 medium (65g)
Salad 1 cup (80g)

Fat-free or low-fat dressing 1 tbsp (15g)
0inner»18 (Energy-380kcal Fat-9g Sugars-6g Fibre-6g)
Roast Chicken breast (without skin) 1 breast (130g)
Potatoes, mashed with 30 ml semi-skimmed milk 1 medium (200g)
Broccoli, steamed or boiled 3 heaped tbsp (85)
Carrots, boiled 3 heaped tbsp (40g)
Gravy, made with water Kcup|70g)
Dinner*19 (Energy- 408kcal Fat-2g Sugars-28g Fibre-14g)
Baked potato 1 large (195g)
"Heinz" baked beans Htin (190g)
Low fat cheese (e.g. cottage cheese) 2tbsp (40g)
Salad fruits &/or vegetables 1 bowl (200g)
1 pot of sugar free jelly lpot(125g)
Dinner#20 (Energy- 603kcal Fat-28g Sugars-20g Fibre-5g|
Beef Stew 8< Dumplings "Birds eye Menu Master”* 1 meal (270g)
Steamed Mixed vegetables 6 heaped tbsp (90)
Fruit (apple)/ fruit juice, unsweetened 1 fruit/lglass (100)

- Try to flavour foods with herbs and spices rather than creamy sauces.

- Avoid adding additional salt to foods, especially readymade meals.

- Take 2 tbsp flaxseed everyday
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Appendix 5: Data Collection 
Instruments (Self-administered)
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.o>o: uLLunn
GROl P SLNO IIOSPID

Quality’ of Life Questionnaire 
(FACT-G and FACT-P)

Dietary and physical activity intervention for prostate cancer sun Ivors
Cancer Epidemiology and Prevention Research Group 

Centre for Clinical and Population Science

Patient's Initials IN IT
Serial Number SNUMB

Hospital ID HOS1D

Patient's Birth Date idd mmyy) 1 1 BDATE

Date of fill-up form (dd mm yy) u SDATE

Below is a list of statements that other people with your illness have said are important. By
circling one (1) number per line, please Indicate how true each statement has been for you 
durine the past 7 das s.

PHYSICAL WELL-BEING Nol
at all

A little
bit

Some
what

Quite 
a bit

Very
much

on ! have a lack of energy. .............................................. 0 i 2 3 4

un 1 have nausea..................... ........................................... 0 i 2 3 4

€ir» Because of my physical condition. I have trouble 
meeting the needs of my familv.................................... 0 i 2 3 4

t.r* 1 have pin.................................... ............................. 0 i 2 3 4

or* 1 am bothered by side effects of treatment.................... 0 i 2 3 4

of* I feel ill.......................................................................... 0 i 2 3 4

or- 1 am forced to spend time in bed.................................. 0 i 2 3 4

Version 3 01 May 2009
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^ot- nznaij
GROUP SUNO HOSPID

By circling one (1) number per line, please Indicate how true each statement has been for you 
during the past 7 days.

SOCIALFAMILV WELL-BEING ’'"t
at all

1 feel close to my friends.......................................................... 0

I get emotional support from my family................................ 0

I get support from my friends.................................................. 0

My family has accepted my illness......................................... 0

I am satisfied with family communication about my
illness.......................................................................................... 0

I feel close to my partner (or the person who is my main 
support)....................................................................................... 0

ReganUess af raur currem level u) sexual activity, please 
answer the U*llmviny question- If you prefer not to answer 
it. please eheek this hox j ] and go to the next section.

I am satisfied with mv sex life.................................................. 0

A little Some- Quite Vers 
bit what a bit much

By circling one (1) number per line, please Indicate how true each statement has been for you 
during the past 7 days.

EMOTIONAL WELL-BEING Not
al all

A little
bit

Some
what

Quite 
a bit

Very
much

tm 1 feel sad................................................................................ ..... 0 i 2 3 4

ut? I am satisfied with how 1 am coping with mv illness..... ..... 0 i 2 3 4

ctt:» I am losine hope in the fight acainst mv illness............... ..... 0 i *> 3 4

(Hat I feel nervous........................................................................ ..... 0 i 2 3 4

aw 1 worry about dying............................................................. ..... 0 i ■> 3 4

Clfcb 1 worry that my condition will cet worse.......................... ..... 0 i 2 3 4

Version 3/01 May 2009 r«.:
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■ONO: L LLLJD3
GROt'P SLNO HOSPID

By circling one (1) number per line, please Indicate how true each statement has been for you 
during the past 7 day s.

FUNCTIONAL WELL-BEING No.
at all

l am able to work (include work at home)............................... 0

A little Some- Quite
bit u bat a bit

1 2 3

Very
much

4

on

on

€#*

an

(iTa

I -

My work (include work at home) is fulfilling.......

I am able to enjoy life...............................................

I hav e accepted my illness.......................................

I am sleeping well......................................................

I am enjoying the things I usually do for fun.........

I am content w ith the quality of my life right now

0

0

0

0

0

0

3 4 

3 4 

3 4 

3 4 

3 4 

3 4

By circling one (I) number per line, please Indicate how true each statement has been for you 
during the past 7 days.

ADDITIONAL CONCERNS Not
at at!

A little Some- Quite 
bit w hat a bit

Very
much

n

T4

l am losing w eight.......................................................

I have a good appetite.................................................

1 have aches and pains that bother me......................

I hav e certain parts of my body w here I experience 
significant pain......................... ............. .....................

My pain keeps me from doing things I want to do

1 am satisfied with my present comfort level.........

I am able to feel like a man........................................

0

0

0

0

0

0

0

3 4 

3 4 

3 4

3 4 

3 4 

3 4 

3 4

m:

r*

1 have trouble moving my bowels......................

I have difficulty urinating....................................

1 urinate more frequently than usual...................

My problems with urinating limit my activ ities 

1 am able to hav e and maintain an erection.......

0

0

0

0

0

3 4

3 4

3 4

3 4

Version 3 01 May 2004
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IDNO: T H LIT
GROUP Si.NO HOSP1D

Fatigue measuring questionnaire
Fatigue Severity Scale (FSS)

Dietary and physical activity intervention for prostate cancer survivors
Cancer Epidemiology and Prevention Research Group 

Centre for Clinical and Population Science

Patient's initials IN IT

Serial Number SNCM

Hospital ID HOSID

Patient's Birth Date (dd mm yy) □C1 1 BD-vr
Date of fill-up form Idd/mm/yy > SDATE

Choose a number from 1 to 7 that indicates your degree of agreement with the follow ing 
statements where 1 indicates strongly disagree and 7 indicates strong)) agree Please 
answer the questions with reference to how you have been feeling on average over the last 
week

Strongly Strongly
disagree agree

1. My motivation is lower when I am 
fatigued

2 3 4 5 6 7

f 2 Exercise brings on my fatigue 2 3 4 5 6 7
3. I am easily fatigued 2 3 4 S 6 7
4. Fatigue interferes w ith my physical 

functioning
2 3 4 5 6 7

5. Fatigue causes frequent problems for me 2 3 4 5 6 7
6 My fatigue pres ents sustained physical 

functioning
2 3 4 i 6 7

7. Fatigue interferes with carrying out 
certain duties and responsibilities

2 3 4 5 6 7

8. Fatigue is among my three most disabling 2 3 4 5 6 7
symptoms

9. Fatigue inrerferes with my work, tamily 2 3 4 5 6 7
or social life

Version 3 / 01 May 2009
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s mxnrxj
GROUP SLNO HOSPID

Perceived Stress Measuring Scale (PSS)

Dietary and physical activity intervention for prostate cancer survivors
Cancer Epidemiology and Prevention Research Group 

Centre for Clinical and Population Science

Patient’s Initials IN IT

Serial Number

Hospital ID

SNUMB
HOSID

Patient's Birth Dale (dd mm yy) BDATE

Date of fill-up form Iddftnm/yy) SDATE

PSS -10 Items
The questions in this stale ask you about your feelings and thoughts during the last month.
In each case, please indicate w ith a check how often you felt or thought a certain w ay Circle 
the number

1 In the last month, how often have you been upset because of something that happened 
unexpectedly?

fcnever __ 1 ^almost never 2= sometimes 3=fairly often___4=very often

2. In the last month, how often have you felt that you were unable to control the important 
things in your life

tfcnever l=almost never 2=somelimos 3=fairly often 4=very often

3. In the last month, how often have you fell nervous and "stressed"?
0= never______  | l=almosi never [ 2=sometimes_____ 3=fairly often 4=very often 

•1 In the last month, how often have you felt confident about your ability to handle your 
personal problems ?

0=never l=almost never 2=sometimes 3=fairly often 4=very often

5 In the last month, how often have you felt that things were going your way? 
fcnever l=almost never 2=sometimes fcfairly often j jAcry often

6. In the hist month, how often have you found that you could not cope with all the things that 
you had to do ?

fcnever | l=almost never 2=sometimes 3=fairly often 4=very often
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IDNO: mum
GROUP SLNO HOSPID

7. In the last month, how often have you Keen able to control irritations in your life? 

fcnever 1 l=almosl never I 2=sometimes 3=fairly often ! 4=vcry often

8 In the last month, how often have you felt that you were on top of things?

fcnever l=almost never 2=sometimes J=fairl\ often 4=very often

9 In the last month, how often have you been angered because of things that were outside of 
your control?

fcnever I l=almoa never 1 2=sometimes 3=fairly often 1 fcvery often

10 In the last month, how often have you felt difficulties were piling up so high that you could 
not overcome them?

fcnever I=almost never j 2=sometimes 3=fairly often 4=very
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U 1 1 I ILLIDNO:

GROUP SUMO HOSPID

Transtheoretical model

Dietan- and physical activity7 intervention for prostate cancer survivors
Cancer Epidemiology and Prevention Research Group 

Centre for Clinical and Population Science

Patient's Initials INIT

Serial Number SNUMB

Hospital ID HOSID

Patient's Birth Date (dd mnvyy) BDATE

Date of fill-up form (dd mm yy) SDATE

Exercise: Stages of Change
Regular brisk walking helps to increase physical fitness. Such activity should be performed 
at leasttimes per week for Ml minutes per day. Brisk walking does not base to be painful to 
be effective but should be done at a level that increases your breathing rate and causes you to 
break a sw eat. If you are w alking briskly - you w ill be breathing deeper than normal but can 
still hold a conversation. If you can talk very easily then you are not walking briskly enough. 
You will experience a warm glowing feeling throughout your body. You may start to sweat a 
bit or a lot depending on how ov erw eight you are.

Question:
Do you walk 30 minutes every day at a brisk pace. 3 to 5 times per week according to the 
definition above?

1. Yes. I have been for MOR£_than.6mpnths.
2. Yes. I have been for LESS than 6 months.
3. No. but I intend to in the next 30 days.
4. No. but I intend to in the next 6 months.
5. No. and 1 do NOT intend to in the next 6 months.
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idno:..□ n~nrTJ
GROUP SLNO HOSPIO

Fruits and vegetables consumption: Stages of Change
Fruit and vegetables are a good source of vitamins, minerals, and antioxidants and are low in 

calories. In general, those with the most colour — green, red. yellow, and orange — have the 

most nutrients. We should all aim to cat 5 servings of fruit and vegetables each day for 

optimal health.

A serving size is:
• One medium-size fruit (medium apple or orange: the size of a tennis ball)
• 1/2 cup raw. cooked, frozen or canned fruits (in 100" u juice) or v egetables
• 34cup(6oz.) 100" o fruit or vegetable juice
• 1/2 cup cooked, canned or frozen legumes (beans and peas)
• I cup raw. leafy vegetables (1 cup of lettuce: 4 leav es)
. I 4 cup dried fruit

Question:
On av erage do you eat at least 5 sen ings of v egetables and fruits each day? 

t. Yes. I have been for MORE than b months
2. Yes. I have been for LESS than 6 months.
3. No. but 1 intend to in the next 30 days.
4 No. but 1 intend to in the next 6 months.
5 No. and I do NOT intend to in the next 6 months

Fat consumption: Stages of Change
Everyone needs some fat as part of a healthy diet and it contains important nutrients, 

including v itamins A. D. E and K but too much is bad for your health. Howev er we should 

try to avoid eating too much by choosing low fat varieties of milk, cheese and yogurt, by 

av oiding fatty foods such as the fat on meat. lard, full fat mayonnaise, meat pies, burgers, and 

chips.

Question:
Do you think that you avoid eating too fat by choosing low fat varieties of milk, cheese and 

yogurt, and by avoiding fatty foods such as the fat on meat. lard, full fat mayonnaise, meat 

pies, burgers, and chips

1. Yes. I have been for MORE than 6 months.
2. Yes. 1 have been for LESS than 6 months.
3. No. but I intend to in the next 30 days.
4 No. but I intend to in the next 6 months.
5. No. and I do NOT intend to in the next 6 months.
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Appendix 6: Data Collection
Instruments - Hospital Based
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IDNO: irr L
GROUP SLNO HOSP1D

Anthropometry and Body Composition

Dietary and physical activity intervention for prostate cancer survivors
Cancer Epidemiology and Prevention Research Group 

Centre for Clinical and Population Science

Patient's Initials IMT

Serial Number SNL’MB

Hospital ID HOS1D

Patient's Birth Date <dd mm yy) BDATE

Date of fill-up form (dd mm yy) SDATE

A. ANTHROPOMETRV
^ Record below to one decimal place

Al. Height (cm) r HEIGHT

| A2. Weight (kg) L WEIGHT

A3 BMI □ n |

A4 Waist (cm)
l_U L WAIST

A5 Hip (cm) JJL HIP

B. BODV COMPOSITION
Skin fold thickness

B! Biceps mn BICEPS

B2 Triceps ri in TRICEPS

B3 Subscapular m n SUBCAP

B4 Supra-iliac mn SUPILAC

B5 Body density mn BODVDENS

Bb Fat mass (%) mn FATMASS
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IDNO: -TT~-rr
GROUP SLNO HOSPID

6-MIN WALK TEST

Dielar>' and physical activity' intervention for prostate cancer survivors
Cancer Epidemiology and Prevention Research Group 

Centre for Clinical and Population Science

Patient's initials 

Serial Number 

Hospital ID

Patient's Birth Date (dd mm yy) 

Date of (ill-up form (dd mm yy)

[Nil

snlm

HOSID

BOAT

SDATF.

Walk 4

Medications taken before the lest (dose and tune):

Baseline: Time___:______ :__

Heart Rate__________
Dyspnoea________ (Borg scale I

Fatigue(Borg scale)

End of Test: Time___:______ :__

Heart Rate__________
Dyspnoea________ (Borg scale)

Fatigue(Borg scale)

Slopped or paused before 6 minutes? No Yes. reason:

Other symptoms at end of exercise: (I) angina (2) di/zincss (3) hip. leg. or calf pain

Number of laps:______ (X60 meters) - final partial lap:______ meters =

Total distance w alked in 6 minutes:______meters

Tech comments:
Interpretation (including comparison with a pre-interxention 6MWD):

Normal range of scores __________ ____ ______________
Ofl-OTvrs 05-«9vrs 70-74vr* 75-79vrs 80-84 yrs 85-Wyn 90-Mvrs
558-672 512-640 498-622 430-585 407-553 347-521 279457

Version 3/01 Mav 2009

258



Appendix

SES QUESTIONNAIRE
Dietary and physical activity intervention for prostate cancer survivors

Cancer Epidemiology and Prevention Research Group 
Centre for Clinical and Population Science

A. IDENTIFICATION

SL. QUESTION CODE

A.I Patient's Initials INTI

A-2 Serial Number m SNUMB

A.3
Hospital ID rn HOSID

i__ i__ i

A.4 Patient's Birth Date <dd mm yy) 'nmn BDATE

A-5 Intervention group (1= intervention: 2= control) □ GROUP

A.6 Identification Number (group + snumb + hosidi □ ID
A.7 Date of baseline Visit <dd mm yy) □□□ HE ] DATE B

B. IDENTITY AND EDUCATION
SL

Bl.

QUESTION

In which country w ere \ou bom?................................ rri
CODE
COUNTR
Y

B2
If not bom in Northern Ireland, in which year did you YEARCO
first come to live in NI i ii i i ME

B3.

Could ywi please tell me what ethnic or cultural group 
you consider yourself to be?
1= White: 2=Black: 3=Asian: 4=Chinese: □ RACE
?=Others

. How many years of full lime education have you i—i—i ,
84 completed?' I__ |_| EDL

C. OCCUPATION

Version 3 01 May 2000 1
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SL.

Cl.

C2.

QUESTION
Do you have paid job?
I=Yes: 2=No (If 1 go to C4)
Did you ever hav e paid job?
!=Yes: 2=No (if 2 go to C4)

□
□

CODE

PAIDJOB

EVRJOB

C3.
How long ago? I 1 1 AGOJOB
............Years III

C4.
What is your last present main job? □ JOB

C5.
What is the criterion of last present job? 
l=Full time: 2=: Part time □ CREJOB

Which one of the following best describes your 
position at work (last present)? □
1= Self employed (25 or more employees): 2=Self 

Qb employed (25 or less employees); 3=Self employed POSJOB
(no employees): 4=Manager (25 or more employees):
5= Manager (less than 25 employees): 6=Super\ isors:
7=Employee
Others......................................

D. SMOKING AND DRINKING
SL. QUESTION 
... .Areyou smoker?
Ul I =Yes: 2=No (if 2 go to D4)

How many cigarettes, cigars or pipe do you smoke on 
a typical day?

D2. Cigarettes.............
Cigars....................
Pipe.............................
At what age did you first start smoking regularly? 
Years..................

m Were vou ever a reeular smoker?
1 I =Yes: 2=No (if 2 go to D7)
D , How long ago?

Years..................
How many cigarettes, cigars or pipe did you smoke 
on a typical day'1

DO Cigarettes ............
Cigars....................
Pipe.............................
Which of the following best describes you?
1 =Current drinker. 2= Used to dnnk but stopped; 3= 
Never a drinker (if 2 go to DQ and if 3 go to next 
section)

CODE

□ SMOKE

□ CIGARET

□ CIGAR

□ PIPE□ □ AGESMOK

□ EVERSMOK

□ □ AGOSMOK

□□□
□ DRINK
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How much would vou typically drink per week'.’
WINEN

Wine □
D8. Beer Cider Larger Stout □ BEERN

□ SHERRY N
Sherry Port Martini Fortified w ine

Spnts
If you have stopped drinking, how long ago?

□ SPRIT N

D9. Months.................. 1 1 1 AGOSTOP

Years................... 1 1 1
How much did you typically drink per week during 
that time? □ WINEP

DIO.
Wine

Beer Cider Larger Stout
□□

BEER P

SHERRY P

Sherry Port Martini Forti fled w inc □ SPRIT P

Sprits

E. FAMILY CANCER HISTORY

SL. QUESTION CODE
El. Is any of you family member has been diagnosed w ith 

cancer? □ FAMHIST

1 =Yes: 2=No (if 2 go to F1)
El. If yes. who is that person and type of cancer □ FATCAN

Father................................................................................ □ MOTCAN
Mother............................................................................... □ BROCAN
Brothers................  ....... ........ ..................... ...........

Sisters............ .................  ................................................ □ S1SCAN

□ CHILDCAN
C htldren.........................................................................

F. MORBIDITY

QUESTION CODE

Has your doctor ev er told you that you had any of the 
following illness: 1= yes: 2=No

Congestive heart failure □ H RTF AIL

Angina pectoris □ ANGINA

Myocardial infarction (heart attack) □ MCINFRC

Respiratory disease (lung disease, asthma 
emphysema, bronchitis) □ RESPER
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Diabetes □ D1ABETS

Neurological disease (Parkinson disease) □ PERKINS

Vision problems □ VISION

Arthritis □ ARTHRIT

Osteoporosis □ OSTEOP

Depression, anxiety or emotional illness □ EMOTION

Difficulty sleeping □ SLEEP

Chrome pain □ PAIN

Others...................................... hl_ OTHERS

G. MEDICATION

Are you taking any medicine'’ Duration in No. per day
G3. (include vitamin minerals Name months

supplement)

Medication 1 □
Medication 2 □
Medication 3 □
Medication 4 □
Medication 5 □
Medication 6 □
Medication 7 □

H. MARITAL STATES. SLPPORT AND PERCEIVED HEALTH
SL QUESTION CODE

Are you'.’ □ MARITAL
HI. 1= Single, never married: 2= Separated; 3= Divorced:

4=Widower; 5-Mamed. 6= Liv ing as married
Do you get enough support from vour family members'.’ SLPPORT

H2. l=Yes: 2=No: 3=No family member at home (if 2 or 3 go to
H5) □
What types of support you get? □ D SL POT

H3. I=Financial: 2= Mental: 3= Physical: 4=Logistics: 5= All; 6=
Others
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Who gives this support?
H4 1= Wife: 2= Son: 3= Daughter 4=Siblings: 5=Friends: 6 =

All: "/Others....................
What is your perception about your health?
1= Good. 2=A\ erage. 3=Bad

□
□

PERSLPOT

PERHELTH

I. PERCEIVED BARRIERS

II

12.

Do you have any barriers to w alking around your 
neighborhood?
I = Yes; 2=No ( If 2. go to 13)

Please list these barriers

□
□
□
□

BARWALX

BARWALKI

BARWALK2

BARWALK3
13 Do you hav e any problem of hav ing >5 serving fruits and 

vegetable?
I = Yes: 2=N'o ( If 2. go to 15)

BARFRVEG

14. Please list these problems

Do you have any problem choosing a low fat diet .’ 
I = Yes; 2=No ( If 2. go to next questionnaire)

□
□□

BARFRVEG1 

BARFRVEG2 

BARFRVEG3
BARFAT

Please list these problems 
I..................................... □

□□
BARFAT!

BARFAT2

BARFAT3
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Appendix 7: Data Extraction Sheet 
(Systematic Review)

264



Appendix

Data extraction form for Prostate C ancer and Fam Acid Synthase (FAS) Systematic

1. Paper details

a. Title:

b. Authors:

c. Location:

2. Publication details

a. Journal Name:

b. Year of Publication:

c. Volume:

d. Numbers:

3. Studs Information

a. Primary hypothesis:

b. Study design:

c. Part of a larger studs '*
Yes No

d. Method of cancer confirmation:

Histological Other. Please state______________

4. Samples collected

a. No. of samples:

b. Year of collection:

Start: End:
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c. Method from which samples obtained:

Needle biopsy Radical Prostatectomy Other, please state

d. Source o f samp! cs:

Surgery

c. Grade of tumour determined:

Archi\ es

Yes

f.

g-

h.

Grade known before study:

Grade of tumours:

Yes

Location of centre from which samples obtained:

Not stated

No

No

i. Mean age of patients when sampled:

j. Normal prostate cancer tissue compared with cancerous tissue:

Yes No

k. Data provided on duration of follow -up:

Yes t state years»__________ No

l. Assessment performed by a pathologist?

Yes No Not stated

nr Assessment performed by two independent assessors ’

Yes No Not stated

5. Methods

a. Was immunochemistry used to determine expression?

Yes No

If not. please state the method of assessment used:
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b. Method of IHC testing:

c. Type of anti-body used:

d. Detailed overview of Immunohistoehemistrv storing system:

0. Statistical analysis

a. Package used:

b. Tests applied:

7. Results

a. Quantity of staining:

FAS expression Proportion u y( Percentages
Absent
Weak
Moderate
Slronj:

—

b Intensity of staining:

FAS expression Proportion (x y) Percentages
Absent
Weak
Moderate
Strong

c. Immunoreactivity score:

8. Strengths and limitations or study

Strengths:

Limitations:

267


