
 

 

 

 

 

 

 

 

Dietary Risk Factors for Prostate Cancer  

and  

Benign Prostatic Hyperplasia 

 

 

 

 

 

Gina L. Ambrosini 

Bachelor of Applied Science (Food & Nutrition), Curtin University, 1989 

Master of Public Health, University of Western Australia, 1997 

 

 

This thesis is presented for the degree of Doctor of Philosophy of The University of Western 

Australia. 

 

School of Population Health 

Discipline: Epidemiology 

 

Submitted in August 2007 

 



 i 

 

 

 

DECLARATION FOR THESES CONTAINING PUBLISHED WORK AND/OR 

WORK PREPARED FOR PUBLICATION 

 

This thesis contains published work and/or work prepared for publication , some of which 

has been co-authored .   Bibliographic details of the works are set out below along with the 

percentage contribution from each author (%).  Public health studies are collaborative 

enterprises and rely on the contributions of many people to design the study, collect the data, 

analyse the data and write the papers.  Here, the contributions towards data analyses and the 

writing of each specific paper has been estimated only:   

 

1. Ambrosini GL (80%), de Klerk NH (5%), Fritschi L (5%), Mackerras L (5%) and Musk 

AW (5%).  Fruit, vegetable, vitamin A intakes and prostate cancer risk.  Prostate Cancer 

and Prostatic Diseases 2008; 11: 61-66. 

 

2. Ambrosini GL (55%), van Roosbroeck SAH (20%), Mackerras D (10%), Fritschi L (5%), 

de Klerk NH (5%) and Musk AW (5%).  The reliability of ten-year dietary recall: 

implications for cancer research.  Journal of Nutrition 2003; 133: 2663-2668. 

 

3. Ambrosini GL (80%), de Klerk NH (5%), Mackerras D (5%) , Leavy J (5%) and Fritschi L 

(5%).  Dietary patterns and benign prostatic hyperplasia: a case-control study in 

Western Australia. BJU International 2008; 101: 853-860. 

 



 ii 

4. Ambrosini GL (65%), Fritschi L (10%), de Klerk NH (10%), Leavy J (5%) and Mackerras 

D (10%).  Nutrient intakes and benign prostatic hyperplasia: a case-control study in 

Western Australia (unpublished manuscript). 

 

5. Ambrosini GL (70%), Fritschi L (10%), de Klerk NH (10%) , Mackerras D (5%) and 

Leavy J (5%).  Dietary patterns and prostate cancer: a case-control study in Western 

Australia.  Annals of Epidemiology in press :  DOI: 10.1016/j.annepidem.2007.11.010 

2008 

 

6. Ambrosini GL (65%), Fritschi L (10%), de Klerk NH (10%), Leavy J (5%) and Mackerras 

D (10%).  A comparative analysis of nutrient intakes, nutrient patterns and prostate 

cancer risk (unpublished manuscript). 

 

Statement of Candidate Contribution 

Gina Ambrosini proposed and designed the research plan for this thesis, conducted the 

necessary research, and wrote this PhD thesis in its entirety.   

 

With regard to manuscripts and published papers presented in this thesis the roles of each 

co-author are as follows: 

 

Gina Ambrosini: devised and wrote all manuscripts and conducted all data analyses, excepting 

that for the published paper ‘The reliability of ten-year dietary recall: implications for cancer 

research’ which was conducted by Sofie van Roosbroeck. 

 

Dr Lin Fritschi co-designed the Prostate Health Study with Gina Ambrosini, supervised data 

collection, and provided input to manuscript preparation. 

 

Dr Nick de Klerk provided guidance for statistical analyses and data interpretation, and the 

preparation of manuscripts. 

 

Dr Dorothy Mackerras provided input to data interpretation and manuscript preparation.   

 

Ms Justine Leavy co-ordinated the Prostate Health Study, was responsible for data acquisition, 

data cleaning, and provided input to manuscript preparation. 

 

Clin. Prof Bill (AW) Musk provided input to manuscript preparation 

 



 iii 

We confirm that permission has been obtained from a ll co-authors to include the 

manuscripts in this PhD thesis.   

 

Signed: 

 

 

 

         Date:     

Professor Matthew Knuiman  

Co-ordinating Supervisor, School of Population Health, UWA   

 

 

 

 

 

 

 

         Date:     

Ms Gina Ambrosini, PhD candidate 

 



 iv 

ABSTRACT  

Introduction 

This thesis examines the potential role of dietary intake in the development of two common 

conditions affecting the prostate gland; prostate cancer and benign prostatic hyperplasia (BPH).   

 

Diet is of interest as a potential risk factor for prostate cancer because of geographical 

variations in prostate cancer incidence and increased prostate cancer risks associated with 

migration from Asian to western countries.  Some geographical variation has been suggested 

for BPH, but this is less certain.  However, both prostate cancer and BPH have potential links 

with diet through their positive associations with sex hormone levels, metabolic syndrome, 

increased insulin levels and chronic inflammation.  In addition, zinc is an essential dietary 

micronutrient required for semen production in the prostate gland.  

 

The original work for this thesis is presented in six manuscripts of which, four have been 

published in peer-reviewed journals (at the time of thesis completion).  BPH investigated in this 

thesis is defined as surgically-treated BPH.   The following hypotheses were investigated. 

 

Regarding foods, nutrients and the risk of prostate cancer and BPH:  

 

1. Increasing intakes of fruits, vegetables and zinc are inversely associated with the risk of 

prostate cancer and BPH  

2. Increasing intakes of total fat and calcium are positively associated with the risk of prostate 

cancer and BPH. 

3. Dietary patterns characterised by high meat, processed meat, calcium and fat content are 

positively associated with the risk of prostate cancer and BPH. 

4. Dietary patterns characterised by high fruit and vegetable and low meat content are 

inversely associated with the risk of prostate cancer and BPH. 
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Regarding methodological issues related to the study of diet-disease relationships: 

 

5. Dietary patterns (overall diet) elicited from principal components analysis yield stronger 

diet-disease associations than when studying isolated nutrients. 

6. Remotely recalled dietary intake is reliable enough to be used in studies of chronic 

disease with long latency periods, such as prostate cancer and BPH. 

 

Methods 

Data from two studies was used to address the hypotheses above.   

 

The Vitamin  A Program was a cancer prevention program of randomly assigned beta-carotene 

and retinol supplements to prevent mesothelioma and lung cancer, conducted in Western 

Australia (WA).  Participants were people previously exposed to asbestos through their 

occupations or area of residence.  At entry to the program, participants completed a short, 

evaluated food frequency questionnaire (FFQ) and provided smoking, medical and occupational 

histories.  The program commenced in 1990.  During 14 years of follow up on 1,985 male 

participants, 97 cases of histologically confirmed prostate cancer were identified.  The risk of 

prostate cancer was examined in relation to intakes of fruit, vegetables, beta-carotene, and 

retinol.  Survival analyses were adjusted for age, body mass index, randomly assigned 

beta-carotene or retinol supplement, source of asbestos exposure, and tobacco use at entry to 

the program.   

 

The Prostate Health Study was a population-based case-control study conducted in WA to 

examine risk factors for prostate cancer and surgically-treated BPH.  Histologically confirmed, 

incident prostate cancer cases (n=546) were identified using WA cancer registry data.  BPH 

cases (n=406) were men aged 40 to 75 years hospitalised for their first prostatectomy with a 

diagnosis of BPH in either a public or private hospital in WA during 2001-2002, without a history 

of prostate cancer. Controls (n=447) were randomly selected from the WA electoral roll and 

age-matched within 5 years of cases.   
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As both prostate cancer and BPH have long latent periods, participants were asked to recall 

their diet ten years before the study using a semi-quantitative FFQ developed by the 

Anti-Cancer Council of Victoria (Australia).  This FFQ’s reliability was evaluated by comparison 

with a 28-day diet record completed ten years earlier in a similar population.   

 

Empirically derived dietary patterns offer an alternative way of analysing dietary intake that 

takes into account the whole diet and overcomes problems with colinear nutrients and foods,   

and multiple statistical tests.  Dietary patterns in the FFQ data were determined using principal 

components analysis (factor analysis).  Average daily nutrient intakes were estimated from FFQ 

intakes using Australian Food Composition Tables and adjusted for energy intake using the 

residual method.  Dietary patterns based on nutrient intakes were also examined using factor 

analysis.  

 

The risk of prostate cancer and BPH was analysed according to food-based dietary patterns 

and individual nutrient intakes using unconditional logistic regression, controlling for potential 

confounders.  In addition, a comparative analysis of individual nutrient intakes versus nutrient 

patterns and prostate cancer risk was undertaken.   

 

Results 

Dietary patterns. Three food-based dietary patterns emerged: ‘Vegetable’, ‘Western’ and 

‘Health-conscious’.   Three nutrient intake patterns were also identified.    

 

Disease risks, dietary patterns, foods and nutrients.  The results suggested that increased 

intakes of vitamin C-rich vegetables, peppers, broccoli, and zinc may decrease prostate cancer 

risk.  In addition, nutrient pattern 1, high in zinc, protein, fibre, folate and other B vitamins, iron 

and magnesium, and low in total fat and saturated fat was associated with a reduced risk of 

prostate cancer.  The ‘Western’ dietary pattern was positively associated with prostate cancer 

risk.  These findings generally support the existing literature in this field.   

 

Some similarities were seen with surgically-treated BPH. A decreased risk was associated with 

higher intakes of total, dark yellow and other vegetables (excluding cruciferous vegetables and 
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tomatoes) and the ‘Vegetable’ dietary pattern.  In addition, the risk decreased with higher 

intakes of zinc and beta-carotene, and with tofu consumption.  High intakes of sugars, high fat 

dairy products and retinol were associated with an increase in BPH risk.  An increased risk was 

suggested with higher calcium intake. 

 

The use of empirically derived dietary patterns.  Dietary patterns could differentially predict the 

risk of prostate cancer and BPH.  The comparative analysis highlighted how different results 

arise when prostate cancer risk is analysed according to individual nutrient intakes compared 

with patterns in nutrient intakes, which take the whole diet into account.   

 

Remote dietary intakes.  When compared with a 28-day diet record, ten year dietary recall was 

as reliable as recent dietary recall.  Remote dietary intake is relevant to the study of chronic 

disease and is more likely to be related to the initiation or progression of a recently diagnosed 

chronic disease than recent diet, which is commonly used in epidemiology.   

 

Conclusions 

Based on the literature reviewed and the original work for this thesis, the most important dietary 

risk factors for prostate cancer and BPH appear to be those common to western style diets, i.e. 

diets high in red meat, processed meat, refined grains, dairy products, and low in fruit and 

vegetables.  This type of diet is likely to result in marginal intakes of antioxidants and fibre, 

excess intakes of fat and possibly, moderate intakes of carcinogens associated with processed 

meat and meat cooked at high temperatures.  These dietary factors have been linked with 

biomarkers of inflammation, and they support the hypotheses that chronic inflammation is 

involved in the development of both prostate cancer and BPH. In addition, this work builds on 

evidence that zinc is an important factor in prostate health. 

 

There is scope for more investigation into the reliability of dietary patterns and the use of 

nutrient patterns as an alternative to focussing on single food components.  Further studies on 

the reliability of remote dietary intake would also be useful.  Because of the latency of chronic 

disease, it can be theorised that remote dietary recall may uncover more robust diet-disease 

relationships.  
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This thesis examines the potential role of dietary intake in the development of two common 

conditions affecting the prostate gland; prostate cancer and benign prostatic hyperplasia (BPH).   

 

The aims are to investigate: 

 

A. The reliability of remote dietary intake in the study of diet and chronic disease. 

B. Dietary patterns and the risk of surgery for BPH. 

C. Dietary patterns and the risk of incident prostate cancer. 

D. Dietary intakes of foods and nutrients and the risk of surgery for BPH. 

E. Dietary intakes of foods and nutrients and the risk of incident prostate cancer. 

 

The sections in this PhD are as follows, in order of presentation: 

 

Background – a description of prostate cancer and benign prostatic hyperplasia and their risk 

factors.  The relevance of diet and the epidemiological evidence is reviewed.  The thesis 

hypotheses are presented. 

 

Methods and Results – consists of a suite of published and yet to be published manuscripts 

that investigate the thesis hypotheses.  

 

Discussion – presents an overall synthesis of results and makes recommendations. 

 

References – these are listed at the end of each chapter and manuscript.   

 

Appendices – these include published manuscripts, questionnaires and additional data referred 

to in the main body of the thesis.  
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The Prostate  

The prostate gland is a small androgen-responsive organ, approximately 3-4 centimetres long, 

found in the male genitourinary tract.  A mixture of fibro-muscular (stroma) and epithelial (gland) 

tissue, it sits under the bladder and in front of the rectum, and is perforated by the urethra 

(Figure 1).  The fibro-muscular tissue consists of fibroblasts, smooth muscle cells and 

endothelial cells, while the epithelial tissue is made up of secretory cells, basal cells and 

neuroendocrine cells (1).  The main function of the prostate gland is to contribute to semen 

composition.  Luminal epithelial cells in the glandular tissue secrete nutrients for sperm survival 

and ions to maintain ideal semen pH (2).   

 

Two age-related conditions commonly affect the prostate gland: prostate cancer and benign 

prostatic hyperplasia, a non-malignant enlargement of the prostate gland. 

 

 

 

 

Figure 1. Male genitourinary tract. 

From (3) 
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Prostate Cancer 

Prostate cancer is the most common cancer diagnosed among Australian men, excluding 

non-melanoma skin cancer (4).  After lung cancer, it is the second most common cause of 

cancer death (4).  The latest national data on cancer in Australia indicates that prostate cancer 

made up 23.4 percent of all new cancers in Australia in 2001 (4).  Although the 

age-standardised incidence rate of prostate cancer in Australia is lower than that in the United 

States (US), it exceeds the United Kingdom (UK) and other European countries (5).   

 

In 2001, the Australian world age-standardised incidence rate was 88.1 per 100,000 males, 

giving Australian men a 1 in 11 chance of developing prostate cancer before the age of 74 

years (4).  The population incidence of prostate cancer increased rapidly between 1990 and 

1994 (Figure 2), and this trend has been attributed to the introduction of the prostate-specific 

antigen (PSA) testing. However, the population incidence has fallen since 1994.  Although the 

number of PSA tests has continued to increase since 1994, the drop in prostate cancer 

incidence is likely due to the large number of latent cases identified early, during the first few 

years of PSA testing (6).  
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Figure 2.  Incidence of Prostate Cancer in Australia, 1983-2001 (4) 
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The age-standardised mortality rate from prostate cancer in Australia in 2001 was 20.2 per 

100,000 men, and prostate cancer made up 13.3 percent of cancer deaths (4).  Since 1991, this 

mortality rate has decreased by 1.8% per annum and is similar to that of the UK and US (4).   

 

Clinical prostate cancer is associated (although not always) with increased serum 

concentrations of PSA and may or may not include prostate enlargement.  Treatment for clinical 

prostate cancer varies but may include radical prostatectomy, radiotherapy and brachytherapy.  

Decisions regarding treatment options are complex, and depend on factors relating to the 

patient’s personal and clinical requirements (7).   

 

Pathogenesis of Prostate Cancer 

Prostate cancer arises from an androgen-dependent proliferation of prostate epithelial cells (8).  

Approximately 75% of  prostate cancers occur in the epithelial cells of the peripheral zone of the 

prostate (Zone 1 in Figure 3), which sits at the rear of the prostate gland, near the rectum (1).  

The remainder of tumours are detected in the transition zone of the prostate, which immediately 

surrounds the urethra (Zone 3 in Figure 3).   

 

 

 

 

Figure 3.  Zones of the Prostate Gland 

 
1= Peripheral Zone, 2= Central Zone, 3= Transition zone, 4= Anterior Fibromuscular Zone. 

B= Bladder, U= Urethra, SV= Seminal Vesicle.  From (1) 
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The exact mechanisms of prostate carcinogenesis are unclear.  However, it is likely that a 

multitude of genetic alterations initiate this disease (8).  Genetic and biochemical alterations in 

prostate epithelial cells are thought to lead to increased androgen levels, enhanced cell 

proliferation and ultimately prostatic intraepithelial neoplasia (PIN); small, low grade cancers 

that may remain latent for decades (9).  PIN is thought likely to progresses to clinical prostate 

cancer under the influence of hormones (including androgens) or growth factors that are either 

incorrectly expressed or triggered by tumor-promoters such as environmental factors (8, 10).   

 

Chronic inflammation and infections are known to cause other cancers, and chronic 

inflammation has been implicated in the development of prostate cancer (8, 11, 12).  One theory 

is that chronic inflammation in the prostate gland brings about the genetic and biochemical 

alterations that lead to increased androgen production and cell proliferation (8).  Chronic 

inflammation is associated with increases in cytokines, reactive oxygen species (ROS) and nitric 

oxide, all of which can cause oxidative damage to DNA and extracellular components, including 

lipids (8).  The associated injury resulting in the prostate gland may lead to ‘proliferative 

inflammatory atrophy’ (PIA), which has been associated with morphological transitions and low 

grade PIN (11).  Chronic inflammation in the prostate may be brought about by infection, 

hormonal imbalances, environmental toxins (including dietary carcinogens), or autoimmunity 

(11, 13).  However, the most likely cause of chronic inflammation in the prostate is unclear at 

this stage (12).  Some studies suggest that non-steroidal anti-inflammatory drugs can reduce 

prostate cancer risk, which supports the chronic inflammation theory, however the evidence is 

mixed (11, 12, 14, 15). 

 

Autopsy studies have found that latent prostate cancer can be detected in some men from the 

age of thirty, and becomes increasingly more common with age (16). In the US, where prostate 

cancer incidence appears to be the highest, the lifetime risk of clinical prostate cancer is 

estimated to be 8% (17).  Whereas the autopsy prevalence of prostate cancer is around 80% for 

men in their 80’s, regardless of country or ethnicity (17).  At this stage, the lack of understanding 

about risk factors makes it difficult to predict which men are likely to develop clinical prostate 

cancer or progressive prostate cancer.  However, it is clear that prostate cancer has a long 

latency period that may provide opportunities for interventions to prevent frank malignancy.   
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Prostate Cancer Subtypes 

Prostate cancers are classified according to grade and stage.  Prostate cancer ‘grade’ refers to 

the histology or the degree of tumor differentiation in prostate tumour cells that is assessed by a 

pathologist (7).  The Gleason Score is commonly used to classify prostate cancer grade (18).  

Prostate cancers with a total Gleason score ≥ 7 are usually considered histologically 

aggressive, while those graded < 7 are regarded non-aggressive however, a cut-off of 8 is 

sometimes used (7). 

 

Prostate cancer ‘stage’ refers to how much of the prostate gland is affected by the tumour, and 

if the tumour has spread or advanced outside the prostate gland.  Tumours that have advanced 

e.g. to regional lymph nodes, have a poorer prognosis than tumours localised in the prostate 

gland (7) and are more likely to be fatal (19).  Advanced prostate tumours are not always 

aggressive (as defined by a high Gleason score), and aggressive prostate tumours do not 

always advance beyond the prostate gland, therefore prostate tumour stage and grade should 

be treated as separate entities (19).   

 

There is some evidence that the risk factors for advanced, non-advanced, low-grade and 

high-grade tumours may differ due to different pathways involved in their etiology (19).  In 

countries where the PSA test for prostate cancer has become popular, such as the US, the 

incidence of prostate cancer has apparently risen and the proportion of cases diagnosed at an 

advanced stage has decreased considerably, in comparison to the ‘pre PSA testing era’ (19).  

As such, it may be necessary when considering the total prostate cancer literature, to consider 

the prostate cancer screening practices in different countries and how these may influence the 

incidence of prostate cancer subtypes and their observed risk factors. 

 

Risk Factors for Prostate Cancer 

Like most chronic diseases, age is a risk factor for prostate cancer owing to the disease’s 

latency.  Aging is associated with increased levels of damage to genetic material due to the 

cumulative effects of endogenous and exogenous toxins.  These can lead to the biochemical 

changes that cause PIN, as discussed earlier.  Increased circulating levels of proinflammatory 

cytokines such as Interleukin (IL)-6 and Tumor Necrosis Factor (TNF)-alpha which may 
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contribute to chronic inflammation, are also associated with ageing (20).  As the life span 

increases, so does the likelihood that an environmental factor will trigger latent prostate cancer 

(PIN) to progress to clinical prostate cancer.  Another theory is that the concurrent decline in 

androgen levels and increase in estrogen levels associated with aging increases the risk for 

prostate cancer (21).  

 

The role of hormones in prostate cancer is controversial.  While testosterone is necessary for 

the normal functioning of the prostate gland (22), prostate cancer is thought to be dependent on 

increased testosterone levels (23).  The ‘androgen hypothesis’ assumes that increased 

testosterone levels increase the risk of prostate cancer.  However, prospective epidemiological 

studies of hormone levels and prostate cancer have not supported this hypothesis (22).  A 

recent prospective study has shown higher levels of androgens to be associated with decreased 

risks for aggressive prostate cancer, but unrelated to non-aggressive prostate cancer (22).  The 

lack of supporting epidemiological evidence for the androgen hypothesis may be due to the 

timing of androgen measurements, a need to measure intra-prostatic androgen levels rather 

than circulating androgen levels, or modifying effects from genetic polymorphisms (23, 24).   

 

The role of estrogens in prostate cancer is also unclear.  Increased estrogen levels have been 

proposed to increase the progression of prostate cancer, however this is inconclusive (21).  The 

aromatisation of testosterone produces estradiol-17β, which is thought to be genotoxic to the 

prostate gland (25).  On the other hand, estrogen is known to interfere with androgen production 

via the hypothalamic-pituitary-gonadal axis, and for this reason has been used to treat 

advanced prostate cancer in the past (21).  In addition, dietary phytoestrogens have 

demonstrated some in-vitro anti-tumour properties in prostate gland tissue (9). 

 

Prostate cancer appears to have both familial and genetic components.  The relative risk of 

developing prostate cancer for first degree relatives of affected men increases with the number 

and age of affected family members and relatedness (26).  There are also greater rates of 

concordance for monozygotic rather than dizygotic twin brothers (26).  Familial prostate cancer, 

where one or more relatives are affected, is thought to account for approximately 15% of cases 

(26).  This may indicate inherited genetic susceptibility to prostate cancer, or it may reflect 

screening bias.  However, at least nine candidate susceptibility genes have been implicated in 
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prostate cancer development.  Of these,  HPC1, the androgen receptor gene (AR) and vitamin 

D receptor gene (VDR) have been the most widely studied.  HPC1 is a rare autosomal dominant 

gene that affects an enzyme involved in apoptosis and susceptibility to viral infections (26). The 

HPC1 gene has high penetrance and HPC1 related cancers reportedly present with higher 

grade and stage (26).  The androgen receptor (AR) gene acts in combination with 

dihydroxytestosterone (DHT) as a transcription factor for genes involved in androgen 

responses, including cell proliferation and differentiation (27, 28).  A smaller number of CAG 

trinucleotide repeats in the AR is associated with a weak reduction in prostate cancer risk (27, 

29) .  The vitamin D receptor (VDR) gene controls the action of the hormone 1,25(OH)2D 

(vitamin D), which is capable of inhibiting cell proliferation (30).  The FokI polymorphism in the 

VDR results in a decreased response to 1,25(OH)2D and in combination with low vitamin D 

status, has recently been associated with an increased risk for aggressive and advanced 

prostate cancers (30).  However, none of these genetic candidates have been confirmed as 

individual risk factors for prostate cancer, and it is likely that a set of genetic characteristics and 

environmental factors is important in prostate cancer development (27). 

 

There are racial differences in prostate cancer epidemiology.  African-American men have a 

disproportionately higher total incidence and mortality from prostate cancer than white American 

men (23).  Whether or not genetic differences in hormonal pathways are the cause is as yet, 

unclear (23).  However, social or cultural differences in symptom thresholds and the reporting of 

symptoms, uptake of screening tests, use or access to health care or treatment options may 

partially explain some of the disparity (17).   

 

Few other risk factors for prostate cancer have been established.  There is little evidence to 

support alcohol (31) or vasectomy (32, 33) and limited evidence for occupational exposures e.g. 

pesticides (31) in prostate cancer development.  There is limited evidence that smoking may 

increase the risk for fatal prostate cancer (19).  The role of obesity in prostate cancer is unclear, 

however it is thought to be weakly associated with a higher risk of advanced (34) and 

aggressive tumours (35).  It is probable that physical activity reduces prostate cancer risk (10, 

31).   Androgenic alopecia (male pattern balding), thought to be related to high androgen levels 

(36), has been associated with increased risks for prostate cancer in some studies (36, 37) but 

not in others. 
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Rationale for Examining Diet and Prostate Cancer 

Geographical differences 

Marked international differences in clinical prostate cancer incidence have been evident for 

some time, with rates lowest in Asia and highest in western countries such as the US and 

Europe (38).  Yet, the prevalence of latent prostate cancer does not differ (39), suggesting that 

environmental factors such as diet may influence the progression from latent to clinical prostate 

cancer.   

 

The risk of prostate cancer increases considerably in men who have migrated to the US from 

low risk areas such as China and Japan (40, 41), although geographical variations in screening 

and reporting practices may be a source of difference.   

 

However, differences in androgen production between Caucasian and Chinese men have been 

noted (39).  Caucasian and Chinese men living in the US have been shown to produce 

significantly higher levels of testosterone than Chinese men living in China, while no differences 

in 5-alpha-reductase activity (the enzyme converting testosterone to more active 

dihydroxy-testosterone) were observed (39).  This suggests environmental or dietary rather than 

genetic influences on androgen levels (39) which in turn, may influence prostate cancer risk.  

One possible explanation is a high consumption of soy-based foods in traditional Asian diets.  

Soy products contain high levels of phytoestrogens, which have been inversely associated with 

prostate cancer (42). 

 

Cancer incidence data from the International Agency for Research on Cancer (IARC) (5) shows 

that the lowest incidence rates remain in Asian regions (Figure 4), but these are on the rise (38, 

40) possibly due to increased ‘westernisation’ (40) and associated nutrition transition from an 

Asian diet to a western one (43).  
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Figure 4.  Incidence of Prostate Cancer by Region, 2002 (5) 

 

 

 

In 1975, an ecological study by Armstrong and Doll (44) reported that regions with the highest 

incidence of prostate cancer consumed high levels of energy, meat, animal protein, milk, and 

sugar, characteristic of a ‘western’ diet.  Prostate cancer mortality was also recently shown to be 

highest in regions consuming a more western diet (45).  Lower incidence (44) and mortality (45) 

from prostate cancer has been observed in regions with greater intakes of cereals, legumes, 

soybeans and rice, which are characteristic of Asian diets.  The geographical locations of these 

dietary patterns correspond with the east-west gradient in prostate cancer incidence.  Hence the 

low fat, high plant food diet in Asian regions has been thought to partly explain their lower rates 

of prostate cancer.   
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Prostate-specific nutrients 

At least two nutrients sourced from the diet are concentrated in the prostate gland, zinc and 

lycopene, indicating a possible role for diet in prostate carcinogenesis.  Zinc is an essential 

dietary micronutrient that is thought to be crucial for the prostate gland (46).  It has been known 

for some time that very high levels of zinc are concentrated in the peripheral zone of the 

prostate gland (47), and that these levels markedly decrease with prostate cancer (48).  

Lycopene is a potent antioxidant (49) that is concentrated in the prostate gland.   

 

Oxidative stress and chronic inflammation 

Nutrition has been suggested as “one of the most important causes of cancer after smoking” 

(50).  Given the proposed chronic inflammation and oxidative stress hypothesis for prostate 

carcinogenesis, dietary antioxidants (e.g. lycopene, beta-carotene, vitamin C, vitamin E) may be 

important for preventing prostate cancer.  Conversely, dietary fat, particularly polyunsaturated 

fats, may contribute to oxidative damage in the prostate gland as these present a significant 

substrate for oxidative stress (51).   

 

Links between diet and inflammation have been demonstrated.  Acute-phase C-reactive protein 

(CRP) in plasma, a biomarker for systemic inflammation, has been positively associated with 

dietary patterns characterised by high intakes of fats, processed meats (52-54) and intake of 

saturated fats (55).  In contrast, dietary patterns including high intakes of wholegrains, 

vegetables, fruits, fish, legumes and nuts have been inversely associated with plasma CRP and 

proinflammatory cytokines such as (IL)-6 and (TNF)-alpha (53, 54, 56-58).   

 

Metabolic syndrome is a cluster of risk factors for cardiovascular disease that includes, among 

others: obesity, type 2 diabetes, dyslipidaemia and abnormal glucose metabolism, all of which 

are closely associated with chronic inflammation (59).  It is well known that dietary intake and 

physical activity can modify these risk factors (60).  An increased risk of prostate cancer has 

been linked to metabolic syndrome or at least one of its risk factors in some, but not all studies 

(61-64).  Paradoxically, two meta-analyses have indicated that the risk of prostate cancer is 

much lower among men with Type 2 diabetes (65, 66).  This is likely to be due to hormonal 

changes, as treatment for Type 2 diabetes leads to reductions in circulating insulin and 
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insulin-like growth factor (IGF)-1, both of which are growth factors for the prostate gland (65, 

66).  Furthermore, testosterone levels are thought to be lower in diabetic men (65, 66).   

 

Diet and hormones 

Observational and feeding studies have shown that higher levels of sex hormones, including 

testosterone, are associated with greater total fat intakes and inversely associated with higher 

fibre intake (67-69).  Higher intakes of saturated fat and polyunsaturated fats has been 

associated with increased levels of free (unbound) testosterone, while omega-3 polyunsaturated 

fatty acids have been shown to decrease 5-alpha-reductase activity and the number of 

androgen receptors (69).  It is therefore possible that dietary intake influences prostate cancer 

risk by directly affecting sex hormone levels. 

 

A meta-analysis recently estimated that the risk of prostate cancer increased significantly with 

increasing circulating levels of IGF-1 (70).  High levels of IGF-1 have been associated with 

increased intakes of milk, dairy products, calcium, carbohydrates and polyunsaturated fats (71, 

72).  Conversely, higher intakes of vegetables, especially tomatoes, have been associated with 

decreased levels of circulating IGF-1 (71). 
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Reviewing the Diet-Prostate Cancer Literature  

Many foods and nutrients have been studied in the context of prostate cancer risk since the 

early 1990s.  However, it is beyond the scope of this thesis to examine all of these.  Instead, the 

focus is on those dietary factors reviewed below.  A rationale is included in each section.  In 

addition, forest plots summarise the reviewed studies.   

 

Methods for Including Studies 

Studies were sourced by searching PubMed for the following key words: prostate neoplasms, 

fruit, vegetables, Brassica vegetables, cruciferous vegetables, tomatoes, meat, fat, zinc and 

calcium.  Searches were limited to studies written in English and on human subjects.  Additional 

studies were located through manual searches of reference lists in published papers.  Only 

studies examining dietary intake were reviewed. Studies were not included unless incident 

prostate cancer was the outcome.  Hospital-based case-control studies were not included if they 

studied <100 cases, as these may be selective in their inclusion of cases and controls (in 

relation to personal characteristics or severity of disease), and are likely to have underestimated 

the number of cases occurring in a defined population.  Where there were multiple publications 

arising from the same study, only the most recent results were included in the meta-analysis. 

 

Forest Plots 

Forest plots can provide a useful visual synopsis of individual study effects and their pooled 

effects.  The ‘metan’ command in STATA was used to create the forest plots in this chapter 

(73).  In each of these, the odds ratio, relative risk or relative rate for each study is referred to as 

the effect size (ES).  The ES is plotted as a black square surrounded by a shaded area 

representing the weight of each study’s contribution to the meta-analysis, or precision of the 

study’s ES.  An arrow through the black square represents the 95% confidence interval about 

the ES.  The diamond represents the pooled ES.  The width of the diamond indicates the size of 

its 95% confidence interval.  A pooled ES for cohort and case-control studies is provided 

separately (subtotal), along with a pooled estimate for all study types combined (overall ES).  In 

each forest plot, a fixed inverse-variance model was applied using the logged relative risk (RR) 

and their confidence intervals from cohort studies, and logged odds ratios (OR) and their 

confidence intervals from case-control studies.  The ES is the RR comparing the highest 
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category of dietary intake (4th quartile or 5th quintile) to the lowest category of dietary intake (1st 

quartile or quintile), as in Etminan et al (74).  The percent of variation in the pooled ES 

attributable to heterogeneity is represented by the I-squared value.  Where there is significant 

heterogeneity amongst pooled studies it is less appropriate to calculate the pooled ES, so that 

the forest plot serves only to provide a visual summary of study findings.   

 

To check for publication bias in the reviewed studies, the ‘metabias’ command was used in 

STATA (73).  This produced a funnel plot and Begg’s statistical test for bias.  It should be 

acknowledged that this test tends to overestimate publication bias when there are a small 

number of studies (75).  The funnel plots are not shown, although an example is shown in 

Appendix 1.  Where there was evidence of publication bias, this is noted in the text. 
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Fruit, Vegetables and Meat and the Risk of Prostate  Cancer 

In 1997, the World Cancer Research Fund (WCRF) and the American Institute for Cancer 

Research (AICR), issued global dietary recommendations to increase the consumption of fruit 

and vegetables in order to prevent cancer (76).  This was based on epidemiological evidence 

that higher intakes of fruit and vegetables were consistently associated with lower rates of some 

cancers including colorectal, oesophageal, lung and stomach cancer (76).  At the time, there 

was unconvincing evidence for a relationship between fruit and prostate cancer, however it was 

thought that vegetable intake might decrease prostate cancer risk (50).  Fruits and vegetables 

provide a vast array of micronutrients, and experimental studies have demonstrated that specific 

bioactive compounds common to plant foods, including lycopene, beta-carotene, vitamin E, 

vitamin C, and various phytoestrogens (e.g. soy-derived isoflavonoids) may significantly reduce 

prostate cancer risk or prostate cancer cell growth (9).   

 

Although several reviews of fruit and vegetable intake and prostate cancer have considered the 

evidence published since the 1997 WCRF/AIRC report, the latest comprehensive reviews were  

published in 2004 (17, 77).  An up-to-date review of the relevant literature is presented below.   

 

Vegetables 

Epidemiological studies of vegetable intake and prostate cancer risk are summarised in Table 1.  

Five case-control studies have reported significant reductions in risk with increased total 

vegetable consumption, with odds ratios ranging from 0.52 to 0.74 (78-82).  Two of these 

studies were hospital-based (80, 82) and all except one (82) adjusted for family history of 

prostate cancer.  An additional population-based case-control study has reported reduced risks 

with high intakes of green vegetables (83).  No significant associations between total vegetable 

intake and prostate cancer have been reported in cohort studies, including the large Health 

Professionals Follow Up Study (HPFS) (84), European Prospective Investigation into Cancer 

and Nutrition (EPIC) (85) and Hawaii-Los Angeles Multiethnic Cohort (86).  Therefore, the 

evidence supporting total vegetable intake is based on case-control studies, which are prone to 

recall bias because the disease status of respondents may influence dietary recall, resulting in 

errors in effect estimates.  Furthermore, more than half of all studies (78, 79, 82, 83, 87-91) 

including those reporting significant effects (78, 79, 82, 83) did not report using a validated 
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instrument to assess dietary intake.  One hospital-based case-control study was excluded as its 

analyses of leafy green vegetables was based on only 8 cases in the highest quartile of intake 

(92).  Another hospital-based case-control study was excluded because more than half of its 

controls were admitted to hospital due to malignant conditions, including lymphohaemopoietic 

cancers and bone and soft tissue sarcomas (93). 

 

In Figure 5, although the pooled ES for total vegetables is significant for case-control studies 

and across all studies, there is significant heterogeneity (p<0.05).  Two case-control studies 

were not included in the pooled analysis as they did not report confidence intervals or the data 

to calculate them (87, 89).  There was evidence of publication bias (Begg’s test p=0.013, see 

Appendix 1), indicating that studies reporting an increased prostate cancer risk with increasing 

vegetable intakes may not have been published. 
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Figure 5.  Forest plot of total vegetable intake and prostate cancer risk. 
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Table 1. Epidemiological studies of vegetable intak e and prostate cancer risk   

       
 Mean    p value  

Study Follow 
Up 

Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Cohort Studies       
       
Giovannucci, et al 1995 (94) 7 yrs Mixed veg 773 0.96 (0.75-1.21) for highest vs lowest quartile 0.68 age, total energy intake 
HPFS (US)  Broccoli  1.05 (0.83-1.34) 0.17  
47,365 men       

       
Schuurman, et al 1998 (95) 6.3 yrs Total veg 704 0.80 (0.57-1.12) for highest vs lowest quintile 0.51 age, family history of Pca, SES 
The Netherlands  Brassica veg  0.82 (0.59-1.12)  0.06 age, family history of Pca, SES, total vegetable intake 
Population-based  Leafy veg, cooked  0.95 (0.68-1.32)  0.76  
58,279 men  Leafy veg, raw  1.06 (0.75-1.50)  0.85  

       
Chan, et al 2000 (96) 8 yrs Total veg 233 0.8 (0.50-1.30) for highest vs lowest quintile 0.84 supplementation group (alpha-tocopherol, 
ATBC Trial (Finland)        beta-carotene, both, or placebo), 
27,111 male smokers        education, age, BMI, energy, smoking 

       
Giovannucci, et al 2003 (84) 14 yrs Cruciferous veg 2,969 0.91 (0.79-1.04) for highest vs lowest quintile; all cases 0.13 age, BMI at age 21, BMI in 1986, height, smoking,  
HPFS (US)   591 0.72 (0.54-0.97) organ confined Pca, men aged <65 0.01   family history of Pca, history of diabetes mellitus, 
47,365 men   1090 0.96 (0.78-1.19) organ-confined Pca, men aged >65 0.60   vigorous PA, intakes of total energy, red meat,  

   132 0.90 (0.48-1.70) extra-prostatic Pca, men aged <65 0.25   processed meat, fish, alpha-linolenic acid, calcium  
   317 1.10 (0.64-1.33) extra-prostatic Pca, men aged >65 0.07   and tomato sauce 
       

Allen, et al 2004 (97) 16.9 yrs Yellow/green veg 196 0.98 (0.66-1.44) for highest vs lowest tertile 0.87 age, calendar period, city of residence,  
Hiroshima, Nagasaki, Japan  Pickled/salted veg  1.06 (0.78-1.45)  0.55   radiation dose, education level 
Population-based       
18,115 men       

       
Key, et al 2004 (85) 4.8yrs Total veg 1,104 1.00 (0.81-1.22) for highest vs lowest quintile 0.74 height, weight, energy intake, study centre 
European Prospective Investigation      
Into Cancer and Nutrition (EPIC)      
130,544 men *       
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Table 1. Epidemiological studies of vegetable intak e and prostate cancer risk, cont’d   
       
 Mean    p value  

Study Follow 
Up 

Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Stram, et al 2006 (86) 7 yrs Total veg 3,922 1.00 (0.90-1.10) for highest vs lowest quintile 0.47 age, BMI, education, family history of Pca, ethnicity 
Hawaii-Los Angeles (US)  Cruciferous veg  1.03 (0.92-1.14) 0.77  
Multiethnic Cohort Study  Dark green veg  1.09 (0.98-1.20) 0.26  
82,486 men  Broccoli  1.08 (0.98-1.19) 0.27  

  Dark leafy greens  1.09 (0.99-1.21) 0.05  
       

Case-control Studies       
       

Le Marchand, et al 1991 (87) Dark green veg 189 0.7 for highest vs lowest quartile; men aged <70 yrs 0.21 age, ethnicity 
Oahu, Hawaii   263 1.3 for highest vs lowest quartile; men aged >70 0.39  
Population-based  Cruciferous veg 189 0.8 for highest vs lowest quartile; men aged <70 0.27  

   263 1.1 for highest vs lowest quartile; men aged >70 0.40  
       

Key, et al 1997 (98)  Cooked veg 328 0.71 (0.34-1.48) for highest vs lowest quartile 0.42 age, energy intake, social class 
England  Dark leafy greens 328 1.24 (0.79-1.94) 0.82  
Population-based       

       
Deneo-Pellegrini, et al 1999 (88) Vegetables 175 0.60 (0.30-1.10) for highest vs lowest quartile 0.02 age, residence, urban/rural status, education 
Uruguay        family history of Pca, BMI, energy intake 
Hospital-based       

       
Hayes, et al 1999 (89) Vegetables 932 1.00 (p >0.05) for highest vs lowest quartile; all cases 0.89 age, study site, race 
Multicentre (US)   293 1.10 (p >0.05); advanced cases 0.006  
Population-based       

       
Jain, et al 1999 (83) Total veg 617 0.95 (0.68-1.33) for highest vs lowest quartile nr age, energy intake, smoking, marital status,  
Canada  Leafy veg  0.94 (0.78-1.14) for >median vs < median intakes nr   study area, BMI, education, dietary fibre,  
Population-based  Green veg  0.54 (0.40-0.71) for highest vs lowest quartile nr   multivitamin supplements  

  Cruciferous veg  0.85 (0.64-1.13)  nr  
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Table 1. Epidemiological studies of vegetable intak e and prostate cancer risk, cont’d   
       
     p value  

Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 

      
Tzonou, et al 1999 (99) Total veg 320 0.97 (0.85-1.10) per quintile increment in consumption  age, height, BMI, years of schooling, energy intake 
Greece       
Hospital-based       

       
Villeneuve, et al 1999 (90) Total veg 1623 1.00 (0.80-1.30) for highest vs lowest quartile 0.79 age, province of residence, race, BMI, smoking 
Canadian National Enhanced   Yellow/green veg  1.10 (0.70-1.60) 0.69   family history of Pca, smoking, income, various 
Cancer Surveillance System  Cruciferous veg  0.90 (0.70-1.10) 0.57   other dietary intakes 

       
Cohen, et al 2000 (78) Total veg 628 0.65 (0.45-0.94) for highest vs lowest quartile 0.01 age, race (white or black), family history of Pca,  
Seattle (US)    using sum of all vegetables    # PSA test within 5 yrs, education, BMI,  
Population-based    0.52 (0.31-0.84) for highest vs lowest quartile 0.05   total energy and fat intakes 

    using summary ('5-a-day') question   
  Cruciferous veg  0.59 (0.39-0.90) for highest vs lowest quartile 0.02 age, race (white or black), family history of Pca,  
  Green leafy veg  1.06 (0.49-2.26)  0.41   # PSA test within 5 yrs, education, BMI,  
  Other veg  1.19 (0.53-2.66)  0.38   total energy, fat and vegetable intakes 
       

Kolonel, et al 2000 (79) Total veg 1619 0.74 (0.58-0.96) for highest vs lowest quintile; all cases 0.04 age, geographic region, education, caloric intake,  
US, Canada   514 0.67 (0.46-0.96); advanced cases 0.04   ethnicity 
Population-based  Dark green veg 1619 0.98 (0.77-1.25); all cases 0.41  

   514 0.88 (0.62-1.24); advanced cases 0.35  
  Yellow/orange 1619 0.79 (0.63-1.00); all cases 0.14  
   514 0.67 (0.48-0.94); advanced cases 0.01  
  Cruciferous veg 1619 0.78 (0.61-1.00); all cases 0.02  
   514 0.61 (0.42-0.88); advanced cases 0.01  
       

Norrish, et al 2000 (100) Green leafy veg 317 1.09 (0.72-1.64) for highest vs lowest quartile 0.54 age, total calorie intake 
New Zealand       
Hospital/clinic cases       
Population controls       

 
 
 
 



 22 

Table 1. Epidemiological studies of vegetable intak e and prostate cancer risk, cont’d   
       
     p value  

Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 

      
Bosetti, et al 2004 (80) Total veg 1294 0.74 (0.57-0.95) for highest vs lowest quintile 0.01 age, study centre, years education, social class,  
Multicentre (Italy)        BMI, family history of Pca, total calorie intake 
Hospital-based       
      
Hodge, et al 2004 (81) Total veg 858 0.70 (0.50-1.0) for highest vs lowest tertile 0.06 age, study centre, calendar year, SES, country of 
Australia        birth, family history of Pca, total energy intake 
Population-based       

       
Joseph, et al 2004 (101) Cruciferous veg 428 0.58 (0.38-0.89) for highest vs lowest quartile 0.00 age, family history of Pca, total vegetable intake 
Western New York Diet Study (US) Broccoli  0.72 (0.49-1.06)  0.01  
Hospital-based cases       
Population-based controls       

       
Sonoda, et al 2004 (102) Total veg 140 0.65 (0.28-1.48) for highest vs lowest quartile 0.35 age, smoking, total energy intake, BMI, 
Life Span Study, Japan  Green/yellow veg  0.82 (0.40-1.69)     alcohol intake, family history of Pca 
Hospital-based       

       
Chen, et al 2005 (91) Veg & fruits 237 1.03 (0.62-1.71) for less or none vs moderate na age 
Taiwan  Vegetarian food 237 0.67 (0.47-0.94) for yes vs no na  
Hospital-based   173 0.50 (0.32-0.76) for yes vs no; men with BMI<25 na  

   64 1.25 (0.66-2.37) for yes vs no; men with BMI >25 na  
       

McCann, et al 2005 (82) Total veg 433 0.53 (0.36-0.79) for highest vs lowest quartile <0.001 age, education, BMI, smoking 
Western New York Diet Study (US)      
Hospital-based cases       
Population-based controls       

 
ATBC, Alpha-Tocopherol Beta-carotene; BMI, body mass index, HPFS, Health Professionals Follow Up Study, NHANES, National Health and Nutrition Examinations Survey (1971-1975); 
 nr, not reported; PA, physical activity; Pca, prostate cancer; SES, socio-economic status; US, United States   
* From Denmark, Germany, Italy, The Netherlands, Spain, Sweden, United Kingdom   
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Brassica (Cruciferous) Vegetables 

Brassica vegetables include cauliflower, broccoli, brussels sprouts, cabbage, bok choy, mustard 

greens, radish and watercress, among others (103).  A 2002 epidemiological review concluded 

that there was modest support for high intakes of Brassica or cruciferous vegetables for the 

prevention of prostate cancer (103).  This was further corroborated by a 2003 report from the 

HPFS (84).  The glucosinolate phytoestrogens in Brassica vegetables exhibit various inhibitory 

effects in prostate carcinogenesis in-vitro, (103, 104) and these are thought responsible for the 

potentially protective effect of Brassica vegetables.    

 

Ten studies have reported prostate cancer risk according to either cruciferous vegetables or 

broccoli consumption (Table 1).  Of these, four have reported significant reductions in prostate 

cancer risk (odds ratios from 0.58 to 0.72) (78, 79, 84, 101).  Most of the supporting evidence 

comes from case-control studies (78, 79, 101) that have included a reasonable number of 

cases, but none of these reported using a validated dietary instrument.  The single cohort study 

to find an association was the HPFS, and this was only in organ-confined cases under 65 years 

of age, while an increased risk was suggested for advanced cases aged over 65 years (84). 

 

The forest plot (Figure 6) indicates an inverse association between cruciferous vegetables and 

prostate cancer in case-control studies but not cohort studies.  However, there is evidence of 

heterogeneity across all studies.  There was evidence of publication bias (p=0.004), although 

the number of studies is relatively small.  The case-control study by Le Marchand et al could not 

be included as confidence intervals were not reported (nor was the data to calculate them) (87). 
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Heterogeneity between groups: p = 0.008
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Figure 6.  Forest plot of cruciferous vegetable intake and prostate cancer risk. 

Fruit 

Although fruit intake appears to be protective for cancers of the lung, stomach and possibly the 

colo-rectum (50), there is little evidence of a protective association with prostate cancer (Table 

2).  Only one study has reported an inverse link between fruit intake (i.e. citrus fruit) and 

prostate cancer; an early study of 180 cases among a cohort of Seventh Day Adventist Men 

(105).  In contrast, ten studies have reported increased prostate cancer risks with higher total 

fruit intake (79, 81, 83, 87, 89, 90, 95-98).  Significant increases in risk (ranging from 1.48 to 

2.5) were reported in three studies (83, 87, 90).  Again, several studies did not report using a 

validated dietary assessment tool (79, 83, 87, 89, 90, 105).   

 

The HPFS (94) was not included in the meta-analysis of citrus fruit as only intake of oranges 

was assessed whereas, all other studies studied several citrus fruits.  The forest plots (Figures 7 

and 8) suggest a small increase in prostate cancer risk associated with high fruit and citrus fruit 

intake, however the heterogeneity between studies prevents any firm conclusions.  There was 

no evidence of publication bias among these studies. 
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Figure 7.  Forest plot of total fruit intake and prostate cancer risk. 
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Figure 8.  Forest plot of citrus fruit intake and prostate cancer risk. 
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Table 2.  Epidemiological studies of fruit intake a nd prostate cancer risk   

       
Study Mean Class Cases Adjusted RR (95% CI) p value Adjusted for 

 Follow Up    for trend  

       
Cohort Studies       

       
Mills, et al 1989 (105) 6 yrs Fresh citrus fruit 180 0.53 (0.34-0.86) for highest vs lowest tertile 0.008 age 
Seventh Day Adventists (US) Fruit index (canned, frozen 0.70 (0.32-1.51) for highest vs lowest tertile 0.04  
14,000 men    fresh citrus, winter, dried    

    and other fruit)     
       

Giovannucci, et al 1995 (94)  7 yrs Oranges 773 0.94 (0.72-1.22) for highest vs lowest quintile 0.80 age, total energy intake 
HPFS (US)       
47,365 men       

       
       

Schuurman, et al 1998 (95)  6.3 yrs Fruit 704 1.31 (0.96-1.79) for highest vs lowest quintile 0.02 age, family history of Pca, SES 
Netherlands, pop’ based  Citrus fruit  1.27 (0.93-1.73) for highest vs lowest quintile 0.01 age, family history of Pca, SES, total fruit intake 
58,279 men       

       
Chan, et al 2000 (96) 8 yrs Fruit 581 1.3 (0.80-2.2) for highest vs lowest quintile 0.13 supplementation group (alpha-tocopherol, 
ATBC Trial (Finland)        beta-carotene, both, or placebo), 
27,111 male smokers        education, age, BMI, energy, smoking 

       
Allen, et al 2004 (97) 16.9 yrs Fruit 196 1.20 (0.83-1.74) for highest vs lowest quintile 0.40 age, calendar period, city of residence,  
Hiroshima, Nagasaki, Japan       radiation dose, education level 
Population-based       
18,115 men       

       
Key, et al 2004 (85) 4.8yrs Total Fruit 1,104 1.06 (0.84-1.34) for the highest vs lowest quintile 0.74 height, weight, energy intake, study centre 
European Prospective Investigation      
Into Cancer and Nutrition (EPIC)      
130,544 men *       
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Table 2.  Epidemiological studies of fruit intake a nd prostate cancer risk, cont’d   
       

Study Mean Class Cases Adjusted RR (95% CI) p value Adjusted for 
 Follow Up    for trend  

       
Stram, et al 2006 (86) 7 yrs All fruits and juices 3,922 1.05 (0.94-1.12) for highest vs lowest quintile 0.60 age, BMI, education, family history of Pca, ethnicity 
Hawaii-Los Angeles (US) Citrus fruit  1.08 (0.97-1.19) 0.23  
Multiethnic Cohort Study Yellow or orange fruit  1.05 (0.94-1.16) 0.17  
82,486 men  Papaya  0.93 (0.85-1.02) for highest vs lowest tertile 0.24  

       
Case-control Studies       

       
Le Marchand, et al 1991 (87) Papaya 189 1.3 (0.8-2.1) for highest vs lowest quartile; men aged <70 0.43 age, ethnicity 
Oahu, Hawaii   263 2.5 (1.6-4.0) for highest vs lowest quartile; men aged >70 0.00  
Population-based  Mangoes 189 1.2 (0.7-2.0) for highest vs lowest quartile; men aged <70 0.18  

   263 0.9 (0.6-1.5) for highest vs lowest quartile; men aged >70 0.78  
       

Key, et al 1997 (98) Citrus fruit 328 1.45 (0.83-2.52) for highest vs lowest quartile 0.09 age, energy intake, social class 
England  Other fruit 328 0.99 (0.58-1.68) 0.54  
Population-based       

       
Deneo-Pellegrini, et al 1999 (88) Fruit 175 0.80 (0.40-1.40) for highest vs lowest quartile 0.08 age, residence, urban/rural status, education 
Uruguay        family history of Pca, BMI, energy intake 
Hospital-based       

       
Hayes, et al 1999 (89) Fruit 932 1.10 (p>0.05) for highest vs lowest quartile; all cases 0.48 age, study site, race 
Multicentre (US)   293 1.00 (p>0.05); advanced cases 0.9  
Population-based       

       
Jain, et al 1999 (83) Total fruit 617 1.51 (1.14-2.01) for highest vs lowest quartile nr age, energy intake, smoking, marital status,  
Canada  Citrus fruit  1.48 (1.12-1.96)  nr   study area, BMI, education, dietary fibre,  
Population-based  Fruit, non citrus  1.54 (1.07-2.22)  nr   education, multivitamin supplements 

       
Tzonou, et al 1999 (99) Fruit 320 0.92 (0.86-1.11) per quintile increment in consumption nr age, height, BMI, years of schooling, energy intake 
Greece       
Hospital-based       
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Table 2.  Epidemiological studies of fruit intake a nd prostate cancer risk, cont’d   
       

Study  Class Cases Adjusted RR (95% CI) p value Adjusted for 
     for trend  

      
Villeneuve, et al 1999 (90) Fruits and fruit juices 1623 1.50 (1.10-1.90) for highest vs lowest quartile 0.03 age, province of residence, race, BMI, smoking 
Canadian National Enhanced       family history of Pca, smoking, income, various 
Cancer Surveillance System       other dietary intakes 

       
Cohen, et al 2000 (78) Fruit 628 1.07 (0.72-1.60) for highest vs lowest quartile 0.86 age, race (white or black), energy and fat intake, 
Seattle (US)    using sum of all fruit    education, BMI, #PSA test within 5 yrs, 
Population-based    0.80 (0.53-1.23) for highest vs lowest quartile 0.38   family history of Pca 

    using summary ('5-a-day') question   
  Citrus fruit  0.89 (0.60-1.31) highest vs lowest quartile 0.70  
  Other fruit  0.99 (0.54-1.18)  0.99  
       

Kolonel, et al 2000 (79) Fruit 1619 1.01 (0.79-1.28) for highest vs lowest quintile; all cases 0.48 age, geographic region, education, caloric intake,  
US, Canada   514 1.13 (0.80-1.60); advanced cases 0.36   ethnicity 
Population-based  Citrus fruit 1619 1.15 (0.91-1.45); all cases 0.40  

   514 1.22 (0.88-1.70); advanced cases 0.45  
       

Bosetti, et al 2004 (80) Citrus fruit 1294 0.90 (0.70-1.16) for highest vs lowest quintile 0.12 age, study centre, years education, social class,  
Multicentre (Italy)  Other fruit  0.85 (0.65-1.10) 0.12   family history of Pca, total calorie intake, BMI 
Hospital-based       

       
Hodge, et al 2004 (81) Fruit 858 1.1 (0.9-1.5) for highest vs lowest tertile 0.60 age, study centre, calendar year, SES, country of 
Australia        birth, family history of Pca, energy intake 
Population-based       

       
McCann, et al 2005 (82) Fruit and fruit juices 433 0.82 (0.56-1.20) for highest vs lowest quartile 0.25 age, education, BMI, smoking 
Western New York Diet Study (US)      
Hospital-based cases       
Population-based controls      
 
ATBC, Alpha-Tocopherol Beta-carotene; BMI, body mass index, HPFS, Health Professionals Follow Up Study, NHANES, National Health and Nutrition Examinations Survey (1971-1975); 
 nr, not reported; PA, physical activity; Pca, prostate cancer; SES, socio-economic status; US, United States   
* From Denmark, Germany, Italy, The Netherlands, Spain, Sweden, United Kingdom   
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Tomatoes 

Interest in tomato intake and its predominant carotenoid, lycopene, was stimulated by the 1995 

findings from the HPFS which reported significant inverse relationships between tomato intake 

and prostate cancer risk (94).  A meta-analysis of studies published before March 2003 reported 

that for a high intake (fifth quintile) of cooked tomato, the pooled RR was 0.81 (95% CI, 

0.71-0.92) (74).  The pooled RR for high intake of raw tomatoes was 0.89 (95% CI, 0.80-1.00) 

reflecting possibly, the greater bioavailability of lycopene in cooked tomato than raw tomato 

(74).  The pooled RR for high lycopene intake was 0.89 (95% CI, 0.81-0.98).  Intervention trials 

have failed to support lycopene supplements for prostate cancer prevention, but suggest that 

increasing doses of tomatoes or tomato products may protect against DNA damage and 

possibly, prostate cancer (106).   

 

The US Food and Drug Administration (FDA) systematically reviewed the tomatoes, lycopene 

and prostate cancer literature in 2007, but did not undertake a meta-analysis.  Based on this 

review, the FDA concluded that there was ‘very limited evidence’ to support a relationship 

between tomato consumption and a reduced risk of prostate cancer (107).  Additionally, there 

was ‘no credible evidence’ of an association between lycopene intake and a reduced risk of 

prostate cancer (107).   

 

To date, sixteen original papers have examined tomato intake and prostate cancer risk (Table 

3).  Of these, only four have reported statistically significant inverse relationships.  This includes 

evidence from the HPFS (94, 108); a large, well-conducted cohort study of male health 

professionals living in the US (94, 108).  The Seventh Day Adventist cohort study (105) and two 

population-based case-control studies (81, 83) also reported significant reductions in risk.  

However, only two of these studies used validated instruments and controlled for family history 

of prostate cancer and total energy intake (81, 94, 108).  In some studies there were problems 

relating to not specifying cooked or raw tomato (87, 102), the use of hospital-based cases and 

possibly incomplete case ascertainment (100, 102), relatively small numbers of cases (87, 102), 

and many did not adjust for family history of prostate cancer (79, 87, 89, 98, 100).   
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Studies not specifying cooked or raw tomato were excluded from the pooled analyses.  The 

forest plots below show that cooked tomato intake (Figure 9) appears protective against 

prostate cancer, without significant heterogeneity between studies.  There appears to be no 

association with raw tomato intake (Figure 10).  There was no evidence of publication bias. 
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Figure 9.  Forest plot of cooked tomato intake and prostate cancer risk 

 



 31 

Heterogeneity between groups: p = 0.892
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Figure 10.  Forest plot of raw tomato intake and prostate cancer risk 
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Table 3.  Epidemiological studies of tomato intake and prostate cancer risk   

       
 Mean    p value  

Study Follow Up Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Cohort Studies       

       
Mills, et al 1989 (105) 6 yrs Tomato, unspec. 180 0.57 (0.35-0.93) for highest vs lowest tertile 0.06 age 
Seventh Day Adventists (US)      
14,000 men       

       
Giovannucci, et al 1995 (94) 7 yrs Tomato based 773 0.65 (0.44-0.95) for highest vs lowest quintile; all cases 0.01 age, total energy intake 
HPFS (US)  foods 271 0.47 (0.22-1.00);advanced cases 0.03  
47,365 men  Tomato sauce 773 0.66 (0.49-0.90) for highest vs lowest quartile; all cases 0.00  

  Tomatoes 773 0.74 (0.58-0.93) for highest vs lowest quartile; all cases 0.03  
       

Giovannucci, et al 2002 (108) 20 yrs Tomato sauce 1320 0.72 (0.59-0.89) for highest vs lowest quartile; organ confined cases <0.001 age, time period, ancestry, BMI age 21, 
HPFS (US)   354 0.65 (0.42-0.99); advanced cases 0.02   intakes of total energy, calcium,   
47,365 men   278 0.64 (0.39-1.05); metastatic cases 0.03   phosphorous, fructose, vitamin D, 

        vitamin E, total fat and α-linolenic acid 
       

Kirsh, et al 2006 (109) 4.2 yrs Total tomato servings 1,338 0.99 (0.81-2.21) for highest vs lowest quintile 0.36 age, family history of Pca, BMI, PA, 
Prostate, Lung Colorectal   Raw tomato  1.04 (0.86-1.27) 0.84   smoking, type II diabetes, aspirin use,  
and Ovarian Trial  Canned tomatoes  0.96 (0.79-1.16) for highest vs lowest quartile 0.50   supplemental vitamin E intake, 
US, population-based  Spaghetti/tomato sauce  0.96 (0.76-1.19)  0.65   # screening exams, total energy, fat 

  Pizza  0.83 (0.67-1.03) 0.06   red meat intake 
  Ketchup  0.99 (0.82-1.19) 0.68  
       

Stram, et al 2006 (86) 7 yrs Cooked tomato 3,922 0.95 (0.85-1.06) for highest vs lowest quintile 0.38 age, BMI, education, ethnicity, family 
Hawaii-Los Angeles (US)  Raw tomato  1.06 (0.96-1.18) 0.61  history of Pca 
Multiethnic Cohort Study       
82,486 men       
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Table 3.  Epidemiological studies of tomato intake and prostate cancer risk, cont'd   
       
     p value  

Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Case-control studies       

       
Le Marchand, et al 1991 (87) Tomatoes, unspec. 189 0.90 for highest vs lowest quartile; men aged <70 yrs 0.35 age, ethnicity 
Oahu, Hawaii   263 1.10 for highest vs lowest quartile; men aged >70 0.57  
Population-based       

       
Hayes, et al 1999 (89) Cooked tomatoes and 932 1.30 (p >0.05) for highest vs lowest quartile; all cases 0.71 age, study site, race 
Multicentre (US)    tomato sauce 293 1.60 (p >0.05); advanced cases 0.95  
Population-based  Raw tomato 932 0.80 (p >0.05) for highest vs lowest quartile; all cases 0.16  

   293 0.50 (p <0.05); advanced cases 0.04  
       

Jain, et al 1999 (83) Tomatoes 617 0.64 (0.45-0.91) for highest vs lowest quartile nr age, smoking, education, marital status 
Canada  incl. tomato soups,      study area, BMI, energy intake, 
Population-based  sauces      dietary fibre, multivitamin supplements 

       
Key, et al 1997 (98) Cooked tomato 328 0.92 (0.59-1.42) for highest vs lowest quartile 0.64 age, energy intake, social class 
England  Raw tomato  1.06 (0.55-1.62)  0.88  
Population-based       

       
Tzonou, et al 1999 (99) Cooked tomatoes 320 0.46 (0.04-3.60) for highest vs lowest quintile  age, height, BMI, years of schooling,  
Greece  Raw Tomatoes 320 0.53 (0.08-2.90)    energy intake 
Hospital-based       

       
Villeneuve, et al 1999 (90) Tomatoes or tomato 1623 1.00 (0.70-1.13) for highest vs lowest quartile 0.29 age, province of residence, race, BMI 
Canadian National Enhanced juice      family history of Pca, smoking, income 
Cancer Surveillance System       various other dietary intakes 

       
Kolonel, et al 2000 (79) Tomatoes, cooked 1619 0.94 (0.58-1.52) for highest vs lowest quintile; all cases 0.56 age, geographic region, education,  
US, Canada   514 0.96 (0.48-1.93); advanced cases 0.76   caloric intake, ethnicity 
Population-based  Tomatoes, raw 1619 1.07 (0.83-1.38); all cases 0.85  

   514 1.08 (0.75-1.56); advanced cases 0.78  
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Table 3.  Epidemiological studies of tomato intake and prostate cancer risk, cont’d   
       
     p value  

Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 

      
Norrish, et al 2000 (100) Tomatoes and 317 0.77 (0.50-1.18) for highest vs lowest quartile 0.17 age, total calorie intake 
New Zealand  tomato based foods     
Hospital/clinic cases  Raw Tomato  0.96 (0.63-1.46) 0.67  
Population controls       

       
Cohen, et al 2000 (78) Tomatoes, cooked 628 0.90 (0.57-1.42) for highest vs lowest quartile 0.68 age, race (white or black), BMI, family 
Seattle (US)  Tomatoes, raw  1.22 (0.83-1.80) for highest vs lowest quartile 0.26   history of Pca, education, # PSA 
Population-based        tests within 5 yrs, total energy 

        fat and vegetable intakes 
       

Hodge, et al 2004 (81) Tomatoes,  858 0.80 (0.60-1.0) for the highest vs lowest tertile 0.03 age, study centre, calendar year, family 
Australia  pizza, pasta       history of Pca, country of birth, SES,  
Population-based        total energy intake 

       
Sonoda, et al 2004 (102) Tomatoes, unspec. 140 0.86 (0.37-2.01) for highest vs lowest quartile 0.87 age, smoking, total energy intake, BMI, 
Life Span Study, Japan        alcohol intake, family history of Pca 
Hospital-based       

 
BMI, body mass index; HPFS, Health Professionals Follow Up Study; nr, not reported; PA, physical activity, Pca, prostate cancer; PLCO, Prostate, Lung, Colorectal and Ovarian;  
PSA, prostate specific antigen; SES, socio-economic status; unspec., unspecified; US, United States   
* From Denmark, Germany, Italy, The Netherlands, Spain, Sweden, United Kingdom   
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Meat 

High meat intake is characteristic of a ‘western’ diet, and is hypothesised to increase prostate 

cancer risk through several possible mechanisms albeit, none confirmed: i) the saturated fat 

content of meat, which provides a substrate for oxidative stress (51), ii) the carcinogenic 

heterocyclic amines formed when meat is cooked at high temperatures (110), which have been 

hypothesised as causing inflammation in the prostate (11) and iii) the nitrosamine content of 

processed and cured meats, some of which have been classified as probable human 

carcinogens (111).  

 

Of the sixteen studies of meat intake and prostate cancer reviewed (Table 4), five reported 

statistically significant results (89, 112-114).  A large case-control study by Hayes et al (89) 

reported significantly higher risks with total meat and red meat intake, however they did not 

account for family history of prostate cancer and validation of the dietary instrument was not 

reported.  Le Marchand et al (112) reported significantly higher risks with increasing beef intake, 

after controlling for ethnicity.  The cohort study by Rodriguez et al (113) reported significantly 

increased risks with higher intakes of processed and unprocessed red meat among black men 

only.   

 

Three cohort studies reported statistically non-significant increases in risk with high intakes of 

processed meats (114-116).  Of these, Schuurman et al reported a 37% increase in risk for 

cured meats but this result is based on only 71 of the 524 cases (114).  Two studies suggested 

increased risks for advanced prostate cancer with higher intakes of processed meat (115, 116), 

but these were not statistically significant.    

 

The largest cohort study to date (involving over 4,000 cases) by Park et al (117) reported no 

statistically significant relationships between total meat, red meat or processed meat and 

prostate cancer risk, after adjusting for tumour stage and ethnicity, and attempting to calibrate 

dietary variables.  One difference with this study is that grams of meat per 1000 kilocalories was 

examined, whereas some (118) have argued against using this method to adjust for total energy 

intake.  Most other studies have examined absolute meat intakes (grams meat/day) and 

included energy intake as a potential confounder.   
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Eight other studies were excluded from this review as they were either small hospital-based 

case-control studies (92, 119, 120) or their analysis included very small cell sizes (97, 121).  An 

additional hospital-based case-control study was excluded because more than half of its 

controls were cancer patients (93).  Two studies that combined meat and fish intake were 

excluded (99, 105) as fish has been reported to reduce prostate cancer risk in some studies 

(122).  One cohort study was excluded as it analysed a total of 22 incident cases (123).   

 

Overall, the evidence for total meat intake as a risk factor is not convincing.  Most of the 

reported risks were close to one, and several studies included relatively small numbers of cases 

in their sub-analyses (88, 98, 114, 115).  For all cancer stages combined, the forest plots show 

no obvious relationships between prostate cancer risk and total meat intake (Figure 11), red 

meat (Figure 12) or processed meat (Figure 13).  Similarly, in the pooled analysis of advanced 

cases (Figure 14) there are no convincing relationships for any meat type.  However, when the 

study by Park et al (117) is excluded because it analysed meat intake as a grams/1000 

kilocalories, a very different ES results for processed meat and advanced prostate cancer 

(forest plot not shown).  The pooled ES shifts to 1.32 (95% CI, 1.03-1.71) and the heterogeneity 

between studies is reduced (p for heterogeneity=0.374, overall p=0.296), indicating a significant 

positive relationship between processed meat intake and advanced prostate cancer.  The 

pooled ES did not change substantially when Park et al was removed from the other forest plots 

(Figures 11-13).  Publication bias was not evident in any of these meta-analyses. 
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Figure 11.  Forest plot of total meat intake and prostate cancer risk 

 

Heterogeneity between groups: p = 0.444

Overall  (I-squared = 30.1%, p = 0.178)

Michaud 2001

Park 2007

Denio-Pellegrini 1999

case control

Rodriguez 2006

Subtotal  (I-squared = 34.3%, p = 0.166)

Study ID

Rorhmann 2007

Bosetti 2004

Neuhouser 2007

Cross 2005

Le Marchand 1994

Subtotal  (I-squared = 42.0%, p = 0.189)

cohort

0.98 (0.92, 1.04)

0.91 (0.75, 1.10)

0.97 (0.87, 1.07)

1.70 (0.80, 3.40)

1.00 (0.90, 1.10)

0.97 (0.92, 1.04)

ES (95% CI)

0.87 (0.59, 1.32)

1.01 (0.76, 1.34)

0.95 (0.75, 1.20)

0.81 (0.62, 1.06)

1.60 (1.10, 2.40)

1.08 (0.83, 1.41)

100.00

9.77

33.47

0.68

%

35.59

94.86

Weight

2.21

4.46

6.49

4.98

2.35

5.14

0.98 (0.92, 1.04)

0.91 (0.75, 1.10)

0.97 (0.87, 1.07)

1.70 (0.80, 3.40)

1.00 (0.90, 1.10)

0.97 (0.92, 1.04)

ES (95% CI)

0.87 (0.59, 1.32)

1.01 (0.76, 1.34)

0.95 (0.75, 1.20)

0.81 (0.62, 1.06)

1.60 (1.10, 2.40)

1.08 (0.83, 1.41)

100.00

9.77

33.47

0.68

%

35.59

94.86

Weight

2.21

4.46

6.49

4.98

2.35

5.14

  
1.5 2

effect size

 

Figure 12.  Forest plot of red meat intake and prostate cancer risk 
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Heterogeneity between groups: p = 0.492

Overall  (I-squared = 13.1%, p = 0.325)

Schuurman 1999

Study ID

Le Marchand 1994

McCann 2005

Denio-Pellegrini 1999

Subtotal  (I-squared = 35.9%, p = 0.167)

cohort

Subtotal  (I-squared = 0.0%, p = 0.628)

Rorhmann 2007

Park 2007

Rodriguez 2006

Bosetti 2004

case control

Cross 2005

1.04 (0.97, 1.10)

1.37 (1.00, 1.89)

ES (95% CI)

1.20 (0.80, 1.90)

0.87 (0.58, 1.32)

0.80 (0.40, 1.40)

1.04 (0.98, 1.11)

0.96 (0.76, 1.21)

1.53 (0.98, 2.39)

1.01 (0.91, 1.12)

1.00 (0.90, 1.10)

1.06 (0.76, 1.42)

1.16 (0.91, 1.50)

100.00

4.00

%

Weight

2.16

2.39

1.03

92.43

7.57

2.04

37.55

40.20

4.14

6.48

1.04 (0.97, 1.10)

1.37 (1.00, 1.89)

ES (95% CI)

1.20 (0.80, 1.90)

0.87 (0.58, 1.32)

0.80 (0.40, 1.40)

1.04 (0.98, 1.11)

0.96 (0.76, 1.21)

1.53 (0.98, 2.39)

1.01 (0.91, 1.12)

1.00 (0.90, 1.10)

1.06 (0.76, 1.42)

1.16 (0.91, 1.50)

100.00

4.00

%

Weight

2.16

2.39

1.03

92.43

7.57

2.04

37.55

40.20

4.14

6.48

  
1.5 2

effect size

 

Figure 13.  Forest plot of processed meat intake and prostate cancer risk 
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Figure 14.  Forest plot of meat intakes and advanced prostate cancer
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Table 4.  Epidemiological studies of meat intake an d prostate cancer risk.   

       
 Mean    p value  

Study Follow Up Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Cohort studies       

       
Le Marchand, et al 1994 (112) 15 yrs Beef 198 1.60 (1.10-2.40) for highest vs lowest tertile 0.02 age, ethnicity, income 
Hawaii (US)  Processed meats  1.20 (0.80-1.90) 0.38  
20,316 men        

       
Schuurman, et al 1999 (114) 6.3 yrs Fresh meat and poultry 524 1.07 (0.77-1.47) for highest vs lowest quintile 0.52 age, family history of Pca, SES 
The Netherlands Cohort Study Cured meat 71 1.37 (1.00-1.89) NB: some cells sizes < 5 0.04  
58,279 men       

       
Michaud, et al 2001 (124) 10 yrs Total meat 1,897 0.93 (0.78-1.10) for highest vs lowest quintile; all cases 0.51 age, calories, calcium, smoking, tomato 
HPFS (US)   536 0.85 (0.61-1.20); advanced cases 0.72   sauce, saturated fat, alpha-linolenic acid 
51,529 men   249 1.06 (0.64-1.80); metastatic cases 0.66   vigorous PA 

  Red meat 1,897 0.91 (0.75-1.10) for highest vs lowest quintile; all cases 0.27  
   536 1.15 (0.80-1.70); advanced cases 0.39  
   249 1.50 (0.88-2.50); metastatic cases 0.20  
       

Cross, et al 2005 (116) 9 yrs Red meat 868 0.81 (0.62-1.06) for highest vs lowest quintile; all cases 0.38 age, race, study centre, family history of  
PLCO Cancer Screening Trial  520 0.92 (0.66-1.29); advanced cases 0.92   Pca, history of diabetes, PSA screening,  
29,361 men  Processed meat 868 1.16 (0.91-1.50) for highest vs lowest quintile; all cases 0.39   PA, aspirin use, intake of total energy, BMI, 

   520 1.37 (0.99-1.90); advanced cases 0.32   lycopene intake, supplemental vitamin E 
       

Rodriguez, et al 2006 (113) 10 yrs Total processed and 5,028 1.00 (0.90-1.10) for highest vs lowest quartile; all cases 0.17 age, BMI, education, family history of Pca, 
Cancer Prevention Study II   unprocessed red meat 225 0.80 (0.50-1.13); all metastatic cases 0.53   history of PSA testing, history of diabetes, 
Nutrition Cohort (US)   85 2.00 (1.00-4.20); black men 0.05   total caloric intake 
64,856 white men  Unprocessed red meat 5,028 1.00 (0.90-1.10) for highest vs lowest quartile; all cases 0.68  
692 black men   225 0.80 (0.50-1.20); all metastatic cases 0.39  

   85 1.70 (0.80-3.90); black men 0.49  
  Processed meat 5,028 1.0 (0.90-1.10) for highest vs lowest quartile; all cases 0.98  
   225 1.10 (0.70-1.70); all metastatic cases 0.87  
   85 2.40 (1.20-4.90); black men 0.05  
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Table 4.  Epidemiological studies of meat intake an d prostate cancer risk, cont’d   
       
 Mean    p value  

Study Follow Up Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Neuhouser, et al 2007 (125) 11 yrs Red meat 890 0.95 (0.75-1.20) for highest vs lowest quartile; all cases 0.25 age, energy intake, BMI, smoking, family  
CARET (US)        history of Pca 
18, 314 heavy smokers and        
asbestos exposed workers       
       
Park, et al 2007 (117) 8 yrs Total meat  1.01 (0.91-1.12); highest vs lowest quintile; all cases 0.63 time on study, ethnicity, family history of Pca 
Multiethnic Cohort Study     1.07 (0.89-1.28); high grade cancers 0.67   education, BMI, smoking, energy intake 
Hawaii and Los Angeles  Red meat  0.97 (0.87-1.07); highest vs lowest quintile; all cases 0.40  
82,483 men    0.95 (0.79-1.14); high grade cancers 0.56  
  Processed meat  1.01 (0.91-1.12); highest vs lowest quintile; all cases 0.49  
    0.92 (0.77-1.11); high grade cancers 0.21  

       
Rohrmann, et al 2007 (115) 16 yrs Total meat 199 0.90 (0.60-1.33) for highest vs lowest tertile; all cases 0.99 age, energy intake, BMI at age 21, intake 
CLUE II Study   74 0.66 (0.34-1.29); low stage cases (18 in highest tertile) 0.22   of tomato products, saturated fat 
Washington County (US)   54 0.90 (0.41-1.93); high stage cases (13 in highest tertile) 0.76  
3,892 men  Red meat 199 0.87 (0.59-1.32); all cases 0.52  

   74 0.60 (0.31-1.18); low stage cases (18 in highest tertile) 0.13  
   54 0.87 (0.39-1.93); high stage cases (13 in highest tertile) 0.74  
  Processed meats 199 1.53 (0.98-2.39); all cases 0.20  
   74 1.30 (0.62-2.74); low stage cases (35 in highest tertile) 0.93  
   54 2.24 (0.90-5.59); high stage cases (18 in highest tertile) 0.22  

       
Case-control studies       
       
Key, et al 1997 (98) Meat of any type 328 0.64 (0.36-1.14) for highest vs lowest quartile 0.13 age, energy intake, social class 
England  Roast or grilled meat 328 1.12 (0.50-2.49) 0.81  
Population-based       
       
Villeneuve, et al 1999 (90) Total meat 1623 1.00 (0.70-1.30) for highest vs lowest quartile 0.41 age, province of residence, race, BMI,  
Canadian National Enhanced       family history of Pca, smoking, income,  
Cancer Surveillance System       various other dietary intakes 
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Table 4.  Epidemiological studies of meat intake an d prostate cancer risk, cont’d   
       
     p value  

Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 

      
Hayes, et al 1999 (89) Total meat 932 1.40 (p<0.05) for highest vs lowest quartile; all cases 0.06 age, study site, race 
Multicentre (US)   293 1.80 (p<0.05); advanced cases <0.01  
Population-based  Red meat 932 1.40 (p<0.05) for highest vs lowest quartile; all cases 0.04  

   293 2.0 (p<0.05); advanced cases 0.00  
       

Deneo-Pellegrini, et al 1999 (88) Total meat 175 1.60 (0.80-3.40) for highest vs lowest quartile 0.59 age, residence, urban/rural status,  
Uruguay  Red meat  1.70 (0.80-3.40) 0.17   education, family history of Pca, BMI,  
Hospital-based  Processed meats  0.80 (0.40-1.40) 0.31   energy intake 

       
Hodge, et al 2004 (81) Total meat 858 1.00 (0.80-1.40) for highest vs lowest tertile 0.80 age, study centre, calendar year, family 
Australia        history of Pca, country of birth, SES,  
Population-based        total energy intake 

       
Bosetti, et al 2004 (80) Red meat 1294 1.01 (0.76-1.34) for highest vs lowest quintile 0.79 age, study centre, years education,  
Multicentre (Italy)  Processed meats  1.06 (0.76-1.42) 0.47   family history of Pca, total calorie intake, 
Hospital-based        social class, BMI 

       
Sonoda, et al 2004 (102) Meat 140 1.80 (0.81-3.98) for highest vs lowest quartile 0.46 age, smoking, total energy intake, BMI, 
Life Span Study, Japan        alcohol intake, family history of Pca 
Hospital-based       

       
McCann, et al 2005 (82) Total meat 433 0.94 (0.62-1.43) for highest vs lowest quartile 0.73 age, education, BMI, smoking 
Western New York Diet Study (US) Processed meats  0.87 (0.58-1.32) 0.33  
Hospital-based cases       
Population-based controls      
 
BMI, body mass index; CARET, The Carotene and Retinol Efficacy Trial;  HPFS, Health Professionals Follow Up Study; kcal, kilocalories, PA, physical activity, Pca, prostate cancer;  
PLCO, Prostate, Lung, Colorectal and Ovarian; PSA, prostate specific antigen, SES, socio-economic status; US, United States 
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Summary   

The evidence for cruciferous vegetables and total vegetable intake in reducing prostate cancer 

risk is limited.  Fruit intake does not appear to influence prostate cancer risk.  Although the 

number of studies reporting significant relationships with tomato intake are few, the pooled 

analysis indicates that higher intakes of cooked tomato, but not raw tomato, reduces prostate 

cancer risk.  There is insufficient evidence of a positive relationship between total meat or red 

meat intake and prostate cancer.  An increased risk of advanced prostate cancer is suggested 

for processed meat.   

 

The majority of evidence for fruit, vegetables and tomatoes comes from case-control studies,  

whereas, cohort studies are considered more a rigorous design for establishing causal 

relationships.  In addition, approximately half of all studies did not use a validated instrument to 

assess dietary intake and/or did not adjust for family history of prostate cancer, which is known 

to be a risk factor for prostate cancer.   
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Selected Nutrients and Prostate Cancer Risk 

The 1975 ecological analysis referred to earlier suggested that rates of prostate cancer were 

positively associated with ‘western style’ diets, i.e. diets higher in energy, meat, animal protein, 

milk, and sugar (44).  Many nutrients associated with a ‘western style’ diet have since been 

investigated in light of prostate cancer risk, with calcium and fat receiving considerable 

attention.  Zinc may be important due to its accumulation in the prostate gland.  The latest 

reviews tend to favour fats and calcium as increasing prostate cancer risk, and zinc decreasing 

risk (10, 77, 110), however these reviews are not always systematic, up to date, or critical of 

study design.  The latest epidemiological evidence on dietary intakes of fat, calcium and zinc is 

critically reviewed below.   

 

Fat 

The potential mechanisms by which fat intake could increase the risk of prostate cancer are still 

speculative.  However, the main hypotheses propose that high fat intakes i) promote free radical 

damage (as a substrate for lipid peroxidation) (51), ii) increase insulin-like growth factors e.g. 

IGF-1 (70, 71) or iii) increase the levels of circulating sex hormones, including testosterone (67, 

126).  Saturated fats are of interest as a component of meat, which has been associated with 

prostate cancer in some studies (reviewed earlier).   

 

The relationship between fat intake and prostate cancer risk appears generally positive, 

however, studies have largely produced statistically non-significant results.  Of the seventeen 

studies reviewed (Table 5), only the population-based case-control study by Hayes et al (89) 

(reviewed earlier) reports a statistically significant relationship between total fat intake and 

prostate cancer risk.  Hayes et al found that the highest quartile of total fat intake was 

associated with a 40% increased risk of prostate cancer (all cases) and a doubling in risk for 

advanced prostate cancer cases, although confidence intervals were not reported (89).  The 

corresponding author was not able to provide additional data for this review.  Moderately 

increased, but non-significant risks have been associated with total fat intake in five other 

case-control studies (88, 90, 127-129).  A few small case-control studies reported decreased 

risks (98, 129-131), whereas two of the largest case-control studies reported null results (81, 
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132).  Total fat intake was positively associated with prostate cancer risk in all of the few cohort 

studies (96, 125, 133, 134) . 

 

The results followed a similar pattern for saturated fat, although they are more varied.  In 

addition to the study by Hayes et al (89), the early case-control study by Kolonel et al (127) 

reported a significantly increased risk for saturated fat, however this was only in men aged 70 

years or more.    

 

Four studies have suggested higher risks of advanced prostate cancer with increasing intakes 

of total fat (89, 128, 134) and saturated fat (128, 135).   

 

Ten studies reported using a validated food frequency questionnaire (FFQ) (81, 96, 98, 127, 

128, 130, 132-135) however, the only study reporting statistically significant findings (89) did 

not.  Only seven of the seventeen studies controlled for body size (81, 88, 90, 96, 125, 134, 

135) which may be a confounder in the analysis of energy-dense fat intakes and prostate 

cancer risk.  None of the studies controlled for physical activity, which may modify the effect of 

total fat intake via its effect on body size or the regulation of hormones, including insulin and 

IGF-1 (136, 137).  These factors may explain the lack of statistically significant findings.    

 

One cohort study (121) and two small hospital-based case-control studies (92, 138) were not 

reviewed due to their small sample sizes.  Another large cohort study by Park et al (117) was 

excluded as unlike other studies, it analysed fat intake as a percentage of total energy intake 

rather than in absolute terms (grams fat/day) adjusted for total energy intake. 

 

In Figure 15, total fat intake appears to be positively associated with prostate cancer.  Figure 16 

shows no relationship with saturated fat, although there is some heterogeneity amongst 

case-control studies.  Note that both figures include data for older men from Kolonel et al (127) 

and West et al (129) (Table 5) and again, Hayes et al (89) could not be included due to 

insufficient published data.  No publication bias was detected.  There were insufficient studies to 

estimate pooled effects for advanced cases only.  
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Figure 15. Forest plot of total fat intake and prostate cancer risk 
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Figure 16. Forest plot of saturated fat intake and prostate cancer risk 
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Table 5.  Epidemiological studies of dietary fat in take and prostate cancer risk   
       
 Mean    p value  

Study Follow Up Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Cohort Studies       

       
Giovannucci, et al 1993 (134) 4 yrs Total fat 300 1.32 (0.91-1.92) for highest vs lowest quintile; all cases 0.32 age, calories, BMI, ancestry, vasectomy status, 
HPFS (US)   126 1.68 (0.97-2.90); advanced cases 0.14   intake of saturated fat, monounsaturated fat, 
47,855 men  Saturated fat 300 0.84 (0.48-1.47) for highest vs lowest quintile; all cases 0.93   linoleic acid and alpha-linolenic acid 

   126 0.95 (0.41-2.21); advanced cases 0.56  
       

Schuurman, et al 1999 (133) 6.3 yrs Total fat 642 1.10 (0.80-1.52) for highest vs lowest quintile; all cases 0.78 age, family history of Pca, SES, energy intake 
The Netherlands Cohort Study Saturated fat 642 1.19 (0.80-1.76)  0.43  
58,279 men       

       
Chan, et al 2000 (96) 8 yrs Total fat 233 1.10 (0.70-1.70) for highest vs lowest quintile 0.89 supplementation group (alpha-tocopherol, 
ATBC Trial (Finland)        beta-carotene, both, or placebo), 
27,111 male smokers        education, age, BMI, energy, smoking 

       
Neuhouser, et al 2007 (125) 11 yrs Total fat 811 1.19 (0.84-1.67) for highest vs lowest quartile; all cases 0.59 age, energy intake, BMI, smoking, family  
CARET (US)  Saturated fat 279 0.98 (0.71-1.35); all cases 0.75   history of Pca, race/ethnicity 
18, 314 heavy smokers and 
asbestos exposed workers 

      

       
Case-control studies       

       
Kolonel, et al 1988 (127) Total fat 189 1.00 (0.60-1.70) for highest vs lowest quartile; men <70 yrs 0.96 age, ethnicity 
Hawaii (US)   263 1.50 (0.90-2.30); men 70+ yrs 0.13  
Population-based  Saturated fat 189 1.00 (0.60-1.90); men <70 yrs 0.77  

   263 1.70 (1.00-2.80); 70+ yrs old 0.02  
       

West, et al 1991 (129) Total fat 179 0.80 (0.40-1.30) for highest vs lowest quartile; 45-67 yr olds nr Nil (crude Ors) 
Mormons (US)   179 1.70 (1.00-3.10); 68-74 yrs nr  
Population-based  Saturated fat 179 0.70 (0.40-1.20); 45-67 yrs nr  

   179 1.3 (0.70-2.30); 68-74 yrs nr  

 



 47 

Table 5.  Epidemiological studies of dietary fat in take and prostate cancer risk, cont’d   
   

     p value  
Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 
       
Ghadirian, et al 1995 (130) Total fat 232 0.83 (0.46-1.51) for highest vs lowest quartile 0.64 age, energy intake,  family history of Pca 
Montreal, Canada  Saturated fat  0.69 (0.40-1.18) 0.05  
Hospital-based cases       
Population-based controls      

       
Rohan, et al 1995 (131) Total fat 207 0.73 (0.42-1.30) for highest vs lowest quartile 0.2 age, energy intake, family history of Pca 
Ontario, Canada  Saturated fat  0.58 (0.33-1.01) 0.01  
Population-based       

       
Whittemore, et al 1995 (139) Total fat 1,608 1.40 (1.10-1.89) for highest vs lowest quintile; all cases 0.04 age, region, education 
Multicentred (US)  Saturated fat 1,608 1.60 (1.10-2.40); all cases 0.02  
Population-based       
      
Andersson, et al 1996 (128) Total fat 526 1.08 (0.77-1.52) for highest vs lowest quartile; all cases 0.57 age, energy intake 
Sweden   296 1.15 (0.77-1.72); advanced cases 0.49  
Population-based  Saturated fat 526 1.14 (0.81-1.60) for highest vs lowest quartile; all cases 0.39  

   296 1.21 (0.80-1.81); advanced cases 0.29  
       

Key, et al 1997 (98) Total fat 328 0.85 (0.57-1.25) for highest vs lowest quartile 0.58 age, energy intake, social class 
England  Saturated fat 328 0.87 (0.58-1.28) 0.40  
Population-based       

       
Villeneuve, et al 1999 (90) Total fat 1623 1.20 (0.90-1.50) for highest vs lowest quintile 0.96 age, province of residence, race, BMI, smoking 
Canadian National Enhanced       family history of Pca, smoking, income, various 
Cancer Surveillance System       other dietary intakes 

       
Deneo-Pellegrini, et al 1999 (88) Total fat 175 1.80 (0.90-3.40) for highest vs lowest quartile 0.04 age, residence, urban/rural status, education 
Uruguay  Saturated Fat  0.90 (0.50-1.70) 0.78   family history of Pca, BMI, energy intake 
Hospital-based       

       
Hayes, et al 1999 (89) Total fat 932 1.4 (p<0.05) for highest vs lowest quartile; all cases 0.003 age, study site, race 
Multicentre (US)   293 2.00 (p<0.05); advanced cases 0.003  
Population-based       
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Table 5.  Epidemiological studies of dietary fat in take and prostate cancer risk, cont’d   

       
     p value  

Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 

      
Kristal, et al 2002 (135) Saturated fat 443 1.09 (0.69-1.72) for highest vs lowest quintile; localised cases 0.86 age, race, family history Pca, education, BMI 
King County Washington (US)  162 1.82 (0.93-3.56); regional and distant cancers 0.06   PSA testing, vegetable and energy intakes,  
Population-based        supplemental vitamin E, vitamin C and zinc 
      
Hodge, et al 2004 (81) Total fat 858 1.00 (0.80-1.40) for highest vs lowest quartile 0.70 age, residence, year, country of birth, SES, 
Australia  Saturated fat  1.00 (0.70-1.14) 0.50   family history of Pca, total energy intake 
Population-based       

       
Bidoli, et al 2004 (132) Total fat 1294 1.00 (0.80-1.30) for highest vs lowest quintile 0.81 age, study centre, years education,  
Multicentre (Italy)  Saturated fat  0.90 (0.70-1.20) 0.69   family history of Pca, total calorie intake, 
Hospital-based       
       

 
ATBC, Alpha-Tocopherol Beta-carotene; BMI, body mass index; CARET, The Carotene and Retinol Efficacy Trial; HPFS, Health Professionals Follow Up Study;  
NHANES, National Health and Nutrition Examinations Survey (1971-1975);  nr, not reported; PA, physical activity; Pca, prostate cancer; SES, socio-economic status; US, United States 
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Calcium 

Milk and dairy products are an integral part of a ‘western’ diet and these have been positively 

correlated with higher prostate cancer incidence (44) and mortality (45) in ecological studies.  A 

meta-analysis of 11 case-control studies of milk and prostate cancer risk has estimated a 

pooled odds ratio of 1.68 (95% CI, 1.34-2.12) (140).  Investigations have focused on the 

components of milk that might be responsible for the increased risk, namely fat and calcium.  

There is now epidemiological evidence that points to calcium as a risk factor for prostate cancer.  

It has also been established in-vitro using human prostate cells that high intakes of calcium 

inhibit vitamin D activity, which has an antiproliferative effect in the prostate (141, 142).    

 

Seven cohort studies provide fairly consistent evidence that increased calcium intake is a risk 

factor for prostate cancer (Table 6).  In studies reporting significant findings (143-147), there 

were moderate increases in risk, ranging from 1.20 to 2.20 for all prostate cancer cases and 

1.46 to 4.57 for advanced and/or fatal cases.  Significant trends in risk were seen in two out of 

three studies that examined supplementary calcium (115, 145, 147).  Some studies suggested 

that the association with calcium intake was greater for advanced or fatal prostate cancer (143, 

145, 147), however this was based on small numbers of advanced cases.   

 

One cohort study was excluded from this review as it included 69 prevalent and incident cases 

(148).  Selection bias may have also been a problem in this study, as only 454 men (27%) in the 

original cohort of 1,665 completed a FFQ.   

 

Most studies used validated FFQs and adjusted for family history of prostate cancer and energy 

intake.  Two studies examining advanced and localised cancers separately had small sample 

sizes (115, 145).  However, the forest plots illustrate a statistically significant, positive 

relationship between dietary calcium intake and the risk of prostate cancer (Figure 17), but no 

additional increase in risk for advanced cases (Figure 18).  Note that the calcium intake 

analysed in the study by Rohrmann et al (115) includes both dietary and supplemental calcium, 

whereas all other study results are based on dietary calcium intake only.  No publication bias 

was detected among these cohort studies. 
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Figure 17.  Forest plot of dietary calcium intake and prostate cancer risk (all cases). 
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Figure 18.  Forest plot of dietary calcium intake and advanced prostate cancer risk. 
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Table 6.  Epidemiological cohort studies of dietary  calcium intake and prostate cancer risk   
       
 Mean    p value  

Study Follow Up Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Schuurman, et al 1999 (114) 6.3 yrs Total dietary calcium 642 1.09 (0.79-1.50) for highest vs lowest quintile; all cases 0.34 age, family history of Pca, SES, 
Netherlands Cohort Study   224 1.21 (0.79-1.86); localised tumours 0.10    total energy intake 
58,279 men   210 0.83 (0.52-1.34); advanced tumours 0.45  

       
Giovannucci, et al 1998 (143) 8 yrs Total dietary calcium 1,369 1.71 (1.19-2.46) for highest vs lowest quintile; all cases 0.36 age, BMI at age 21, total energy, fat, 
HPFS (US)   423 2.97 (1.61-5.50); advanced cases (27 in highest quintile) <.005   vitamin D, phosphorus, vitamin E, 
47,781 men   201 4.57 (1.88-11.1); metastatic cases (15 in highest quintile) <.001   fructose and lycopene 

       
Chan, et al 2000 (96) 8 yrs Total dietary calcium 233 1.60 (0.80-3.00) for highest vs lowest quintile; all cases 0.13 supplementation group (α-tocopherol, 
ATBC Trial (Finland)        beta-carotene, both, or placebo), 
27,111 male smokers        education, age, BMI, energy, smoking 

       
Chan, et al 2001 (144) 11 yrs Calcium from 1,102 1.32 (1.08-1.63) for highest vs lowest quartile 0.03 age, randomised treatment (aspirin, beta- 
Physician's Health Study (US) dairy foods, cold  NB. Accounted for 85% of dietary calcium    carotene, or placebo), smoking, BMI, 
Aspirin, Beta-carotene Trial  breakfast cereals      smoking, vigorous PA 
20,885 men       

       
Rodriguez, et al 2003 (145) 8 yrs Total calcium incl. 3,811 1.2 (1.00-1.60) for highest vs lowest quintile; all cases 0.02 age, race, family history Pca, energy, 
Cancer Prevention Study II     supplements 569 1.6 (0.90-3.00); advanced cases (15 in highest quintile) 0.08   fat, phosphorus and vitamin D intakes, 
Nutrition Cohort (US)  Total dietary calcium 3,450 1.6 (1.10-2.30); for highest vs lowest quintile; all cases 0.10   education 
65,321 men   522 2.2 (0.90-5.30); advanced cases (8 in highest quintile) 0.27  

       
Tseng, et al 2005 (146) 9 yrs Total dietary calcium 131 2.20 (1.14-3.50) for highest vs lowest tertile 0.00 age, race, energy intake, US region, rural 
NHANES I  Calcium (low fat milk)  1.70 (1.10-2.60) 0.02   urban, suburban residence, education, 
3,612 men  Calcium (whole milk)  0.80 (0.50-1.30) 0.27   recreational sun exposure, PA, 

  smoking, alcohol intake 
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Table 6.  Epidemiological cohort studies of dietary  calcium intake and prostate cancer risk, cont’d    
       
 Mean    p value  

Study Follow Up Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Giovannucci, et al 2006 (147) 16 yrs Total dietary calcium 3,544 1.28 (1.02-1.60) for highest vs lowest sextile; all cases 0.10 age, time period, BMI at age 21, height, 
HPFS (US)   3,021 1.13 (0.88-1.47); non advanced cases 0.55   smoking, vigorous PA, family history of 
47,750 men   480 1.46 (1.12-1.90) for highest vs lowest quartile; advanced cases <.005   Pca, diabetes mellitus, race, total intake  

   288 1.36 (0.97-1.92) fatal cases 0.08   energy, red meat, fish, tomato sauce, 
  Supplemental 480 1.22 (0.93-1.62) for highest vs lowest tertile; advanced cases 0.17   alpha-linolenic acid, zinc supplements 
  Calcium 288 1.51 (1.09-2.10) fatal cases 0.05  
       

Rohrmann, et al 2007 (115) 16 yrs Total calcium incl. 199 0.99 (0.70-1.41) for highest vs lowest tertile; all cases 0.99 age, energy intake, BMI at age 21, intake 
CLUE II Study    supplements 74 1.16 (0.63-2.15); low-stage cases 0.86   of tomato products, saturated fat 
Washington County (US)   54 1.06 (0.55-2.04); high stage cases 0.79  
3,892 men       

       
 
ATBC, Alpha-Tocopherol Beta-carotene; BMI, body mass index, HPFS, Health Professionals Follow Up Study, NHANES, National Health and Nutrition Examinations Survey (1971-1975);  
PA, physical activity; Pca, prostate cancer; SES, socio-economic status; US, United States   
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Zinc 

Zinc is needed for the synthesis of DNA and is a component of superoxide dismutase and 

various metallothioneins, which act as free radical scavengers (149).  Zinc is also involved in the 

stabilisation of cell membranes, the release of insulin, and is imperative for a competent 

immune system (149).  Zinc is of particular interest in prostate carcinogenesis, because it is 

known to accumulate in the peripheral zone of the normal prostate gland via zinc uptake 

transporters (48).  In-vitro, zinc has been shown to inhibit the growth, proliferation and migration 

of prostate cancer cells (46).  Prostate zinc levels markedly decrease in prostate cancer and as 

a result, neoplastic cells lose their ability to accumulate zinc (48).  Without the apoptotic effect of 

zinc, neoplastic cells are able to proliferate as malignant cells (48).  Both zinc bioavailability and 

zinc transportation into the prostate are thought to be crucial in avoiding prostate malignancies 

(46). 

 

To date, the research on zinc intake and prostate cancer is conflicting and is based on only a 

small number of studies, of which only two are cohort design (Table 7).  Three studies (98, 150, 

151) suggest non-statistically significant decreases in risk with higher zinc intakes.  This 

includes one cohort study that used toenail concentrations of zinc as a proxy for dietary intake 

(150) and a small hospital-based case-control study (151).  In contrast, another hospital-based 

case-control study recently reported statistically significant increased risks of prostate cancer 

with increasing dietary zinc (152).  Another three case-control studies (127-129) reported 

moderate but non-statistically significant increases in prostate cancer risk with higher dietary 

zinc intakes (including a small case-control study that reported crude ORs only (129)).   

 

Kolonel et al (127) showed that higher total zinc intakes (including supplements) were 

significantly associated with prostate cancer risk in men aged 70 years or more.  In the HPFS, 

dose (>100mg/day) and duration of zinc supplementation (10+ years) were both moderately and 

statistically significantly related to advanced prostate cancer risk (153).  However, the 

relationship with dose of zinc supplement was based on 10 cases in the highest quintile of zinc 

supplement dose.  Dietary intake of zinc was reportedly not associated with prostate cancer risk 

(results not shown) (153).  Explanations for the increased prostate cancer risks associated with 

high zinc intakes are as yet unclear, but suggestions include contamination of zinc supplements 
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with heavy metals (e.g. cadmium) and zinc-induced increases in testosterone and telomerase 

activity (46).  An excess zinc intake has also been reported to impair immune response (154).   

 

Nearly all of the studies (98, 127, 128, 152, 153) used a FFQ tested for its reliability.   

The forest plot (Figure 19) highlights the variation in research findings so far.   
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Figure 19.  Forest plot of dietary zinc intake and prostate cancer risk 
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Table 7.  Epidemiological studies of dietary zinc i ntake and prostate cancer risk   
       
 Mean    p value  

Study Follow Up Class Cases Adjusted RR (95% CI) for trend Adjusted for 

       
Cohort Studies       

       
Platz, et al 2002 (150) 7 yrs Toenail zinc concentration 115 0.63 (0.31-1.29) for highest vs lowest quintile 0.20 toenail weight, height, education, family 
CLUE II        history of Pca, current BMI, BMI at age 
3,892 men        21, smoking, multivitamin use 

       
Leitzmann, 2003 (153) 14 yrs Supplemental zinc 2,901 1.37 (0.94-2.01) for highest vs non users; all cases 0.17 age, time period, BMI at age 21, height,   
HPFS (US)  (mg/day) 1,653 0.96 (0.53-1.72); organ-confined cases (14 cases in highest quintile) 0.35   smoking, family history of Pca, intake  
46,974 men   434 2.39 (1.13-5.11); advanced cases (10 cases in highest quintile) <0.01   of energy, calcium (incl. supplements),  

  Duration of supplemental 2,901 1.09 (0.85-1.41) for highest vs lowest quartile (non users); all cases 0.67   fructose, tomato-based foods, fish, 
    zinc use (years) 1,653 0.79 (0.54-1.16); organ-confined cases 0.16   red meat, alpha-linolenic acid, aspirin  
   434 2.56 (1.54-4.26); advanced cases <0.001   use, vigorous PA, PSA testing 
       

Case-control Studies      
       

Kolonel, et al 1988 (127) Dietary zinc 189 1.30 (0.70-2.20) for highest vs lowest quartile; men <70 yrs 0.71 age, ethnicity 
Hawaii (US)   263 1.10 (0.70-1.70); men 70+ yrs 0.62  
Population-based  Total zinc incl. supp’s 189 1.20 (0.70-2.20); men <70 yrs 0.86  

   263 1.70 (1.10-2.70); men 70+ yrs <0.01  
       

West, et al 1991 (129) Dietary zinc 179 1.10 (0.60-1.90) for highest vs lowest quartile; 45-67 yr olds nr Nil (crude Ors) 
Mormons (US)   179 1.30 (0.80-2.30); 68-74 yr olds nr  
Population-based       

       
Andersson, et al 1996 (128) Dietary zinc 526 1.04 (0.74-1.46) for highest vs lowest quartile; all cases 0.50 age, energy intake 
Sweden   296 1.14 (0.77-1.70); advanced cases 0.37  
Population-based       

       
Key, et al 1997 (98) Dietary zinc 328 0.78 (0.52-1.17) for highest vs lowest tertile 0.23 age, energy intake, social class 
England       
Population-based       
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Table 7.  Epidemiological studies of dietary zinc i ntake and prostate cancer risk, cont’d   
       
     p value  

Study  Class Cases Adjusted RR (95% CI) for trend Adjusted for 

      
Vlajinac, et al 1997 (151) Dietary zinc 101 0.81 (0.28-2.34) for highest vs lowest tertile ns energy intake 
Serbia       
Hospital-based       
       
Gallus, et al 2007 (152)  Dietary zinc 1,294 1.56 (1.07-2.26) for highest vs lowest quintile; all cases 0.04 age, study centre, education, BMI, total 
Multicentre, Italy   922 2.02 (1.14-3.59); advanced cases i.e. Gleason score ≥ 7 nr   energy intake, occupational PA at age  
Hospital-based        30-39 yrs, family history of Pca 
       

 
BMI, body mass index; HPFS, Health Professionals Follow Up Study; nr, not reported; ns, not significant; PA, physical activity, Pca, prostate cancer; PSA, prostate specific antigen; US, United States 
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Summary 

The forest plots indicate a significant increase in prostate cancer risk with higher total fat 

intakes, but not saturated fat.  However, most studies of dietary fat and prostate cancer are 

case-control studies, the majority of which have reported null or statistically insignificant positive 

findings.  Most studies of dietary fat have not controlled for important confounders such as body 

size, and none have controlled for physical activity.  The mechanisms by which dietary fat might 

be involved in prostate carcinogenesis is also yet to be confirmed.  There is consistent evidence 

from cohort studies that high calcium intakes increase prostate cancer risk, and this is 

supported by in-vitro evidence.  There is insufficient evidence to determine whether or not 

dietary zinc intake influences prostate cancer risk. 
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Benign Prostatic Hyperplasia 

Benign Prostatic Hyperplasia (BPH) is an non-malignant enlargement of the prostate gland 

which commonly manifests in the form of lower urinary tract symptoms (LUTS) that interfere 

with daily life and sleep patterns.  As the prostate with BPH enlarges it compresses the urethra, 

resulting in urinary symptoms such as incomplete bladder emptying, nocturia, weak stream, 

intermittency and urgency.   

 

BPH is thought to affect at least one third of men aged in their sixties, increasing to one half of 

men aged 80 years or more (155).  Urinary symptoms are often assessed using the 

International Prostate Symptom Score (IPSS) questionnaire (Appendix 2).  The prevalence of 

one or more urinary symptoms in Australian men has been reported to range from 25% in 45-54 

year olds, to 48% in those over 65 years old (156), with higher figures reported in other 

developed countries (157-159). 

 

BPH imposes a considerable health burden in terms of its costs of treatment and diminishing 

effects on quality of life.  In 2000, health care expenditure on BPH in the US was estimated at 

US$1.1 billion (160).  The costs of treating BPH are likely to rise in those countries where the 

aging population is increasing.  The progressive nature of BPH often necessitates eventual 

treatment to alleviate symptoms or in severe cases, urinary retention.  This may involve the use 

of drugs to relax the muscles of the prostate (alpha-blockers) or reduce prostate size 

(5-alpha-reductase inhibitors) (161).  Surgical procedures include vaporisation, heat or laser 

treatment, open prostatectomy, and the most common procedure to treat BPH, transurethral 

resection of the prostate (TURP) (161).   Approximately 10% of men are expected to undergo 

TURP in their lifetime and in 1997, this procedure was the most common surgical operation on 

an internal organ in Western Australian men (162). Complications that may arise from the 

surgical treatment of BPH include perforation of the bladder, incontinence, retrograde 

ejaculation, impotence and haemorrhage (162).  Ten percent of TURP patients require further 

treatment for BPH within five years (161).    
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Pathogenesis of BPH 

There is no universally accepted clinical definition for BPH however, the American Urological 

Association (AUA) refers to BPH in its clinical guidelines as: “any symptomatic conditions 

characterized by bothersome lower urinary tract symptoms (LUTS) attributed to histological 

hyperplasia or increased tone of the prostate” (163).  Urinary symptoms do not always equate 

with a diagnosis of BPH or enlarged prostate, and while the IPSS is useful for determining the 

patient’s perceptions of urinary symptoms and their impact, it is not used to diagnose BPH 

without a physical examination (163, 164).   

 

Histologically, BPH is identified by stromal and epithelial cell hyperplasia in the transitional zone 

of the prostate (163).  Pathological or early stage BPH is asymptomatic, and it is thought that all 

men develop it if they live long enough (1).  However, not all BPH progresses to clinical BPH 

heralded by LUTS.  This suggests that particular factors may trigger BPH progression (1) and 

therefore, the modification of these factors may prevent the onset of clinical BPH and the 

associated treatment costs and losses in quality of life.   

 

Untergasser (2) describes the pathophysiology of BPH as age-related “massive tissue 

remodelling in the transition zone of the prostate, characterised by:  

i) basal cell hypertrophy 

ii) altered secretions of luminal cells leading to calcification, clogged ducts and 

inflammation 

iii) increased infiltrates of lymphocytes and production of proinflammatory cytokines 

iv) increased reactive oxygen species (ROS) production that damages epithelial and 

stromal cells 

v) increased basic fibroblast growth factor (bFGF) and transforming growth factor 

beta 1 (TGF-β1) production leading to stromal proliferation and 

transdifferentiation, and excess deposits of extracellular matrix 

vi) altered autonomous innervations, leading to less relaxation and a high 

adrenergic tonus 

vii) altered neuroendocrine cell function and release of neuroendocrine peptides.” 
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It has been hypothesised that BPH, like prostate cancer, is a product of chronic inflammation in 

the prostate gland (165).  Chronic inflammatory infiltrates, consisting mostly of chronically 

activated T cells and macrophages, are frequently found in BPH tissue (11, 165).  These are 

thought to stimulate cytokine production and fibromuscular growth in the prostate, leading to 

BPH (165).   

 

Metabolic syndrome, which is closely associated with chronic inflammation (59), has also been 

linked to BPH (160).  Increased insulin secretion, such as that which occurs with insulin 

resistance, enhances the synthesis of insulin-like growth factors (IGFs) (166) which have been 

shown to stimulate prostate gland growth in vitro (160). Higher levels of fasting serum insulin 

and plasma IGF-1 have been positively linked with surgery for BPH (167, 168) and prostate 

enlargement measured by ultrasonography (169).  Elevated fasting glucose (>110mg/dl) and 

Type 2 diabetes have been positively associated with increased prostate volume measured by 

magnetic resonance imaging and with high-moderate to severe LUTS (160).   

 

Risk Factors for BPH 

Few risk factors for BPH have been established.  The changes in prostate cell-cell interactions 

described by Untergasser (2) occur with aging, hence aging is a major risk factor for BPH.  

Prostate cell growth and proliferation is enhanced by androgens, and increased circulating 

androgen levels have been established as a risk factor for BPH (2).  Estrogens produced by the 

aromatisation of androgens have also been implicated in the smooth muscle cell growth that 

takes place in the prostate, with BPH (2).   

 

Evidence of a genetic contribution to BPH has been recently identified.  A hereditary form of 

BPH is thought to exist, that is characterised by early age of onset and prostate enlargement 

(170).  Segregation analysis suggests that it has a strong genetic component that is inherited 

via autosomal dominant or co-dominant genes (170).  There is also evidence that any family 

history of “bothersome BPH” (i.e. bothersome symptoms or treatment with TURP) increases the 

risk of BPH.  The risk of “bothersome BPH” has been reported to increase by 2-4 fold for fathers 

and brothers of men with BPH (170).   
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There is no clear evidence that BPH increases the risk of prostate cancer, although some 

studies have reported an increased risk (171).  Having a family history of prostate cancer is not 

thought to increase the risk of BPH (172). 

 

Genetic polymorphisms can influence steroid hormone synthesis and therefore, BPH risk.   

Shorter CAG (trinucleotide) repeats in the AR gene have been associated with increased 

transcriptional activity for genes involved in androgen responses, and shorter CAG repeats have 

been associated with an increased risk for BPH (28, 173).   

 

Various lifestyle factors have been examined in relation to BPH.  Abdominal obesity has been 

associated with an increased risk of BPH (28, 174).  Explanations for this include endocrine 

disturbances e.g. increased synthesis of estrogens, increased circulating levels of free fatty 

acids or insulin, and increases in sympathetic nervous system activity, which can affect prostate 

smooth muscle and urinary symptoms (28).   Physical activity (28, 175, 176) is thought to be 

protective against BPH via its effects on the sympathetic nervous system and body size (28).  

Alcohol intake also appears to be protective (28, 176-178) possibly through its influence on 

steroid hormone production (28).  There is inconclusive evidence for smoking as a risk factor for 

BPH (28). 
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Rationale for Examining Diet and BPH 

Early studies suggested that the risk of BPH was lower among Asian men compared to black 

men and white men (179).  However more recently, the Health Professionals Follow Up Study 

(HPFS) reported lower risks for surgery for BPH among Asian men compared with white men 

but their relative risk for urinary symptoms was similar (179).  The definition of BPH varies 

widely and differences in BPH incidence within white populations have also been observed 

(179).  It is not clear if these apparent differences are due to variations in biological risk factors 

for BPH or cultural differences in symptom thresholds, the seeking of medical treatment, or 

uptake of different treatments (179).  Not withstanding these issues, suggested geographical 

differences have prompted researchers to consider environmental factors such as diet, as 

potential risk factors for BPH.  For example, it has been postulated that lower rates of BPH 

among Asian men might be explained by their high consumption of soy products, which are rich 

in phytoestrogens (180, 181).   

 

There are more direct links between BPH and diet. The fatty acid profile of the diet may 

influence the level of sex hormones which can in turn, affect BPH risk (28, 67, 68, 126).  In-vitro 

examinations have shown that genistein, a phytoestrogen found in soy beans, is capable of 

inhibiting the growth of human BPH tissue (182).  There is some evidence that prostate zinc 

concentrations increase with BPH (48), and lycopene (49) is highly concentrated in the prostate 

gland, suggesting that the development of BPH may be related to these nutrients. 

 

The proposed relationships between chronic inflammation, metabolic syndrome and BPH 

suggest a potential role for diet in the development of clinical BPH.  The relationships between 

diet, obesity and Type 2 diabetes are well known (60).  Dietary intakes are capable of activating 

pro-inflammatory states and providing free radical scavengers (183).  Therefore dietary intake 

may play a role in BPH development at the very least, indirectly.   
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Studies of Diet and BPH Risk 

Few studies have examined dietary intake and BPH risk.  Two studies have been conducted in 

southern European populations, two on men of Asian ancestry, and one in the US, with most 

using surgically-treated BPH as the endpoint. 

 

A Greek case-control study of 184 surgically-treated BPH cases (184) reported an increased 

risk for increasing intake of added fats, including butter, margarine, seed oils and olive oil 

(OR=1.30, 95% CI, 1.12-1.52) and a lower risk with high fruit intakes (OR=0.79, 95% CI 

0.67-0.93) after adjustment for age, BMI, education and total energy intake.  Milk and dairy 

products as well as meats, fish and eggs (combined) were positively associated with BPH risk, 

but were statistically non-significant.     

 

A multicentred case-control study in Italy included 1,369 surgically-treated BPH cases (185, 

186).  The analyses controlled for study centre, age, education, total energy intake, 

occupational physical activity, BMI, smoking and alcohol intake.  Increased BPH risks were 

seen in the highest quintiles of intake for cereals (OR=1.55, 95% CI, 1.14-2.11), bread 

(OR=1.69, 95% CI, 1.26-2.27) and poultry (OR=1.39, 95% CI, 1.0-1.91) (185).  Lower risks were 

associated with the highest intakes of cooked vegetables (OR=0.66, 95% CI, 0.50-0.86), soups 

including minestrone (OR=0.74, 95% CI, 0.57-0.95), and pulses (OR=0.74, 95% CI, 0.61-0.91) 

(185).  Decreasing trends in BPH risk were observed with increasing intakes of vitamin C, 

carotene and iron, while an increasing trend in risk was associated with increasing zinc intakes 

(186).   

 

A Japanese case-control study of 100 BPH cases reported increased risk ratios (p<0.05, 

confidence intervals not reported) for milk consumption (RR=2.25) and irregular intakes of green 

and yellow vegetables (RR=3.91) (187).  However, the cases and controls were sourced from a 

mass screening program for prostate disease, and it is unclear if BPH cases were 

surgically-treated.  Many important details of the statistical analysis were also not reported.   
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In a cohort study of American men with Japanese ancestry living in Hawaii, 846 cases of 

surgically-treated BPH were identified during 19 years of follow up (188).  A large number of 

foods was investigated, but only beef intake appeared important after adjustment for age.  The 

RR in the highest tertile of beef intake was 1.25 (95% CI, 0.91-1.73) and a trend was observed 

across tertiles (p<0.05) (188).    

 

The largest study to report on diet and BPH to date comes from the US Health Professionals 

Follow Up Study (189).  In 2002, intakes of macronutrients were examined according to four 

definitions of BPH; i) surgically-treated cases of BPH (n=1589), ii) men who reported 

high-moderate to severe LUTS (an IPSS of 15-35) who did not have surgical treatment for BPH 

(n=1934), iii) total BPH, including cases defined as surgically-treated and symptomatic (n=3523) 

and iv), enlarged prostate identified by digital-rectal examination (n=3180).  After adjusting for 

ethnicity, physical activity, BMI, smoking, alcohol consumption and total energy intake, a 

positive association was observed between energy-adjusted protein intake and 

surgically-treated BPH (OR=1.26, p for trend=0.003) and total BPH (RR=1.23, p for trend 

=0.004).  Increased intakes of energy were positively associated with total BPH (RR=1.51, p for 

trend <0.001) and with high-moderate to severe LUTS (RR=1.43, p for trend<0.001).  Using 

additional follow up, a recent analysis of 6,092 cases in 2007 (190) showed the risk for total 

BPH (defined as iii) above) was significantly and inversely associated with intakes of total 

vegetables and fruit and vegetables rich in beta-carotene, lutein and vitamin C.  Similarly, 

dietary intakes of vitamin C, lutein and beta-cryptoxanthin were significantly and inversely 

associated with total BPH risk.  However, when the analysis was restricted to incident BPH 

cases (n=1,161), only fruit and vegetables rich in beta-carotene and intakes of 

beta-cryptoxanthin remained significant.   This study is credible as it is very large, is prospective 

and has measured many potential confounders.   
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Summary  

In the few published studies of diet and risk of BPH, increased intakes of protein, energy, fats, 

zinc, beef, poultry, milk and cereals have been suggested as risk factors.  Higher intakes of fruit 

and pulses have been proposed as protective.  The most consistent evidence, although based 

on only a few studies, indicates that high intakes of fruit and vegetables confer a decreased risk 

of BPH.   

 

Given the limited number of studies and quality of research in this area to date, there is 

insufficient evidence to conclude on dietary risk factors for BPH.  However, the findings 

published so far and their biological plausibility suggest that this is an area of research that 

deserves further attention. 
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Dietary Patterns in the Study of Diet and Disease 

Rationale 

Epidemiological studies have mostly reported weak associations between dietary intakes and 

disease.  There are several possible explanations for this.  Imperfect dietary assessment tools, 

and the within-person variation in diet contribute to measurement error, which reduces the 

statistical power to detect diet-disease associations (191-193).  Study conditions within 

populations may not be suitable for testing relationships between nutrient exposures and 

disease, especially where homogenous diets are common, or there is a restricted range of 

nutrient intake (193).   

 

A less explored reason is the predominant use of individual foods and nutrients when studying 

diet and disease risk.  The human diet provides a vast array of nutrients, and the effects of 

dietary intake are complex and multifactorial (194, 195). The effects of individual nutrients may 

therefore, be too small to detect (196).  Nutrients and biologically active non-nutrients in food 

continue to be identified.  There is very little known about nutrient and non-nutrient interactions, 

and it would be virtually impossible to test all of these individually.  By not taking into account 

the effect of the whole diet, important relationships between diet and disease may be 

overlooked. 

 

The separation of individual dietary effects is made more difficult due to the colinearity of many 

nutrient intakes.  For example, retinol intake is highly correlated with total fat intake as it a 

fat-soluble vitamin.  Similarly, zinc and protein intakes are highly correlated.  Food intakes may 

also be correlated, depending on the individual’s dietary pattern (197)  e.g. red meat and fried 

potatoes tend to be positively correlated in western-style diets (198, 199).  Because many 

dietary intakes are not independent of each other, modelling their effects simultaneously is 

inappropriate for standard statistical models, which assume independent effects.  However, 

examining individual dietary intakes in separate models does not account for their potentially 

synergistic effects, and conducting multiple statistical tests increases the likelihood of chance 

findings.  It has been noted previously that conclusions about diet-disease risks that are based 

on a single nutrient may be seriously flawed because of the multi-collinearity of nutrients (198).    
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By studying dietary patterns, whereby the whole effect of diet and the potentially synergistic 

effects of foods and nutrients is considered, these problems may be overcome (195, 196, 198, 

200, 201).  Dietary patterns reflect ‘real life’ dietary intake, such that humans eat meals 

consisting of an assortment of foods, not isolated nutrients (198).  Although the interpretation of 

dose-response relationships in dietary patterns is slightly more complex (197), food-based 

dietary patterns may be easier for the public to translate into healthy behaviour than 

recommendations to increase or decrease specific nutrient intakes (198).   

 

Typical dietary patterns identified in US studies include ‘western’ (high meat, refined grains, 

French fries, high-fat dairy, snacks and sweets intake) and ‘fruit-vegetable’ (high fruit and 

vegetable intakes) (199, 202, 203).  Studies have demonstrated that dietary patterns identified 

using empirical methods (such as factor or cluster analysis) can differentially predict colon 

(203), stomach (204) and prostate (205) cancer risk, all-cause mortality (206), coronary heart 

disease risk (198), cardiovascular disease risk (52), Type 2 diabetes (207), metabolic syndrome 

(208) and plasma indicators of obesity (52).  Others have identified differences in 

socio-economic status and health behaviours across dietary patterns (209).   

 

Empirical Determination of Dietary Patterns  

Although the methodology has been around for some time, disease risks have not been studied 

widely according to dietary patterns.  Dietary patterns are sometimes defined a priori, based on 

current nutritional knowledge e.g. applying the Health Eating Index (210).  Alternatively, 

empirically derived dietary patterns are identified via the statistical manipulation of dietary 

intakes and are interpreted a posteriori (197).  The most popular method for identifying dietary 

patterns uses factor analysis, which is based on principal components analysis (PCA) (197).  

PCA is a standard procedure in most statistical software packages that essentially, reduces a 

large number of variables into a smaller number based on their correlations.  Therefore, factor 

analysis can transform multiple dietary variables into several mutually exclusive patterns 

(factors) based on their intercorrelations (197).  Another method used is cluster analysis, which 

aggregates individuals according to differences in their average dietary intakes (197).   
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Factor analysis can identify independent patterns in the dietary intake of a population or sample, 

based on their food or nutrient intakes.  The foods or nutrients contributing to dietary patterns 

and their weights are identified using the correlation loadings provided by factor analysis output.  

In most studies of diet and disease, foods or nutrients with a loading of ± 0.25 - 0.30 are 

considered important contributors to dietary patterns (198, 199, 211).  The naming of dietary 

patterns is arbitrary and subject to different interpretations based on their factor loadings.  For 

example, dietary patterns of varying composition have been named ‘healthy’ in different studies 

(197).  As there is no standardised method for naming dietary patterns, the components of each 

pattern, rather than the pattern name alone, need to be considered carefully when comparing 

the results of dietary pattern-disease studies. 

 

Factor analysis requires a predefined number of factors (dietary patterns) to be retained in the 

final steps of the analysis.  An associated function, the scree plot, can indicate how much 

variation in intake is explained by each factor, and this is useful for assigning the number of 

factors to be retained.  Sensitivity analyses using different numbers of factors (199) can also 

help to confirm the most appropriate number of factors to retain.  Once the main dietary patterns 

are identified in a sample, a score for each dietary pattern is assigned to each subject, based on 

their dietary intake.  Scores can be calculated manually or by using a scoring procedure in a 

statistical software package such as SAS (proc score) (212).    

 

Some researchers have collapsed large numbers of foods or FFQ items into smaller food 

groups before conducting factor analysis.  Although using a smaller number of variables can 

increase the amount of variance in intakes explained, collapsing items into arbitrary groupings 

can introduce error and has been shown to attenuate the odds ratios associated with dietary 

patterns (197). 

 

Dietary patterns identified using factor analysis have been shown to be valid in comparison to 

diet records (202, 213) and blood biomarkers (202), and repeatable over short (213) and long 

time periods (214).   

 



 69 

Dietary Patterns and Prostate Cancer Risk 

Only three recently published studies have examined dietary patterns and prostate cancer risk 

(199, 205, 211).   

 

In 2004, prostate cancer and dietary patterns were analysed in the National Health and Nutrition 

Examination Survey (NHANES I) Epidemiological Follow-up Study (1971-1975) (199).  In 

applying factor analysis to FFQ data, three dietary patterns emerged; a Vegetable-fruit pattern, 

Red meat-starch pattern and Southern pattern (characterised by cornbread, grits, sweet 

potatoes, okra, beans and rice).  Both black and non-black men in the highest tertile for the 

Southern pattern had a reduced risk of prostate cancer (RR=0.60, 95% CI, 0.40-1.10, trend 

p=0.08).  Although recreational sun exposure was one of the many potential confounders 

included in the analysis (as well as race), the authors suggested that the Southern style diet 

may be ‘an integrated marker’ for living in the Southern US and having greater sunlight 

exposure and increased vitamin D status, which is thought to be protective against prostate 

cancer (199).  This was a relatively small study with only 89 histologically confirmed cases and 

47 probable cases identified from interview or death certificate data. 

 

A Canadian case-control study identified four dietary patterns using factor analysis on FFQ 

data; Healthy Living, Traditional Western, Beverages and Processed (205).  Men in the highest 

tertile for the Processed pattern had an OR of 2.75 (95% CI, 1.40-5.39, trend p=0.0035) for 

prostate cancer.  The Processed pattern was positively loaded for red meats, organ meats, 

processed meats, refined grains, vegetable oil, soft drinks, tomatoes and onions.  Men in the 

highest tertile for the Traditional Western pattern had an OR of 1.43 (95% CI, 0.79-2.59, p for 

trend=0.22).  A decreased risk was suggested for the Healthy Living pattern (OR=0.78, 95% CI, 

0.42-1.45, p for trend=0.45) which was positively loaded for fish, wholegrains, fruit and 

vegetables.  Again, this study included a relatively small number of cases (n=80), and both 

cases and controls were sourced from selected urology clinics rather than a population-based 

tumour registry.   
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In 2006, dietary patterns and prostate cancer risk was examined in the Health Professionals 

Follow Up Study of over 47,000 men (211).  Two dietary patterns were identified using factor 

analysis on FFQ intakes.  The Prudent pattern was positively loaded for fruit, vegetables, 

legumes, wholegrains, fish and poultry.  The Western pattern was positively loaded for meats, 

refined grains, sweets, high fat dairy, potatoes, french fries, margarine and butter.  Based on 

their analysis of 3,002 incident cases, no significant relationships were found between total 

prostate cancer risk and either of these dietary patterns.  However, the authors examined the 

risk of advanced prostate cancer separately in men aged <65 and ≥65 years.  Advanced 

prostate cancers were defined as tumours that had spread to the seminal vesicle or adjacent 

organs, or cases metastatic at diagnosis or fatal by the end of follow up.   Higher scores for the 

Western pattern suggested an increase in advanced prostate cancer risk among the older men 

(RR=1.34, 95% CI, 0.96-1.88; p for trend=0.07).  Intake of processed meat, a component of the 

Western pattern, was a better predictor of advanced prostate cancer in older men (RR=1.51, 

95% CI, 1.00-2.26; p=0.03).  Red meat intake, another contributor to the Western pattern, was a 

better predictor of advanced prostate cancer in the younger men (RR=2.12, 95% CI, 1.18-3.78; 

p=0.0002).   

 

Dietary Patterns and BPH Risk 

To date, no published studies have examined dietary patterns and the risk of BPH. 

 

Summary   

Based on the limited data, it is possible that a dietary pattern characterised by high intakes of 

red meat, processed meat, high fat dairy products and refined grains (commonly referred to as a 

‘western’ pattern) increases the risk of prostate cancer.  However, more studies are needed to 

confirm this.  The risk of BPH according to dietary patterns has not been examined. 
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Remote Dietary Intake 

It is well established that clinical prostate cancer has a long latency phase (16), and the same is 

likely for clinical BPH (155).  The long latency periods for these and other chronic diseases 

(including most cancers) implies that dietary and other lifestyle factors throughout life may 

influence their onset and progression.  Therefore, dietary intake from the distant past (or remote 

dietary intake) is likely to be etiologically more relevant than recent or current dietary intake 

when studying the nutritional determinants of BPH and prostate cancer.  For example, 

glucosinolates from cruciferous vegetables appear to play a protective role in the early stages of 

prostate carcinogenesis by inducing enzymes that protect against DNA damage (84).  As the 

time between initiation and diagnosis of prostate cancer usually involves many years or even 

decades, recent intake (or intake near the time of diagnosis) of cruciferous vegetables may be 

irrelevant when studying prostate cancer risk (84).   

 

It is possible that weak associations have been observed in many studies of diet and cancer 

because most have depended on estimates of recent diet and therefore, misclassified dietary 

intakes and underestimated the true effect of diet.  Recent or current dietary intake is not 

thought to be a reliable predictor of remote dietary intake, as level of activity, lifestyle, income 

and food supply (215) are liable to change over time, and dietary habits are known to alter 

significantly with advancing age (216).  This is even more pertinent to cancer epidemiology as 

estimates of recent diet from older people, whom the majority of cancers affect, are unlikely to 

reflect the diet consumed over the most of their adult life.  In addition, people diagnosed with 

cancer may be prone to change their diet (217, 218), so that their recent diet is also less likely to 

reflect past diet.   

 

Thus, remote dietary recall ought to be of considerable interest in cancer epidemiology, yet few 

studies have utilised or studied the reliability of remote dietary recall.  Most epidemiological 

studies of diet and chronic disease have relied on assessments of recent or current diet, 

venturing no further than one to three years in the past when assessing diet.  This is probably 

due to an assumption that recall would be unreliable and/or a perceived level of difficulty in 

obtaining compliant respondents.  However, based on the few published studies (mostly using 
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correlation coefficients), dietary intakes recalled from a maximum of ten years prior have been 

regarded as acceptable (118). 

 

Most studies that have examined retrospective dietary intake have repeated a single dietary 

method 3 to 5 years later (219) i.e. tested the reproducibility, rather than the validity or reliability 

of a method.  Generally these studies have concluded that although often influenced by current 

diet (219-222) remote dietary recall correlates better with past diet than current diet (221, 223, 

224).  One study has compared multiple diet records to a FFQ completed 10-15 years later and 

reported correlation coefficients ranging from 0.07 (vitamin A) to 0.46 (saturated fats) (225).   

 

The reliability of remote dietary intake has not been explored well.  Yet, there is logic for using 

remote dietary intakes over recent dietary intakes in the study of chronic diseases such as BPH 

and prostate cancer.  Without studying the reliability of remote dietary recall, assumptions 

regarding its appropriateness in epidemiology are not justified.  
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Thesis Hypotheses 

Based on the evidence reviewed in this chapter, the hypotheses to be examined in this thesis 

are:   

 

Regarding foods, nutrients and risk of prostate cancer and BPH:  

 

1. Dietary patterns characterised by high meat, processed meat, calcium and fat 

content are positively associated with the risk of prostate cancer and 

surgically-treated BPH. 

2. Dietary patterns characterised by high fruit and vegetable and low meat content are 

negatively associated with the risk of prostate cancer and surgically-treated BPH. 

3. Increasing intakes of fruits, vegetables and zinc are negatively associated with the 

risk of prostate cancer and surgically-treated BPH. 

4. Increasing intakes of total fat and calcium are positively associated with the risk of 

prostate cancer and surgically-treated BPH. 

 

Regarding methodological issues related to the study of diet-disease relationships: 

 

5. Dietary patterns (overall diet) elicited from principal components analysis yield 

stronger diet-disease associations than when studying isolated nutrients. 

6. Remotely recalled dietary intake is reliable enough to be used in studies of chronic 

disease with long latency periods, such as prostate cancer and BPH. 
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This chapter consists of six manuscripts, some published in peer-reviewed journals, presented 

in order of completion:   

 

Paper 1:  Ambrosini GL, de Klerk NH, Fritschi L, Mackerras L and Musk AW.  Fruit, 

vegetable, vitamin A intakes and prostate cancer risk.  Prostate Cancer and 

Prostatic Diseases 2008; 11: 61-66. 

 

Paper 2:  Ambrosini GL, van Roosbroeck SAH, Mackerras D, Fritschi L, de Klerk NH and 

Musk AW.  The reliability of ten-year dietary recall: implications for cancer 

research.  Journal of Nutrition 2003; 133: 2663-2668. 

 

Paper 3:  Ambrosini GL, de Klerk NH, Mackerras D, Leavy J and Fritschi L.  Dietary 

patterns and benign prostatic hyperplasia: a case-control study in Western 

Australia. BJU International 2008; 101: 853-860. 

 

Paper 4:  Ambrosini GL, Fritschi L, de Klerk NH, Leavy J and Mackerras D. Nutrient intakes 

and benign prostatic hyperplasia: a case-control study in Western Australia. 

(unpublished manuscript). 

 

Paper 5:  Ambrosini GL, Fritschi L, de Klerk NH, Mackerras D and Leavy J.  Dietary 

patterns and prostate cancer: a case-control study in Western Australia.  Annals 

of Epidemiology in press :  DOI: 10.1016/j.annepidem.2007.11.010 2008 

 

Paper 6:  Ambrosini GL, Fritschi L, de Klerk NH, Leavy J and Mackerras D. A comparative 

analysis of nutrient intakes, nutrient patterns and prostate cancer risk 

(unpublished manuscript). 

  

 

 



 95 

Paper 1 arises from a cancer prevention program of beta-carotene and retinol supplements, 

conducted in Western Australia during 1990-1996 (Vitamin A Program).  Subjects were persons 

previously exposed to asbestos through their occupations or area of residence.  

 

Papers 2 to 6  contain results from the Prostate Health Study (PHS), a population-based 

case-control study conducted in Western Australia during 2001 and 2002, to examine risk 

factors for prostate cancer and surgically-treated BPH.  Paper 2 evaluates the use of a food 

frequency questionnaire (FFQ) modified to estimate dietary intakes from ten years earlier, which 

was administered in the PHS.  Papers 3 to 6 examine dietary intakes and disease risk in the 

PHS.  
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Paper 1 

 

Fruit, vegetable, vitamin A intakes, and prostate c ancer 

risk. 

 

Gina L Ambrosini1, Nicholas H de Klerk1, Lin Fritschi2, Dorothy Mackerras3,4, Bill Musk1. 

 

1School of Population Health, University of Western Australia. 

2Western Australian Institute for Medical Research, Western Australia.  

3Menzies School of Health Research, Northern Territory, Australia 

4Institute of Advanced Studies, Charles Darwin University, Northern Territory, Australia. 

 

 

The identical published version of this paper can b e found in Appendix 3: 

Ambrosini GL, de Klerk NH, Fritschi L, Mackerras L and Musk AW.  Fruit, vegetable, vitamin A 

intakes and prostate cancer risk.  Prostate Cancer and Prostatic Diseases, 2008; 11; 61-66. 
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Abstract 

Prostate cancer risk was examined in relation to intakes of fruit, vegetables, beta-carotene, and 

retinol.  Subjects were a cohort of 1,985 men previously exposed to asbestos who participated 

in a cancer prevention program of beta-carotene and retinol supplements that commenced in 

July, 1990.  Diet was assessed at entry to the program.  Ninety-seven cases of prostate cancer 

were identified during follow up until the end of 2004.  A decreased prostate cancer risk was 

observed with increasing intakes of vitamin C-rich vegetables, including bell peppers and 

broccoli.  Fruit, other vegetables and vitamin A intakes did not appear to be strong factors in the 

development of prostate cancer in this study.   
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Introduction 

Much of the global variation in prostate cancer incidence is thought to be attributable to diet (1), 

and several observational studies have examined intakes of different fruit and vegetables and 

prostate cancer risk (2-9),  Although it is widely accepted that a diet rich in fruits and vegetables 

may protect against some cancers (10, 11) the evidence in relation to prostate cancer is 

inconclusive (12).  However, clinical studies have demonstrated that specific bioactive 

compounds common to plant foods, including lycopene, beta-carotene, vitamin E, vitamin C and 

various phytoestrogens (e.g. soy-derived isoflavonoids), as well as vitamin A and retinoids, may 

significantly reduce prostate cancer risk or prostate cancer cell growth (12).  This study 

examined the risk of prostate cancer during 12 years of follow-up in relation to intakes of fruit 

and vegetables, beta-carotene, and retinol. 

 

Materials and methods 

Subjects  

Blue asbestos (crocidolite) was mined and milled in the remote town of Wittenoom Gorge in 

Western Australia from 1943 until 1966.  We have maintained follow up on cohorts of former 

workers (n= 6,908) and residents (n=4,890) of Wittenoom Gorge since 1975, to document the 

epidemiology of asbestos-related diseases including asbestosis, malignant mesothelioma and 

lung cancer (13).  The cohorts and estimation of their cumulative asbestos exposures 

(residential and occupational) have been described in detail elsewhere (14, 15). 

 

In July 1990 all surviving members of the Wittenoom workers cohort who could be traced 

(n=2,373) were invited to take part in a cancer prevention program to examine the efficacy of 

beta-carotene (synthetic all-trans) and retinol (retinyl palmitate) supplements (hereafter referred 

to as vitamin A supplements) in reducing the risk of malignant mesothelioma, lung cancer and 

other cancers (16).  The program was subsequently opened to members of the Wittenoom 

residents cohort and persons who had experienced an equivalent of at least three months of full 

time occupational exposure to crocidolite elsewhere (i.e. not at Wittenoom) e.g. carpenters, 

waterside workers, plumbers.  These two groups were not actively recruited.   
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At entry to the program, all participants were asked to complete a food frequency questionnaire 

(FFQ) and to provide smoking, medical and occupational histories.  Height and weight was also 

measured.  Former Wittenoom workers were randomly assigned to take either 30mg 

beta-carotene or 7.5mg retinol daily except those with abnormal liver function tests, who were 

randomised to either 0.75 mg or 30mg of beta-carotene daily. Former Wittenoom residents and 

all other participants were randomly assigned to receive either 0.75 mg or 30mg of 

beta-carotene daily.  All participants were given one year’s supply of the randomly allocated 

vitamin A supplement, and were required to attend a follow up appointment every twelve 

months.   Preliminary analyses in 1995 established that the 5 year incidence of mesothelioma in 

former Wittenoom workers was lower in those assigned to retinol compared to those assigned 

to beta-carotene (RR=0.24, 95% CI 0.07-0.86).  This, in combination with overseas trials 

showing increased rates of lung cancer among smokers taking similar doses of beta-carotene 

(17, 18), led to supplementation with beta-carotene being discontinued in 1996.  All men were 

thereafter assigned to 7.5mg  of retinol/day only, except those with abnormal liver function, who 

were supplemented with 0.4mg of retinol/day.    

 

Food Frequency Questionnaire 

A semi-quantitative FFQ ascertaining usual diet during the previous year was specially designed 

for the program to estimate average daily intakes of dietary beta-carotene and retinol. The FFQ 

was posted to study candidates to complete at home and was checked for completeness at their 

induction interview. This questionnaire was administered to all participants enrolling in the 

program up until the end of 1996.  

 

The 45 foods (23 fruit and vegetables) included in the FFQ were chosen using a ranking 

analysis of 7-day diet records from 60 control subjects participating in a local case-control study 

of renal calculus disease (unpublished data).  The ranking criteria were based upon the food’s 

carotene and retinol content, its ability to discriminate these intakes, and other nutritional 

significance e.g. cruciferous vegetables.  More detail on the FFQ and agreement between 

estimates of carotene and retinol intakes and a 28-day diet record have been reported in detail 

elsewhere (19).   
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The size of a medium serve of each food was specified in the FFQ, and subjects were asked to 

record their usual serve size as small, medium or large, in relation to this quantity.  Serve sizes 

were derived from those reported in the renal calculus study.  There were eight options for the 

frequency of consumption ranging from ‘never or less than once per month’ up to ‘2 or more 

times per day’.  The consumption of fruits and vegetables was collected separately for summer 

and winter.  

 

Follow Up 

All program participants were followed up for incident prostate cancer diagnosed after enrolment 

in the program up until December 31st 2004, or date of death, which ever occurred first.  

Prostate cancer cases were identified via record linkage with the Western Australian Cancer 

Registry and the Australian National Cancer Statistics Clearing House.  Cancer registration by 

pathology laboratories is mandatory in Australia and these cancers were 

histologically-confirmed cases classified according to the second edition of the International 

Classification of Diseases for Oncology. 

 

Statistical Analysis 

FFQ responses were standardised to a medium serve (e.g. small serve = ½ medium serve, 

large serve = 1.5 medium serve) before average serves consumed per day or week were 

calculated for each FFQ item. Total daily fruit and vegetable intake was calculated as the sum of 

all medium (standardised) fruit and vegetable serves consumed per day.  This was truncated to 

a maximum of 10 serves per day, to reduce the effect of probable incorrect values (20).  Less 

than 1% of respondents reported either total fruit or total vegetable intake greater than 10 

serves per day.  Weekly intakes of the following groups of fruit and vegetables were calculated: 

carotene-rich vegetables (carrot, sweet potato, pumpkin, bell peppers), carotene-rich fruits 

(peaches, apricots, rockmelon), vitamin C-rich fruit (fresh oranges, orange juice, rockmelon) and 

vitamin C-rich vegetables (peppers, broccoli, spinach).  Intake of cooked tomato was estimated 

by summing weekly serves of tomato sauce (with and without meat), and pizza.  Raw tomato 

intake included fresh tomato and tomato juice.  Individual fruit and vegetable intakes were also 

examined, but only those of interest are reported for brevity.  As the FFQ was designed to 

estimate beta-carotene (beta-carotene equivalents) and retinol intakes, we also examined 
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prostate cancer risk according to these nutrients.  Intakes of beta-carotene and retinol were 

estimated using Australian Food Composition Tables (21).   

 

Prostate cancer risk was analysed with Cox proportional hazards models using Stata software 

version 9.0 (22).  Dietary intakes were analysed as tertiles created using the ‘xtile’ command in 

Stata.  It was not possible to adjust for energy intakes in our analyses, as the FFQ was not 

designed to estimate total energy intake.  However, the intakes of interest generally have low 

correlations with energy intake.  Each model was adjusted for total fruit and vegetable 

consumption (serves/day) to determine whether associations between specific fruit or 

vegetables and prostate cancer risk were independent of overall fruit and vegetable intake.  The 

following potential confounders (measured at baseline) were investigated: age, body mass 

index (BMI),  source of asbestos exposure and smoking status (previous smoker, current 

smoker or never smoked).  To control for randomly assigned vitamin A supplements, an 

intention-to-treat analysis was conducted, whereby each subject was analysed according to the 

original supplement assigned to them at entry to the program.  The level for significance was set 

to 5% for all statistical tests. 

 

All participants gave their informed consent, and this study was approved by the University of 

Western Australia’s Human Research Ethics Committee and the Clinical Drug Trials Committee 

of the Sir Charles Gairdner Hospital.   

 

Results 

A total of 2,183 men enrolled in the program prior to the end of 1996.  Of the 1,985 (91%) who 

completed an FFQ, 49% were former Wittenoom workers, 17% were former Wittenoom 

residents and 34% were exposed to asbestos elsewhere.  During a median of 12.7 years of 

follow-up, 441 men died, 97 incident cases of prostate cancer were identified, and 35 men were 

lost to follow up (could not be traced).  Prostate cancer cases were older than non-cases at 

baseline (p<0.0001), were less likely to be former Wittenoom residents (p=0.001), and were 

more likely to have been exposed to blue asbestos in occupations outside Wittenoom (p=0.005) 

(Table 8).  As dietary intakes were skewed, Mann-Whitney tests were used to compare median 

dietary intakes for cases and non-cases (Table 8).  There were no differences in total fruit and 
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vegetable intake, but cases had significantly lower median intakes of cooked tomato, broccoli 

and bell peppers.  Estimated beta-carotene and retinol intakes did not differ between cases and 

non-cases. 

 

In multivariate analyses, age (RR=1.06, 95% CI, 1.04-1.09 per year) and source of asbestos 

exposure were significantly associated with prostate cancer risk.  Men exposed to asbestos 

outside of Wittenoom were at greater risk (RR=2.03, 95% CI 1.22-3.36) than former workers 

from Wittenoom.  Body mass index, smoking status, and randomly assigned vitamin A 

supplement were not predictors of prostate cancer risk.    

 

After adjusting for age, source of asbestos exposure and randomly assigned vitamin A 

supplement, total fruit and vegetable intakes were not related to prostate cancer risk (Table 9).  

With increasing intakes of vitamin C-rich vegetables, i.e. peppers, broccoli and spinach, the risk 

of prostate cancer tended to decrease (p for trend=0.056).  For men in the highest tertile of 

vitamin C-rich vegetable intake (>4 serves/week; 1 serve equivalent to ½ cup), the RR was 0.53 

(95% CI, 0.29 - 0.99).  No association was observed between prostate cancer risk and intake of 

vitamin C rich fruit, or other groups of fruit and vegetables. 

 

We also analysed individual fruit and vegetable intakes that were used in grouped analyses 

(Table 9).  None of the fruits examined were associated with prostate cancer risk (not shown).  

Two vegetables from the vitamin-C rich group showed inverse relationships with prostate cancer 

risk.  A trend was observed across tertiles of bell pepper intake (p=0.007), with men in the 

highest tertile (>1.5 serves per week; 1 serve equal to ½ cup) having a RR of 0.46 (95% CI, 

0.25-0.85) . A decreased risk was suggested for men in the highest tertile of broccoli intake 

(>1.5 serves/week; 1 serve equivalent to ½ cup), with a RR of 0.56 (95% CI, 0.31-1.02, p for 

trend=0.056).  Although cases had significantly lower median intakes of cooked tomato (Table 

8), multivariate analyses showed a non-significantly decreased prostate cancer risk in the 

highest tertile of cooked tomato intake (RR=0.67, 95% CI, 0.38-1.16; p for trend=0.134).  Intake 

of raw tomato was not associated with prostate cancer risk, nor was dietary beta-carotene or 

retinol intake (Table 9).   
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Table 8.  Characteristics of cases and non-cases at entry to the study.  

 Cases (n=97) Non-cases (n=1888) P- value 2 
 Median IQR 1 Median IQR 1  
      
Age (years) 62.6 59.2 - 66.2 54.7 47.5 - 62.4 0.000 
Body Mass Index (kg/m2) 27.4 24.6 - 30.8 27.2 24.8 - 29.8 0.478 
      
Total fruit & vegetables (serves/day) 4.0 2.7 - 5.9 4.0 2.7 - 5.9 0.852 
Total vegetables (serves/day)  2.1 1.4 - 3.2 2.1 1.4 - 3.1 0.826 
Total fruit (serves/day) 1.5 0.8 - 2.7 1.7 0.8 - 2.8 0.784 
Carotene-rich fruit (serves/week) 1.3 0.5 - 3.8 1.4 0.4 - 3.5 0.587 
Carotene-rich vegetables (serves/week) 5.8 3.3 - 9.2 5.5 3.0 - 9.0 0.708 
Vitamin C-rich fruit (serves/week) 3.2 1.0 - 7.0 3.5 1.2 - 7.3 0.512 
Vitamin C-rich vegetables (serves/week) 2.0 0.8 - 3.8 2.5 0.9 - 5.0 0.126 
Cooked tomato (serves/week) 0.7 0.2 - 2.1 1.3 0.3 - 2.7 0.001 
Raw tomato (serves/week) 2.5 1.5 - 5.4 3.0 1.5 - 5.2 0.975 
Broccoli (serves/week) 0.6 0 - 1.5 0.8 0.1 - 1.7 0.040 
Bell Peppers (serves/week) 0.2 0 - 1.5 0.4 0 - 1.5 0.037 
      
Dietary beta-carotene (ug/day) 3994 2 389 – 5 777 3531 2 222 – 5 295 0.535 
Dietary retinol (ug/day) 156 95.3 - 274.4 166 103 - 293 0.530 
      
 N % N % P-value3 
Source of Exposure      

Former Wittenoom Worker 47 48.5 927 49.1 0.909 
Former Wittenoom Resident 4 4.1 326 17.3 0.001 
Other Worker Exposed to Crocidolite 46 47.4 635 33.6 0.005 

Smoking Status      
Never Smoked 4 24 24.7 447 23.7 0.810 
Former Smoker 4 60 61.9 1021 54.1 0.134 
Current Smoker 4 13 13.4 415 22.0 0.045 

1 IQR, interquartile range; 2 P-value for Mann-Whitney test; 3 P-value for chi-squared test; 4 5 non-cases had missing smoking data 
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Table 9.  Dietary intakes at entry to the study and risk of prostate cancer 1 

 Tertiles of Intake 2 Trend test 
 1 2 3 P-value 
     

Total fruit & veg 
N cases (non cases) 

serves per day 
RR 

95% CI 

 
37 (612) 
0 - 3 
1.0 

 
27 (631) 
>3- 5  
0.69 
0.42 - 1.13 

 
33 (645) 
>5 
0.81 
0.51 - 1.30 

 
0.388 

     
Total vegetables  

N cases (non cases) 
serves per day 

RR 
95 % CI 

 
35 (609) 
0 - 1.6 
1.0 
 

 
31 (636) 
>1.6 - 2.8 
0.80 
0.46 - 1.38 

 
31 (643) 
>2.8 
0.73 
0.38 - 1.40 

 
0.350 

     
Total fruit 

N cases (non cases) 
serves per day 

RR 
95 % CI 

 
30 (635) 
0 - 1 
1.0 

 
35 (619) 
>1 - 2.3 
1.08 
0.62 - 1.87 

 
32 (634) 
>2.3 
0.94 
0.46 - 1.89 

 
0.848 

     
Carotene-rich veg 

N cases (non cases) 
serves per week 

RR 
95 % CI 

 
31 (631) 
0 - 3.7 
1.0 
 

 
31 (628) 
>3.7 - 7.6 
1.04 
0.59 - 1.83 

 
35 (629) 
>7.6  
1.11 
0.56 - 2.20 

 
0.753 

Carotene-rich fruit 
N cases (non cases) 

serves per week 
RR 

95 % CI 

 
34 (690) 
0 - 0.8 
1.0 
 

 
30 (606) 
>0.8 - 2.6 
1.04 
0.62 - 1.77 

 
33 (592) 
>2.6 
1.14 
0.63 - 2.04 

 
0.667 

     
Vit C-rich fruit 

N cases (non cases) 
serves/week 

RR 
95% CI 

 
35 (639) 
0 - 1.8 
1.0 

 
27 (606) 
>1.8 - 5.7 
1.06 
0.60 - 1.88 

 
35 (643) 
>5.7 
1.38 
0.74 - 2.61 

 
0.301 

     
Vit C-rich veg 

 N cases (non cases) 
serves/week 

RR 
95% CI 

 
39 (694) 
0 -1.5 
1.0 

 
35 (569) 
>1.5 - 4.0 
0.94 
0.58 - 1.53 

 
23 (625) 
>4.0 
0.53 
0.29 - 0.99 

 
0.056 

Broccoli 
N cases (non cases) 

serves per week 
RR 

95 % CI 

 
44 (698) 
0 - 0.3 
1.0 

 
34 (671) 
>0.3 - 1.5 
0.80 
0.50 - 1.26 

 
19 (519) 
>1.5 
0.56 
0.31 - 1.02 

 
0.056 
 

     
Peppers 

N  cases (non cases) 
serves/week 

RR 
95 % CI 

 
46 (644) 
0 - 0.1 
1.0 
 

 
35 (781) 
>0.1 - 1.5 
0.65 
0.41 - 1.01 

 
16 (463) 
>1.5 
0.46 
0.25 - 0.85 

 
0.007 
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Table 9.  Dietary intakes at entry to the study and risk of prostate cancer, cont’d 1. 

 

 Tertiles of Intake 2 Trend test 
 1 2 3 P-value 
     

Cooked Tomato 
N cases (non cases) 

serves per week 
RR 

95 % CI 

 
44 (618) 
0 - 0.6 
1.0 

 
33 (674) 
>0.6 - 2.2 
0.78 
0.50 - 1.24 

 
20 (596) 
>2.2 
0.67 
0.38 - 1.16 

 
0.134 

     
Raw Tomato 

N cases (non cases) 
serves per week 

RR 
95 % CI 

 
34 (659) 
0 - 1.7 
1.0 
0.62 - 1.73 

 
30 (621) 
>1.7 - 4.1 
1.04 
0.62 - 1.73 

 
33 (608) 
>4.1 
1.04 
0.60 - 1.80 

 
0.885 

     
Beta-carotene3  

N cases (non cases) 
mg per day 

RR 
95 % CI 

 
28 (604) 
0.1 - 2.6 
1.0 
 

 
34 (600) 
>2.6 - 4.6 
1.19 
0.72 - 1.97 

 
31 (607) 
>4.6 
0.96 
0.58 - 1.61 

 
0.869 
 

     
Retinol 

N cases (non cases) 
ug per day 

RR 
95 % CI 

 
34 (561) 
0.1 - 117 
1.0 
 

 
28 (622) 
>117 - 215 
0.80 
0.48 - 1.30 

 
31 (628) 
>215 
0.85 
0.52 - 1.39 

 
0.520 

 

1  All models were adjusted for age, total fruit and vegetable intake (except beta-carotene and 
retinol models), randomly assigned retinol or beta-carotene supplement and source of 
crocidolite exposure.  

 
2  Due to discrete portion sizes in the FFQ, distributions are not continuous and tertile groups 

are of variable size. 
 
3  Measured as beta-carotene equivalents in the Australian Food Composition Tables (21).   
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Discussion 

This study has found that prostate cancer risk does not appear to be strongly associated with 

the intake of beta-carotene, retinol, fruits or vegetables, except possibly with vitamin C-rich 

vegetables such as bell peppers and broccoli.  Vitamin C is a strong antioxidant that has been 

shown to inhibit prostate cancer cell growth in-vitro (12) however, a protective effect from 

increased vitamin C intakes against prostate cancer has not been consistently demonstrated in 

epidemiological studies (23-26).  Furthermore, no effect from vitamin C-rich fruit was observed 

in this study, even though the bioavailability of vitamin C is usually higher in fruit, due to it being 

eaten most often raw, rather than cooked. 

 

No association was observed between carotene-rich fruit, carotene-rich vegetables or 

beta-carotene intake and prostate cancer in this study.  A 2004 review of dietary intake and 

prostate cancer concluded that there was no evidence that dietary carotenoids, apart from 

lycopene and others found in tomato, are associated with prostate cancer risk (27).  However, 

the Health Professionals Follow Up Study has since published significant inverse associations 

between beta-carotene plasma/diet scores and prostate cancer risk in men aged under 65 years 

(28), and a multi-centred case-control study in Italy reported a significant inverse relationship 

between dietary beta-carotene and prostate cancer risk (29).  Like other studies, our findings do 

not support a protective role for retinol in prostate cancer (27). 

 

There is reasonably consistent evidence that broccoli offers anticarcinogenic effects as a 

Brassica  (cruciferous) vegetable.  An epidemiological review published in 2002 concluded there 

was modest support that high intakes of Brassica vegetables reduce prostate cancer risk (30).  

More recently, the Health Professionals Follow-Up Study reported significantly decreased risks 

for prostate cancer with increasing cruciferous vegetable intakes among men who had a 

prostate-specific antigen test (4).  However, the European Prospective Investigation into Cancer 

and Nutrition (EPIC) which included over 1000 cases in a cohort of over 130,000 men sourced 

from 7 European countries, reported no association in 2004 (3),  
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This study found no effect on prostate cancer risk with increased total fruit or vegetable intakes, 

or both combined.  Generally, fruit intake has not been associated with prostate cancer risk (3).  

Small benefits from increased total vegetable consumption have been reported by several 

studies (2, 5, 7, 24, 31) but not supported by others (8, 9).  In particular, no associations were 

found in the large EPIC cohort (3).  Our findings suggest that intakes of particular vegetable 

types may be more important than total vegetable intake for the prevention of prostate cancer. 

 

Modest epidemiological evidence supports a protective effect from high intake of cooked tomato 

against prostate cancer (27, 32, 33), although this remains a controversial area (34).  A 

protective effect has generally been attributed to lycopene which is more bioavailable from 

cooked tomato than from raw tomato (33).  One other cohort study has reported a RR of 0.77 

(95% CI, 0.66-0.90) for men consuming high intakes (at least two serves per week) of cooked 

tomato,(35) and odds ratios for case-control studies are in the range of 0.46 to 0.94 (33).  Our 

RR of 0.67  for high intake of cooked tomato (>1.8 serves/week) is of similar magnitude, 

although possibly not significant due to having a smaller sample size.   

 

The fruit and vegetables included in the FFQ used in this study were selected because of their 

contribution to usual vitamin A intakes in the study population.  Therefore ‘total fruit and 

vegetable’ intakes analysed in this paper may not be directly comparable to typical definitions of 

total fruit and vegetable intakes.  These commonly include contributions from a wider range of 

fruit and vegetables, as well as potato intake, which contributes to at least 40% of vegetable 

intake in Australia (36).  Therefore, total serves of fruit and vegetables and serves of fruit and 

vegetable groups may have been under-estimated or misclassified by our FFQ, possibly 

explaining the lack of significant associations observed for these.  However, there is no reason 

to believe that estimates of individual vegetable intakes (e.g. broccoli) would have been affected 

by the questionnaire design.   

 

Repeated assessments of dietary intake might have improved this study, especially given that 

subjects were taking part in a cancer prevention program.  Participation in the program could 

have affected subsequent dietary behaviour in this cohort, and led to a reduction in cancer risk 

during the follow up period.   
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We observed that prostate cancer risk was greater for those men in this study who had not 

worked at Wittenoom but experienced asbestos exposure in jobs elsewhere.  We are currently 

extracting occupational histories for all men in this study so that we may examine prostate 

cancer risk according to various occupational exposures.  In future it will also be possible to 

study other lifestyle factors such as physical activity, which could explain the increased risk 

among other asbestos workers. 

 

Although our results are consistent with other studies, careful interpretation is needed, as some 

of the results may have arisen by chance due to the number of statistical tests carried out.  

However, this study does benefit from more than twelve years of follow up after dietary 

assessment and the matching of subjects with national cancer records.  The cohort design of 

the study was advantageous for reducing recall bias, particularly as the main focus was 

mesothelioma and lung cancer, not prostate cancer.   

 

Prostate cancer risk in this study does not appear to be strongly associated with the intake of 

beta-carotene, retinol, fruits or vegetables, except possibly with vitamin C-rich vegetables such 

as peppers and broccoli.  Although the association with cooked tomatoes was not significant, it 

was consistent with earlier reports.   
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Abstract   

Remote dietary intakes may be more important than recent diet in the etiology of cancer 

because of the long latency in cancer development.  We examined the reliability of remote 

dietary recall over ten years.  Subjects were 56 adults participating in a cancer prevention trial in 

Western Australia.  All subjects completed a 28 day diet record (DR) in 1991.  A food frequency 

questionnaire (FFQ) modified to ask respondents about their diet 10 years earlier was sent to 

each subject for completion in 2001.  Remote intakes recalled from ten years earlier using the 

FFQ were compared to the DR using the limits of agreement (LOA) method and Pearson 

correlation coefficients.  Mean intakes of most nutrients were similar for both dietary methods.  

The LOA indicated that the FFQ could under- or over-estimate DR estimates by 50% or more.  

For many nutrients, agreement between methods depended on the magnitude of intake.  

Pearson’s correlation coefficients ranged from 0.02 for retinol to 0.66 for alcohol.  These 

findings are similar to other studies that have examined the reliability of recent and remote 

dietary intakes.  They also show that using this FFQ, remote diet recalled from ten years earlier 

may be as reliable as recent dietary recall.   
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Introduction 

When studying the nutritional determinants of cancer and other chronic illness, remote dietary 

intake (from many years in the past) may be more important than recent diet because of the 

long latency of these diseases.  It is possible that weak associations have been observed in 

many studies of diet and cancer because most have depended on estimates of recent diet, and 

have possibly underestimated the true effect of diet because of misclassification of intake.  

Recent or current dietary intake is not thought to be a reliable predictor of past intake (1), and 

dietary habits change significantly with advancing age (2).  This is pertinent to cancer 

epidemiology, as estimates of recent diet from older people, whom the majority of cancers 

affect, are therefore unlikely to reflect the diet consumed over most of their adult life.  Similarly, 

people diagnosed with cancer may be prone to change their diet, so their estimates of recent 

diet may also be less likely to reflect past diet.  Thus, the reliability of remote dietary recall is of 

considerable interest in cancer epidemiology.  To investigate this, we compared dietary intakes 

recalled from ten years earlier using a modified food frequency questionnaire in 2001, with 

intakes from a diet record collected in 1991. Although this type of study is commonly referred to 

as a validation study, it is more correctly described as an intermethod reliability study (3).  

 

Subjects and Methods 

Study population   

Subjects were recruited from a cancer prevention trial examining the efficacy of β-carotene and 

retinol supplements in reducing the risk of mesothelioma after asbestos exposure (4).  Trial 

participants were 3240 healthy people aged 8 to 87 years (80% men) recruited from two large 

cohorts of former workers and residents of a blue asbestos mining and milling town in Western 

Australia (4).  All participants gave their informed consent, and the trial was approved by the 

Human Research Ethics Committee of the University of Western Australia and the Clinical Drug 

Trials Committee of the Sir Charles Gairdner Hospital, Nedlands, Western Australia. The 

reliability study was approved by the Human Research Ethics Committee of the University of 

Western Australia. 
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Diet records 

All subjects joining the trial during December 1990 were asked during their enrolment interview 

if they would provide four 7 day diet records (DR) over the following year, except subjects with 

apparent  language or literacy difficulties.  Those who agreed were shown how to record 

everything consumed for seven consecutive days using household units (not weights). One 7 

day DR was completed in December 1990 and then in April, July and October of 1991.  

Participants were followed up by telephone two wk after each commencement date to set a date 

for person to person checking of their DR.  All DR were entered into a database by the same 

nutritionist (GLA) using Diet1 nutrient analysis software (5) and linked with Australian Food 

Composition Tables (6) to calculate daily nutrient intakes.   

 

Food frequency questionnaire 

The semi-quantitative food frequency questionnaire (FFQ) was developed by the Anti-Cancer 

Council of Victoria (ACCV) Australia for use in the ethnically diverse Australian population (7).  It 

includes 74 food items and 3 questions on alcohol intake, with 10 frequency options for each, 

ranging from ‘never’ to ‘3 or more times daily’.  Respondents are asked to nominate usual 

portion sizes from a series of photographs in the FFQ. Information is also  collected on types of 

milk, bread, spread and cheese consumed, the number of pieces of fresh fruit and how many 

different vegetables are usually consumed daily.   

 

We modified the FFQ to ask respondents to recall their usual dietary intake from ten years 

earlier, rather than over the past year (Appendix 4).  In July of 2001, the modified FFQ was 

posted to all surviving subjects who had provided four 7 day DR during 1990 and 1991.  A 

covering letter explained how to complete the questionnaire.  Respondents were encouraged to 

think about where they lived and their job ten years ago to assist dietary recall.  Any missing 

values were followed up with the participant by telephone.  Completed questionnaires were sent 

to the ACCV for computerised scanning of responses and the calculation of daily nutrient 

intakes using Australian Food Composition Tables (8). 
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Internal validity 

Energy intakes from both dietary methods were checked for extreme values.  We utilised limits 

used by the ACCV (personal communication, A. Hodge, ACCV) and others (9), where energy 

intakes less than 3,000 kJ or above 21,000 kJ were considered implausible. 

 

Subjects who completed the FFQ in 2001 were compared to those who failed to complete the 

FFQ and other trial participants who did not participate in the reliability study i.e. those invited 

but who declined.  Reliability study subjects who died after completing their DR and before July 

2001 were not included in this comparison.  Gender, smoking status and use of vitamin A 

supplements in addition to the trial supplement at entry to the trial were compared using chi-

square and Fisher's exact tests.  Mean age, body mass index and alcohol intake at entry to the 

trial were compared using t-tests. 

 

Limits of agreement 

Although correlation coefficients are often used to compare two different methods, they can be 

misleading, since the correlation coefficient expresses the strength of a linear relationship 

between two variables, but not the agreement between them (10, 11).  It has been shown that 

highly correlated data, including dietary intakes, may not actually agree (12, 13). 

 

To examine agreement in this study, we used the limits of agreement (LOA) method 

recommended by Bland and Altman (12, 14).  All nutrient intakes were first transformed to their 

natural logarithms.  For each subject, the difference between nutrient intakes from each method 

was then calculated, e.g. FFQ(energy)–DR(energy).  The mean difference and its standard 

deviation (SDdiff) were calculated for each nutrient.  The mean difference represents mean 

agreement between methods for the study population.  The 95% LOA provide an interval within 

which 95% of all individual differences between methods are expected to lie.  These were 

estimated for each nutrient by calculating: mean agreement ± (1.96 x SDdiff).  For each nutrient 

we plotted the differences between methods against the mean of the two to detect any 

variations in level of agreement.  This was formally tested by fitting the regression line of 

differences.  A significant slope in the regression line (Ho: β=0, α=0.05) indicated that 

agreement varied according to the magnitude of intake.  
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Because dietary intakes were log transformed, antilogging was necessary to interpret 

agreement.  Antilogging mean agreement, the LOA, and their 95% confidence limits results in 

ratios, i.e. a multiple of the FFQ relative to the DR (14).  All were expressed as a percentage, 

with 100% indicating exact agreement.  For example, mean agreement of 120% indicates that 

on average, FFQ estimates for that nutrient were 1.2 times the DR estimate.  LOA of 50-200 % 

indicate that 95% of all subjects’ FFQ estimates were between one-half and two times their DR 

estimate. 

 

Using the LOA method, levels of acceptable agreement are arbitrary, but should reflect the 

required sensitivity of a measure or method (14).  We classified agreement between the FFQ 

and DR as being acceptable when (i) the LOA were between 50 and 200% and (ii) there was a 

lack of dependency between agreement and the magnitude of intake, i.e. the slope in the 

regression line of differences was not significantly different from zero.  Although we (13) and 

others (10, 11) have argued against its use, we also calculated Pearson's correlation 

coefficients between methods to enable comparisons with other studies that have not used the 

LOA method. 

 

Results 

During December of 1990, 569 people enrolled in the Vitamin A Program.  One hundred and 

eighteen (21%) agreed to provide four 7 day DR over the following year, of which 83 (70%) 

completed all four DR.  Fifty six of these (68%) went on to complete the FFQ in July 2001 (19 

women and 37 men).  One person was excluded as his FFQ intake was over 21,000 

kilojoules/day. Twelve subjects died after completing their DR and before the FFQ could be sent 

to them.  Four subjects refused to complete the FFQ, eight were noncompliant, two reported 

that they were unable to recall past diet, and one could not be traced.   

 

After adjusting for gender, no differences were found in mean age, body mass index, alcohol 

intake or supplement use, between reliability and trial subjects (Table 10).  Statistical 

comparisons of smoking habits were hampered by the small numbers in each category.  The 

proportion of subjects who had never smoked was higher in reliability subjects for men (p=0.03) 

and probably women also (p=0.16) (Table 10).  The proportion of previous smokers was also  
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Table 10.  Baseline characteristics of reliability study and other trial subjects, December 1990.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1 values are means ± SD or % 
2 Reliability subjects; includes subjects who completed diet records in 1990/91 and the food frequency questionnaire (FFQ) in 2001. 
3 Trial subjects; includes trial subjects who did not agree to complete diet records in 1990/91 and reliability subjects who did not complete the FFQ in 2001 

 

 Women  Men 

 Reliability 
Subjects 2 

Trial    
Subjects 3 

p 
value 

 Reliability 
Subjects 2 

Trial    
Subjects 3 

p 
value 

N (%) 19   (34) 112  (22) 0.05  37  (66) 389  (78) 0.05 

Age, years 49 ± 10.5 50 ± 13.3 0.88  53 ± 8.3 54 ± 11.0 0.42 

Body mass index 28 ± 5.0 27 ± 4.9 0.32  27 ± 4.8 28 ± 4.3 0.49 

Alcohol, g/d 5.3 ± 8.4 4.2 ± 6.2 0.46  24.5 ± 29.0 22.7 ± 27.5 0.67 

Smoking status, %                

    Never  68   51   0.16  38   22   0.03 

    Previous  16   29   0.22  35   50   0.07 

    Current  16   20   0.69  27   28   0.93 

Cigarettes smoked, n/d  28 ± 12.3 17 ± 8.0 0.62  11 ± 8.2 15 ± 9.1 0.28 

Supplement use, % 11   13   0.29  5   9   0.22 
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lower among reliability subjects (Table 10).  The proportion of current smokers was similar, but 

female reliability subjects smoked more cigarettes per day than female trial subjects (Table 10).   

 

Most mean intakes for the FFQ and the DR including percent of energy obtained from 

carbohydrates and fat did not differ greatly between methods (Table 11).  However, mean 

intakes for carotene, retinol, retinol equivalents and potassium were significantly lower, and 

calcium, thiamine, riboflavin and phosphorus intakes significantly higher, when estimated by the 

FFQ.  

 

The mean agreement between methods (i.e. FFQ relative to the DR) ranged from 66% for 

carotene to 130% for riboflavin (Table 12).  Mean agreement was not significantly different from 

100% for most nutrients excepting alcohol, calcium, carotene, potassium, retinol equivalents, 

riboflavin and thiamine (Table 12). 

 

The LOA showed that for most nutrients, the FFQ could under- or over-estimate DR estimates 

by 50% or more (Table 12).  For example, the LOA for energy are 55 and 178%, meaning that 

95% of the subjects in this study sample had an FFQ estimate for energy that was between 

55% (underestimating by 45%) and 178% (overestimating by 78%) of their corresponding DR 

estimate.  Particularly wide LOA were observed for alcohol, carotene, cholesterol, retinol, and 

retinol equivalents.  In contrast, the LOA were narrowest for percent of energy from 

carbohydrates and fat. 

 

Even after log transformation of the data, agreement depended on magnitude of intake for 11 of 

the 29 nutrients assessed: niacin, niacin equivalents, phosphorous, potassium, protein, retinol, 

retinol equivalents, saturated fat, sodium, vitamin C and zinc (p<0.05).  For all of these except 

retinol and retinol equivalents, the slope of the regression line of differences was positive, 

meaning that the FFQ increasingly over-estimated intakes as overall intake increased (Table 

12).  The negative slopes observed for retinol (Figure 20) and retinol equivalents indicate that 

the FFQ significantly underestimated retinol intakes when higher levels of intake were reported.  

For all remaining nutrients, agreement was independent of intake (see Fiber in Figure 21). 

Pearson's correlation coefficients ranged from 0.02 for retinol equivalents to 0.66 for alcohol 

(Table 12).  Moderate Pearson's correlations were observed for sodium (0.56), protein (0.48), 
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saturated fat (0.47), zinc (0.46), polyunsaturated fat (0.45) and vitamin C (0.43), yet all of these 

(in addition to alcohol) exhibited a dependency between agreement and magnitude of intake, 

and/or very wide LOA. 

 

Table 11.  Nutrient intakes estimated by the diet record and FFQ completed 10 y later1 

 Diet Record FFQ p 

value2 

Alcohol, g/d 17 ± 20 (0 - 97) 19 ± 18 (0 - 73) 0.34 

Calcium, mg/d 753 ± 229 (329 - 1437) 900 ± 301 (366 - 1612) 0.01 

Carbohydrate, g/d 217 ± 64 (107 -398) 222 ± 75 (79 - 511) 0.61 

Energy from CHO, % 41 ± 6 (28 - 58) 40 ± 6 (24 - 55) 0.44 

Carotene, ug/d 3947 ± 1644 (1717 - 10865) 2641 ± 1146 (996 - 5522) 0.00 

Cholesterol, mg/d 307 ± 116 (97 - 679) 306 ± 124 (65 - 636) 0.98 

Energy, kj/d 8758 ± 2385 (4433 - 14090) 8857 ± 3042 (3176 - 19896) 0.77 

Fat, total (g) 83 ± 27 (39 - 157) 81 ± 33 (21 - 184) 0.55 

Energy from Fat, % 33 ± 5 (19 - 43) 35 ± 5 (21 - 47) 0.05 

Fiber, g/d 24 ± 8 (11 - 45) 23 ± 8 (12 - 44) 0.12 

Iron, mg/d 13 ± 3 (6 - 19) 13 ± 4 (6 - 26) 0.29 

Magnesium, mg/d 319 ± 77 (195 - 566) 316 ± 97 (148 - 641) 0.84 

Monounsaturated fat, g/d 29 ± 10 (13 - 55) 28 ± 12 (7 - 66) 0.70 

Niacin, mg/d 22 ± 6 (13 - 38) 24 ± 9 (9 - 59) 0.10 

Niacin equiv. mg/d 39 ± 9 (22 - 61) 42 ± 15 (16 - 95) 0.11 

Phosphorus, mg/d 1434 ± 327 (826 - 2236) 1571 ± 491 (698 - 3120) 0.03 

Polyunsaturated fat, g/d 13 ± 6 (4 - 34) 12 ± 6 (3 - 30) 0.22 

Potassium, mg/d 3341 ± 717 (2235 - 5683) 3070 ± 882 (1392 - 6092) 0.04 

Protein, g/d 92 ± 21 (53 - 133) 94 ± 32 (39 - 193) 0.47 

Retinol, ug/d 670 ± 1029 (122 - 5518) 410 ± 180 (59 - 838) 0.07 

Retinol equiv. ug/d 1329 ± 1074 (529 - 5974) 851 ± 297 (225 - 1758) 0.01 

Riboflavin, mg/d 1.8 ± 0.6 (0.8 - 3.7) 2.4 ± 0.9 (0.9 - 5.4) 0.00 

Saturated fat, g/d 34 ± 13 (15 - 75) 33 ± 15 (8 - 78) 0.59 

Starch, g/d 120 ± 39 (56 - 217) 124 ± 48 (38 - 317) 0.44 

Sodium, mg/d 2737 ± 779 (1517 - 4201) 2648 ± 1050 (944 - 6511) 0.45 

Sugars, g/d 97 ± 35 (41 - 202) 96 ± 35 (32 - 193) 0.93 

Thiamine, mg/d 1.3 ± 0.4 (0.6 - 2.4) 1.6 ± 0.6 (0.6 - 3.7) 0.00 

Vitamin C, mg/d 120 ± 45 (50 - 289) 134 ± 78 (34 - 447) 0.14 

Zinc, mg/d 12 ± 3 (6 - 19) 12 ± 4 (4 - 25) 0.26 

 

1 values are mean ± SD, n=55. 
2 paired t-test 
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Table 12.  Agreement between the diet record and FFQ completed 10 yrs later1 

 Mean  % 

Agreement  

95% CI 2   95% LOA 3 β 4 p  

value 5 

r 6 p 

value 7 

Alcohol 103 74 -142 9 - 1150 -0.08 0.54 0.66 0.00 

Calcium 118 107 - 131 57 - 248 0.12 0.52 0.36 0.07 

Carbohydrate 101 93 - 109 56 - 183 0.16 0.28 0.57 0.00 

Carbohydrate, % energy 102 98 - 106 76 - 136 -0.15 0.36 0.50 0.00 

Carotenes 66 58 - 75 25 - 175 0.18 0.36 0.29 0.03 

Cholesterol 97 85 - 111 36 - 260 0.35 0.08 0.31 0.02 

Energy 99 92 - 107 55 - 178 0.24 0.08 0.59 0.00 

Fat, total 95 85 - 105 42 - 213 0.25 0.14 0.45 0.00 

Fat, % energy  95 91 - 100 67 - 136 0.22 0.24 0.34 0.01 

Fiber 94 87 - 102 52 - 170 -0.03 0.86 0.55 0.00 

Iron 103 95 - 112 56 - 189 0.15 0.36 0.47 0.00 

Magnesium 98 91 - 105 57 - 169 0.26 0.11 0.49 0.00 

Monounsaturated fat 96 86 - 107 42 - 221 0.20 0.24 0.45 0.00 

Niacin 105 96 - 115 54 - 205 0.44 0.01 0.46 0.00 

Niacin equiv. 105 96 - 114 56 - 195 0.43 0.01 0.45 0.00 

Phosphorous 107 99 - 116 60 - 192 0.41 0.02 0.47 0.00 

Polyunsaturated fat 90 79 - 103 34 - 244 0.13 0.44 0.45 0.00 

Potassium 90 84 - 97 51 - 160 0.48 0.02 0.34 0.01 

Protein 100 92 - 109 55 - 184 0.48 0.01 0.48 0.00 

Retinol 83 65 - 105 14 - 505 -0.63 0.02 0.02 0.95 

Retinol equiv. 71 61 - 83 22 - 230 -0.51 0.03 0.16 0.24 

Riboflavin 130 117 - 143 61 - 276 0.13 0.50 0.35 0.01 

Saturated fat 92 81 - 104 36 - 235 0.43 0.01 0.47 0.00 

Sodium 94 86 - 102 50 - 178 0.32 0.03 0.56 0.00 

Starch 101 92 - 111 50 - 207 0.20 0.18 0.55 0.00 

Sugars 99 89 - 109 45 - 215 0.16 0.35 0.44 0.00 

Thiamine 128 117 - 139 66 - 247 0.30 0.07 0.48 0.00 

Vitamin C 104 92 - 118 41 - 268 0.48 0.01 0.43 0.00 

Zinc 102 94 - 111 56 - 189 0.40 0.02 0.46 0.00 
 

1 n=55 
2 95% confidence interval for mean agreement. 
3 95% Limits of Agreement 
4 Regression slope of mean of both methods on difference between methods (H0: β=0, α=0.05). 
5 p value for regression slope 
6 Pearson 's correlation coefficient. 
7 p value for Pearson’s correlation coefficient 
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Figure 20.  Mean agreement and upper and lower Limits of Agreement (LOA) between 

retinol intakes estimated by the diet record and 10 yrs later using the FFQ.  The trend 

in differences is equivalent to the regression line of differences (p=0.02). 
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Figure 21.  Mean agreement and upper and lower Limits of Agreement (LOA) between 

fiber intakes estimated by the diet record and 10 yrs later using the FFQ.  The trend in 

differences is equivalent to the regression line of differences (p=0.86). 
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Discussion 

Most studies rely on assessments of recent or current diet when investigating diet and chronic 

disease relationships, probably because of a perceived level of difficulty in obtaining compliant 

respondents or reliable information.  Yet, given the long latency of most chronic diseases 

especially cancer, it is likely that remote dietary intake is etiologically more important than recent 

intake.  

 

We found that for most nutrients, the FFQ could under- or over-estimate DR intakes by 50% or 

more.  According to our criteria, adequate agreement was observed for carbohydrate, energy, 

fiber, iron, magnesium, percent of energy from carbohydrates and percent of energy from fats.  

Wide LOA were observed especially for alcohol, carotene, retinol, and retinol equivalents.  The 

LOA may become narrower when using more subjects however; estimates of carotene, retinol 

and retinol equivalent intakes have shown poor agreement in many other reliability studies of 

current diet (13, 15-17).  Retinol and carotene intakes (vitamin A) can be especially difficult to 

estimate because these nutrients are highly concentrated in some foods.  Sporadically high 

intakes of vitamin A in the DR are not likely to agree with more general intakes estimated by a 

FFQ.  In the case of alcohol, extremes in day to day variation are common (18).   

 

Agreement decreased significantly with increasing intakes for many nutrients.  Sporadically high 

intakes of vitamin A may also explain the negative slope observed between agreement and 

overall intake for retinol and retinol equivalents, where the FFQ underestimated very high 

intakes reported in the DR (Figure 20). For the other nine nutrients where a positive slope was 

observed between agreement and overall intake, the FFQ tended to over-estimate the DR, 

which is not uncommon for a FFQ (13, 19). 

 

Very few published reliability studies have used the LOA method, and we could find none that 

had used this method to assess remote dietary recall.  One reliability study that compared a 10 

day DR with a FFQ designed to estimate recent diet reported LOA for ascorbic acid,  energy 

and fiber only  (16).  These showed that the FFQ could underestimate the DR by as much as 

30%, or over-estimate it by up to 90%.   
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Most studies examining retrospective dietary intake have repeated a single dietary method 3 to 

5 years later (20).  Generally these studies have concluded that although remote dietary recall is 

often influenced by current diet (20-23) remote dietary recall correlates better with past diet than 

current diet (22, 24, 25).  It would be useful to examine whether the reliability of remote dietary 

recall varies according to whether or not the respondent’s current diet is different to their remote 

diet.  We administered an annual questionnaire during the cancer prevention trial (still running in 

2003) that included a question asking all subjects if they had made any major changes to their 

diet.  Among the reliability study subjects, 64% reported making major dietary changes during 

the 10 years follow up, i.e. after the DR was completed.  Their small number (n=55) prevented 

comparisons of reliability according to whether dietary changes were reported or not reported.  

This does imply however, that the results of this study reflect a study sample where the majority 

of respondents’ current diets are likely to be different to their diet of 10 years earlier.   

 

In one study that compared multiple diet records to a FFQ completed 10-15 years later, the 

reported correlation coefficients ranged from 0.07 (vitamin A) to 0.46 (saturated fats) (26), which 

are similar to our findings.  The correlation coefficients observed in this study are also very 

similar to those seen in reliability studies examining recent dietary intake (27-30).  However, we 

and others have identified the limitations of using correlation coefficients to assess reliability (10, 

11, 13).   

 

We recently applied the LOA method in another reliability study in the same study sample, to 

evaluate a FFQ developed by the Commonwealth Scientific Industrial Research Organisation 

(CSIRO) of Australia to estimate recent diet (31).  In comparing the CSIRO FFQ administered at 

the end of 1991 to the DR used in this study, we similarly found that for most nutrients, the FFQ 

could under- or over-estimate DR intakes by 50% or more.  The results for men and women 

combined showed a greater number of nutrients where agreement was dependent on the 

magnitude of intake, in comparison to the ACCV FFQ.  This dependency shows that FFQ errors 

vary across the range of intakes for that nutrient, which can lead to differential misclassification 

of intakes.  Mean agreement was also better for the ACCV FFQ.  The main difference was that 

the upper LOA for the ACCV FFQ were generally higher, which might be acceptable, given that 

intakes were recalled from ten years earlier.  Although a different FFQ, we expected agreement 

for the ACCV FFQ to be substantially worse than that found for the CSIRO FFQ because it 
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asked respondents to recall their diet from ten years earlier.  However, we believe this not to be 

the case.   

 

We acknowledge the small sample size as the main drawback of this study.  The recruitment 

rate for this study was also quite low (21%) and for this reason, a convenience sample of 

approximately 100 subjects was sought during the recruitment phase.  A low response rate is 

not unusual when a labour intensive method like the DR is required.  The majority of subjects 

were asked to volunteer for the reliability study immediately after they had completed their 

induction interview for the cancer prevention trial.  This required the completion of several other 

questionnaires and tests, which might explain the low response rate.  The completion rates in 

this reliability study were however, relatively good (70 and 67% for the DR and FFQ, 

respectively).   

 

In comparing the baseline characteristics of study subjects with those who did not take part (but 

were invited), mean age, BMI, alcohol intake and supplement use were similar.  Although not all 

differences were significant, there were more non-smokers and fewer previous smokers 

amongst the reliability subjects.  As these are the only obvious differences between our 

reliability and trial subjects, we do not believe the two groups to be sufficiently different enough 

to reduce the generalisability of this study.   

 

This study and the few others using the LOA method have shown that it is difficult to gain high 

levels of agreement between a FFQ and DR.  Given that they are different tools in that the FFQ 

provides a summary of intake whereas the DR provides several detailed ‘snapshots’, and given 

the natural within-person variation in diet, it is unreasonable to expect perfect agreement 

between the two.  Furthermore, reliability studies examining dietary methods are hampered by 

the lack of a 'gold standard'.  The diet record method is influenced by random and systematic 

errors and as such, is not an error free method.   

 

Our results show that whether the correlation coefficient or the LOA method is used to assess 

agreement, the FFQ used in this study to collect dietary information from ten years earlier may 

provide estimates as reliable as other FFQ designed to collect information about recent diet.  
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Based on these findings, there is no obvious reason to collect information about recent diet as a 

surrogate when remote dietary intake is the factor of interest. 
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Abstract 

 

Objectives:  Few risk factors have been established for benign prostatic hyperplasia (BPH), a 

common condition affecting older men. Recently there has been some interest in a role for diet 

in the development of BPH, however few studies have examined this. We investigated dietary 

patterns and food intakes as risk factors for surgically-treated BPH.  

Materials and methods:  A case-control study was conducted in Western Australia (WA) during 

2001 and 2002. BPH cases were men hospitalised for their first prostatectomy with a diagnosis 

of BPH. Controls were frequency matched for age and sex from the WA electoral roll. A 

previously evaluated food frequency questionnaire (FFQ) collected information on usual dietary 

intake 10 years earlier. Factor analysis identified dietary patterns in FFQ data. Effects of dietary 

patterns and food intakes on BPH risk were examined using unconditional logistic regression, 

adjusting for various confounders.   

Results:  406 cases and 462 controls aged 40-75 years provided data.  Three dietary patterns 

were identified; ‘Vegetable’, ‘Western’ and ‘Health-conscious’. BPH risk was not associated with 

the ‘Health-conscious’ or ‘Western’ patterns, but a decreased risk was observed with increasing 

score for ‘Vegetable’ pattern (OR=0.78, 95% CI, 0.63-0.98). BPH risk was significantly and 

inversely related to total vegetable, dark yellow vegetable, other vegetable, tofu and red meat 

intakes.  There was a higher BPH risk with increasing intake of high fat dairy products.   

Conclusions:  These results indicate that vegetables, soy products, red meat and high fat dairy 

foods may be important in the development of BPH.  
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Introduction 

Benign prostatic hyperplasia (BPH) is an age-related condition characterised by enlargement of 

the prostate gland and restricted urinary flow that results in urinary symptoms.  BPH imposes a 

considerable health burden in terms of its effects on quality of life and related health care costs.  

The prevalence of at least one problematic urinary symptom among men aged 50 years or more 

is common in industrialized countries, ranging from 30 to 80% (1-4). Open prostatectomy to 

treat BPH has been reported as one of the most common surgical operations on an internal 

organ in men, and carries some risk for bladder perforation, haemorrhage, incontinence, and 

impotence (5).   

 

Little is certain about risk factors for BPH, except that risk increases with age and androgen 

levels (6) however, there is now evidence to support a role for diet in BPH development (6, 7). 

In the few epidemiological studies to examine diet and BPH, fruit (8), vegetables (7, 9-11) and 

pulses (7) have been reported as protective, while higher intakes of meat (8), cereals (7), milk 

and dairy products (8, 10) have been associated with an increased risk of BPH.  The estrogenic 

effects from regular consumption of soy bean products has been suggested as an explanation 

for lower BPH rates among Asian men consuming traditional Asian diets (11, 12).  In this study 

we examine risk of surgery for BPH according to dietary patterns and food group intakes ten 

years prior.   

 

Subjects and Methods 

This study was conducted in Western Australia (WA) during 2001 and 2002 and was approved 

by the University of Western Australia’s Human Research Ethics Committee and the 

Confidentiality of Health Information Committee, Department of Health, Western Australia.   

 

Cases 

Hospital morbidity data from the WA Data Linkage System (13) was used to identify 

surgically-treated BPH cases.  Cases were men aged 40 to 75 years who were hospitalised for 

their first prostatectomy with a diagnosis of BPH, in either a public or private hospital in WA, 

between 1st January 2001 and 31st December 2002.  Cases were not eligible if they had a 

prostatectomy or history of prostate cancer (according to the WA Cancer Registry) before 
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January 2001, or if they were not listed on the WA electoral roll.  The eligible case’s urologist 

was contacted first for permission to invite their patient into the study.  Of the 961 eligible cases 

identified, we obtained consent to participate from both urologist and case for 451 men (47%).  

Due to the requirements of the Confidentiality of Health Information Committee, only the age 

and postal code of non-consenters and non-responders was available for comparison.  Eligible 

cases who refused consent (14%) or did not respond (28%) were similar in age but were slightly 

more likely to live in metropolitan areas rather than non-metropolitan areas, compared to those 

who consented to the study.  Permission was not given by the urologist for the remaining 11% 

of eligible cases. 

 

Controls 

Controls were men aged 40 to 75 years randomly selected from the WA Electoral Roll between 

1st August 2001 and 1st October 2002, who did not have a history of prostate cancer or surgery 

for BPH.   Subjects who reported having a BPH diagnosis without a prostatectomy were not 

excluded from being controls.  Controls were frequency matched to cases within 5 year age 

groups. Of the 1289 controls invited to participate in the study, 556 agreed (43%). 

Of the eligible controls who did not provide consent, 21% refused and 36% did not respond.  

Those who consented were similar in age and area of residence to those who did not.  

Non-responders were slightly younger (average difference of 2 years) than those who 

consented, but did not differ by area of residence. 

 

Dietary Intakes  

BPH is likely to have a long latency period, as there is accumulating evidence that BPH results 

from chronic inflammation in the prostate (14).  Signs of immune inflammation have been 

detected in prostate tissue before the manifestation of clinical or histological effects from BPH 

(14).  Therefore, dietary intake from the distant past i.e. remote dietary intake, may be more 

important than recent diet, if dietary intake is indeed related to the development of BPH.  We 

estimated remote dietary intake using a semi-quantitative food frequency questionnaire (FFQ) 

originally developed by the Cancer Council of Victoria (CCV),  Australia (15, 16).  This 

questionnaire was modified to ask about usual dietary intake ten years earlier rather than in the 

previous year.  It listed 74 foods or food groups (hereafter referred to as FFQ items), each with 
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10 intake frequency options, ranging from ‘never’ to ‘3 or more times per day’.  Questions are 

asked about types of bread, milk, spreads and cheese usually consumed, how many pieces of 

fruit are consumed daily, and how many different vegetables are consumed daily.  When 

compared with a 28-day diet record completed 10 years earlier in a similar-aged sample, the 

modified FFQ was found to be no less reliable than a FFQ used to estimate recent recall, based 

on limits of agreement analyses (Paper 2).   Completed FFQs were scanned and analysed by 

the CCV (15) to provide intakes in grams per day for each FFQ item (a total of 101 items) . 

 

Other Covariates 

Another self-administered questionnaire was used to collect information on family history of 

prostate cancer (fathers, brothers, uncles), history of vasectomy, height and weight (current and 

10 years earlier), hair loss patterns at age 30 and 40 years (as an indicator of circulating 

androgen level), lifetime occupational and recreational physical activity, and smoking, 

occupational, residential, and military histories.  Urinary symptoms one year before the study  

were assessed using the International Prostate Symptom Score (IPSS) or American Urological 

Association (AUA) Symptom Index (17).  Using the total IPSS score, urinary symptoms were 

coded as mild (IPSS ≤ 7), moderate (IPSS >7 and ≤19) or severe (IPSS >20) (17).  Details of all 

of these measurements and their associations with BPH risk have been reported elsewhere (18, 

19).  A reminder was sent to all consenting participants if both completed questionnaires were 

not received within 21 days.  Missing or erroneous questionnaire responses were followed up by 

telephone.  Both questionnaires were piloted simultaneously in a sample of the target population 

to maximize accuracy and completion, before the study commenced.   

 

Statistical Analyses 

To identify dietary patterns, factor analysis was applied to intakes of all FFQ items in controls 

only using PROC FACTOR in SAS (20).  Based on other studies of dietary patterns, varimax 

rotation and eigen values >1 were used (21-23).  The number of factors to retain was based on 

the scree plot and interpretability of components (FFQ items).  Three dietary patterns (or 

factors) were identified; ‘Vegetable’, ‘Western’ and ‘Health-conscious’.  FFQ items with a factor 

loading of ± 0.30 or more were considered important components of each dietary pattern.  The 

components, factor loadings and percent of variance explained for each pattern can be seen in 
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Table 13.  The ‘Vegetable’ pattern correlated strongly (Pearson’s r ≥ 0.50) with beta-carotene, 

folate, fibre, carbohydrate and vitamin C intake.  The ‘Western’ pattern correlated strongly with 

intake of energy, protein, total fat, saturated fat, monounsaturated fat, cholesterol and zinc.  The 

‘Health-conscious’ pattern exhibited low correlations (≤ 0.37) with all macronutrients, including a 

very low correlation (0.07) for saturated fat.  A score for each dietary pattern was assigned to 

every subject based on their FFQ intakes, using PROC SCORE in SAS.  Personal 

characteristics and dietary intakes according to quartiles of each dietary pattern are shown in 

Appendix 6.  A higher score for the ‘Western’ pattern was associated with a greater proportion 

of smokers and men with severe urinary symptoms, and less participation in physical activity.  

Higher scores for the ‘Vegetable’ and ‘Health-conscious’ patterns were associated with smaller 

proportions of smokers and those who participated in physical activity. 

 

Unconditional logistic regression was used to analyse the risk of BPH according to dietary 

patterns, using PROC LOGISTIC in SAS (20).  We also investigated BPH risk according to 

intake of food groups (see Table 14) associated with the dietary patterns and those previously 

suggested to have a plausible role in BPH development, e.g. tofu (7, 8, 12, 24). All dietary 

variables were analysed as quartiles (see Table 15) and continuous variables.  Subjects with 

extreme energy intakes (<3000 kJ or >21000 kJ) were excluded, as advised by the CCV 

(personal communication, Alison Hodge, 2002).  Potential confounding variables added to the 

models included age, BMI (current and 10 years ago), energy intake, family history of prostate 

cancer (brother or father), balding pattern at age 30 and 40 years, smoking history, history of 

vasectomy, and occupational and recreational physical activity.  The level for significance was 

set to 5% for all statistical tests.   

 

The stage at which BPH is surgically-treated may vary according to patient and doctor 

preferences.  Therefore as previously (19), we repeated these analyses after excluding controls 

who reported severe or moderate urinary symptoms (28%) according to their IPSS, to reduce 

the likelihood of controls having non-surgically-treated BPH.  We also excluded cases who 

reported mild urinary symptoms (6.4%).  This resulted in a comparison of men undergoing 

prostatectomy who had moderate to severe urinary symptoms with men who did not have a 

prostatectomy and had few or no urinary symptoms.   
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Table 13.  Dietary patterns and factor loadings  

FFQ Item1 Vegetable 
Pattern 

Western 
Pattern 

Health-conscious 
Pattern 

Jam/honey or syrup 0.35   
Vegemite (yeast spread) 0.36   
Apples 0.45   
Beetroot 0.54   
Cabbage 0.45   
Carrots 0.70   
Cauliflower 0.46   
Celery 0.36   

Cucumber 0.32   
Green beans 0.34   
Lettuce 0.43   
Onion 0.40   
Potatoes, cooked without fat 0.45   
Pumpkin 0.60   
Spinach 0.31   
Tomato, fresh or tinned 0.33   
Peas 0.46 0.30  
Cakes  0.33  
White bread  0.45  
Eggs  0.38  
Potato crisps  0.36  
Potato chips (french fries)  0.31  
Meat pie  0.46  
Hamburger  0.40  
Beef  0.42  
Lamb  0.32  
Pork  0.37  
Bacon  0.37  
Sausages  0.48  
Full cream milk  0.31  
Beer (full alcohol)  0.30  
Fish, fried or takeaway  0.41  
Fish, steamed or grilled   0.40 
Fish, tinned   0.41 
Chicken   0.37 
Pizza   0.40 
Rice   0.33 
Pasta   0.49 
Crackers/crispbread/dry biscuits   0.30 
Tofu   0.30 
Legumes   0.33 
Mango   0.32 
Avocado   0.42 
Capsicum   0.41 
Garlic   0.47 
Mushrooms   0.48 
Zucchini   0.39 
% Variance explained 11.2 9.2 8.8 

1 Only those items with a loading >|0.30| are shown. 
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Table 14.  Composition of food groups 

 

Food Groups FFQ items 

Processed Meats Bacon, ham, salami, sausages 

Red meats Beef, lamb, pork, veal, hamburgers 

High fat dairy Full cream milk, firm cheese, soft cheese, cream cheese, 
ice cream, yoghurt 

Low fat dairy Reduced fat milk, skim milk, ricotta, low fat cheese, 
flavoured milk 

All dairy Milk (skim, reduced and full fat), ricotta, low fat cheese, 
flavoured milk, hard cheese, soft cheese, cream cheese, 
ice-cream, yoghurt 

Fresh and cooked tomatoes Fresh or tinned tomatoes, tomato sauce, tomato paste, 
dried tomatoes 

Dark yellow vegetables Pumpkin, carrots 

Cruciferous vegetables Cabbage, cauliflower, broccoli 

Green leafy vegetables Lettuce, spinach 

Other vegetables Peppers, cucumber, celery, mushroom, zucchini, onion, 
beetroot  

Total vegetables Dark yellow vegetables, cruciferous vegetables, green 
leafy vegetables, other vegetables, tomatoes 

Potatoes Potatoes, cooked without fat 

Fresh fruit Oranges, apples, pears, bananas, melon, pineapple, 
strawberries, apricots, peaches, mango, avocado 

Legumes Peas, green beans, bean sprouts, baked beans, tofu, 
chick peas, lentils, soy milk 

All soy products Soya milk, soy beans, soy bean curd, tofu 

Tofu Soy beans, soy bean curd, tofu 
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Table 15.  Quartile cut points for energy and food group intakes. 

Food Group  Quartiles of Intake  

 1 
Min – Max 

2 
Min – Max 

3 
Min – Max 

4 
Min – Max 

Energy (kJ/d) 3 291 – 7 456 7 472 – 9 305 9 310  - 11 532 11 543 – 19 670 

Processed meats (g/d) 0 – 16 16 – 28.8 28.9 – 48.6 48.7 – 275.8 

Red meats (g/d) 0 – 63 63.3 – 98.9 99.0 – 147.4 147.6 – 746.5 

All dairy foods (g/d) 0 – 234 234.1 – 391.2 391.5 – 475.9 476.0 – 1088.10 

High fat dairy (g/d) 0 – 46.8 47.1 – 214.4 215.0 – 403.2 404.0 – 1050.5 

Low fat dairy (g/d) 0 0.2 – 2.2 2.5 – 203.5 204.0 – 940.0 

Total vegetables (g/d) 0 – 72.6 72.8 – 101.5 101.9 – 136.1 136.2 – 378.4 

Dark yellow vegetables (g/d) 0 – 14.2 14.3 – 23.5 23.6 – 37.8 38.0 -128.0 

Cruciferous vegetables (g/d) 0 – 14.1 14.1 – 24.6 24.6 – 38.2 38.3 – 216.4 

Green leafy vegetables (g/d) 0 – 5.3 5.4 – 9.4 9.5 -15.1 15.2 – 96.3 

Fresh or cooked tomatoes (g/d) 0 – 4.2 4.3 – 11.1 11.1 – 18.3 18.3 – 56.6 

Other vegetables (g/d) 0 – 16.0 16.2 – 24.3 24.4 – 35.4 35.6 – 149.9 

Fresh fruit (g/d) 0 – 109.6 109.7 – 172.3 172.5 – 298.5 299.4 – 908.3 

Legumes (g/d) 0 - 18.3 18.4 - 29.4 29.4 - 46.2 46.3 - 950.1 

     

  No Yes  

Any soy products eaten1  0 0.2 - 884.3  

Tofu eaten1  0 0.2 - 39.6  
1 Only 148 men reported eating any soy products; ‘tofu’ and ‘any soy products’ were analysed according to consumers and non-consumers 
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Results 

After consenting to the study, 95 controls and 68 cases either failed to return any questionnaires 

or had information missing from their questionnaires after several attempts at follow up.  These 

men did not differ in mean age or area of residence, compared to those men who returned fully 

completed questionnaires.  Ten cases with extreme energy intakes were excluded.  A total of 

462 controls and 386 cases completed both questionnaires and had data available for analyses, 

giving a response fraction of 36% and 40%, respectively. 

 

We have previously shown that cases were slightly older than controls, but were similar 

according to mean BMI, family history of prostate cancer, history of vasectomy, smoking history 

and balding patterns (19). There was no difference in mean energy intake (p=0.61) between 

cases (mean=9796 kJ/d, SD=3304) and controls (mean=9683 kJ/d, SD=3059).  

 

The risk of BPH was slightly elevated in men who had undergone a vasectomy (OR=1.29, 95% 

CI 0.94-1.77).  Energy intake (MJ/day) was not associated with BPH risk (OR= 1.02, 95% CI, 

0.98-1.06).  None of the other potential confounders examined influenced risk of BPH. 

 

Reductions in BPH risk were observed across quartiles of ‘Vegetable’ pattern score (Table 16).  

There was a statistically significant reduction in risk with increasing continuous ‘Vegetable’ 

pattern score, indicating a 22% reduction with each unit increase in score.   BPH risk was not 

clearly associated with ‘Health-conscious’ or ‘Western’ dietary patterns.  Although there were 

small decreases in risk with increasing scores for both of these patterns, the odds ratios were 

close to or included one, and exposure-response relationships were not evident. 

 

High intakes of total vegetables, dark yellow vegetables and other vegetables were associated 

with statistically significant decreases in BPH risk (Table 17).  Exposure-response relationships 

were evident for total vegetables and dark yellow vegetables (Table 17).  Amongst those men 

consuming tofu (n=138), the risk of BPH was significantly lower (OR=0.64, 95% CI, 0.44-0.94) 

and men who consumed any soy products (n=146) had a decreased risk (OR=0.70, 95% CI 

.049-1.01).  Total legume consumption did not appear to be related to BPH risk.   Men in the 

highest quartile of red meat consumption (>148 grams per day) had a reduced risk of BPH, and 
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the risk decreased across quartiles of intake.  An increasing trend in BPH risk was associated 

with intake of high fat dairy foods and to a lesser extent, with all dairy foods.  A relationship with 

low fat dairy foods was not evident.  

 

When we repeated all analyses excluding controls with moderate or severe urinary symptoms 

and cases with mild urinary symptoms, the results were essentially unchanged.  However, the 

reduction in risk associated with tofu consumption became statistically non-significant, most 

likely due to a loss of statistical power, as the number of tofu consumers decreased from 136 to 

99. 
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Table 16.  Dietary pattern score and risk of surgically-treated BPH.  

Dietary Pattern Quartiles of Dietary Pattern Score p for  Continuous OR 3 

 11 2 3 4 trend 2  

Vegetable       

cases (controls) 96 (115) 103 (112) 96 (116) 91 (119)  386 (462) 

OR (95% CI) 4 1 1.00 (0.68 - 1.48) 0.84 (0.55 - 1.29) 0.68 (0.42 - 1.10) 0.09 0.78 (0.63 - 0.97) 

       

Western       

cases (controls) 91 (123) 105 (108) 96 (117) 94 (114)  386 (462) 

OR (95% CI) 4 1 1.25 (0.84 - 1.87) 0.99 (0.65 - 1.52) 0.89 (0.54 - 1.48) 0.56 0.86 (0.69 - 1.08) 

       

Health-conscious       

cases (controls) 101 (112) 99 (115) 95 (120) 91 (115)  386 (462) 

OR (95% CI) 4 1 0.99 (0.68 - 1.47) 0.95 (0.63 - 1.41) 0.90 (0.59 - 1.38) 0.55 0.89 (0.75 - 1.06) 
 

1 Reference category;  

2 Obtained by analysing quartile of dietary pattern score as a continuous variable;   

3 Obtained by analysing dietary pattern score as a continuous variable;  

4 Obtained from a multivariate unconditional logistic regression model adjusted for age, energy intake and vasectomy.  
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Table 17.  Food groups and risk of surgically-treated BPH  

Food Group  Quartiles of Intake  p for Continuous OR3 

 11 2 3 4 trend 2  

Processed meats       

cases (controls) 90 (122) 97 (116) 107 (107) 92 (117)  386 (462) 

OR (95% CI) 4 1 1.14 (0.77 - 1.68) 1.37 (0.92 - 2.03) 1.03 (0.67 - 1.59) 0.63 1.01 (0.80-1.28) 

Red meats       

cases (controls) 99 (113) 112 (104) 91 (121) 84 (124)  386 (462) 

OR (95% CI) 4 1 1.20 (0.81 - 1.75) 0.80 (0.53 - 1.21) 0.61 (0.38 - 0.97) 0.02 0.90 (0.80-1.00) 

All dairy foods       

cases (controls) 88 (125) 94 (118) 100 (116) 104 (103)  386 (462) 

OR (95% CI) 4 1 1.13 (0.76 - 1.68) 1.24 (0.83 - 1.84) 1.48 (0.98 - 2.26) 0.06 1.04 (1.00-1.08) 

High fat dairy       

cases (controls) 88 (127) 94 (119) 96 (116) 108 (100)  386 (462) 

OR (95% CI) 4 1 1.12 (0.76 - 1.65) 1.19 (0.81 - 1.76) 1.59 (1.05 - 2.39) 0.03 1.04 (1.00-1.07) 

Low fat dairy       

cases (controls) 97 (122) 104 (103) 90 (118) 95 (119)  386 (462) 

OR (95% CI) 4 1 1.14 (0.95 – 2.1) 1.02 (0.69 – 1.50) 1.07 (0.73 – 1.57) 0.85 0.99 (0.96-1.03) 

Total vegetables       

cases (controls) 105 (107) 102 (110) 86 (129) 93 (116)  386 (462) 

OR (95% CI) 4 1 0.89 (0.60 – 1.30) 0.60 (0.40 – 0.89) 0.70 (0.46 – 1.05) 0.03 0.84 (0.73-0.96) 

Dark yellow vegetables       

cases (controls) 99 (114) 114 (98) 87 (124) 86 (126)  386 (462) 

OR (95% CI) 4 1 1.34 (0.91 – 1.96) 0.74 (0.50 – 1.10) 0.67 (0.44 – 1.02) 0.01 0.56 (0.39-0.80) 
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Table 17.  Food groups and risk of surgically-treated BPH, cont’d  

Food Group  Quartiles of Intake  p for Continuous OR3 

 11 2 3 4 trend 2  

Cruciferous vegetables       

cases (controls) 100 (113) 98 (115) 99 (111) 89 (123)  386 (462) 

OR (95% CI) 4 1 0.94 (0.64 – 1.38) 0.94 (0.64 – 1.38) 0.76 (0.52 – 1.13) 0.20 0.84 (0.61-1.14) 

Green leafy vegetables       

cases (controls) 105 (111) 94 (110) 87 (130) 100 (111)  386 (462) 

OR (95% CI) 4 1 0.93 (0.63 - 1.36) 0.70 (0.48 - 1.03) 0.92 (0.62 - 1.35) 0.39 0.70 (0.32-1.49) 

Fresh and cooked tomatoes    

cases (controls) 93 (118) 97 (114) 96 (120) 100 (110)  386 (462) 

OR (95% CI) 4 1 1.11 (0.75 - 1.63) 1.00 (0.68 - 1.47) 1.13 (0.76 - 1.67) 0.68 1.04 (0.52-2.06) 6 

Other vegetables       

cases (controls) 108 (106) 90 (122) 102 (111) 86 (123)  386 (462) 

OR (95% CI) 4 1 0.73 (0.50 - 1.08) 0.86 (0.58 - 1.27) 0.65 (0.44 - 0.97) 0.08 0.68 (0.44-1.03) 

Fresh fruit       

cases (controls) 102 (109) 83 (131) 108 (107) 93 (115)  386 (462) 

OR (95% CI) 4 1 0.66 (0.44 - 0.98) 1.02 (0.69 - 1.50) 0.80 (0.53 - 1.18) 0.70 1.00 (0.95-1.05) 

Legumes       

cases (controls) 95 (120) 97 (114) 87 (124) 107 (104)  386 (462) 

OR (95% CI) 4 1 1.06 (0.72 - 1.57) 0.87 (0.59 - 1.29) 1.22 (0.82 - 1.83) 0.54 1.08 (0.94-1.24) 
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Table 17.  Food groups and risk of surgically-treated BPH, cont’d  

Food Group  Quartiles of Intake  p for Continuous OR3 

 11 2 3 4 trend 2  

Any soy products eaten 5  No Yes    

cases (controls)  330 (372) 56 (90)   386 (462) 

OR (95% CI) 4  1 0.70 (0.49 - 1.01)  0.06 1.04 (0.91-1.20) 

Tofu eaten 5  No Yes    

cases (controls)  337 (375) 49 (87)   386 (462) 

OR (95% CI) 4  1 0.64 (0.44 - 0.94)  0.02 0.88 (0.55-1.42) 6 
 

1 Reference category;  

2 Obtained by analysing quartile of food group intake as a continuous variable;   

3 Obtained by analysing food group intake as a continuous variable (OR associated with 50g change in intake);  

4 Obtained from a multivariate unconditional logistic regression model adjusted for age, energy intake and vasectomy;  

5 As only 148 men reported eating any soy products, ‘tofu’ and ‘any soy products’ were analysed according to consumers and non-consumers.  

6 OR associated with 10g change in intake. 
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Discussion 

This study is the first we are aware of to examine empirically determined dietary patterns and 

BPH risk.  The results suggest that a dietary pattern characterised by high intakes of vegetables 

confers a lower risk for surgically-treated BPH.  In addition, increased intakes of dark yellow and 

other vegetables are inversely associated with BPH risk along with tofu and red meat, while high 

fat dairy foods are associated with increased risk.   

 

The risk of surgically-treated BPH and intake of a range of food groups has been examined in 

two case-control studies of Southern European populations (7, 8).  One conducted in Greece (8) 

included 184 cases, and reported a higher risk with increasing intake of added fats (OR=1.30, 

95% CI, 1.12-1.52), while fruit intake was reported to be protective (OR=0.79, 95% CI 

0.67-0.93).  Milk and dairy products, meats, fish and eggs were positively associated with BPH 

risk, but were statistically non-significant.  An Italian study (7) included 1,369 BPH cases and 

reported significantly increased risks with more frequent consumption of cereals (OR=1.55, 95% 

CI, 1.14-2.11), bread (OR=1.69, 95% CI, 1.26-2.27) and poultry (OR=1.39, 95% CI, 1.0-1.91).  

Reduced risks were associated with intake of cooked vegetables (OR=0.66, 95% CI, 0.50-0.86), 

soups including minestrone (OR=0.74, 95% CI, 0.57-0.95) and pulses (OR=0.74, 95% CI, 

0.61-0.91).   

 

Two studies have investigated diet and BPH risk in men of Asian ancestry.  An early Japanese 

case-control study of 100 BPH cases reported increased risk ratios (p<0.05) for milk 

consumption (RR=2.25) and irregular intakes of green and yellow vegetables (RR=3.91) (10).  

However, the cases and controls were sourced from a mass screening program for prostate 

disease, and it is unclear if BPH cases were surgically-treated.  Details of the statistical analysis 

were also lacking.   In a cohort study of American men with Japanese ancestry living in Hawaii, 

846 cases of surgically-treated BPH were identified during 19 years of follow up (24).  A large 

number of foods was investigated, but only beef intake appeared important.  The elevated RR’s 

for beef were statistically non-significant, although a trend was observed across tertiles of intake 

(p<0.05) (24).    
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The Health Professionals Follow Up Study recently examined BPH risk according to fruit and 

vegetable intakes in a cohort of 32,265 men in the United States (9).  After 14 years of follow up 

6,092 men had surgery for BPH and 3,145 men reported a high-moderate to severe urological 

symptom score.  The risk of total BPH (surgical and symptomatic) decreased with higher total 

vegetable intakes measured by an extensive FFQ.  The OR for men in the highest quintile was 

0.89 (95% CI, 0.80-0.99; p for trend=0.03).  Statistically significant reductions in risk were also 

associated with higher intakes of fruit and vegetables rich in vitamin C, beta-carotene, and 

lutein. 

 

The results of our dietary pattern and food group analyses also point to vegetables as important 

dietary factors in BPH development.  The largest reduction in risk was seen for dark yellow 

vegetables, suggesting that carotenoids might play a role in preventing prostate enlargement.   

However, total vegetables and other vegetables (see Table 14) also had significant effects, 

indicating that other factors present in vegetables, or their combinations, may be protective. 

 

Although soy products have been suggested as a protective dietary factor against BPH and an 

explanation for lower BPH rates among Asian men (11, 12), we are aware of only one other 

epidemiological study (24) that has measured soy product intake and BPH risk.  The Hawaiian 

cohort study described earlier reported no significant association between tofu intake and BPH 

risk (24).  Foods made primarily of soy beans are a rich source of phytoestrogens which are 

thought to affect prostate health through their ability to inhibit the conversion of testosterone to 

dihydroxytestosterone and to stimulate sex hormone binding globulin to bind testosterone (25).  

In-vitro studies suggest that genistein, a soy phytoestrogen, is capable of inhibiting the growth 

of human BPH tissue (26) and that levels of genistein may be lower in surgically-treated BPH 

tissue compared to normal prostate tissue (27). 

 

We observed a decreased BPH risk for men consuming more red meat, but not processed 

meats.  The Italian case-control study (7) also reported a lower risk for men in the highest 

quartile (>6.2 servings/week) for red meat consumption (OR=0.75, 95% CI 0.57-0.99, p for 

trend=0.11).  Although a positive relationship with BPH risk was suggested in the Greek study 

(8), meat intake was not separated from fish and egg intakes. The inverse relationship between 
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red meat and BPH now seen in two studies is intriguing, since animal protein (28), animal fat 

(11) and zinc (8) intakes have been positively associated with BPH risk.  

 

A role for dairy products in the development of BPH appears feasible, given our results and 

those of others (8, 10).  Increased dairy product intake has been consistently reported as a risk 

factor for prostate cancer, possibly through increased serum calcium suppressing vitamin D 

production (29), or an adverse effect from the fat content of dairy products.    

 

The major limitation of this study is the response fraction, which was low for both cases and 

controls, and may have introduced selection bias.  Although we attempted to compare 

participants and non-participants (including those who refused consent, did not respond, 

withdrew, or did not complete questionnaires) we were restricted to comparing age and area of 

residence due to data privacy laws, yet other important differences may exist.  The topic of 

prostate disease, which men have been shown to associate with sexual dysfunction (30, 31), or 

a reluctance by those who are disease or symptom-free (including those treated for BPH), may 

have contributed to the low response fraction.  Another Australian case-control study of prostate 

disease using similar recruitment methods has reported a response fraction of 46% for controls 

(32).    

 

This study is strengthened by the use of population-based rather than hospital-based data and 

the use of a clear definition for BPH.  However, it should be highlighted that the findings are 

applicable only to surgically-treated BPH and not necessarily to BPH that is untreated, or 

treated by other means.  There is no universally accepted criteria for BPH, however surgical 

treatment for BPH has been regarded by some as the best outcome measurement for 

epidemiology (8).  Surgery for BPH usually occurs after unsuccessful drug therapy and/or 

minimally invasive therapies for BPH.  The sole use of surgically-treated BPH cases may lead to 

the inclusion of more severe cases of BPH, however this increases the likelihood of detecting an 

association between diet and BPH if it exists (8).  To reduce the likelihood of controls having 

non-surgically-treated BPH, we repeated our analyses after removing controls with moderate or 

severe urinary symptoms and also excluded cases with mild urinary symptoms.  This had little 

bearing on the findings.  Attempts to control for many likely confounders including lifetime 

physical activity, BMI and energy intake also benefit this study.   
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This study is novel in its use of dietary patterns and food intakes estimated from ten years prior, 

to study relationships between diet and BPH.  Ten year dietary recall fits with the hypothesis 

that BPH is a chronic disease, that may take many years to develop (14).  Recall bias is a 

potential problem in case-control studies.  However, remote dietary recall is less likely to be 

affected by recall bias than recent dietary recall, especially for cases, given the temporal 

proximity between recent surgery for BPH and recent diet.  The difficulties of estimating dietary 

intake and the limitations of FFQs are well known, and for these reasons, we utilized a FFQ that 

was shown to be reliable when compared to a 28 day diet record (Paper 2).  Although the 

application of multiple statistical tests in the food group analyses means that some p values may 

be < 0.05 due to chance, the food groupings were defined a priori to investigate previously 

described associations, and are not the result of data dredging.   

 

Further studies would be useful to confirm our findings that increased consumption of 

vegetables, tofu and red meat may protect against surgically-treated BPH, and the increased 

consumption of high fat dairy products may increase risk.   
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Abstract 

Background:  Accumulating evidence indicates that the risk of benign prostatic hyperplasia 

(BPH), a common condition affecting older men, may be influenced by dietary intake.  We 

investigated nutrient intakes as risk factors for surgically-treated BPH in a case-control study 

conducted in Western Australia (WA).  

Methods:   BPH cases were men hospitalised for their first prostatectomy with a diagnosis of 

BPH during 2001 and 2002.  Controls were frequency matched for age and sex from the WA 

electoral roll. An evaluated food frequency questionnaire collected information on usual dietary 

intake from 10 years earlier. Effects of nutrient intakes on BPH risk were examined using 

unconditional logistic regression, adjusting for energy intake and other potential confounders.   

Results:  386 cases and 462 controls aged 40-75 years provided data.  Statistically significant 

reductions in risk and trends across quartiles were seen with increasing intakes of 

beta-carotene, protein, zinc, niacin, riboflavin and thiamin. The risk of BPH was increased for 

men in the highest quartiles for sugar and retinol intake, with increased risks suggested for 

calcium.   

Conclusions:  These findings suggest that several nutrients may be involved in the 

development of surgically-treated BPH. 
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Introduction 

Benign prostatic hyperplasia (BPH) refers to a non-malignant enlargement of the prostate gland 

that gives rise to urethral obstruction and various lower urinary tract symptoms (LUTS) that 

diminish quality of life.  BPH is a significant health problem for older men, and is thought to 

affect at least one third of men aged in their sixties, increasing to one half of men aged 80 years 

or more (1).  Surgical treatment of BPH (transurethral resection of the prostate or 

prostatectomy) is one of the most common surgical procedures performed on men, with 25-30% 

of all men expected to undergo this operation in their lifetime (2).   

 

The exact mechanisms behind BPH development remain unclear, but a range of metabolic 

activities that alter in the aging prostate have been implicated (2).  Increased androgen and 

estrogen levels (2) and chronic inflammation in the aging prostate (1) are thought to be major 

factors in BPH pathogenesis.  It has also been suggested that BPH is a product of metabolic 

syndrome (3), a cluster of risk factors for cardiovascular disease that includes obesity, Type 2 

diabetes, dyslipidaemia and abnormal glucose metabolism (amongst others), all of which are 

closely associated with chronic inflammation (4).  The relationships between diet, obesity and 

Type 2 diabetes (5) are well known, and various dietary intakes have been shown to activate 

pro-inflammatory states (6).  Therefore dietary intake may play a role in BPH development at 

the very least, indirectly.   

 

Few published studies have examined diet and BPH risk, but their findings have suggested 

vegetables (7), red meat (7) dairy products (8), energy (9), protein (9), starch (7), 

polyunsaturated fatty acids (7, 9), vitamin C (10, 11), carotenoids (10, 11), zinc (8, 10) and iron 

(10) intakes as possible dietary risk factors.   

 

In a population-based case-control study using estimates of dietary intake 10 years before 

interview, we have reported that a dietary pattern rich in vegetables and higher intakes of dark 

yellow vegetables may decrease the risk of surgically-treated BPH, whereas increased intakes 

of high fat dairy products may increase risk (Paper 3).  To further explore these relationships, 

this paper reports on associations between nutrient intakes and the risk of surgically-treated 

BPH.   
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Materials and methods 

This study was conducted in Western Australia (WA) during 2001 and 2002 and was approved 

by the University of Western Australia’s Human Research Ethics Committee and the 

Confidentiality of Health Information Committee, Department of Health, Western Australia.   

 

Subjects 

The recruitment methods and response fraction for cases and controls is the same as that 

detailed in Paper 3.  961 eligible cases and 1289 eligible controls were invited to participate in 

the study. 

 

Food frequency questionnaire 

Details of the FFQ were provided in Paper 3.  Completed FFQs were scanned and analysed by 

the CCV using Australian food composition tables (12) to provide average daily intakes of 

energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat, protein, carbohydrate, 

sugars, starch, fibre, beta-carotene equivalents (β-carotene + ½(α-carotene) + 

½(α-cryptoxanthin) + ½(β-cryptoxanthin)), calcium, cholesterol, iron, magnesium, niacin, 

phosphorus, retinol, riboflavin, thiamin, vitamin C and zinc.  Intakes of folate and vitamin E were 

calculated using British food composition tables (13).   

 

Other variables 

Information on family history of prostate cancer (fathers, brothers, uncles), history of vasectomy, 

height and weight (current and 10 years earlier), hair loss patterns at age 30 and 40 years 

(indicating androgen levels), lifetime physical activity and smoking, occupational, and military 

histories was collected using a self-administered questionnaire.  Details of these measurements 

and their associations with BPH risk have been reported previously (14, 15). 
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Statistical analysis 

Cases and controls were compared according to age, BMI (current and 10 years ago), energy 

and nutrient intakes using the t-test.  We have previously reported no differences between 

cases and controls in family history of prostate cancer, history of vasectomy, balding pattern at 

age 30 and 40 years, lifetime physical activity, military history or smoking history (15). 

 

Unconditional logistic regression was used to analyse the risk of BPH according to nutrient 

intakes using PROC LOGISTIC in SAS (16).  Because little research has been conducted on 

dietary intake and BPH risk, we separately modelled most of the nutrient intakes provided by the 

CCV (all nutrients listed in the Methods section).  Nutrient intakes were adjusted for energy 

intake using the residual method (17), and then analysed in regression models as quartiles 

(Table 18).  Potential confounding variables examined in the models included age, BMI (current 

and 10 years ago), family history of prostate cancer (brother or father), balding pattern at age 30 

and 40 years, smoking history, history of vasectomy, and lifetime physical activity.  All models 

included energy intake (quartiles).  The level for significance was set to 5% for all statistical 

tests.   

 

We repeated these analyses after excluding controls who reported severe or moderate urinary 

symptoms (28%) according to their IPSS, to reduce the likelihood of controls having 

non-surgically-treated BPH.  We also excluded cases who reported mild urinary symptoms 

(6.4%).  This resulted in a comparison of men undergoing prostatectomy who had moderate to 

severe urinary symptoms with men who did not have a prostatectomy and had few or no urinary 

symptoms.   
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Table 18. Quartile cut points for energy-adjusted nutrient intakes 

  Quartiles *  

Nutrient intake/day 1 2 3 4 

     

Energy (kJ) 7464 9284 11502 19670 

Total fat (g) 92.8 99.9 106.2 144.6 

Saturated fat (g) 35.9 40.5 46.4 65.9 

Polyunsaturated fat (g) 11.3 15.2 19 31.9 

Monounsaturated fat (g) 31.6 34.3 37.5 59.4 

Protein (g) 98.2 107.6 117.2 201.5 

Carbohydrates (g) 231.9 250.6 268.9 389.1 

Sugars (g) 90.2 108.4 127.2 233.6 

Starch (g) 125.8 139.3 152 254.1 

Fibre (g) 21.4 25.3 30 84.2 

Beta-carotene (ug) ** 2062.7 2638.2 3411.5 8722.6 

Calcium (mg) 775.4 910.6 1093.6 2402.2 

Cholesterol (mg) 305.1 356.7 423.6 744.7 

Folate (ug) 270.1 317.2 364.3 791.8 

Iron (mg) 14.1 15.7 17.7 36.2 

Magnesium (mg) 293.8 332.5 375.2 840.5 

Niacin (mg) 23 26.2 29.9 68.8 

Phosphorus (mg) 1575.6 1730.8 1902.1 3253.5 

Retinol (ug) 412.6 500.8 583 1075.9 

Riboflavin (mg) 2.3 2.7 3.3 9.5 

Thiamin (mg) 1.7 1.9 2.3 6.4 

Vitamin C (mg) 87.8 120.1 164.1 767.2 

Vitamin E (mg) 6.8 7.7 8.7 14.6 

Zinc (mg) 12.7 14.2 15.7 35.4 

   

 

*  Maximum values for each quartile are shown. 

** Beta-carotene equivalents = (beta-carotene + ½(alpha-carotene)+ ½(alpha-cryptoxanthin) + 

½(beta-cryptoxanthin)) 
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Results 

As reported in Paper 3, a total of 462 controls and 386 cases had data available for this 

analyses.  Cases were slightly older than controls, but had similar mean BMI at the time of the 

study and ten years prior (Table 19).  Cases had significantly lower mean intakes of 

beta-carotene (p=0.04) and higher mean sugar (p=0.02) intakes (Table 19).  Mean folate 

intakes appeared lower and mean calcium intakes higher in cases, but these were not 

statistically significant (Table 19).  

 

Table 19.  Mean age, BMI and nutrient intakes for cases and controls.  

 Cases (n=386) Controls (n=462) ttest 

 Mean Std 
Dev 

Min Max Mean Std 
Dev 

Min Max p value 

Age (years) 67 6 48.7 76.7 66 6.4 41.5 76.3 <0.01 

BMI (current) 27.7 11 17.2 67.7 27.3 4.4 17.7 61.6 0.49 

BMI (10 yr ago) 26.7 9.1 17 59.2 26.2 4.5 17.4 59.5 0.36 

Energy (kJ/d) 9796 3304 3515 19671 9683 3059 3291 19529 0.61 

Total fat (g/d) 100 37 29 233 99 35 27 227 0.72 

Sat. fat (g/d) 42 18 11 108 41 16 9 93 0.36 

Poly. fat (g/d) 15 7 3 36 16 7 3 40 0.77 

Mono. fat (g/d) 35 14 10 85 35 13 8 88 0.99 

Protein (g/d) 108 39 26 282 110 37 31 284 0.61 

Carbohyd. (g/d) 255 90 93 565 248 85 60 593 0.27 

Sugars (g/d) 114 46 27 269 107 43 27 311 0.02 

Starch (g/d) 140 53 36 389 140 52 33 320 0.86 

Fibre (g/d) 26 11 6 89 26 10 6 73 0.92 

Beta-car. (ug/d) * 2742 1387 256 9222 2944 1514 307 9093 0.04 

Calcium (mg/d) 969 333 204 2346 941 329 207 2526 0.22 

Cholest. (mg/d) 369 153 69 1053 370 146 59 847 0.92 

Folate (ug/d) 323 128 106 925 330 132 83 969 0.39 

Iron (mg/d) 16.3 6.7 3.7 43.9 16.3 6.2 4.8 40.4 0.99 

Mg (mg/d) 343 128 100 1024 341 121 127 854 0.76 

Niacin (mg/d) 26 11 5 75 27 11 8 86 0.15 

Phosph. (mg/d) 1782 632 447 4582 1755 563 475 3957 0.52 

Retinol (ug/d) 512 201 36 1168 495 194 56 1281 0.21 

Riboflavin (mg/d) 2.8 1.2 0.6 9.2 2.9 1.2 0.8 11.1 0.35 

Thiamin (mg/d) 2.0 0.9 0.6 6.6 2.1 0.8 0.5 7.5 0.21 

Vitamin C (mg/d) 131 74 18 752 137 80 27 845 0.31 

Vitamin E (mg/d) 7.9 2.8 1.6 16.4 7.9 2.9 2.2 18.8 0.96 

Zinc (mg/d) 14.4 5.8 2.8 43.7 14.5 5.2 4.3 46.9 0.62 

 

* Beta-carotene equivalents 
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None of the potential confounders examined including energy intake, were associated with BPH 

risk. There was a reduction in BPH risk associated with increasing protein and zinc intakes (p 

for trend <0.01) (Table 20).  For both of these nutrients, men in the highest intake quartile had a 

42 per cent reduction in risk, compared to men in the lowest quartile.  A lower risk for BPH was 

observed across quartiles of beta-carotene intake (p for trend <0.01).  The OR was 0.58 (95% 

CI, 0.39-0.86) in the highest quartile of beta-carotene intake compared to the lowest.  The risk of 

BPH was also reduced in the highest intake quartiles of niacin (OR=0.65, 95% CI, 0.44-0.95), 

riboflavin (OR=0.69, 95% CI, 0.47-1.01) and thiamin (OR=0.64, 95% CI, 0.44-0.95), and a 

decreasing trend in risk was evident across quartiles for each of these nutrients (p for trend 

<0.05).  Non-statistically significant reductions in risk were shown in the highest intake quartiles 

of folate, iron, vitamin E and vitamin C. 

 

Sugar intake was positively associated with BPH risk (p for trend <0.05).  Men in the highest 

quartile of sugar intake had an OR of 1.53 (95% CI, 1.04-2.27) compared to the lowest (p for 

trend=0.04).  Elevated BPH risks were suggested in the highest intake quartiles for retinol, 

calcium, carbohydrate and saturated fat, however there were no significant exposure-response 

relationships for these nutrients. 

 

In the repeated analysis where symptomatic controls and non-symptomatic cases were 

excluded, the same results were seen for all nutrients except sugar.  The increase in risk 

originally associated with high sugar intake became statistically non-significant (OR=1.37, 95% 

CI, 0.89-2.10, p for trend=0.10).  This is possibly due to a loss of statistical power from the 

decrease in subject numbers (361 cases and 333 controls), as the original association that 

utilised all subjects was weak. 
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Table 20.  Energy adjusted nutrient intakes and risk of surgically-treated BPH*. 

Nutrient  Quartiles of Intake  

 1 2 3 4 p for 

trend 

Energy (MJ/d)      

cases (controls) 99(113) 92 (122) 101 (113) 94 (114)  

OR (95% CI) 1 0.90 (0.61-1.33) 1.06 (0.72-1.55) 1.01 (0.69-1.50) 0.75 

      

Total fat (g/d)      

cases (controls) 98 (114) 86 (126) 106 (106) 96 (116)  

OR (95% CI) 1 0.81 (0.55 -1.19) 1.16 (0.79 - 1.71) 1.01 (0.69 - 1.48) 0.53 

      

Saturated fat (g/d)      

cases (controls) 90 (122) 101 (111) 97 (115) 98 (114)  

OR (95% CI) 1 1.26 (0.85 -1.87) 1.18 (0.80 - 1.75) 1.18 (0.80 - 1.74) 0.51 

      

Polyunsaturated fat (g/d)     

cases (controls) 99 (113) 103 (109) 90 (122) 94 (118)  

OR (95% CI) 1 1.09 (0.75 -1.61) 0.83 (0.57 - 1.23) 0.92 (0.62 - 1.35) 0.42 

      

Monounsaturated fat (g/d)     

cases (controls) 94 (118) 96 (116) 101 (111) 95 (117)  

OR (95% CI) 1 1.05 (0.71-1.55) 1.15 (0.77 - 1.70) 1.08 (0.74 - 1.60) 0.58 

      

Cholesterol (mg/d)      

cases (controls) 96 (116) 103 (109) 93 (119) 94 (118)  

OR (95% CI) 1 1.15 (0.78-1.70) 0.92 (0.63 - 1.36) 0.95 (0.65 - 1.40) 0.56 

      

Protein (g/d)      

cases (controls) 112 (100) 99 (113) 95 (117) 80 (132)  

OR (95% CI) 1 0.81 (0.55 -1.19) 0.76 (0.52 - 1.13) 0.58 (0.39 - 0.85) <0.01 

      

Carbohydrate (g/d)      

cases (controls) 87 (125) 103 (109) 96 (116) 100 (112)  

OR (95% CI) 1 1.30 (0.88 - 1.91) 1.12 (0.76 -1.66) 1.20 (0.81 - 1.77) 0.55 

      

Sugars (g/d)      

cases (controls) 84 (128) 94 (118) 99 (113) 109 (103)  

OR (95% CI) 1 1.20 (0.81 - 1.77) 1.26 (0.85 -1.86) 1.53 (1.04 - 2.27) 0.04 
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Table 20. Energy adjusted nutrient intakes and risk of surgically-treated BPH* (cont’d). 

Nutrient  Quartiles of Intake  
 1 2 3 4 p for 

trend 
Starch (g/d)      

cases (controls) 88 (124) 120 (92) 93 (119) 85 (127)  

OR (95% CI) 1 1.90 (1.28 - 2.81) 1.10 (0.74 - 1.64) 0.94 (0.64 - 1.40) 0.27 

      

Fibre (g/d)      

cases (controls) 99 (113) 97 (115) 91 (121) 99 (113)  

OR (95% CI) 1 0.94 (0.64 - 1.39) 0.83 (0.56 - 1.24) 1.00 (0.68 - 1.48) 0.84 

      

Beta-carotene (ug/d) **     

cases (controls) 106 (106) 102 (110) 98 (114) 80 (132)  

OR (95% CI) 1 0.90 (0.61 - 1.33) 0.82 (0.56 - 1.22) 0.58 (0.39 - 0.86) <0.01 

      

Retinol (ug/d)      

cases (controls) 87 (125) 101 (111) 88 (124) 110 (102)  

OR (95% CI) 1 1.25 (0.84 - 1.84) 1.00 (0.68 - 1.48) 1.53 (1.04 - 2.25) 0.10 

      

Vitamin E (mg/d)      

cases (controls) 98 (114) 100 (112) 100 (112) 88 (124)  

OR (95% CI) 1 1.06 (0.72 - 1.56) 1.04 (0.70 - 1.53) 0.84 (0.57 - 1.24) 0.38 

      

Folate (g/d)      

cases (controls) 105 (107) 93 (119) 96 (116) 92 (120)  

OR (95% CI) 1 0.79 (0.53 - 1.17) 0.84 (0.57 - 1.24) 0.77 (0.52 - 1.14) 0.25 

      

Niacin (mg/d)      

cases (controls) 109 (103) 99 (113) 94 (118) 84 (128)  

OR (95% CI) 1 0.84 (0.57 - 1.24) 0.78 (0.52 - 1.15) 0.65 (0.44 - 0.95) 0.03 

      

Riboflavin (mg/d)      

cases (controls) 111 (101) 99 (113) 86 (126) 90 (122)  

OR (95% CI) 1 0.80 (0.55 - 1.19) 0.62 (0.42 - 0.92) 0.69 (0.47 - 1.01) 0.03 

      

Thiamin (mg/d)      

cases (controls) 106 (106) 104 (108) 92 (120) 84 (128)  

OR (95% CI) 1 0.93 (0.63 - 1.39) 0.75 (0.50 - 1.12) 0.64 (0.44 - 0.95) 0.01 
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Table 20. Energy adjusted nutrient intakes and risk of surgically-treated BPH* (cont’d). 

Nutrient  Quartiles of Intake  
 1 2 3 4 p for 

trend 
Vitamin C (mg/d)      

cases (controls) 104 (108) 98 (114) 86 (126) 98 (114)  

OR (95% CI) 1 0.88 (0.59 - 1.31) 0.70 (0.47 - 1.04) 0.88 (0.60 - 1.31) 0.36 

      

Calcium (mg/d)      

cases (controls) 88 (124) 100 (112) 95 (117) 103 (109)  

OR (95% CI) 1 1.29 (0.88 - 1.90) 1.15 (0.78 - 1.70) 1.39 (0.95 - 2.05) 0.18 

      

Iron (mg/d)      

cases (controls) 103 (109) 92 (120) 100 (112) 91 (121)  

OR (95% CI) 1 0.82 (0.55 - 1.21) 0.95 (0.64 - 1.42) 0.83 (0.56 - 1.23) 0.49 

      

Magnesium (mg/d)      

cases (controls) 97 (115) 101 (111) 91 (121) 97 (115)  

OR (95% CI) 1 1.12 (0.75 - 1.65) 0.89 (0.60 - 1.32) 1.04 (0.70 - 1.52) 0.81 

      

Phosphorus (mg/d)      

cases (controls) 95 (117) 101 (111) 86 (126) 104 (108)  

OR (95% CI) 1 1.14 (0.77 - 1.67) 0.86 (0.58 - 1.28) 1.22 (0.59 - 1.29) 0.62 

      

Zinc (mg/d)      

cases (controls) 113 (99) 98 (114) 93 (119) 82 (13)  

OR (95% CI) 1 0.76 (0.52 - 1.12) 0.71 (0.48 - 1.06) 0.58 (0.39 - 0.86) <0.01 

 

* Adjusted for age, total energy intake 

** Beta-carotene equivalents  
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Discussion 

Few studies have examined both macro- and micronutrient intakes and risk of surgically-treated 

BPH.  This case-control study proposes that higher intakes of protein, zinc, beta-carotene, 

niacin, riboflavin and thiamin are associated with a lower risk for surgically-treated BPH.  An 

increased BPH risk was associated with higher intakes of sugars and suggested for high intakes 

of calcium and retinol.  Three other published studies have examined nutrient intakes and risk of 

surgically-treated BPH, to date.  A Greek hospital-based case-control study analysed a range of 

nutrient intakes and the risk of surgically-treated BPH in 184 cases and 246 controls (8).  An 

Italian hospital-based, multi-centred case-control study used 1369 surgically-treated BPH cases 

and 1451 controls (10).  In the Health Professionals Follow Up Study (HPFS) of 51,529 men, 

macronutrient (9) and micronutrient (11) intakes have been examined in relation to four different 

definitions of BPH risk, including surgically-treated and non-surgically-treated cases.   

 

We found an inverse relationship between zinc intake and risk of surgically-treated BPH.  The 

Greek study reported that after controlling for BMI, education level and energy intake, BPH risk 

appeared to increase with increments of zinc intake equivalent to one standard deviation 

(OR=1.89, 95% CI, 1.03–3.46) (8).  The Italian study reported an increased OR of 1.47 for men 

in the highest quartile of zinc intake (10).  However, the confidence interval was not reported, 

there was no trend in risk with increasing intakes (p=0.28), and when analysed as a continuous 

variable, zinc intake was not convincingly related to BPH risk.  In an analysis of food groups, the 

same Italian study showed a lower BPH risk associated with high intake of red meat (18), a 

typical source of dietary zinc.  Zinc concentrations in the peripheral zone of the healthy prostate 

are as much as 3 to 10 times greater than other tissues in the body (19).  While it is fairly well 

established that zinc levels are decreased in prostate cancer tissue compared to normal 

prostate tissue, the level has been reported to increase in BPH, although not consistently (19).  

 

An inverse association between protein intakes and BPH was also observed.  In contrast, higher 

risks of BPH were reported with increasing protein intake in the Health Professionals Follow Up 

Study (9).  This was based on 1,589 cases of surgically-treated BPH (OR=1.26, 95% CI, 

1.06-1.49; highest vs. lowest quintile) and 3,523 cases of total BPH including surgically and 

non-surgically-treated cases (OR=1.23, 95% CI, 1.04–1.46).   Adjustments were made for 
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ethnicity, physical activity, BMI, smoking, alcohol consumption and total energy intake.  A role 

for increased protein intakes in BPH was suggested as due to its potential to increase kidney 

excretory load and urinary symptoms and possibly, a stimulatory effect on sympathetic nervous 

activity and prostate smooth muscle (9).  No associations were observed between protein intake 

and risk of BPH in the other two case-control studies (7, 8).   

 

Our observations that protein and zinc intakes appear inversely associated with BPH risk 

support our earlier finding (Paper 3) and that from the Italian case-control study (18) whereby 

intake of red meat was inversely associated with risk of BPH.  In addition, an inverse 

relationship was suggested between BPH risk and iron intake in our study, and a statistically 

significant relationship was reported in the Italian study (10). 

 

There is increasing evidence that BPH arises from chronic inflammation in the prostate gland 

(1), which leads to increased reactive oxygen species production and oxidative stress in the 

prostate (2).  A role for antioxidants such as beta-carotene in the prevention of BPH or its 

progression is therefore plausible (2).  An inverse relationship between BPH risk and 

beta-carotene intake (OR=0.80, 95% CI, 0.71-0.91; p for trend<0.001) and other carotenoids 

with vitamin A activity was reported in the Italian case-control study (10).   

 

In contrast, we observed elevated risks with high retinol intakes (>583ug/d), but no relationship 

was reported in the only other study to examine retinol intake and BPH (10).  The level of retinol 

in BPH tissue has been reported to be 2.5 times higher than that in normal and cancerous 

prostate tissue (20), and retinol is known to antagonise vitamin D (21), which is important for 

controlling cell differentiation in the prostate (22).  Excess calcium may also inhibit vitamin D 

activity, and calcium intake has been implicated in the development and progression of prostate 

tumours (23).  The elevated risks associated with calcium intake in this study are consistent with 

our earlier finding whereby increased dairy product intake was positively associated with BPH 

risk (Paper 3).  Elevated risks were reported for higher milk and dairy food intakes but not 

calcium intakes, in the Greek study (8). 
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We are the first to report a positive association between BPH risk and intake of total sugars (i.e. 

monosaccharides and disaccharides) and an increasing trend in risk with increased intake of 

sugars.  A positive association between starch, but not sugars was reported in the Italian 

case-control study (7), however this may be explained by the fact that average sugars intake 

was around 3 times lower than those in our study (Table 20).  The positive relationship between 

sugars and BPH supports the hypothesis that BPH may be associated with metabolic 

syndrome.  The consumption of high glycaemic index foods causes insulin secretion to increase 

which in turn, may enhance the bioactivity of insulin-growth like factor (IGF)-I (24).  IGFs have 

been shown to stimulate prostate gland growth in vitro (3). Higher levels of fasting serum insulin 

and plasma IGF-1 have been positively linked with surgery for BPH (25, 26) and prostate 

enlargement measured by ultrasonography (27).  Elevated fasting glucose (>110mg/dl) and 

diabetes mellitus have been positively associated with increased prostate volume measured by 

magnetic resonance imaging and with high-moderate to severe LUTS (3).   

 

Higher intakes of the B-vitamins niacin, riboflavin and thiamin appeared protective against BPH 

in this study.  No such associations have been reported in other studies (8, 10).  All of these 

vitamins are involved in production of energy from macronutrients and in the metabolism of 

testosterone in the prostate (28).   

 

Very few studies have reported on nutrient intakes and BPH risk.  However, a major limitation of 

this case-control study is the low response fraction (Paper 3).  It is also acknowledged that the 

multiple statistical tests conducted in this paper increases the likelihood that some p values 

<0.05 are due to chance, rather than a true association.   

 

This study is strengthened by the use of a surgical definition for BPH and is novel due to its use 

of estimated dietary intake from ten years before the study to account for latency of BPH.  

Assessments of nutrient intake are prone to error, particularly FFQs.  However, on comparison 

with a 28-day diet record, the FFQ used in this study provided estimates within limits of 

agreement similar to a FFQ designed to estimate recent intake (Paper 2).  Recall of recent or 

current diet is more likely to be influenced by bias than remote dietary recall in case-control 

studies, given its temporal proximity to current disease or a recent diagnosis.  In addition, 

changes in diet may occur with the diagnosis of disease, so that recent diet may not reflect the 
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diet consumed during the course of disease development.  Finally, we were able to control for 

the possible confounding effects of BMI, energy intake, lifetime physical activity levels, balding 

patterns and vasectomy in our analyses.   

 

We observed exposure-response relationships between intakes of protein, zinc, beta-carotene, 

sugar, some B-vitamins, and risk of surgery for BPH.  However, this is one of few studies to 

examine nutrient intakes and BPH risk, and further research is needed to confirm these 

associations. 
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Abstract  

Purpose:   Dietary patterns offer an alternative method for analysing dietary intakes, that takes 

into account the whole diet.  We investigated empirical dietary patterns and prostate cancer risk 

in Western Australia (WA) using a population-based case-control study.  

Methods:   Incident prostate cancer cases were identified via the WA Cancer Registry. Controls 

were sourced from the WA electoral roll, frequency matched on age. A food frequency 

questionnaire (FFQ) estimated usual dietary intake from 10 years earlier. Factor analysis 

identified dietary patterns in FFQ data. Effects of independent dietary patterns on prostate 

cancer risk were examined using unconditional logistic regression, adjusting for potential 

confounders.  

Results:   546 cases and 447 controls provided data. Three distinct dietary patterns were 

identified: ‘Vegetable’, ‘Western’ and ‘Health-conscious’. An increased risk for prostate cancer 

was observed with the ‘Western’ pattern, consisting of high intakes of red and processed meats, 

fried fish, hamburgers, chips, high fat milk and white bread. Men in the highest quartile for 

‘Western’ pattern score had an OR of 1.82 (95% CI, 1.15-2.87, trend p=0.02). Results were 

similar for aggressive cases and attenuated for non-aggressive cancers.  

Conclusions:   A western style diet may lead to increased risks for prostate cancer, especially 

aggressive prostate cancer. 
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Introduction 

Prostate cancer is the second most commonly diagnosed cancer among men globally (1).  

Among Australian men, prostate cancer is the most common cancer diagnosed (excluding 

non-melanoma skin cancer) and is the second most common cause of cancer death (2).  

Geographical differences in prostate cancer rates have stimulated research into possible 

lifestyle and environmental factors involved in the development of prostate cancer, including diet 

(3).  There is growing evidence of a role for diet in prostate cancer development.  Dietary factors 

consistently associated with prostate cancer include tomatoes and tomato products, selenium 

and soy products as protective factors (4) and meat and dairy products as risk factors (3).   

 

Almost all of the research on diet and prostate cancer to date has focussed on individual 

nutrients or foods.  Examining dietary patterns rather than isolated nutrients or foods offers the 

advantage of studying the effect of the whole diet (5).  To date, only three published studies 

have examined dietary patterns (identified using cluster or factor-analytic methods) and prostate 

cancer risk (6-8).  Two of these studies have indicated that diets characterised by high intakes 

of red meat, processed meat and refined grains may be important in prostate cancer 

development (7) and advanced prostate cancer in older men(8).  Most studies of dietary intake 

and prostate cancer have relied upon estimates of recent diet, whereas prostate cancer takes 

many years to develop, so that remote dietary intake may be more important when predicting 

risk.  This study aims to examine the risk of prostate cancer according to dietary patterns from 

10 years before disease diagnosis. 

 

Materials and methods 

This study was conducted in Western Australia during 2001 and 2002, and was approved by the 

University of Western Australia’s Human Research Ethics Committee and the Confidentiality of 

Health Information Committee, Department of Health, Western Australia.   

 

Cases 

Details of incident prostate cancer cases were obtained from the West Australian Cancer 

Registry.  Registration of all cancers except non melanoma skin cancer is mandatory in 

Australia.   Histologically confirmed prostate cancer cases diagnosed between January 1, 2001 
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and August 30, 2002 and aged 40 to 75 years were eligible to participate in the study.  Eligible 

cases were also required to be listed on the West Australian Electoral Roll.  Electoral roll 

registration is compulsory for Australian citizens.  Each eligible case’s urologist was first 

contacted to obtain permission to approach their patient.  A total of 1226 eligible prostate cancer 

cases were identified during the study period.  One hundred and sixty six (166) cases were 

excluded because their urologist could not be identified or did not reply, or the case’s address 

was not in Western Australia.  Of the remaining 1066 eligible subjects who were invited to 

participate in this study, 685 (64%) agreed.  Of those 381 men for whom consent was not 

obtained, 117 refused and 264 did not respond.  Due to the requirements of the Confidentiality 

of Health Information Committee, only the age and postal code of non-consenters and 

non-responders was available for comparison.  There were no differences in age or area of 

residence (metropolitan or non-metropolitan) between men who consented, those who did not 

consent, and non-responders.  

 

The total Gleason score for each case was obtained from pathology records held at the West 

Australian Cancer Registry.  The Gleason score grades the severity of prostate tumours 

according to tumour histology (9).  Prostate cancers with a total Gleason score ≥ 7 were 

considered histologically aggressive prostate cancers, while those graded < 7 were regarded 

non-aggressive.   

 

Controls   

Controls consisted of men randomly selected from the West Australian Electoral Roll who were 

aged 40 to 75 years and did not have a history of prostate cancer according to the West 

Australian Cancer Registry.   Controls were frequency matched to cases within 5 year age 

groups.  A total of 1289 eligible controls were invited to participate in the study and 556 (43%) 

agreed.  Of those 733 eligible controls for whom consent was not obtained, 269 refused and 

464 did not respond.  There were no differences in mean age or area of residence between 

those who consented and those who did not.  Non-responders were younger on average, by 2 

years (p<0.01),  but did not differ according to area of residence, compared to those who 

consented to the study. 
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Self-administered Questionnaires   

After written consent was received, two self-administered questionnaires were sent to subjects 

for completion.  A modified version of the semi-quantitative food frequency questionnaire (FFQ) 

developed by the Cancer Council of Victoria (CCV) for use in the ethnically diverse Australian 

adult population (10, 11) was sent to all study participants.  The original questionnaire asks 

about dietary intake over the past year, including 74 foods or food groups (hereafter referred to 

as FFQ items) and 3 questions on alcohol intake, each with 10 intake frequency options, 

ranging from ‘never’ to ‘3 or more times per day’.  Portion sizes are presented as photographs.  

Questions are also asked about types of bread, milk, spreads and cheese usually consumed, 

how many pieces of fruit and how many different vegetables are consumed daily.  Completed 

FFQs were scanned and analysed by the CCV to provide intakes for each FFQ item (a total of 

101 items) in grams per day. 

 

It is well established that clinical prostate cancer has a long latency phase (12), which suggests 

that dietary and other lifestyle factors throughout life may influence the onset and progression of 

prostate cancer. Therefore, remote dietary intake may be more important than recent dietary 

intake when attempting to predict prostate cancer risk.  We modified the FFQ to ask 

respondents about their usual dietary intake 10 years earlier.  To assist recall, prompts were 

added to the FFQ instructions suggesting that respondents think about where they were living or 

where they worked 10 years ago.  The recall period of 10 years was chosen to coincide with a 

period that: (i) could be influential in the development of clinical prostate cancer and (ii) was a 

realistic period for recall (Paper 2).  We have previously compared this modified FFQ to 28-day 

diet records completed 10 years earlier in a similar-aged sample and found that 10 year dietary 

recall was found to be as reliable as recent dietary recall (Paper 2).   

 

The other self-administered questionnaire collected information on country of birth, family 

history of prostate cancer (fathers, brothers), height and weight (current and 10 years earlier), 

history of vasectomy, smoking, lifetime occupational and physical activity, and urinary 

symptoms one year before the study (using the International Prostate Symptom Score (IPSS) 

(13, 14)). History of screening for prostate cancer (prostate-specific antigen (PSA) test or digital-

rectal examination) was collected.  No national prostate cancer screening program exists in 
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Australia, but about one-quarter of men aged 50 to 79 years have a PSA test annually (15).  

Self reported hair loss using the Hamilton-Norwood Classification Scale (16) was used as an 

indicator of circulating androgen levels.  More detail on the measurement of these variables can 

be found elsewhere (17, 18).  Information on race was not collected.  A reminder letter was sent 

to all consenting participants if they did not return both completed questionnaires within 21 days.  

Attempts were also made to rectify incomplete questionnaire responses with participants by 

telephone.    

 

Dietary Patterns   

To identify dietary patterns, we conducted principal components analyses on intakes of all FFQ 

items (grams/day) using PROC FACTOR in SAS (19).  Similar to other studies, varimax rotation 

(6, 7, 20), an eigen value >1 (20), and scree plots (6, 20) were used to identify plausible dietary 

patterns, using controls only.  The number of factors to retain was based on the interpretability 

of components (FFQ items) and scree plots.  FFQ items with a factor loading of ± 0.30 or more 

were considered important components of each dietary pattern and were used to name each 

pattern.  

 

Standardised scores were computed using PROC SCORE in SAS, so that all subjects were 

assigned a score for each dietary pattern, based on their FFQ intakes.  Applying limits used by 

the CCV (personal communication, Alison Hodge, CCV), we excluded subjects from all 

analyses if their energy intakes were implausible, i.e. less than 3000 kJ or greater than 21000 

kJ/day.  

 

Statistical Analyses 

Unconditional logistic regression models were used to estimate prostate cancer risk according 

to dietary patterns using PROC LOGISTIC in SAS. Scores for each dietary pattern were 

analysed in quartiles and all dietary patterns were included in the same model.  BMI (current 

and 10 years ago), family history of prostate cancer (brother or father), smoking, and lifetime 

physical activity were examined as potential confounding variables.  Analyses were also 

conducted separately using aggressive and non-aggressive cases classified according to total 

Gleason score.   
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Although we collected information on prostate cancer screening, this data was found to be 

unreliable for identifying screen-detected and symptomatic cases.  Therefore, we repeated the 

analyses including only ‘symptomatic’ cases i.e., those reporting moderate (IPSS >7 and ≤19) 

or severe (IPSS >20) urinary symptoms one year prior to the study (n=247 cases). 

 

Results 

After consenting to the study, 79 cases and 85 controls did not return questionnaires even after 

multiple attempts at follow up.  An additional 9 cases and 9 controls did not complete a FFQ and 

43 cases and 15 controls had missing covariate data in the questionnaires.  Eight cases were 

excluded due to implausible energy intakes.  This left 546 eligible cases and 447 eligible 

controls who had data available for this analysis.  There were no differences in age or area of 

residence between men who did and did not return fully completed questionnaires.  The 

characteristics of cases and controls are shown in Table 21. 

 

Three distinct dietary patterns were identified from the factor analysis. A ‘Vegetable’ pattern was 

positively loaded for nearly all vegetables listed in the FFQ (including fresh and tinned 

tomatoes) plus jam, honey and apples.  A ‘Western’ pattern consisted of high positive loadings 

for full cream milk, white bread, cakes, potato crisps, French fries (chips), eggs, red and 

processed meats, hamburgers, fried or takeaway fish, and full alcohol beer.  The third dietary 

pattern was labelled ‘Health-conscious’ as it was strongly positively loaded for steamed and 

grilled fish, tinned fish, chicken, rice, pasta, legumes and tofu.  It also had moderate positive 

loadings (>0.20 and <0.30) for bean sprouts, nuts, yoghurt, ricotta cheese, red wine and white 

wine.  Factor loadings and the variance explained by each dietary pattern are shown in Table 

22.   The ‘Vegetable’ pattern correlated strongly with intakes of folate, fibre, beta carotene and 

carbohydrates (Table 23).  Energy, total fat, saturated fat, monounsaturated fat, cholesterol and 

protein intakes were strongly correlated with the ‘Western’ pattern.  The ‘Health-conscious’ 

pattern had the weakest correlations for all macronutrients (especially fats), cholesterol, folate 

and zinc.  An increasing score for the ‘Western’ pattern was associated with a higher proportion 

of smokers and a lower proportion of men undertaking physical activity, while the reverse was 

true for the ‘Vegetable’ and ‘Health-conscious’ patterns (see Appendix 5, Table 29). 
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Table 21.  Characteristics of cases and controls 

Characteristics  Cases (n = 546)  Controls (n = 447) 
Age (years), n (%)   

55 and under 64 (11.7) 26 (5.8) 
56 – 60 98 (18.0) 54 (12.1) 
61 – 65 111 (20.3) 103 (23.1) 
66 – 70 141 (25.8) 127 (28.4) 
Over 70 132 (24.2) 137 (30.6) 

   
BMI 10 y ago    
  mean (95% CI) 26.0 (25.7-26.3) 26.2 (25.8-26.6) 

   
BMI now   
  mean (95% CI) 26.6 (26.3-27.0) 27.2 (26.8-27.6) 

   
Energy Intake (kilojoules/day)   
  mean (95% CI) 9785 (9532-10037) 9683 (9403-9963) 

   
Father with Prostate Cancer, n (%)   
  Yes 71 (12.8) 28 (6.2) 
  No 486 (87.2) 42 (93.9) 
   
Brother with Prostate Cancer, n (%)   
  Yes 48 (11.5) 22 (6.4) 
  No 359 (85.9) 314 (91.3) 
  Don't Know 11 (2.6) 8 (2.3) 
   
Lifetime physical activity*, n (%)   

Regular vigorous or moderate 
intensity 

230 (39) 184 (40) 

   
Smoking history, n (%)   

Never smoked 193 (35) 148 (33) 
Former smoker 308 (57) 258 (58) 
Current smoker 45 (8) 41 (9) 
   

Country of Birth, n (%)   
Australia or New Zealand 359 (65.8) 290(64.9) 
United Kingdom 117 (21.4) 91 (20.4) 
Europe  34 (6.2) 35 (7.8) 
Asia, Central and South East 9 (1.7) 14 (3.1) 
Africa 11 (2.0) 7 (1.6) 
Other 10 (1.8) 9 (2.0) 

* Participated in moderate or vigorous physical activity throughout lifetime 
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Table 22.  Dietary patterns and factor loadings 

 * Only those items with a loading >|0.30| are shown. 

 

FFQ Item* Vegetable 
Pattern 

Western 
Pattern 

Health-conscious 
Pattern 

Jam/honey or syrup 0.35   
Vegemite (yeast spread) 0.36   
Apples 0.45   
Beetroot 0.54   
Cabbage 0.45   
Carrots 0.70   
Cauliflower 0.46   
Celery 0.36   
Cucumber 0.32   
Green beans 0.34   
Lettuce 0.43   
Onion 0.40   
Potatoes, cooked without fat 0.45   
Pumpkin 0.60   
Spinach 0.31   
Tomato, fresh or tinned 0.33   
Peas 0.46 0.30  
Cakes  0.33  
White bread  0.45  
Eggs  0.38  
Potato crisps  0.36  
Potato chips (French fries)  0.31  
Meat pie  0.46  
Hamburger  0.40  
Beef  0.42  
Lamb  0.32  
Pork  0.37  
Bacon  0.37  
Sausages  0.48  
Full cream milk  0.31  
Beer (full alcohol)  0.30  
Fish, fried or takeaway  0.41  
Fish, steamed or grilled   0.40 
Fish, tinned   0.41 
Chicken   0.37 
Pizza   0.40 
Rice   0.33 
Pasta   0.49 
Crackers/crispbread/dry biscuits   0.30 
Tofu   0.30 
Legumes   0.33 
Mango   0.32 
Avocado   0.42 
Capsicum   0.41 
Garlic   0.47 
Mushrooms   0.48 
Zucchini   0.39 
    
Standard deviation 0.88 0.97 0.91 
% Total variance explained 11.2 9.2 8.8 
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 Table 23.  Pearson correlations between dietary pattern scores and key nutrients* 

Nutrient Vegetable pattern Western pattern Health-conscious pattern 

Energy 0.50 0.66 0.26 

Carbohydrates 0.61 0.45 0.18 

Protein 0.45 0.60 0.37 

Total fat 0.43 0.71 0.19 

Saturated fat 0.34 0.75 0.07 

Polyunsaturated fat 0.43 0.27 0.23 

Monounsaturated fat 0.41 0.70 0.24 

Cholesterol 0.25 0.72 0.22 

Folate 0.64 0.29 0.24 

Vitamin C 0.50 0.11 0.27 

Fibre 0.72 0.08 0.34 

Beta-carotene 0.84 0.16 0.17 

Calcium 0.40 0.15 0.25 

Zinc 0.47 0.56 0.27 
 

* All correlations are statistically significant (p<0.05)  

 

 

 

To test the robustness of our dietary pattern analysis we conducted another factor analysis that 

included both cases and controls, and arrived at the same dietary patterns.  We also tested a 

reduced version of the FFQ.  The 101 FFQ items were collapsed into 33 food groups similar to 

those used by Hu and colleagues (20).  Factor analyses on these 33 items yielded almost 

identical dietary patterns and similar odds ratios for prostate cancer.  We chose to use the full 

version of the FFQ however, so as to reduce possible errors arising from the arbitrary 

assignment of foods to groups.    

 

The risk of prostate cancer slightly decreased with increasing BMI (OR=0.96, 95% CI 

0.93-0.99).  The risk was doubled in men whose fathers had been diagnosed with prostate 

cancer (OR=2.1, 95% CI 1.32-3.36).  None of the other potential confounders investigated 

including energy intake, appeared to influence prostate cancer risk. 
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The ‘Vegetable’ and ‘Health-conscious’ dietary patterns were not significantly associated with 

prostate cancer risk, with most odds ratios close to one (Table 24).  However, men in the 

highest quartile for the ‘Western’ pattern had an OR of 1.82 (95% CI 1.15-2.87) and a trend was 

evident across quartiles of ‘Western’ pattern score (p=0.02).  The effect of the ‘Western’ pattern 

increased slightly when only ‘symptomatic’ cases were included in the analysis (data not 

shown). 

 

Of the 546 cases for which dietary data were available, the Gleason score was obtained for 535 

(98%), identifying 302 (56%) aggressive and 233 (44%) non-aggressive cases.  Total Gleason 

scores were normally distributed and 42% of cases had a total Gleason score of 7.  The results 

did not differ considerably when only aggressive cases were analysed, except that odds ratios 

for the Vegetable pattern were slightly increased in all quartiles although they remained 

non-statistically significant (Table 24). The association with ‘Western’ pattern was strengthened.   

When only non-aggressive cases were analysed, all dietary patterns were non-statistically 

significant, except for the second lowest quartile of the ‘Health-conscious’ pattern, where the OR 

was significantly elevated, but no trend was detected.  BMI was not a significant predictor of 

aggressive prostate cancer, but remained significant (OR=0.95, 95% CI 0.91 – 0.99) in the 

analysis of non-aggressive cases.  Because of the large proportion of high grade or ‘aggressive’ 

prostate cancers, we repeated these analyses redefining aggressive prostate cancers as those 

with a total Gleason score >7 rather than ≥ 7.  This resulted in 82 (15%) aggressive and 453 

(85%) non-aggressive cases.  Statistically significant increases in risk were associated with the 

‘Western’ pattern in both the aggressive and non-aggressive tumour groups (data not shown), 

similar to when all cases were analysed together.  
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Table 24.  Dietary pattern score (quartiles) and prostate cancer risk 

Quartile of 
Dietary  Controls All  p for Aggressive  p for Non-Aggressive  p for 
Pattern Score   Cases OR (95% CI) trend1 Cases 2 OR (95% CI) trend1 Cases 3 OR (95% CI) trend1 
Vegetable           

1 110 137 1 0.46 76 1 0.31 58 1 0.77 
2 112 136 1.03 (0.71 - 1.50)  81 1.13 (0.73-1.73)  52 0.95 (0.58-1.55)  
3 111 143 1.26 (0.85 - 1.89)  74 1.28 (0.80-2.04)  68 1.33 (0.80-2.21)  
4 114 130 1.13 (0.72 - 1.78)  71 1.31 (0.77-1.24)  55 1.02 (0.57-1.83)  

           
Western           

1 125 121 1 0.02 66 1 <0.01 54 1 0.37 
2 107 141 1.42 (0.98 - 2.06)  76 1.41 (0.91-2.20)  62 1.38 (0.86-2.22)  
3 116 139 1.32 (0.89 - 1.97)  81 1.46 (0.92-2.32)  56 1.17 (0.70-1.96)  
4 99 145 1.82 (1.15 - 2.87)  79 2.11 (1.25-3.60)  61 1.41 (0.79-2.53)  

           
Health-conscious          

1 115 133 1 0.97 81 1 0.89 49 1 0.90 
2 105 147 1.24 (0.86 - 1.80)  69 0.97 (0.63-1.50)  75 1.74 (1.09-2.77)  
3 117 132 1.02 (0.70 - 1.48)  80 1.06 (0.69-1.62)  47 0.97 (0.59-1.60)  
4 110 134 1.06 (0.72 - 1.58)   72 1.00 (0.63-1.59)   62 1.28 (0.77-2.12)   

 

All ORs are adjusted for age, BMI at time of study, energy intake and paternal history of prostate cancer.   All controls were used for the subgroup analyses. 

1  Obtained by analysing dietary pattern score quartile as a continuous variable.  

2   Tumours with a total Gleason score of 7 or more 
3  Tumours with a total Gleason score < 7 
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Discussion  

We identified three distinct dietary patterns in men participating in this study that were 

subjectively labelled ‘Vegetable’, ‘Western’, and ‘Health-conscious’, although different labels 

could be applied.  Neither the ‘Vegetable’ nor the ‘Health-conscious’ pattern was associated 

with prostate cancer risk.  The ‘Western’ pattern conferred an elevated risk for prostate cancer, 

which rose significantly with increasing ‘Western’ pattern score (p=0.02).  The ‘Western’ dietary 

pattern identified in this study includes foods that have been positively associated with prostate 

cancer risk; meat (3, 21, 22), milk (23) and refined grains (7, 24).  

 

A major limitation in this study is the low response fraction, particularly for controls, which may 

be a source of selection bias.  Although we attempted to test for differences between 

participants and non-participants we were limited to comparing age and area of residence only, 

yet other differences related to prostate cancer risk may exist.  The low response rate may also 

reflect a reluctance by men to provide personal information on a topic related to men’s sexual 

health.  It has been shown that men are poorly informed about prostate diseases, and that 

many men associate prostate problems with sexual dysfunction and are reluctant to talk about 

their health concerns (25, 26).  A low response fraction (46%) has been reported in another 

Australian case-control study of prostate cancer that used similar recruitment methods (27).  

The questionnaires used in this study were fairly detailed and lengthy but were deemed 

acceptable when piloted in a similarly aged group of men.  However, the number of men who 

withdrew from the study or did not return questionnaires after consenting to the study may 

reflect a significant level of respondent burden.   

 

The use of dietary intakes recalled from ten years prior benefits this study, as prostate cancer 

has a long latent period.  Remote dietary recall is also less likely to be influenced by recall bias 

than recent dietary recall, especially in case-control studies, where disease status is likely to 

affect recent recall.  In addition, changes in diet may occur with the diagnosis of disease, so that 

recent diet may not reflect the typical diet consumed during the course of disease onset or 

progression.  FFQs may be prone to error, however when compared to a 28-day diet record, the 

FFQ used in this study was shown to be as reliable as a FFQ designed to estimate recent intake 

(Paper 2).  The variances explained by each dietary pattern are similar to those reported in 
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other studies of dietary patterns and prostate cancer which range from 1.72% to 10% (6, 7).  

Furthermore, we were able to control for the potentially confounding effects of BMI, energy 

intake and lifetime physical activity levels. We were also able to examine the robustness of our 

definition of prostate cancer by repeating our analyses confining them to those with higher 

Gleason score, and those with urinary symptoms before diagnosis. 

 

We have seen only three other published studies that have examined dietary patterns and 

prostate cancer risk (6-8). A small, clinic based case-control study conducted in Canada (7) 

identified four dietary patterns using principal components analysis; Healthy Living, Traditional 

Western, Beverages and Processed.  Men in the highest tertile for the Processed pattern had 

an OR of 2.75 (95% CI, 1.40-5.39, trend p=0.0035).  The Processed pattern was positively 

loaded for red meats, organ meats, processed meats, refined grains, vegetable oil, soft drinks, 

tomatoes and onions, similar to our ‘Western’ pattern.  Prostate cancer risk was not associated 

with any of the other dietary patterns.   

 

Prostate cancer and dietary patterns have been analysed in the National Health and Nutrition 

Examination Survey (NHANES II) Epidemiological Follow-up Study (6).  A FFQ was 

administered during 1982-84, and follow up took place until 1992. Three dietary patterns 

emerged from the FFQ data; a Vegetable-fruit pattern, Red meat-starch pattern and Southern 

pattern.  Only the Southern pattern, characterised by cornbread, grits, sweet potatoes, okra, 

beans and rice, appeared to be associated with prostate cancer risk.  Both black and non-black 

men in the highest tertile for the Southern pattern had a reduced risk of prostate cancer 

(OR=0.6, 95% CI, 0.4-1.10, trend p=0.08).  The authors suggested that a Southern style diet 

may be a marker for sunlight exposure and increased vitamin D status, which is thought to be 

protective against prostate cancer (6).  The number of prostate cancer cases was relatively 

small in this study; 89 confirmed and 47 probable cases. 

 

The largest study published to date on dietary patterns and prostate cancer comes from the 

Health Professionals Follow Up Study of over 47,000 men aged 40 to 75 years, who were 

followed up for fourteen years (8). Diet was assessed every four years using a FFQ.  Two 

dietary patterns were identified; a Prudent and Western pattern.  No significant relationships 

were found between total prostate cancer risk (3,002 incident cases) and either of these dietary 
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patterns.  However, among men aged ≥65 years, higher intakes of the Western pattern 

suggested an increased risk for advanced prostate cancer (OR=1.34, 95% CI, 0.96-1.88; p for 

trend=0.07).  Our results suggest that the ‘Western’ dietary pattern may be a stronger risk factor 

for developing aggressive prostate cancer based on total Gleason score ≥ 7, however a high 

Gleason score does not always indicate advanced prostate cancer.   

 

By analysing empirically derived dietary patterns, the total diet is taken into consideration. We 

have found that the risk of prostate cancer in particular, aggressive prostate cancer, increases 

significantly and by about 80% in men who consume a diet strongly characterised by a western 

style of eating.  Further investigation of these data according to food and nutrient intakes may 

help to clarify the basis of this relationship.  
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Abstract   

Background:   This paper examines prostate cancer risk according to individual nutrient intakes 

and patterns in nutrient intakes.  Methods and Results:   A previously evaluated food frequency 

questionnaire (Paper 2) was used to collect information on usual nutrient intakes in a 

population-based case-control study of 546 prostate cancer cases and 447 controls.  Increasing 

individual intakes of zinc and protein were inversely associated with prostate cancer risk.  This 

was in contrast to our earlier finding in the same study, where zinc and protein intakes were 

positively correlated with a ‘Western’ food pattern, which was positively associated with prostate 

cancer risk (Paper 5).  Because of this inconsistency, we examined patterns in nutrient intakes 

using factor analysis.  Two nutrient intake patterns emerged that included both zinc and protein 

intakes as major contributors.  Nutrient pattern 1, characterised by high protein, zinc, fibre and 

micronutrient intakes, but low intakes of total and saturated fat, was significantly and inversely 

associated with prostate cancer risk  (OR=0.62, 95% CI, 0.43-0.90; p for trend=0.008).  Nutrient 

pattern 2, which was loaded with high protein and zinc intakes as well as high intakes of total 

and saturated fat and low intakes of micronutrients, was not associated with prostate cancer 

risk.  Conclusions:   This suggests that if zinc and protein intakes confer a protective effect, 

they might only do so when consumed in a diet that is also low in total and saturated fat and rich 

in fibre and micronutrients, as characterised by nutrient pattern 1.  This study demonstrates the 

relevance of examining the whole diet rather than individual nutrients.  
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Introduction 

Nutritional epidemiology has tended to rely on the reductionist approach of analysing individual 

nutrients or foods.  However, several researchers have argued for the use of empirically derived 

dietary patterns rather than individual food and nutrient intakes, as dietary  patterns take 

account of the overall effect of diet and the potentially synergistic effects of nutrients (1-3).  

There are several limitations in analysing individual nutrients separately (1), and these may be 

overcome by analysing dietary patterns.  Many nutrients and foods are intercorrelated or 

colinear, making the separation of their effects difficult.  The colinearity of nutrients also 

suggests that their individual effects may be too small to detect.  Hu (4) has suggested that 

conclusions on diet-disease risks based on a single nutrient may be seriously flawed due to the 

multi-colinearity of nutrients.  Because many nutrient intakes are not independent of each other, 

modelling multiple nutrients simultaneously is inappropriate for standard statistical models, 

which assume independent effects.  Whereas, examining individual nutrients in separate 

models does not account for their potentially synergistic or confounding effects.  The whole 

effect of the diet, whereby ‘protective factors’ may be outweighed by ‘non-protective factors’ 

(and vice versa) may be taken account of with pattern analyses.  Finally, the number of 

statistical tests carried out when analysing many different nutrient intakes and disease risk 

increases the likelihood that some statistically significant findings will be due to chance.  Many 

of the weak findings between outcomes and dietary intakes might be explained by at least some 

of these limitations.   

 

We have previously examined dietary patterns according to food intakes in a population-based 

case-control study of prostate cancer, finding almost a doubling of prostate cancer risk 

associated with a high score for a ‘Western’ dietary pattern (Paper 5).  Using data from the 

same case-control study, this paper examines prostate cancer risk according to individual 

nutrient intakes and compares the findings to an analysis of nutrient intake patterns and 

prostate cancer risk.  
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Materials and Methods 

Full details of this study have been provided earlier (Paper 5). The study was conducted in 

Western Australia (WA) during 2001 and 2002.  Histologically confirmed, incident prostate 

cancer cases were identified using WA Cancer Registry data.  Registration of all cancers except 

non melanoma skin cancer is mandatory in Australia.   Controls were randomly selected from 

the WA electoral roll (registration mandatory) and age-matched within 5 years of cases.  A total 

of 546 cases and 447 controls provided data.  The study protocol was approved by the 

University of Western Australia’s Human Research Ethics Committee and the Confidentiality of 

Health Information Committee, Department of Health, Western Australia.   

 

We collected information on usual dietary intake ten years prior to the study using a 

semi-quantitative food frequency questionnaire (FFQ) developed by the Cancer Council of 

Victoria (CCV) for use in the ethnically diverse Australian adult population (5, 6 and Paper 5). 

The FFQ was compared against a 28-day diet record completed ten years earlier in a similar 

study population, and was found to be no less reliable than another FFQ completed ten years 

earlier, to estimate recent dietary intake (Paper 2).   

 

Australian food composition tables (7) were used to estimate average daily intakes of energy, 

total fat, saturated fat, polyunsaturated fat, monounsaturated fat, cholesterol, protein, 

carbohydrate, sugars, starch, fibre, beta-carotene equivalents (β-carotene + ½(α-carotene) + 

½(α-cryptoxanthin) + ½(β-cryptoxanthin)), retinol, calcium, iron, magnesium, niacin, potassium, 

phosphorus, riboflavin, sodium, thiamin, vitamin C and zinc.  Intakes of folate and vitamin E 

were calculated using British food composition tables (8).   

 

A self administered questionnaire collected information on potential confounders, including 

family history of prostate cancer (fathers, brothers), height and weight (current and 10 years 

earlier), history of vasectomy, smoking habits, lifetime occupational and residential physical 

activity, military history and self reported hair loss (as an indicator of circulating androgen 

levels).  Details on the measurement of these variables can be found elsewhere (9, 10).  We 

have previously reported no differences between cases and controls in history of vasectomy, 
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balding pattern at age 30 and 40 years, lifetime physical activity, smoking history (Paper 5) and 

military history (10). 

 

Statistical analyses 

Individual nutrient intakes and prostate cancer risk.  

Unconditional logistic regression was used to analyse the risk of prostate cancer according to 

nutrient intakes using PROC LOGISTIC in SAS (11).  Subjects with extreme energy intakes 

(<3000 kJ or >21000 kJ) were excluded from all analyses (0.7%) as errors were assumed in 

their FFQ.  Nutrient intakes were adjusted for energy intake using the residual method (12).  

Each nutrient was modelled in separate regression models as quartiles and as continuous 

variables.   Potential confounding variables examined in the models include those listed 

previously.  All models included age and energy intake (quartiles).  The level for significance 

was set to 5% for all statistical tests.   

 

Patterns in nutrient intake and prostate cancer risk   

To evaluate patterns in nutrient intakes we repeated the methods used previously to identify 

patterns in food intakes (Paper 5).  We conducted principal components analyses among 

controls only, on all energy-adjusted nutrient intakes using PROC FACTOR in SAS (11).  

Varimax rotation, eigen values >1(4), and scree plots were used to identify plausible nutrient 

patterns (4, 13, 14).  The number of factors to retain was based on the scree plot and the 

interpretability of patterns.  Nutrients with a factor loading of ± 0.30 or more were considered 

important components of each nutrient pattern.   All subjects received a score for each nutrient 

pattern based on their energy-adjusted average daily nutrient intakes estimated by the FFQ.   

 

The risk of prostate cancer according to nutrient patterns was then modelled using unconditional 

logistic regression (PROC LOGISTIC) in SAS (11). All dietary patterns were modelled 

simultaneously as they were rendered independent by orthogonal rotation (1, 15).  The same 

potential confounding variables and levels of significance for statistical tests as those used in 

the analysis of individual nutrients were applied. 
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Results 

Individual nutrient intakes and prostate cancer risk   

The distributions of energy adjusted average daily nutrient intakes are shown in Table 25.  As 

reported previously, there was a weak inverse association between BMI and risk of prostate 

cancer and the risk doubled for men whose fathers had been diagnosed with prostate cancer 

(Paper 5).  None of the other potential confounders investigated including energy intake, 

appeared to influence prostate cancer risk. 

  

Statistically significant reductions in prostate cancer risk were observed in the highest intake 

quartile for zinc (OR=0.57, 95% CI, 0.40-0.82; p for trend=0.0009) and protein (OR=0.55, 95% 

CI, 0.38-0.79; p for trend=0.0009) (Table 26).  This is in contrast to our earlier finding that a 

‘Western’ dietary pattern, which correlated moderately with zinc and protein intakes (r=0.56 for 

zinc, r=0.60 for protein) was positively associated with prostate cancer risk, with men in the 

highest quartile for ‘Western’ pattern score having an OR of 1.82 (95% CI 1.15-2.87; p for 

trend=0.02) (Paper 5).  The analysis of continuous nutrient intakes supported an inverse 

association between prostate cancer, zinc and protein intakes.  

 

An increased risk of prostate cancer was observed in the highest quartile of carbohydrate intake 

(OR=1.44, 95% CI, 1.00-2.07; p for trend = 0.10).  Some additional relationships were 

suggested, including an increased risk with higher intakes of sugars and starch and a 

decreased risk with increased fibre, folate and cholesterol intakes (all when analysed as 

continuous variables).  However, given the number of statistical test conducted, these findings 

may be due to chance.  
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Table 25.  Quartile cut points for energy adjusted nutrient intakes, cases and controls 

Daily nutrient intake  Quartiles *   

 1 2 3 4 

     

Energy (kJ) 7456 9298 11550 20337 

Total fat (g) 93 100 107 145 

Saturated fat (g) 35 41 46 71 

Polyunsaturated fat (g) 11 15 19 33 

Monounsaturated fat (g) 32 35 38 59 

Protein (g) 98 107 117 268 

Carbohydrates (g) 229 251 270 387 

Sugars (g) 89 107 125 235 

Starch (g) 125 140 154 264 

Fibre (g) 21 25 30 66 

Beta-carotene (mg) ** 2104 2719 3471 8226 

Calcium (mg) 764 898 1062 2406 

Cholesterol (mg) 301 355 422 905 

Folate (ug) 271 315 361 804 

Iron (mg) 14.0 15.6 17.7 34.8 

Magnesium (mg) 291 328 372 704 

Niacin (mg) 23 26 30 69 

Phosphorus (mg) 1559 1723 1876 3271 

Potassium (mg) 2907 3219 3543 5940 

Retinol (ug) 408 498 580 1076 

Riboflavin (mg) 2.3 2.7 3.2 9.6 

Sodium (mg) 2828 3087 3361 4712 

Thiamin (mg) 1.7 1.9 2.3 6.4 

Vitamin C (mg) 88 122 166 771 

Vitamin E (mg) 6.9 7.8 8.7 14.4 

Zinc (mg) 12.6 14.2 15.7 38.4 
 

*  maximum values  for each quartile are shown (adjusted for energy intake).  

** Beta-carotene equivalents = (beta-carotene + ½(alpha-carotene)+ ½(alpha-cryptoxanthin) + 

½(beta-cryptoxanthin)) 
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Table 26.  Energy-adjusted nutrient intakes and risk of prostate cancer 

 Quartiles of Intake p  Continuous 

 1 2 3 4 for trend1 OR2 
Energy (mJ/d)       

cases (controls) 139 (108) 128 (116) 140 (112) 139 (111)   

OR (95% CI)3 1 0.82 (0.57-1.18) 0.91 (0.63-1.30) 0.91 (0.63-1.30) 0.75 1.06 (0.70-1.60) 

       

Total fat (g/d)       

cases (controls) 134 (114) 129 (117) 136 (110) 147 (106)   

OR (95% CI) 3 1 0.86 (0.60-1.24) 0.97 (0.67-1.39) 1.08 (0.75-1.55) 0.57 1.00 (0.90-1.20) 

       

Saturated fat (g/d)       

cases (controls) 138 (113) 127 (115) 145 (104) 136 (115)   

OR (95% CI) 3 1 0.86 (0.60-1.24) 1.09 (0.76-1.56) 0.94 (0.66-1.34) 0.91 1.04 (0.89-1.21) 

       

Polyunsaturated fat (g/d)       

cases (controls) 134 (115) 141 (109) 143 (103) 128 (120)   

OR (95% CI) 3 1 1.03 (0.72-1.48) 1.16 (0.80-1.66) 0.86 (0.60-1.23) 0.51 0.95 (0.73-1.22) 

       

Monounsaturated fat (g/d)       

cases (controls) 135 (114) 134 (117) 134 (107) 143 (109)   

OR (95% CI) 3 1 0.93 (0.65-1.34) 0.98 (0.68-1.41) 1.04 (0.73-1.50) 0.78 1.00 (0.78-1.28) 
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Table 26.  Energy-adjusted nutrient intakes and risk of prostate cancer (cont'd) 

 Quartiles of Intake p  Continuous 

 1 2 3 4 for trend1 OR2 
Cholesterol (mg/d)       

cases (controls) 144 (101) 138 (107) 134 (119) 130 (120)   

OR (95% CI) 3 1 0.89 (0.62-1.30) 0.79 (0.55-1.13) 0.74 (0.52-1.07) 0.08 0.91 (0.80-1.03)4 

       

Protein (g/d)       

cases (controls) 156 (97) 133 (104) 134 (119) 123 (127)   

OR (95% CI)3 1 0.76 (0.52-1.10) 0.64 (0.44-0.93) 0.55 (0.38-0.79) <0.001 0.92 (0.86-0.99) 

       

Carbohydrate (g/d)       

cases (controls) 137 (117) 131 (109) 129 (120) 149 (101)   

OR (95% CI) 3 1 1.08 (0.75-1.55) 0.98 (0.68-1.40) 1.44 (1.00-2.07) 0.10 1.02 (0.98-1.06) 

       

Sugars (g/d)       

cases (controls) 132 (117) 132 (115) 144 (107) 139 (108)   

OR (95% CI) 3 1 1.05 (0.73-1.51) 1.24 (0.86-1.78) 1.23 (0.85-1.77) 0.18 1.02 (0.97-1.07) 

       

Starch (g/d)       

cases (controls) 131 (120) 151 (94) 129 (119) 135 (114)   

OR (95% CI) 3 1 1.49 (1.03-2.14) 1.00 (0.69-1.44) 1.14 (0.80-1.63) 0.99 1.02 (0.99-1.07) 
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Table 26.  Energy-adjusted nutrient intakes and risk of prostate cancer (cont'd) 

 Quartiles of Intake p  Continuous 

 1 2 3 4 for trend1 OR2 
Fibre (g/d)       

cases (controls)       

OR (95% CI) 3 1 1.19 (0.83-1.71) 0.89 (0.62-1.28) 0.99 (0.69-1.42) 0.56 0.85 (0.71-1.02) 

       

Beta-carotene Equiv. (mg/d)        

cases (controls) 133 (112) 139 (110) 147 (101) 127 (124)   

OR (95% CI) 3 1 1.10 (0.77-1.58) 1.25 (0.87-1.80) 0.86 (0.60-1.24) 0.56 0.99 (0.98-1.00)4 

       

Retinol (ug/d)       

cases (controls) 134 (112) 136 (114) 126 (120) 150 (101)   

OR (95% CI) 3 1 1.01 (0.70-1.45) 0.86 (0.60-1.23) 1.23 (0.85-1.76) 0.47 1.00 (0.92-1.09)4 

       

Folate (ug/d)       

cases (controls) 146 (105) 140 (110) 130 (120) 130 (112)   

OR (95% CI) 3 1 0.91 (0.63-1.32) 0.75 (0.52-1.08) 0.86 (0.60-1.24) 0.26 0.88 (0.76-1.02)4 

       

Vitamin C (mg/d)       

cases (controls) 141 (106) 131 (119) 133 (115) 141 (107)   

OR (95% CI) 3 1 0.83 (0.57-1.21) 0.90 (0.62-1.30) 1.01 (0.70-1.46) 0.83 0.94 (0.78-1.13) 4 
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Table 26.  Energy-adjusted nutrient intakes and risk of prostate cancer (cont'd) 

 Quartiles of Intake p  Continuous 

 1 2 3 4 for trend 1 OR 2 
Vitamin E (mg/d)       

cases (controls) 129 (124) 146 (106) 143 (98) 128 (119)   

OR (95% CI) 3 1 1.29 (0.90-1.85) 1.41 (0.98-2.02) 1.00 (0.70-1.44) 0.91 0.85 (0.32-1.92) 

       

Calcium (mg/d)       

cases (controls) 138 (108) 138 (109) 140 (113) 130 (117)   

OR (95% CI) 3 1 0.96 (0.70-1.38) 0.96 (0.67-1.38) 0.83 (0.58-1.19) 0.32 0.96 (0.91-1.01)4 

       

Zinc (mg/d)       

cases (controls)       

OR (95% CI) 3 1 0.83 (0.57-1.20) 0.66 (0.46-0.94) 0.57 (0.40-0.82) <0.001 0.59 (0.37-0.92) 

 
1Obtained by analysing quartile of nutrient intake as a continuous variable;  

2 Obtained by analysing nutrient intake as a continuous variable (OR associated with 10 unit/day change in intake);  

3 Obtained from a multivariate unconditional logistic regression model adjusted for age, energy intake, family history and BMI at time of study;  

4 OR associated with 100 unit/day change in intake;  
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Nutrient patterns and prostate cancer risk   

Three independent nutrient patterns were identified in the factor analysis (Table 27).  Nutrient 

pattern 1 was positively loaded for protein, zinc, fibre, folate and other B vitamins, iron and 

magnesium, and negatively loaded for total fat, saturated fat, and retinol.  Nutrient pattern 2 was 

characterised by high intakes of protein, zinc, total fat, saturated fat, cholesterol, 

monounsaturated fat and low intakes of fibre, folate, vitamin C, starch, carbohydrates and 

sugars.  Nutrient pattern 3 consisted of high fibre, folate, magnesium, vitamin C, calcium, 

polyunsaturated fat, vitamin E and beta-carotene intakes and low intakes of cholesterol.  Table 

27 shows how these nutrient intake patterns correlate modestly with food intake patterns 

previously identified in this study (Paper 5).  Nutrient pattern 1 correlated with the 

‘Health-conscious’ pattern, nutrient pattern 2 with the ‘Western’ and nutrient pattern 3 with 

‘Vegetable’ pattern.  Mean nutrient intakes and personal characteristics of participants 

according to each quartile of the nutrient patterns is presented in Appendix 7.  An increasing 

score for nutrient pattern 1 was associated with fewer smokers and a greater proportion of men 

who undertook physical activity.  The reverse was true for nutrient pattern 2. 

 

A higher score for nutrient pattern 1 was statistically significant and inversely associated with 

prostate cancer risk when analysed according to quartiles (OR=0.62, 95% CI, 0.43-0.90); p for 

trend=0.008) and as a continuous variable (OR=0.85, 95% CI, 0.74-0.97) (Table 28).  Nutrient 

patterns 2 and 3 did not appear to be associated with prostate cancer risk.  
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Table 27. Nutrient patterns and factor loadings 

 Nutrient Pattern 1 Nutrient Pattern 2 Nutrient Pattern 3 

Factor loadings 1,2    
Energy 0.03 -0.02 0.10 
Total fat -0.37 0.88 0.01 
Saturated fat -0.37 0.62 -0.22 
Monounsaturated fat -0.21 0.85 -0.03 
Cholesterol 0.06 0.66 -0.29 
Polyunsaturated fat -0.06 0.06 0.44 
Protein 0.66 0.57 -0.21 
Carbohydrates -0.06 -0.98 0.10 
Sugars -0.12 -0.63 0.25 
Starch 0.05 -0.61 -0.15 
Fibre 0.61 -0.42 0.43 
Folate 0.67 -0.37 0.44 
Thiamin 0.67 -0.25 0.22 
Riboflavin 0.75 -0.12 0.21 
Niacin 0.91 -0.03 0.06 
Retinol -0.48 0.34 0.36 
Beta-carotene 3 0.20 -0.12 0.71 
Vitamin C 0.20 -0.30 0.39 
Vitamin E 0.09 -0.20 0.66 
Calcium 0.19 -0.12 0.34 
Iron 0.77 -0.14 0.10 
Magnesium 0.77 -0.28 0.37 
Phosphorus 0.76 0.06 0.10 
Potassium 0.62 -0.15 0.52 
Sodium 0.41 0.28 -0.15 
Zinc 0.58 0.58 -0.15 

    
Standard deviation 0.97 1.00 0.92 
% Total variance  28.9 22.0 13.6 
    
Pearson’s r 4    
  Vegetable pattern 0.19 -0.22 0.53 
  Western pattern -0.23 0.38 -0.30 
  Health-conscious pattern 0.36 * 0.04 * -0.03 

 

1 Nutrients with loadings >|0.30| are shown in bold. 
 
2 All nutrient intakes are adjusted for energy using the residual method (12) 
 

3 Beta-carotene equivalents 
 

4 All p<0.0001 except for *  
 



 

 201 

Table 28.  Nutrient patterns and prostate cancer risk 

 Quartiles of Nutrient Pattern Score p for trend 1 Continuous OR 2 

 1 2 3 4   

       

Nutrient Pattern 1       

OR (95% CI) 3 1 0.66 (0.45-0.96) 0.54 (0.37-0.79) 0.62 (0.43-0.90) < 0.01 0.85 (0.74-0.97) 

       

Nutrient Pattern 2       

OR (95% CI) 3 1 0.86 (0.59-1.24) 0.85 (0.59-1.24) 0.84 (0.58-1.21) 0.30 0.92 (0.81-1.05) 

       

Nutrient Pattern 3       

OR (95% CI) 3 1 1.11 (0.77-1.60) 1.42 (0.98-2.04) 0.88 (0.61-1.27) 0.76 0.89 (0.78-1.03) 

       
 

1 Obtained by analysing quartile of nutrient pattern score as a continuous variable;  
 
2 Obtained by analysing nutrient pattern score as a continuous variable (OR associated with unit change in score for nutrient factor);  
 
3 Obtained from a multivariate unconditional logistic regression model adjusted for age, energy intake, family history and BMI at time of study.  
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Discussion 

In this study we have found that when individual nutrient intakes are analysed separately, 

increasing zinc and protein intakes appear to be inversely associated with prostate cancer risk.  

However, using the same data in a previous analysis, we have shown zinc and protein intakes  

to be positively correlated with a ‘Western’ dietary pattern, which significantly increased prostate 

cancer risk (Paper 5).  To investigate this inconsistency, we analysed patterns in nutrient 

intakes using principal components analysis.   

 

Two nutrient intake patterns emerged in this study that included both zinc and protein intakes as 

major contributors.  Nutrient pattern 1, characterised by high protein and zinc intakes plus other 

micronutrients, but low intakes of total and saturated fat, was significantly and inversely 

associated with prostate cancer risk.  Whereas nutrient pattern 2, loaded with high protein and 

zinc intakes as well as high intakes of total and saturated fat and low intakes of fibre, folate and 

vitamin C, was not associated with prostate cancer risk.  This suggests that if zinc and protein 

intakes are to confer a protective effect, they might only do so when consumed in a diet that is 

also low in total and saturated fat and rich in fibre, folate, B vitamins, iron and magnesium, as 

characterised by nutrient pattern 1.  In this pattern, the major sources of zinc and protein might 

include legumes, nuts and cereals with less emphasis on meats, as in a Mediterranean-style 

diet (16, 17).  Nutrient pattern 1 correlated moderately with the ‘Health-conscious’ food pattern, 

which included many elements of a Mediterranean diet (Paper 5).  Alternatively, nutrient pattern 

1 may be a marker for other lifestyle factors that affect prostate cancer risk however, this is less 

likely as we were able to control for many potential confounders in our modelling.  Therefore, 

these findings suggest that, without considering the total diet, recommendations to increase zinc 

and protein intakes to decrease prostate cancer risk could be misleading. 

 

A similar inconsistency was reported in a case-control study of lung cancer risk that examined 

food patterns (18).  A ‘sweet’ pattern (consisting of tea, sweet sandwich spread, sweets, cakes, 

cookies and strawberries) was inversely associated with risk.  However, intakes of 

disaccharides and monosaccharides were not associated with lung cancer, indicating that other 

components or the combination of foods in the sweet pattern, or residual confounding may be 

influencing lung cancer risk, rather than sugars per se (18).   
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Having examined nutrient patterns and food patterns in the same sample, we have seen an 

equal number of important patterns emerge, but the nutrient patterns explained a greater 

amount of variation in intakes.  The food and nutrient intake patterns correlate moderately but 

not fully, with each other.  Differences in composition and relationships with outcomes are likely 

to exist between nutrient patterns and food patterns, as they are different entities.  Foods 

contribute a vast array of nutrients to make up total nutrient intakes.  Therefore, nutrient pattern 

analyses examine the cumulative dietary ‘endpoints’ (total nutrient intakes) whereas food 

patterns examine the ‘building blocks’ of total nutrient intake/diet.  The differences might also be 

explained by errors in food composition data or calculations used to estimate nutrient intakes 

from food frequency questionnaires. 

 

Although the use of food patterns is increasing in nutritional epidemiology, very few studies 

have examined patterns in nutrient intakes.  Palli and colleagues (19) reported that two nutrient 

intake patterns, ‘traditional’ and ‘vitamin rich’, were strongly associated with gastric cancer risk 

in a case-control study conducted in Italy.  Both food and nutrient pattern analyses serve a 

purpose.  Dietary patterns based on foods are easier to convert into public health messages (4), 

whereas the wide scale promotion of selected nutrients is limited by the target audience’s 

knowledge of appropriate sources.  Food patterns may also involve less measurement error 

than nutrient patterns, as assumptions used in the calculation of nutrient intakes are not 

required.  However, analyses of nutrient patterns are advantageous for the direct identification 

of nutrients that may be important in the disease process, which can lead to mechanistic 

studies.  It is likely that a number of different approaches are needed for a thorough assessment 

of any diet-disease relationship.  

 

Many studies have demonstrated that dietary patterns identified using factor analysis can 

differentially predict disease risk (15) including prostate cancer (14).  However, factor analysis 

has limitations, as it requires some subjectivity in decisions regarding the number of factors to 

retain (15) and dose-response effects may be difficult to interpret.  The naming of dietary 

patterns is also subject to different interpretations (15).  The largest advantage is that dietary 

patterns take account of total diet.  Nevertheless, sensitivity analysis have shown this method to 

be robust (13, 20) (Paper 5).  Dietary patterns based on factor analysis have been deemed valid 
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in comparison to diet records (3, 21) and blood biomarkers (21) and repeatable over short (3) 

and long time periods (22). 

 

The epidemiological evidence relating to dietary zinc intake and prostate cancer is limited and 

controversial.  While some studies suggest a decreased risk with higher zinc intake (23-25), 

others report increased risks (16, 26-28).  Total zinc intake including supplements (but not 

dietary zinc) has been statistically and significantly associated with prostate cancer in older men 

(26) and similarly, dose and duration of zinc supplementation with advanced prostate cancer in 

the Health Professionals Follow Up Study (29).  Yet, zinc is an important trace element actively 

taken up by the healthy prostate gland and prostate zinc levels are known to decrease with 

prostate carcinogenesis (30).  In-vitro, zinc has been shown to have anti-tumor effects in the 

prostate (30).   

 

Protein intake has not been clearly linked with prostate cancer (28, 31-34), although an 

increased risk was reported for high protein intake among black men in one study (35).  

However, it may be that protein acts as a marker for zinc intake.  In Australian adult males, meat 

and poultry form the largest source of dietary zinc (39%) and protein (37%) (36), and zinc intake 

was strongly correlated with protein intake in this study (r=0.86).  

 

This study supports a nutrient intake pattern that is characterised by increased intakes of zinc, 

protein, fibre, folate, magnesium, iron and B vitamins and low intakes of fat and saturated fat, 

which correlates moderately with a previously identified ‘Health-conscious’ food pattern, to 

reduce prostate cancer risk.  This study also illustrates how the analysis of individual nutrients 

may not provide the best information regarding diet-disease relationships, owing to the total 

effect of diet not being taken into account.  Public health messages about reducing prostate 

cancer risk may need to include the whole dietary context, not just information about a small 

number of nutrients. 
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Summary  

Appendix 8 provides a summary of diet-disease relationships observed in the original work for 

this thesis.  The findings suggest that increased intakes of vitamin C-rich vegetables, peppers, 

broccoli, and zinc may decrease prostate cancer risk (Papers 1 and 6).  In addition, a nutrient 

intake pattern high in zinc, protein, fibre, folate and other B vitamins, iron and magnesium, and 

low in total fat and saturated fat is associated with a reduced risk of prostate cancer (Paper 6).  

On the other hand, a higher score for a ‘Western’ dietary pattern, characterised by high intakes 

of red meat, processed meat, full cream milk, fried fish, chips, crisps, white bread, cakes and full 

alcohol beer, may increase prostate cancer risk (Paper 5).  These findings generally support the 

literature reviewed earlier (Chapter 2).   

 

Some similarities were seen with surgically-treated benign prostatic hyperplasia (BPH).   

A decreased risk was associated with higher intakes of total, dark yellow and other vegetables 

excluding cruciferous vegetables and tomatoes (Paper 4), and a higher score for a ‘Vegetable’ 

dietary pattern (Paper 3).  In addition, the risk of BPH decreased with higher intakes of zinc and 

beta carotene, and with tofu consumption (Paper 4).  High intakes of sugars, high fat dairy 

products and retinol were associated with an increase in BPH risk (Paper 4).  An increased risk 

was suggested with higher calcium intake (Paper 4). 

 

Papers 3 and 5 show statistically robust associations between empirically derived food-based 

dietary patterns, prostate cancer risk and BPH risk.  These associations outweighed those 

observed for individual nutrients and foods in the case of prostate cancer.  Whereas for BPH, 

the ORs were slightly stronger for some individual foods and nutrients e.g. dark yellow 

vegetables and zinc.  Therefore, the reduction in risk for BPH associated with the vegetable 

dietary pattern may be explained in part, by dark yellow vegetable intake.  However, the 

analysis of nutrient patterns in Paper 6 demonstrates the value in analysing the whole diet 

rather than individual nutrients separately.  In Paper 6, both zinc and protein intakes appeared 

protective for prostate cancer when analysed as individual nutrients.  Yet, the two nutrient 

patterns identified that were high in zinc and protein but varying in other nutrients, had different 

associations with prostate cancer risk (Paper 6).   
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Papers 3 to 6 utilise dietary intakes recalled from ten years earlier using a modified food 

frequency questionnaire (FFQ).  The use of remote dietary recall is justified in Paper 2, where 

the modified FFQ was compared to a 28-day dietary record.  Using limits-of-agreement 

analysis, the modified FFQ was found to be as reliable as another frequently used Australian 

FFQ designed to estimate recent diet.   

 

In summary, the following hypotheses were supported by this work: 

Hypothesis 1 for prostate cancer, but not BPH. 

Hypothesis 2 for BPH, but not prostate cancer. 

Hypothesis 3 for BPH and partially for prostate cancer, excluding fruit. 

Hypothesis 4 was not supported for BPH, but indirectly supported for prostate cancer 

(Nutrient Pattern 1 was low in fat and calcium in Paper 6).  

Hypothesis 5 for prostate cancer, but not BPH 

Hypothesis 6. 

 

 

Western Diets, Prostate Cancer and BPH 

From the above, it can be surmised that a western dietary pattern increases prostate cancer 

risk.  Similarly, the risk of BPH may be increased by components of a western diet, i.e. 

increased sugars and high fat dairy products.  Foods and nutrients that tend to be lacking in 

western diets i.e. vegetables, folate and fibre, may provide protection against these conditions.   

 

Although western diets are rich in energy and meat products, inadequate zinc intakes are of 

concern among men living in countries such as Australia (1) and the US (2) where western diets 

are commonplace.  This is possibly due to the over consumption of refined foods or poor zinc 

bioavailability.  The Australian recommended dietary intake (RDI) for zinc was recently 

increased from 12 mg to 14mg for adult men, partly in recognition that men lose significant 

amounts of zinc in semen (3).  
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Diet and Inflammation in Prostate Carcinogenesis and BPH 

The dietary risk factors highlighted above indirectly support the recently hypothesised role for 

chronic inflammation in the development of both prostate cancer (4) and BPH (5).  Western 

dietary patterns have been positively associated with biomarkers for inflammation and metabolic 

syndrome in several large studies (6-8).  It has also been suggested that heterocyclic amines 

consumed in charred or well cooked meat may contribute to chronic inflammation in the prostate 

gland (4).   

 

‘Prudent’, ‘healthy’ and ‘vegetable-based’ dietary patterns as well as intakes of fruits and 

vegetables have been associated with lower levels of biomarkers for inflammation (6, 8-11).  

Fruit and vegetables may provide anti-inflammatory agents via their antioxidant content e.g. 

beta carotene, lycopene and vitamin C, which are capable of sequestering free radicals 

produced by inflammatory processes (12).   

 

Although there is evidence of direct effects from diet on chronic inflammation, relatively few 

studies have examined prostate cancer or BPH risk according to biomarkers of inflammation.  

Of these, the majority have studied a single biomarker (CRP) with mostly null results (13-16). 

 

A Special Role for Zinc 

Zinc has various roles in the body including an indirect antioxidant effect via its key contribution 

to superoxide dismutase and various metallothionein proteins (17).  However, zinc has been 

shown to act specifically in the prostate gland as a ‘tumor suppressor’ via its apoptotic and 

anti-tumor migration effects (18).  Furthermore, expression of ZIP1, which transports zinc into 

the prostate, is down-regulated in prostate carcinogenesis, and has therefore been suggested 

as a ‘tumor suppressor gene’ (18). It may be that insufficient zinc intake and/or genetic 

alterations in ZIP1, act as contributors to prostate carcinogenesis in addition to or in concert 

with, chronic inflammation.  However, although there is considerable in-vitro evidence of a role 

for zinc in the prevention of prostate cancer, the epidemiological data is conflicting and includes 

reports of pro-carcinogenic effects associated with high zinc intakes.  The reported increases in 

prostate zinc levels in BPH, coupled with a purported protective effect from dietary zinc reported 
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here, is also intriguing.  However, few studies have examined dietary zinc intake in relation to 

BPH. 

 

Limitations of the Thesis 

Human nutrition and its effects on health is a vast and complex area in science.  It is beyond the 

scope of this thesis to examine every potential dietary risk factor for prostate cancer and BPH.  

Specific hypotheses have been stated (Chapter 2) so as to take a focussed approach.  In doing 

so however, it is possible that other important dietary risk factors not examined in this thesis 

may exist.   

 

This investigation into diet, prostate cancer and BPH is based on the existing literature and 

original work.  The limitations of the existing epidemiological research have been considered in 

Chapter 2.  The original work for this thesis is based on two studies. The first (Vitamin A 

Program) was a nested case-control study of prostate cancer from a chemoprevention program 

using vitamin A supplements (Paper 1).  Although relatively small, this study benefited from 

prospective follow up of more than 12 years.  Dietary intakes were estimated before the onset of 

disease and the main outcome of interest was not prostate cancer, reducing the likelihood of 

recall bias.   

 

The second study (Prostate Health Study) was a population-based case-control study of 

prostate cancer and BPH that utilised eligible cases occurring in Western Australia over a two 

year period (Papers 3 to 6).  Various potential confounders were considered, including family 

history of prostate cancer, physical activity, male pattern baldness, body mass index, vasectomy 

status, and considered urinary symptoms and tumour grade.  Case-control studies are more 

susceptible to the effects of recall bias, whereby the subject’s disease status influences 

responses to questions about exposures.  However, in using estimates of dietary intake and 

other covariates 10 years prior, recall bias may have been reduced in this study. 

   

In any epidemiological study, those who agree to participate may be different from those who do 

not, in ways that are related to factors influencing the outcome of interest e.g. age, smoking 

status, education or socioeconomic level (19).  A poor response rate suggests selection bias, 
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which can reduce the internal and external validity of a study (20, 21), but does not make 

selection bias inevitable.  A low response fraction will bias a case-control study’s OR only when 

participation is dependent on both the exposure and outcome of interest (19) however these 

may in effect, cancel each other out (20).  Although some response fractions in the Prostate 

Health Study were less than desirable, attempts to investigate selection bias (although limited 

due to the nature of population-based registry data) did not suggest this.  It is very likely that the 

topic of the study, namely prostate health and its inferences with sexual health, contributed to 

the decreased response fractions.  Inconsistencies in the reporting of response fractions, 

including a complete lack of information in a significant proportion of papers, is a problem in 

epidemiology (21) and makes proper comparisons between studies difficult.  Notwithstanding 

this, a sharp decline in participation in population-based case-control studies, particularly among 

controls, has been identified over the past three decades especially since 1990 (21).  Therefore, 

strategies that facilitate participation are needed as an integral part of health research design 

(22).  

 

Clinicians are not always in agreement over the different definitions of BPH, and the use of 

surgically-treated BPH as a case definition in the Prostate Health Study has been justified 

(Paper 3).  However, it should be emphasised that the results relating to BPH in the Prostate 

Health Study may only be applied to surgically-treated BPH and not all BPH. 

 

Food frequency questionnaires (FFQs) were used in both studies contributing to the original 

work for this thesis.  The difficulties in measuring dietary intake are well known in epidemiology, 

and although FFQs are widely used, they have been criticised for their measurement error (23, 

24).  However, FFQs currently remain as one of the best available dietary tools for large 

epidemiological studies.  Both FFQs used in this thesis were tested for their reliability compared 

to a 28-day diet record (25) (Paper 2), however it must be acknowledged that these reliability 

analyses pertain to nutrient intakes and the reliability of food intakes may differ. 

 

The arbitrary naming of dietary patterns is subject to interpretation. The names of the dietary 

patterns studied here were based on the most important factor loadings (i.e. loadings ± 0.30 or 

more).  For example, the ‘Health-conscious’ pattern includes components common to a 

Mediterranean-style diet such as rice, pasta, chicken, fish, legumes, ricotta cheese and wine.  
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However, it was not labelled ‘Mediterranean’ as it included tofu, and was not positively loaded 

for white bread, nor did it correlate with monounsaturated fat intake (the latter two being key 

components of a Mediterranean-type diet (26)).  Differences in the naming of dietary patterns 

may hinder direct comparisons between studies. 

 

Original Contributions of the Thesis 

In considering nutrient intakes, food intakes, and dietary patterns, this original work adds 

several complementary aspects to the total evidence relating to dietary intakes as risk factors 

for prostate cancer and BPH.  Few studies have examined dietary risk factors for BPH, and this 

thesis provides one of the first studies on empirically derived dietary patterns and BPH.  

 

Two important methodological issues in nutritional epidemiology have been examined in this 

thesis.  Empirically derived dietary patterns offer an holistic and statistically sound alternative to 

the traditional reductionist approach of examining individual nutrients.  A unique comparison of 

prostate cancer risk according to individual nutrient intakes versus patterns in nutrient intakes is 

presented, highlighting some disparities between these two methods of analysis (Paper 6).  

Paper 6 is one of few studies to consider patterns in nutrient intakes to date.   

 

The reliability of remote dietary intake has not been studied widely, and its inclusion in this 

thesis adds a novel aspect.  This research shows that 10 year recall may be as reliable as 

recent dietary recall.  Remote dietary intake is wholly relevant to the study of chronic disease 

and is more likely to be related to the initiation or progression of a recently diagnosed chronic 

disease than recent diet, which is commonly used in epidemiology.   

 

 



 

 215 

Conclusions and Further Research 

Although they differ in terms of their pathology, there appear to be similarities in the dietary risk 

factors for prostate cancer and BPH.  Aspects of a western dietary pattern appear to influence 

both prostate cancer and BPH risk, independent of western lifestyle factors such as physical 

activity, smoking, and body mass index.  Based on the original work presented in this thesis and 

the existing literature, the following are suggested to further develop understanding in this area: 

 

The role of inflammation in prostate cancer and BPH.  Identifying markers for inflammation in 

the prostate or alternative markers for systemic inflammation (besides CRP) would be extremely 

useful.  Prospective epidemiological studies on adequate numbers of men are needed to 

examine various biomarkers for inflammation and the risk of prostate cancer and BPH.  

Complementing this would be experimental studies investigating how dietary intakes affect 

biomarkers for systemic inflammation or more particularly, inflammation in the prostate. 

 

The role of zinc in prostate health.  Zinc appears critical to the prostate gland, yet there remain 

unresolved differences between clinical and epidemiological studies of zinc, prostate cancer and 

BPH.  The amount of dietary zinc necessary for optimum prostate health, particularly with aging, 

is unclear.  Controlled clinical trials of zinc supplements and prostate cancer are needed, as 

very few have been conducted to date (27, 28) .  The role of zinc in BPH has not been explored 

as extensively, and deserves further consideration.   

 

Dietary patterns in nutritional epidemiology.  This is still a relatively new area in nutritional 

epidemiology that offers an exciting alternative to traditional approaches.  There is scope for 

further exploration into the methods used to derive empirical dietary patterns and a need for 

more studies on the reliability and reproducibility of dietary patterns.  The study of patterns in 

nutrient intakes in particular, deserves further exploration. 

 

Remote dietary intake and chronic disease.  Where prospective studies are not possible, the 

estimation of remote dietary intake rather than recent dietary intake ought to be considered 

when studying diet and chronic disease relationships.  More studies examining the reliability of 

remote dietary intake might support this.   
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 Appendix 1.  Example of Test for Publication Bias 

 

Begg's funnel plot with pseudo 95% confidence limits
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Studies of Vegetable Intake and Prostate Cancer 

 

The graph above plots the log(OR) for each study of vegetable intake and prostate cancer risk.  

It can be seen that the study results are not evenly distributed on either side of the pooled OR 

(horizontal line).  The lack of symmetry about the null OR suggests but does not guarantee, 

publication bias.  However, the statistically significant Begg’s test (p=0.013) means that 

publication bias is very likely: 

 

 

 

 

 

 

 

 

 

 

Begg’s Test  (STATA output): 

 

adj. Kendall's Score (P-Q) = -56 

Std. Dev. of Score = 22.21 

Number of Studies = 16 

z = -2.52 

Pr > z = 0.012 

z = 2.48 (continuity corrected) 

Pr > z = 0.013 (continuity corrected) 
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Appendix 2.  The International Prostate Symptom Sco re (I-PSS) 

 

The International Prostate Symptom Score (IPSS) is a questionnaire (Figure 22) based on the 

American Urological Association's BPH Symptom Score questionnaire (1) to assess the severity 

of urinary symptoms, associated quality of life, and the likelihood of prostate disease (2).  The 

I-PSS has been tested for reliability and validity (1, 2). 

 

Seven questions are asked relating to urinary habits: frequency, intermittency, urgency, weak 

stream, straining, incomplete bladder emptying and nocturia.   
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Figure 22.  The International Prostate Symptom Score ( IPSS) Questionnaire 

 

Over the past month, how 

often have you... 

Not at 

all 

Less than 

1 time in 5  

Less 

than half 

the time  

About 

half the 

time 

More 

than half 

the time  

Almost 

always 

Your 

Score 

1. ...had a sensation of not 
emptying your bladder 
completely after you 
finished urinating? 

0 1 2 3 4 5  

2. ...had to urinate again 
less than two hours after 
you finished urinating? 

0 1 2 3 4 5  

3. ...stopped and started 
again several times 
when you urinated? 

0 1 2 3 4 5  

4. ...found it difficult to 
postpone urination? 

0 1 2 3 4 5  

5. ...had a weak urinary 
stream? 

0 1 2 3 4 5  

6. ...had to push or strain to 
begin urination? 

0 1 2 3 4 5  

 

 None Once Twice 3 times  4 times 5 times 
or more  

 

7. Over the past month, how 
many times did you most 
typically get up to urinate 
from the time you went 
to bed at night until the 
time you got up in the 
morning? 

0 1 2 3 4 5  

 Total  
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Appendix 4.  The Cancer Council of Victoria’s Food Frequency 

Questionnaire 

 

This FFQ was modified from the original Cancer Council of Victoria food frequency 

questionnaire, to collect information on the respondent’s diet 10 years before the study. 
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Appendix 5.  Personal Characteristics and Food Inta ke by Quartiles of 

Food Patterns (prostate cancer cases and controls) 
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Table 29.  Personal characteristics by quartiles of (food based) dietary patterns. 

 Quartile of Dietary Pattern ( ± SD) 
  1   2   3   4  
             
Vegetable pattern         
  (n=247)  (n=248)  (n=254)  (n=244) 
Age  64 ± 7 64 ± 7 65 ± 7 65 ± 7 
BMI now 27 ± 4 27 ± 4 27 ± 4 27 ± 4 
BMI 10 years ago 26 ± 4 26 ± 4 26 ± 3 26 ± 5 
Father with prostate cancer (%) 9   9   9   12   
History of vasectomy (%) 30   26   24   24   
Never smoked (%) 32   35   32   39   
Former smoker (%) 56   54   63   55   
Current smoker (%) 12   11   6   6   
Vigorous or moderate PA (%) 1 31   35   48   42   

             
Western pattern             
  (n=246)  (n=248)  (n=255)  (n=244) 
Age 66 ± 7 65 ± 7 64 ± 7 64 ± 7 
BMI now 26 ± 4 27 ± 4 27 ± 4 27 ± 4 
BMI 10 years ago 26 ± 4 27 ± 3 26 ± 4 27 ± 4 
Father with prostate cancer (%) 9   9   13   8   
History of vasectomy (%) 28   26   29   20   
Never smoked (%) 43   38   31   26   
Former smoker (%) 54   56   60   58   
Current smoker (%) 3   6   9   16   
Vigorous or moderate PA (%) 1 43   46   36   32   

 

1 Participated in moderate or vigorous physical activity throughout life 
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Table 29.  Personal characteristics by quartiles of (food based) dietary patterns (cont’d). 

 Quartile of Dietary Pattern (mean ± SD) 
  1   2   3   4  
             
Health-conscious pattern             
  (n=248)  (n=252)  (n=249)  (n=244) 
Age 67 ± 6 65 ± 7 64 ± 7 63 ± 7 
BMI now 26 ± 4 27 ± 4 27 ± 4 27 ± 4 
BMI 10 years ago 25 ± 4 26 ± 3 27 ± 5 26 ± 4 
Father with prostate cancer (%) 10   9   10   11   
History of vasectomy (%) 21   23   28   31   
Never smoked (%) 33   36   34   35   
Former smoker (%) 55   55   57   61   
Current smoker (%) 12   9   9   4   
Vigorous or moderate PA (%) 1 29   35   44   49   

  

1 Participated in moderate or vigorous physical activity throughout life 
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Table 30.  Food intake by quartiles of the 'Vegetable' pattern. 

 Quartile of Vegetable Pattern 

Average daily intake 1, 2  1   2   3   4  

  (n=247)  (n=248)  (n=254)  (n=244) 

Processed meats 32 ± 29 36 ± 28 38 ± 30 44 ± 35 
Red meats 94 ± 72 112 ± 68 118 ± 76 136 ± 88 
Fish 36 ± 32 35 ± 27 47 ± 34 60 ± 79 
Chicken 27 ± 26 28 ± 20 32 ± 21 39 ± 36 
Eggs 20 ± 15 23 ± 15 22 ± 15 21 ± 15 
Low fat dairy 115 ± 171 124 ± 189 140 ± 197 153 ± 194 
High fat dairy 213 ± 202 242 ± 207 244 ± 228 245 ± 208 
Fresh fruit 153 ± 107 183 ± 116 219 ± 127 295 ± 163 
Legumes 24 ± 23 36 ± 37 46 ± 67 48 ± 40 
Vegetables 58 ± 24 93 ± 25 118 ± 26 172 ± 49 
Potatoes 29 ± 27 45 ± 33 59 ± 38 83 ± 53 
Refined grains 128 ± 95 133 ± 97 140 ± 99 143 ± 104 
Whole grains 75 ± 85 98 ± 96 132 ± 121 151 ± 138 
Sweets 33 ± 36 45 ± 43 61 ± 53 81 ± 72 
Sugar 21 ± 19 24 ± 19 25 ± 19 32 ± 23 
Wine 116 ± 157 103 ± 151 97 ± 139 76 ± 140 
Beer 247 ± 462 309 ± 521 236 ± 489 286 ± 553 

 

1 mean ± SD (grams) 

2 Processed meats - bacon, ham, salami, sausages; Red meats - beef, lamb, pork, veal, hamburger meat; Fish - fried fish, grilled or steamed fish, tinned fish;  
Low fat dairy - reduced fat milk, skim milk, ricotta cheese, low fat cheese, flavoured milks; High fat dairy; full cream milk, hard cheeses, firm cheeses, soft 
cheese, cream cheese, icecream, yoghurt; Wine - red wine, white wine, fortified wines; Legumes - peas, green beans, bean sprouts, baked beans, tofu, 
chickpeas, lentils, soya milk; Whole grains - high fibre bread, wholemeal bread, rye bread, multigrain bread, bran breakfast cereal, porridge, muesli; Refined 
grains - white bread, rice, pasta, cornflakes; Sweets - cakes, sweet pastries, sweet biscuits, chocolate; Sugar - sugar, jams. 
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Table 31.  Food intake by quartiles of the 'Western’ pattern. 

 Quartile of Western Pattern 

Average daily intake 1, 2  1   2   3   4  

  (n=246)  (n=248)  (n=255)  (n=244) 

Processed meats 20 ± 15 28 ± 20 43 ± 30 59 ± 38 
Red meats 64 ± 37 94 ± 47 126 ± 73 177 ± 91 
Fish 42 ± 46 36 ± 27 42 ± 34 60 ± 72 
Chicken 27 ± 21 28 ± 29 30 ± 26 39 ± 29 
Eggs 15 ± 10 19 ± 12 23 ± 15 30 ± 18 
Low fat dairy 232 ± 205 141 ± 189 101 ± 170 57 ± 138 
High fat dairy 140 ± 160 217 ± 202 258 ± 212 332 ± 222 
Fresh fruit 280 ± 145 202 ± 126 186 ± 126 181 ± 140 
Legumes 40 ± 71 34 ± 39 36 ± 24 43 ± 35 
Vegetables 112 ± 56 103 ± 45 107 ± 48 118 ± 59 
Potatoes 43 ± 34 50 ± 35 56 ± 46 65 ± 52 
Refined grains 92 ± 81 106 ± 77 148 ± 88 199 ± 111 
Whole grains 162 ± 110 129 ± 110 93 ± 111 70 ± 109 
Sweets 32 ± 33 44 ± 41 58 ± 53 87 ± 71 
Sugar 19 ± 16 22 ± 17 29 ± 22 33 ± 23 
Wine 110 ± 143 100 ± 151 93 ± 160 89 ± 136 
Beer 94 ± 241 176 ± 375 326 ± 566 484 ± 654 

 

1 mean ± SD (grams) 

2 Processed meats - bacon, ham, salami, sausages; Red meats - beef, lamb, pork, veal, hamburger meat; Fish - fried fish, grilled or steamed fish, tinned fish;  
Low fat dairy - reduced fat milk, skim milk, ricotta cheese, low fat cheese, flavoured milks; High fat dairy; full cream milk, hard cheeses, firm cheeses, soft 
cheese, cream cheese, icecream, yoghurt; Wine - red wine, white wine, fortified wines; Legumes - peas, green beans, bean sprouts, baked beans, tofu, 
chickpeas, lentils, soya milk; Whole grains - high fibre bread, wholemeal bread, rye bread, multigrain bread, bran breakfast cereal, porridge, muesli; Refined 
grains - white bread, rice, pasta, cornflakes; Sweets - cakes, sweet pastries, sweet biscuits, chocolate; Sugar - sugar, jams. 
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Table 32.  Food intake by quartile of the 'Health-conscious’ pattern. 

 Quartile of Health-conscious Pattern 

Average daily intake 1, 2  1   2   3   4  

  (n=248)  (n=252)  (n=249)  (n=244) 

Processed meats 34 ± 31 39 ± 34 39 ± 30 38 ± 28 
Red meats 112 ± 74 107 ± 69 114 ± 79 127 ± 86 
Fish 27 ± 20 34 ± 24 46 ± 36 73 ± 78 
Chicken 20 ± 16 27 ± 19 31 ± 24 47 ± 37 
Eggs 21 ± 15 22 ± 15 22 ± 15 22 ± 16 
Low fat dairy 95 ± 179 128 ± 176 149 ± 192 161 ± 201 
High fat dairy 274 ± 208 212 ± 189 229 ± 226 230 ± 218 
Fresh fruit 165 ± 115 202 ± 128 210 ± 129 272 ± 163 
Legumes 35 ± 26 35 ± 29 37 ± 56 46 ± 61 
Vegetables 101 ± 51 104 ± 48 110 ± 53 125 ± 57 
Potatoes 64 ± 50 53 ± 42 51 ± 43 47 ± 36 
Refined grains 126 ± 82 119 ± 87 123 ± 90 176 ± 122 
Whole grains 86 ± 114 101 ± 100 118 ± 108 150 ± 129 
Sweets 60 ± 60 56 ± 57 51 ± 51 53 ± 53 
Sugar 31 ± 22 24 ± 20 24 ± 20 22 ± 19 
Wine 37 ± 80 78 ± 125 117 ± 151 160 ± 186 
Beer 296 ± 580 313 ± 548 239 ± 450 229 ± 434 

 

1 mean ± SD (grams) 

2 Processed meats - bacon, ham, salami, sausages; Red meats - beef, lamb, pork, veal, hamburger meat; Fish - fried fish, grilled or steamed fish, tinned fish;  
Low fat dairy - reduced fat milk, skim milk, ricotta cheese, low fat cheese, flavoured milks; High fat dairy; full cream milk, hard cheeses, firm cheeses, soft 
cheese, cream cheese, icecream, yoghurt; Wine - red wine, white wine, fortified wines; Legumes - peas, green beans, bean sprouts, baked beans, tofu, 
chickpeas, lentils, soya milk; Whole grains - high fibre bread, wholemeal bread, rye bread, multigrain bread, bran breakfast cereal, porridge, muesli; Refined 
grains - white bread, rice, pasta, cornflakes; Sweets - cakes, sweet pastries, sweet biscuits, chocolate; Sugar - sugar, jams. 
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Appendix 6.  Personal Characteristics and Food Inta ke by Quartiles of 

Food Patterns (BPH cases and controls) 

 

 



 

 263 

Table 33.  Personal characteristics by quartiles of (food based) dietary patterns. 

 Quartile of Dietary Pattern (mean ± SD) 
  1   2   3   4  
             
Vegetable pattern         
  (n=211)  (n=215)  (n=212)  (n=210) 
Age 65 ± 6 66 ± 4 66 ± 6 67 ± 6 
BMI now 27 ± 5 28 ± 13 28 ± 5 27 ± 5 
BMI 10 years ago 26 ± 4 27 ± 11 27 ± 5 26 ± 6 
Moderate IPSS 1 (%) 27   21   29   24   
Severe IPSS 2  (%) 34   36   27   33   
History of vasectomy (%) 24   21   27   29   
Never smoked (%) 29   35   35   35   
Former smoker (%) 58   54   58   60   
Current smoker (%) 13   11   8   6   
Vigorous or moderate PA (%) 3 39   34   44   44   
             
Western pattern         
  (n=214)  (n=213)  (n=213)  (n=208 
Age 67 ± 6 66 ± 6 66 ± 6 65 ± 6 
BMI now 27 ± 14 27 ± 5 27 ± 4 28 ± 6 
BMI 10 years ago 26 ± 11 26 ± 4 26 ± 4 27 ± 5 
Moderate IPSS 1 (%) 27   30   23   22   
Severe IPSS 2  (%) 29   34   33   35   
History of vasectomy (%) 26   25   26   23   
Never smoked (%) 30   44   30   30   
Former smoker (%) 56   59   56   57   
Current smoker (%) 3   7   14   13   
Vigorous or moderate PA (%) 3 42   44   39   36   
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Table 33.  Personal characteristics by quartiles of (food based) dietary patterns (cont’d) 

 Quartile of Dietary Pattern (mean ± SD) 
  1   2   3   4  
             
Health-conscious pattern         
  (n=213)  (n=214)  (n=215)  (n=206 
Age 68 ± 5 67 ± 6 64 ± 6 65 ± 7 
BMI now 26 ± 4 27 ± 5 28 ± 6 29 ± 14 
BMI 10 years ago 25 ± 3 26 ± 5 27 ± 5 27 ± 11 
Moderate IPSS 1 (%) 26   24   26   26   
Severe IPSS 2 (%) 30   34   36   30   
History of vasectomy (%) 21   26   29   24   
Never smoked (%) 33   35   33   32   
Former smoker (%) 54   58   55   62   
Current smoker (%) 13   7   12   6   
Vigorous or moderate PA (%) 3 32   43   44   42   

             
1 International Prostate Symptom Score (IPSS) >7 and ≤19         
2 International Prostate Symptoms Score (IPSS) >20         
3 Participated in moderate or vigorous physical activity throughout life        
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Table 34.  Food intake by quartiles of the 'Vegetable' pattern. 

 Quartile of Vegetable Pattern 

Average daily intake 1, 2  1   2   3   4  

  (n=211)  (n=215)  (n=212)  (n=210) 
Processed meats 29 ± 28 36 ± 30 42 ± 36 39 ± 31 
Red meats 93 ± 64 105 ± 71 118 ± 77 139 ± 91 
Fish 37 ± 35 38 ± 35 48 ± 35 58 ± 57 
Chicken 27 ± 20 28 ± 19 30 ± 19 37 ± 39 
Eggs 20 ± 15 23 ± 16 23 ± 16 22 ± 16 
Low fat dairy 109 ± 175 149 ± 201 157 ± 218 130 ± 191 
High fat dairy 232 ± 203 241 ± 221 239 ± 230 305 ± 254 
Fresh fruit 159 ± 106 185 ± 125 234 ± 135 298 ± 169 
Legumes 25 ± 34 33 ± 24 46 ± 64 53 ± 74 
Vegetables 58 ± 26 92 ± 22 114 ± 28 174 ± 54 
Potatoes 30 ± 29 44 ± 35 60 ± 39 85 ± 56 
Refined grains 121 ± 92 122 ± 93 139 ± 100 134 ± 104 
Whole grains 79 ± 79 110 ± 100 144 ± 130 172 ± 144 
Sweets 33 ± 33 43 ± 45 64 ± 54 81 ± 79 
Sugar 22 ± 18 24 ± 18 27 ± 20 36 ± 27 
Wine 123 ± 184 94 ± 151 98 ± 149 72 ± 118 
Beer 211 ± 433 227 ± 477 245 ± 489 298 ± 542 

 

1 mean ± SD (grams) 

2 Processed meats - bacon, ham, salami, sausages; Red meats - beef, lamb, pork, veal, hamburger meat; Fish - fried fish, grilled or steamed fish, tinned fish;  
Low fat dairy - reduced fat milk, skim milk, ricotta cheese, low fat cheese, flavoured milks; High fat dairy; full cream milk, hard cheeses, firm cheeses, soft 
cheese, cream cheese, icecream, yoghurt; Wine - red wine, white wine, fortified wines; Legumes - peas, green beans, bean sprouts, baked beans, tofu, 
chickpeas, lentils, soya milk; Whole grains - high fibre bread, wholemeal bread, rye bread, multigrain bread, bran breakfast cereal, porridge, muesli; Refined 
grains - white bread, rice, pasta, cornflakes; Sweets - cakes, sweet pastries, sweet biscuits, chocolate; Sugar - sugar, jams. 
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Table 35.  Food intake by quartiles of the 'Western’ pattern. 

 Quartile of Western Pattern 

Average daily intake 1, 2  1   2   3   4  

  (n=214)  (n=213)  (n=213)  (n=208) 
Processed meats 17 ± 14 28 ± 21 41 ± 28 61 ± 40 
Red meats 62 ± 36 94 ± 51 119 ± 66 181 ± 94 
Fish 40 ± 51 38 ± 33 47 ± 41 56 ± 39 
Chicken 25 ± 26 31 ± 32 28 ± 20 37 ± 24 
Eggs 15 ± 12 19 ± 14 23 ± 16 31 ± 18 
Low fat dairy 218 ± 207 155 ± 207 97 ± 178 73 ± 160 
High fat dairy 154 ± 175 228 ± 224 286 ± 235 350 ± 233 
Fresh fruit 280 ± 145 205 ± 132 205 ± 150 184 ± 136 
Legumes 42 ± 83 34 ± 46 38 ± 43 42 ± 25 
Vegetables 112 ± 56 97 ± 45 109 ± 52 120 ± 62 
Potatoes 42 ± 31 52 ± 40 58 ± 50 68 ± 54 
Refined grains 81 ± 73 100 ± 81 144 ± 83 192 ± 112 
Whole grains 170 ± 110 140 ± 114 105 ± 126 89 ± 117 
Sweets 31 ± 35 45 ± 42 60 ± 55 86 ± 78 
Sugar 20 ± 18 22 ± 17 30 ± 22 37 ± 25 
Wine 106 ± 148 103 ± 155 88 ± 167 91 ± 141 
Beer 68 ± 203 190 ± 375 270 ± 529 460 ± 643 

 

1 mean ± SD (grams) 

2 Processed meats - bacon, ham, salami, sausages; Red meats - beef, lamb, pork, veal, hamburger meat; Fish - fried fish, grilled or steamed fish, tinned fish;  
Low fat dairy - reduced fat milk, skim milk, ricotta cheese, low fat cheese, flavoured milks; High fat dairy; full cream milk, hard cheeses, firm cheeses, soft 
cheese, cream cheese, icecream, yoghurt; Wine - red wine, white wine, fortified wines; Legumes - peas, green beans, bean sprouts, baked beans, tofu, 
chickpeas, lentils, soya milk; Whole grains - high fibre bread, wholemeal bread, rye bread, multigrain bread, bran breakfast cereal, porridge, muesli; Refined 
grains - white bread, rice, pasta, cornflakes; Sweets - cakes, sweet pastries, sweet biscuits, chocolate; Sugar - sugar, jams. 
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Table 36.  Food intake by quartiles of the 'Health-conscious’ pattern. 

 Quartile of Health-Conscious Pattern 

Average daily intake 1, 2  1   2   3   4  

  (n=213)  (n=214)  (n=215)  (n=206) 
Processed meats 33 ± 28 37 ± 31 38 ± 33 38 ± 33 
Red meats 110 ± 81 103 ± 69 116 ± 80 124 ± 80 
Fish 28 ± 24 36 ± 25 45 ± 33 73 ± 61 
Chicken 20 ± 16 25 ± 16 32 ± 21 44 ± 39 
Eggs 22 ± 16 22 ± 15 21 ± 15 24 ± 17 
Low fat dairy 97 ± 186 140 ± 202 145 ± 189 162 ± 206 
High fat dairy 298 ± 229 229 ± 210 248 ± 242 240 ± 230 
Fresh fruit 171 ± 117 187 ± 115 220 ± 134 299 ± 176 
Legumes 36 ± 23 38 ± 44 32 ± 36 51 ± 89 
Vegetables 104 ± 53 100 ± 47 105 ± 52 129 ± 61 
Potatoes 69 ± 55 53 ± 38 50 ± 46 48 ± 40 
Refined grains 114 ± 84 115 ± 81 124 ± 96 164 ± 118 
Whole grains 104 ± 130 110 ± 97 130 ± 111 162 ± 134 
Sweets 65 ± 70 48 ± 49 58 ± 60 50 ± 49 
Sugar 35 ± 24 26 ± 20 25 ± 20 23 ± 22 
Wine 36 ± 85 70 ± 105 127 ± 165 157 ± 201 
Beer 223 ± 489 299 ± 547 254 ± 448 204 ± 454 

 

1 mean ± SD (grams) 

2 Processed meats - bacon, ham, salami, sausages; Red meats - beef, lamb, pork, veal, hamburger meat; Fish - fried fish, grilled or steamed fish, tinned fish;  
Low fat dairy - reduced fat milk, skim milk, ricotta cheese, low fat cheese, flavoured milks; High fat dairy; full cream milk, hard cheeses, firm cheeses, soft 
cheese, cream cheese, icecream, yoghurt; Wine - red wine, white wine, fortified wines; Legumes - peas, green beans, bean sprouts, baked beans, tofu, 
chickpeas, lentils, soya milk; Whole grains - high fibre bread, wholemeal bread, rye bread, multigrain bread, bran breakfast cereal, porridge, muesli; Refined 
grains - white bread, rice, pasta, cornflakes; Sweets - cakes, sweet pastries, sweet biscuits, chocolate; Sugar - sugar, jams. 
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Appendix 7. Personal Characteristics and Nutrient I ntake by Quartiles of 

Nutrient Patterns (prostate cancer cases and contro ls) 
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Table 37.  Personal characteristics by quartiles of nutrient intake patterns 

 Quartile of Nutrient Intake Pattern (mean ± SD) 
  1   2   3   4  
             
Nutrient pattern 1             

  (n=247)  (n=251)  (n=250)  (n=245) 
Age 65 ± 6 65 ± 7 65 ± 6 64 ± 7 
BMI now 27 ± 4 27 ± 4 26 ± 3 27 ± 4 
BMI 10 years ago 26 ± 4 26 ± 4 26 ± 3 27 ± 4 
Father with prostate cancer (%) 11   7   14   8   
History of vasectomy (%) 21   25   28   28   
Never smoked (%) 29   31   40   37   
Former smoker (%) 58   62   50   58   
Current smoker (%) 13   7   10   4   
Vigorous or moderate PA (%) 1 32   36   41   48   

             
Nutrient pattern 2             

  (n=248)  (n=248)  (n=243)  (n=254) 
Age 66 ± 6 65 ± 7 65 ± 6 63 ± 7 
BMI now 27 ± 4 27 ± 4 27 ± 4 27 ± 4 
BMI 10 years ago 26 ± 4 26 ± 4 26 ± 3 26 ± 4 
Father with prostate cancer (%) 8   10   10   11   
History of vasectomy (%) 27   27   21   27   
Never smoked (%) 41   40   31   25   
Former smoker (%) 54   54   59   60   
Current smoker (%) 5   6   10   14   
Vigorous or moderate PA (%) 1 45   39   40   34   

 

1 Participated in moderate or vigorous physical activity throughout life 
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Table 37.  Personal characteristics by quartiles of nutrient intake patterns (cont’d) 

 Quartile of Nutrient Intake Pattern (mean ± SD) 
  1   2   3   4  
             
Nutrient pattern 3             

  (n=248)  (n=250)  (n=248)  (n=247) 
Age 64 ± 7 65 ± 7 65 ± 6 65 ± 7 
BMI now 27 ± 4 27 ± 4 27 ± 4 27 ± 4 
BMI 10 years ago 27 ± 4 26 ± 4 26 ± 4 26 ± 4 
Father with prostate cancer (%) 5  8 10  8 9  8 15  8 
History of vasectomy (%) 22   29   29   23   
Never smoked (%) 34   33   33   38   
Former smoker (%) 57   57   59   54   
Current smoker (%) 9   10   8   8   
Vigorous or moderate PA (%) 1 35   41   38   43   

 

1 Participated in moderate or vigorous physical activity throughout life 
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Table 38.  Nutrient intakes by quartiles of Nutrient Pattern 1 

 Quartile of Nutrient Pattern 1 

Average daily intake1  1   2   3   4  

  (n=247)  (n=251)  (n=250)  (n=245) 

Energy (kJ) 10722 ± 3163 9011 ± 2954 8923 ± 2788 10299 ± 3054 
Total fat (g) 103 ± 10 102 ± 10 101 ± 10 93 ± 13 
Saturated fat (g) 44 ± 8 42 ± 7 41 ± 7 36 ± 8 
Polyunsaturated fat (g) 16 ± 6 15 ± 5 15 ± 4 15 ± 5 
Monounsaturated fat (g) 35 ± 4 35 ± 5 36 ± 5 33 ± 6 
Protein (g) 94 ± 13 105 ± 10 112 ± 10 122 ± 22 
Carbohydrates (g) 256 ± 32 249 ± 29 243 ± 29 250 ± 43 
Sugars (g) 113 ± 30 107 ± 25 106 ± 25 102 ± 30 
Starch (g) 142 ± 25 140 ± 22 136 ± 21 146 ± 32 
Fibre (g) 22 ± 5 24 ± 5 26 ± 5 31 ± 8 
Beta-carotene (mg) 2682 ± 1321 2718 ± 1059 2888 ± 1065 3239 ± 1316 
Calcium (mg) 884 ± 239 899 ± 222 943 ± 227 984 ± 288 
Cholesterol (mg) 353 ± 99 363 ± 91 381 ± 94 364 ± 114 
Folate (ug) 263 ± 60 302 ± 58 333 ± 52 399 ± 102 
Iron (mg) 13 ± 2 15 ± 2 17 ± 2 20 ± 4 
Magnesium (mg) 280 ± 45 316 ± 37 342 ± 42 404 ± 73 
Niacin (mg) 20 ± 4 25 ± 2 28 ± 3 34 ± 6 
Phosphorus (mg) 1516 ± 201 1664 ± 163 1791 ± 170 1969 ± 271 
Potassium (mg) 2860 ± 481 3103 ± 406 3337 ± 384 3684 ± 539 
Retinol (ug) 586 ± 138 515 ± 108 488 ± 98 394 ± 127 
Riboflavin (mg) 2.1 ± 0.5 2.6 ± 0.5 3.0 ± 0.5 3.5 ± 0.9 
Sodium (mg) 2910 ± 451 3034 ± 352 3141 ± 373 3307 ± 429 
Thiamin (mg) 1.7 ± 0.4 1.9 ± 0.3 2.1 ± 0.4 2.5 ± 0.7 
Vitamin C (mg) 119 ± 68 131 ± 60 137 ± 57 150 ± 80 
Vitamin E (mg) 7.8 ± 1.6 7.8 ± 1.3 7.8 ± 1.3 8.0 ± 1.5 
Zinc (mg) 12.1 ± 2.1 13.9 ± 1.8 15.0 ± 1.7 16.3 ± 3.4 
1 energy adjusted, mean ± SD             
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Table 39.  Nutrient intakes by quartiles of Nutrient Pattern 2 

 Quartile of Nutrient Pattern 2 

Average daily intake1  1   2   3   4  

  (n=248)  (n=248)  (n=243)  (n=254) 

Energy (kJ) 10298 ± 3239 9251 ± 2995 9204 ± 2856 10200 ± 3105 
Total fat (g) 87 ± 10 97 ± 6 102 ± 5 112 ± 8 
Saturated fat (g) 35 ± 8 40 ± 6 42 ± 6 47 ± 7 
Polyunsaturated fat (g) 15 ± 5 15 ± 5 16 ± 5 16 ± 5 
Monounsaturated fat (g) 30 ± 4 33 ± 2 36 ± 3 40 ± 4 
Protein (g) 97 ± 17 104 ± 13 110 ± 12 121 ± 20 
Carbohydrates (g) 289 ± 20 260 ± 8 241 ± 8 208 ± 26 
Sugars (g) 128 ± 27 114 ± 21 100 ± 21 86 ± 22 
Starch (g) 159 ± 27 144 ± 18 139 ± 20 121 ± 21 
Fibre (g) 29 ± 8 27 ± 6 25 ± 6 22 ± 6 
Beta-carotene (mg) 2921 ± 1318 2948 ± 1200 2865 ± 1066 2793 ± 1266 
Calcium (mg) 960 ± 257 944 ± 268 918 ± 203 890 ± 255 
Cholesterol (mg) 286 ± 79 347 ± 64 375 ± 72 452 ± 100 
Folate (ug) 365 ± 108 328 ± 76 318 ± 66 287 ± 71 
Iron (mg) 17 ± 5 16 ± 3 16 ± 3 15 ± 3 
Magnesium (mg) 358 ± 84 342 ± 63 331 ± 54 312 ± 60 
Niacin (mg) 27 ± 8 27 ± 6 27 ± 6 27 ± 6 
Phosphorus (mg) 1714 ± 320 1734 ± 268 1737 ± 226 1756 ± 233 
Potassium (mg) 3356 ± 662 3263 ± 531 3198 ± 468 3169 ± 497 
Retinol (ug) 432 ± 133 487 ± 120 520 ± 118 544 ± 150 
Riboflavin (mg) 3.0 ± 1.0 2.8 ± 0.8 2.8 ± 0.7 2.6 ± 0.7 
Sodium (mg) 2961 ± 425 3013 ± 386 3150 ± 377 3269 ± 453 
Thiamin (mg) 2.2 ± 0.7 2.0 ± 0.5 2.0 ± 0.5 1.8 ± 0.4 
Vitamin C (mg) 161 ± 85 134 ± 54 129 ± 62 113 ± 56 
Vitamin E (mg) 8.1 ± 1.6 7.9 ± 1.2 7.9 ± 1.3 7.6 ± 1.6 
Zinc (mg) 12.6 ± 2.4 13.8 ± 2.1 14.5 ± 1.9 16.4 ± 3.3 
1 energy adjusted, mean ± SD             
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Table 40.  Nutrient intakes by quartiles of Nutrient Pattern 3 

 Quartile of Nutrient Pattern 3 

Average daily intake1  1   2   3   4  

  (n=248)  (n=250)  (n=248)  (n=247) 

Energy (kJ) 10228 ± 3523 9282 ± 3073 9245 ± 2802 10196 ± 2778 
Total fat (g) 99 ± 14 100 ± 12 100 ± 10 100 ± 11 
Saturated fat (g) 43 ± 9 41 ± 8 41 ± 8 39 ± 8 
Polyunsaturated fat (g) 13 ± 4 15 ± 4 16 ± 5 18 ± 5 
Monounsaturated fat (g) 35 ± 6 35 ± 5 35 ± 4 35 ± 5 
Protein (g) 113 ± 25 109 ± 14 107 ± 13 104 ± 16 
Carbohydrates (g) 246 ± 44 248 ± 32 250 ± 27 253 ± 30 
Sugars (g) 98 ± 29 108 ± 26 109 ± 24 114 ± 29 
Starch (g) 147 ± 33 139 ± 22 139 ± 20 138 ± 24 
Fibre (g) 23 ± 7 25 ± 6 26 ± 6 30 ± 7 
Beta-carotene (mg) 2046 ± 820 2449 ± 772 2983 ± 875 4046 ± 1277 
Calcium (mg) 813 ± 215 930 ± 224 974 ± 235 994 ± 275 
Cholesterol (mg) 397 ± 115 371 ± 86 361 ± 95 332 ± 92 
Folate (ug) 291 ± 93 315 ± 80 333 ± 73 358 ± 84 
Iron (mg) 16 ± 4 16 ± 3 16 ± 3 16 ± 4 
Magnesium (mg) 310 ± 67 329 ± 62 340 ± 58 364 ± 73 
Niacin (mg) 27 ± 7 27 ± 6 27 ± 6 27 ± 7 
Phosphorus (mg) 1702 ± 300 1742 ± 242 1744 ± 227 1754 ± 281 
Potassium (mg) 2956 ± 544 3152 ± 442 3299 ± 464 3578 ± 542 
Retinol (ug) 429 ± 136 492 ± 112 521 ± 132 541 ± 141 
Riboflavin (mg) 2.6 ± 0.9 2.8 ± 0.8 2.9 ± 0.7 2.9 ± 0.9 
Sodium (mg) 3168 ± 443 3127 ± 396 3093 ± 375 3005 ± 476 
Thiamin (mg) 1.9 ± 0.6 2.0 ± 0.5 2.1 ± 0.5 2.1 ± 0.6 
Vitamin C (mg) 107 ± 49 125 ± 58 140 ± 60 165 ± 84 
Vitamin E (mg) 6.7 ± 1.2 7.6 ± 1.0 8.0 ± 1.1 9.0 ± 1.4 
Zinc (mg) 14.9 ± 3.9 14.4 ± 2.4 14.2 ± 2.2 13.9 ± 2.5 
1 energy adjusted, mean ± SD             
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Appendix 8.  Summary of Diet-Disease Findings 
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Table 41.  Summary of Diet-Disease Findings 

 Prostate Cancer Prostate Cancer Benign Prostatic Hy perplasia 

 Vitamin A Program 
RR (95% CI) 1 

p for trend Prostate Health Study 
OR (95% CI) 2  

p for trend Case-control Study 
OR (95% CI) 2 

p for trend 

Hypotheses 1 and 2: 
 

      

‘Vegetable’ dietary pattern 3 -  1.13 (0.72-1.78) 
 

0.46 0.68 (0.42-1.10) 
0.78 (0.63-0.97) # 

0.09 

‘Western’ dietary pattern 4 -  1.82 (1.15-2.87) 0.02 0.89 (0.54-1.48) 
0.86 (0.69-1.08) # 

0.56 

‘Health-conscious’ dietary pattern 5 -  1.06 (0.72-1.58) 0.97 0.90 (0.59-1.38) 
0.89 (0.75-1.06) # 

0.55 

Hypothesis 3: 
 

      

Total fruit 0.94 (0.46-1.89) 0.85 -  0.80 (0.53-1.18) 
1.00 (0.95-1.05) # 

0.70 

Total vegetables 0.73 (0.38-1.40) 0.35 -  0.70 (0.46-1.05) 
0.84 (0.73-0.96) # 

0.03 

Dark yellow vegetables 6 1.11 (0.56-2.20)  0.75 -  0.67 (0.44-1.02)  
0.56 (0.39-0.80) # 

0.01 

Cruciferous vegetables -  -  0.76 (0.52-1.13) 
0.84 (0.61-1.14) # 

0.50 

Other vegetables -  -  0.65 (0.44-0.97)  
0.68 (0.44-1.03) # 

0.08 

Vitamin C-rich veg 0.53 (0.29-0.99) 0.056 -  - 
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Table 41. Summary of Diet-Disease Findings (cont’d) 

 Prostate Cancer Prostate Cancer Benign Prostatic Hy perplasia 

 Vitamin A Program 
RR (95% CI) 1 

p for trend Prostate Health Study 
OR (95% CI) 2  

p for trend Case-control Study 
OR (95% CI) 2 

p for trend 

Hypothesis 3 (cont’d): 
 

      

Peppers 0.46 (0.25-0.85) 0.01 -  - 
 

 

Broccoli 0.56 (0.31-1.02) 0.06 
 

-  -  

Cooked tomato 0.67 (0.38-1.16) 0.13 -  1.13 (0.76-1.67)  

1.04 (0.52-2.06) # 
0.68 

Raw tomato 
 

1.04 (0.60 – 1.80) 0.88   -  

Zinc -  0.57 (0.40-0.82) 
0.59 (0.37-0.92) # 

<0.01 0.58 (0.39-0.83) 
 

<0.01 

Nutrient Pattern 1 (+ve for zinc) 7 

 
-  0.62 (0.43-0.90) <0.01 

 
  

Hypothesis 4: 
 

      

Total fat -  1.08 (0.75-1.55) 
1.01 (0.96-1.05) # 

0.57 1.01 (0.69-1.48) 0.53 

Calcium -  0.83 (0.58-1.19) 
0.96 (0.91-1.01) # 

0.32 1.39 (0.95-2.05) 0.18 

Nutrient Pattern 1 (-ve for fats) 7 

 
-  0.62 (0.43-0.90) 

0.85 (0.74-0.97) # 
<0.01 -  
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Table 41. Summary of Diet-Disease Findings (cont’d) 

 Prostate Cancer Prostate Cancer Benign Prostatic Hy perplasia 

 Vitamin A Program 
RR (95% CI) 1 

p for trend Prostate Health Study 
OR (95% CI) 2  

p for trend Case-control Study 
OR (95% CI) 2 

p for trend 

Additional findings: 

 

      

Sugars -  1.23 (0.85-1.77) 0.18 

 

1.53 (1.04-2.27) 0.04 

Carbohydrates -  1.44 (1.00-2.07) 0.10 

 

1.20 (0.81-1.77) 0.55 

Fibre -  0.99 (0.69-1.42) 

0.85 (0.71-1.02) # 

0.56 1.00 (0.68-1.48) 0.84 

Folate   0.86 (0.60-1.24) 

0.88 (0.76-1.02) # 

 0.77 (0.52-1.14) 0.25 

High fat dairy -  -  

 

1.59 (1.05-2.39) 0.03 

Beta-carotene 0.96 (0.58-1.61) 0.87 0.86 (0.60-1.24) 0.57 

 

0.58 (0.39-0.86) <0.01 

Retinol 0.85 (0.52-1.39) 0.52 -  

 

1.53 (1.04-2.25) 0.10 

Vitamin C -  1.01 (0.70-1.46) 0.83 

 

0.88 (0.60-1.31) 0.36 

Tofu 8 -  -  0.64 (0.44-0.94)  0.02 
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#  Odds ratio (OR) when measured as a continuous variable;   

1  Risk ratio (RR) for highest vs lowest tertile;  

2 OR for highest vs lowest quartile;   

3 +ve for vegetables;  

4 +ve for red meat, processed meat, white bread, full cream milk, etc;  

5 +ve for pasta, steamed or grilled fish, rice, chicken, legumes, etc;  

6 carotene-rich vegetables  

7+ve for zinc, protein, fibre, folate, -ve for total and saturated fats, etc   

8 consumers vs non-consumers. 
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