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Abstract 
Prostate cancer is by far the most frequent cancer among Canadian and American men 

with a lifetime risk of about 11% for males in these countries and incidence rates about 14 times 

those in Hong Kong.  Age-adjusted incidence rates have increased substantially in Canada, 

United States and several other countries since at least 1970 and most rapidly during the late 

1980’s, in parallel to the introduction of the prostate specific antigen (PSA) test for early 

detection.  Both incidence and death rates appear to have decreased somewhat during the most 

recent few years for which data are available.  

Despite much research, the main proven risk factors for prostate cancer risk are non-

modifiable: age, family history, and ethnicity.  Genes linked to prostate cancer risk include 

BRCA1, BRCA2 and several genes involved in sex steroid synthesis, transport, activation, 

inactivation and function.  Polymorphisms of genes such as 5α-reductase or AR (androgen 

receptor) may partially explain the high incidence rates among African-American men (the 

highest rates in the world).  Men with high serum testosterone (T) and low sex hormone binding 

globulin (SHBG) levels appear to have increased prostate cancer risks.   

Energy imbalance resulting in abdominal adiposity or elevated body mass index and 

elevated serum insulin-like growth factor (IGF-1) levels appears to increase risk.  There is 

inconsistent evidence of an inverse relation between exercise and prostate cancer.  Dietary factors 

related to reduced risks include fruits and vegetables, soyfoods, and antioxidants (vitamin A, 

vitamin E, selenium, lycopene, β-carotene); increased risks have been linked to animal fat, red 

meat and dairy products.  Agricultural and other occupations involving pesticide exposure have 

been linked quite consistently to increased risks; there is also limited evidence of links to other 

occupations including metal fabricators, electrical power workers and teachers.  There is 

inconsistent evidence of associations with smoking and alcohol consumption and limited 

evidence of weak associations with previous sexually transmitted infections and vasectomy.  At 

present, the inconsistencies and inadequacies of the epidemiologic studies do not permit firm 

conclusions about environmental causes of prostate cancer including the potential role of 

hormonally active contaminants. 



 1 

Introduction 

Prostate cancer is one of several major hormone-related cancers in humans, the 

others being breast, endometrium, ovary, testis, thyroid and osteosarcoma 1.  These 

cancers may share a common mechanism of carcinogenesis, i.e., hormonally-driven cell 

proliferation that increases the opportunity for occurrence or amplification of genetic 

errors.  Large variations in prostate cancer incidence rates internationally, the similar 

prevalence rates of latent prostate cancer at autopsy internationally, and the results of 

migrant studies strongly suggest that environmental determinants are important in the 

progression of this disease 2. 

Despite much research, strong external risk factors that could explain prostate 

cancer risk variations between ethnic groups and increased risks over time have not been 

identified.  The absence of strong socioeconomic risk gradients within ethnic groups 

suggests that putative environmental causal factors are widespread.  Most known or 

suspected external risk factors could act through hormonal or non-hormonal mechanisms 

but direct evidence for the former is generally lacking.   

Epidemiology 

The most important non-modifiable risk factors for prostate cancer are age, family 

history and ethnicity 1.  Prostate cancer is an androgen-dependent disease that is rare 

before age 50 years, but thereafter the rate of increase with aging is the greatest for any 

cancer.  The prostate cancer incidence rate in United States is the highest in the world and 

14 times that in Hong Kong (Figure 1).  Within the United States, African-Americans 

have about double the risk of Caucasians 3.  The lifetime risks of developing or dying 

from prostate cancer, respectively, are about 11% and 3.6% 4.  There will be an estimated 

189,000 new cases and 30,200 deaths from prostate cancer in United States during 2002 
5.   
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Age-adjusted prostate cancer 

incidence rates have increased 

substantially in Canada (Figure 2), 

United States and several other 

countries since about 1970 but have 

increased much more rapidly for 

several years beginning during the late 

1980’s 6.  This sharp increase was 

caused by introduction and widespread 

use of the PSA (prostate-specific 

antigen) blood test that enables early 

prostate cancer detection 7,8.  Age-adjusted prostate cancer death rates have also increased 

but less dramatically than incidence rates; both incidence and mortality rates appear to 

have declined slightly during the past few years 8,9.  The reasons for prostate cancer 

incidence and mortality rate increases before the late 1980’s are unknown but may 

include a combination of true increased risk and improved diagnosis and reporting.  Safer 

surgical procedures and a more aggressive approach toward treatment of older men likely 

contributed to improved diagnosis. 

Prostate cancer 

incidence rates in Denmark 

increased among all age groups 

over age 50 years during 1943-

1992 with no major changes in 

distribution by age, stage at 

diagnosis, or diagnostic 

methods, findings consistent 

with a true increase in risk 10.  

In New Mexico, however, the 

proportion of prostate cancers detected by screening increased from 13% in 1969-1972 to 

41% during 1988-1991, a period during which age-adjusted incidence rates almost 

doubled from 66 to 122 per 100,000 men per year, the proportion of early stage cancers 

Figure 2. Prostate cancer incidence rate, Canada, 1984-98
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Figure 1. Prostate cancer incidence rates, 2000
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increased from 78 to 86% and advanced stage cancers decreased from 21 to 10% 11.  The 

latter findings suggest that a substantial portion of the upward trend in prostate cancer 

was caused by earlier detection through screening.   

Etiology 

Preexisting conditions 

Although blood insulin and insulin-like growth factor (IGF) levels are increased 

in type 2 diabetics and have been associated with prostate cancer (see below), a history of 

diabetes has not been convincingly linked to prostate cancer risk 12.  Findings from the 

first Cancer Prevention Study showed no overall association between diabetes at baseline 

and incident prostate cancer but the subgroup of men who had diabetes for at least five 

years had a relative risk of 1.6 (95% CI 1.0-2.4) 13.  Increased risks have been reported 

for men with higher blood glucose levels after oral challenge at baseline in a cohort study 
14. 

A recent meta-analysis of 17 epidemiologic studies of prostate cancer showed a 

relation with past sexually transmitted infections (pooled RR=1.4, 95% CI 1.2-1.7) and 

intensity of sexual activity 15.  Two early cohort studies showed increased prostate cancer 

risks after vasectomy 16,17 and a recent meta-analysis of five cohort and nine case-controls 

studies showed a marginally elevated pooled relative risk of 1.2 (95% CI 1.0-1.5) 18. 

Genetic factors 

Family history is a moderately strong risk factor with adjusted relative risks of 

about 4 for history of prostate cancer in a brother or father 19,20; there was a stronger 

association with family history of both prostate and breast (or ovarian) cancer (RR=5.8, 

CI 2.4-14) 19.  As assessed by studies of familial clusters, genetic factors alone likely 

explain less than 10% of prostate cancers 21,22.  Genes potentially important in prostate 

cancer include those involved in androgen biosynthesis, activation, inactivation and 

transport: AR (androgen receptor), steroid 5α-reductase type II (SRD5A2), CYP17 and 

3β-hydroxysteroid dehydrogenase (HSD3B2) genes 1.  Increased prostate cancer risks 

have been linked to polymorphisms in the CYP17 and GSTP I genes; these genes encode 
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enzymes that can activate or inactivate environmental carcinogens 23,24.  There are several 

known polymorphisms in the SRD5A2 gene including two that appear to confer 

increased rates of testosterone (T) conversion to the more active dihydrotestosterone 

(DHT) form and increased prostate cancer risk with marked differences in gene variant 

prevalence rates between ethnic groups 1.  The breast cancer genes BRCA1 and BRCA2 

also appear to increase prostate cancer risk 25.  The Framingham cohort study showed an 

association between prostate cancer and paternal (but not maternal) age at birth (RR=1.7 

for highest versus lowest quartile, p for trend = 0.05); this would be consistent with a role 

for paternal germ cell mutations 26. 

Steroid hormones 

The main male sex steroids are T and DHT.  T is produced mainly by testicular 

Leydig cells and within target tissues is converted to DHT, the latter having about 2.5-

fold stronger affinity than T for the androgen receptor (AR).  Within prostate cells, T is 

converted to DHT by type II 5α-reductase; it has been hypothesized that high levels of 

this enzyme in prostate tissue may increase cancer risk 12.  AR is encoded by a member of 

the nuclear receptor gene superfamily on the X chromosome, mediates biological actions 

of T and DHT and is essential for growth, differentiation, and function of the male 

urogenital tract.  T and DHT bind to AR and regulate transcription of several known 

androgen-responsive genes (including prostate-specific antigen) 27.  AR also interacts 

with other signaling pathways including AP-1 (a family of complexes between members 

of the Fos and Jun transcription factor families) and Ets (a family of transcription factors 

some of which mediate effects of growth factors on gene expression). 

The androgen-dependency of most prostate cancers has been exploited 

therapeutically in the use of anti-androgen drugs for the treatment of benign prostatic 

hypertrophy and prostate cancer and in ongoing clinical trials to test the efficacy of such 

agents in the prevention of prostate cancer.  The key role of AR in functioning of normal 

and malignant prostate cells suggests that environmental endocrine modulators (EMs) or 

inherited AR gene mutations could modulate prostate cancer risk by modifying AR 

expression or function.  Recent evidence suggests that the elevated risk among U.S. 

Blacks may be caused in part by reduced CAG repeats in the AR gene 28.  A preliminary 
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small clinical trial of the anti-androgen drug finasteride among men with elevated PSA 

levels showed a more rapid progression to prostate cancer among treated men than in 

control men; treated men had increased T and decreased DHT levels in serum and this 

altered hormone balance may have increased prostate cancer risk although it was 

expected to reduce risk 29.   

Several epidemiologic studies of serum sex steroids and prostate cancer have 

produced inconsistent findings.  Among cohort studies, positive associations were 

observed for baseline androstenedione 30 and T 31 and inverse associations with E2 31.  No 

strong or consistent association with serum sex steroids was observed in several other 

cohort studies 32-37.  A recent meta-analysis of prostate cancer and serum hormones 

indicated a relative risk of 2.3 (95% CI 1.3-4.2) for 4th quartile total serum T levels 

(relative to 1st quartile) and an inverse association with serum SHBG 38.  Human prostate 

epithelial cells express the estrogen receptor ER-β but the role of estrogens in prostate 

cancer remains controversial 39.  Diethylstilbestrol (DES) causes proliferative lesions and 

squamous metaplasia in prostates of humans and experimental animals and estrogen 

augments prostate carcinogenesis in rodents chronically exposed to androgens 21.   

Growth factors 

Insulin-like growth factor I (IGF-I)  IGFs are peptide hormones involved in 

control of cell proliferation, differentiation and apoptosis.  Diets high in fat and simple 

carbohydrates tend to raise insulin and growth hormone levels that, in turn, increase 

serum IGF-I levels.  40Insulin and IGF-I promote sex steroid synthesis and cell 

proliferation, inhibit apoptosis, and reduce production of SHBG; thus IGF-1 may 

stimulate proliferation and clonal expansion of partially transformed prostatic epithelial 

cells and contribute to tumour development or progression 41.  A meta-analysis of 14 

case-control studies of prostate cancer and IGR-1 yielded a pooled odds ratio of 1.47 

(95% CI 1.23-1.77) for high versus low serum or plasma IGF-1 levels 40.  Recent cohort 

and case-control studies showed about a 3-fold increased prostate cancer risk among men 

with high IGF-1 levels 42,43.   

Insulin  Although a Swedish cohort study did not find an association between 

prostate cancer and blood insulin levels 44, a recent case-control study did show a 
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moderately strong association with fasting insulin levels that was independent of 

potential confounders including abdominal adiposity (OR=2.6, 95% CI 1.4-4.8, for 

highest versus lowest serum insulin tertiles) 43.  Like IGF-1, insulin stimulates growth of 

prostatic epithelial cells and inhibits apoptosis 45.   

Kinins 

Tissue kallikrein genes encode proteases that form kinins, peptides that play 

important roles in inflammation and tumour growth.  Prostate specific kallikreins, 

including human glandular kallikrein-1 (hKLK2) and prostate-specific antigen (hKLK3, 

also known as PSA), are regulated by androgens and other factors; kallikreins and the 

kinins they generate may facilitate growth and spread of prostate cancer cells 46,47. 

Diet 

An older meta-analysis showed no association with vegetable and fruit 

consumption 48.  Many recent epidemiologic studies have shown protective effects of 

vegetables, fruits and antioxidants including vitamin A 49, vitamin E (protective for 

metastatic or fatal cancer in smokers) 50, tomato products and other lycopene-containing 

foods 51, selenium 52,53, foods containing β-carotene 54,55, cruciferous vegetables 55 and 

fruit 56.  The inverse association with lycopene included evidence of exposure-risk 

relationships 51.  Legumes and soyfoods also appear to be protective, possibly because of 

their phytoestrogen content 55,57,58.  Negative findings include no association with serum 

selenium 59 or plasma carotenoids other than lycopene 51. A meta-analysis showed a weak 

association with high linoleic acid intake in case-control but not in cohort studies 60. 

Several studies have linked prostate cancer to animal foods including animal fat 

or red meats 61-64, dairy products 55,63,65, high calcium combined with low phosphate 

intake 65, and cured meat 66.  Five cohort studies of vegetarians did not show reduced 

prostate cancer risks 67.  Calcium intake (mainly from dairy products) lowers blood 1,25-

dihydroxyvitamin D(3), a hormone that appears to decrease cancer risk 65.  There were no 

significant associations with coffee or tea in a Canadian study 68 but a study of Japanese-

origin men showed an inverse relation with black tea consumption 69. 
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Obesity and physical activity 

Excessive energy intake relative to total energy expenditure is associated with 

obesity and increased risks of several types of cancer 12.  Although a recent review found 

no consistent relationship between body mass index (BMI) and prostate cancer risk 64, 

some recent studies have shown associations with abdominal adiposity (high ratio of 

waist to hip circumference) 70, BMI 71 or percent increase in BMI after age 50 years 72.  In 

a case-control study, the odds ratio for highest versus lowest quartile waist to hip ratios 

was 2.7 (95% CI 1.7-4.4, p for trend = 0.0001) 70.   

Reviews of 11 cohort and nine case-control studies of exercise and prostate cancer 

concluded that the evidence was inconsistent and inconclusive 73,74.  More recent studies 

have been inconsistent with negative results from studies of professional athletes 75 and 

Iowans 72 and inverse associations with leisure-time activity 76,77.  Bouts of exercise and 

sustained physical activity appear to increase blood IGF-1 levels, possibly complicating 

the relationship between activity and cancer risk 12.   

Occupational exposures 

The association between environmental chemicals and prostate cancer has been 

examined in a limited number of epidemiological studies examining occupational 

exposure. The occupations most consistently linked to prostate cancer are farming 78-82 

and other occupations with known exposure to pesticides 83,84.  If these associations 

reflect causal relationships, potential mechanisms for at least some pesticides include 

hormonal modulation 80.  There is also limited evidence for associations with 
85occupational exposures to metal fabricating, metallic dusts, cutting oils, 

paints/varnishes 86-88, polycyclic aromatic hydrocarbons 86,89, calcium carbonate 88, forest 

management, tanneries/leather processing, soap/perfume manufacturing 81, oil refinery 

and crude oil 90, teachers 79,91, electrical power workers 86 and flight personnel 92.   

Although cadmium can cause prostate cancer in rodents, the International Agency for 

Research on Cancer found inadequate evidence of a role in human prostate cancer 93. 
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Smoking 

Smoking has been inconsistently associated with prostate cancer in many well-

designed cohort and case-control studies 94.  Several recent studies showed associations 

with smoking  3,71,77,95-97 but others showed no convincing relationship 61,72,98-101, 

including a large cohort of U.S. physicians 100.  Prostate cancer risk was increased 2-3 

times among men with high body mass index who started smoking before age 20 years or 

were heavy smokers 97 and by up to 2-fold among heavy smokers 3,97,97. 

Alcohol 

Although the weight of evidence from epidemiologic studies suggests that low to 

moderate alcohol consumption is likely not a risk factor for prostate cancer 102,103, some 

well-conducted studies have shown associations with alcohol 72,104,105.  Beverage-specific 

associations have been observed including liquor 105, beer 106 and wine 68,107; others found 

associations for all types of alcohol 72.  Studies conducted to date provide little 

information about possible variation in prostate cancer risk by lifetime drinking patterns 

such as type of beverages and frequency of excessive drinking.  Alcohol could affect 

prostate cancer risk through effects on plasma sex hormone levels, immunosuppression, 

inhibition of DNA repair or activation of carcinogenic metabolites. 

Biologic plausibility 

It is known that chronic high-dose exposure to T and E2 cause prostate 

adenocarinomas in rodents 108.  Prostatic hypertrophy has been reported in rodents 

following treatment with estrogenic chemicals at relatively low concentrations; it should 

be noted, however, that other investigators have been unable to reproduce these findings.  

Moreover, even though the dose levels are below those necessary to induce other adverse 

effects with these toxicants, the concentrations still considerably exceed those in low 

dose birth control pills and thus these changes may not necessarily be considered low 

dose effects.  The extent to which chemical effects on rodent prostate gland development 

can be used to predicting risk of human prostate cancer is not clear, given the differences 

in gland anatomy and the fact that few rodents spontaneously develop prostate cancer.  
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Furthermore, the mechanism of environmental contaminant induced changes in prostate 

gland differentiation and growth have yet to be elucidated. 

In the absence of direct human evidence (demonstrated exposure, association 

between exposure and increased risk of prostate cancer, and evidence of contaminant-

induced changes in circulating levels of sex steroids of affected men compared to a 

reference population), there remains the theoretical possibility that hormonally active 

chemicals may modulate prostate cancer risk by altering sex steroid balance in men.  

However, the hypothesis that human exposure to hormonally active environmental 

chemicals is associated with an increased risk for the development of prostate cancer 

remains to be tested. 
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