
Trends in Incidence and Mortality

For men in the United States, the incidence of prostate cancer—which is
equivalent to the instantaneous risk of developing the disease—has under-
gone dramatic and unprecedented changes in recent years. As can be seen

in the latest figures from the National Cancer Institute Surveillance, Epidemiology,
and End Results (NCI SEER) Program (Figure 1), age-adjusted incidence was
increasing steadily from the 1970s until about 1988. Some of this increase was
probably due to the popularity of transurethral resection for benign prostatic
hyperplasia (BPH) and the resulting incidental diagnosis of prostate cancer. In the
late 1980s the introduction of prostate-specific antigen (PSA) testing led to the
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The incidence of prostate cancer in the United States has recently undergone
dramatic and unprecedented changes. Exposure to prostate-specific antigen
testing has led to a steep increase in reported incidence. The data indicate that
the strongest risk factors for prostate cancer are age and African American
race/ethnicity. Family history is also an important risk factor for prostate cancer,
although only a small proportion of cases will be due to high-penetrance genes
such as those at the putative susceptibility loci (eg, ELAC2) recently identified
through linkage analysis. International variation in the risk of prostate cancer
is profound, as is the frequency with which migrants from low- to high-risk
areas adopt the risk pattern of the host country, possibly within a single
generation. This article reviews the current state of knowledge regarding risk
factors for prostate cancer, including factors related to diet, anthropometrics,
hormone profiles, and concomitant medical conditions. The need for unifying,
overarching hypotheses is emphasized, along with identification of some of the
barriers to future progress in the field. [Rev Urol. 2002;4(suppl 5):S3–S10]
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steepest increase in reported cancer
incidence that has ever been
observed for any cancer site. In 1991
alone, reported incidence increased
by nearly 30% as substantial num-
bers of men had PSA tests for the
first time. First-time and repeat PSA
testing continued to increase during
the mid-1990s, but since 1992 inci-
dence rates declined steadily for a
few years. Although this topic will
not be explored in detail here, this
decline tells us that PSA testing
raised incidence by “pulling forward
in time" the date of diagnosis for
many prostate cancers, but eventual-
ly exhausted the pool of prevalent
cancers within reach of its sensitivi-
ty. It is noteworthy that since 1996,
incidence began to increase again
and appears to have resumed the lin-
ear trend established before PSA
testing. This implies that the risk of
“pseudo-disease" (prostate cancer
detected by PSA that would other-
wise never have been manifested as a
diagnosis) is not as large as some
have suspected. Since the use of sur-

gery for BPH has declined substan-
tially with the advent of improved
drug therapy, the reasons for the per-
sistent upward trend in prostate cancer
incidence remain unidentified.

In the United States, the risk of
dying from prostate cancer began to
decline measurably in 1994, for the
first time since statistics have been

kept, and mortality has continued to
decline at an average annual rate of
about 2% to 3%. Reasons for this
decline are beyond the scope of this
article, but a contribution of PSA
screening appears to be very likely.1

Established Risk Factors: Age,
Race, and Family History
The only risk factors for prostate
cancer that can be considered estab-
lished are age, race/ethnicity, and
family history. Study of age-specific

incidence curves reveals that
prostate cancer risk begins to rise
sharply after age 55 years and peaks
at age 70–74, declining slightly
thereafter. Autopsy studies confirm
that prostate cancer has a long
induction period, and that many men
have incipient lesions in their 20s and
30s.2 As Figure 1 shows, the risk of
prostate cancer is approximately
60% higher in African Americans
than in whites. Mortality among
African Americans is approximately
double that of whites. Conflicting
data exist as to whether this mortal-
ity difference is explained entirely by
differences in socioeconomic status
variables and stage at diagnosis, or
whether an inherent difference exists
between these racial/ethnic groups in
the underlying biology of prostate
cancer. It should be emphasized that
biological explanations for these risk
differences could involve genetic fac-
tors, environmental factors, or, more
likely, an interaction between the two. 

Epidemiological studies conducted
as far back as the 1950s determined
that having a first-degree relative
(brother or father) with prostate cancer
increased risk for an individual by
approximately two- to three-fold, on

average. Risk is further increased by
early age at onset in relatives and
multiple relatives with the disease.
More recently, segregation studies
have identified familial clustering
patterns of prostate cancer that are
consistent with the presence of high-
penetrance genetic mutations that
confer a Mendelian pattern of inher-
itance.3 The number of genes involved,
as well as the number of specific
sequence changes in these genes, is
currently not known, but it can be

S4 VOL. 4 SUPPL. 5  2002    REVIEWS IN UROLOGY 

Risk Factors for Prostate Cancer continued

The introduction of PSA testing led to the steepest increase in reported
cancer incidence that has ever been observed for any cancer site.
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Figure 1. Age-adjusted inci-
dence and mortality of prostate
cancer in the United States,
1973-1999 (Surveillance,
Epidemiology, and End Results
Program data).



estimated that altogether these high-
penetrance genetic alterations proba-
bly explain no more than 10% of all
prostate cancer cases.

Linkage mapping studies using
whole or partial genome scans with-
in high-risk pedigrees have so far
identified at least six potential
prostate cancer susceptibility loci.
The first of these loci, labeled HPC1,
was reported in 1996. However, sev-
eral attempts to replicate the associ-
ation observed between this locus and
prostate cancer within other families
with prostate cancer have not yielded
consistent results. The initial hope
that heritable prostate cancer would
be explained by a defect in a single
important gene has given way to the
realization that the situation is far
more complex and that multiple
genes are probably involved. The
causal gene(s) at HPC1, as well as
those at two other loci (HPCX and
HPC20), might be associated with

prostate cancer only in subsets of
families that exhibit specific patterns
of inheritance (eg, male-to-male) or
patterns of age at onset. Therefore,
unless the prostate cancer families are
properly grouped for analysis, linkage
for any particular locus will be diffi-
cult to demonstrate or confirm. This

point was demonstrated again with
the potential susceptibility gene
HPC2/ELAC2, which was identified
recently by linkage studies and posi-
tional cloning among high-risk fami-
lies in Utah.4 ELAC2 is the first actual
gene to be proposed as a high-pene-
trance gene for prostate cancer.
While research has already identified
amino acid–altering variants in
ELAC2, and suggested an association

between these variants and prostate
cancer, other family studies have
failed to demonstrate the HPC2/ELAC2
linkage observed in Utah.5 

Risk Factors Under Investigation
International Rates and Migration
Prostate cancer exhibits an extraor-
dinary amount of variation in its
occurrence worldwide. For example,
the incidence rate for African
Americans is approximately 60-fold
higher than the rate among men in
Shanghai, China.6 Although part of
this disparity is due to differences in
diagnostic ascertainment and the
prevalence of screening, mortality
rates, which are less subject to such
influences, also vary profoundly. For
example, the mortality rate for
African Americans from 1988 to
1992 was approximately 12 times
higher than the mortality rate in
Hong Kong. These differences notwith-
standing, mortality is increasing faster
in the westernizing parts of Asia
than anywhere else in the world.
Observation of Asian migrants,
moreover, provides the most com-
pelling argument for environmental
influences linked to Western lifestyle
as causal factors in prostate cancer.
Japanese Americans have an inci-
dence rate 43 times higher than their

counterparts in Japan, and there are
data indicating that migrants develop
the high-risk pattern within one gen-
eration.6,7 Shimizu and colleagues
reported that prostate cancer inci-
dence rates in Los Angeles among
migrants from Japan were similar
regardless of whether men immigrated
early or later in life.7 We interpret
this to mean that environmental
forces can accelerate the progression
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The only risk factors for prostate cancer that can be considered established
are age, race/ethnicity, and family history.

Table 1
Potential Environmental/Non-Genetic Risk Factors 

for Prostate Cancer

Dietary 

Saturated fat` + CS
Alpha-linolenic acid + CS
Red meat + CS
Dairy food (and/or calcium) + CS
Selenium - RCT
Lycopene (tomato foods) - CS
Vitamin E supplements - RCT
Legumes (incl. soy) - CS

Anthropometric
Height +? CS
Abdominal obesity +? CS

Hormonal
Elevated intraprostatic androgens + CS
Elevated IGF-1 (bioactive fraction) + CS

+ indicates positive association; -, inverse association; CS, prospective cohort study; RCT, ran-
domized clinical trial; IGF-1, insulin-like growth factor.



of latent tumors even late in life.
Table 1 shows the dietary, anthro-

pometric, and hormonal factors that
have been associated with prostate
cancer risk and are currently under
active investigation.

Diet
One of the most obvious characteris-
tics of the Western diet is a high
intake of total calories and fat.
Ecological studies performed more
than 25 years ago indicated strong
correlations between per capita fat
consumption across countries and
the rate of prostate cancer mortality.
These international correlations were
strongest for saturated fat, which is

largely fat from animal sources.
Subsequent case-control and cohort
studies have provided mixed results,
but taken as a whole, the findings are
consistent with a small positive asso-
ciation (relative risks 1.3–2.0) between
high-saturated-fat diets and prostate
cancer incidence.8 Despite the rela-
tively small increase in risk, this
association could explain a substantial
fraction of overall prostate cancer
cases, due to the ubiquity of high fat
intakes. Although calorie restriction
is a powerful inhibitor of cancer
development in a variety of animal
tumor models, epidemiological evi-
dence to date does not suggest that
total caloric intake plays an important
etiologic role by itself. Meat—espe-
cially red meat—is an important
component of animal-fat intake, and
studies of red-meat intake are rela-
tively consistent in showing risk ratios
of 1.5 to 2.0 comparing the highest
to lowest categories of intake, inde-
pendent of fat consumption.8 The bio-
logical reasons for this association

are unclear, but hypotheses include the
effects of meat on hormone profiles,
the paucity of anticarcinogenic phy-
tochemicals in high-meat diets, and
the potentially carcinogenic effects
of compounds generated during high-
temperature meat cooking.

Of course, fat can be categorized
into subgroupings, beginning with
major distinctions such as polyun-
saturated versus monounsaturated
and progressing on to distinctions
among specific fatty acids. When
viewed as a whole, studies of these
fat subgoups, which include some
based on reported dietary intake and
others based on measurement of
fatty-acid concentrations in blood,

have provided weak evidence for a
possible protective effect of long-chain
�-3 fatty acids such as eicosapen-
taenoic acid, and a possible risk-
enhancing effect of �-linolenic acid.
Alpha-linolenic acid, an 18-carbon
essential fatty acid commonly con-
sumed in meat and certain vegetable
oils, is interesting because it is an
important precursor for synthesis of
prostaglandins and leukotrienes.
Further work is needed to determine
whether dietary alteration of fatty
acids involved in the prostaglandin
synthesis pathways can affect
prostate carcinogenesis.

More than 20 epidemiological stud-
ies have examined the role of dairy-
food intake in prostate cancer. These
studies are consistent with a positive
association, independent of the con-
tribution of dairy foods to total and
saturated fat intake. Research has
recently focused on the contribution
of dairy foods to dietary calcium
intake. One of the most intriguing
results obtained so far was from the

Health Professionals Follow-up Study,
which reported that men who con-
sumed the most calcium (>2,000
mg/day) due to supplements—mostly
antacids—had a 4.6-fold increase in
prostate cancer risk compared to
men with low total calcium intake.9

One hypothesis under investigation
is that high calcium intake suppresses
levels of the vitamin D metabolite
1,25-dihydroxyvitamin D, which
exhibits anticarcinogenic properties
in the laboratory.

A trio of dietary antioxidants has
been linked to reduced risk of
prostate cancer: selenium, vitamin E,
and lycopene. In the case of selenium
and vitamin E, the associations were
observed in clinical trials that were
originally designed to address other
endpoints. In one study, men at
increased risk for a recurrence of
skin cancer were randomly assigned
to 200 �g/day of selenium or placebo.
Although the effects on skin cancer
were null, there was a 67% reduction
in prostate cancer in the group
receiving selenium.10 Similarly, in 
the Alpha-Tocopherol Beta-Carotene
Cancer Prevention Study, a trial con-
ducted in Finland among male
smokers, the group receiving �-toco-
pherol (vitamin E) at a dose of only
50 mg/day experienced a 35% reduc-
tion in prostate cancer incidence.11

These post hoc findings from trials,
together with supportive evidence
from some observational studies, led
to the development of the Selenium
and Vitamin E Cancer Prevention
Trial (SELECT) in the United States,
which is described in detail else-
where in this volume.

Although �-carotene intake has
not been associated with prostate
cancer risk, another major dietary
carotenoid compound—lycopene—has
become the focus of considerable
attention. Lycopene, which enters the
body largely from the consumption
of tomato foods, is the predominant
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A trio of dietary antioxidants has been linked to reduced risk of prostate
cancer: selenium, vitamin E, and lycopene.



carotenoid in the diet of most
Americans, and exhibits strong singlet
oxygen-quenching ability in vitro. In
the Physicians’ Health Study, plasma
obtained long before diagnosis in
578 cases was compared to plasma in
1294 matched controls.12 The data
were analyzed separately for partici-
pants assigned to a �-carotene supple-
ment versus those assigned to placebo.
The results, summarized in Table 2,
showed a strong trend towards lower
risk with higher plasma lycopene
level among the men not receiving the
�-carotene. Interestingly, although
higher lycopene was not associated
with lower risk among men receiving
�-carotene, men with the lowest
level of lycopene had a significantly
reduced risk if they consumed the 
�-carotene. These results suggest
that a ceiling effect might exist, and
that one could reduce prostate cancer
risk by about 40% by consuming
either a diet high in lycopene or a �-
carotene supplement. Phase 2 trials
on lycopene are currently under way.

Legumes—including but not limited

to soy—have also been studied in
relation to prostate cancer risk. The
results are inconclusive thus far.
However, there is considerable interest
in the anticarcinogenic potential of
genistein, a soy isoflavone, and its
relatives. Decisions about how to
deliver these compounds in trials must
be made very carefully, because of the
possibility that their action depends
on a particular food matrix or inter-
action with other constituents in
whole food. Green tea, which contains
numerous polyphenolic compounds
with potential anticarcinogenic prop-
erties, is another plant food currently
under early but active investigation.

Anthropometric Factors and
Physical Activity
Measures of obesity and height have
been extensively studied in relation
to prostate cancer risk. These studies
do not indicate any substantial asso-
ciation between either obesity or
height and prostate cancer.13 Adult
height was hypothesized to be
important, in part because it is influ-

enced by nutrition during childhood.
However, attained height is not corre-
lated with adult levels of the soma-
totrophin insulin-like growth factor
(IGF)–1, which has been linked to
prostate cancer risk. The lack of
association between obesity and
prostate cancer is vexing because
obesity reduces sex hormone–binding
globulin (SHBG) levels, which could
lead to an increase in bioavailable
testosterone, and increases both
insulin and bioavailable IGF-1, which
are both potentially important prostate
mitogens. Relatively little research
has been conducted so far on body
fat distribution, as opposed to total
body fat. Of particular interest is
abdominal fat, which has metabolic
effects different from those of subcu-
taneous fat. In addition, investigators
have hypothesized that physical
activity, apart from its beneficial
effect on body fat, could reduce
prostate cancer risk. The data thus far,
however, are not conclusive, perhaps
due to difficulty in measuring physical
activity in study populations or assess-
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Table 2
Odds Ratios and 95% Confidence Intervals for Prostate Cancer 

According to Plasma Lycopene at Baseline and Random Assignment to 
Active Beta-Carotene Supplements or Placebo (Physicians' Health Study) 

All Cases (n = 578 sets) Aggressive Cases (n = 259 sets) 
Plasma Lycopene
Quintile Placebo Beta-carotene Placebo Beta-carotene

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Q1 (low) 1.00 - 0.57 0.37-0.88 1.00 - 0.69 0.37-1.27

Q2 0.72 0.46-1.12 0.61 0.39-0.97 0.72 0.38-1.36 0.32 0.15-0.68

Q3 0.70 0.45-1.09 0.65 0.42-1.02 0.59 0.29-1.16 0.56 0.29-1.09

Q4 0.58 0.37-0.89 0.75 0.49-1.15 0.45 0.23-0.86 0.72 0.38-1.37

Q5 0.59 0.37-0.94 0.55 0.35-0.87 0.40 0.19-0.84 0.48 0.24-0.94

P, trend 0.01 0.006

P, interaction 0.04 0.05

OR indicates odds ratio; CI, confidence interval.
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ment of activity during the wrong
period of life.

Endogenous Hormones
Two major hypotheses regarding
endogenous hormones and prostate
cancer etiology have emerged. The
first states that risk is linked to the
intraprostatic concentrations of
androgens. The prostate requires
androgens for development, and
studies of patients receiving either
orchiectomy or androgen blockade
have clearly shown that androgen
deprivation can cause prostate cancer
to regress. What remains unclear,
however, is whether variations in
endogenous androgen levels among
men are important. Variation in serum
testosterone levels in middle-aged
men, for example, is considerable. The
importance of such interindividual
differences is magnified when one
considers the cumulative effects of
these levels over decades. Case-control
studies, which obtain blood samples
from cases after diagnosis, are not
especially useful for studying these
relationships because of the effects
of the disease on androgens. Cohort

studies are more relevant, but there
have been few relatively large such
studies so far. In one, plasma testos-
terone was positively associated with
risk (approximate doubling in risk
between the highest and lowest quar-
tile) only after adjustment for SHBG
(see Figure 2).14 In this analysis, risk
also declined with increasing SHBG
concentration, after adjustment for
testosterone. Taken together, this
result is consistent with the concept
that only non–SHBG-bound andro-
gen is biologically important. 

Further prospective cohort studies
are under way.  It is now recognized
that these studies must be fairly large,
must have archived blood samples
that have been carefully stored, must
use assay techniques for hormone
levels that are highly reliable within
and between batches, and must have
a plausible approach to handling the
question of hormone bioavailability.
A problem facing all of these studies,
however, is that we know little about
the relationship of circulating andro-
gens to androgen levels in the prostate.
In particular, the determinants of
intraprostatic dihydrotestosterone—

the most potent androgen in the
prostate—remain unknown. Within
the past two years, however, the
three-dimensional structures of two
major molecules in the androgen
system, SHBG and androgen receptor,
have been determined. Thus, our
understanding of the molecular details
of this system is now progressing
rapidly and can be expected to
inform future population studies. 

The second major hormonal
hypothesis regarding prostate cancer
concerns IGF-1. Levels of this hor-
mone, which mediates the action of
growth hormone, have been associated
with prostate cancer risk in at least
three prospective studies. Moreover,
the effect of IGF-1 might be enhanced
in the presence of low levels of IGF
binding protein (IGFBP)–3, which is
the principal binding protein for
IGF-1 in the circulation. Both in
vitro and in vivo experiments have
provided abundant evidence that
IGF-1 can promote prostate carcino-
genesis, including the observations
that IGF-1 administration induces
prostate growth in the rat, and that
prostate tumor development in trans-
genic mouse models is accompanied
by elevations in IGF-1 expression.15

Concomitant Medical Conditions
There is some evidence that prostate
cancer risk is reduced in the presence
of cirrhosis, which is characterized
by elevated estrogen levels. Men with
acromegaly, due to growth-hormone
hypersecretion, have an unusual
degree of prostatic hyperplasia.16

Diabetes, when longstanding and
thus likely to be characterized by low
insulin levels, has been associated
with lower risk in some studies.17

Certain drugs that have side effects
on androgen metabolism, such 
as spironolactone and cimetidine,
form interesting targets for research.
Conditions within the prostate,
including BPH and prostatitis, have
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only been studied to a limited extent
due to methodological difficulties. BPH
is difficult to study as a risk factor for
prostate cancer, largely because its
presence makes diagnosis of prostate
cancer more likely, in the absence of
any biological relationship. Prostatitis
is an important potential risk factor,
but thus far we have no reliable or
valid methods to ascertain its presence.
One of the most intriguing hypotheses
states that prostate cancer risk is
increased by sympathetic nervous

system activity. It is known that
prostate cell growth can be stimulated
by neurotrophic growth factors
released by adrenergic nerve endings
in the prostate. Our group found, in
a cohort with long-term follow-up,
that resting heart rate—an indicator
of basal sympathetic activity—had 
a positive linear relationship 
with prostate cancer mortality.18

Interestingly, a study of schizo-
phrenic patients in Denmark found
that prostate cancer risk was reduced
overall, but that the reduction in risk
was confined to men taking antipsy-
chotic drugs with pronounced anti-
adrenergic effects.19

Markers of Risk in Tissue
Prostate cancer develops as a contin-
uum from normal epithelium through
various preneoplastic states to inva-
sive cancer. We now have abundant
circumstantial evidence implicating
high-grade prostatic intraepithelial
neoplasia (HGPIN) as a major prema-
lignant lesion. On a morphological
level, PIN is characterized by increas-
ing size and variation in nuclear shape,
changes in chromatin texture, and
increasingly prominent nucleoli. In

one cohort study of men with HGPIN,
the relative risk for developing
prostate cancer, compared to men
without PIN, was 14.9—even after
adjustment for PSA level.20 Tissue
exhibiting HGPIN shares many chro-
mosomal and molecular abnormalities
with prostate cancer. Indeed, for sev-
eral molecular markers indicating
proliferation, loss of differentiation,
loss of apoptosis, and abnormal cell
regulation, expression in PIN is
intermediate between normal epithe-
lium and cancer. As the number of
men undergoing PSA screening and
subsequent biopsy has increased, so
has the recognition of men with iso-

lated PIN, who now form an impor-
tant subgroup at especially high risk.
Studies have shown that HGPIN can
be reversed by androgen deprivation,
suggesting that PIN could be an
informative intermediate marker for
the identification of effective chemo-
preventive agents.

Overarching Hypotheses
Now that previous research has built
up a number of possible leads
regarding the etiology of prostate
cancer, there is an increasing need to
tie these leads together in unifying or
overarching schemes. Four such
schemes include:

1. oxidant/antioxidant balance in
the prostate;

2. calcium/vitamin D interaction;
3. IGF-1/androgen system interac-

tion;
4. gene-environment interaction

in hormone synthesis, action,
and metabolism.

The evidence regarding selenium,
vitamin E, and lycopene—plus other
evidence on oxidant damage in the
prostate—supports the concept that
oxidant/antioxidant balance is crucial.
Although reliable data are sparse, we
believe that chronic inflammation in
the prostate, accompanied by sub-
stantial endogenous formation of
free radicals, is very common. The
oxidant/antioxidant scheme is quite

Main Points
• Prostate cancer incidence in the United States has recently undergone dramatic and unprecedented changes.

• The introduction of prostate-specific antigen testing in the 1980s led to the steepest increase in reported incidence that has ever
been recorded for any cancer site.

• The established risk factors are age, African-American race/ethnicity, and family history.

• Other potential risk factors include diet, anthropometric factors, hormone profiles, and concomitant medical conditions.

• Selenium, vitamin E, and lycopene have been linked to reduced risk.

• Current hypotheses propose that risk is linked to insulin-like growth factor–1 levels and intraprostatic concentrations of androgens.

• Overarching hypotheses integrating information gained so far about prostate cancer etiology are needed, and include those con-
cerning oxidant/antioxidant balance in the prostate; calcium/vitamin D interaction; IGF-1/androgen system interaction; and
gene-environment interaction in hormone synthesis, action, and metabolism.

One of the most intriguing hypotheses states that prostate cancer risk is
increased by sympathetic nervous system activity. 
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useful because it suggests several
molecules and processes involved in
antioxidant defense as potential tar-
gets for future research. The calcium/
vitamin D interaction hypothesis ties
together the findings on meat, dairy,
and calcium intake, as well as other
findings on variations in the vitamin D
receptor and the possible inverse
relation of prostate cancer risk to
ultraviolet light exposure. This
hypothesis rests upon the importance
of 1,25 vitamin D as a suppressor of
tumor development, and, no doubt,
further insight will be gained as this
and related compounds are studied
as potential chemopreventive agents
in the laboratory.

The IGF-1 and androgen systems
are capable of affecting prostate cancer
independently; however, their true
impact perhaps can be better under-
stood by considering their interactions
and joint effects. Insulin, which is
homologous to IGF-1 and can bind
to the IGF-1 receptor, may provide
an important link between these two
systems.21 In addition to increasing
bioavailable IGF-1 by strongly down-
regulating IGFBP-1, insulin strongly
downregulates expression of SHBG
and increases the activity of key
enzymes in the androgen synthesis
pathways. Information concerning
human genetic polymorphisms in the
genetic pathways involved in hormone
synthesis, metabolism, and action is
now accumulating very rapidly. Most
of these minor genetic variants will
have little or no functional signifi-
cance, and even fewer will have
effects on cancer risk by themselves.
It is more plausible that some of the
functionally significant variants will
modify risk in conjunction with
other genes or environmental factors.
Thus, identification of gene-environ-
ment or gene-gene interaction in the
etiology of prostate cancer is now a
major focus of work. Some of the

earliest studies in this area reported
that short CAG repeat length in the
gene for androgen receptor (AR) was
associated with higher prostate cancer
risk, and could explain some of the
differences in risk that are observed
between blacks and whites. This
hypothesis is supported by in vitro
evidence that the short CAG receptor
is more transcriptionally active, and
by analogy to Kennedy Syndrome, in
which a very long CAG repeat length
leads to almost totally inactive AR.
Future studies will examine how this
polymorphism interacts with hor-
mone levels or other determinants of
androgen action in the prostate.
Studies of genetic polymorphisms 
in androgen synthesis/metabolism
enzymes such as CYP17 and CYP19
and of polymorphisms in the gene
for Type II 5�-reductase have not
yielded conclusive findings thus far.22

Future Challenges
From the initial phase of research
into the risk factors for prostate cancer,
we have learned that future progress
will require large prospective cohort
studies with banked blood and DNA
samples, as well as high-quality
questionnaire information. Several
such cohort studies are currently
under way and will be producing
results over the next few years. The
challenge of incorporating genetic
information into these studies will be
met by sifting through the vast
amount of variation and selecting
those genotypes or haplotypes most
likely to be biologically important.
Moreover, investigators will have to
specify statistical models of interac-
tion that correspond to real biological
hypotheses, or else the plethora of
statistical comparisons that can be
made will be overwhelming.       

[The author wishes to thank Laura
Studee for her help with preparation of
the tables and figures.]
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