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Diet, Micronutrients, and the Prostate Gland

John A.Thomas, Ph.D.

Diseases of the prostate gland, particularly adeno-
carcinoma and benign prostatic hyperplasia (BPH),
are age-related. Prostate cancer is the most com-
monly occurring tumor in U.S. men. Differences
in the incidence of this disease among ethnic
populations are not due solely to genetic differ-
ences. Many efforts have been devoted to study-
ing associations between nutrition and prostate
cancer. The strongest association appears to be
related to total fat intake and increased risk of this
malignancy. Evidence also exists to suggest a role
for certain micronutrients, such as zinc, selenium,
vitamin E, lycopene, phytoestrogens, and phy-
tosterols, although the role of nutrition and micro-
nutrients in protection against prostate cancer is
less convincing. Further research is necessary.

Introduction

As humans age, several physiologic systems undergo a
decline and the prevalence of chronic disease increases.
Aging is also often accompanied by economic, psycho-
logic, and social changes that can affect nutritional sta-
tus' and impair nutrient intake. Several micronutrients have
been associated with a decreased risk of both infectious
and chronic diseases.? Aging produces physiologic alter-
ations that modify the need for a variety of essential nutri-
ents.! Poor mineral nutrition in the elderly is often attrib-
uted to low dietary intake.? Several factors may be respon-
sible for mineral deficiencies in the elderly, including poor
appetite induced by medications and alterations in taste
and smell. Changes in gastrointestinal and renal function
may also be involved in mineral deficiencies.

Aging also affects changes in the endocrine system.
Some such manifestations are evident in postmenopausal
women. Declining estrogen levels have been associated
with osteoporosis, Alzheimer’s disease, and a variety of
metabolic disorders. Advancing age in men is frequently
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associated with changes in the endocrine system and is
often related to diseases of the prostate gland. The rela-
tionship between age and carcinoma of the prostate gland
is more closely associated than the relationship between
age and benign prostatic hyperplasia (BPH).

In the United States and most other affluent coun-
tries, prostate cancer is the second most common cause
of cancer mortality. The incidence and mortality rates of
prostate cancer vary geographically, but are strongly as-
sociated with affluence and dietary factors related to af-
fluence.** Significant increases in prostate cancer risk are
observed in populations who migrate from low-risk coun-
tries, such as Japan and Poland, to the United States.®’
Likewise, large temporal increases in prostate cancer inci-
dence and mortality were noted in Japanese as they be-
came more Westernized.’ Such early reports clearly impli-
cated exogenous factors, including diet, in the predispo-
sition of prostate cancer. Secular trends in the incidence
rates between Caucasian men in the United States and in
the United Kingdom reveal the U.S. rates to be two to
three times higher during an approximately 20-year pe-
riod.® The more intensive screening procedures used in
the United States, such as the prostate-specific antigen
(PSA) test, and not necessarily diet, most likely explain
the widening gap in the incidence of prostate cancer be-
tween white U.S. and UK. populations. It is noteworthy
that these are significant international and ethnic varia-
tions in the incidence and mortality of prostate cancer.>!?
Although new diagnostic technologies (e.g., transrectal
ultrasound) and screening tests (PSA) have been devel-
oped, predicting the outcome of the disease has remained
difficult."

There are a host of nonnutritional factors that may
play a role in the genesis of prostate cancer, including
endocrine status, genetics, occupation, and other condi-
tions.!Z* Clinical and epidemiologic studies of familial risk
of prostate cancer reveal a trend of increasing risk with
increasing number of affected relatives and an earlier age
of onset in affected relatives. Nephrolithiasis is report-
edly related to an increased risk of prostate cancer; lesser
associations have been observed with other concomitant
diseases including diabetes mellitus and hypertension."?
Occupational exposure studies have revealed that certain
industries have an excess of prostate cancer mortality, but
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links to specific exposures (e.g., cadmium, pesticides, cut-
ting oils, etc.) are not yet well established.!>!*

Nutrition and Prostate Cancer

Fat

Considerable attention has been devoted to the role of
nutrition in the genesis of prostate cancer.'>'¢ Despite
strong ecologic data and largely consistent case-control
and cohort data on dietary fat and prostate cancer, the
role of this nutrient remains unclear.!’ According to
Kolonel,'> much of the evidence of associations between
diet and prostate cancer is weak and inconsistent. Never-
theless, many epidemiologic studies have suggested a
link between dietary fat intake and the incidence of pros-
tate cancer.>'¢? Epidemiologic investigations have sug-
gested an association between dietary fat intake and pros-
tate cancer, particularly with regard to the risk of advanced
prostate cancer.! But supporting evidence from animal
and in vitro studies is lacking, with the search for a suit-
able animal model slowing progress in the field. Indeed,
the evidence from animal studies is varied.

Essential fatty acids possess a complex array of both
biochemical and pathologic actions.? It is possible that
dietary fatty acids are involved in the genesis of prostate
cancer and that they contribute to the progression of the
disease. It is also possible that changes in dietary fat con-
tent influence prostate cancer growth via the effects of a
specific type of fatty acid. For example, linoleic acid is
capable of stimulating androgen-unresponsive human pros-
tate cells in vitro.?* Other fatty acids present in fish oils,
however, may actually inhibit prostate cell growth. Thus,
there is a cogent need to fill many of these gaps in the
research involving associations between fatty acids and
prostate cancer at both the molecular and clinical level.

Several excellent reviews and discussions have ap-
peared recently that describe various aspects or studies
of dietary fat and prostate cancer.!*16?! There have been
many attempts to correlate dietary factors with prostate

cancer risk and progression. It has been emphasized re- -

cently?! that it is important to establish criteria for causa-

tion or association factors in the interpretation of experi-
mental outcomes.” Such associations may be related to
factors such as chance, bias, confounding, reverse cause,
cause, or a combination of factors.? The effect of lifestyle
exposure from environmental causes is reinforced by the
observation of different international variations and the
increased incidence observed in populations who migrate
from low- to high-risk communities.”

Early studies?®° revealed strong positive associa-
tions between prostate cancer incidence or mortality and
per capita fat consumption among different countries, in-
cluding the United States. The traditional Western total
fat intake of approximately 40% of total energy has been
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recognized as a major risk factor for prostate cancer.?'-
Nutritional assessment in homogeneous populations is
difficult even when the macronutrients are determined
(e.g., meat or milk), which contribute significantly to the
amount of fat consumed. Dietary assessments based on
food frequency questionnaires are often limited in sensi-
tivity and specificity.

Efforts to summarize the relationship between dietary
fat and prostate cancer have been difficult despite the fact
that many such epidemiologic studies are considered to
be case-controls.2'?’” Many of these studies of invasive
cancers attempted to isolate confounding factors between
various populations, such as migrants, and identify envi-
ronmental factors that might be alterable via intervention.?’
Dietary fat appears to be the strongest environmental risk
factor for prostate cancer. Giles and Ireland? reviewed 14
studies of total fat intake and found that 12 retrospective
studies found a positive association and six found a nega-
tive association. Prospective studies revealed one posi-
tive and one negative association.”’” These authors con-
cluded that much of the evidence of associations between
diet and prostate cancer was weak and inconsistent.?”

More recently, Zhou and Blackburn?' sought to ex-
amine relationships between dietary fat and prostate can-
cer by separating descriptive studies from case-control
studies. These authors also reviewed specific studies that
measured animal fat intake and saturated fat intake. In
addition, case-control studies evaluated monounsaturated
and polyunsaturated fat intake. Of the 16 aggregated de-
scriptive studies, half revealed a positive association be-
tween dietary fat and prostate cancer risk.!” Only five of
the 16 studies looked at total fat: three showed no asso-
ciation and two revealed a positive association. Most case-
control studies reviewed by Zhou and Blackburn found
significant associations between prostate cancer risk and
high dietary intake of total fat.2!-3-3¢

Table 1'****® summarizes the case-control studies of
the association between dietary fat and prostate cancer
risk. Eleven of the 17 studies revealed a positive associa-
tion between dietary fat and prostate cancer risk. No nega-
tive associations were noted. Generally, and perhaps
expectedly, the risk of prostate cancer was more pro-

nounced in older subjects, implying that associations were
age-related. Although many epidemiologic studies have
shown a positive association between cancer and dietary
fat, the strength of the outcome, in most, may have been
compromised because patient age and tumor stage and
aggressiveness were not always fully considered.!s De-
spite these possible limitations of both retrospective and
prospective studies, there is a convincing positive asso-
ciation between dietary fat and prostate cancer.

Other epidemiologic studies have focused on the as-
sociation between intake of animal fat,273536:40424447.49 gq4.
rated fat,343537-39414346 monounsaturated fat,>*574 and
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Table 1. Association Between Dietary Fat Intake and Prostate Cancer Risk

Author(s) Cohort* Size Association® Comment/Major Finding

Andersson et al.>’ (1996) 526 + Stronger association with advanced cancer ‘
Ghadirian et al.3(1996) 232 0 Weak inverse association between fat intake and risk
Graham et al.** (1983) 262 + Greater risk beyond age 70

Heshnat et al.* (1985) 181 + Age-related risk

Kaul etal.**(1987) 55 0 Risk

Kolonel et al.* (1988) 452 + Risk greater beyond age 70

Mettlin etal.* (1989) 371 0 Risk

Mettlin et al.** (1989) 371 + High-fat milk consumption and cancer

Meyer et al.** (1997) 215 + Total energy intake related to preclinical cancer
Mishina et al.** (1985) 100 0 Risk

Ross et al.*¢ (1987) 284 + Risk

Talamini et al.* (1986) 166 0 Risk

Veiergd et al.* (1997) 72 0 Small cohort

Vlajinac et al.* (1997) 101 + Several confounders

Walker et al.*” (1992) 166 + Risk

West et al.'? (1991) 358 + Aggressive cancer in aged

Whittemore et al.** (1995) 1655 + Total and advanced cancer risk

@ Case-control studies.
b + = positive association, 0 = no association.

polyunsaturated fat®®+2453% and their relationship to pros-
tate cancer risk. Some of these investigations failed to
detect a significant association.?*4%424 There was a nega-
tive association between linoleic acid intake and prostate
cancer risk in aged men.*® No association was found be-
tween energy-adjusted intake of saturated fat, mono-
unsaturated fat, or polyunsaturated fat and the incidence
of prostate cancer.” There was evidence of an inverse
association with animal fat, monounsaturated fat, and satu-
rated fat.

Significant associations with advanced cancer were
reported for dietary intake of total,?>*** saturated,
monounsaturated, and polyunsaturated fats.'® A notable
finding has been the strong positive association with in-
take of animal products, particularly red meats, although
this alone does not specifically implicate fat. Meat is a
somewhat heterogeneous entity when evaluated in epide-
miologic studies. According to Giles and Ireland,? the as-
sociation between beef and cancer risk could be due to
meat alone, an effect of fat contained in the meat, or even
an effect of carcinogens created in the cooking process.”’
However, there is no convincing evidence to support such
hypotheses. It has been pointed out that inconsistent
associations can be caused, at least in part, by method-
ologic limitations of case-control studies.!” Issues in the
design and interpretation of investigations of fatty acids
and cancer have been addressed.™

Soy Protein and Plant Foods

Consumption of soy-based foodstuffs is much greater in
Asian countries than in the United Siates. The average
consumption of soy protein in Taiwan is 35 g/day per
capita.’ Genistein and daidzein, both isoflavones or
phytoestrogens, are found in relatively high concentra-
tions in soy-based foodstuffs.’>** Genistein and daidzein,
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along with their B-glucoside conjugates, are present in
soybeans in amounts of up to 3 mg/g. Hence, the
isoflavone intake in the Taiwanese population may reach
100 mg/day. The average isoflavone intake in the Asian
population is estimated to be about 50 mg/day—tar greater
than the amount present in the diet of the average Ameri-
can.>

It has long been recognized that there is a several-
fold decrease in prostate cancer mortality in Japanese men
compared with U.S. men.> This difference has been attrib-
uted in part to the high soy protein content of the Japa-
nese diet. Isoflavones can inhibit the growth of andro-
gen-dependent and androgen-independent prostate can-
cer cell lines.*® Genistein and daidzen, along with several
other phytoestrogens, stimulate the transcriptional activ-
ity of recombinant human estrogen receptor alpha (ER-c)
and estrogen receptor beta (ER-6).% The idea that the es-
trogenic potency exhibited by the isoflavones is associ-
ated with a decreased risk of prostate cancer is an attrac-
tive hypotheses, but such a relationship must be more
clearly defined by both basic and clinical studies. The
mechanism of action of isoflavones does not necessarily
reside exclusively in their ability to interact with steroid
receptors, since isoflavones exert other nonhormonal ef-
fects on tumor angiogenesis.'® Genistein may have other
biochemical mechanisms wherein it inhibits proliferation
of human prostate cancer cell lines.*

Other epidemiologic studies have reported associa-
tions between the consumption of plant foods (e.g., fruit)
and prostate cancer. Of these evaluated, two were retro-
spcctive and eight were prospective studies:?’ three
showed negative associations and four showed positive
associations with risk of prostate cancer. One retrospec-
tive study reportedly was significant.”’ Vegetables were
measured in various ways in these studies, and included
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carrots, green vegetables, and tomatoes. Collectively, of
the 13 plant food studies evaluated, there were nine posi-
tive associations and 16 negative associations. Evidence
of a protective effect of fruits and vegetables was weak
and inconsistent.”’

Fruits and vegetables contain several different caro-
tenoids, including B-carotene, which can be metabolized
to vitamin A. The effect of dietary 3-carotene on prostate
cancer risk has been estimated in a total of nine studies—
six retrospectively and three prospectively.”” While some
interesting trends were noted, the evidence of a protec-
tive effect of B-carotene on the incidence of prostate can-
cer was weak and inconsistent. Similar findings were re-
ported by Ghadirian et al.,?® wherein there was no associa-
tion between B-carotene and other carotenes and pros-
tate cancer. In three investigations of vegetable intake,
with particular emphasis on B-carotene intake, 4+ there
were no associations. Two other studies®4° reported in-
verse associations.

Epidemiologic studies have suggested that B-caro-
tene and vitamin E supplemented concomitantly or sepa-
rately in the diet may influence the development of can-
cer.5 Long-term supplementation with a-tocopherol, but
not B-carotene, reduced prostate cancer incidence and
mortality in male smokers. Another report studied the as-
sociation between physical activity and prostate cancer
in an a-tocopherol-B-carotene cancer prevention study.®
While the focus of the study was not specifically the ef-
fect of these nutrients on prostate cancer risk, there was a
protective effect of physical activity on prostate cancer.
In reevaluating the effect of dietary B-carotene on pros-
tate cancer,® a positive association between B-carotene
intake and prostate cancer risk was found among older
men. Overall, the majority of study outcomes do not con-
vincingly establish a relationship between B-carotene and
prostate cancer risk. Further studies are needed.

Lycopene
Information regarding the effects of lycopene in humans is
derived primarily from epidemiologic studies because human
intervention trials have been limited. A diet rich in caro-
tenoid-containing foods has been associated with a number
of health benefits, including the possible prevention of can-
cer of the prostate gland.®® Epidemiologic® % and clinical®
studies indicate that tomato consumption may exert antican-
cer effects in humans, especially with regard to gastrointesti-
nal and prostate cancer. Lycopene is the major carotenoid in
tomatoes and along with other carotenoids is rich in antioxi-
dant activity. Lycopene can be detected in the rat prostate
gland.” While the liver contains high concentrations of ly-
copene, there are physiologically significant levels in the
rodent prostate gland.

Two prospective studies have examined the associa-
tion between tomato consumption and the risk of prostate
cancer.%%’! A cohort study of Seventh Day Adventists
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monitored during a 6-year period revealed that the con-
sumption of tomato products (and also of beans, lentils.
and peas) was significantly associated with a lower risk of
prostate cancer.”' In a large and comprehensive study of
tomato consumption and prostate risk, estimated intakes
of total carotenoids, B-carotene, L-carotene, lutein, and B-
cryptoxanthin were not associated with risk of prostate
cancer.®® Conversely, higher estimated lycopene intake was
inversely related to risk of prostate cancer. In general, the
greater the frequency of consuming tomato products, the
greater the risk reduction.

When serum lycopene levels were obtained from men
who developed prostate cancer (13-year period of study)
and compared with those of matched controls, there was
no statistical difference.”? However, the sample size of the
cohort was quite small. In another study,” serum caro-
tenoid levels failed to reveal an association with risk of
prostate cancer. Again, there were difficulties in the inter-
pretation of these findings based on blood sampling in-
tervals and the possibility of the intermingling of patients
with BPH.

The mechanism by which lycopene might exert a pro-
tective effect against prostate cancer risk is poorly under-
stood. The rodent prostate gland assimilates lycopene,
but anatomical localization fails to address any mech-
anism(s) of action. Giovanucci® has suggested several
possible mechanisms for the anticancer properties of ly-
copene. Because lycopene is not metabolized to vitamin
A, it may exert very potent antioxidant effects. It also
quenches very efficiently singlet oxygen and free radi-
cals. Finally, lycopene may protect cellular components
from specific types of damage from highly reactive oxy-
gen species.

Vitamin A

Vitamin A has long been recognized as essential for cell
growth and development. It exists in two dietary forms,
namely, the carotenoids, found in plant sources, and the
alcohol or aldehyde forms and their esters, found in ani-
mal sources. There are also more than 200 synthetic vita-
min A derivatives called retinoids.

The relationship between vitamin A/retinol and pros-
tate cancer risk was estimated in various ways in nine
studies; three reported a negative association and six iden-
tified a positive association.?” The results of only two stud-
ies, however, were statistically significant. The intake of
vitamin A and its constituents failed to yield any appre-
ciable associations with prostate cancer risk, except for a
weak positive association between retinol and risk of ad-
vanced cancers.”” A positive association with total vita-
min A intake has been observed in some studies of older
men®*® as well as younger men.>*% One study failed to
find an association between total vitamin A intake and
prostate cancer risk, but the results did suggest a risk
reduction in the uppermost quartile of retinol intake.*® An
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inverse association between retinol and prostate cancer
was reported in a case-control study, although the effect
of the disease itself on serum levels could not be excluded.”
The mechanism(s) by which retinoids affect prostate cell
growth remains largely unknown, but in vitro studies indi-
cate that prostate ductal growth and branching can be
inhibited by 13-cis-retinoic acid and all-trans-retinoic
acid.™

Selenium and Vitamin E
Selenium has been recognized as an essential nutrient on
the basis of its ability to serve interchangeably with vita-
min E in several of its biochemical functions,” and it can
act synergistically with the vitamin. Selenium compounds
reportedly inhibit tumorigenesis in a number of experi-
mental animal models and in human supplementation stud-
ies, leading to a reduction in cancer risk.” It has been
suggested that selenium compounds act as cancer
chemopreventive agents.””’® Willett et al.” reported a
strong association between low serum selenium levels and
an increased incidence of prostate cancer.
Alpha-tocopherol, a form of vitamin E, supplemented
long-term (average 5 years) in the diet, substantially re-
duced prostate cancer incidence and mortality in male
smokers.® Yoshizawa et al.® recently reported in a ran-
domized intervention trial that the risk of prostate cancer
for men receiving a daily supplement of 200 ug selenium
was one-third that of men receiving placebo. The signifi-
cance of these findings is discussed by Taylor and
Albanes.” The current findings,* combined with other
reports from two randomized trials,%"#2% lend support for
effective prostate cancer prevention strategies. These
accumulated findings are provocative, albeit limited and
somewhat inconsistent.

Zinc
It has been known for many years that the mammalian
prostate gland contains a number of biochemical constitu-
ents, including zinc. Although zinc appears to function in
a variety of metabolic events, neither its physiologic nor
its pathologic actions within the prostate gland are fully
understood. Zinc concentration in the prostate gland is
much higher than in other human tissues.* The uptake of
zinc by the prostate gland in experimental animals is an
androgen-dependent process. There is some evidence that
zinc levels may be elevated in BPH and decreased in pros-
tate carcinoma.® Prostate neoplasms secrete less zinc in
prostatic fluid obtained by digital rectal massage.® It has
been proposed that the inability of malignant prostate cells
to accumulate high zinc levels results in increased citrate
oxidation and the coupled ATP production essential for
the progression of malignancy.®”

Kolonel® reported on the relationship between nutri-
tion and prostate cancer including the dietary components
cadmium and zinc. Unfortunately, associations between
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the risk of prostate cancer and these heavy metals were
too incomplete to draw any conclusions regarding their
importance. In an age-adjusted epidemiologic study, a
positive association between prostate cancer (all stages
combined) and zinc was observed.” After adjustment for
energy intake, however, there was no apparent associa-
tion between prostate cancer and any of the nutrients
investigated, including zinc. Interestingly, pumpkin seeds
(Cucurbita pepo) contain relatively high levels of zinc,
and there are many vegetables rich in zinc including spin-
ach, brussels sprouts, cucumbers, string beans, and some
other green vegetables. Because the physiologic and
pathologic role of zinc in the prostate gland is poorly un-
derstood, any therapeutic supplementation of this micro-
nutrient must be viewed as empirical. While a hypothesis
involving zinc supplementation as a chemoprotective is
intriguing, neither basic nor clinical studies have yet fully
confirmed such an association.

Miscellaneous Factors

Alcohol. Alcohol consumption appears to have little as-
sociation with prostate cancer risk.”” In an evaluation of
several retrospective studies that included alcohol, none
were observed to have an odds ratio that was significantly
different from 1.0. Six prospective studies exhibited a simi-
lar pattern.?” In another study,®® an elevated risk was ob-
served at very high levels of alcohol consumption. Lumey
et al.¥ recently confirmed what the majority of alcohol
studies have observed—that there is no relationship be-
tween alcohol consumption and prostate cancer.

Vitamin D. Laboratory and clinical data indicate an
antitumor effect of 1,25(OH), vitamin D on prostate can-
cer.® Calcium from food sources and supplements inde-
pendently increased risk. Interestingly, high fructose in-
take was related to a lower risk of advanced prostate can-
cer. Fruit intake was inversely associated with risk of ad-
vanced prostate cancer, and this association was ac-
counted for by fructose intake. Non-fruit sources of fruc-
tose were similarly associated with lower risk of advanced
prostate cancer.” Fructose, like zinc, is present in unusu-
ally high quantities in mammalian sex accessory glands,
including the prostate. These findings provide indirect
evidence for a protective influence of high 1,25(OH), vita-
min D levels on prostate cancer and support recommen-
dations for increased fruit consumption and avoidance of
high calcium intake to reduce the risk of advanced pros-
tate cancer.

Diabetes mellitus. The relationship between diabe-
tes mellitus and risk of prostate cancer has been stud-
ied,”™ but the findings have been somewhat inconsis-
tent. People with diabetes have a lower risk of prostate
cancer and this risk decreases over time after diagnosis of
diabetes.”’ Henderson et al.? reported a nonsignificant
inverse relationship between the progression of diabetes
and prostate cancer. Other studies have reporied a lower
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prevalence of diabetes among men with prostate cancer;”
no association was detected between these two diseases
in a large prospective study.®®> The underlying
mechanism(s) involved in these associations (or lack
thereof) are unclear. Inherent metabolic changes associ-
ated with diabetes mellitus seem unlikely to be related to
any age-related hormonal events in the prostate gland.

Nutrition and BPH

Etiology and Incidence

BPH is a common cause of morbidity among older men.*
The etiology of BPH remains unknown, but the condition
is manifest by hyperplasia of both the epithelial and stro-
mal tissues of the prostate. This hyperplasia often leads
to restricted urinary outflow. The incidence of BPH in-
creases with advancing age and is the most common cause
of lower urinary tract obstructive and irritative symptoms.
Although BPH and prostate cancer are common in older
men, there is no convincing evidence that men with BPH
are at higher risk for prostate cancer.®® Androgens, par-
ticularly dihydrotestosterone, may be involved in the gen-
esis of BPH.

Less attention has been focused on nutrition and BPH.
BPH is relatively uncommon among Asian men, yet the
incidence of BPH in Japanese men increases when they
migrate to the United States.* The therapies used in treat-
ing prostate cancer (e.g., surgery, radiation, hormones,
and chemotherapy) are less common in the medical man-
agement of BPH. Pharmacologically, BPH may be treated
with o, adrenergic blockers (e.g., prazosin, terazosin) and/
or 5a-reductase inhibitory drugs (e.g., finasteride).
Finasteride blocks the conversion of testosterone to
dihydrotestosterone. The efficacy of these drugs resides
chiefly in restoration of urinary flow. Pumpkin seeds that
contain cucurbitacins purportedly have some So-reduc-
tase inhibitory activity. Licorice (Glycyrrhiza glabra) also
contains an ingredient that appears to interfere with the
conversion of testosterone to dihydrotestosterone.

Phytosterols

Table 2 illustrates the findings of two studies®* of di-
etary nutrients and BPH. The effectiveness of phytoster-
ols in patients with nonsevere BPH was recently assessed
in a randomized, placebo-controlled double-blind study.”
This phytosterol preparation consisted mainly of B-sito-
sterol and led to the clinical improvement of urinary peak
flow following a 6-month treatment period. It is notewor-
thy that the lipophilic extracts of sabal fruit (Serena repens,

Table 2. Studies of Diet and BPH

Sabal serrulata [American dwarf palm]) have been used
to treat BPH.”® The hexane extract of the pulp and seed
contains a complex mixture of free fatty acids and their
esters. There are also small quantities of B-sitosterol in
the extract.’® Beta-sitosterol can inhibit human prostate
cancer cell growth in vitro. The mechanism may involve
the activation of the sphingomyelin cycle and the induc-
tion of apoptosis.'®

Ohno et al.*® evaluated 100 case subjects with BPH
and 100 age-matched hospital patients in Japan. There
was no association between total dietary fat intake and
BPH. These investigators also studied the effects of di-
etary B-carotene on the progression of prostate disease
and found a protective association between f3-carotene
intake and prostate cancer risk. This finding was consis-
tent across two control series hospital controls and pa-
tients with BPH.

Phytoestrogens

Phytoestrogens are present in soybeans and are repre-
sented by the isoflavonoids, which include genistein and
daidzen. While genistein has an affinity for the human
estrogen receptor,* it can also decrease the growth of
both BPH and prostate cancer tissue in histoculture.'"
The mechanism of action of genestein is multifaceted, and
it would be simplistic to suggest that it is acting only as a
hormone receptor antagonist.

Summary

There have been many efforts to elucidate an association
between nutrition and prostate cancer. Studies attempt-
ing to relate total fat intake to this malignancy seem to be
the most convincing. There are many confounding fac-
tors involved in the genesis of prostate cancer that com-
plicate clear or definitive associations. The evidence of
the usefulness of dietary supplements or other
chemoprotectants in the medical management of prostate
cancer is equally unconvincing. Dietary zinc supplements
may hold some empirical value, but the therapeutic use of
this metal bears little relationship to either the physiologic
or pathologic basis for its actions. It is possible that some
phytoestrogens such as genistein and daidzen might prove
useful in the dietary management of prostate cancer, but
long-term case-control studies are first necessary.

The etiology of BPH, like that of prostate cancer, re-
mains unknown. The association between BPH and nutri-
tion is even less evident than that between prostate can-
cer and nutrition. Epidemiologic studies of phytosterols
(e.g., B-sitosterol) have been limited. Although phyto-

Author Nutrient Investigated Comment/Major Finding
Berges etal.”” (1995) B-sitosterol Symptomatic improvement
Ohno et al.*® (1988) B-carotene/total fat BPH Risk
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estrogens appear to possess both hormonal and nonhor-
monal properties, their effect on the clinical course of BPH
s not clear. Finally, it is doubtful that other micronutrients
(e-g.. zinc) or phytochemicals (e.g., licorice, pumpkin seeds)
exert any significant actions upon epithelial or stromal
aissues in the hyperplastic prostate.

1.

2

10.

11.

12.

13.

14.

15.

16.

17.

18.

18.

Blumberg J. Nutritional needs of seniors. J Am Coll
Nutr 1997;16:517-23

Tucker K. Micronutrient status and aging. Nutr Rev
1995;53:9-15

Wood RJ, Suter MS, Russell RM. Mineral require-
ments of elderly people. Am J Clin Nutr 1995;62:
493-505

Willett WC. Specific fatty acids and risks of breast
and prostate cancer: dietary intake. Am J Clin Nutr
1897,66:1557-63

Giovannucci E. Epidemiologic characteristics of
prostate cancer. Cancer 1995;75:1766-77
Haenszel W, Kurihara M. Studies of Japanese mi-
grants. |. Mortality from cancer and other diseases
among Japanese in the United States. J Natl Can-
cer Inst 1968;40:43-68

Staszewski W, Haenszel W. Cancer mortality among
the Polish-born in the United States. J Natl Cancer
Inst 1965;35:291-7

Shibata A, Ma J, Whittemore AS. Prostate cancer
incidence and mortality in the United States and
the United Kingdom. J Natl Cancer Inst 1998;90:
1230-1

Jensen OM, Esteve J, Moller H, Renard H. Cancer
in the European community and its member states.
Eur J Cancer 1990;26:1167-256

Muir CS, Nectoux J, Staszewski J. The epidemiol-
ogy of prostatic cancer. Acta Oncol 1991;30:133-
40

Kemp ED. Prostate cancer: finding and managing
it. Postgrad Med 1992;92:67-84

llic M, Viajinac H, Marinkovic J. Case-control study
of risk factors for prostate cancer. Br J Cancer
1996;74:1682-6

van der Gulden JWJ. Metal workers and repairmen
at risk for prostate cancer: a review. Prostate
1997;30:107-16

Carter BS, Ballantine-Carter H, Issacs JT. Epide-
miologic evidence regarding predisposing factors
to prostate cancer. Prostate 1990;16:187-97
Kolonel LN. Nutrition and prostate cancer. Cancer
Causes Control 1996;7:83-94

Yip I, Aronson W, Heber D. Nutritional approaches
to the prevention of prostate cancer progression.
In: Heber D, Kritchevsky D, eds. Dietary fats, lipids,
hormones, and tumorigenesis. New York: Plenum
Press, 1996

Gann PH, Henekens CH, Sacks FM, et al. Prospec-
tive study of plasma fatty acids and risk of prostate
cancer. J Natl Cancer Inst 1994;86:281-6

Rose DR, Connolly JM. Dietary fat, fatty acids, and
prostate cancer. Lipids 1992;27:798-803

West DW, Siattery ML, Robison LM, et al. Adult di-
etary intake and prostate cancer risk in Utah: a
case-control study with special emphasis on ag-
gressive tumors. Cancer Causes Control 1991;
2:85-94

Nutrition Reviews®, Vol. 57, No. 4

20.

21.

22,

28.

24.

25.

26.
27.

28.

28.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

Giovannucci E, Rimm EB, Colditz GA, et al. A pro-
spective study of dietary fat and risk of prostate
cancer. J Nat! Cancer Inst 1993;85:1571-9

Zhou JR, Blackburn GL. Bridging animal and hu-
man studies: what are the missing segments in
dietary fat and prostate cancer? Am J Clin Nutr
1997;66:1572-80

Dwyer JT. Human studies on the effects of fatty ac-
ids on cancer: summary, gaps, and future research.
Am J Clin Nutr 1997,66:1581-6

Karmali RA. Eicosanoids in neoplasia. Prev Med
1987,16:493-502

Rose DB, Connolly JM. Effects of fatty acids and
eicosanoid synthesis inhibitors on the growth of
two human prostate cancer cell lines. Prostate
1991,18:243-54

Hill AB. The environment and disease: associa-
tion or causation? Proc R Soc Med 1965;58:295-
300

Glynn JR. A question of attribution. Lancet
1993;342:530-2

Giles G, Ireland P. Diet, nutrition, and prostate can-
cer. Int J Cancer 1997;10:13-7

Howell MA. Factor analysis of international cancer
mortality data and per capita food consumption. Br
J Cancer 1974;29:328-36

Blair A, Fraumeni JF Jr. Geographic patterns of pros-
tate cancer in the United States. J Natl Cancer Inst
1978;61:379-84

Armstrong B, Doll R. Environmental factors and
cancer incidence and mortality in different coun-
tries, with special reference to dietary practices. Int
J Cancer 1975;15:617-31

Rosenberg L, Palmer JR, Zauber AG, et al. Vasec-
tomy and the risk of prostate cancer. Am J Epidemiol
1990;132:1051-5

La Vecchia C. Cancers associated with high-fat di-
ets. Natl Cancer Inst Monographs 1992;12:79-85
Wynder EL, Rose DP, Cohen LA. Nutrition and pros-
tate cancer: a proposal for dietary intervention. Nutr
Cancer 1994;22:1-10

Heshmat MY, Kaul L, Kovi J, et al. Nutrition and
prostate cancer: a case-control study. Prostate
1985;6:7-17

Kolonel LN, Yoshizawa CN, Hankin JH. Diet and
prostatic cancer: a case-control study in Hawaii.
Am J Epidemiol 1988;127:999-1012

Ross RK, Shimizu H, Paganini-Hill A, et al. Case-
control studies of prostate cancer in blacks and
white in southern California. J Natl Cancer Inst
1987,78:869-74

Andersson SO, Wolk A, Bergstrom R, et al. Energy,
nutrient intake, and prostate cancer risk: a popula-
tion-based case-contral study in Sweden. Int J
Cancer 1996;68:716-22

Ghadirian P, Lacroix A, Maisonneuve P, et al. Nutri-
tional factors and prostate cancer: a case-control
study of French Canadians in Montreal, Canada.
Cancer Causes Control 1996;7:428-36

Graham S, Haughey B, Marshall J, et al. Diet in the
epidemiology of carcinoma of the prostate gland. J
Natl Cancer Inst 1983;70:687-92

Kaul L, Heshmat MY, Kovi J, et al. The role of diet in
prostate cancer. Nutr Cancer 1987;9:123-8
Mettlin C, Selenskas S, Natarajan N, Huben R.

101

20z I1dy 60 U 150nB AQ ¥6GZ L8 1/S6/7/LG/PI01HE/SMAIAIUORLINU/WOD dNO"olWBpPEo.)/:SAYY WO} PAPEO|UMOQ



42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

102

Beta-carotene and animal fats and their relation-
ship to prostate cancer risk: a case-control study.
Cancer 1989;64:605-12

Meyer F, Bairati |, Fradet Y, Moore L. Dietary energy
and nutrients in relation to preclinical prostate can-
cer. Nutr Cancer 1997;29:120-6

Mishina T, Watanabe H, Araki H, et al. Epidemio-
logical study of prostatic cancer by matched-pair
analysis. Prostate 1985;6:423-36

Talamini R, La Vecchia C, Decarli A, et al. Nutrition,
social factors and prostatic cancer in a northern
ltalian population. Br J Cancer 1986;53:817-21
Veierod MB, Laake P, Thelle DS. Dietary fat intake
and risk of prostate cancer: a prospective study of
25,708 Norwegian men. Int J Cancer 1997,73:634—
8

Vlajinac HD, Marinkovic JM, llic MD, Kocev NL. Diet
and prostate cancer: a case-control study. Eur J
Cancer 1997;33:101-7

Walker ARP, Walker BF, Tsotetsi NG, et al. Case-
control study of prostate cancer in black patients in
Soweto, South Africa. Br J Cancer 1992;65:438-
41

Whittemore AS, Kolonel LN, Wu AH, et al. Prostate
cancer in relation to diet, physical activity, and body
size in blacks, whites, and Asians in the United
States and Canada. J Natl Cancer Inst 1995;87:
652-61

Rotkin ID. Studies in the epidemiology of prostatic
cancer: expanded sampling. Cancer Treat Rep
1977;61:173-80

Byers T, Bieseker K. Issues in the design and inter-
pretation of studies of fatty acids and cancer in hu-
mans. Am J Clin Nutr 1997;66:1541-7

Coward L, Barnes NC, Setchell KDR, Barnes S.
Genistein, diadzein and their B-glycoside conju-
gates: antitumor isoflavones in soybean foods from
American and Asian diets. J Agric Food Chem
1993;41:1961-7

Messina MJ, Persky V, Setchell KD, Barnes S. Soy
intake and cancer risk: a review of the in vitro and
in vivo data. Nutr Cancer 1994;1;113-31
Messina M, Barnes S. The role of soy products in
reducing risk of cancer. J Natl Cancer Inst 1991,83:
541-6

Schuman LM, Mandel JS, Radke A, et al. Some
selected features of the epidemiology of prostatic
cancer: Minneapolis-St. Paul, Minnesota case-con-
trol study, 1976-1979. In: Magnus K, ed. Trends in
cancer incidence. Washington, DC: Hemisphere,
1982

Peterson G, Barnes S. Genistein and biochanin A
inhibit the growth of human prostate cancer cells
but not epidermal growth factor receptor
autophosphorylation. Prostate 1993;22:335-45
Kuiper GGJM, Lemmen JG, Carlsson B, et al. Inter-
action of estrogenic chemicals and phytoestrogens
with estrogen receptor B. Endocrin 1998;139:4252—
63

Negri E, La Vecchia C, Franceschi S, et al. Veg-
etable and fruit consumption and cancer risk. Int J
Cancer 1991;48:350-4

Le Marchand L, Kolonel LN, Wilkens LR, et al. Ani-
mal fat consumption and prostate cancer: a pro-
spective study in Hawaii. Epidemiology 1994;5:

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

276-82

Hirayama T. A large-scale cohort study on cancer
risks by diet, with special reference to the risk re-
ducing effect of green-yellow vegetable consump-
tion. In: Hayashi Y, ed. Diet, nutrition and cancer.
Tokyo: Japan Scientific Society Press, 1986
Hsing AW, MclLaughlin JK, Schuman LM, et al. Diet.
tobacco use, and fatal prostate cancer: results from
the Lutheran Brotherhood cohort study. Cancer Res
1990;50:6836-40

Heinonen OP, Albanes D, Virtamo J, et al. Prostate
cancer and supplementation with a-tocopherol and
B3-carotene: incidence and mortality in a controlled
trial. J Natl Cancer Inst 1998;90:440-6

Hartman TJ, Albanes D, Rautalahti M, et al. Physi-
cal activity and prostate cancer in the alpha-toco-
pherol-beta-carotene (ATBC) cancer prevention
study (Finland). Cancer Causes Control 1998;9:
11-8

Marchand LL, Hankin JH, Kolonel LN, Wilkens LR.
Vegetable and fruit consumption in relation to pros-
tate cancer risk in Hawaii: a reevaluation of the
effect of dietary beta-carotene. Am J Epidemiol
1991;133:215-9

Krinsky NI. Overview of lycopene, carotenoids, and
disease prevention. Proc Soc Exp Biol Med
1998;218:95-7

Clinton SK. Lycopene: chemistry, biology, and im-
plications for human health and disease. Nutr Rev
1998,56:35-51

Giovannucci EL, Ascherio A, Rimm EB, et al. Intake
of carotenoids and retinol in relationship to risk of
prostate cancer. J Natl Cancer Inst 1995;87:1767—
76

Franceschi S, Bidoli E, La Vecchia C, et al. Toma-
toes and risk of digestive disease cancers. Int J
Cancer 1994;59:181-4

Giovanucci E. Tomatoes, tomato-based products,
lycopene, and cancer: a review of the epidemio-
logic literature. J Nati Cancer Inst 1999;91:317-31
Clinton SK, Emenhiser C, Schwartz SJ, et al. Cis-
trans lycopene isomers, carotenoids, and retinol in
the human prostate. Cancer Epidemiol Biomarkers
Prev 1996;5:823-33

Zhao A, Khachik F, Richie JP, Cohen LA. Lycopene
uptake and tissue disposition in male and female
rats. Proc Soc Exp Biol Med 1998;218:109-14
Mills PK, Beeson WL, Phillips RL, Fraser GE. Co-
hort study of diet, lifestyle, and prostate cancer in
Adventist men. Cancer 1989;64:598-604

Hsing AW, Comstock GW, Abbey H, Polk BR. Sero-
logic precursors of cancer: retinol, carotenoids, and
tocopherol and risk of prostate cancer. J Natl Can-
cer Inst 1990;82:941-6

Nomura AMY, Stemmermann GN, Lee J, Craft NE.
Serum micronutrients and prostate cancer in Japa-
nese Americans in Hawaii. Cancer Epidemiol
Biomarkers Prev 1997;6:487-92

Aboseif SR, Dahiya R, Narayan P, Cunha GR. Effect
of retinoic acid on prostatic development. Prostate
1997;31:161-7

Schwarz K, Bieri JG, Briggs GM, Scott ML. Preven-
tion of exudative diathesis in chicks by factor 3 and
selenium. Proc Soc Exp Biol Med 1957;95:621-5
Combs GF Jr, Gray WP. Chemopreventive agents:

Nutrition Reviews®, Vol. 57, No. 4

20z I1dy 60 U 150nB AQ ¥6GZ |8 1/S6/7/LG/PI01HE/SMAIAIUORLINU/WOD"dNO"oIWBpPEo.)/:SAYY WO} PAPEO|UMOQ



78.

79.

81.

87.

selenium. Pharmacol Ther 1998;79:179-92
Hunter DJ, Morris JS, Stampfer MJ, et al. A pro-
spective study of selenium status and breast can-
cer risk. JAMA 1990;264:1128-31

van den Brandt PA, Goldbohm RA, van't Veer P, et
al. A prospective cohort study on selenium levels
and risk of gastrointestinal cancer. J Natl Cancer
Inst 1993;85:224-9

Willett WC, Polk BF, Morris JS, et al. Prediagnostic
serum selenium and risk of cancer. Lancet
1983;2:130-4

Yoshizawa K, Willett WC, Morris SJ, et al. Study of
prediagnostic selenium level in toenails and the
risk of advanced prostate cancer. J Natl Cancer
Inst 1998;90:1219-24

Taylor PR, Albanes D. Selenium, vitamin E, and
prostate cancer: ready for prime time? J Nati Can-
cer Inst 1998;90:1184-5

Clark LC, Combs GF Jr, Turnbull BW, et al. Effects
of selenium supplementation for cancer preven-
tion in patients with carcinoma of the skin: a ran-
domized controlled trial. JAMA 1996;276:1957-63
The Alpha-tocopherol, Beta-carotene Cancer Pre-
vention Study Group. The effect of vitamin E and
beta-carotene on the incidence of lung cancer and
other cancers in male smokers. N Engl J Med
1994;330:1029-35

Zaichick VY, Sviridova TV, Zaichick SV. Zinc in the
human prostate gland: normal, hyperplastic, and
cancerous. Int J Urol Nephrol 1997;29:565-74
Brys M, Nawrocka AD, Miekos E, et al. Zinc and
cadmium analysis in human prostate neoplasms.
Biol Trace Elem Res 1997;59:145-52

Zaichick VY, Sviridova TV, Zaichick SV. Zinc con-
centration in human prostatic fluid: normal, chronic
prostatitis, adenoma and cancer. Int J Urol Nephrol
1996;28:687-94

Costello LC, Frankiin RB. Novel role of zinc in the
regulation of prostate citrate metabolism and its
implications in prostate cancer. Prostate
1998;35:285-96

Hayes RB, Brown LM, Schoenberg JB, et al. Alco-
hol use and prostate cancer risk in U.S. blacks and
whites. Am J Epidemiol 1996;143:692-7

Nutrition Reviews®, Vol. 57, No. 4

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Lumey LH, Pittman B, Wynder EL. Alcohot use and
prostate cancer in U.S. whites: no association in a
confirmatory study. Prostate 1998;36:250-5
Giovannucci E, Rimm EB, Wolk A, et al. Calcium
and fructose intake in relation to risk of prostate
cancer. Cancer Res 1998;58:442-7

Giovannucci E, Rimm EB, Stampfer MJ, et al. Dia-
betes mellitus and risk of prostate cancer (United
States). Cancer Causes Control 1998;9:3-9
Henderson BE, Bogdanoff E, Gerkins VR, et al.
Evaluation of cancer risk factors in a retirement
community. Cancer Res 1974;34:1045-8
Thompson MM, Garland C, Barrett-Connor E, et al.
Heart disease risk factors, diabetes, and prostatic
cancer in an adult community. Am J Epidemiol
1989;129:511-7

Adami HO, McLaughlin J, Ekbom A, et al. Cancer
risk in patients with diabetes mellitus. Cancer
Causes Control 1991;2:307-14

Barry M, Roehrborn C. Management of benign pro-
static hyperplasia. Annu Rev Med 1997;48:177-
89

Shimazu H, Ross RK, Bernstein L, et al. Cancers of
the prostate and breast among Japanese and
white immigrants in Los Angeles County. Br J Can-
cer 1991;63:963-6

Berges RR, Windeler J, Trampisch HJ, Senge T.
Randomised, placebo-controlled, double-blind
clinical trial of B-sitosterol in patients with benign
prostatic hyperplasia. Lancet 1995;345:1529-32
OhnoY, Yoshida O, Oishi K, et al. Dietary beta-caro-
tene and cancer of the prostate: a case-control study
in Kyoto, Japan. Cancer Res 1988;48:1331-6
De Smet P. The role of plant-derived drugs and
herbal medicines in healthcare. Drugs 1997,54:
801-40

von Holtz RL, Fink CS, Awad AB. Beta-sitostero!
activates the sphingomyelin cycle and induces
apoptosis in LNCaP human prostate cancer cells.
Nutr Cancer 1998;32:8-12

Geller J, Sionit L, Partido C, et al. Genistein inhibits
the growth of human-patient BPH and prostate can-
cer in histoculture. Prostate 1998;34:75-9

103

20z I1dy 60 U 150nB AQ ¥6GZ |8 1/S6/7/LG/PI01HE/SMAIAIUORLINU/WOD"dNO"oIWBpPEo.)/:SAYY WO} PAPEO|UMOQ





