
Prostate Cancer and Antioxidants 
By Gerald T. Keegan, MD, FACS, and 

Lynn Keegan, RN, PhD, HNC-BC, FAAN

Dr. Gerald Keegan is Emeritus Staff, Scott & White Clinic and Hospital, 
and former Professor of Surgery (Urology), Texas A&M, University School 

of Medicine, Temple, TX; Dr. Lynn Keegan is Director, Holistic Nursing 
Consultants, Port Angeles, WA. Drs. Keegan report no consultant, stockholder,

speaker’s bureau, research, or other financial relationships with companies 
having ties to this field of study.

PROSTATE CANCER IS THE MOST COMMON NON-SKIN CANCER AMONG

American men. Estimates suggest that more than 230,000 new
cases of prostate cancer are diagnosed annually in the United States
and that about 30,000 men will die annually of the disease.1,2 Data
for 2004 indicate that prostate cancer will account for 20% of all
cancer cases in the United States compared with 19% for breast
cancer, 16% for lung cancer, and 13% for colorectal cancer.2 The
incidence of newly diagnosed prostate cancer has been variable
over the past few decades, in part due to increased frequency of
prostate screening3 via measurement of prostate-specific antigen
(PSA) levels, but also due to early diagnosis by safe and readily
available ultrasonic biopsy techniques, both making statistical com-
parison difficult. In addition, estimates of prostate cancer incidence
are confounded by autopsy evidence of microscopic disease in 30%
of men older than age 50, and in 70% of men who are 80 years of
age or older, as well as the widespread tendency to biopsy more
patients. For a 50-year-old man with a life expectancy of 25 years,
the lifetime risk of microscopic prostate cancer is about 42%, the
risk of clinically evident prostate disease is 10%, and risk of fatal
prostate cancer is 3%.4

Based on this information, it is clear that there are a number of
cases of microscopic prostate cancer that never become clinically
apparent. The question then arises as to whether there are factors that
trigger the manifestations of the disease process and whether this
triggering process can be prevented or modified.

Etiology of Prostate Cancer
Like most cancers, the ultimate cause of prostate cancer is

unknown and likely multifactorial, but manifold sequential events
over a period of years probably play initiating roles in producing the
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disease. For most cancers, the first step in carcinogene-
sis involves mutation in the genetic makeup of a cell’s
DNA, such as loss of a suppressor gene. The cell then
develops further abnormalities under the influence of a
cancer promoter, which also stimulates abnormal
growth. 

Risk Factors
Definitive risk factors for prostate cancer include age,

genetics, family history, and race. The incidence and
mortality from prostate cancer increase exponentially
after age 50.5,6 The risk of an individual developing
prostate cancer depends not only on the number of
affected relatives, but also upon the age at which they
developed the disease.7,8 In the United States, black men
have a higher incidence rate of prostate cancer than
white men of similar education and socioeconomic
group, and are generally diagnosed with later stage dis-
ease and have a lower survival rate even when correlated
for stage.9 Probable risk factors include dietary fat, hor-
monal status, tobacco use (perhaps secondary to excess
accumulation of cadmium), and exposure to other toxic
agents. Prostate cancer mortality rates in the United
States are inversely proportional to ultraviolet radiation
exposure, which is necessary for the synthesis of vita-
min D. Prostate cancer is more common in Northern
countries.10

Some question whether there may be potential risk
with high intake of calcium. One study found that calci-
um may support vitamin D-related antiproliferative

effects in prostate cancer.11 Another investigation exam-
ined the association of dairy, calcium, and vitamin D
intake with prostate cancer. In a prospective study of
3,612 men followed from 1982-1984 to 1992 for the
first National Health and Nutrition Examination Epi-
demiologic Follow-up Study, 131 prostate cancer cases
were identified. Dietary intake was estimated from ques-
tionnaires completed in 1982-1984. Relative risk and
95% confidence intervals were estimated by using Cox
proportional hazards models adjusted for age, race, and
other covariates. The researchers concluded that dairy
consumption may increase prostate cancer risk through
a calcium-related pathway.12

On the other hand, an Italian study of 1,294 men with
incident prostate cancer showed no material association
of dietary intake of calcium, vitamin D, and phosphorus
with prostate cancer risk.13 In a Dartmouth Medical
School study of 672 men in a randomized controlled
clinical trial, there was no increase in prostate cancer
risk associated with calcium supplementation and some
suggestion of a protective effect.14

Concepts of Chemoprevention of Prostate Cancer 
Multiple substances have been recommended to pre-

vent the development of clinically evident prostate can-
cer, as well as to reverse the precancerous lesion known
as prostatic intraepithelial neoplasia (PIN). Chemopre-
ventive agents can be classified into several major types
based upon their presumed mechanism of action. These
include inhibitors of initiation, antipromotional agents,
and inhibitors of progression. Prostate cancer is charac-
terized by a very long period of development, and for
this reason, chemoprevention and chemosuppression
appear to be real possibilities.15 Because of the hormon-
al dependence of prostate cancer, one substance that has
been studied and found in clinical trials to potentially
prevent prostate cancer development is finasteride, an
agent that prevents the conversion of testosterone into its
active form of dihydrotestosterone by inhibition of 5-
alpha reductase.16

Although the risk of prostate cancer was reduced 
by 25% in men who took finasteride in the Prostate Can-
cer Prevention Trial, a large-scale study of chemopre-
vention for prostate cancer, those cases of prostate can-
cer that emerged during this trial were characterized by a
higher grade cancer. There has been considerable dis-
pute as to whether these findings truly represent a higher
grade prostate cancer or whether they simply represent
histological artifact or earlier diagnosis with lead time
bias. A model has been developed at the University of
Texas in San Antonio that will weigh potential benefits
against potential risks considering the factors of both
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histological artifact induced by the use of finasteride
(which may produce cellular changes resembling higher
grade prostate cancer) as well as earlier detection (and
possibly over-detection) of the disease.17

Toremifene, a selective estrogen receptor modulator,
used for the treatment of metastatic adenocarcinoma of
the breast in women, has been found to prevent the 
progression of high-grade PIN into prostate cancer.18

Various other studies are ongoing including extensive
studies of the effects of vitamin D, anti-inflammatory
agents, and soy-based isoflavonoids in prostate cancer
prevention. 

The focus of this article, however, will be on antioxi-
dant agents. Specifically, we will look at vitamins E and
C, selenium, and lycopene. 

Mechanisms of Action of Antioxidants
In evaluating any agent thought to prevent prostate

cancer, proposing a mechanism of action is helpful in
developing understanding. However, it is likely that
most preventive substances act in many ways, not solely
by a solitary mechanism. One potential mechanism of
action involves the transformation of a normal cell into
one with malignant potential by the loss of a tumor-sup-
pressor gene. 

Oxidative stress also may produce alterations in cel-
lular DNA. The molecular mechanisms that lead to
increased susceptibility of tissues to oxidative stress are
not well understood. 

Researchers at the Robert Wood Johnson Medical
School have reported a link between loss of protection
against oxidative damage and loss of function of Nkx3.1,
a gene known to be required for prostatic epithelial dif-
ferentiation and suppression of prostate cancer. Using
gene-expression profiling, they found that Nkx3.1
mutant mice display deregulated expression of several
antioxidant enzymes disproportionate to the deregula-
tion of the pro-oxidant enzymes, including glutathione
peroxidase 2 and 3 (GPx2 and GPx3), peroxiredoxin 
6 (Prdx6), and sulfhydryl oxidase Q6 (Qscn6). More-
over, the formation of PIN in these mutant mice was
associated with increased oxidative damage of DNA, as
evident by increased levels of 8-hydroxy-2’-
deoxyguanosine (8-OHdG). They also showed that pro-
gression to prostate adenocarcinoma was correlated with
a further deregulation of antioxidants, including super-
oxide dismutase. Their findings suggest a molecular link
between a gene whose inactivation is known to be
involved in prostate carcinogenesis, namely Nkx3.1, and
oxidative damage of the prostatic epithelium.19 In sum-
mary, it is possible that one of the mechanisms con-
tributing to the development of prostate cancer is oxida-

tive stress that results in deletion of a tumor suppressor
gene. 

Scientists from the University of California (Davis)
have hypothesized that lysosomal enzymes and prosta-
somes (biologically active organelles secreted by
prostate epithelial cells) are released from prostate cells
into the duct system of the prostate, where their
hydrolytic enzymes and associated oxidative processes
damage proteins and other cell components, leading to
carcinogenesis. Risk factors, such as ionizing radiation,
oxidative stress, environmental toxins, and diets high in
saturated fat content may initiate activity of lysosomal
or prostasomal enzymes. Dietary components in fruits
and vegetables, which are thought to protect against
prostate cancer, may work by decreasing cellular output
of lysosomal or prostasomal enzymes, or through inhibi-
tion of lysosomal and prostasomal enzymes in the duct
system. The authors also suggest protection against
prostate cancer by inhibitors of lipid peroxidation,
including the dietary antioxidants selenium, vitamin E,
and lycopene, and also cysteine glutathione.20

The next question to be explored is whether any evi-
dence exists to support the hypothesis that antioxidants
prevent or reverse oxidative stress.

Clinical Studies
In the experimental animal model, oxidation may

damage the cell by causing deletion of cancer-suppress-
ing genes, and such damage may be prevented, or at
least ameliorated, by the use of antioxidants.21-23 A dis-
cussion of the clinical evidence suggesting a role for
these agents in human nutrition, again realizing that the
effects of such agents may be multifocal and not solely
based on their antioxidant potential, follows. 

The results of the 13-year Nutritional Prevention of
Cancer Trial confirmed that selenium supplementation
is associated with marked reductions in cancer risk (all-
site except skin), including cancers of the prostate and
colon-rectum (the effect on diminishing the incidence of
prostate cancer was quite significant).24

Preclinical, epidemiological, and Phase III data from
two randomized, placebo-controlled clinical trials sug-
gest that both selenium (l-selenomethionine) and vita-
min E (alpha-tocopherol) have potential efficacy in
prostate cancer prevention.25 The ongoing Selenium and
Vitamin E Cancer Prevention Trial (SELECT), spon-
sored by the National Cancer Institute, is a Phase III,
randomized, double-blind, placebo-controlled, popula-
tion-based clinical trial designed to test the efficacy of
selenium and vitamin E alone and in combination to pre-
vent prostate cancer. Randomization will be equally dis-
tributed among the four study arms, with intervention

Alternative Medicine Alert 123



consisting of a daily oral dose of study supplement 
(200 µg l-selenomethionine and/or 400 mg of racemic
alpha-tocopherol) or matched placebo. Study duration is
planned for 12 years, with a five-year uniform accrual
period. The primary endpoint for SELECT is the clinical
incidence of prostate cancer as determined by routine
clinical diagnostic work-up, including yearly digital rec-
tal examination of the prostate and serum PSA level.
SELECT is the second large-scale study of chemopre-
vention for prostate cancer. Enrollment began in 2001,
with final results anticipated in 2013. The motivating
concept underlying this study is related directly to in
vitro evidence suggesting that selenium and vitamin E
work synergistically to cause cell-cycle arrest, induce
caspase-mediated apoptosis, and act as antiandrogens in
arresting clonal expansion of nascent tumors.26

Another study at the University of Massachusetts
Medical School complements the currently ongoing
Selenium and Vitamin E Cancer Prevention Trial. The
objective was to determine the effects of selenium and
vitamin E in blood and prostate tissue in patients with
clinically localized prostate cancer. Patients were ran-
domized to take selenium, vitamin E, both, or placebo
for 3-6 weeks before prostatectomy. Thirty-nine patients
were evaluable, and 29 age-matched disease-free men
served as controls. Sera were collected from patients
before and after dietary supplementation. Analyses
showed a change in sera classification from cancerous to
healthy for some patients with prostate cancer after
dietary intervention. In sera from patients with prostate
cancer, the selenium and vitamin E combination induced
statistically significant proteomic (the analysis of serum
marker proteins) pattern changes comparable with
prostate cancer-free patients.25

Researchers in Canada assessed whether supplemen-
tation with low doses of antioxidant vitamins and miner-
als could reduce the occurrence of prostate cancer and
influence biochemical markers. The SU.VI.MAX trial
included 5,141 men randomized to take either a placebo
or supplement containing vitamin C, vitamin E, beta-
carotene, selenium, and zinc daily for eight years. Bio-
chemical markers of prostate cancer risk such as PSA
and insulin-like growth factors (IGFs) were measured on
plasma samples collected at enrollment and at the end of
follow-up from 3,616 men. During the follow-up, 103
cases of prostate cancer were diagnosed. Overall, there
was a moderate, but nonsignificant reduction in prostate
cancer rate associated with supplementation. However,
the effect differed significantly between men with nor-
mal baseline PSA and those with elevated PSA. Among
men with a normal PSA, there was a markedly signifi-
cant reduction in the rate of prostate cancer for those

receiving the supplements. Supplementation had no
effect on PSA or IGF levels. The findings support the
hypothesis that chemoprevention of prostate cancer can
be achieved with supplementation of antioxidant vita-
mins and minerals.27

Few studies have provided information on isolated
study of antioxidant vitamins independent of one anoth-
er, but a group at Johns Hopkins University assessed
whether higher prediagnostic plasma concentrations of
vitamin C were associated with a lower risk of prostate
cancer in a well-nourished cohort of men. Total plasma
ascorbic acid (L-ascorbic acid plus dehydro-L-ascorbic
acid) levels were measured. Among the 498 male 
participants with measured plasma vitamin C levels, 62
were subsequently diagnosed with prostate cancer dur-
ing their lifetime. The authors concluded that higher
plasma vitamin C concentrations within the normal
physiologic range are not associated with a lower risk of
prostate cancer in well-nourished men, and that vitamin
C as a single agent was not protective against prostate
cancer.28

Further evidence of the chemopreventive effects of
alpha-tocopherol and l-selenomethionine comes from
secondary analysis of two Phase III clinical trials,25 but
there have been studies of the effects of vitamin E as a
solitary agent. The Alpha-Tocopherol, Beta-Carotene
Cancer Prevention (ATBC) study demonstrated a 32%
reduction in prostate cancer incidence in response to
daily alpha-tocopherol supplementation. The baseline
serum concentrations of alpha-tocopherol and gamma-
tocopherol were studied to compare their respective
associations with prostate cancer risk. From the ATBC
study cohort of 29,133 Finnish men, 50-69 years old,
100 incident prostate cancer case patients and 200
matched control subjects were randomly selected. Fur-
ther analyses indicated that the association of high
serum tocopherols with low prostate cancer risk was
stronger in the alpha-tocopherol-supplemented group
than in those not receiving alpha-tocopherol.29

A study from the University of Texas Health Science
Center at San Antonio gleaned data from the Prevention
Research Veteran Affairs E-vitamin Nutrition Trial. This
randomized, double-blind, placebo-controlled study was
designed to assess the effects of vitamin E supplementa-
tion on biomarkers associated with prostate cancer risk
in peripheral blood and prostate tissue. Forty-four
patients with increased PSA and/or abnormal digital rec-
tal examination on initial evaluation were randomized to
receive 400 IU vitamin E (22) vs. placebo (22). Serum
vitamin E, PSA, dehydroepiandrosterone, testosterone,
and IGF-1 were measured in the two groups at baseline
and then at three-month intervals. Serum vitamin E was
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significantly higher in patients on vitamin E supplemen-
tation. Alpha-tocopherol supplementation did not affect
PSA levels, serum androgens (testosterone and dehy-
droepiandrosterone), or IGF-1. The results suggest that
any decrease in prostate cancer risk with alpha-toco-
pherol is likely to occur through a mechanism that is
non-hormonal and independent of IGF-1.30

The question arises as to which form of vitamin E is
most effective as a preventive agent. Studies of the
effects of gamma-tocopherol, the predominant vitamin
E form in diets, but not alpha-tocopherol, which is the
exclusive form of vitamin E in most supplements, on
prostate tissue culture were performed at Purdue Univer-
sity. Gamma-tocopherol exhibited an antiproliferative
effect on prostate and lung cancer cells, and induced
apoptosis in androgen-sensitive prostate cancer, but not
in androgen-resistant cells. Gamma-tocopherol treat-
ment caused cytochrome c release and caspase-9, -3 
and -7 activation. However, apoptosis could not be com-
pletely reversed by a pancaspase inhibitor, indicating
that an alternative caspase-independent pathway may
also be involved. This study suggests an independent
effect of gamma-tocopherol in the prevention and treat-
ment of certain types of prostate cancer.31

The effect of tomato-derived lycopene as a prostate
cancer preventive has been discussed extensively in the
in the lay literature, but as yet, most information has
been derived from epidemiological studies. One meta-
analysis performed to determine whether intake of
tomato products reduces the risk of prostate cancer
employed a systematic MEDLINE and EMBASE
search and identified 11 case-control studies and 10
cohort or nested case-control studies. The results
showed that tomato products may play a role in the pre-
vention of prostate cancer. The effect was modest and
restricted to high amounts of tomato intake.32

In contrast, a small study performed to assess the bio-
chemical effects of tomatoes in patients about to under-
go prostatectomy for prostate cancer did show signifi-
cant benefit. Tomato sauce pasta was consumed daily for
three weeks before their scheduled procedures. Bio-
markers of tomato intake, prostate cancer progression,
and oxidative DNA damage were followed in blood and
the available prostate tissue. Oxidative DNA damage in
leukocytes and prostate tissues was significantly dimin-
ished, possibly due to the antioxidant properties of
lycopene. Remarkably, there was a decrease in blood
PSA, which was explained by the increase in apoptotic
death of prostate cells, especially in carcinoma regions.
Possible explanations for these promising results may
reside in lycopene’s effects on the genes governing
androgenic stimulation of prostate growth, effects on

cytokines, and effects on the enzymes producing reac-
tive oxygen species. Other phytochemicals in tomatoes
and tomato-based products may act in synergy with
lycopene to potentiate protective effects.33 The above
study focused on men with prostate cancer who con-
sumed tomato sauce prior to having a radical prostatec-
tomy. The effects of the tomato sauce produced a regres-
sion in the measurable parameters of prostate cancer
activity. By a process of analogous reasoning, we can
postulate that with the high incidence of prostate cancer
cells present in a large percentage of older men the
activity of those cells may be significantly retarded by
the use of tomato-based products.

Toxicity
There are no specific contraindications to intake of

antioxidants from foods; however, excessive dosages of
any one substance can be detrimental. The best source of
most antioxidants is from natural food substances, but as
noted above, proprietary selenium supplements are
essential. A concern about the toxicity of selenium has
limited the doses used in chemoprevention. To assess
this toxicity scientists at Roswell Park Cancer Institute
investigated the plasma response and toxicity reports
from 24 men with biopsy-proven prostate cancer who
were randomized to either 1,600 or 3,200 µg/d of sel-
enized yeast as part of a controlled clinical trial testing
selenium as a chemopreventive agent for prostate cancer
progression. The 3,200 µg/d group reported more seleni-
um-related side effects, but none was deemed serious.34

However, as noted above, higher doses of selenium may
not be additionally advantageous in the prevention of
prostate cancer.23

There has been a spate of recent articles in the litera-
ture on the hazard of using high-dose vitamin E in
excess of 400 IU/d. A randomized, double-blind, clinical
trial of the effects of vitamin E supplementation on can-
cer and heart disease came up with some astounding
findings. Although this study showed no difference in
the incidence of cancers or cancer-related deaths
between the vitamin E and the placebo groups, there was
a 19% increase in the risk of heart failure and a 40%
increase in hospital admissions in the vitamin E group.35

The study suggests that patients with established cardio-
vascular disease are not good candidates for vitamin E
supplementation. Based upon reviews of the literature,
the maximum recommended daily dose of vitamin E is
400 IU, while that for selenium is 200 µg, and for vita-
min C is 2 g in completely healthy individuals.

Conclusion
Selenium and vitamin E are the most accepted dietary
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supplements considered for use in the reduction of
prostate cancer risk. This enthusiasm is reflected in the
initiation of the Selenium and Vitamin E Chemopreven-
tion Trial (SELECT). Results from numerous laboratory
and observational studies support the use of these sup-
plements, and data from recent prospective trials add
some support. To err on the side of caution, a closer
analysis of these data reveals some interesting and
unique associations. Selenium supplements provided a
benefit only for those individuals who had lower levels
of baseline plasma selenium. Other subjects, with nor-
mal or higher levels, did not benefit and may have an
increased risk for prostate cancer. The concept that sup-
plements reduce prostate cancer risk only in those at a
higher risk and/or those with lower plasma levels of
these compounds is supported by trials examining beta-
carotene supplements. In four recent prospective studies,
vitamin E was found to reduce the risk of prostate can-
cer in past/recent and current smokers and those with
low levels of this vitamin. Vitamin E supplements in
higher doses (≥ 100 IU) were also associated with a
higher risk of aggressive or fatal prostate cancer in non-
smokers from a past prospective study.36

Recommendation
Although the optimal dosages of many antioxidant

compounds and the assessment of their blood and tissue
levels in individuals has not as yet been established,
there is ample evidence to suggest that a low-dose and
inexpensive multivitamin taken daily may reduce all-
cause mortality and cancer risk, especially in healthy
men who do not consume a highly diverse quantity of
fruits and vegetables. A randomized, placebo-controlled
trial of the health effects of antioxidant vitamins and
minerals involving 13,000 French adults followed for
7.5 years showed that although there was no clear-cut
effect of taking these supplements in women in terms of
reducing their risk of cancer or cardiovascular disease, a
significant protective effect was found in men. Men in
this study reduced their risk of any cancer by 31% and
their risk of all-cause mortality by 37%. The low-dose
multivitamin in this trial consisted of 120 mg ascorbic
acid, 30 mg of vitamin E, 6 mg of beta-carotene, 100 µg
of selenium, and 20 mg of zinc.37

The dose of vitamin E in the SELECT trial (400 IU/d)
is eight times higher than what has been suggested to 
be effective (50 IU/d) by the largest randomized
prospective trial in which the incidence rate of prostate
cancer was used as an endpoint. Recent research also
suggests that dietary vitamin E may be associated with 
a lower risk of prostate cancer than the vitamin E 
supplement.36

The best approach, therefore, is a natural one and
whenever possible men should try to use whole food
sources (see Supplement). Even though the evidence
does not clearly indicate benefit, we recommend
increased consumption of tomato-based products.   ❖
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Omega-3 Fatty Acids 
and Arthritis
By David Kiefer, MD

Dr. Kiefer recently completed a fellowship at the Program in Inte-
grative Medicine, College of Medicine, University of Arizona in
Tucson; he reports no consultant, stockholder, speaker’s bureau,
research, or other financial relationships with companies having
ties to this field of study.

OMEGA-3 FATTY ACIDS (OR N-3) ARE A TYPE OF POLY-
unsaturated fatty acid (PUFA) that has been known

for many years to modulate inflammatory mediators,
which has led researchers to explore the role of dietary
and supplemental n-3 fatty acids in alleviating problems
such as pain and arthritis. Sources as far back as 1783
mention how cod liver oil was used to treat muscu-
loskeletal complaints1; this review will bring the topic
up to date and discuss the evidence for the use of n-3
fatty acids in the treatment of rheumatoid arthritis (RA)
and osteoarthritis (OA).

Sources of Omega-3 Fatty Acids
As detailed in a recent review for this journal,2 n-3

fatty acids are one of the family of fatty acids that make
up polyunsaturated fats, and are either plant-based (α-
linolenic acid, LNA) or marine animal-derived (eicos-
apentaenoic acid, or EPA, and docosahexaenoic acid, or
DHA). LNA, the most common n-3 fatty acid in the
American diet, is an essential fatty acid (as is α-linoleic
acid, an n-6 fatty acid), that is, it is required in the
human diet. LNA is found in flaxseed oil (8.5 g/Tbsp),
flaxseeds (2.2 g/Tbsp), canola oil (1.3 g/Tbsp), soybean
oil (0.9 g/Tbsp), English walnuts (0.7 g/Tbsp), and olive
oil (0.1 g/Tbsp).3 In the human body, one of LNA’s
activities is to serve as a precursor primarily to EPA, but
also to DHA, although the conversion to these longer-
chain n-3 fatty acids is minimal. 

Fish are the main dietary source of EPA and DHA.
The concentration of EPA and DHA varies by the
species of fish, the season, the packaging and cooking
methods, whether it was farm-raised or wild (though
wild and farmed salmon appear to be similar in this
regard), and the diet of the fish.3 The highest n-3 concen-
trations appear to be in cold-water fish, such as (in order
of decreasing EPA and DHA content) herring, sardines,
salmon, mackerel, tuna, and halibut.4 For example, 15 g
of mackerel or herring provides about 400 mg of n-3
fatty acids.5

Mechanism of Action
There are several possible mechanisms by which n-3
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fatty acids could improve inflammation and therefore
the symptoms associated with rheumatoid arthritis. The
n-3 fatty acids EPA and DHA compete with arachidonic
acid (AA, either directly ingested or metabolized from
n-6 fatty acids) as substrates for metabolism by cyclo-
oxygenase and lipoxygenase enzymes.6 AA leads to the
formation of series 2 prostaglandins (PGs), series 4
leukotrienes (LTB4), and thromboxane A2, all of which
are pro-inflammatory in the body, while n-3 fatty acids
lead to the formation of series 3 PGs, series 5
leukotrienes (LTB5) and thromboxane A3, which are
less inflammatory.1,6 LTB5 appears to be only 10% as
active an inflammatory mediator as LTB4.7

Other inflammatory mediators may be involved. Ani-
mal and in vitro research demonstrates that fish oil in the
diet can lower serum interleukins (IL-6, IL-10, IL-12)
and tumor necrosis factor-alpha (TNF-α), suppress
phospholipase C-mediated signal transduction, and
inhibit the formation of leukotrienes (such as LTB4)
from arachidonic acid via 5-lipoxygenase.1 In addition,
fish oil seems to inhibit TNF-α and IL-1-beta through its
inhibition of thromboxane A2 synthesis.6

Plant-derived n-3 fatty acids such as LNA may have
some of the same effects, though research has found that
fish oils achieve changes in tissue fatty acid composi-
tion, and presumably inflammatory responses, 2.5-5.0
times more effectively than LNA.8

Clinical Trials
There have been numerous clinical trials for both

dietary interventions and supplemental n-3 fatty acids in
people with RA. The main confounding factor with the
results of these clinical trials is that most patients were
instructed to continue their conventional medications,
perhaps making it difficult to detect improvements from
n-3 fatty acids.9 Also, most trials were done in the con-
text of the standard Western diet, which is high in n-6
fatty acids, a situation that again would make it difficult
for n-3 fatty acid supplementation to alter the n-3 to n-6
ratio sufficiently for a clinical effect; if the EPA to AA
ratio is closer to 1, then there is a greater possibility of
suppressing pro-inflammatory eicosanoids from AA.8

Despite these difficulties, one article reviewed 12 dou-
ble-blind, placebo-controlled trials. Fish oil ingestion
resulted in decreased joint tenderness, tender joint
counts, and duration of morning joint stiffness after 12
weeks.9

For those studies measuring it, fish oil supplementa-
tion resulted in a decrease in nonsteroidal anti-inflam-
matory (NSAID) use. The doses ranged from 1.7 g daily
of EPA plus 1.1 g daily of DHA, to 4.6 g daily of EPA
plus 2.5 g daily of DHA. A meta-analysis agreed with

these results, finding that three months of fish oil supple-
mentation in 386 people led to improvements in tender
joint counts and the duration of morning joint stiffness
when compared to placebo, though the doses necessary
to achieve these benefits is not mentioned in their analy-
sis.10 The analysis also found no significant differences
in parameters such as swollen joint count, grip strength,
patient and physician assessment, or erythrocyte sedi-
mentation rate.

Some of the individual trials illustrate the nuances in
the literature for the use of fish oil in RA. For example,
one double-blind crossover trial in 40 people with active
RA compared 2.7 g of EPA plus 1.8 g DHA daily (in the
form of 15 capsules daily of Max-EPA) to an identical
placebo (the contents of which are not mentioned), and
requested that the patients continue their current medica-
tions and background diet.11 There were significant
improvements in mean time to fatigue onset, the number
of tender joints, and the reduction of neutrophil LTB4
with active treatment. However, this trial was not ran-
domized, and only 33 people completed the trial with no
evidence of an intention-to-treat statistical analysis,
compromising final interpretation of the results. 

In another double-blind, placebo-controlled trial, 66
patients with RA were randomized to receive either 200
mL of a flavored PUFA supplement or flavored liquid
placebo for four months.12 The supplement contained
1.4 g of EPA, 200 mg DHA, and 940 mg of n-6 fatty
acids, among other ingredients. The researchers found
that the supplement group had increases in serum EPA,
DHA, and vitamin E, but no statistically significant dif-
ference in tender joint counts or the other clinical param-
eters measured. Again, there was an issue with with-
drawals (n = 11), a lack of intention-to-treat analysis,
and the fact that patients continued their normal diet and
medications, perhaps making an incremental treatment
effect from n-3 fatty acids difficult to discern. 

Another trial dosed the fish oil based on the subject’s
weight, and controlled for the background diet by put-
ting subjects on a low n-6 fatty acid diet (< 10 g/d).13

Fifty patients were randomized to receive a fish oil sup-
plement (40 mg/kg, 60% n-3 fatty acids) or placebo
(half olive oil and half corn oil) for 15 weeks, and clini-
cal evaluations were done at baseline and weeks 4, 8,
and 15 for number of tender and swollen joints; global
arthritis and visual analog pain scales were used. The
researchers pooled the results for the different scales and
clinical evaluations and found a modestly significant dif-
ference between the treatment and placebo groups only
after 15 weeks of treatment. Of the 50 original patients,
there were 24 withdrawals, primarily because of
changes in regular medicines or noncompliance with
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treatment protocols; the withdrawals were not included
in the analysis, seriously compromising the final results. 

Another research trial extended the treatment period
to 12 months.7 Sixty-four patients with NSAID-treated
RA were randomized either to 10 fish oil capsules
(Max-EPA with 171 mg EPA and 114 mg DHA per cap-
sule) or air-filled placebo for one year followed by three
months of placebo. Patients were instructed to slowly
lower their NSAID dosing provided there was no exac-
erbation of their symptoms. Beginning at month 3 and
persisting to month 15 there was a significant difference
noted, in that subjects in the fish oil group were more
successful in reducing reliance on their NSAIDs. No sta-
tistical differences were found for any of the clinical or
laboratory values measured, though the EPA and DHA
levels in red blood cell membranes were elevated in the
fish oil group at months 6 and 12, and months 12 and 15,
respectively. Also, arachidonic acid levels were lower in
the treatment group at month 6. Again, withdrawals
were an issue (27 total withdrawals).

One study investigated the use of LNA in RA, due to
the fact that it is a precursor to EPA and DHA, and is
often less expensive.14 Twenty-two patients with RA
were randomized to 30 g daily of flaxseed powder (32%
LNA) or a safflower oil powder placebo (33% linoleic
acid) for three months. Assessments were made using
global health scales, joint score indices, basic chemistry
profiles, inflammatory markers, and fatty acid profile of
serum phospholipids, palpatory pain testing, and subjec-
tive visual analogue pain scales. After three months, the
flaxseed group had a higher serum LNA concentration,
whereas the linoleic acid concentration was increased in
the safflower oil group. None of the other parameters
showed any difference between the two groups. The
researchers speculated that perhaps this was due to the
short length of the trial (though other three-month trials
did have effects), or poor conversion of LNA to EPA and
DHA. 

Osteoarthritis
Though most clinical trials have focused on RA, there

has been some interest in the use of n-3 fatty acids in
osteoarthritis. One trial examined 10 mL daily of cod
liver oil or 10 mL olive oil in 86 people with OA as diag-
nosed by their general practitioner (only 76% had the
diagnosis corroborated by radiographs).15 The patients
were assessed at baseline and every four weeks for joint
pain and inflammation, overall interference with daily
activities, and adverse effects, and patients were asked to
use visual analog scales to assess pain and the extent to
which the arthritis affected daily activities. The
researchers found there was no difference between the

olive oil group and the cod liver oil group with respect to
these parameters. Limitations include the fact that not
only was the placebo inadequate (olive oil has a different
taste and itself has physiological effects), but more than
25% of patients dropped out and were not included in
the final statistical calculations. 

Dosage and Formulation
It is difficult to give specific suggestions for dosing

based on the clinical trials, given that a variety of
dosages have been tested in forms ranging from oils to
capsules to powders. It is necessary to know the EPA
and DHA content of supplements when dosing in line
with the published clinical trials. For example, with 1 g
fish oil capsules, which often contain 180 mg EPA and
120 mg DHA, it would be necessary to take approxi-
mately 10-15 capsules daily to achieve the dosages men-
tioned in most clinical trials and review articles (1.7-4.6
g daily EPA plus 1.1-2.5 g daily DHA). To avoid the
toxic effects of some of the environmental contaminants
of fish (see below), it is important to choose supple-
ments that have been tested and shown to be free of
methylmercury, polychlorinated biphenyls (PCBs), and
dioxins; products should be labeled as being free of
environmental contaminants, and this can be assured by
checking with independent testing agencies such as
ConsumerLab.com. Of note, there are some concentrat-
ed fish oil products that have elevated levels of EPA and
DHA, decreasing the number of capsules required to
achieve clinically useful amounts. The dose of LNA
necessary to achieve similar results is difficult to predict
due to the incomplete conversion of LNA to EPA and
DHA in the body, and the fact that the one clinical trial
failed to show an effect from LNA. 

Adverse Effects, Contraindications,
and Drug Interactions

In the clinical trials, adverse effects mentioned for the
fish oil groups are comprised primarily of gastrointesti-
nal symptoms such as loose stools, constipation, and
belching, though in most cases these symptoms were
also mentioned by the placebo groups at similar rates.11

There are concerns mentioned by some sources about
increased bleeding time with use of fish oils, though no
clinically significant abnormal bleeding events have
been documented in the medical literature.16

N-3 fatty acids can cause an increase of approximate-
ly 5% in LDL cholesterol in some people; the elevation
appears to be most pronounced in people with elevated
triglycerides because fish oil may enhance the conver-
sion of VLDL to LDL17; the additional LDL consists of
the less pathogenic, larger, less dense LDL particles.
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Also, the effect of n-3 fatty acids is more pronounced in
carriers of the apoE4 polymorphism, a trait that confers
a greater tendency toward higher baseline serum choles-
terol and risk of coronary heart disease; some people
may respond with lipid changes more than others.18

There are concerns about contamination of fish with
methylmercury, PCBs, and dioxins.16 Because of the
dangers of these contaminants, the FDA and the Envi-
ronmental Protection Agency recommend that women
who might become pregnant, who are pregnant, or who
are breastfeeding, and young children should not eat
more highly contaminated fish species such as shark,
swordfish, king mackerel, or tilefish, and should eat only
12 oz/wk of less contaminated fish species (canned light
tuna, salmon, pollock, catfish).16,19 These dangers can be
avoided by the use of tested fish oil products, the form of
choice in the clinical trials for people with RA. 

There are conflicting reports about whether n-3 fatty
acids increase fasting glucose in people with diabetes.
One randomized, double-blind trial investigated the use
of 4 g/d of EPA, DHA, or olive oil placebo for six weeks
in 59 people with Type 2 diabetes mellitus, and found a
slight, but significant increase in fasting glucose of 1.4
and 0.98 mol/L in the EPA and DHA groups, respective-
ly, when compared with placebo. There was no change
in glycosylated hemoglobin, fasting insulin or C-pep-
tide, insulin sensitivity or secretion, or blood pressure.20

This result is in contrast to other studies that have not
found blood glucose elevations.21 These results should
be taken in context of the possible cardioprotective
effects of fish oils for people with diabetes. 

Conclusion
There is a strong physiological basis for the use of n-

3 fatty acids to mediate pain and inflammation, primari-
ly by competing with arachidonic acid for metabolism
through cyclo-oxygenase and lipoxygenase to yield less
inflammatory eicosanoids such as the series 2 PGs and
the series 4 LTs. There have been numerous clinical tri-
als investigating the use of n-3 fatty acids in RA, as well
as a meta-analysis, showing some clinical benefit prima-
rily in the number of tender joints, the duration of morn-
ing joint stiffness, and the ability to reduce NSAID use,
but these benefits seem to show up only after about three
months of therapy. The most effective n-3 form seems to
be fish oil dosed at 1.7-4.6 g daily EPA plus 1.1-2.5 g
daily DHA. Caution is advised in people with elevated
lipids; concerns about fish contamination can be
addressed by taking purified, tested fish oil products. 

Recommendation
There is reasonable evidence that n-3 fatty acid sup-

plementation, in the form of fish oil, provides some clin-

ical benefits to people with RA, and may even help them
to reduce their use of NSAIDs. Given its safety profile,
fish oil supplementation should be considered as an
adjunctive therapy in RA patients willing to comply
with the dosing (10-15 capsules daily is the most com-
mon form, but more concentrated products are available)
and duration (at least three months) of therapy.   ❖
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Dr. Greenfield is Medical Director, Carolinas Integrative Health, Carolinas HealthCare System, Charlotte, NC, 
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If You’re Going 
to Drink…

Source: Baglietto L, et al. Does dietary
folate intake modify effect of alcohol con-
sumption on breast cancer? Prospective
cohort study. BMJ 2005;331:807. Epub Aug
8, 2005.

Goal: To determine whether dietary
folate intake modifies the risk of inva-
sive breast cancer associated with alco-
hol consumption.

Design: Prospective cohort study (data
taken from the Melbourne collaborative
cohort).

Subjects: A total of 17,447 women
born in Australia, New Zealand, or the

United Kingdom (27-75 years of age at
baseline, 99.3% aged 40-69).

Methods: Recruitment occurred
between 1990 and 1994 and excluded,
among other criteria, women with a his-
tory of primary breast cancer. A struc-
tured interview was held at baseline to
determine the presence of potential risk
factors that included alcohol use, fre-
quency of intake, and average quantity
consumed. Subjects were classified into
one of five categories based on alcohol
use: lifetime abstainers, ex-drinkers,
and current drinkers with low intake (1-
19 g/d), medium intake (20-39 g/d), and
high intake (≥ 40 g/d). Participants pro-
vided thorough dietary information,
including a food frequency question-
naire, and nutrient and energy intakes

were calculated based on these foods
records. Cases of breast cancer were
identified through the Victorian cancer
registry. Follow-up continued through
the end of 2003.

Results: A total of 537 cases of inva-
sive breast cancer was identified over
the course of the study, all but one of
which were histologically confirmed.
The mean folate intake for participants
was 330 µg/d. The overall association
between alcohol intake and breast can-
cer development was not significant in
the cohort (but the highest hazard ratio
occurred in women ingesting ≥ 40 g/d),
nor was there found to be a global pro-
tective effect from folate ingestion;
however, when evaluating a potential
relationship between intakes of alcohol

CME Questions
40. Which of the following two antioxidants are the most common-

ly accepted dietary supplements considered for use in the
reduction of prostate cancer risk? 
a. Lycopene and vitamin E
b. Lycopene and vitamin C
c. Selenium and vitamin E
d. Selenium and vitamin C
e. Vitamin C and vitamin E 

41. According to recent research, dietary sources of antioxidants 
in the form of whole foods are recommended over dietary 
supplements. 
a. True
b. False 

42. Clinical trials of n-3 fatty acids for rheumatoid arthritis show
benefit in: 
a. number of tender joints. 
b. duration of morning joint stiffness. 
c. ability to reduce NSAID use. 
d. All of the above

CME Instructions: Physicians participate in this
continuing medical education program by reading
the articles, using the provided references for further
research, and studying the CME questions. Partici-
pants should select what they believe to be the cor-
rect answers, then refer to the list of correct answers
to test their knowledge. To clarify confusion sur-
rounding any questions answered incorrectly, please
consult the source material. 

After completing this activity, participants must
complete the evaluation form provided at the end of
each semester (June and December) and return it in
the reply envelope provided to receive a certificate
of completion. When an evaluation form is received,
a certificate will be mailed to the participant. 

Answers:40. c, 41. a, 42. d.



and folate, those women with low folate
intakes (200 µg/d) but high alcohol
intakes (≥ 40 g/d) had double the risk of
invasive breast cancer compared with
abstainers with low folate intakes. This
increased risk of breast cancer in high
users of alcohol was essentially abol-
ished with higher folate intakes (330
and 400 µg/d).

Conclusion: Alcohol ingestion may
increase the risk for breast cancer
through an association with folate, but
the risk can be ameliorated through ade-
quate folate intake.

Study strengths: Prospective nature;
analyses adjusted for multiple potential
confounders; degree of follow-up; thor-
ough identification of incident cases of
breast cancer; authors readily point out
weaknesses in their study.

Study weaknesses: Data based on
dietary recall and alcohol intake at a sin-
gle point in time; relatively small num-
ber of women identified who drank
heavily (n = 538) and an even smaller

number who also had high folate intakes
(n = 134); imperfect measures of folate
intake (did not include multivitamins
and supplements); no assessment of
women younger than age 40 years.

Of note: Alcohol is not considered a
carcinogen, but evidence implicates its
metabolite, acetaldehyde, as a co-car-
cinogen; data strongly suggest that peo-
ple with low folate intakes who drink
alcohol regularly have a higher inci-
dence of colon cancer compared with
those who infrequently enjoy alcohol
and have high folate intakes; in situ
breast cancer was not counted as pri-
mary breast cancer; folate fortification
of foods is mandatory in the United
States, but voluntary in Australia, where
more than 100 foods have received
approval for such fortification; studies
suggest that alcohol intake increases
estradiol levels; if folate can indeed
modify risk of development of breast
cancer for women who use alcohol, it
remains unclear whether dose is impor-
tant, and even whether the effect is early

or late stage.

We knew that: A dose-response rela-
tionship has been shown between alco-
hol ingestion and subsequent develop-
ment of breast cancer in both case-con-
trol and cohort studies (see Alternative
Medicine Alert September 2003); the
protective effect of folate against breast
cancer appears more pronounced in
those who are heavy users of alcohol;
across individual studies the relative
risk of breast cancer increases by 3-16%
for each additional 10 g/d ingestion of
alcohol; animal data consistently point
to a role of alcohol in carcinogenesis.

Clinical import: Although the conclu-
sions of this paper are less than defini-
tive due to methodological limitations,
they are nonetheless strongly sugges-
tive, and serve to further emphasize the
importance of a well-balanced diet;
even more so for those women who reg-
ularly enjoy alcohol. 

What to do with this article: Keep a
hard copy in your file cabinet. ❖
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Foods High in Antioxidants, 
Selenium, and Vitamin E 

By Gerald T. Keegan, MD, FACS, and Lynn Keegan, RN, PhD, HNC-BC, FAAN

MOST HIGH ANTIOXIDANT FOODS ARE VEGETABLE MATTER (I.E., TOMATOES, BROCCOLI, CAU-
liflower, and peppers). Fruits and vegetables that have rich hues of color contain phy-

tonutrients concentrated in the skins of many vegetables and fruits and are responsible for
not just their color, but also their scent and flavor as well. Phytonutrients are perhaps the
best antioxidant foods that exist in nature. For example, red onions, rather than white ones,
contain the most antioxidants. If you like grapes, eat the red ones. Instead of green peppers,
try yellow, orange, purple, or red. Remember, the deeper and richer the color of the fruit or
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Table 1

Best sources of dietary antioxidants: Top 20 fruits, vegetables, and nuts 
(as measured by total antioxidant capacity per serving size)

Rank Food Item Serving Size Total Antioxidant Capacity/

Serving Size

1 Small red been (dried) ½ C 13,727 

2 Wild blueberry 1 C 13,427 

3 Red kidney bean (dried) ½ C 13,259

4 Pinto bean ½ C 11,864 

5 Blueberry (cultivated) 1 C 9,019 

6 Cranberry 1 C (whole) 8,983 

7 Artichoke (cooked) 1 C (hearts) 7.904 

8 Blackberry 1 C 7,701

9 Prune ½ C 7,291 

10 Raspberry 1 C 6,058

11 Strawberry 1 C 5,938 

12 Red Delicious apple 1 5,900

13 Granny Smith apple 1 5,381

14 Pecan 1 oz 5,095 

15 Sweet cherry 1 C 4,873

16 Black plum 1 4,844

17 Russet potato (cooked) 1 4,649

18 Black bean (dried) ½ C 4,181

19 Plum 1 4,118 

20 Gala apple 1 3,903

Source: American Chemical Society. Largest USDA study of food antioxidants reveals best sources. Avail-
able at: www.eurekalert.org/pub_releases/2004-06/aas-lus061504.php. Accessed Oct. 3, 2005. 



vegetable, the more phytonutrients present within it. As
noted in Table 1, blueberries are among the best food
sources of antioxidants.  

Selenium
Plant foods are the major dietary sources of selenium

in most countries throughout the world. The content of
selenium in food depends on the selenium content of the
soil where plants are grown or animals are raised. For
example, researchers know that soils in the high plains
of northern Nebraska and the Dakotas have very high
levels of selenium. People living in those regions gener-
ally have the highest selenium intakes in the United
States. In the United States, food distribution patterns
across the country help prevent people living in low-
selenium geographic areas from having low dietary sele-
nium intakes. Soil in some parts of China and Russia has

very low amounts of selenium. Selenium deficiency is
often reported in those regions because most food is
grown and eaten locally.

Selenium also can be found in some meats and
seafood. Animals that eat grains or plants  grown in sele-
nium-rich soil have higher levels of selenium in their
muscle. In the United States, meats and bread are com-
mon sources of dietary selenium. Some nuts are also
sources of selenium. Selected food sources of selenium
are provided in Table 2.

Vitamin E
Vegetable oils, nuts, green leafy vegetables, and forti-

fied cereals are common food sources of vitamin E in
the United States. Table 3 lists many food sources of vit-
amin E. Food values are listed in alpha-tocopherol
equivalents to account for the variation in biological
activity of the different forms of vitamin E.

S2 November 2005

Alternative Medicine Alert, P.O. Box 740059, Atlanta, GA 30374. Copyright © 2005 by Thomson American Health Consultants. This is an educational publication designed to present scientific informa-
tion and opinion to health professionals, to stimulate thought, and further investigation. It does not provide advice regarding medical diagnosis or treatment for any individual case. Opinions expressed
are not necessarily those of this publication. Mention of products or services does not constitute endorsement. Professional counsel should be sought for specific situations. The publication is not intend-
ed for use by the layman.

Table 2 

Selected dietary sources of selenium 

Food Content % Daily
Value

Brazil nuts, dried, unblanched, 1 oz 544 780 

Tuna, light, canned in oil, drained, 3 oz 63 95 

Beef, cooked, 3 oz 35 50

Spaghetti w/ meat sauce, frozen entree 34 50 

Cod, cooked, 3 oz 32 45

Turkey, light meat, roasted, 3 oz 32 45

Beef chuck roast, lean only, roasted, 3 oz 23 35 

Chicken breast, meat only, roasted, 3 oz 20 30

Noodles, enriched, boiled, ½ C 17 25

Macaroni, elbow, enriched, boiled, ½ C 15 20

Egg, whole, 1 medium 14 20

Cottage cheese, low fat 2%, ½ C 12 15

Oatmeal, instant, fortified, cooked, 1 C 12 15 

Rice, white, enriched, long grain, 
cooked, ½ C  12 15

Rice, brown, long grain, cooked, ½ C 10 15 

Bread, enriched, whole wheat, 
commercially prepared, 1 slice 10 15

Walnuts, black, dried, 1 oz 5 8

Bread, enriched, white, commercially
prepared, 1 slice 4 6

Cheddar cheese, 1 oz 4 6

Source: U.S. Department of Agriculture. Available at

www.nal.usda.gov/fnic/foodcomp/Data/SR18/nutrlist/sr18list.ht

ml. Accessed Sept. 7, 2005. 

Table 3

Selected dietary sources of vitamin E 

Food alpha-tocopherol % Daily
(mg)/serving Value

Wheat germ oil, 1 Tbsp 20.3 100

Almonds, dry roasted, 1 oz 7.4 40

Sunflower seed kernels, 
roasted, 1 oz 6.0 30

Sunflower oil, > 60% 
linoleic, 1 Tbsp 5.6 30

Safflower oil, >70% oleic, 1 Tbsp 4.6 25

Hazelnuts, dry roasted, 1 oz 4.3 20

Peanut butter, smooth style,
fortified, 2 Tbsp 4.2 20

Peanuts, dry roasted, 1 oz 2.2 10

Corn oil (salad or vegetable oil),
1 Tbsp 1.9 10

Spinach, frozen, chopped, 
boiled, 1 C 1.6 6

Broccoli, frozen, chopped 
boiled, 1 C 1.2 6

Soybean oil, 1 Tbsp 1.3 6

Kiwi, 1 medium fruit without skin 1.1 6

Mango, raw, without refuse, 1 C 0.9 6

Spinach, raw, 1 C 0.6 4

Source: U.S. Department of Agriculture. Available at

www.nal.usda.gov/fnic/foodcomp/Data/SR18/nutrlist/sr18list.ht

ml. Accessed Sept. 7, 2005. 


