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Abstract

Although there is evidence from studies of prostate cancer cell lines and rodent models that
several supplements may have anti-inflammatory, anti-oxidant, or other anti-cancer properties,
few epidemiologic studies have examined the association between non-vitamin, non-mineral,
“specialty” supplement use and prostate cancer risk. Participants, 50-76 years, were 35,239 male
members of the VITamins And Lifestyle (VITAL) cohort who were residents of western
Washington State, and who completed an extensive baseline questionnaire in 2000-2002.
Participants responded about their frequency (days/week) and duration (years) of specialty
supplement uses. 1,602 incident invasive prostate cancers were obtained from the Surveillance,
Epidemiology, and End Results registry. Multivariate-adjusted hazards ratios (HR) and 95%
confidence intervals (95% CI) were estimated by Cox proportional hazards models. Any use of
grapeseed supplements was associated with a 41% (HR 0.59, 95% CI: 0.40-0.86) reduced risk of
total prostate cancer. There were no associations for use of chondroitin, co-enzyme Q10, fish ail,
garlic, ginkgo biloba, ginseng, glucosamine, or saw palmetto. Grapeseed may be a potential
chemopreventive agent, however as current evidence is limited, it should not yet be promoted for
prevention of prostate cancer.
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Introduction

Dietary supplement use has increased in the United States in recent decades, including
substantial increases in use of non-vitamin, non-mineral supplements (hereafter, “specialty
supplements™) (1-3). Several specialty supplements have in vitro and in vivo anti-cancer
properties, however relatively little is known regarding the long-term effects of these
compounds on cancer development. For example, glucosamine, chondroitin, and fish oil
have anti-inflammatory properties (4-7); and other supplements, including coenzyme Q10,
garlic extract, ginseng, and grapeseed have anti-proliferative and other anti-cancer properties
(8-13). These and others (e.g., saw palmetto) have biological activity in prostate cells (14—
24). However, there are almost no human studies of these supplements and prostate cancer
risk. In a previous analysis, we found no association of regular saw palmetto use with
prostate cancer risk in the VITamins And Lifestyle (VITAL) cohort after 2 years of follow-
up (25).

We report here on the associations between use of nine commonly used specialty
supplements and prostate cancer risk after 6 years of follow-up, among men in the VITAL
cohort in western Washington State. Many men use these supplements because they believe
that they have cancer-preventive properties; the results presented here may better inform
these decisions.

Materials and Methods

Study population

Participants were male members of the VITAL cohort, a study designed to investigate the
associations of the use of vitamin, mineral, and specialty supplements with cancer risk.
Detailed methods have been previously reported (26). Men and women, aged 5076 years,
who were living in the 13-county region of western Washington State covered by the
Surveillance, Epidemiology, and End Results (SEER) cancer registry were eligible to
participate. Between 2000 and 2002, we mailed baseline questionnaires to 195,465 men,
followed by a post-card reminder after 2 weeks. Of these, 37,382 (19.1%) were returned and
deemed eligible. This study was approved by the Institutional Review Board of the Fred
Hutchinson Cancer Research Center.

Men who reported a history of prostate cancer (n=2,013) or for those that did not report
cancer history at baseline (n=128) were excluded. We additionally excluded men who were
diagnosed with high-grade prostatic intraepithelial neoplasia after baseline (n=2). After
exclusions, there were 35,239 men available for study.

Data collection

The baseline questionnaire included a detailed assessment of specialty supplement use
during the 10-year period prior to baseline, in addition to use of vitamin and mineral
supplements. We inquired about current and past regular use (=1 day/week for >1 year) of
18 specialty supplements. Nine of the most commonly used supplements are included in this
analysis: chondroitin, co-enzyme Q10, fish oil, garlic pills, ginkgo biloba, ginseng,
grapeseed, glucosamine, and saw palmetto. Questions included frequency of use (days/
week) and duration of use (years) over the previous 10 years. Because information on the

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brasky et al.

Page 3

potency of many specialty supplements is not available, we did not collect information on
dose. Multivitamin use was also assessed, including the composition of multivitamin pills
used. Some types of multivitamins, in particular those marketed for “men’s health” contain
“specialty” ingredients such as saw palmetto. However, the specialty supplements included
in multivitamin formulations are typically in doses far less than those in individual
supplements.

We did not evaluate the validity and reliability of our assessment of reported specialty
supplement use. However, the accuracy of assessing 17 vitamin and mineral supplements in
VITAL has been previously reported in a 3-month test-retest reliability sub-study of 220
randomly selected participants (27); intraclass-correlation coefficients ranged from 0.69 to
0.87.

Participants also reported on known or suspected risk factors for prostate cancer and
potential correlates of supplement use. These included height and weight; family history of
prostate cancer; medical history, including prostate cancer screening, having a history of
enlarged prostate or other chronic conditions; and lifestyle characteristics, including alcohol
consumption. From data on height and weight, body mass index (BMI, kg/m?2) was
computed. Participants who reported having had a heart attack, angina, angioplasty, or
bypass surgery were considered to have a positive history of coronary artery disease.

Case ascertainment

Participants were followed for incident prostate cancer diagnoses from baseline to December
31, 2007; the median follow-up time was 6.1 years. We ascertained incident, invasive
prostate cancers by linking the study cohort to the western Washington SEER cancer
registry. All incident cancer cases except non-melanoma skin cancer diagnosed within the
13-county area of western Washington State are reported to SEER along with grade, stage,
and other tumor characteristics. SEER ascertained cases through all area hospitals, offices of
pathologists, oncologists, and radiotherapists, and from state death certificates. Extensive
quality-control procedures ensure that registry data are accurate and complete. Linkage to
SEER is based on ranking of the agreement between characteristics in common to VITAL
and SEER, including name, social security number, date of birth, etc.; matches with high
concordance were made automatically, while visual inspection was performed for matches
in which some, but not all criteria matched. 1,602 eligible cases of prostate cancer were
identified with diagnosis between baseline and December 2007.

Prior to 2004, SEER reported cancer grade as low, moderate, or high differentiation, based
on two different algorithms using Gleason grade. From 2004 and onward, Gleason values of
1 to 5 were reported separately for primary and secondary Gleason patterns. As primary and
secondary Gleason scores were not available for prostate cancers diagnosed prior to 2004,
we conducted analyses of high and low-grade prostate cancers using incident data from
2004-2007 only. We classified high-grade tumors as those with Gleason scores 8-10 and 7
if the primary/secondary Gleason score was 4/3. Tumors were considered to be low-grade if
they had a Gleason score of 2—6 or 7 (if classified as 3/4). Between those years, there were
221 high-grade and 750 low-grade tumors available for study. In order to assess differences
by stage, we additionally classified tumors as local (n=1,362) or regional/distant (n=229) for
all years.

Follow-up for censoring

Excluding the 4.6% of the cohort with incident prostate cancer, the remaining participants
were right-censored from the analysis at the earliest date of the following events: date of
withdrawal from the study (0.02%), date of death (6.4%), date of emigration out of the
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SEER catchment region (5.6%), or December 31, 2007, the most recent date that endpoints
were ascertained through linkage to the SEER registry (83.4%).

Deaths that occurred in the cohort were ascertained by linkage to the Washington state death
file, using similar procedures to the SEER linkage. The National Change of Address System
and active follow-up by telephone calls and mailings were used to identify men moving out

of the SEER catchment area.

Statistical analyses

Chi-square tests were used to compare characteristics of VITAL participants by case status.
Cox proportional hazards regression models with age as the time component were used to
estimate prostate cancer hazards ratios (HR) and 95% confidence intervals (95% ClI)
associated with supplement use (SAS, v.9.1, 2002-2003, Cary, N.C.). All reported P-values
are two sided (0=0.05). P-values for trend (P-trend) were calculated by treating categorical
exposures as ordinal in proportional hazards models.

From information on frequency of regular supplement use (=1 week for >1 year), each
specialty supplement was categorized into user/non-user and by intake over the 10-years
prior to baseline (non-user; low use [<4 days/week or any use <3 years]; and high use [>4
days/week for >3 years]). Intake from multivitamin sources was included in our estimates of
10-year average use of garlic pills, ginkgo biloba, ginseng, grapeseed, and saw palmetto.
Intake of supplements from multivitamins alone was classified as “low” 10-year average
use, because the amounts of these supplements in multivitamins are generally much lower
than those in individual supplements.

We selected a priori potential confounders, including known or suspected risk factors for
prostate cancer or prostate cancer diagnosis. Multivariable models were adjusted for age
(time variable), race (white, black, other), education (<high school graduate, some college,
college or advanced degree), BMI (<25, 25-<30, >30 kg/m?), prostate specific antigen
(PSA) test in the past two years (yes/no), history of a benign prostate biopsy (yes/no),
history of benign prostatic hyperplasia (BPH; yes/no), number of first-degree relatives with
a history of prostate cancer (none, 1, >2), and diabetes (yes/no). We previously found that
age, education, BMI, and a PSA test in the past two years were also associated with
specialty supplement use (28).

We additionally adjusted multivariable models for a priori predictors of specialty
supplement use, including multivitamin use (never, past, current) for all supplements and
indications for use for specific supplements. Specifically, additional adjustments were made
for personal histories of coronary artery disease (for analyses of fish oil, grapeseed);
memory loss (for fish oil, ginkgo biloba); osteoarthritis (for glucosamine, chondroitin); or
chronic joint pain (for glucosamine, chondroitin) (28). A positive history of BPH was an
indication for saw palmetto use (28); it was adjusted for in all analyses because of the strong
association between BPH and a diagnosis of prostate cancer.

To assess whether differences in etiology exist for supplement exposure in association with
subgroups of prostate cancer, we stratified models on prostate tumor grade (low, high) and
stage (local, regional/distant). Logistic regression models that were restricted to cases were
used to calculate the p-value for heterogeneity (p-heterogeneity) between subtypes of
prostate cancer for associations with supplements.

Nutr Cancer. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brasky et al.

Results

Page 5

Compared to non-cases, prostate cancer cases tended to be older at baseline, black race,
consume more alcohol, take multivitamins, and report recent PSA testing, benign prostate
biopsy, BPH, or a family history of prostate cancer (Table 1). Cases were less likely to be
obese.

Multivariate-adjusted HR’s and 95% CI’s for associations of specialty supplements with
overall prostate cancer risk are given in Table 2. Men who used individual grapeseed
supplements had a statistically significantly lower prostate cancer risk (HR 0.59, 95% CI:
0.40-0.86) compared with non-users. High 10-year average use was associated with a 62%
reduction in prostate cancer risk (HR 0.38, 95% CI: 0.19-0.76). However, low 10-year
average use, primarily from use of multivitamins with a flavonoid component, was not
associated with prostate cancer risk (HR 1.10, 95% CI: 0.89-1.37) and as indicated by the
point estimates the association was not linear (P-trend = 0.17). Use of other specialty
supplements was not significantly associated with prostate cancer risk overall.

Table 3 gives associations of supplement use with prostate cancer stratified by grade.
Grapeseed use was inversely associated with both low-grade (HR 0.58, 95% CI: 0.33-1.03)
and high-grade prostate cancer (HR 0.82, 95% CI: 0.34-2.00) compared to non-users.
Although the reduction in risk was stronger for low-grade tumors, neither finding achieved
statistical significance and the p-heterogeneity was 0.58. High 10-year average use was
associated with a statistically significant reduction in low-grade (HR 0.21, 95% CI: 0.05-
0.83), but not high-grade prostate cancer (HR 1.08, 95% CI: 0.34-3.40) (p-
heterogeneity=0.04; data not shown), although these findings were based upon very small
case numbers (n=3 low-grade and n=4 high-grade cancers with high 10-year average use).
There were no associations of the remaining supplements with prostate cancer grade. In
addition, there were no differences in association for any supplement when prostate cancers
were stratified by stage (data not shown).

Discussion

In this cohort of 35,239 men living in western Washington State, users of grapeseed
supplements had a reduced risk of prostate cancer, particularly low-grade prostate cancer.
The use of other supplements, including saw palmetto and ginkgo biloba, was not associated
with risk of prostate cancer.

No previous study has investigated the association of grapeseed supplementation to prostate
cancer risk. In terms of other cancers, we previously reported a non-significant risk
reduction of colorectal cancer among grapeseed supplement users (HR 0.72, 95% CI: 0.44—
1.18) and no association of grapeseed use with risk of lung cancer (HR 0.97, 95% CI: 0.68—
1.38) in the VITAL cohort (29). In addition, a case-control study of squamous cell skin
cancer found grapeseed users had a significantly decreased risk (OR 0.26, 95% CI: 0.08—
0.89) (30).

Grapeseed extract is marketed for its anti-oxidant, immune supportive, and cardio-protective
properties (31). It contains a mixture of phenolic compounds including flavones, phenolic
acids, and resveratrol (31, 32). Manufacturers recommend daily doses between 50mg and
600mg (33). Dietary grape products, particularly red wine, contain resveratrol and other
phenols, and have been studied in association with prostate cancer. Among prospective
studies, wine consumption has not been associated with prostate cancer risk (34—40).
Hirvonen et al. (41), reported on the association of dietary flavonoids and risk of cancer in
the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study, a large
randomized, controlled trial in 27,110 male smokers in Finland. They reported no
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association between dietary flavonols and flavones and prostate cancer risk (RR 1.3, 95%
Cl: 0.87-1.80) (41). Another prospective study in Finland also found no association of
dietary flavonoids with prostate cancer risk (RR 1.14, 95% CI: 0.70-1.84) (42). One
explanation for the discrepancy between our finding and those from studies of diet is that
users of grapeseed supplements may be exposed to higher doses of these phenolic
compounds than they would from their regular diet. However, phenolic compounds in
grapeseed are rapidly conjugated so it is possible that the association between grapeseed
supplement use and prostate cancer is not due to a high phenolic intake (43, 44). Another
explanation is that our finding is due to chance.

The anti-cancer properties of grapeseed or its constituents in prostate cancer cell lines and in
rodent models of prostate cancer is an active area of research (45). In several prostate cancer
cell lines, grapeseed extract or its constituents induce apoptosis and reduce proliferation (11,
18, 46-54). These compounds have also been shown to have anti-inflammatory activity
through inhibition of the nuclear factor kappa-B (NFxB) and cyclooxygenase pathways (11,
18, 47, 55). Grapeseed supplements contain flavonoids that reduce expression of I1L-6 and
partially inhibit NFxB translocation to the nucleus in some cell types (55). Several
investigators have reported a reduction or delay of prostate tumor incidence when animals
were fed grapeseed extract, resveratrol, or proanthocyanidins (19, 52, 56-58). Moreover,
some components of grapeseed have been shown to reduce biomarkers of inflammation and
oxidative stress in a recent randomized controlled trial in humans (59).

Only one epidemiologic study and one clinical trial have investigated use of specialty
supplements in association with prostate cancer. We previously reported no association
between use of saw palmetto, typically taken for BPH, and prostate cancer risk in this cohort
(HR 0.95, 95% CI: 0.74-1.23) (25); after an additional 4 years of follow-up, we continue to
observe no association. Biggs et al. (60), reported results of a secondary analysis of the
Ginkgo Evaluation of Memory (GEM) randomized trial. After 6 years of follow-up, the
authors observed no significant difference in the risk of prostate cancer among men aged
>75 years randomized to 120mg of ginkgo biloba extract taken twice daily compared to
placebo (HR 0.71, 95% ClI: 0.43-1.17) (60). Similarly, we found no association of self-
reported ginkgo biloba supplement use with prostate cancer risk.

This study has several limitations. Foremost, we did not ascertain information on post-
baseline PSA screening, on PSA concentration, or a history of prostatitis. However, it is
unlikely that residual confounding by PSA screening would explain the observed inverse
association between grapeseed use and prostate cancer risk because supplement users are
more likely to participate in cancer screening (26), and PSA screening would lead to greater,
not lower prostate cancer detection. In addition, because we could not characterize prostate
cancers by grade until 2004, we had small numbers of cases for that analysis. Another
limitation is that we did not update information on exposures after baseline. Lastly, we had
limited power to detect associations due to the low prevalence of some specialty
supplements. This was particularly apparent when we stratified prostate cancers by grade.
Similarly, because we examined 9 specialty supplements and made additional comparisons
by tumor grade, it is possible that our findings could be due to chance.

This study has several strengths. It is the first prospective study designed specifically to
investigate the association of specialty supplements with cancer risk. Supplement users were
targeted at recruitment, to increase power to study the association of supplement use with
cancer risk. In addition, information on supplement use was collected for the 10 years prior
to baseline, providing long-term intake. We were able to adjust for many potential
indications of supplement use, thereby reducing the likelihood of confounding by indication.
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Follow up on the VITAL cohort was 95% complete; therefore, bias due to differential loss is
unlikely.

In summary, this is the first large prospective study of specialty supplement use and prostate
cancer risk. Our findings do not support the use of most of the supplements studied for
prostate cancer prevention. Our finding of a reduction in prostate cancer risk among users of
grapeseed supplements is supported, at least in part, by experimental and animal studies of
phenolic compounds. However, any public health recommendation for grapeseed would
require replication of our findings in humans as well as further clarification of mechanisms
of action.
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