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Introduction
Vitamin E (a-tocopherol) is the major lipid-soluble chainbreaking antioxidant that protects cell membranes and DNA
from free radical damage that may lead to malignant transformation (1). In vitro (2, 3) and in vivo (1, 4) experiments have
shown that in some models vitamin E can decrease prostate
cancer growth, whereas vitamin E deficiency can lead to reduced cell number in lymphoid tissue and functional abnormalities in cell-mediated immune response (1, 4). Two prospective
studies found an increased risk of prostate cancer mortality (5)
or aggressive prostate cancer (6) among smokers when comparing low versus high serum vitamin E levels. Two casecontrol studies observed a significant inverse association between dietary vitamin E and prostate cancer risk (7, 8).
In the ATBC3 trial in Finland, 29,133 male smokers, age
50 – 69 years, were randomly assigned to 50 mg of a-tocopherol
(equivalent to 50 IU), b-carotene, both, or placebo for 5– 8
(median, 6.1) years to examine these nutrients for lung cancer
prevention. Unexpectedly, there was a significant 40% decrease
in the cumulative incidence of clinically apparent (stage II-IV)
prostate cancer (n 5 192 cases), and a significant 41% reduction in prostate cancer mortality in the a-tocopherol group (n 5
62 deaths from prostate cancer). Occurrence of stage 0 or I
tumors was unaffected. Additionally, at baseline, significant
inverse associations were observed between serum vitamin E
and serum androstenedione, dihydrotestosterone, sex hormonebinding globulin, and estrone and a marginal inverse association with testosterone (9). Serum levels and dietary vitamin E
at baseline, however, were not associated with subsequent
prostate cancer risk (10).
These results in Finnish men led us to examine the impact
of supplemental vitamin E in the HPFS.

Abstract
A clinical trial of vitamin E and b-carotene
supplementation for lung cancer prevention among male
smokers in Finland recently reported an unexpected,
strong protective effect of vitamin E against prostate
cancer incidence and mortality. Our objective was to
prospectively examine supplemental vitamin E intake and
prostate cancer risk in a distinct U.S. population. In 1986,
we identified 47,780 U.S. male health professionals, free
from diagnosed cancer, who completed a dietary and
lifestyle questionnaire; supplemental vitamin E and
prostate cancer incidence were updated biennially
through 1996. We estimated relative risks (RRs) from
multivariate pooled logistic regression models.
There were 1896 total (non-stage A1), 522
extraprostatic, and 232 metastatic or fatal incident
prostate cancer cases diagnosed between 1986 –1996. Men
consuming at least 100 IU of supplemental vitamin E
daily had multivariate RRs of 1.07 (95% confidence
interval [CI], 0.95–1.20) for total and 1.14 (95% CI, 0.82–
1.59) for metastatic or fatal prostate cancer compared
with those consuming none. Current use, dosage, and
total duration of use of specific vitamin E supplements or
multivitamins were not associated with risk. However,
among current smokers and recent quitters, those who
consumed at least 100 IU of supplemental vitamin E per
day had a RR of 0.44 (95% CI, 0.18 –1.07) for metastatic
or fatal prostate cancer compared with nonusers.
Thus, supplemental vitamin E was not associated
with prostate cancer risk generally, but a suggestive
inverse association between supplemental vitamin E and
risk of metastatic or fatal prostate cancer among current
smokers and recent quitters was consistent with the
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Materials and Methods
Study Population. The HPFS is an ongoing prospective cohort study of cancer and heart disease among 51,529 U.S. male
health professionals. The men are dentists, optometrists, osteopaths, podiatrists, pharmacists, and veterinarians who were age
40 –75 years at baseline in 1986. They responded to a mailed
baseline questionnaire in 1986, which asked about demographics, anthropometry, family history of disease, medications, disease history, physical activity, and diet. Details on the assessment and validation of body weight (11) and dietary
measurements can be found elsewhere (12, 13). We excluded

The abbreviations used are: ATBC, a-tocopherol b-carotene; HPFS, Health
Professionals Follow-up Study; RR, relative risk; CI, confidence interval; PSA,
prostate-specific antigen.
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men with a history of cancer (other than nonmelanoma skin
cancer) at baseline or who did not adequately complete the
1986 dietary questionnaire (3% of total), leaving 47,780 men
for follow-up. We mailed follow-up questionnaires biennially
to update exposure and disease status, including diagnoses of
prostate cancer. Follow-up of the 47,780 men through 1996 was
93% (based on questionnaire returns and deaths). Deaths were
reported by family members in response to follow-up questionnaires or were discovered by the postal system or the National
Death Index, a highly sensitive method used to identify deaths
among nonrespondents. More than 98% of all deaths are ascertained by these methods (14).
Assessment of Supplemental Vitamin E Intake. Supplemental vitamin E intake was assessed every 2 years. In addition, a
detailed self-administered semiquantitative food frequency
questionnaire was administered in 1986 and 1990. Total supplemental vitamin E intake was the sum of vitamin E from
specific supplements and from multivitamins containing vitamin E.
In 1986, we asked about current and past use of vitamin E
supplements; current users were asked about their daily dosage
(,100, 100 –250, 300 –500, and $600 IU) and duration of use
(0 –1, 2– 4, 5–9, and $10 years). Based on the most common
level within the reported range, the following dose amounts
were assigned to correspond to the above dose categories: 50,
200, 400, and 800 IU, respectively; we assigned 1, 3, 7, and 11
years for the duration categories. In subsequent questionnaires,
we asked about use of vitamin E supplements (yes or no) and
dosage (same categories as above). Men who reported current
use of separate vitamin E supplements but did not report the
dose (;11% in 1986) were assigned a dosage of 400 IU/day,
the mode dose among users.
Men were also asked biennially about current use of multivitamins; in 1986 information on total duration of use, frequency of use, and brand name was solicited. Brand and frequency of use were also assessed in 1990. Using this
information, we computed daily intake of vitamin E from
multivitamins for each 2-year interval, assuming that the brand
reported in 1986 was the same one used in 1988 and that the
brand reported in 1990 was the same one used in 1992 and
1994. More than 90% of the self-reported multivitamin brands
contained vitamin E; users received an average of 21 IU/day in
1986 and 25 IU/day in 1990 from multivitamins.
For both multivitamin and specific vitamin E supplement
use and dose, if a man did not return one of the postbaseline
questionnaires, then he was assigned the exposure level from
his most recent questionnaire. Of men who answered the 1994
questionnaire, 80% of those who took vitamin E supplements in
1986 also did so in 1994. The parallel proportion for multivitamin use was 72%.
Additionally, men reported in 1986 how often, during the
past year, they consumed each of 131 commonly consumed
foods and beverages. The questionnaire also asked about consumption of other nutrient supplements and included an openended section for reporting unlisted commonly eaten foods.
Nutrient intakes were the product of the frequency of intake and
the nutrient composition (15) of the specified portion size.
When analyzing other nutrients as potential confounders of the
vitamin E and prostate cancer relationship, we used the energyadjusted 1986 nutrient intakes based on residuals from the
regression of the nutrient intake on total caloric intake (16).
Details of validation and reproducibility studies of the
semiquantitative food frequency questionnaire have been published previously (12). The intraclass correlation between total

vitamin E intake (including supplements) measured by two
administrations of the food frequency questionnaire at a 1-year
interval to 127 health professionals was 0.72 (12). The Pearson
correlation coefficient between total vitamin E (including supplements) measured by the food frequency questionnaire and
the average vitamin E intake from two 1-week diet records
(spaced 6 months apart) was 0.86 (12). Total vitamin E intake
measured by the food frequency questionnaire was also predictive of plasma tocopherol levels (Pearson correlation coefficient 5 0.51; n 5 110) (17).
We calculated vitamin E intake from diet but did not
include this in the main analysis, because our focus was on
supplemental vitamin E. The mean intake of vitamin E from
food only was 11 IU in both 1986 and 1990, whereas the
age-adjusted mean intake of supplemental vitamin E among
users was 191 IU in 1986. Thus, only vitamin E from supplements provided a level of intake comparable with that given in
the ATBC trial.
Case Assessment. On each biennial questionnaire, we asked
men to report any recent diagnosis of prostate cancer. All
self-reports of prostate cancer were followed up with a request
to obtain hospital records and pathology reports. Next of kin
were contacted for deceased men. Medical reports were reviewed by a study physician who also classified stage of disease
based on initial work-up, prostatectomy reports, and bone scan
results. From 1986 to the end of this study period (January 31,
1996), 1949 cases were confirmed by medical records.
Data Analysis. Each of the 47,780 eligible men in the study
population contributed follow-up time from the date of return of
the baseline questionnaire until the month of diagnosis of
prostate cancer (for the cases), until the month of death from
other causes, or until the end of the study period, January 31,
1996 (for noncases). By the end of follow-up, we had confirmed 1,896 total (non-stage A1), 522 extraprostatic (stage C
or D), and 232 metastatic or fatal cases. We did not include the
53 men diagnosed with stage A1 tumors in the analyses, because A1 tumors are relatively innocuous and asymptomatic,
and the ATBC trial found no effect of vitamin E on clinically
inapparent tumors. We were also interested in examining the
more aggressive tumors separately, because vitamin E supplementation has been linked to reductions in prostate cancer
mortality, which is often predicted by stage at diagnosis.
Incidence rates of prostate cancer within categories of
vitamin E were calculated as the total number of new cases
divided by total person years within that category. RRs were
estimated by comparing incidence rates among users and nonusers of vitamin E. We used the Mantel-Haenszel summary
estimator to adjust for age using 14 2.5-year categories. To
adjust for the potential confounding effects of additional dietary
and lifestyle characteristics, we used pooled logistic regression
models, which computed an estimate summarizing over the five
2-year intervals (18).
The following covariates were considered potential confounders of the vitamin E-prostate cancer association in the
main multivariate models: age (in 14 2.5-year categories), period (1986 –1987, 1988 –1989, 1990 –1991, 1992–1993, and
1994 –1995), family history of prostate cancer (father or brother), smoking (never, past and quit $10 years ago, past and quit
within the last 10 years, current, and missing), current body
mass index (kg/m2), body mass index at age 21 years, physical
activity (metabolic equivalents [metabolic hours per week]),
vasectomy status (ever and never through 1994), and quintiles
of total calories, calcium, lycopene, fructose, and fat intake in
1986.

Downloaded from cebp.aacrjournals.org on January 24, 2021. © 1999 American Association for Cancer Research.

Cancer Epidemiology, Biomarkers & Prevention

Table 1

Age-standardized baseline characteristics of 47,780 men in the HPFS
by use of supplemental vitamin E in 1986

Table 2 Supplemental vitamin E intake and the relative risk of prostate
cancer, HPFS, 1986 –1996

User of supplemental Nonuser of supplemental
vitamin E in 1986
vitamin E in 1986
(n 5 20,828)
(n 5 26,952)
Meansa
Age (yr)
BMI (kg/m2)
BMI at age 21 (kg/m2)
Physical activity (MET-h/wk)
Supplemental vitamin E (IU/
day)
Dietary vitamin E (IU/day)
Total years taking vitamin E
before 1986
Energy (kcal/day)
Calcium (mg/day)
Fructose (g/day)
Lycopene (ug/day)
Fat (g/day)
Percenta
Users of supplemental
vitamin E in 1990b
Users of supplemental
vitamin E in 1994c
Never-smokers
Distant past smokers
Current smokers/recent
quitters
Family history of prostate
cancer (father or brother)
reported in 1990
Vasectomy (ever/never)

53.8
24.7
21.9
24.4
191

55.3
25.1
22.0
23.3
0

11.5
3.2

11.1
0.4

1,985
1,013
50
10,445
70

1,986
809
49
10,319
72

77.1

16.3

85.7

38.6

48.4
30.0
21.6

48.6
29.0
22.4

5.7

5.4

24.9

24.1

a

Means and percents are age standardized across 11 categories of age. BMI, body
mass index; MET, h/wk, metabolic equivalents.
b
Computed among the men who returned a 1990 questionnaire.
c
Computed among the men who returned a 1994 questionnaire.

The ATBC trial, which showed a protective effect of
vitamin E on prostate cancer, comprised smokers entirely. To
examine potential interaction associations between smoking
and vitamin E with prostate cancer risk, we stratified on smoking status in 1986 (combining the approximate 8% with missing
smoking data in the “never” category). We categorized past
smoking into distant past (quit $10 years ago) and recent past
(quit within the last 10 years) and combined the latter group
with current smokers, because it had previously been observed
that only recent smoking, within the prior 10 years, was associated with metastatic or fatal prostate cancer in this cohort
(19).
Additionally, we evaluated supplemental vitamin E intake
stratified by median dietary vitamin E intake in 1986 (#10 and
.10 IU) and median dietary lycopene intake in 1986 (,8686
and $8686 mg) to examine possible interactions.
In the ATBC trial, a protective effect of vitamin E was
observed by the second year of supplementation. To account for
this potential lag between initiation of vitamin E supplementation and reduced prostate cancer risk, in a secondary analysis,
we considered only vitamin E use of .2 years at the start of
each interval.
Results
Table 1 presents mean baseline age-standardized characteristics
by intake of supplemental vitamin E. The absolute difference
between means is small for most characteristics, except total
calcium, reflecting the presence of calcium in most multivita-

Supplemental vitamin E intake (IU/day)

Person yr
Total non-A1, cases
Age-adjusted RR
95% CI
Multivariate RRa
95% CI
Extraprostatic, cases
Multivariate RRa
95% CI
Metastatic or fatal,
cases
Multivariate RRa
95% CI

0

0.1–15.0

15.1–99.9

$100.0

238,779
926
1.00

49,284
219
1.07
0.92–1.24
1.09
0.94–1.26
61
1.12
0.84–1.49
33

64,374
275
0.97
0.85–1.11
0.95
0.83–1.09
85
1.16
0.90–1.49
34

88,645
476
1.05
0.99–1.17
1.07
0.95–1.20
134
1.22
0.98–1.52
55

1.26
0.85–1.87

1.03
0.70–1.52

1.14
0.82–1.59

1.00
242
1.00
110
1.00

a
Multivariate relative risks (RRs) adjusted for period (1986 –1987, 1988 –1989,
1990 –1991, 1992–1993, and 1994 –1995), age (14 2.5-year categories), family
history of prostate cancer (father or brother), vasectomy status (ever or never
through 1994), smoking (never, past and quit $10 years ago, past and quit within
10 years, current), quintiles of current body mass index, body mass index at age
21 years and physical activity in 1986 (metabolic hours/week), and quintiles of
total calories, calcium, lycopene, fructose, and fat intake per day in 1986.

mins and the tendency for men taking vitamin E supplements to
also take calcium supplements. In 1986, ;44% of the men
consumed some form of supplemental vitamin E; 42% of the
cohort reported taking multivitamins, and 19% reported taking
specific vitamin E supplements.
Supplemental vitamin E was not significantly associated
with prostate cancer incidence (Table 2). The age-adjusted and
multivariate RRs were similar, suggesting minimal confounding by other known prostate cancer risk factors. Men who
consumed $100 IU of supplemental vitamin E per day had
multivariate RRs of 1.07 (95% CI, 0.95–1.20) for total prostate
cancer, 1.22 (95% CI, 0.98 –1.52) for extraprostatic, and 1.14
(95% CI, 0.82–1.59) for metastatic or fatal prostate cancer
compared to with those who consumed none. The corresponding RRs for men who consumed 15.1–99.9 IU (range comparable with the 50-IU dose given in the ATBC trial) were 0.95
(95% CI, 0.83–1.09), 1.16 (95% CI, 0.90 –1.49), and 1.03 (95%
CI, 0.70 –1.52), respectively. Current use, dose, and total years
of taking specific vitamin E supplements and current use of
multivitamins were also not related to prostate cancer risk both
in age-adjusted and multivariate models.
We examined the association between supplemental vitamin E and prostate cancer risk within groups of high and low
daily lycopene intake and high and low dietary vitamin E
consumption at baseline (cut points were medians: 8686 for
lycopene and 10 IU for dietary vitamin E). The RRs within each
strata were virtually unchanged from the unstratified results in
Table 2 (data not shown).
We considered the impact of the imputed data on vitamin
E dose by conducting an alternative analysis limited to men
with complete data. The results for men with complete information were essentially the same as those in Table 2, with RRs
of 1.11 (95% CI, 0.98 –1.26) for total, 1.29 (95% CI, 1.02–1.63)
for extraprostatic, and 1.08 (95% CI, 0.75–1.57) for metastatic
or fatal prostate cancer among men consuming at least 100 IU
of vitamin E daily versus none.
We also considered the potential for a 2-year lag between
consumption of supplemental vitamin E and effect on prostate
cancer risk. For total, extraprostatic, and metastatic or fatal
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Table 3

Supplemental vitamin E and the multivariate RRa of total, extraprostatic, and metastatic or fatal prostate cancer by smoking habits in 1986
Supplemental vitamin E (IU/day)b

Total non-A1 cases (n 5 1896)
Never-smokers (n 5 819)

0

0.1–15.0

15.1–99.9

$100.0

1.00

1.05
(0.83–1.32)
1.07
(0.83–1.37)
1.23
(0.88–1.70)

0.93
(0.75–1.15)
0.97
(0.78–1.22)
0.97
(0.72–1.32)

1.02
(0.86–1.21)
1.04
(0.86–1.26)
1.27
(0.97–1.66)

1.02
(0.63–1.64)
1.57
(1.03–2.40)
0.72
(0.37–1.40)

1.21
(0.81–1.81)
1.34
(0.89–2.00)
0.76
(0.43–1.34)

1.45
(1.05–2.02)
1.15
(0.80–1.68)
1.00
(0.61–1.64)

0.91
(0.44–1.88)
2.43
(1.32–4.47)
0.78
(0.34–1.77)

1.29
(0.72–2.29)
1.33
(0.67–2.64)
0.51
(0.21–1.21)

1.42
(0.87–2.32)
1.49
(0.82–2.69)
0.44
(0.18–1.07)

Quit $10 years ago (n 5 708)

1.00

Current smoker/quit within past 10 years (n 5 369)

1.00

Extraprostatic cases (n 5 522)c
Never-smokers (n 5 213)

1.00

Quit $10 years ago (n 5 193)

1.00

Current smoker/quit within past 10 years (n 5 110)

1.00

Metastatic/fatal cases (n 5 232)c
Never-smokers (n 5 97)

1.00

Quit $10 years ago (n 5 78)

1.00

Current smoker/quit within past 10 years (n 5 55)

1.00

a
Multivariate relative risks (RRs) adjusted for period (1986 –1987, 1988 –1989, 1990 –1991, 1992–1993, and 1994 –1995), age (nine 2.5-year categories), family history
of prostate cancer (father or brother), vasectomy status (ever or never through 1994), quintiles of current body mass index, body mass index at age 21 years and physical
activity in 1986 (metabolic hours/week), and quintiles of total calories, calcium, lycopene, fructose, and fat intake per day in 1986.
b
Numbers in parentheses are 95% CIs.
c
Case totals do not sum because six cases of extraprostatic and two cases of metastatic or fatal prostate cancer were dropped during analysis due to missing data on one
of the covariates.

prostate cancer, the multivariate RRs associated with consumption of $100 IU daily for at least 2 years versus none (men who
consumed supplemental vitamin E for ,2 years were in the
reference group) were 1.05 (95% CI, 0.93–1.18), 1.22 (95% CI,
0.98 –1.53), and 1.15 (95% CI, 0.82–1.62), respectively.
In this cohort, men who reported in 1994 that they took
multivitamins or specific vitamin E supplements were more
likely to have had a serum PSA test (58% of users versus 50%
of nonusers of multivitamins and 64% of users versus 50% of
nonusers of vitamin E supplements had had a PSA test by
1994). When we limited the main analyses to men who reported
ever having had a PSA test, the results were very similar to
those in Table 2 (RRs for taking at least 100 IU per day versus
none were 1.02, 1.13, and 1.06 for total, extraprostatic, and
metastatic or fatal prostate cancer, respectively).
There was no association between baseline total vitamin E
(from foods and supplements) in a previous investigation of this
cohort (20). With additional years of follow-up and a doubling
in case size, we reexamined this relation and observed no
consistent association between total vitamin E on risk of total
non-A1, extraprostatic, or fatal or metastatic prostate cancer
(RRs for comparison of extreme quintiles were 1.00 [95% CI,
0.86 –1.17], 0.96 [95% CI, 0.72–1.27], and 0.89 [95% CI,
0.58 –1.36], respectively).
Because the ATBC trial was conducted among smokers,
we examined the association of supplemental vitamin E consumption within strata of smoking status in 1986 (Table 3).
There was no association between supplemental vitamin E and
total prostate cancer risk among never-smokers, distant past
smokers (quit $10 years ago), and current and recent past
smokers (quit within the past 10 years). In contrast, among
current and recent past smokers, the multivariate RRs for metastatic or fatal prostate cancer associated with increasing consumption levels of supplemental vitamin E were 0.78 (95% CI,

0.34 –1.77), 0.51 (95% CI, 0.21–1.21), and 0.44 (95% CI,
0.18 –1.07), respectively. When we combined the highest two
categories of supplemental vitamin E intake, the multivariate
RR of metastatic or fatal prostate cancer among current and
recent past smokers consuming .15 IU of supplemental vitamin E was 0.47 (95% CI, 0.24 – 0.92) compared with those
consuming none (data not shown in tables). When we allowed
for a 2-year lag between vitamin E supplementation and effect
on prostate cancer risk within the smoking-stratified models,
we observed results similar to those presented in Table 3.
We previously observed in this population that men with
a recent smoking history (current smokers or recent quitters)
had a greater risk of metastatic or fatal prostate cancer than men
who never smoked (19). However, when we classified categories of supplemental vitamin E intake jointly with smoking
habits, men with a recent smoking history who also took .15
IU of supplemental vitamin E per day were not at elevated risk
of metastatic or fatal prostate cancer relative to never-smokers
(RR, 0.88; 95% CI, 0.45–1.71).
Discussion
We observed no significant overall protective association between supplemental vitamin E intake and prostate cancer risk.
However, stratification by smoking yielded divergent results.
Among past smokers who had quit for $10 years, low but not
high dosage of supplemental vitamin E was associated with an
increased risk of extraprostatic and metastatic or fatal prostate
cancer. Such an association is contrary to most hypotheses on
vitamin E. Other than chance, we have no compelling explanation for this surprising result and urge further investigation.
More strikingly, among current smokers or recent quitters
in 1986, increasing doses of supplemental vitamin E appeared
potentially protective against metastatic or fatal prostate cancer
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risk, although the result was statistically significant only when
we combined the highest two dosage categories. Current smokers and recent quitters were at higher risk for metastatic or fatal
prostate cancer (19), but in the current investigation, those who
took .15 IU of supplemental vitamin E had a level of risk of
metastatic or fatal prostate cancer comparable with that of men
who never smoked.
We were particularly interested in examining the effect of
vitamin E on prostate cancer risk among smokers, because the
ATBC trial was conducted among men who smoked for a
median of 36 years. Also, two prospective studies observed
inverse associations between plasma a-tocopherol and incidence of advanced prostate cancer or prostate cancer mortality
among smokers (5, 6). Among current smokers and recent
quitters, we observed a statistically significant 53% reduction in
risk of metastatic or fatal prostate cancer in men consuming
.15 IU of supplemental vitamin E per day (the ATBC trial
used 50 IU supplements) versus none; this was consistent with
the 40% reduction in stage II-IV tumors observed in the ATBC
trial. Because the prevalence of PSA screening (54% in 1994)
in our population of U.S. health professionals was higher than
in the ATBC trial (only one case detected by routine screening),
it is likely that many of stage II-IV cancers in the ATBC study
population were comparable in degree of progression with the
extraprostatic and metastatic or fatal cancers diagnosed in our
study.
The mechanisms by which vitamin E might reduce prostate cancer development and aggressivity among smokers remain unknown. Smoking itself appears to be more of a risk
factor for prostate cancer mortality (19, 21–23) than for prostate
cancer incidence (24 –30). A dose-response relationship between tobacco and prostate cancer mortality was observed in a
large study of U.S. veterans (22). In the current study population, distant past smoking was not related to prostate cancer
risk, but men who had smoked within the past 10 years had
approximately double the risk of metastatic and fatal prostate
cancer relative to nonsmokers (19). Smoking has also been
positively related to worse tumor grade and stage at diagnosis
(31, 32). Hussain et al. (32) observed that among 670 men with
prostate cancer, smokers were more likely to have stage D (68
versus 53%; P 5 0.01) and poorly differentiated tumors (58
versus 18%; P , 0.00005) than nonsmokers. One explanation
may be that smokers tend to delay diagnosis and treatment
compared with nonsmokers. However, evidence from at least
one study suggests that men with a smoking history are as likely
if not more so to have digital rectal exams and PSA screening
compared with nonsmokers (19).
Alternatively, tobacco may also directly increase the virulence of prostate cancers. Cigarette smoking may induce mutations in oncogenes or tumor suppressor genes related to
prostate cancer progression and aggressiveness (for example, in
the p53 tumor suppressor gene; Refs. 33–37). Cigarette smoking could also increase plasma testosterone and dihydrotestosterone, which have been associated with increased risk of
prostate cancer, especially advanced tumors (38). If so, then
one might speculate that vitamin E may help stem the progression of prostate cancer from a localized to distant metastatic or
fatal stage, which could perhaps explain why the influence of
vitamin E appeared limited to metastatic and fatal cases (Table
3). To further understand the potential interaction between
smoking and vitamin E on prostate cancer risk (particularly
advanced disease or mortality), it would be useful to study this
association in a large population with a balanced proportion of
smokers and nonsmokers.
In the ATBC trial, the investigators observed an effect of

vitamin E on prostate cancer incidence and mortality by the
second year, and the effect persisted throughout follow-up. To
adjust for this time lag, we considered only supplemental vitamin E used for .2 years but still observed no overall association with prostate cancer in our cohort.
The prospective design, large sample size and number of
cases, long follow-up, and repeated assessment of vitamin E
and multivitamin use reduce the likelihood that bias and misclassification are responsible for these results. Additionally, in
the multivariate models we were able to consider the potential
confounding effects of several risk factors for prostate cancer.
Men who take supplemental vitamin E might practice
other health-seeking behaviors, such as prostate cancer screening with a PSA test. Thus, they might be more likely to have
their prostate cancer diagnosed than men who do not take
supplements, which could bias the results toward an increased
risk among vitamin E users. This could potentially account for
the slight increased risk of prostate cancer among users of
supplemental vitamin E; however, it is unlikely to be responsible for the overall null effect, because we observed similar
RRs when we restricted the analysis to only men who reported
having a serum PSA test as of 1994.
Random misclassification of supplemental vitamin E use
is unlikely to account for the null results, because results were
unchanged when we limited our analysis to men who had
complete updated exposure data at all intervals. Additional
support for the validity of our vitamin E data are that vitamin
E intake predicts plasma tocopherol level (17) and reduced risk
of coronary heart disease in this cohort (39).
We considered the possibility that vitamin E supplementation offers protection against prostate cancer, dependent on
the level of intake of other nutrients. However, baseline mean
plasma a-tocopherol levels in a sample of men in the current
study (27.1 mM 5 11.7 mg/liter; Ref. 17) and the ATBC trial
(11.9 mg/liter; Ref. 40) were similar, and any difference is
unlikely to account for any discrepancy in the results. High
levels of selenium may protect against prostate cancer (41), and
men with low serum levels of selenium may have greater risk
of cancer (42), especially if they also have low levels of
a-tocopherol (42). Thus, vitamin E supplementation might be
protective against prostate cancer in populations with low selenium levels but may only have a marginal influence in populations with high selenium levels. Total mean selenium intake
in the ATBC trial was 95.9 mg/day based on a food questionnaire and food composition information; Finland began fortification of fertilizers with selenium in 1984. In our study,
selenium intake was estimated from toenail specimens among
33,737 men who provided toenail specimens in 1987 (41, 43).
Median selenium intake among men in the lowest and highest
quintiles of toenail selenium was estimated to be 86 and 159
mg/day, respectively (41). Thus, the overall median selenium
intake of the trial was close to our lowest quintile median, and
one may speculate that vitamin E supplementation had greater
impact in the Finnish trial due to overall lower selenium status
in that population.
There are limited epidemiological data on the association
between vitamin E and prostate cancer. Two case-control studies, one from Greece (8) and one from Serbia (7), reported
significant reductions in prostate cancer risk associated with
intake of vitamin E. Total vitamin E intake (from food and
supplements) had been studied previously in the HPFS, and no
association with prostate cancer was observed (20); with additional follow-up and cases, we still observed no association
between total vitamin E and prostate cancer risk in this U.S.
population.
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A small prospective study from Switzerland found a statistically significantly increased risk of prostate cancer mortality among smokers with low plasma vitamin E levels (RR, 8.3;
95% CI, 1.0 – 68.7) comparing the lowest versus the highest
eighths of the serum vitamin E distribution (5) and an elevated
but not statistically significant risk among nonsmokers; there
were only 30 cases of prostate cancer death among the 2974
men followed for 17 years (5). A similar association was
observed in the prospective Physicians’ Health Study in the
United States, which had 259 incident cases of aggressive
prostate cancer diagnosed during 13 years of follow-up. In this
study, smokers in the highest quintile of plasma a-tocopherol
had a significant 49% reduction in risk of aggressive prostate
cancer; there was no significant association among nonsmokers
(6). Two other prospective studies of serum a-tocopherol levels
and prostate cancer risk, conducted among residents of Washington County (n 5 103; Ref. 44) and Japanese-Americans in
Hawaii (n 5 142; Ref. 45), found no association between serum
vitamin E and subsequent overall prostate cancer incidence;
however, they did not examine the subgroups of smokers with
advanced disease.
Our results do not support a general protective effect of
supplemental vitamin E against prostate cancer in this U.S.
population. However, results from four distinct populations,
this U.S. study, the Finnish ATBC trial (40), and the Swiss and
U.S. serum investigations (5, 6), suggest that vitamin E may
provide particular benefits against advanced prostate cancer or
prostate cancer mortality among men with a recent smoking
history. Vitamin E supplementation is unlikely to have a major
impact on prostate cancer occurrence or progression among
nonsmokers. However, additional study is warranted of its
possible benefits among smokers, particularly for advanced or
fatal disease.
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