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Abstract

Purpose We investigated prospectively the relationship
between dietary intakes of methionine, B vitamins associ-
ated with one-carbon metabolism, and risk of incident and
fatal prostate cancer.

Methods The Melbourne Collaborative Cohort Study
recruited 41,514 people aged 40-69 years between 1990
and 1994. During follow-up of 14,620 men for 15 years on
average, we ascertained 1,230 incident prostate cancers and
114 prostate cancer deaths. Dietary intakes were estimated
using a 121-item food frequency questionnaire. Hazard
ratios (HR) and 95 % confidence intervals were estimated
using Cox regression.

Results For overall prostate cancer incidence, HRs for
riboflavin intake were significantly increased relative to
quintile 1 (except quintile 5), with a peak for quintile 3, HR
1.29 (1.07, 1.57). A similar but non-statistically significant
pattern existed between riboflavin intake and prostate
cancer mortality. The HR for folate intake and overall
incidence was significantly increased for quintile 4, HR
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1.21 (1.01, 1.46). No association was observed between
prostate cancer mortality and the intake of either folate
or any other B vitamin or methionine, and no observed
association varied by tumor aggressiveness (all Phomogeneity >
0.1).

Conclusions We found little evidence of association
between dietary intakes of B vitamins or methionine and
prostate cancer risk. Weak associations between prostate
cancer incidence and dietary intake of riboflavin and folate,
and between riboflavin intake and prostate cancer mortal-
ity, need corroboration by other studies.

Keywords Prostate cancer - Riboflavin - Vitamin B6 -
Vitamin B12 - Folate - Methionine

Introduction

One-carbon metabolism comprises a complex network of
biochemical pathways, involving interactions between
several B vitamins, homocysteine and methionine. Dis-
ruption of one-carbon metabolism can interfere with DNA
replication, DNA repair, and regulation of gene expression
through methylation, each of which could promote carci-
nogenesis [1]. Thus, dietary intake of B vitamins and
methionine might play an important role in the develop-
ment and progression of cancer.

Studies investigating associations between B vitamins
and prostate cancer risk have mainly focused on folate and
vitamin B12, and a recent meta-analysis concluded that
there were positive associations with circulating levels [2],
consistent with dietary studies of vitamin B12 [3, 4],
whereas other studies of either intake or blood levels
of folate have been inconclusive [3-14]. Associations
between other B vitamins and prostate cancer risk have
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been less widely studied, and findings are inconsistent
[3, 4, 8, 10, 15, 16].

We investigated prospectively the relationship between
dietary intakes of methionine, B vitamins associated with
one-carbon metabolism, and risk of incident and fatal
prostate cancer.

Methods
The Cohort

The Melbourne Collaborative Cohort Study (MCCS) is a
prospective cohort study of 41,514 people (17,045 men,
24,469 women) aged 27-80 at baseline, 99.3 % of whom
were aged 40-69 years. Recruitment occurred between
1990 and 1994. Southern European migrants to Australia
(including 2,420 Italian and 2,072 Greek men) were over-
sampled to extend the range of lifestyle exposures,
including diet, and to increase genetic variation. The study
protocol was approved by The Cancer Council Victoria’s
Human Research Ethics Committee.

Subjects were recruited via the Electoral Rolls (regis-
tration to vote is compulsory for adults in Australia),
advertisements, and community announcements in local
media. Comprehensive lists of Italian and Greek surnames
were also used to target southern European migrants in
phone books and Electoral Rolls. Follow-up has been
conducted by record linkage to Electoral Rolls, electronic
phone books and the Victorian Cancer Registry and
Victorian death records until 31 December 2009.

Subjects

We excluded participants who had a diagnosis of prostate
cancer (n = 108) or unknown primary cancer before study
entry (n = 1) and were missing data for any of the nutri-
ents of interest (n = 34), and those who reported extreme
values (top or bottom percentile) of total energy intake
(n = 339). Participants who had reported a diagnosis of
angina, heart attack, or diabetes at baseline (n = 1,923)
were also excluded as they might have changed their diet
due to their diagnosis. Those with missing values for any of
the confounders (n = 9) and eleven prostate cancer cases
with insufficient information to classify tumor aggressive-
ness were also excluded, leaving 14,620 men available for
the incidence analyses. For the mortality analyses, a further
three men who died during follow-up with no cause of
death recorded were also excluded, as was one man who
died from prostate cancer but was not identified as an
incident case, leaving 14,616 men available for these
analyses.
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Identification of incident prostate cancer cases
and deaths

Incident cases were identified from notifications of first
diagnoses of prostate cancer (International Classification of
Diseases 9th revision rubric 185, or 10th revision rubric
C61) to the Victorian Cancer Registry to 31 December
2009 and to the National Cancer Statistics Clearing House
to 31 December 2004. Thus, we were unable to follow up
those subjects who moved outside of Victoria after 31
December 2004. Only subjects with invasive or metastatic
primary cancers of the prostate were counted as cases.
Mortality data, including cause of death, were obtained
from the Australian Bureau of Statistics, Victorian death
records, and National Death Index or were coded by the
Victorian Cancer Registry and were used to identify deaths
attributed to prostate cancer. Incident cases who subse-
quently died from prostate cancer by 31 December 2009
were classified as fatal cases regardless of their stage at
diagnosis. Aggressive tumors were defined as those with a
Gleason score greater than 7 or with poor differentiation,
stage 4, or a fatal case; all other tumors were classified as
non-aggressive. We identified 1,230 incident prostate
cancer cases (average follow-up of 15.1 years) of which
880 were categorized as non-aggressive and 350 as
aggressive, and 114 prostate cancer deaths (average follow-
up of 15.7 years).

Nutrient measures

Participants completed a 121-item food frequency ques-
tionnaire (FFQ) specifically developed for the MCCS using
weighed food records of equal numbers of people born in
Australia, Italy. and Greece [17] and answered additional
questions about milk consumption and alcohol intake.
Average portion sizes were assigned to each food item, and
daily frequencies of some fruits were seasonally adjusted.
Nutrient composition data were derived from the Austra-
lian NUTTAB 2006 database [18]. Mean daily intakes for
the 5 nutrients (riboflavin (vitamin B2), vitamin B6, folate
(vitamin B9), vitamin B12, and methionine) and for lyco-
pene and calcium (potential confounders) were obtained by
multiplying the daily frequency of each food item by the
nutrient composition for an average portion size. Folate
intake only included that occurring naturally in foods.

Measurements

Each participant’s height and weight were measured at
study entry according to written protocols based on stan-
dard procedures [19]. Weight was measured to 100 g using
digital electronic scales and height to 1 mm using a
stadiometer. Body Mass Index (BMI) was calculated as
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weight in kilograms divided by the square of height in
meters.

Questionnaire measures

At baseline, information was obtained on country of birth,
highest level of education, and alcohol consumption.

Statistical analysis

For the analyses of incident prostate cancer, follow-up
began at study entry and continued until date of diagnosis
of prostate cancer, date of diagnosis of cancer of an
unknown primary site, date of an unconfirmed diagnosis of
prostate cancer, date of death, date last known to be in
Australia, date last known to be in Victoria if after 2004 or
31 December 2009, whichever came first. For the analyses
of prostate cancer mortality, follow-up began at study entry
and continued until date of death, date last known to be in
Australia, date last known to be in Victoria if after 2004 or
31 December 2009 whichever came first.

Intakes of energy and each nutrient were log trans-
formed and then adjusted for energy intake using the
residuals method [20]. Quintiles were obtained for each
energy-adjusted nutrient using the whole sample; the
lowest quintile was used as the referent category. To esti-
mate linear trends on a log hazard scale, each nutrient
variable was fitted as a pseudocontinuous covariate (using
the median value in each nutrient quintile). To investigate
departures from linearity in the relationship between
nutrient intake and overall prostate cancer incidence and
mortality, the likelihood ratio test was used to compare the
linear and categorical models [21]. We also included a
quadratic pseudocontinuous term for each nutrient in these
models and assessed the significance of this term using the
Wald test. In the competing risk models, a two-way
interaction between aggressiveness and a quadratic
pseudocontinuous term for each nutrient was included, and
the significance of this term was assessed (Wald test) to
investigate departures from linearity.

Cox regression models were fitted, with age as the time
axis [22], to estimate hazard ratios (HRs) and 95 % con-
fidence intervals separately for prostate cancer incidence
and mortality associated with each nutrient measure. To
test for heterogeneity in the HRs by tumor aggressiveness
(non-aggressive versus aggressive disease), we fitted Cox’s
proportional regression models for competing risk using
the data duplication method [23].

The decision to include potential confounders in the
models was based on a Directed Acyclic Graph (DAG), and all
analyses were adjusted for country of birth (Australia,
United Kingdom, Greece, and Italy); alcohol consumption
(lifetime abstainers, ex-drinkers, low (1-39 g/day), moderate

(40-59 g/day), and high intake (>60 g/day)); education
(primary school, some high school, completed high school,
and completed degree/diploma); BMI; lycopene intake
(ng/day); and calcium intake (mg/day). Additional analy-
ses involved fitting and testing (using the test for homo-
geneity) two-way interaction terms between tumor
aggressiveness and each confounder in the competing risk
model. Only the interaction between tumor aggressiveness
and BMI was statistically significant and retained in the
analyses.

To examine the interaction of each nutrient with alcohol and
the interaction of each B vitamin with methionine, nutrient
intakes were dichotomized at the medians and alcohol con-
sumption was categorized into three groups [none (never and
ex-drinkers), low, and high (moderate and high intake)].

Using a subset of our data, we investigated whether the
adjustment of selected models for family history of prostate
cancer (in the father or brothers) affected the estimates.
Data on family history of prostate cancer were from a
postal questionnaire sent 4 years after study entry (sample
size, n = 9,983 and 750 cases).

Statistical analyses were performed using Stata/SE 11.0
(Stata Corporation, College Station, TX). p < 0.05 (two-
sided) was considered statistically significant. Tests based
on Schoenfeld residuals showed no evidence of violation of
the proportional hazards assumption. All analyses were
repeated excluding the first 2 years of follow-up to elimi-
nate the possibility that the observed relationships were
influenced by pre-existing disease.

Results

By 31 December 2009, 53 (0.4 %) eligible participants had
left Australia, 59 (0.4 %) had left Victoria between 1
January 2005 and 31 December 2009, and 2,258 (15.4 %)
had died. The mean age at diagnosis was 68 years, and the
mean age at death from prostate cancer was 74 years.
Demographic characteristics and mean daily energy-
adjusted nutrient intakes for the study sample are shown in
Table 1.

Spearman correlation coefficients between the energy-
adjusted B vitamins and methionine are shown in Table 2.
Moderate correlations were observed between intakes of
riboflavin and folate (p = 0.39), vitamin B12 and vitamin
B6 (p =0.63), and vitamin Bl12 and methionine
(p = 0.50).

Table 3 shows the HRs for prostate cancer incidence
and mortality in relation to B vitamins and methionine
intake. There was evidence of a departure from linearity in
the relationship between riboflavin intake and incidence of
all prostate cancer (p = 0.03) and non-aggressive disease
(p = 0.05) but not for any other nutrient in any of the
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Table 1 Baseline characteristics of participants

Overall (n = 14,620)

Prostate cancer incidence Prostate cancer

deaths (n = 114)

All cases Non-aggressive  Aggressive

(n = 1,230) (n = 880) (n = 350)°
Age at baseline, mean (SD) 55.0 (8.8) 58.7 (7.5) 58.0 (7.7) 60.7 (6.8) 63.3 (5.5)
BMI, mean (SD) 27.0 (3.6) 27.1 (3.3) 26.9 (3.2) 27.5 (3.6) 27.9 (3.8)

Energy (kJ/day), mean (SD)
Lycopene intake (pg/day), mean (SD)

10,535 (3,384)
7,969 (5,251)

10,674 (3,333)
7,225 (4,493)

10,705 (3,504)
7,083 (4,714)

10,431 (3,596)
6,512 (5,262)

10,662 (3,264)
7,281 (4,404)

Calcium intake (mg/day), mean (SD) 864 (357) 883 (359) 889 (364) 869 (346) 814 (338)
Riboflavin (mg/day), mean (SD)* 2.6 (0.8) 2.7 (0.8) 2.7 (0.8) 2.6 (0.8) 2.5 (0.7)
Vitamin B6 (mg/day), mean (SD)* 3.0 (2.5) 2.8 (2.2) 2.8 (2.3) 2.8 (1.8) 2.8 (1.9)
Vitamin B12 (pg/day), mean (SD)* 4.4 (2.9) 4.1 (2.5) 4.0 (2.6) 4.1 (2.3) 42 (2.5)
Folate (pg/day), mean (SD)* 325 (95) 329 (91) 332 (93) 322 (85) 320 (96)
Methionine (mg/day), mean (SD)? 1,853 (497) 1,830 (455) 1,814 (444) 1,873 (479) 1,869 (522)
Country of birth, n (%)
Australia 9,717 (66) 902 (73) 651 (74) 251 (72) 86 (75)
UK 1,235 (8) 102 (8) 75 (9) 27 (8) 6 (5)
Italy 2,010 (14) 136 (11) 90 (10) 46 (13) 16 (14)
Greece 1,658 (11) 90 (7) 64 (7) 26 (7) 6 (5)
Education, n (%)
<Primary school 2,510 (17) 173 (14) 117 (13) 56 (16) 19 (17)
Some high/technical school 4,480 (31) 406 (33) 284 (32) 122 (35) 44 (39)
Completed high/technical school 3,664 (25) 313 (25) 219 (25) 94 (27) 30 (26)
Degree/diploma 3,966 (27) 338 (27) 260 (30) 78 (22) 21 (18)
Alcohol consumption, n (%)
Abstainers 1,893 (13) 162 (13) 116 (13) 46 (13) 22 (19)
Ex-drinkers 628 (4) 47 (4) 38 (4) 9() 33)
Low intake 9,699 (66) 817 (66) 586 (67) 231 (66) 63 (55)
Medium intake 1,339 (9) 109 (9) 71 (8) 38 (11) 17 (15)
High intake 1,061 (7) 95 (8) 69 (8) 26 (7) 98
* Adjusted for energy
b Aggressive cases: Gleason score >7, poor differentiation, stage 4, or a death due to prostate cancer
Percentages may not add up to 100 % due to rounding
Table 2 Spearman correlations coefficients* for energy-adjusted disease (p = 0.05), and prostate cancer mortality

intake of B vitamins and methionine

Riboflavin ~ Vitamin B6  Vitamin B12  Folate
Vitamin B6 —0.01
Vitamin B12  —0.17 0.63
Folate 0.39 0.12 —0.14
Methionine 0.11 0.12 0.50 0.10

4 p =0.09 for riboflavin-vitamin B6 correlation; all other correla-

tions had p < 0.0001

models (all p > 0.08). We found no significant linear
associations between dietary intake of any B vitamin or
methionine and prostate cancer incidence or mortality. The
inclusion of a quadratic nutrient term suggested an inverse
U-shaped relationship between riboflavin intake and all
prostate cancer incidence (p = 0.004), non-aggressive
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(p = 0.02) and between all prostate cancer incidence and
folate (p = 0.05).

The HRs for prostate cancer occurrence for each quintile
of riboflavin intake relative to the first were significantly
increased except for quintile 5 [HR 1.23 (1.01, 1.49), HR
1.29 (1.07, 1.57), and HR 1.23 (1.01, 1.49) for quintiles
2-4, respectively]. A similar pattern was observed for
prostate cancer mortality (except HR for quintile 5 was less
than unity), with a peak for quintile 3, HR 1.74 (0.95, 3.21),
but no HR reached statistical significance.

The HR for all prostate cancer incidence was signifi-
cantly elevated for quintile 4 of folate intake, HR 1.21
(1.01, 1.46), but not for the other quintiles. Conversely,
non-statistically significant reduced HRs for mortality were
observed across all quintiles of folate intake. No associa-
tions were observed for any other B vitamin or methionine.
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Prostate cancer mortality (n = 114)

Non-aggressive (n = 880) Aggressive (n = 350)°

Prostate cancer incidence

All (n = 1,230)

Table 3 continued

@ Springer

HR (95 % CI) Cases HR (95 % CI) Cases HR (95 % CI) Deaths/PY HR (95 % CI)

Cases/PY

Quintile (median)

0.69 (0.39, 1.24)
0.81 (0.47, 1.42)
0.94 (0.53, 1.66)

20/45,987

1.17 (0.83, 1.63)
1.06 (0.75, 1.49)

79
71

0.86 (0.70, 1.05)
0.90 (0.73, 1.11)

171

0.93 (0.78, 1.11)

250/44,481

3 (1,788)
4(2,021)
5 (2,464)
Linear model®

24/45,794
24/46,115

177

0.94 (0.79, 1.12)

248/44,183

0.95 (0.79, 1.15) 159 0.89 (0.71, 1.10) 73 1.15 (0.81, 1.61)

232/44,553

1.00 (0.82, 1.22)

0.98/0.50

1.04 (0.94, 1.16)

0.47/0.50

0.96 (0.89, 1.03)

0.25/0.41

0.98 (0.92, 1.04)

0.54/0.92

P-trend/P-linearity®

? All models were adjusted for country of birth, education, alcohol consumption, BMI, and daily intakes of lycopene and calcium. Competing risk models (aggressive vs. non-aggressive) also included a

BMI*aggressiveness interaction

® Aggressive cases: Gleason score >7, poor differentiation, stage 4, or a death due to prostate cancer

¢ HRs per 1 SD increment. Tests for homogeneity in the HRs between non-aggressive and aggressive tumors, all p > 0.1

4 Tests for departure from linearity: using LRT for all prostate cancer incidence and for prostate cancer mortality models; using the inclusion of quadratic term for competing risk models (non-aggressive vs. aggressive)

p-quadratic term in all prostate cancer incidence model, p = 0.004 (riboflavin), p = 0.05 (folate), all other p > 0.2; for prostate cancer mortality, p = 0.02 (riboflavin), all other p > 0.18

Table 4 shows HRs associated with interactions between
selected nutrients and alcohol and methionine. For all
prostate cancer incidence, we observed significant inter-
actions between folate intake and alcohol (p = 0.04) and
between folate and methionine intake (p = 0.01). A sig-
nificantly increased risk was associated with high folate/
high alcohol relative to low folate/high alcohol, HR 1.58
(1.19, 2.08) and for low methionine/high folate relative to
low methionine/low folate, HR 1.33 (1.13, 1.56).

For prostate cancer mortality, we observed a significant
interaction between alcohol intake and riboflavin (p = 0.01)
(Table 4). A significantly lower risk was observed for high
riboflavin/high alcohol relative to low riboflavin/high alcohol,
HR 0.19 (0.05, 0.83).

We found no other significant interactions between any
of the other B vitamins or methionine and alcohol (all
p > 0.2) or between any other B vitamin and methionine
intake (all p > 0.18). We did not investigate these inter-
actions further in the competing risk models due to small
numbers and because tests of homogeneity in the HRs
between non-aggressive and aggressive tumors were not
significant (all p > 0.1).

Further adjustment of the models for family history of
prostate cancer using a subset of our data did not sub-
stantially change the HRs neither did additional analyses
excluding the first 2 years of follow-up.

Discussion

Overall, we detected no linear associations between dietary
intakes of either methionine or B vitamins and prostate
cancer risk or mortality. There was suggestive evidence of
an inverse U-shaped relationship between incidence and
both riboflavin and folate intake and between mortality and
riboflavin intake. We observed statistically significant
interactions between folate and alcohol and all prostate
cancer risk, high alcohol/high folate being associated with
the highest risk; and between folate and methionine intake,
low methionine/high folate being associated with the
highest risk. For prostate cancer mortality, we observed a
significant interaction between alcohol and riboflavin
intake, reduced risk being associated with high alcohol/
high riboflavin intake, and increased risk with low alcohol/
high riboflavin intake. Alcohol and methionine intake did
not appear to substantially modify any of the other
observed associations. Some observed associations might
have been due to chance, given the number of comparisons
performed.

Generally, consistent with other studies, we observed no
variation in association by disease severity [2, 4, 10, 14, 24].
The only report of significant heterogeneity by disease
severity is from the EPIC (European Prospective Investigation
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Table 4 Interactions between
selected nutrients and alcohol

HR (95 % CI)

and methionine All prostate cancer incidence

Folate*alcohol (P;yeraction = 0.04)

High folate/no alcohol versus low folate/no alcohol

High folate/low alcohol versus low folate/low alcohol

High folate/high alcohol versus low folate/high alcohol
Methionine*folate (Pjperaction = 0.01)

Low methionine/high folate versus low methionine/low folate

Nutrients were dichotomized at
the median value: folate

(315 pg/day), riboflavin

(2.52 mg/day), methionine
(1,788 mg/day), and vitamin
B12 (3.60 pg/day). All other
Pimeraction >02
(nutrient*alcohol) and
Pimeraction >0.18
(nutrient*methionine)

Prostate cancer mortality

High methionine/high folate versus high methionine/low folate

High riboflavin/low alcohol versus low riboflavin/low alcohol
High riboflavin/high alcohol versus low riboflavin/high alcohol

1.00 (0.76, 1.32)
1.08 (0.94, 1.24)
1.58 (1.19, 2.08)

1.33 (1.13, 1.56)
0.97 (0.82, 1.14)

Riboflavin*alcohol (Piyeraction = 0.01)
High riboflavin/no alcohol versus low riboflavin/no alcohol

0.81 (0.36, 1.78)
1.24 (0.74, 2.08)
0.19 (0.05, 0.83)

into Cancer and Prevention) study in regard to circulating
vitamin B12, a positive association being observed with
advanced prostate cancer and a null association with localized
disease; on the other hand, EPIC reported no significant het-
erogeneity between low and high grade disease [15].

We had virtually complete follow-up in this prospective
study as the identification of incident prostate cancers was
performed by record linkage to the Australian-based cancer
registries that have complete coverage of the cohort par-
ticipants. Although the interstate linkage is complete only
to the end of 2004, only six cases were diagnosed interstate
between 1990 and 2004; thus, it is unlikely that we have
missed many interstate cases. Only 0.4 % of participants
left Australia during follow-up, and hence, we would not
expect to have missed many cases or deaths. Analyses
excluding the first 2 years of follow-up gave similar
associations to those reported; thus, it is unlikely that our
findings were influenced by pre-existing disease. Further,
adjustment of our models using a subset of data regarding
family history of prostate did not substantially affect our
results.

Our study’s limitations include the fact that information
on diet and potential confounding variables was only col-
lected at baseline and might not be relevant to the full time
period. We could not account for any change in dietary
habits over follow-up, although older people tend to have
stable diets [25]. Further, inter-correlations between B
vitamins and methionine [26] make it difficult to estimate
the effect of a single nutrient. For some subgroups, par-
ticularly for mortality and for interaction analyses, the
small number of cases led to low precision. Voluntary folic
acid fortification of foods has been progressively intro-
duced in Australia, and fortification of bread flour has been
mandatory since 2009 [27]; we were unable to account for
this. Some misclassification of nutrient intake is inevitable
since we only assessed dietary intake and did not have data

on B vitamins supplement use. However, less than 13 % of
our sample used multivitamins, so it is unlikely that this
lack of information would have affected our estimates
substantially. Intakes of B vitamins are estimated from
FFQs with considerable error; a fact supported by the low
correlations between dietary and serum levels of nutrients
reported by the ATBC (a-Tocopherol, -Carotene Cancer
Prevention) study [4], although metabolic effects may also
contribute to variations in circulating levels. Misclassifi-
cation of dietary intakes will attenuate any estimate of
association between diet and cancer and could, thus, con-
tribute to differences in the results of studies using dietary
intakes or biomarkers.

Riboflavin deficiency interferes with the metabolism of
other B vitamins through flavin coenzyme activity [28].
Riboflavin is a co-factor of methylenetetrahydrofolate
reductase, and there appears to be some evidence for an
interaction between riboflavin status, folate status and
genotype in determining plasma homocysteine as a marker
of folate status [29]. In Western diets, cereals, milk, dairy
products, meat (especially offal), and fatty fish are good
sources of riboflavin intake, and reasonably high concen-
trations can be found in some fruits and dark-green leafy
vegetables [28]. In Australia, breads and cereal are often
fortified with riboflavin [30]; this was accounted for in the
calculation of riboflavin intake.

Consistent with our findings, a small, European case—
control study reported an elevated prostate cancer risk
associated with higher riboflavin intakes but no overall
linear association [3]. In contrast to the elevated mortality
risks we observed with riboflavin intake, Kasperzyk et al.
[8] found no association with prostate cancer survival. The
increased risk for men with higher riboflavin intakes in the
present study is consistent with the results reported for
circulating riboflavin, choline, and betaine by the Northern
Sweden Health and Disease Cohort Study, supporting a
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role for methyl availability in prostate cancer development
[15]. We are aware of only one other study that investi-
gated the interaction between riboflavin and alcohol and, in
contrast to ours, this study reported no association with
prostate cancer survival [8].

A recent review has explored several mechanisms by
which folate might be related to carcinogenesis including
altered DNA and RNA methylation and disruption of DNA
integrity and repair [31]. Evidence from experimental
studies suggests that folate deficiency might promote initial
stages of carcinogenesis, whereas excess folic acid might
stimulate existing neoplasms [32-34], which is not sup-
ported by our findings. Folate is found naturally in green
leafy vegetables, fruit, legumes, and cereals.

Consistent with our findings, others have reported no
linear associations between dietary folate and prostate
cancer incidence [4, 5, 9, 13]. One of these studies reported
elevated risks of all prostate cancer with higher folate
intake [5] whereas another reported higher folate intake
only to be associated with a non-significant decreased risk
of advanced prostate cancer [13]. Although we reported
slightly elevated risks for overall prostate cancer (only
statistically significantly for quintile 4) and non-significant
reduced risks for prostate cancer mortality, we detected no
clear associations with risk of aggressive prostate cancer. A
recent meta-analysis that included the EPIC and ATBC
studies [2] reported elevated risks of prostate cancer
associated with higher circulating folate levels. We are
aware of only two studies that have investigated relation-
ships between folate status and prostate cancer mortality: a
positive association with serum folate was reported by an
Australian cohort [11] whereas a null association with
folate intake was reported by a Swedish cohort [8].

Our study provides weak evidence that the association
between folate status and prostate cancer risk might be
modified by alcohol intake. Alcohol is known to interfere
with folate absorption [35]; thus, we might expect to see a
protective effect associated with higher folate intakes for
men with high alcohol consumption, which was not
apparent in our study. Our findings are in contrast to the
reduced risks reported by an Italian case—control study
(although the overall interactions were not significant) [10]
and null associations reported by others [2, 4, 8, 12, 16].

Methionine and folate are required in the production of
S-adenosylmethionine, the primary methyl donor. When
methionine levels are low, more folate is used as methyl-
tetrahydrofolate to form methionine, and the resulting
lower levels of methyltetrahydrofolate might affect DNA
synthesis [36]. Thus, we might expect to see a protective
effect associated with higher folate levels for men with low
methionine intake, which is in contrast to the significantly
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increased risk we observed in our study. We observed a
significant interaction between folate and methionine
intake, in contrast to the null association reported by
Pelucchi et al. [10]. In this same study, a significantly
reduced prostate cancer risk was associated with a high
methionine/high folate intake versus high methionine/low
folate, whereas we found no association with this
combination.

We found no association between vitamin B6 intake and
prostate cancer risk, consistent with reports from two case—
control studies [3, 10], for circulating B6 from the EPIC
study [15] and for serum B6 from the ATBC study [16] that
was in contrast to the inverse association reported for
vitamin B6 intake in this same cohort [4]. We found no
association between vitamin B6 and prostate cancer mor-
tality, in contrast to the inverse association reported by a
Swedish cohort [8]. In contrast to our null findings for
vitamin B12, others have reported positive associations
between prostate cancer risk and dietary B12 [3, 4] and a
recent meta-analysis, for circulating B12 [2]. Consistent
with our findings, Kasperzyk et al. [8] reported no asso-
ciation with mortality. Also consistent with our study,
others have reported null associations for methionine
intake and prostate cancer risk [4, 10] and mortality [8].

Given the slow progression of prostate tumors and that
neoplastic transformation occurs several years before
diagnosis, the conflicting evidence in the literature is not
surprising. The direction of the relative risks associated
with B vitamin or methionine intakes might depend on the
time between measuring intake and diagnosis.

Conclusions

Our findings suggest a weak inverse U-shaped association
between prostate cancer risk and riboflavin and folate
intakes, and between prostate cancer mortality and ribo-
flavin intake. These associations need to be confirmed by
other prospective studies.
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