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Abstract

Objective We systematically reviewed and meta-ana-
lyzed literature examining associations of vitamin D (die-
tary intake, circulating 25-hydroxy-vitamin-D (25(OH)D),
and 1,25-dihydroxy-vitamin-D (1,25(OH),D) concentra-
tions) with prostate cancer.

Methods We searched over 24,000 papers from seven
electronic databases (to October 2010) for exposures rela-
ted to vitamin D. We conducted dose-response random-
effects meta-analyses pooling the log odds ratio (OR) and
95% confidence intervals (CI) per change in natural units
of each exposure. The I? statistic quantified between-study
variation due to heterogeneity.
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Results Twenty-five papers were included. In prospective
studies, the OR per 1,000 IU increase in dietary intake was
1.14 (6 studies; CI: 0.99, 1.31; P = 0%) for total prostate
cancer and 0.93 (3 studies; 0.63, 1.39; P = 25%) for
aggressive prostate cancer. Five case—control studies
examined dietary intake, but there was a high degree of
inconsistency between studies (I* = 49%). The OR per
10 ng/mL increase in 25(OH)D was 1.04 (14 studies; 0.99,
1.10; P = 0%) for total prostate cancer and 0.98 (6 studies;
0.84, 1.15; I* = 32%) for aggressive prostate cancer. The
OR per 10 pg/mL increase in 1,25(OH),D was 1.00 (7
studies; 0.87, 1.14; I* = 41%) for total prostate cancer and
0.86 (2 studies; 0.72, 1.02; P = 0%) for aggressive pros-
tate cancer.

Conclusion Published literature provides little evidence
to support a major role of vitamin D in preventing prostate
cancer or its progression.

Keywords Vitamin D - Prostatic neoplasms - Review -
Meta-analysis - Epidemiology

Introduction

In men, prostate cancer is the most common cancer in the
UK and USA, and the fifth most commonly diagnosed
cancer worldwide. There were 221,000 prostate cancer
deaths worldwide in 2002, and it was the second most
common cause of cancer death in UK men [1-3]. Older
age, family history of prostate cancer and ethnicity are the
only established risk factors and are not modifiable. There
is interest in identifying modifiable risk factors, and in this
regard, vitamin D has received considerable attention due
to its role, observed in vitro, in reducing cell proliferation
and promoting differentiation and apoptosis [4, 5]. Some
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research, however, has suggested that increased vitamin D
exposure may be associated with an increased risk of
advanced prostate cancer [6, 7]. It is therefore important to
stratify analyses by measures of cancer stage and grade in
order to maximize insights from observational epidemio-
logical research.

The main source of vitamin D is via the reaction of the
skin to ultra-violet light from the sun [8] with a smaller
contribution via the diet. Vitamin D is metabolized by the
body to form two circulating vitamin D metabolites:
25(OH)D and 1,25(0OH),D. Of the two metabolites,
1,25(0OH),D is several hundred-fold more biologically
active than 25(OH)D, but the concentration of 25(OH)D is
one hundred to one thousand fold higher [9]. It is thought
that there are two different pathways by which vitamin D
may be involved in prostate cancer etiology. One pathway
is via the two circulating metabolites. The second pathway
may be via local action within the prostate. Biological
evidence indicates that the prostate produces its own
1,25(0OH),D [10, 11]. Thus, it may be locally produced, not
circulating vitamin D that is important. However, since
prostate cancers have reduced 1-alpha-hydroxylase activity
[12], and therefore reduced ability to locally convert
25(OH)D to 1,25(0OH),D, the main source of 1,25(OH),D
to the prostate may be from the circulation [13]. Since
serum 1,25(OH),D concentrations are tightly regulated,
even moderate differences in circulating 1,25(OH),D
levels may have an important physiological influence on
prostate tissue [13]. In support of this idea, a randomized
trial demonstrated a 22% increase in serum 1,25(OH),D
(from 43.3 to 52.9 ng/mL), following 1,25(OH),D treat-
ment, slowed biochemical progression in recurrent prostate
cancer [14]. Both metabolites therefore have chemopre-
ventative potential [4, 5] and both warrant investigation.

The World Cancer Research Fund (WCRF) Expert
Report [15] presented a systematic review and meta-anal-
yses of food, nutrition and physical activity in relation to
cancer, including prostate cancer. The WCRF review
searched the literature up to and including December 2005
and could not draw conclusions from the limited evidence
on the effects of vitamin D on prostate cancer. A recent
systematic review and meta-analysis [16] concluded that
circulating concentrations of 25(OH)D and 1,25(OH),D
were not associated with incident prostate cancer, but
dietary intake of vitamin D was not assessed.

We updated the WCRF review, up to October 2010,
using the same methodology, an inclusive search strategy
and a wide range of search terms. We present a systematic
review and meta-analysis of all the published literature
investigating associations of vitamin D (dietary intake and
circulating concentrations of 25-hydroxy-vitamin-D and
1,25-dihydroxy-vitamin-D) with risk of all prostate cancers
and of aggressive prostate cancers. Compared with the
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most recent previously published review [16], our current
review includes 14 studies assessing dietary intake, five
additional studies assessing 25(OH)D and two additional
studies assessing 1,25(OH),D.

Materials and methods
Literature search

A systematic review of all published literature, including
papers, letters, abstracts, reviews, and news articles was
carried out up to December 2005 as part of a larger review
for WCRF of the associations of food, nutrition, and
physical activity with prostate cancer [15]. We updated this
review up to June 2009 specifically for exposures related to
vitamin D, using identical methodology. The following
electronic databases were searched by a dedicated infor-
mation specialist: Medline, Embase, BIOSIS, ISI, Coch-
rane Central, LILACS, and DARE. The search used a
comprehensive number of terms related to prostate cancer
and dietary intake, supplemental intake or circulating lev-
els of all foods and nutrients to ensure high sensitivity (see
Supplemental Information for search terms). The searches
prior to 2009 also included search terms related to physical
activity and anthropometry, but since these were not rele-
vant to vitamin D, they were excluded from the update
presented here. A weekly automated Medline alert (search
terms: Vitamins, Vitamin D, Dietary Supplements, prostate
cancer, prostatic neoplasms) was set up between June 2009
and October 2010 to identify any newly published studies
after the main search was completed.

Inclusion and exclusion criteria

Pre-specified inclusion and exclusion criteria were used to
determine whether to include papers. Only papers that had
been peer-reviewed were included, not abstracts or letters.
Papers were included if they presented primary epidemio-
logical data reporting prostate cancer incidence and
either: (a) circulating blood plasma or serum concentra-
tions of either of the two main vitamin D metabolites:
25-hydroxy-vitamin-D (25(OH)D) or 1,25-dihydroxy-vitamin-D
(1,25(0OH),D) or (b) dietary and/or supplementary intake of
vitamin D. Participants must have had the circulating blood
vitamin D measurement taken prior to the cancer diagnosis.
We excluded any paper that did not present primary data or
that were animal or case studies. Papers reporting benign
prostatic hyperplasia as the only outcome were excluded.
Studies that reported on vitamin D being given in conjunc-
tion with chemotherapy were excluded, as the men would
have pre-existing prostate cancer, whereas our interest was in
the etiological role of vitamin D in carcinogenesis. Similarly,
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studies that assessed the effect of vitamin D on prostate
cancer survival were excluded. There was no language
restriction.

In the first instance, titles and abstracts were assessed for
relevance based on the above criteria. Only papers that
were clearly ineligible were excluded at this stage. All
potentially relevant papers were retrieved in full. All
papers that mentioned general diet, vitamins or nutrients in
the abstract, not necessarily vitamin D, were retrieved to
ensure we did not miss studies that reported a vitamin D
result in the paper but not in the abstract. Studies were
included if they met the inclusion criteria listed earlier, and
presented original data in a format that allowed calculation
of the dose—response odds ratio for meta-analysis. Where
papers did not present the necessary data for inclusion,
authors were contacted requesting further information that
would enable us to include their data in our meta-analysis.

Data extraction

Data were extracted using standardized forms by one
reviewer and then double-checked by another. Information
was extracted on outcome, exposure, and study design.
Where data from one study were used in multiple papers,
the analysis most relevant to our research question or based
on the largest number of cases was used. Where results
from a number of multivariable models were presented, the
result adjusted for the greater number of potential con-
founders, but not over-adjusted for other variables poten-
tially downstream of vitamin D exposure on the causal
pathway, was selected.

Statistical analysis

In order to combine the estimates from each study in the
systematic review, we carried out a dose-response meta-
analysis that pools the log odds ratio per change in natural
units of each exposure across the studies. Since the out-
come (prostate cancer) is relatively rare, log odds, log risk,
and log rate will be approximately equal, and effect-esti-
mates are referred to as log odds from here on. This
analysis assumes a linear relationship between the expo-
sure and the log odds of the disease. The limited evidence-
base (the maximum number of studies that could be
included in any one meta-analysis was 14) meant that we
were unable to extend our approach to the assessment of
nonlinear relationships.

Our exposures were grouped into three categories: die-
tary intake, blood 25(OH)D, and blood 1,25(OH),D. Units
were standardized across studies using the following con-
versions: a) dietary intake was measured in International
Units (IU/day), where 1 IU = 0.025mcg (mcg: micro-
grams); b) 25(OH)D was measured in nanograms per

milliliter (ng/mL), where 1 ng/mL = 2.5 nmol/L (nmol/L:
nanomoles per liter); and c) 1,25(OH),D was measured
in picograms per milliliter (pg/mL), where 1 pg/mL =
0.001 ng/mL (1 pg/mL = 0.0024 nmol/L). We examined a
dose-response per 1,000 IU increase in dietary intake and
per 10 ng/mL or 10 pg/mL for circulating vitamin D.

Since the main source of circulating vitamin D is via sun
exposure, vitamin D concentrations will be affected by
season of blood draw. Therefore, a record was made of
how season of blood draw was accommodated in each
study. Where papers used different quantile cut-off points
for 25(OH)D depending on season, the cut-offs for spring
or winter/spring are presented here. It was expected that the
range of exposure was likely to be wider in the summer but
potentially inflated compared to differences across the year
and narrower in the winter so less precise; thus, spring may
act as a compromise. In a sensitivity analysis, we investi-
gated whether effect-estimates were altered when summer
or summer/autumn rather than spring or winter/spring
quantile cut-offs were used, since this impacts on the
calculation of the effect per one unit difference. For
1,25(0OH),D, the set of cut-offs that best reflected the
median split were presented, as 1,25(OH),D is less variable
by season.

Studies presented their results in different ways. For
studies that presented the difference in means between men
with and without prostate cancer, the log odds ratio per unit
change was calculated using the Chene and Thompson
method, which assumes an approximately normal distri-
bution [17]. Where studies presented results as a set of odds
ratios for ordinal exposure groups, the Greenland and
Longnecker method [18] was used to derive an overall
dose-response odds ratio. A detailed description of the
application of these methods is given in Rowlands et al.
[19].

We used Stata statistical software (StataCorp. 2009.
Stata Statistical Software: Release 11. College Station, TX:
StataCorp LP) and in particular the metan command [20] to
carry out fixed- and random-effects meta-analysis. As well
as pooling all studies regardless of study design, we sep-
arately analyzed results from cohort/nested case—control
studies, as cohort/nested studies are less prone to selection
bias or reverse causality so are regarded as stronger sources
of evidence than case—control studies. We calculated the I*
value as the percentage of between-study variation due to
heterogeneity [21], where 0% indicates no heterogeneity,
and larger percentages indicate increasing heterogeneity.
We investigated the contribution of study type (cohort/
nested case—control versus case—control) to any heteroge-
neity. We tested the null hypothesis of no heterogeneity
using a chi-squared p-value based on the Q-statistic. We
have included estimates of the median vitamin D level
from each study for comparison. Where we could not
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estimate the median, we present the mean level. We
assessed small study effects by inspecting funnel plots.

Separate meta-analyses were carried out for total pros-
tate cancer and aggressive prostate cancer, with ‘aggres-
sive’ prostate cancer defined as advanced stage and/or high
grade (as defined in individual papers). If both stage and
grade were presented in a paper, we prioritized stage when
identifying aggressive cancer. A sensitivity analysis was
carried out prioritizing grade instead of stage.

Results
Results of search strategy

The original literature search of all dietary exposures in
2005 identified 15,162 studies. After reviewing the titles
and abstracts, 1,038 papers were initially classified as
potentially relevant and the full papers retrieved, of which
557 papers were included in the meta-analysis of all
exposures and 14 contained information on vitamin D. The
update in June 2009 identified a further 9,236 papers, of
which 70 were retrieved for further assessment and five
contained information on vitamin D. A further two papers
were included after contacting the authors for extra infor-
mation that enabled them to be included in meta-analyses.
Four further studies were identified via weekly automated
Medline alerts between June 2009 and October 2010. This
resulted in 25 studies overall for inclusion in the current
meta-analysis (Fig. 1).

Of the 25 included papers, 13 presented data on dietary
intake of vitamin D, 14 on 25(OH)D, and 7 on 1,25(OH),D.
The characteristics of these studies are summarized in
Table 1. They range in publication date from 1993 to 2010,
and the earliest follow-up began in 1964. Seventeen were
based in USA. Nine were prospective cohort studies, ten
were case—control studies nested within prospective cohort
studies, and six were case—control studies. Four studies
were limited to white men, the rest were multi-ethnic or did
not state a particular ethnicity. Fifteen studies recorded
histologically confirmed prostate cancer. Only two studies
presented data on both dietary intake and circulating vita-
min D concentrations. The key results included in the meta-
analyses, as published, are shown in Table 2 arranged by
study type and year of publication.

Meta-analysis of dietary intake

There were eleven (six cohort/nested case—control) studies
that examined the association of dietary intake of vitamin
D (food and/or supplements) with total prostate cancer risk
[22-32] and three with aggressive prostate cancer [30, 33,
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34]. This gave a total of 8,722 total prostate cancer cases
and 3,046 aggressive prostate cancer cases.

Based on cohort/nested case—control studies, the pooled
random-effects odds ratio (OR) estimate per 1,000 IU
increase in vitamin D intake (95% confidence interval) was
1.14 (0.99, 1.31; p = 0.08); whereas for case—control
studies, the OR was 0.83 (0.28, 2.43; p = 0.73) (Fig. 2).
Pooling across all studies gave an OR of 1.07 (0.87, 1.32;
p = 0.51). There was evidence of between-study hetero-
geneity for the case—control studies (I* = 49%, p for het-
erogeneity = 0.10) but not for the cohort/nested case—
control studies (I2 = 0%, p = 0.57). There were only three
studies that investigated aggressive prostate cancer as
defined in our methods section [30, 33, 34]. Comparing the
highest versus lowest intake group in Park [30] gave an OR
of 0.90 (0.69, 1.18), for Kristal [33] gave an OR of 1.13
(0.59, 2.15) and for Kristal [34] gave an OR of 0.82 (0.48,
1.41). Pooling these three studies gave an OR per 1,000 TU
increase in vitamin D intake of 0.93 (0.63, 1.39; p = 0.73)
(P = 25%, p = 0.27).

Meta-analysis of circulating 25(OH)D

There were 14 cohort/nested case—control studies that
investigated 25(OH) D and total prostate cancer [7, 27, 31,
35-45].This gave a total of 4,353 prostate cancer cases.
There were 6 studies [27, 31, 40, 43-45] that included 871
aggressive prostate cancer cases. Overall, the pooled ran-
dom-effects OR estimate per 10 ng/mL increase in
25(0OH)D was 1.04 (0.99, 1.10; p = 0.12) (Fig. 3). There
was no evidence of heterogeneity across studies (I* = 0%,
p = 0.95). For aggressive prostate cancer, the pooled ran-
dom-effects OR per 10 ng/mL increase in 25(OH)D was
0.98 (0.84, 1.15; p = 0.78), but there was evidence of
moderate heterogeneity (I* = 32%, p = 0.19) (see Sup-
plemental Figure 1).

Meta-analysis of circulating 1,25-dihydroxy-vitamin-D

There were 7 cohort/nested case—control studies that
investigated associations of 1,25(OH), D [27, 35-40] with
total prostate cancer and two with aggressive prostate
cancer [27, 40]. This gave a total of 1,361 prostate cancer
cases and 696 aggressive prostate cancer cases. Overall, the
pooled random-effects OR estimate per 10 pg/mL increase
in 1,25(0OH),D was 1.00 (0.87, 1.14; p = 0.96) (Fig. 4).
There was some evidence of moderate heterogeneity
(I2 = 41%, p = 0.12). The study by Corder [35] (the first
study published on the associations of 1,25(OH), D with
prostate cancer) accounts for all of the heterogeneity, and
removing this study from the analysis gives an OR of 1.02
(0.93, 1.12; p = 0.67). There were only two studies that
investigated aggressive prostate cancer [27, 40]. Comparing



Cancer Causes Control (2011) 22:319-340

323

Search carried out
December2005

A 4
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June 2009

Y

Number of hits
n= 9236

Potentially relevant studies
n=70

Studiesexcluded based on
title and abstract

N=9166

A

Identified via Medline
alert after com pletion of
main search

n=4

:
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that were extractable for
cancer casesand controls

2 did not containa
comparison goup

14 present 25-hydrox y-vitamin-D
7 present 1,25-dihydrox y-vitamin-D

Fig. 1 Flow diagram showing the number of studies included and excluded

the highest versus the lowest level for Platz [27] gave an
OR of 0.80 (0.36, 1.82) and for Li [40] gave an OR of 0.73
(0.43, 1.23). The pooled random-effects OR per 10 pg/mL
increase in 1,25(OH),D for these two studies was 0.86 (0.72,
1.02; p = 0.09) (> = 0%, p = 0.77).

The funnel plots (see Supplemental Figure 2) provide
little evidence of small study effects for dietary intake of
vitamin D, circulating 25(OH)D, and 1,25(OH), D. The
power to detect effects, however, is limited due to the small
number of studies. A sensitivity analysis using summer or
summer/autumn rather than spring or winter/spring quan-
tile cut-offs gave the same effect-estimates. A sensitivity
analyses using grade instead of stage gave similar pooled
ORs.

Discussion
Summary

Our systematic review of more than 24,000 publications
identified 25 studies examining the association of prostate
cancer incidence with at least one of three indicators of
vitamin D: dietary intake and circulating 25(OH)D and
1,25(OH),D. These studies involved 14,174 men with
prostate cancer for inclusion in our meta-analyses. There

was no evidence of an association between dietary intake
of vitamin D and aggressive prostate cancer risk. There was
weak statistical evidence of a positive association with total
prostate cancer risk if the meta-analysis was restricted to
cohort/nested case—control studies (OR per 1,000 IU
increase in vitamin D intake = 1.14; 95% CI: 0.99, 1.31;
p = 0.08). There was no evidence of an association
between 25(OH)D and total or aggressive prostate cancer
risk. The UK National Diet and Nutrition Survey found that
the median daily intake of vitamin D from food sources in
men aged 19-64 years was 112 IU (SD = 72; n = 181)
[46] and that the median concentration of plasma 25(OH)D
in men aged 50-64 years was 20.3 ng/mL (SD = 8.5;
n = 190) [47]. The median vitamin D levels are similar for
most studies, apart from for diet (Fig. 2), and there is no
discernable relationship between median vitamin D levels
and effect sizes (there are too few studies to formally assess
this).

There was no evidence of an association of 1,25(OH),D
with total prostate cancer (p = 0.6). There was weak evi-
dence of a possible small decreased risk of aggressive
prostate cancer with increasing 1,25(OH),D (p = 0.09).
This result was based on only two studies, so confidence
intervals were wide (0.72, 1.02), but a potentially important
protective effect of 1,25(OH),D cannot be excluded. Genes
related to the vitamin D pathway suggest a link with
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@ Springer

Mixed

No Cases 72.5 controls

2000-2002. Mean follow-up

Incident of prostate cancer. Source:

Osteoporotic Fractures in Men (MrOS)

Barnett [44]

73.6

5.3 years

population-based study

study, USA

Prospective cohort

Mixed

45-75 (cases 68.9

N/S

1993-1996 to 2002, average

Incidence of prostate cancer. Source:

Multethnic Cohort Study, California

Park [45]

controls 68.7)

8 years follow-up

cancer registry, mortality register,

death certificates

and Hawaii, USA

Prospective cohort

Studies ordered by year published

N/S not stated

* There were no case—control studies for circulating vitamin D

advanced disease in particular. The actions of 1,25(OH),D
are mediated via the vitamin D receptor gene (VDR) [10],
which is usually expressed in cells involved in calcium
homeostasis, but it is also expressed in other cells,
including the prostate [10]. A recent genetic association
study and meta-analysis of 13 studies found an association
between three VDR polymorphisms (Bsml, Apal, and
Tagl) and prostate cancer grade [48]: Apal-a and Bsml-
b increased the risk of a high grade, Tagl-t was protective.
These polymorphisms modulate the activity of the VDR
and therefore may modulate a protective effect of
1,25(0H),D with aggressive prostate cancers. Further large
studies with aggressive prostate cancer as an outcome are
required to obtain more precise estimates of effect and to
mitigate against possible publication bias.

Strengths and limitations

Our systematic review and meta-analysis is the largest and
most up-to-date investigation of the worldwide evidence
on the association between vitamin D and prostate cancer,
updating the WCRF Expert Report [15] which included
dietary intake of vitamin D and blood 25(OH)D among the
nutritional exposures that were investigated. A dedicated
information specialist searched seven databases to ensure a
comprehensive search, we used specialist statistical meth-
ods to meta-analyze as many observational studies as
possible, not just those that reported results in a specific
way, and we contacted authors for additional data to
increase the number of included studies. These efforts
should have considerably reduced the potential for search
and inclusion bias in our meta-analysis.

Meta-analyses of observational studies must be inter-
preted carefully [49]. Results from individual studies that
show evidence of an association are more likely to be
reported in detail than results that find no evidence [50].
We attempted to minimize this problem by our compre-
hensive and highly sensitive search strategy and by
deriving or estimating missing data from alternative pre-
sentations wherever possible to maximize the number of
studies that were included. Five studies were excluded due
to unusable data. Two presented high versus low categories
only [51, 52], two presented p-values only [53, 54], and
one presented no quantifiable results [55]). Two of the
excluded studies present data from studies that were
already included in our meta-analysis, albeit on a smaller
sample (i.e., Ahn [31, 51] present data from the PLCO
Cancer Screening Trial; Platz [27] and Giovannucci [52]
present data from the Health Professionals Follow-up
study). The three studies that are not represented in our
meta-analysis included 4,373 men. Of these five excluded
studies, the majority found no evidence of an association
between vitamin D and prostate cancer. One excluded
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Tetal  Median Odds Weight
vitamin D
Study cases level Ratio (35% CI) [(BY]
Cohort/Nested case control
Chan, 2000 (25) 184 198 —_— 0.41(D.09, 1.99) 0.83
Bemdt, 2002 (26) 69 243 - 1.90(0.12,30.91) 0.27
Platz, 2004 (27) 480 436 - 1.37(0.85,2.22) 897
Tseng,2005 (29) 131 149 4.13(D.18, 96.00) 021
Park,2007 (30) 4404 196 -~ 1.16(0.98,1.38) 70.24
£hn, 2008 (31) 749 418" —.— 0.98(0.71,1.36) 19.48
Fixed effect (l-squared = 0.0%, p = 0.572) . 1.14(0.98,1.31) 100.00
Random effect 1.14(0.98, 1.31)
Case control
‘\ajinac, 1997 (23) 101 120" - 0.09(0.00, 4.45) 0.76
Kay,1097 (22) 328 174.8% * 0.84(D.10, 4.30) 3.15
Deneo-Pellegrini, 1999 (24) 175 184 . —_— 0.14(0.01, 1.61) 186
Tavani, 2005 (28) 1294 116 — - _ 6.35(0.97,41.47) 325
Holt,2009 (32) 827 520 . 0.92(D.65,1.32) 90.98
Fixed effect (l-squared = 49.2%, p = 0.087) AN 0.92(0.66,1.29) 100.00
Random effect Gl 0.83(D.28,2.43)
| | I 1 [
B | 5 1 2 4 40

\dtamin D protective

Fig. 2 Forest plot showing the association of dietary intake of
vitamin D with total prostate cancer (OR per 100 IU increase).
Studies ordered by study design and year of publication. Median
vitamin D level is estimated, for the control group only where

study found a 40% reduction in risk of prostate cancer
(RR = 0.61; 95% CI: 0.41-0.89; p for trend = 0.05) in
men who took >600 IU of supplemental vitamin D com-
pared with men who did not take supplemental vitamin D
[51]. Another found that cases had lower mean 25(OH)D
than controls (p = 0.008), but there was no association
with 1,25(OH),D [53]. Four studies were excluded as they
presented data that were used in multiple papers and were
therefore already included in our meta-analysis [56-59].
There was evidence of heterogeneity for certain out-
comes, but we did not have enough studies to fully
investigate the sources of this (apart from stratifying by
study design), and therefore, we did not attempt meta-
regressions or a priori defined subgroup analyses. There
were too few studies to formally assess heterogeneity by
factors such as country, age, ethnicity, or dietary intake
stratified into diet alone versus diet plus supplements.
There were not enough studies to fully investigate associ-
ations of vitamin D with aggressive prostate cancer.

‘ftamin Dincreases risk

possible, from the available data. If median could not be estimated,
the mean in the control group is given (*). P is p-value for
heterogeneity. IV inverse variance, CI confidence interval

Case—control studies investigating dietary intake with
total prostate cancer gave variable results (I* = 49%), but
the cohort studies gave similar results (> = 0%). All of the
studies investigating 25(OH)D and 1,25(OH),D were either
cohort studies or prospective case—control studies nested
within cohort studies. There was no evidence of hetero-
geneity within cohort/nested case—control studies investi-
gating 25(OH)D with total prostate cancer or 1,25(OH),D
and aggressive prostate cancer. There was evidence of
heterogeneity between studies investigating 25(OH)D and
aggressive prostate cancer (I* = 32%) and within studies
investigating 1,25(OH),D with total prostate cancer
(7 = 41%). The latter was explained by one study, Corder
[35], which was the only study that presented a mean dif-
ference and p-value rather than results by quantiles.

There are several limitations in the analysis of the
individual studies that could have influenced our pooled
estimates. There may have been too little variation in
vitamin D levels [8, 37, 60] to have generated an
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%
Tot M odds Weight
Study cases level Ratio (95%Cl) -
CohoitiMested case control
Corder,1993(35) 59 25 + 1.23(0.75,2.01) 113
Braun,1985(36) 61 32 - 1.19(0.52,1.72) 197
Momura, 1995 (37) 136 42 - 0.92(0.68,1.23) 322
Platz, 2004 (27) 460 24* —— 1.06(0.83,1.36) 4.49
Tuohimaa,2004 (7) 622 20 . 104(093,115) 2515
Jacobs,2004 (38) 33 28 0.86(0.53,1.42) 1.10
Baron 2005 (39) 70 30 - _— 1.14(0.57,1.49) 3.72
Freedman 2007 (42) 536 + 0.95(0.58,1.54) 147
Faupel-Badger 2007 (41) 26 19 * 090(066,125) 268
Li, 2007 (40) 492 25 —_——— 0.97(0.84,113) 1292
Ahn 2008(31) 749 22 S BRI EE— 1.15(0.97,1.37) 928
Travis,2009(413 652 22 NN 108(081,128) 883
Park 2010(45) 329 33.14* —— 1.05(0.83,119) 1765
Barnett, 2010(44) 297 251" —_————— 1.01(0.83,1.24) B6.70
Fixed effect (I-squared =0.0%, p =0.949) 43 1.04(0.99,1.10) 100,00
Random effect i ‘| 1.04(0.99,1.10)
I .
S5 1 22

Vitamin D protedtive

Fig. 3 Forest plot showing the association of circulating 25-hydroxy-
vitamin-D with total prostate cancer (OR per 10 ng/mL increase).
Studies ordered by study design and year of publication. Median
vitamin D level is estimated, for the control group only where

observable association with prostate cancer. Only three
studies included only men with a dietary intake greater than
the recommended daily allowance of 400 IU in their
highest exposure group. If only extremely high or low
levels have an effect on prostate carcinogenesis, then
vitamin D is unlikely to be an important mechanism in the
population. A low intake of vitamin D from food may be
compensated for by a high circulating level due to sun
exposure. Only one of the included studies adjusted for sun
exposure [29], although this made no difference to effect-
estimates. Park et al. [30] stratified their analysis by eth-
nicity, but still found no evidence of association in any
ethnic group. Dairy intake may increase the risk of prostate
cancer via several mechanisms, including the effects of
calcium suppressing production of 1,25(OH),D [13, 61].
Dairy foods, including milk and margarine, are fortified
with vitamin D in the USA and UK but not in the rest of
Europe [62]. Dairy intake may therefore be a confounder,
although few studies adjust for it. Alternatively, dairy
intake may modify the protective effects of vitamin D on

@ Springer

Vitamin D increasesrisk

possible, from the available data. If median could not be estimated,
the mean in the control group is given (*). P is p-value for
heterogeneity. IV inverse variance, CI confidence interval

prostate cancer by suppressing 1,25(OH),D synthesis.
Other metabolites may interact with the effects of vitamin
D on prostate cancer risk. For example, high circulating
concentrations of retinol (vitamin A) may increase prostate
cancer risk since retinol dominates the proteins required by
vitamin D to be active, thus, potentially interfering with
any anti-cancer properties of vitamin D [13, 63]. Margarine
is fortified with vitamins A and D in the USA and UK. The
evidence regarding the association between retinol and
prostate cancer is limited [15], but further research may
reveal retinol to confound or modify the association of
vitamin D and prostate cancer. Only one study adjusted for
retinol [23], but we found no studies that investigated an
interaction between retinol and vitamin D concentrations.

One of the studies included in the current meta-analysis
[7] found a positive association of prostate cancer with
both lowest intake of 25(OH)D (OR = 1.5; 95% CI:
0.8-2.7) and highest intake of 25(OH)D (OR = 1.7, 95%
CI: 1.1-2.4). Such a nonlinear relationship would be mis-
sed in a dose-response meta-analysis, which assumes a



Cancer Causes Control (2011) 22:319-340 337
%
Total Median Odds Weight
vitamin D
Study cases level Ratio (95% CI) [(BY]
CohoitiMested case control
Corder,1993(35) 59 30 - — 0.35(0.17,0.70) 161
Braun, 1995 (36) B1 40 — 1.09(0.79,1.51) 7.54
Nomura,1998 (37) 136 40 — 0.98(0.78,1.25) 14.49
Jacobs,2004 (38) 83 30 — 1.04(0.53,2.05) 1.77
Platz,2004 (27) 460 34 —t—— 1.18(0.89,1.58) 9.54
Baron,2005 (39) 70 42 ——— 1.01(081,1.25) 17.59
Li, 2007 (400 492 33 —— 0.99(0.87,1.13) 47 .45
Fixed effect (I-squared = 41 4%, p =0.113) 1.00(0.92,110) 100.00
Random effect 1.00(0.87,1.14)
! I
A 1 25

Vitamin D protedive

Fig. 4 Forest plot showing the association of circulating 1,25-
dihydroxy-vitamin-D with total prostate cancer (OR per 10 pg/mL
increase). Studies ordered by study design and year of publication.
Median vitamin D level is estimated, for the control group only where

linear relationship. As described in the methods, there were
too few studies to examine whether there was a nonlinear
relationship. A review by Yin et al. [16] concluded that
four of ten included studies showed a possible U-shaped
association [7, 27, 41, 59] but that overall there was no
consistent pattern.

Studies uniformly used only a single sample of vitamin
D assessed in adulthood. Platz et al. [27] reported an
intraclass correlation of 0.70 for measurements of
25(OH)D taken approximately 3 years apart, indicating
that a single measure has good validity for adulthood
exposure. However, it may be childhood or lifetime
exposure that is important. This is a limitation of both
individual study design and the attempt to investigate
vitamin D concentrations with prostate cancer at all. Serum
stored for over 40 years was found to have the same pre-
dictive power as serum stored for up to 2 years, indicating
that studies could explore associations of circulating vita-
min D with adult disease risk using stored childhood serum
[64]. Vitamin D was measured using radioimmunoassay in

Vitamin D increasesrisk

possible, from the available data. If median could not be estimated,
the mean in the control group is given (¥). P is p-value for
heterogeneity. IV inverse variance, CI confidence interval

all but two studies that used enzyme-linked immunoassays
[41, 43], so we could not investigate whether assay type
was a source of heterogeneity across studies. Radioimmu-
noassay methods have differing sensitivities and specifici-
ties, which may render results incomparable. Most studies
were conducted in the PSA-testing era, during which
increasingly low volume, low-grade cancers are being
detected. The observed weak positive associations with
vitamin D intake or circulating concentrations may there-
fore reflect the fact that more affluent men tend to have
PSA tests and be diagnosed with prostate cancer, and such
men may have higher vitamin D exposure [65]. Thus, a true
protective effect of vitamin D on prostate cancer could be
masked by PSA detection bias related to socio-economic
differentials on PSA screening. More affluent men may
also be more healthy in general. Studies have suggested an
inverse association between vitamin D and PSA level [66,
67], so studies based on cases detected by PSA testing may
also generate biased results because of PSA-based mis-
classification of prostate cancer status that is related to the
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degree of exposure. Alternatively, associations may differ
for clinically relevant compared with screen-detected
cancers.

Previous reviews

Huncharek et al. [68] published a systematic review and
meta-analysis of 6 studies investigating dietary intake of
vitamin D which found that the pooled relative risk was
1.16 (0.98, 1.38; p = 0.37) when comparing the highest
intake category versus the lowest intake category. Of these
6 studies, 4 were included in our analysis of total prostate
cancer [23, 24, 28, 29]. One study [33] was included in our
analysis of aggressive prostate cancer only. One study
included in Huncharek et al. did not define the range of
exposure clearly so was not included in our meta-analysis
[54]. We additionally included seven studies [22, 25, 27,
30-32, 34]. For one remaining study [26], it is unclear
whether the study was included in Huncharek’s meta-
analysis, although it was discussed in the paper. In line
with our previous publication [6] and the upper confidence
limit from our meta-analysis, the Huncharek review cannot
exclude the possibility that high intake of vitamin D
increases prostate cancer risk. The Huncharek review did
not investigate circulating concentrations of vitamin D.

Gupta et al. [69] published a review, without a formal
meta-analysis, of the epidemiological literature investigat-
ing vitamin D and prostate cancer risk. They concluded
that dietary intake of vitamin D did not appear to be pro-
tective, suggesting this null finding was due to intake not
being high enough and reported that studies investigating
25(OH)D and prostate cancer risk gave conflicting results.
These results are in line with our current study.

Yin et al. [16] published a systematic review and dose—
response meta-analysis of ten studies investigating associ-
ations of 25(OH)D and 1,25(OH),D concentrations with
incidence of prostate cancer, finding a pooled OR per
10 ng/mL of 1.03 (0.96, 1.11; p = 0.36) for 25(OH)D and
a pooled OR per 10 pg/mL increase in circulating
1,25(0OH),D of 1.04 (0.94-1.16). These results are in line
with the current review and used similar methods. We
included five extra studies assessing 25(OH)D [35, 40, 42,
44, 45], two extra studies assessing 1,25(OH),D [35, 40],
and excluded one study [59] as we used a result from
another paper that included the same cohort of men but
presented the results in greater detail [7]. The Yin review
did not investigate dietary intake, nor did they investigate
associations of vitamin D with aggressive prostate cancer.

A recent dose-response meta-analysis by Gandini et al.
[70] included only one extra study compared with the Yin
review [40]. The Gandini review did not investigate dietary
intake or circulating concentrations of 1,25(OH),D, nor did

@ Springer

they investigate associations of vitamin D with aggressive
prostate cancer.

Conclusions

There is little evidence from the current epidemiological
literature that increased dietary vitamin D or circulating
concentrations of 25(OH)D were importantly associated
with risk of prostate cancer. There was only weak evidence
that increased circulating concentrations of 1,25(OH),D
were associated with a decreased risk of aggressive pros-
tate cancer, based on two studies only and with wide
confidence intervals in the pooled estimate. More high-
quality large-scale prospective observational studies are
required, particularly including more aggressive prostate
cancers. We suggest that future studies should analyze
repeat measurements of vitamin D (to reduce exposure
measurement error), possibly from cohort studies with
long-term stored sera/plasma and ideally assess both die-
tary intake and circulating concentrations. Analyses need to
account for sun exposure and dairy intake. Possible effect
modifiers, such as vitamin D pathway genetic polymor-

phisms and retinol concentrations, should also be
investigated.
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