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Abstract

Background: Our objective was to conduct a systematic review and meta-analysis of prospective studies
on colorectal cancer and vitamin D intake and 25-hydroxyvitamin D status, as part of the World Cancer
Research Fund Continuous Update Project. We also aimed at conducting meta-analysis of all studies on
colorectal cancer and vitamin D receptor (VDR) single-nucleotide polymorphisms.

Methods: Relevant studies were identified in PubMed (up until June 2010). Inclusion criteria were
original, peer-reviewed publications, with a prospective design (for studies on vitamin D intake or status).
Random effects dose-response meta-analyses were performed on cancer incidence.

Results: We observed inverse associations of colorectal cancer risk with dietary vitamin D (summary RR
per 100 IU/day=0.95 95%CI: (0.93-0.98); 10 studies; range of intake (midpoints) = 39-719 IU/day) and
serum/plasma 25-hydroxyvitamin D (RR per 100 IU/1=0.96 (0.94-0.97); 6 studies; range=200-1800 TU/1),
but not with total vitamin D (5 studies). Supplemental (2 studies; range=0-600 IU/day) and total (4
studies; range=79-732 [U/day) vitamin D intake and 25-hydroxyvitamin D status (6 studies; range=200-
1800 TU/1) were inversely associated with colon cancer risk. We did not observe statistically significant
associations between Fokl, PolyA, Taql, Cdx2 and Apal VDR polymorphisms and colorectal cancer risk.
The Bsml polymorphism was associated with a lower colorectal cancer risk (RR=0.57 (0.36-0.89) for BB
vs. bb, 8 studies).

Conclusions: These meta-analyses support the evidence of an inverse association between vitamin D
intake, 25-hydroxyvitamin D status and the Bsml VDR polymorphism and colorectal cancer risk.

Impact: Improving vitamin D status could be potentially beneficial against colorectal cancer incidence.

Word Count: 250
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Introduction

Colorectal cancer (CRC) is the third most frequently diagnosed cancer worldwide, accounting
for more than one million cases and 600 000 deaths every year (1). Understanding the role of diet, a
modifiable risk factor, in colorectal carcinogenesis might inform primary prevention strategies. A
substantial body of literature has addressed the relationship between vitamin D and CRC risk. This
relationship has been studied using estimates of dietary, supplemental and total vitamin D intakes and
circulating 25-hydroxyvitamin D level, a biomarker of vitamin D status reflecting both intake and
synthesis related to sunlight exposure.

Regarding dietary vitamin D intake, the World Cancer Research Fund and American Institute
for Cancer Research (WCRF/AICR) report in 2007 concluded that the evidence vitamin D protects
against risk of CRC was limited suggestive (RR for 100 1U/d=0.99 95%CI=(0.97-1.00)) (2). Since then,
five new prospective cohort studies on vitamin D intake and CRC have been published (3-7),
substantially increasing the evidence base available, but no updated dose-response meta-analyses have
been published on vitamin D intake. In 2009, Huncharek et al. performed a highest versus lowest meta-
analysis of vitamin D intake and CRC and observed no statistically significant results (8).

Regarding serum/plasma 25-hydroxyvitamin D status and CRC risk, three dose-response meta-
analyses have been published (9-11), suggesting an inverse association. Since the most recent meta-
analysis, conducted by IARC in 2010 (9), new results from the Multiethnic Cohort (12) have been
published. None of these published meta-analyses provided information on proximal and distal colon
cancer subtypes. In addition, these articles did not investigate a potential non-linear dose-response
relationship between 25-hydroxyvitamin D and CRC risk. This could be useful for determining if an
optimal value for vitamin D status can be retained regarding CRC prevention, and/or for validating

optimal levels proposed by some authors (13, 14).
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The vitamin D receptor (VDR) is an intracellular hormone receptor that specifically binds the
biologically active form of vitamin D (1,25-dihydroxyvitamin D) and interacts with specific nucleotide
sequences of target genes to produce a variety of biologic effects (15). It has been hypothesized that for
individuals with similar vitamin D intake or status, those having a less active VDR could present an
increased susceptibility to colorectal cancer risk. However, the evidence to date has been inconclusive.
Two reviews (16, 17) and two meta-analyses (18, 19) have been published on the topic. Since the
publication of the most recent meta-analysis (18), several new studies have been published (20-22),
including results from the EPIC study, based on more than 1200 CRC cases. In addition, this meta-
analysis focused on Bsml and FoklI polymorphisms only; it did not observe overall statistically significant
associations (18).

Our objective was to conduct a systematic review and meta-analysis of prospective studies on
CRC and vitamin D intake published up to June 2010, as part of the WCRF Continuous Update Project.
We also conducted meta-analyses of prospective studies on CRC and 25-hydroxyvitamin D level, as well
as studies on VDR single-nucleotide polymorphisms. This paper provides a complete and updated state of
the art regarding vitamin D and CRC risk, including substantially increased evidence base since previous
reviews, and complementary types of exposures (intake / biomarker / VDR polymorphisms). It includes a
linear dose-response approach (key feature in the discussion of causality), as well as an investigation of a

potential non linear dose-response trend for vitamin D status, which has never been meta-analyzed before.

Subjects and Methods

Search strategy and selection criteria
The present review is part of the Continuous Update Project implemented by the WCRF/AICR
and conducted at Imperial College London on the associations between food, nutrition, physical activity

and the prevention of cancer. The complete protocol for the review is available on the WCRF website
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(http://www.dietandcancerreport.org/cu/). Briefly, we wupdated the systematic literature review
(http://www.dietandcancerreport.org/downloads /SLR/Colon_and Rectum SLR.pdf) with study results
published through June 2010. We searched PubMed without any language restriction using the same
search strategy that was used to retrieve papers for the WCRF/AICR report (2). The search terms (MeSH
terms and text words) identified a broad range of factors on diet and nutrition. The full search strategy is
available online (http://www.dietandcancerreport.org/cu/). We also hand-searched reference lists from
retrieved articles, reviews and meta-analysis papers on the related topic. The search and data extraction of
articles published up to June 2006 was conducted by several reviewers at Wageningen University, The
Netherlands, during the systematic literature review for the WCRF/AICR report (2). The search, data
selection and extraction from June 2006 to June 2010 were done by two reviewers at Imperial College
London.

Studies were included in this review if they reported original data on the association of colorectal,
colon or rectal cancer incidence with vitamin D intake (dietary, supplemental, total), 25-hydroxyvitamin
D status and VDR single-nucleotide polymorphisms and if they were based on a prospective design
(cohort or nested case-control), for studies on vitamin D intake and status. For VDR polymorphisms, all
nested case-control and case-control studies were included. Only published peer-reviewed studies were
included. To include the studies in the meta-analyses, estimates of the relative risks with the 95%
confidence intervals had to be available in the publication. For the dose-response analysis, a quantitative
measure of exposure and the number of cases and person-years were also needed. When multiple papers
on the same study were identified, the inclusion of results in the meta-analysis was based on longer

follow-up, more cases recruited and completeness of the information required to do the meta-analyses.

Data extraction
For each relevant study, information on study characteristics, cancer site, description of exposure,

results, and details of the adjustment for confounders were extracted and stored in a database. The search,

5
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data selection and extraction were done by two reviewers. Ten percent of the work was double checked

by an independent reviewer.

Statistical analyses

Random effects models, that consider both within-study and between-study variation (23) were
used to calculate summary RRs and 95% Cls for the associations of colorectal, colon or rectal cancer
incidence with vitamin D intake, 25-hydroxyvitamin D level, and VDR single-nucleotide polymorphisms:
FokI (rs2228570), Bsml (rs1544410), PolyA (rs17878969), Taql (rs731236), Cdx2 (rs11568820), Apal
(rs7975232). We used the most fully adjusted RR in the paper, provided they were not adjusted for factors
potentially in the causal pathway.

For vitamin D intake and biomarkers, linear dose-response, as well as highest vs. lowest meta-
analyses were conducted (23). We used the method described by Greenland and Longnecker (24) for the
dose-response analysis to compute the trend from the correlated RRs and CIs across categories of
exposure. We estimated, using standard methods (25), the distribution of cases or person-years in studies
that did not report these and reported results by quantiles. In two studies (7, 26) in which the results were
reported by functional categories and person-years by category were not reported, we used variance-
weighted least squares regression to estimate the trends.

The median level of exposure in each category was assigned to the corresponding relative risk
when reported in the study. If not reported, the value assigned was the mid-point of the lower and upper
bound in each category. For extreme open-ended categories, half the width of the adjacent exposure
category was subtracted (for the lowest category) or added (for the uppermost category) to obtain the
mid-point. For studies that reported results separately for colon and rectal cancer, but not combined (27-
30), we combined the results using the Hamling procedure (31) to obtain an overall estimate for CRC; the
same method was applied for distal and proximal colon cancer, to obtain an overall estimate for colon

cancer (4).
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Statistical heterogeneity between studies was assessed by the Cochran Q test and the I” statistic
(32). I values of approximately 25%, 50% and 75% are considered to indicate low, moderate and high
heterogeneity, respectively. We also conducted linear meta-regression and stratified analyses by gender,
number of cases, geographic location, ethnicity, range of exposure, adjustment for confounding factors
such as calcium intake and sunlight exposure/season, and deviation from Hardy-Weinberg equilibrium
(for studies on VDR polymorphisms) to investigate potential sources of heterogeneity. Small study bias
such as publication bias was examined in funnel plots and by Egger’s test (33). The influence of each
individual study on the summary relative risk was examined by excluding each in turn and pooling the
rest.

A potential non-linear dose-response relationship between dietary vitamin D intake and 25-
hydroxyvitamin D status and CRC was examined by using fractional polynomial models (34).

A two-sided p<0.05 was considered statistically significant. All analyses were conducted using

STATA version 9.2.

Results

Figure 1 presents the flowchart for study selection. We identified a total of 50 publications that
examined the relationship between vitamin D intake and/or status (prospective studies) or VDR
polymorphisms and CRC. Among these, eight publications were excluded from the meta-analyses: one
was a component study of a multi-center cohort (35), two were superseded by more recent publications
(36, 37), one restricted to cancer mortality as only outcome (38), one focused on VDR single-nucleotide
polymorphisms that were not found in other publications on CRC risk (39) and three publications did not
provide sufficient data to be included in the meta-analyses (22, 40, 41). Regarding the later three
publications, only mean exposure data was provided in two of them: mean dietary vitamin D intake was

either higher in non-cases than in CRC cases (40) or similar in both groups (41). The third publication
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provided ORs of associations between CRC risk and heterozygous or homozygous mutant (grouped, but
not separated) versus wild type, for several VDR single-nucleotide polymorphisms. No association was
observed for the main VDR polymorphisms studied (i.e., Bsml, Takl and Cdx2) (22). Finally, 42
publications have been included in the present meta-analyses on CRC incidence. Online supplementary
Appendix 1 provides descriptive information on these studies.

Otherwise mentioned below, there was no indication of publication bias with Egger’s test and
sensitivity analyses excluding one study at a time did not substantially modify the findings. For vitamin D
intake and status, results of dose-response meta-analyses are presented below, whereas results of highest

versus lowest meta-analyses are presented in online supplementary Appendix 2.

Vitamin D intake

We observed a statistically significant inverse association between dietary vitamin D and CRC
risk (Table 1, Figure 2A): summary RR=0.95 (95%CI: 0.93-0.98), for an increase of 100 IU/day (10
studies included). Associations did not reach statistical significance for colon and rectum cancers
separately (Table 1), nor for proximal and distal colon (data not shown). No statistical heterogeneity was
detected except for rectal cancer, which was partly related to gender, as shown by meta-regression
analysis (P=0.002). In stratified analyses, studies including more than 50% of women (5, 42, 43) showed
a statistically significant inverse association between dietary vitamin D intake and rectal cancer (RR=0.78
(0.67-0.90)), whereas studies including more than 50% of men (4, 26, 44) showed no association
(RR=1.09 (0.84-1.40)) (data not tabulated). Available data was insufficient to conduct separate meta-
analyses by gender. Main sources of dietary vitamin D (i.e. dairy products (26, 42), fish (4, 44), or both
(5, 43)) varied across studies. In the rectal cancer analysis, a higher RR (2.22 (0.99-4.97)) was observed
for the Finnish Social Insurance Institution's Mobile Clinic (44) compared to other studies. In the
corresponding publication (44), the authors stated that fish was the main contributor to dietary vitamin D

intake, and that an increased CRC risk was associated with high consumption of salted and smoked fish in

8

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

B S o
this study. When this study was excluded from the analysis, the summary RR became 0.88 (0.77-1.02),
and heterogeneity was reduced, but remained moderate (I’=45.7%, P=0.12). Restriction of the analyses to
studies investigating both colon and rectum cancer sites did not modify the results (summary RR for
colon became 0.97 (0.91-1.03) and was unchanged for rectum). There was no strong evidence of non-
linearity of the association between dietary vitamin D intake and CRC risk (p for non-linearity = 0.4),
within the studied range of intake (midpoints of lowest and highest categories: 40-720 1U/d).

No dose-response analysis could be performed for supplemental vitamin D and overall CRC due
to insufficient data. However, two studies were available for dose-response meta-analysis of supplemental
vitamin D and colon cancer specifically (27, 28), leading to a statistically significant inverse association
(summary RR per 100 [U/day=0.93 (0.88-0.98)).

The association between total vitamin D and CRC (Table 1, Figure 2B) was not statistically
significant, with high heterogeneity and lower number of available studies compared to dietary vitamin D
(five vs. ten). In sensitivity analyses excluding each study in turn, the summary RR for total vitamin D
and CRC became statistically significant (0.97 (0.95-0.99)) and heterogeneity was substantially reduced
(’=36.5%, P=0.2) when the Women’s Health Study (45) was excluded from the analysis (data not
tabulated). In sensitivity analyses restricted to the publications presenting results on both dietary and total
vitamin D and CRC (7, 26, 42, 45) summary RRs were 0.93 (0.89-0.98) for dietary vitamin D and 0.99
(0.95-1.02) for total vitamin D. We observed an inverse association between total vitamin D and colon
cancer risk (RR per 100 IU/day=0.93 (0.90-0.98), but no association for rectal cancer (Table 1, Figure
2B). In highest versus lowest meta-analyses, total vitamin D was inversely associated to both CRC 0.84

(0.72-0.97) and colon cancer 0.71 (0.58-0.87) risk (Supplementary Appendix 2).

25-hydroxyvitamin D level (biomarker of vitamin D status)
We observed an inverse association between circulating 25-hydroxyvitamin D level and CRC risk

(Table 1, Figure 2C) (RR per 100 1U/1=0.96 (0.94-0.97)). Results were borderline significant for colon
9
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cancer (Table 1). We observed an inverse association between serum/plasma 25-hydroxyvitamin D and
distal colon cancer (RR per 100 IU/I=0.91 (0.85-0.98), no heterogeneity: I’=0%, P=0.9, 3 studies
included (46, 47), data not tabulated). Results were not statistically significant for proximal colon (data
not shown) and rectum cancers (Table 1). In highest versus lowest meta-analyses, 25-hydroxyvitamin D
level was also inversely associated to CRC risk 0.66 (0.52-0.84) (Supplementary Appendix 2).

There was no strong evidence of non-linearity of the association between 25-hydroxyvitamin D
and CRC risk (p for non-linearity = 0.087). The curve (Figure 3) suggested that increasing 25-
hydroxyvitamin D level was associated with a decreased risk of CRC in a linear dose-response manner,
though a slight inflexion of the decrease in risk around the value of 1000 IU/I (24 ng/ml) could be
suspected. The range of intake used in this analysis was 200-1800 IU/I (midpoints of lowest and highest

categories).

Vitamin D receptor polymorphisms

The polymorphisms most often reported were Bsml and Fokl. The Bsml polymorphism was
associated with a lower CRC risk (RR for BB vs. bb=0.57 (0.36-0.89), 8 studies), with high heterogeneity
(Table 1, Figure 4). The heterogeneity may be attributed to one study (48), for which deviation from
Hardy-Weinberg equilibrium was observed. When we excluded it from the analysis, statistical
heterogeneity was not detected (I>=0%, P=0.8) and the inverse association persisted, although weakened
(RR for BB vs. bb=0.89 (0.81-0.98)). In the publication of Park et al. (49) no CRC case and only one
control presented the BB genotype, thus, it was not possible to use those results in the meta-analysis.
However, this study was included in the Bb vs. bb analysis (summary RR=0.81 (0.64-1.02), 9 studies).
When this study (49) was excluded, the summary RR for Bb vs. bb became statistically significant: 0.77
(0.61-0.98) (data not tabulated).

We did not observe any statistically significant association for FokI VDR polymorphisms on ten

studies (Table 1). Study results were highly heterogeneous. Results by gender were not provided in the

10
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publications, thus separate meta-analyses on men and women were not possible. However, for ff and
CRC, the only study including a higher proportion of women than men (50) showed a statistically
significant positive association (RR=1.84 (1.15-2.94)), whereas studies including a higher proportion of
men than women (19, 48, 51) or an equal proportion of men/women (21, 49, 52-55) showed no
association (RR=0.95 (0.81-1.11), I’=33.1%, P=02 and 1.00 (0.49-1.03), I’=86.2%, p<0.0001,
respectively) (data not tabulated). For ff and colon cancer, the risk ratios also increased with the
proportion of women in the study: more men than women (56): 0.71 (0.57-0.87), equal proportion of
men/women (21): 1.13 (0.80-1.58) and more women than men (50, 57): 2.0 (1.32-3.03). However, for this
analysis on ff and colon cancer, Egger’s test (P=0.01) and funnel plot suggested a publication bias (i.e.,
inverse relationship between RR and study size).

Five studies investigated Taql (20, 49, 52, 55, 58) and Apa I (19, 20, 49, 52, 58) polymorphisms
and CRC risk. No association was observed (Table I). From these, 4 studies also reported on Bsml (19,
20, 49, 52) and 4 on Fok I (19, 49, 52, 55). High heterogeneity in the analyses on Tagql (tt vs. TT) and
CRC was due to one study (55) with very small number of cases (n=26). No heterogeneity was detected
when this study was excluded from the analysis (summary RR=1.07 (0.82-1.39), I’=0%). High
heterogeneity was also observed in the analysis of Apal (AA vs. aa) and CRC. Although ethnicity was not
statistically significant in meta-regression (P=0.11), probably due to low statistical power, restriction to
studies on Caucasian populations (19, 20, 52, 58) substantially decreased heterogeneity (RR=0.84 (0.68-
1.02), I’=29.6%, P=0.2). RR of the study on a non-Caucasian (Asian) population was 2.22 (1.12-4.40)
(49).

Four studies or less were identified on the PolyA and Cdx2 VDR polymorphisms. No association
with CRC or colon cancer was observed, except a borderline significant positive association for Cc versus

cc Cdx2 polymorphism and CRC (Table 1).
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Discussion

In dose-response meta-analyses, we observed inverse associations between dietary vitamin D and
CRC risk and between supplemental and total vitamin D and colon cancer risk. The WCRF/AICR report
in 2007 concluded a limited suggestive decreased risk of CRC for foods containing vitamin D (2). The
present meta-analyses, including new results from five prospective cohort studies, add to the evidence for
an inverse association between vitamin D intake and CRC risk. In a recent report (59), the American
Institute of Medicine (IOM) has set at 600 IU/d the Recommended Dietary Allowance for vitamin D
intake for most North Americans, except for people age 71 and older, who may require 800 IU/d. These
recommendations were mostly based on the role of this nutrient in bone health. The order of magnitude of
vitamin D intake studied in prospective observational studies on CRC and thus included in this dose-
response meta-analysis (maximal dose around 730 IU/d for total vitamin D), is consistent with IOM
recommendations.

Vitamin D status depends on intake from the diet and supplements but also on synthesis in the
skin under the influence of sunlight. Thus, we also analyzed vitamin D status to obtain a better picture of
the relationship between vitamin D and CRC risk. Consistent with results on vitamin D intake, we
observed inverse associations between circulating 25-hydroxyvitamin D and colorectal and colon cancer.
These findings update those of previous meta-analysis on 25-hydroxyvitamin D and CRC (9-11),
suggesting the existence of an inverse association.

The associations between polymorphisms in the VDR gene and CRC risk have been investigated
in several publications, with inconsistent results, possibly because single studies may have lack statistical
power. Except for Bsml and Fokl, published studies on CRC and other VDR polymorphisms are scarce.
The available evidence suggests that the Bsml polymorphism (BB) may be associated with a lower CRC

risk. There was no statistical evidence of publication bias. This association, which strengthens the
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evidence of the role of vitamin D in the etiology of CRC, requires confirmation in other studies. Beyond
the potential effect of single-nucleotide VDR polymorphisms considered separately, their association in
haplotypes (i.e. combinations of statistically associated single-nucleotide polymorphisms) could play an
important role in the etiology of CRC (17). Interactions between the VDR gene and other genes have also
been suggested. For instance, the androgen receptor gene could interact with the Fokl VDR

polymorphism, as well as with sunlight exposure and vitamin D intake (60).

The question of the existence of an optimal vitamin D status is essential for medical practice and
public health. In a meta-analysis performed in 2007 (10), Gorham et al. observed that a 50% lower risk of
CRC was associated with a serum 25-hydroxyvitamin D level >1400 IU/1 (33 ng/ml), compared to <509
IU/1 (12 ng/mL). Bischoff et al. (13) suggested that for several health outcomes (bone mineral density,
colorectal cancer, among others), the most advantageous serum concentrations of 25-hydroxyvitamin D
may be over 1272 IU/I (30 ng/mL) and probably in the range of 1527-1697 1U/I (36-40 ng/mL). The IOM
committee recently stated that 20 ng/mL was the level needed for good bone health for practically all
individuals (59). In an analysis including 30 studies reporting any adverse effect of high serum 25-
hydroxyvitamin D in adults, no reproducible toxicity was detected below 100 ng/ml (61). However, an
increased risk at high levels (=40 ng/ml) has been suggested for pancreatic cancer (62), and the potential
for a J- or U-shaped association between vitamin D status and prostate and esophagus cancers has been
suggested (63, 64). Thus, the precise optimal level of 25-hydroxyvitamin D remains to establish. Our data
suggest that CRC cancer risk decreases with increasing levels of circulating 25-hydroxyvitamin D in a
linear dose-dependent manner (at least within the 200-1800 IU/I range studied), although risk reduction
could increase less rapidly above 1000 IU/1 (24 ng/ml). However, since the range of 25-hydroxyvitamin D
levels is limited in observational studies, information on high 25-hydroxyvitamin D levels in association

with CRC risk remains scarce and needs further research.

13

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

B S o

Several factors (hormonal, anthropometric, dietary, environmental, etc.) have been suggested to
interact with vitamin D on the risk of CRC. First, in a re-analysis of the Women’s Health Initiative
Dietary Modification randomized control trial, a non-significant increased CRC risk was observed with
the vitamin D/calcium supplementation among those who received estrogen therapy; whereas non-
significant reduced risk was observed among the placebo group of the estrogen trial (65), suggesting that
estrogen therapy could interact with vitamin D/calcium on CRC risk. Second, Lagunova et al. suggested
that the direct relationship between obesity and CRC risk could be partly mediated by a decrease of 25-
hydroxyvitamin D level with increasing body mass index (66). Next, it has been suggested that vitamin D
and calcium may interact and that both may be required to decrease cancer risk (67). However, vitamin D
remains associated with lower risk even after adjustment for calcium intake in several studies (47, 68),
which is in favor of an independent effect of vitamin D. Nevertheless, the joint effect of both nutrients
could be stronger that the sum of each independent effect (69). In the Health professionals follow-up
study (47), the inverse association between 25-hydroxyvitamin D and CRC risk was statistically
significant only in men with calcium intake above 885 mg/d. However, the opposite was observed in the
Nurses' Health Study (47). No interaction was detected between dietary calcium and circulating 25-
hydroxyvitamin D level in the EPIC cohort (5). Several studies also investigated potential interactions
between VDR polymorphisms and calcium and vitamin D intakes or status. An American study observed
a significant 40% reduction in risk of rectal cancer for the SS (polyA) or BB (Bsml) VDR genotypes
when calcium intake was low (70). The positive association between the ff genotype and CRC risk could
be stronger among individuals with lower calcium intake (50). However, the opposite was observed in a
large Scottish case-control study (19). Finnaly, in the EPIC study, Jenab et al. observed that the inverse
CRC risk association of higher 25-hydroxyvitamin D was stronger at lower intakes of retinol (5). This
interaction was not observed in the Health Professionals’ Follow-up and the Nurses' Health Studies (47).
No interaction between 25-hydroxyvitamin D and alcohol was detected in the EPIC study (5). To date,

data are still insufficient to draw firm conclusions on gene-diet-vitamin D status interactions and CRC.

14

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.
Since we did not have original data, we were not able to systematically take into consideration or meta-
analyze the potential interactions between vitamin D and dietary, lifestyle, environmental and genetic

effect modifiers.

Original aspects of our study included an updated meta-analysis of prospective studies on CRC
risk and vitamin D intake and status, with dose-response analyses, which strengthens the plausibility of a
causal association. We also used non-linear dose-response models for 25-hydroxyvitamin D data, in order
to investigate the potential for a threshold effect. Finally, we conducted meta-analyses of all single-
nucleotide VDR polymorphisms for which sufficient data was available. These complementary
investigations allowed us to draw an overview of the relationship between vitamin D and CRC risk.

Limitations of our study should be considered. First, three publications were not included in the
meta-analyses due to insufficient data. These publications suggested either no association of CRC risk
with the main VDR polymorphisms studied (22) and with dietary vitamin D intake (41), or an inverse
association with dietary vitamin D intake (40).

Second, it is possible that the observed relationships could be partly due to unmeasured or residual
confounding. For instance, CRC risk was statistically significantly associated with dietary but not total
vitamin D intake in dose-response analyses. This could be related to the fact that several medical
conditions (among which some may be cancer precursors) may motivate the subjects (rightly or wrongly)
to take supplements (71). In addition, there is compelling evidence in the literature that soy intake can
influence the metabolism of vitamin D (72) and therefore may be a potential confounder. To our
knowledge, none of the included study adjusted their analyses on soy or isoflavone intake or
phytoestrogen supplement use. Besides, most studies on vitamin D intake could not control for sun
exposure. This lack of data on sun exposure was compensated by the consideration of studies based on a
biomarker of vitamin D status. However, the concentration of 25-hydroxyvitamin D in serum/plasma is

considered as an accurate biomarker of vitamin D status (73), but a single cross-sectional measurement
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(as done in all studies reviewed) does not take into account potential seasonal variations and could lead to
non-differential classification bias. Nevertheless, most of the studies included in this meta-analysis
adjusted for known confounding factors such as age, body mass index, smoking, alcohol, physical
activity, red/processed meat intake, energy intake, and season of blood draw (for studies on vitamin D
status). Beyond a potential confounding effect, season of blood collection may also interact with vitamin
D status on the risk of CRC. In the Health professionals’ follow-up study, the relationship between 25-
hydroxyvitamin D and CRC risk was statistically significant for subjects whose blood collection occurred
during the winter, but not during the summer (47). In the Nurses' Health Study, 25-hydroxyvitamin D was
inversely associated with CRC risk only in areas with >335 langleys/day of UV light (36).

Next, the imperfections associated with published information may constitute limitations of the
meta-analyses. Notably, some limitations are specific to studies based on dietary data collection. The
associations estimated in our meta-analysis were weak. Measurement errors in the assessment of
dietary/supplemental intake and uncertainty of information used from food composition tables are known
to bias estimates. However, since we included only prospective studies, the measurement errors would
most likely be non-differential. Besides, the prospective design of the included studies also minimized the
possibility of recall or selection bias. Dietary changes after baseline may, however, attenuate associations
between dietary intake of vitamin D and cancer risk, as studies generally considered only baseline intake.

Finally, in some analyses, our statistical power was limited when investigating associations with
specific outcome subtypes (i.e., proximal and distal colon cancer) and/or specific exposures (i.e.,
supplemental vitamin D intake). Similarly, other single-nucleotide VDR polymorphisms such as tru91 or
other variants (22, 52) have also been investigated in association with CRC risk, but to date, we were not

able to perform meta-analyses on these variants due to insufficient data.

Experimental studies support a protective effect of vitamin D on CRC. Some animal studies

indicated that vitamin D status may influence growth of intestinal tumors (74-77). Vitamin D status
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modulates various genes in the colorectal mucosa that may influence cancer risk (69, 78). In humans,
vitamin D may induce differentiation and apoptosis (79, 80), both in colorectal adenoma or cancer cells

(81) and in the normal colorectal epithelium (82-84).

In conclusion, the quantitative summary of the existing evidence from prospective cohort studies
supports a modest although significant influence of vitamin D on colorectal carcinogenesis. The
conclusions are supported by analysis on vitamin D intake but also on a biomarker of vitamin D status
and on a VDR polymorphism. Available studies in vitamin D supplementation did not provide evidence
of a benefit beyond that observed for dietary intake of vitamin D. Randomized controlled trials may more
definitively establish a causal association, but the current data are sparse and inconclusive (85, 86) and
long follow-up time will be needed before a substantial number of CRC cases could be identified in
ongoing or future trials. So far, recommendations for CRC prevention should still mainly rely on the
results of prospective observational studies.

Given the potential benefits from vitamin D against CRC, further research should be a priority.
Beyond the protective effect on CRC risk suggested by this meta-analysis, vitamin D is implicated in fall
and fracture prevention and dental health, and may also reduce incident hypertension and cardiovascular
mortality and convey immune-modulatory and anti-inflammatory benefits (87). This underlines the public

health importance of reaching and maintaining an optimal vitamin D status at all life stages.

17

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

10.

1.

12.

13.

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

References

. Ferlay J, Shin HR, Bray F, et al. Estimates of worldwide burden of cancer in 2008:

GLOBOCAN 2008. Int J Cancer 2010;[Epub ahead of print].

. AICR/WCRF. American Institute for Cancer Research / World Cancer Research Fund - Food,

Nutrition, Physical Activity and the Prevention of Cancer: a Global Perspective. Washington,
DC: AICR; 2007.

. Butler LM, Wang R, Koh WP, Yu MC. Prospective study of dietary patterns and colorectal

cancer among Singapore Chinese. Br J Cancer 2008;99(9):1511-6.

Ishihara J, Inoue M, Iwasaki M, Sasazuki S, Tsugane S. Dietary calcium, vitamin D, and the
risk of colorectal cancer. Am J Clin Nutr 2008;88(6):1576-83.

Jenab M, Bueno-de-Mesquita HB, Ferrari P, et al. Association between pre-diagnostic
circulating vitamin D concentration and risk of colorectal cancer in European populations:a
nested case-control study. BMJ 2010;340:b5500.

McCarl M, Harnack L, Limburg PJ, Anderson KE, Folsom AR. Incidence of colorectal cancer
in relation to glycemic index and load in a cohort of women. Cancer Epidemiol Biomarkers
Prev 2006;15(5):892-6.

Park SY, Murphy SP, Wilkens LR, et al. Calcium and vitamin D intake and risk of colorectal
cancer: the Multiethnic Cohort Study. Am J Epidemiol 2007;165(7):784-93.

Huncharek M, Muscat J, Kupelnick B. Colorectal cancer risk and dietary intake of calcium,
vitamin D, and dairy products: a meta-analysis of 26,335 cases from 60 observational studies.
Nutr Cancer 2009;61(1):47-69.

Gandini S, Boniol M, Haukka J, et al. Meta-analysis of observational studies of serum 25-
hydroxyvitamin D levels and colorectal, breast and prostate cancer and colorectal adenoma. Int
J Cancer 2010;[Epub ahead of print].

Gorham ED, Garland CF, Garland FC, et al. Optimal vitamin D status for colorectal cancer
prevention: a quantitative meta analysis. Am J Prev Med 2007;32(3):210-6.

Yin L, Grandi N, Raum E, et al. Meta-analysis: longitudinal studies of serum vitamin D and
colorectal cancer risk. Aliment Pharmacol Ther 2009;30(2):113-25.

Woolcott CG, Wilkens LR, Nomura AM, et al. Plasma 25-hydroxyvitamin D levels and the risk
of colorectal cancer: the multiethnic cohort study. Cancer Epidemiol Biomarkers Prev
2010;19(1):130-4.

Bischoftf-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-Hughes B. Estimation of
optimal serum concentrations of 25-hydroxyvitamin D for multiple health outcomes. Am J Clin
Nutr 2006;84(1):18-28.

18

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Gorham ED, Garland CF, Garland FC, et al. Vitamin D and prevention of colorectal cancer. J
Steroid Biochem Mol Biol 2005;97(1-2):179-94.

Norman AW. Minireview: vitamin D receptor: new assignments for an already busy receptor.
Endocrinology 2006;147(12):5542-8.

Kostner K, Denzer N, Muller CS, et al. The relevance of vitamin D receptor (VDR) gene
polymorphisms for cancer: a review of the literature. Anticancer Res 2009;29(9):3511-36.

McCullough ML, Bostick RM, Mayo TL. Vitamin D gene pathway polymorphisms and risk of
colorectal, breast, and prostate cancer. Annu Rev Nutr 2009;29:111-32.

Raimondi S, Johansson H, Maisonneuve P, Gandini S. Review and meta-analysis on vitamin D
receptor polymorphisms and cancer risk. Carcinogenesis 2009;30(7):1170-80.

Theodoratou E, Farrington SM, Tenesa A, et al. Modification of the inverse association
between dietary vitamin D intake and colorectal cancer risk by a Fokl variant supports a
chemoprotective action of Vitamin D intake mediated through VDR binding. Int J Cancer
2008;123(9):2170-9.

Hughes DJ, Hlavata I, Soucek P, et al. Variation in the Vitamin D Receptor Gene is not
Associated with Risk of Colorectal Cancer in the Czech Republic. J Gastrointest Cancer 2010.

Jenab M, McKay J, Bueno-de-Mesquita HB, et al. Vitamin D receptor and calcium sensing
receptor polymorphisms and the risk of colorectal cancer in European populations. Cancer
Epidemiol Biomarkers Prev 2009;18(9):2485-91.

Poynter JN, Jacobs ET, Figueiredo JC, et al. Genetic variation in the vitamin D receptor (VDR)
and the vitamin D-binding protein (GC) and risk for colorectal cancer: results from the Colon
Cancer Family Registry. Cancer Epidemiol Biomarkers Prev 2010;19(2):525-36.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7(3):177-88.

Greenland S, Longnecker MP. Methods for trend estimation from summarized dose-response
data, with applications to meta-analysis. Am J Epidemiol 1992;135(11):1301-9.

Bekkering GE, Harris RJ, Thomas S, et al. How much of the data published in observational
studies of the association between diet and prostate or bladder cancer is usable for meta-
analysis? Am J Epidemiol 2008;167(9):1017-26.

McCullough ML, Robertson AS, Rodriguez C, et al. Calcium, vitamin D, dairy products, and
risk of colorectal cancer in the Cancer Prevention Study II Nutrition Cohort (United States).
Cancer Causes Control 2003;14(1):1-12.

Bostick RM, Potter JD, Sellers TA, et al. Relation of calcium, vitamin D, and dairy food intake
to incidence of colon cancer among older women. The lowa Women's Health Study. Am J
Epidemiol 1993;137(12):1302-17.

Kearney J, Giovannucci E, Rimm EB, et al. Calcium, vitamin D, and dairy foods and the

occurrence of colon cancer in men. Am J Epidemiol 1996;143(9):907-17.

19

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Sellers TA, Bazyk AE, Bostick RM, et al. Diet and risk of colon cancer in a large prospective
study of older women: an analysis stratified on family history (Iowa, United States). Cancer
Causes Control 1998;9(4):357-67.

Zheng W, Anderson KE, Kushi LH, et al. A prospective cohort study of intake of calcium,
vitamin D, and other micronutrients in relation to incidence of rectal cancer among
postmenopausal women. Cancer Epidemiol Biomarkers Prev 1998;7(3):221-5.

Hamling J, Lee P, Weitkunat R, Ambuhl M. Facilitating meta-analyses by deriving relative
effect and precision estimates for alternative comparisons from a set of estimates presented by
exposure level or disease category. Stat Med 2008;27(7):954-70.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med
2002;21(11):1539-58.

Egger M, Davey SG, Schneider M, Minder C. Bias in meta-analysis detected by a simple,
graphical test. BMJ 1997;315(7109):629-34.

Royston P. A strategy for modelling the effect of a continuous covariate in medicine and
epidemiology. Stat Med 2000;19(14):1831-47.

Kesse E, Boutron-Ruault MC, Norat T, Riboli E, Clavel-Chapelon F. Dietary calcium,
phosphorus, vitamin D, dairy products and the risk of colorectal adenoma and cancer among
French women of the E3N-EPIC prospective study. Int J Cancer 2005;117(1):137-44.

Feskanich D, Ma J, Fuchs CS, et al. Plasma vitamin D metabolites and risk of colorectal cancer
in women. Cancer Epidemiol Biomarkers Prev 2004;13(9):1502-8.

Glynn SA, Albanes D, Pietinen P, et al. Colorectal cancer and folate status: a nested case-
control study among male smokers. Cancer Epidemiol Biomarkers Prev 1996;5(7):487-94.

Freedman DM, Looker AC, Chang SC, Graubard BI. Prospective study of serum vitamin D and
cancer mortality in the United States. J Natl Cancer Inst 2007;99(21):1594-602.

Sweeney C, Curtin K, Murtaugh MA, et al. Haplotype analysis of common vitamin D receptor
variants and colon and rectal cancers. Cancer Epidemiol Biomarkers Prev 2006;15(4):744-9.

Garland C, Shekelle RB, Barrett-Connor E, et al. Dietary vitamin D and calcium and risk of
colorectal cancer: a 19-year prospective study in men. Lancet 1985;1(8424):307-9.

Heilbrun LK, Nomura A, Hankin JH, Stemmermann GN. Diet and colorectal cancer with
special reference to fiber intake. Int J Cancer 1989;44(1):1-6.

Martinez ME, Giovannucci EL, Colditz GA, et al. Calcium, vitamin D, and the occurrence of
colorectal cancer among women. J Natl Cancer Inst 1996;88(19):1375-82.

Terry P, Baron JA, Bergkvist L, Holmberg L, Wolk A. Dietary calcium and vitamin D intake
and risk of colorectal cancer: a prospective cohort study in women. Nutr Cancer 2002;43(1):39-
46.

20

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Jarvinen R, Knekt P, Hakulinen T, Aromaa A. Prospective study on milk products, calcium and
cancers of the colon and rectum. Eur J Clin Nutr 2001;55(11):1000-7.

Lin J, Zhang SM, Cook NR, et al. Intakes of calcium and vitamin D and risk of colorectal
cancer in women. Am J Epidemiol 2005;161(8):755-64.

Tangrea J, Helzlsouer K, Pietinen P, et al. Serum levels of vitamin D metabolites and the
subsequent risk of colon and rectal cancer in Finnish men. Cancer Causes Control
1997;8(4):615-25.

Wu K, Feskanich D, Fuchs CS, et al. A nested case control study of plasma 25-hydroxyvitamin
D concentrations and risk of colorectal cancer. J Natl Cancer Inst 2007;99(14):1120-9.

LiC, LiY, Gao LB, et al. Vitamin D receptor gene polymorphisms and the risk of colorectal
cancer in a Chinese population. Dig Dis Sci 2009;54(3):634-9.

Park K, Woo M, Nam J, Kim JC. Start codon polymorphisms in the vitamin D receptor and
colorectal cancer risk. Cancer Lett 2006;237(2):199-206.

Wong HL, Seow A, Arakawa K, et al. Vitamin D receptor start codon polymorphism and
colorectal cancer risk: effect modification by dietary calcium and fat in Singapore Chinese.
Carcinogenesis 2003;24(6):1091-5.

Slattery ML, Wolff RK, Herrick JS, Caan BJ, Potter JD. IL6 genotypes and colon and rectal
cancer. Cancer Causes Control 2007;18(10):1095-105.

Flugge J, Krusekopf S, Goldammer M, et al. Vitamin D receptor haplotypes protect against
development of colorectal cancer. Eur J Clin Pharmacol 2007;63(11):997-1005.

Grunhage F, Jungck M, Lamberti C, et al. Association of familial colorectal cancer with
variants in the E-cadherin (CDH1) and cyclin D1 (CCND1) genes. Int J Colorectal Dis
2008;23(2):147-54.

Wang G, Li BQ, Zhou HH. [Polymorphism of vitamin D receptor Fok I and colorectal cancer
risk in Chinese]. Zhong Nan Da Xue Xue Bao Yi Xue Ban 2008;33(5):399-403.

Yaylim-Eraltan I, Arzu EH, Arikan S, et al. Investigation of the VDR gene polymorphisms
association with susceptibility to colorectal cancer. Cell Biochem Funct 2007;25(6):731-7.

Murtaugh MA, Sweeney C, Ma KN, et al. Vitamin D receptor gene polymorphisms, dietary
promotion of insulin resistance, and colon and rectal cancer. Nutr Cancer 2006;55(1):35-43.

Ochs-Balcom HM, Cicek MS, Thompson CL, et al. Association of vitamin D receptor gene
variants, adiposity and colon cancer. Carcinogenesis 2008;29(9):1788-93.

Mahmoudi T, Mohebbi SR, Pourhoseingholi MA, Fatemi SR, Zali MR. Vitamin D receptor
gene Apal polymorphism is associated with susceptibility to colorectal cancer. Dig Dis Sci
2010;55(7):2008-13.

Institute of Medicine. Dietary Reference Intakes for Calcium and Vitamin D. Washington, DC:
IOM; 2010.

21

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Slattery ML, Sweeney C, Murtaugh M, et al. Associations between vitamin D, vitamin D
receptor gene and the androgen receptor gene with colon and rectal cancer. Int J Cancer
2006;118(12):3140-6.

Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety. Am J
Clin Nutr 1999;69(5):842-56.

Helzlsouer KJ. Overview of the Cohort Consortium Vitamin D Pooling Project of Rarer
Cancers. Am J Epidemiol 2010;172(1):4-9.

Toner CD, Davis CD, Milner JA. The vitamin D and cancer conundrum: aiming at a moving
target. ] Am Diet Assoc 2010;110(10):1492-500.

WHO/IARC. Vitamin D and cancer - ITARC working group reports Volume 5. Lyon, France:
World Health Organization, International Agency for Research on Cancer; 2008.

Ding EL, Mehta S, Fawzi WW, Giovannucci EL. Interaction of estrogen therapy with calcium
and vitamin D supplementation on colorectal cancer risk: reanalysis of Women's Health
Initiative randomized trial. Int J Cancer 2008;122(8):1690-4.

Lagunova Z, Porojnicu AC, Grant WB, Bruland O, Moan JE. Obesity and increased risk of
cancer: does decrease of serum 25-hydroxyvitamin D level with increasing body mass index
explain some of the association? Mol Nutr Food Res 2010;54(8):1127-33.

Grau MV, Baron JA, Sandler RS, et al. Vitamin D, calcium supplementation, and colorectal
adenomas: results of a randomized trial. J Natl Cancer Inst 2003;95(23):1765-71.

Oh K, Willett WC, Wu K, Fuchs CS, Giovannucci EL. Calcium and vitamin D intakes in
relation to risk of distal colorectal adenoma in women. Am J Epidemiol 2007;165(10):1178-86.

Peterlik M, Grant WB, Cross HS. Calcium, vitamin D and cancer. Anticancer Res
2009;29(9):3687-98.

Slattery ML, Neuhausen SL, Hoffman M, et al. Dietary calcium, vitamin D, VDR genotypes
and colorectal cancer. Int J Cancer 2004;111(5):750-6.

Satia-Abouta J, Kristal AR, Patterson RE, et al. Dietary supplement use and medical conditions:
the VITAL study. Am J Prev Med 2003;24(1):43-51.

Cross HS, Lipkin M, Kallay E. Nutrients regulate the colonic vitamin D system in mice:
relevance for human colon malignancy. J Nutr 2006;136(3):561-4.

Ovesen L, Boeing H. The use of biomarkers in multicentric studies with particular
consideration of iodine, sodium, iron, folate and vitamin D. Eur J Clin Nutr 2002;56 Suppl
2:S12-S17.

Tangpricha V, Spina C, Yao M, et al. Vitamin D deficiency enhances the growth of MC-26
colon cancer xenografts in Balb/c mice. J Nutr 2005;135(10):2350-4.

22

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Newmark HL, Yang K, Kurihara N, et al. Western-style diet-induced colonic tumors and their
modulation by calcium and vitamin D in C57Bl/6 mice: a preclinical model for human sporadic
colon cancer. Carcinogenesis 2009;30(1):88-92.

Yang K, Lamprecht SA, Shinozaki H, et al. Dietary calcium and cholecalciferol modulate
cyclin D1 expression, apoptosis, and tumorigenesis in intestine of adenomatous polyposis
colil638N/+ mice. J Nutr 2008;138(9):1658-63.

Mokady E, Schwartz B, Shany S, Lamprecht SA. A protective role of dietary vitamin D3 in rat
colon carcinogenesis. Nutr Cancer 2000;38(1):65-73.

Pendas-Franco N, Aguilera O, Pereira F, Gonzalez-Sancho JM, Munoz A. Vitamin D and
Wnt/beta-catenin pathway in colon cancer: role and regulation of DICKKOPF genes.
Anticancer Res 2008;28(5A):2613-23.

Anti M, Armuzzi A, Morini S, et al. Severe imbalance of cell proliferation and apoptosis in the
left colon and in the rectosigmoid tract in subjects with a history of large adenomas. Gut
2001;48(2):238-46.

Bedi A, Pasricha PJ, Akhtar AJ, et al. Inhibition of apoptosis during development of colorectal
cancer. Cancer Res 1995;55(9):1811-6.

Diaz GD, Paraskeva C, Thomas MG, Binderup L, Hague A. Apoptosis is induced by the active
metabolite of vitamin D3 and its analogue EB1089 in colorectal adenoma and carcinoma cells:
possible implications for prevention and therapy. Cancer Res 2000;60(8):2304-12.

Fedirko V, Bostick RM, Flanders WD, et al. Effects of vitamin d and calcium on proliferation
and differentiation in normal colon mucosa: a randomized clinical trial. Cancer Epidemiol
Biomarkers Prev 2009;18(11):2933-41.

Fedirko V, Bostick RM, Flanders WD, et al. Effects of vitamin D and calcium supplementation
on markers of apoptosis in normal colon mucosa: a randomized, double-blind, placebo-
controlled clinical trial. Cancer Prev Res (Phila) 2009;2(3):213-23.

Miller EA, Keku TO, Satia JA, et al. Calcium, vitamin D, and apoptosis in the rectal epithelium.
Cancer Epidemiol Biomarkers Prev 2005;14(2):525-8.

Wactawski-Wende J, Kotchen JM, Anderson GL, et al. Calcium plus vitamin D
supplementation and the risk of colorectal cancer. N Engl J] Med 2006;354(7):684-96.

Trivedi DP, Doll R, Khaw KT. Effect of four monthly oral vitamin D3 (cholecalciferol)
supplementation on fractures and mortality in men and women living in the community:
randomised double blind controlled trial. BMJ 2003;326(7387):469.

Bischoff-Ferrari H. Health effects of vitamin D. Dermatol Ther 2010;23(1):23-30.

Pietinen P, Malila N, Virtanen M, et al. Diet and risk of colorectal cancer in a cohort of Finnish
men. Cancer Causes Control 1999;10(5):387-96.

23

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

89.

90.

91.

92.

93.

94.

95.

96.

97.

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Otani T, Iwasaki M, Sasazuki S, Inoue M, Tsugane S. Plasma vitamin D and risk of colorectal
cancer: the Japan Public Health Center-Based Prospective Study. Br J Cancer 2007;97(3):446-
51.

Braun MM, Helzlsouer KJ, Hollis BW, Comstock GW. Colon cancer and serum vitamin D
metabolite levels 10-17 years prior to diagnosis. Am J Epidemiol 1995;142(6):608-11.

Kadiyska T, Yakulov T, Kaneva R, et al. Vitamin D and estrogen receptor gene polymorphisms
and the risk of colorectal cancer in Bulgaria. Int J Colorectal Dis 2007;22(4):395-400.

Parisi E, Rene JM, Cardus A, et al. Vitamin D receptor levels in colorectal cancer. Possible role
of Bsml polymorphism. J Steroid Biochem Mol Biol 2008;111(1-2):87-90.

Speer G, Cseh K, Winkler G, et al. Oestrogen and vitamin D receptor (VDR) genotypes and the
expression of ErbB-2 and EGF receptor in human rectal cancers. Eur J Cancer
2001;37(12):1463-8.

Slattery ML, Yakumo K, Hoffman M, Neuhausen S. Variants of VDR genes and risk of colon
cancer (United States). Cancer Causes Control 2001;12:359-64.

Slattery ML, Herrick J, Wolff RK, et al. CDX2 VDR polymorphism and colorectal cancer.
Cancer Epidemiol Biomarkers Prev 2007;16(12):2752-5.

Flugge J, Laschinski G, Roots I, Krusekopf S. Vitamin D receptor poly(A) microsatellite and
colorectal cancer risk in Caucasians. Int J Colorectal Dis 2009;24(2):171-5.

Slattery ML, Murtaugh M, Caan B, et al. Associations between BMI, energy intake, energy
expenditure, VDR genotype and colon and rectal cancers (United States). Cancer Causes
Control 2004;15(9):863-72.

24

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

yoleasay Jaoued J0) UONRIDOSSY ueduawy TTOZ ® ybuAdod
T10Z ‘Z yore uo Bio'sjeusnolioee dgad wol) papeojumoq

Table 1. Summary relative risks of meta-analyses for the associations of colorectal, colon and rectum cancer with vitamin D intake and status (dose-response analyses)

and vitamin D receptor polymorphisms

Colorectal cancer

Colon cancer

Rectum cancer

Summary RR(95% CI) n

12, Pheterog
» I heterogeneity

Summary RR (95% CI)

n

12, Pheterog
» I heterogeneit

Summary RR (95% Cl)

2
I ] Pheterogeneity

Vitamin D Intake (for an increase of 100 IU/day)

Dietary vitamin D 0.95 (0.93-0.98) 10 11.0%, P =0.34 0.97 (0.92-1.02) 8 0.0%, P =0.66 0.91 (0.77-1.08) 6 58.9%, P =0.03
Included studies (4-7, 26, 42-45, 88) (4, 5, 26-28, 42-44) (4, 5, 26, 42-44)
Supplemental vitamin D 0.93 (0.88-0.98) 2 0.0%, P =0.98
Included studies (27, 28)
Total vitamin D 0.98 (0.95-1.01) 5 61.7%, P =0.034 0.93 (0.90-0.98) 4 49.5%, P=0.12 0.99 (0.94-1.04) 3 5.6%, P =0.35
Included studies (7, 26, 27, 30, 42, 45) (26-28, 42) (26, 30, 42)
Biomarker of vitamin D status (for an increase of 100 1U/l)
25-hydroxyvitamin D 0.96 (0.94-0.97) 6 0.0%, P =0.81 0.95 (0.92-0.995) 6 47.9%, P =0.09 0.95 (0.86-1.05) 5 66.7%, P =0.02
Included studies (5, 12, 46, 47, 89) (5, 46, 47, 89, 90) (5, 46, 47, 89)
Vitamin D receptor polymorphisms
Fokl:  fFvs. FF 1.03(0.87-1.22) 10 71.3%, P <0.0001 1.04 (0.79-1.36) 4 70.9%, P =0.02 1.01 (0.82-1.23) 3 15.5%, P =0.31
Included studies (19, 21, 48-55) (21, 50, 56, 57) (21, 50, 51)
ff vs. FF 0.98 (0.74-1.30) 10  80.8%, P <0.0001 1.26 (0.76-2.11) 4 85.7%, P <0.0001 1.03 (0.80-1.34) 3 13.0%, P =0.32
Included studies (19, 21, 48-55) (21, 50, 56, 57) (21, 50, 51)
Bsml: Bbvs. bb 0.81 (0.64-1.02) 9 86.8%, P <0.0001 1.01 (0.89-1.14) 2 0.0%, P =0.96 0.97 (0.70-1.33) 3 55.8%, P =0.10
Included studies (19-21, 48, 49, 51, 52, 91, 92) (21, 51) (21, 51, 93)
BB vs. bb 0.57 (0.36-0.89) 8 94.0%, P <0.0001 0.82 (0.66-1.02) 2 22.4%, P =0.26 0.95 (0.76-1.20) 3 0.0%, P =0.97
Included studies (19-21, 48, 51, 52, 91, 92) (21, 51) (21, 51, 93)
Taql: Ttvs. TT 1.00 (0.74-1.35) 5 45.9%, P=0.12 1.04 (0.78-1.39) 2 0.0%, P =0.75
Included studies (20, 49, 52, 55, 58) (57, 94)
ttvs. TT 1.34 (0.80-2.24) 4 64.7%, P =0.04 0.98 (0.36-2.66) 2 86.1%, P =0.007
Included studies (20, 52, 55, 58) (57, 94)
Cdx2: Ccyvs.cc 1.09 (1.001-1.18) 4 0.0%, P =0.80 1.04 (0.91-1.20) 2 0.0%, P =0.90
Included studies (19, 20, 52, 95) (57, 95)
CCvs. cc 1.11(0.94-1.32) 4 0.0%, P =0.98 1.43 (0.76-2.68) 2 52.1%, P =0.15
Included studies (19, 20, 52, 95) (57, 95)
PolyA: LSwvs.LL 0.93 (0.82-1.06) 2 0.0%, P =0.62
Included studies (70, 96, 97)
SSvs. LL 0.84 (0.66-1.06) 2 0.0%, P =0.35
Included studies (70, 96, 97)
Apal: Aavs. aa 0.95 (0.80-1.13) 5 32.2%, P =0.21
Included studies (19, 20, 49, 52, 58)
AAvs. aa 0.91 (0.67-1.23) 5 65.0%, P =0.02

Included studies

(19, 20, 49, 52, 58)

Note: n denotes the number of studies included.
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Figure legends

Figure 1. Flow-chart of study selection for the association of vitamin D intake and status

(prospective studies) and VDR polymorphisms with colorectal cancer (up until June 2010)

Figure 2. Dose-response meta-analyses on dietary and total (dietary + supplemental) vitamin D
intake, circulating 25-hydroxyvitamin D and risk of colorectal, colon and rectal cancer

A. Dietary vitamin D (for an increase of 100 [U/d)

B. Total vitamin D (for an increase of 100 IU/d)

C. Circulating 25-hydroxyvitamin D (for an increase of 100 IU/1)

Figure 3. Non-linear dose-response meta-analyses on circulating 25-hydroxyvitamin D and risk

of colorectal cancer

Figure 4. Meta-analyses on Bsml vitamin D receptor polymorphism and risk of colorectal cancer
A. Bb (heterozygous type) vs. bb (wild type)

B. BB (homozygous mutant type) vs. bb (wild type)
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57000 records identified through multiple databases
and handsearch

3962 full-text articles retrieved and assessed for
inclusion

\ 4

53038 records excluded on the basis of title and
abstract

A 4

1141 publications included in the systematic
literature review (SLR)

A 4

2821 articles excluded for not fulfilling the
inclusion criteria
1472 no original data/reviews
841 did not report on the associations of
interest
321 non peer-reviewed articles/commentary
179 meta-analyses/pooled/migrant studies/case
reports
8 articles with duplicate data

A 4

50 publications examined the relationship between
vitamin D intake, status or VDR polymorphisms
and colorectal cancer

\ 4

1091 publications reported on exposures other than
vitamin D intake, status or VDR polymorphisms /
studies on adenomas / not a prospective design (for
intake and status)

A 4

A 4

8 publications excluded from the meta-analyses
1 component study of a multi-center cohort
2 superseded publications
1 published on cancer deaths only
3 publications did not provide
sufficient/suitable data to include
1 published on haplotypes for VDR, not found
in other publications

42 publications included in the meta-analyses of cancer incidence

15 publications (12 studies) on dietary vitamin D intake

8 publications (6 studies) on supplemental vitamin D intake

8 publications (6 studies) on total vitamin D intake
6 publications (7 studies) on 25-hydroxyvitamin D
23 publications (17 studies) on VDR polymorphisms
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%

Author Year RR (95% Cl) Weight
Colorectal cancer
Jenab 2010 0.90 (0.77, 1.05) 3.23
Ishihara 2008 1.01 (0.94, 1.07) 15.73
Park 2007 E 1 0.91(0.85, 0.98) 13.77
McCarl 2006 0.94 (0.91,0.97) 43.90
Lin 2005 — 1.00 (0.86, 1.17) 3.14
McCullough 2003 —- 0.94 (0.84, 1.05) 5.84
Terry 2002 —l— 1.04 (0.87, 1.23) 2,51
Jarvinen 2001 —f———————————— 1.58(0.87, 2.84) 0.22
Pietinen 1999 —— 0.99 (0.85, 1.15) 3.21
Martinez 1996 - 0.94 (0.86, 1.03) 8.46
Subtotal (I-squared = 11.0%, p = 0.342) 0 0.95 (0.93, 0.98) 100.00
Colon cancer
Jenab 2010 —a— 0.94 (0.78, 1.13) 7.32
Ishihara 2008 0.97 (0.87, 1.07) 24.70
McCullough 2003 0.89 (0.7, 1.03) 13.05
Terry 2002 1.17 (0.94, 1.44) 5.80
Jarvinen 2001 ¢ > 1.18(0.50, 2.76) 0.36
Kearney 1996 0.95 (0.83, 1.10) 13.10
Martinez 1996 0.98 (0.88, 1.10) 19.77
Bostick 1993 1.00 (0.88, 1.14) 15.90
Subtotal (I-squared = 0.0%, p = 0.656) 0.97 (0.92, 1.02) 100.00
Rectal cancer
Jenab 2010 0.82 (0.63, 1.07) 17.68
Ishihara 2008 0.96 (0.82, 1.11) 24.97
McCullough 2003 —— 1.10 (0.86, 1.41) 18.52
Terry 2002 —a— 0.80 (0.60, 1.07) 16.02
Jarvinen 2001 &) 222(0.99,4.97) 3.81
Martinez 1996 —— 0.73 (0.57, 0.92) 19.00
Subtotal (I-squared = 58.9%, p = 0.033) <>r 0.91 (0.7, 1.08) 100.00
I I
55 1 25

B.
%
Author Year RR (95% Cl) Weight
Colorectal cancer
Park 2007 - 0.96 (0.93,0.99) 25.85
Lin 2005 E 1.07 (0.99, 1.16) 10.25
McCullough 2003 —— 0.96 (0.92, 0.99) 21.67
Martinez 1996 —- 1.00(0.97, 1.03) 25.68
Bostick;Zheng 1993;1998 —— 0.96 (0.91, 1.01) 16.55
Subtotal (l-squared =61.7%, p = 0.034) <> 0.98 (0.95, 1.01) 100.00
Colon cancer
McCullough 2003 —— 0.89 (0.84,0.94) 26.20
Kearney 1996 —a— 0.92 (0.87,0.99) 23.56
Martinez 1996 —— 0.96 (0.91, 1.01) 28.73
Bostick 1993 — 0.97 (0.91, 1.04) 21.51
Subtotal (l-squared = 49.5%, p = 0.115) O 0.93 (0.90, 0.98) 100.00
Rectal cancer
McCullough 2003 . 1.00(0.92, 1.10) 31.30
Zheng 1998 —— 0.94 (0.87, 1.02) 37.31
Martinez 1996 — 1.03 (0.94, 1.13) 31.39
Subtotal (l-squared = 5.6%, p = 0.347) <: 0.99 (0.94, 1.04) 100.00
I
1 1.25
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C.

%

Author Year RR (95% CI) Weight
Colorectal cancer
Jenab 2010 [ ] 0.96 (0.94, 0.98) 67.43
Woolcott 2010 —a— 0.95 (0.89, 1.01) 8.13
Otani 2007 — 0.99 (0.91, 1.07) 4.29
Wu (HPFS) 2007 — 0.96 (0.89, 1.02) 6.45
Wu (NHS) 2007 —— 0.92 (0.86, 0.99) 6.34
Tangrea 1997 —a— 0.98 (0.92, 1.04) 7.37
Subtotal (l-squared = 0.0%, p = 0.809) O 0.96 (0.94, 0.97) 100.00
Colon cancer
Jenab 2010 = 0.94 (0.92, 0.97) 33.20
Otani 2007 - 1.06 (0.96, 1.17) 12.11
Wu (HPFS) 2007 —_ 0.88 (0.82, 0.96) 15.78
Wu (NHS) 2007 —a— 0.93 (0.86, 1.01) 15.93
Tangrea 1997 —— 0.99 (0.92, 1.07) 17.53
Braun 1995 —_— 0.96 (0.81, 1.13) 5.45
Subtotal (I-squared = 47.9%, p = 0.087) <> 0.95 (0.92, 1.00) 100.00
Rectal cancer
Jenab 2010 E 0.98 (0.95, 1.02) 34.05
Otani 2007 0.79 (0.66, 0.95) 16.11
Wu (HPFS) 2007 1.20 (0.98, 1.48) 14.28
Wu (NHS) 2007 0.76 (0.58, 1.00) 9.57
Tangrea 1997 —8— 0.96 (0.87, 1.07) 26.00
Subtotal (l-squared = 66.7%, p = 0.017) <:> 0.95 (0.86, 1.05) 100.00
I I
.55 1 1.6

"palpa uaaq 194 Jou aAey INg uoiredlgnd o) paidasoe pue pamalnal Jaad usaq aney siduosnuew Joyiny

TYTT-0T-1d3°G966-GG0T/8GTT 0T 10A ‘TTOZ ‘v UdIBIN UO ISII4aulluO paysiiand 1duasnuepy Joyiny


http://cebp.aacrjournals.org/
http://www.aacr.org/

Author Manuscript Published OnlineFirst on March 4, 2011; DOI:10.1158/1055-9965.EPI-10-1141
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

o
=)
N~
~
o
)
0
~ —
©
£
o
3_|5
|Bm o ®©
2|2z
5|82
c o =
O.I - —
' SE | B 3
1a mn
> o =2
>| € E
X1 = 5
o | x
oL = O
83 | 7 =
o O n
% m o
[
[
g |
~ [
I
o
- O
0
o
- O
™

gL oTE g L 9 ¢
o psjewns3

Downloaded from cebp.aacrjournals.org on March 7, 2011
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/

yoleasay Jaoued J0) UONRIDOSSY uedlawy TTOZ ® ybuAdod
TT0Z ‘Z yore uo Bio'sjeusnolioee dgad wol) papeojumoq

Author Year

Colorectal cancer
Hughes 2010

Jenab 2009
Li 2009
Parisi 2008
Theodoratou 2008
Flugge 2007

Kadiyska 2007
Slattery 2007
Park 2006

Country

Czech Republic
Europe

China <
Spain

UK

Russia

Bulgaria <
USA
Korea

Subtotal (I-squared = 86.8%, p = 0.000)

Colon cancer
Jenab 2009
Slattery 2007

Europe
USA

Subtotal (I-squared =0.0%, p = 0.962)

Rectal cancer

Jenab 2009
Slattery 2007
Speer 2001

Europe
USA
Hungary

Subtotal (I-squared = 55.8%, p = 0.104)

RR (95% Cl)

1.02
1.06

0.80, 1.30
0.87,1.28
0.10 (0.06,0.19
1.02 (061, 1.68
0.88 (0.79, 0.99
0.95 (0.66, 1.38
0.48 (0.23, 1.00
0.96 (0.85, 1.09
1.36 (0.78, 2.37
0.81(0.64, 1.02

)
)
)
)
)
)
)
)
)
)

1.00 (0.78, 1.28)
1.01 (087, 1.17)
1.01(0.89, 1.14)

128 (0.91,1.79
0.88 (0.72, 1.08
0.65 (0.32, 1.36

)
)
)
0.97 (0.70, 1.33)

%
Weight

13.40
14.16
7.66
8.98
15.16
11.23
6.08
15.07
8.25
100.00

26.16
73.84
100.00

36.30
49.08
14.63
100.00

Author Year

Colorectal cancer

Hughes 2010
Jenab 2009
Li 2009
Parisi 2008
Theodoratou 2008
Flugge 2007
Kadiyska 2007
Slattery 2007

Country

Czech Republic
Europe

China 4
Spain

UK

Russia

Bulgaria
USA

Subtotal (I-squared = 94.0%, p = 0.000)

Colon cancer
Jenab 2009
Slattery 2007

Europe
USA

Subtotal (I-squared = 22.4%, p = 0.256)

Rectal cancer

Jenab 2009
Slattery 2007
Speer 2001

Europe
USA
Hungary

Subtotal (I-squared = 0.0%, p = 0.972)

/ <>-|-+ <>+.|¢- H

RR (95% Cl)

0.93(0.66, 1.30)
0.76 (0.59, 0.98)
0.02 (0.01, 0.03)
0.89 (0.4, 1.80)
0.93 (0.80, 1.09)
1.10 (0.65, 1.87)
0.60 (0.26, 1.41)
0.90 (0.76, 1.06)
0.57 (0.36, 0.89)

0.69 (0.45, 0.95)
0.88(0.72, 1.08)
0.82(0.66, 1.02)

0.97 (0.62, 1.49
0.94 (0.70, 1.25
1.04 (0.44, 2.49
0.95(0.76, 1.20

%
Weight

13.63
14.11
10.49
10.83
14.53
12.25
9.67
14.49
100.00

28.49
71.51
100.00

28.30
64.46
7.24
100.00
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