
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [Canadian Research Knowledge Network]
On: 3 June 2009
Access details: Access Details: [subscription number 783016864]
Publisher Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Nutrition and Cancer
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t775653687

Colorectal Cancer Risk and Dietary Intake of Calcium, Vitamin D, and Dairy
Products: A Meta-Analysis of 26,335 Cases From 60 Observational Studies
Michael Huncharek ab; Joshua Muscat bc; Bruce Kupelnick b

a Division of Preventive Medicine, Department of Family and Preventive Medicine, University of South
Carolina School of Medicine, Columbia b The Meta-Analysis Research Group, Columbia, South Carolina,
USA c Division of Epidemiology, Department of Health Evaluation Sciences, Pennsylvania State University
School of Medicine Cancer Center, Hershey

Online Publication Date: 01 January 2009

To cite this Article Huncharek, Michael, Muscat, Joshua and Kupelnick, Bruce(2009)'Colorectal Cancer Risk and Dietary Intake of
Calcium, Vitamin D, and Dairy Products: A Meta-Analysis of 26,335 Cases From 60 Observational Studies',Nutrition and
Cancer,61:1,47 — 69

To link to this Article: DOI: 10.1080/01635580802395733

URL: http://dx.doi.org/10.1080/01635580802395733

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t775653687
http://dx.doi.org/10.1080/01635580802395733
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Nutrition and Cancer, 61(1), 47–69
Copyright © 2009, Taylor & Francis Group, LLC
ISSN: 0163-5581 print / 1532-7914 online
DOI: 10.1080/01635580802395733

Colorectal Cancer Risk and Dietary Intake of Calcium,
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In vivo and in vitro studies suggest that dairy products, cal-
cium, and dietary vitamin D inhibits the development of colorectal
cancer (CRC). A meta-analysis was performed to evaluate this
relationship in observational studies. Data from 60 epidemiologi-
cal studies enrolling 26,335 CRC cases were pooled using a general
variance-based meta-analytic method. Summary relative risk (RR)
estimates and 95% confidence intervals (CIs) were calculated for
the highest vs. the lowest intake categories. Sensitivity analyses
tested the robustness of these summary effect measures and the
statistical heterogeneity. The summary RR for high milk and dairy
product intake, respectively, on colon cancer risk was 0.78 (95%
CI = 0.67–0.92) and 0.84 (95% CI = 0.75–0.95). Milk intake was
unrelated to rectal cancer risk. High calcium intake had a greater
protective effect against tumors of the distal colon and rectal can-
cer vs. proximal colon. The risk reduction associated with calcium
was similar for dietary and supplemental sources. Vitamin D was
associated with a nonsignificant 6% reduction in CRC risk. Higher
consumption of milk/dairy products reduces the risk of colon can-
cer, and high calcium intake reduces the risk of CRC. Low vitamin
D intake in the study populations may limit the ability to detect a
protective effect if one exists.
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INTRODUCTION
Colorectal cancer is the third most common malignancy and

the second leading cause of cancer related death in the United
States, with over 153,000 incident cases expected in 2007 (1,2).
International incidence rates vary, and migration studies have
documented increasing rates among groups moving from low
incidence to high incidence areas (3,4). This finding suggests a
role for an environmental factor or factors, such as diet, in col-
orectal carcinogenesis (5,6). In fact, Doll and Peto (7) estimated
that 90% of deaths secondary to large-bowel cancer could be
attributable to diet.

Data derived from in vitro, in vivo, and some observational
studies have suggested that high dietary intake of calcium and
vitamin D may reduce the risk of colorectal neoplasms by a vari-
ety of mechanisms including the binding of secondary bile acids
and free fatty acids in the colon, thereby reducing epithelial cell
exposure to their toxic effects, inhibiting proliferation of the in-
testinal mucosa, and by inhibiting the proliferation of epithelial
cells by inducing their differentiation via the intracellular ac-
tion of calcium (8,9). Vitamin D may protect against colorectal
neoplasia by reducing epithelial cell proliferation and inducing
differentiation in target tissue, with experimental findings sup-
porting such a mechanism (10). Additional work suggests that
low-fat dairy foods reduce proliferation of colonic epithelial
cells and normalize differentiation, thereby supporting a role in
reducing colorectal carcinogenesis (11).

The true relationship between these dietary components and
colorectal cancer risk remains unclear because human epidemi-
ological studies are inconsistent (12). In addition, two prior
pooled analyses (13,14) did not resolve these inconsistencies,

47

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
a
n
a
d
i
a
n
 
R
e
s
e
a
r
c
h
 
K
n
o
w
l
e
d
g
e
 
N
e
t
w
o
r
k
]
 
A
t
:
 
1
9
:
2
1
 
3
 
J
u
n
e
 
2
0
0
9



48 M. HUNCHAREK ET AL.

with the older report showing no association between calcium
and colorectal cancer risk, whereas the more recent analysis
of cohort studies by Cho et al. (14) showed a significant but
modest 14% reduction in risk associated with the highest intakes
of dietary calcium. Interestingly, these reports pooled different
databases, with neither study including data from all available
published observational studies.

Identification of dietary factors important in the etiology of
colorectal cancer could provide opportunities for the develop-
ment of effective disease prevention strategies. We therefore
conducted a comprehensive meta-analysis pooling all avail-
able published observational data examining the relationship
between calcium, vitamin D, and dairy product intake and col-
orectal cancer risk.

METHODS
The methods used in the design of this study have been previ-

ously described (15–16). A protocol was developed outlining a
meta-analysis designed to examine the risk of colorectal cancer
associated with dietary intake of dairy products, calcium, and
vitamin D. Eligibility criteria for study inclusion were deter-
mined prospectively, as were the specific data elements to be
extracted from each published report. The study protocol also
included details of the planned statistical analysis.

A data extraction form was designed for recording relevant
information, with two researchers performing data extraction.
Differences were resolved by consensus. Other data collected
but not included in the eligibility criteria were number of pa-
tients and location for each study; dietary assessment methods;
length of follow-up and cohort description; type of statistical
adjustments, if any, to the individual study odds ratios (ORs) or
relative risks (RRs); as well as source of controls for case-control
studies.

Literature Search
Literature retrieval was performed by previously described

methods (16). A MEDLARS search was conducted of En-
glish language literature published between January 1966 and
February 2007 as well as review of CancerLit and the CD-ROM
version of Current Contents. The Cochrane database was also
searched from January 1966 to February 2003. Search terms
were dairy products, [calcium, dietary], dietary fats, vitamin
D, and colon/rectal neoplasms. If a series of articles was pub-
lished, all data were retrieved from the most recent article. Hand
searches of bibliographies of published reports, review articles,
and textbooks were also performed.

Initial citations (in the form of abstracts) from this litera-
ture search were screened by a physician investigator to ex-
clude those that did not meet protocol-specified inclusion crite-
ria. Rejected formats included animal studies, in vitro studies,
review articles, letters to the editor, abstracts, and non-peer-
reviewed articles. Eligibility criteria included published obser-
vational studies enrolling patients with histologically proven

adenocarcinoma of colon/rectum in adult patients (i.e., age 18 yr
or older); availability of data on exposures of interest including
dairy products, dietary calcium, and/or vitamin D intake; avail-
ability of ORs or RRs with 95% confidence intervals (CIs) for
each report or availability of raw data to calculate these param-
eters; and availability of data on outcome of interest including
incident colorectal cancer or death from colorectal cancer.

Statistical Analysis
Data analysis was performed according to meta-analytic pro-

cedures described by Greenland (15). For each included study,
ORs were derived reflecting the risk of developing colon or
rectal cancer associated with dietary intake of dairy products,
calcium, and/or vitamin D followed by calculation of the nat-
ural logarithm of the estimated RR for each data set as well
as calculation of an estimate of the variance. When both crude
and adjusted RRs were provided, the most fully adjusted value
was used. The 95% CI from each study was employed to calcu-
late the variance the study’s measure of effect. ORs/RRs for the
highest vs. lowest intake categories were used. If these measures
were missing, they were calculated using standard methods (16).
Whenever possible, adjusted outcome measures were used for
statistical pooling. If several outcomes were presented in a re-
port, the estimate adjusted for the largest number of confounders
was used.

A weight for each included report was calculated as 1/vari-
ance followed by a summation of the weights. The product of
the study weight and the natural logarithm of the estimated RR
was calculated and summed. Finally, a summary RR and 95%
CI were calculated. A statistical test for homogeneity was per-
formed (Q). This procedure tests the hypothesis that the effect
sizes are equal in all of the included studies (16). If Q exceeds
the upper tail critical value of chi-square (P < 0.10) at k–1
df, the observed variance in study effect sizes is greater than
expected by chance if all studies shared a common population
effect size. If the studies are not homogeneous, they are not mea-
suring an effect of the same size, and calculation of a pooled
estimate of effect may be of questionable validity. Explanations
for the observed heterogeneity must be sought. Sensitivity anal-
yses and/or further stratified analyses are then performed based
on the magnitude of Q.

The potential for publication bias was not examined. Publi-
cation bias occurs because published studies may not be rep-
resentative of all studies that have ever been done. The funnel
plot method and other statistical tools have been constructed in
an attempt to address this issue. Unfortunately, these methods
lack firm statistical theoretical support and are not generally
recommended for medical applications (17).

RESULTS
The initial electronic literature search yielded 1,112 cita-

tions in the form of abstracts. Initial screening reduced the to-
tal to 205 citations, which were subsequently entered onto an
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“initial accept log.” Full papers were obtained for all 205 and
further screened for eligibility. Seventy-seven of these did not
meet inclusion criteria, leaving 128 for final review.

Careful review of the remaining 128 revealed that 67 did
not meet specified inclusion criteria for various reasons includ-
ing lack of data on the outcome of interest, ecological/cross-
sectional study design or biochemical study with no relevant
dietary information, and lack of data to calculated 95% CIs for
specified outcomes, among others. These citations were entered
onto a reject log along with reasons for exclusion. This left 60
observational studies that constitute the database for the pooled
analysis (18–77). All reports were entered onto an accept list
and are summarized in Tables 1 and 2.

Twenty-six cohort and 34 case-control studies enrolling
26,335 colorectal cancer cases were available for analysis.
Follow-up among cohort studies ranged from 3.3 to 24 yr (Refs.
24 and 23, respectively). Of the cohort studies, only Phillips
and Snowdon (35) used colorectal cancer death as the endpoint
of interest. Among 34 case-control studies, 10 used hospital-
derived controls (45,49–52,59–61,63,65). White et al. (75) was
the only analysis to examine calcium intake from supplements
alone.

Calcium
Seventeen cohort studies provided data on calcium in-

take and colorectal cancer risk (total/dietary intake) (18–
21,24–27,29,31,33,34,36,37,39,40,42), with almost all individ-
ual study estimates of effect less than 1, i.e., consistent with
an inverse relationship between dietary calcium intake and risk
of colorectal cancer. For this initial analysis and all subsequent
ones, data on rectal cancer were pooled separately due to the
fact that the epidemiology of tumors at these sites differ (78),
suggesting possible differences in etiology.

Pooling relevant cohort studies using colorectal or colon can-
cer as the outcome of interest gave a summary RR of 0.77
(95% CI = 0.71–0.81). Q was not statistically significant (P =
0.21), indicating that pooling of studies was appropriate. The
results based on pooling the 10 studies using colon cancer alone
were similar [RR = 0.76 (95% CI = 0.69–0.84); (Q = 12.64,
P = 0.70)]. Calcium intake was similarly analyzed for the 17
case-control studies of colon/colorectal cancer (46,49,50,53,55–
60,63–65,67–69,73). Dietary/total calcium intake also showed
an inverse relationship with colorectal cancer risk, i.e., a RR of
0.77 (CI = 0.72–0.82). The case-control data were statistically
heterogeneous (P < 0.001), and sources of heterogeneity were
sought.

Contrasting the relevant cohort vs. case-control studies,
Tables 1 and 2 indicated that although the majority of cohort
analyses examining dietary/total calcium intake used cohorts
from the United States (11 of 17), only 6 of 17 case-control
studies were conducted in the United States or North Amer-
ica. Differences in dietary habits, race, composition of dairy
products, and other demographic differences between popula-

tions could contribute to the variability in these case-control
reports (79). The case-control data were therefore stratified by
geographic location. Pooling North American studies (United
States and Canada) (53,55,64,67,69,73), there was no statistical
heterogeneity (P value for Q = 0.13). The resultant RRs for to-
tal/dietary calcium intake and colorectal cancer risk from North
American case-control studies was consistent with the cohort
findings, i.e., RR of 0.55 (95% CI = 0.48–0.63), a statistically
significant result. This indicates a 45% reduction in colorectal
cancer risk with high vs. low intake of dietary/total calcium. Data
for the remaining reports from various other locations showed
continued heterogeneity (P value for Q = 0.002).

Among the 13 case-control studies using colon cancer as the
endpoint of interest (49,50,53,55,56,58,59,64,65,67,68,69,73),
the individual study ORs range from 0.4 (69) to 1.81 (56) (Table
2). Although the RRs from this meta-analysis gave a value simi-
lar to that seen for the pooled cohort data using colon/colorectal
cancer as the endpoint, i.e., 0.77 (95% CI = 0.71–0.84), Q
showed substantial heterogeneity (P < 0.001). Sensitivity anal-
yses evaluating the effects of country of origin or source of
controls did not suggest either factor as accounting for the het-
erogeneity. Although Ref. 69 accounted for over one-third of
the observed statistical heterogeneity, Q remained statistically
significant even if the data were pooled without including these
data (P = 0.003). No clear source of heterogeneity was other-
wise identified.

Using rectal cancer as the outcome of interest, the cohort
studies examining dietary/total calcium intake (19,29,33,34,
37,40,43) also showed an approximately 30% reduction in col-
orectal cancer risk [RRs = 0.72 (95% CI = 0.60–0.86)] without
statistical heterogeneity (P = 0.92). For the 10 case-control
studies with relevant data (49,50,52,58,59,64,65,68,72,76), the
individual study ORs for rectal cancer risk associated with
dietary/total calcium intake were largely less than 1 (i.e., an
inverse relationship) and consistent with the above noted find-
ings from cohort studies. The pooled RRs for case-control re-
ports showed an inverse effect, i.e., RR = 0.89 (95% CI =
0.81–0.97), although analysis for Q showed substantial statis-
tical heterogeneity (P = 0.001). The small number of stud-
ies available for analysis complicates a search for the source
or sources of heterogeneity. Four of the case-control reports
were from the United States (52,64,72,76), whereas the oth-
ers originated in a wide variety of countries, e.g., Singapore,
Uruguay, etc. The data presented by Whittemore et al. (76) con-
tributed almost a third of the heterogeneity (data not shown).
Although this report was from the United States, the subjects
analyzed were all of Chinese ancestry. This could contribute
to the observed heterogeneity, whereas several of the other re-
ports showing substantial heterogeneity were hospital-based vs.
population-based analyses (e.g., 49,52). Dropping Whittemore
et al. (76) from the analysis and pooling only those studies
using population derived controls (58,64,69,72) eliminated all
observed heterogeneity with Q = 1.87, P = 0.60. The RR as-
sociated with the pooled population based case-control reports
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was 0.87 (95% CI = 0.86–0.96), a result consistent with the
above noted data from the cohort analyses.

Data were also available examining the impact of di-
etary/total calcium intake on specific colon subsites from 5
cohort studies, i.e., distal and proximal colon (19,29,34,40,42).
Three of these reports were from the United States (19,34,42),
and the shortest follow-up time was 5 yr (34). Pooled data using
distal colon cancer as the outcome showed an inverse relation-
ship between calcium intake and cancer risk, RR = 0.67 (95% CI
= 0.53–0.83), with no observed statistical heterogeneity (P =
0.65 for Q). Calcium showed similar effects at the proximal
colon, with high vs. low intake associated with a 25% reduction
in cancer risk [RR = 0.75 (95% CI = 0.62–0.91)]. This sum-
mary RR was statistically significant, with Q consistent with a
lack of heterogeneity (P = 0.43).

Milk/Dairy
As detailed in Table 1, 14 cohort studies provided 20 point es-

timates for the effect of milk on the risk of colon/colorectal can-
cer (20,23,24,26–31,33–35,38,41). Pooling the homogeneous
data (P value for Q = 0.27) showed that those with “high” in-
takes of milk (all types) vs. low, as defined by individual authors,
showed, on average, a 10% reduction in colon/colorectal cancer
risk, RR = 0.90 (95% CI = 0.83–0.97). The summary RR de-
rived by pooling only those cohort studies that used colon cancer
vs. colorectal cancer as the outcome (20,23,24,26,29,34,35,41)
was 0.78 (95% CI = 0.67–0.92). As discussed below, it appears
that milk may have a more profound effect on colon cancer risk
than rectal cancer, and the inclusion of rectal cases in an out-
come variable such as “colorectal” cancer could attenuate the
summary measure of effect. It could also contribute to differ-
ences in outcome across studies due to differing proportions of
rectal cancer cases. Lack of stratification on milk type across
reports precluded any further characterization of these data, al-
though it remains possible that different milk types may show
differing effects on disease risk. The available cohort studies
examining the effects of dairy products on colorectal cancer
risk (18,22–25,27,29,31,32,34,36,40) showed similar attenua-
tions of risk, i.e., RR of 0.84 (95% CI = 0.75–0.95).

Data on milk intake and colon/colorectal cancer risk
were available from 13 case-control analyses (see Table 2)
(45–47,51,54,56,57,59,61–63,65,77). The Q statistic for these
pooled reports revealed that the case-control data were largely
homogeneous with the exception of Kune et al. (57). This report
accounted for over half the calculated value of Q and exclusion
of Kune et al. (57) from the statistical pooling eliminated all ob-
served heterogeneity. That is, calculation of a summary RR for
the effects of milk on colon/colorectal cancer risk changed from
0.96 (95% CI = 0.86–1.06) to 0.90 (95% CI = 0.81–1.00), with
the latter RRs showing no statistical heterogeneity (P = 0.31).
The analysis by Kune et al. (57) was based on subjects from
Australia. The individual study OR for this report was 2.37, i.e.,
a more than doubling of the risk of colorectal cancer among

high-dairy users. This result is not consistent with the findings
of the majority of case-control reports examining this endpoint,
as seen in Table 2, and the possible reasons for such an outlier
are unclear based on available information. The pooled homoge-
neous data from case-control studies provide results consistent
with the findings of the relevant cohort studies.

Milk intake was not associated with rectal cancer risk. Seven
cohort studies (23,28,29,30,34,35,41) with homogeneous data
(P = 0.70) gave a RR of 0.95 with a nonstatistically significant
95% CI of 0.80–1.14. Only 3 case-control studies analyzed the
effects of milk on the risk of rectal cancer (i.e., 45,59,65). These
reports yielded a RR of 1.01 (95% CI = 0.79–1.28), showing
no effect of milk on disease risk at this site. Despite the fact that
the data were homogeneous (Q = 0.45, P = 0.80), the sparse
data limit further interpretation.

Vitamin D
Ten cohort studies, enrolling a total of 2,813 cancer cases,

evaluated the effects of dietary vitamin D on colon/colorectal
cancer risk (18,21,23,26,27,32,33,34,36,40) (P for Q = 0.13).
Pooling these data yielded a summary RR of 0.94 (95% CI =
0.83–1.06). Five of the available cohort analyses used rectal
cancer as the outcome of interest (23,33,34,40,43). Statistically
pooling this latter set of data indicated a 17% reduction in rectal
cancer risk with high vs. low vitamin D intake, i.e., RR = 0.83
(95% CI = 0.70–1.04; P value for Q = 0.66). Table 3 highlights
several issues that may attenuate the demonstrated effect of
vitamin D in the pooled analysis, i.e., relatively low vitamin D
intakes across the included studies. These differences may also
contribute to the statistical heterogeneity seen when pooling
data from the case-control studies looking at vitamin D intake
and risk of colorectal or rectal cancer. The RRs for the pooled
case-control studies with rectal cancer as the outcome showed
a small reduction in risk; RR = 0.91 (95% CI = 0.82–1.03).
As above, low and variable vitamin D intakes across studies of
various designs and its impact on interpretability of the existing
data have been discussed in detail elsewhere (80). This factor,
along with country of origin, could attenuate the pooled RRs
and contribute to observed statistical heterogeneity (80,81).

Calcium Supplements
The effects of calcium supplements on colorectal cancer risk

were also examined in 5 cohort studies (18,19,32,34,42), with
all but one study showing a protective effect (32). All 5 were
conducted in the United States. Quantification of supplement in-
take differed somewhat across reports and was generally crudely
defined, e.g., Wu et al. (42) dichotomized supplement intake as
less than or equal to 700 mg/day or ≥700 mg/day. Refs. 18,
32, and 34 each showed ranges of intake between 0 mg/day and
greater than 500 mg/day.

The RR associated with calcium supplement use was 0.76
(95% CI = 0.65–0.89), consistent with a 24% reduction in
colorectal cancer risk, with Q demonstrating no statistical
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TABLE 3
Baseline calcium/vitamin D intakes and study stratification rangesa

Vitamin D
Lead Author Average Ca Ca Stratification Average Vitamin D Stratification
(Reference) Intake (mg/day) Range (mg/day) Intake (IU/day) Ranges

Cohort Studies
Bostick (18) 1,007 <629 to >1,547 360 <159 to >618
Flood (19) NG <412.3 to >830.9 NG 66.3–270.8
Gaard (20) 907 (men) ≤ 758 to ≥1067 (men)

637 (women) ≤ 527 to ≥744 (women)
Garland (21) NG 102–906 mg/1000 kcal NG 2–208 IU/1000 kcal
Jarvinen (23) approx. 1335–1415 <1178.2 to ≥1953.3 Approx. 3.5–3.8 <103.2 to ≥195.6
Kampman (24) NG 596–1288
Kato (25) NG NG
Kearney (26) 839 631–1213 NG <161 to 613
Keese (27) 1,014.2 766.2–1,201.8 104.4 54.8 to >129.2
Larsson (29) NG <956 to >1,445
Lin (32) 882 <614 to >1,357 271 <161 to ≥545
Martinez (33) NG <475 to >957 NG <76 to >245
McCullough (34) NG <561 to 1,255 NG <110 to >525
Pietinen (36) approx. 1,312 856–1,789 192 103.2–344.8
Shin (37) 485 <291 to >610.8
Stemmerman (39) 481.5 colon 524.5 rectum

495.1 large bowel (as per
author)

NG

Terry (40) 688 486–914 28.0 116–148
Wu (42) NG 397–1,655 NG 174–626
Zheng (43) NG 800.8–1278.7 NG 224.1–475.5

Lead Avg. Ca Intake Among Control Ca Stratification Avg. Control Vit D Control Vitamin D
Author Controls (mg/day) Range Intake (IU/day) Stratification Range

Case-control Studies
Boutron (46) 1047 (men) 766.4–1287.0 (men) NG 100–228 (men)

1142 (women) 722.6–1214.5 (women) NG 84–188 (women)
DeStefani (49) 793.5 <554.3 to >951.9
Ferraroni (50) NG 468.1–1,029.7 NG 31.6–78.8
Freudenheim (52) NG NG NG NG
Ghadirian (53) 1,156 NG
Kampman (55) 1,228 (men) 681–1,701 (men) 304 (men) 144–448 (men)

979 (women) 546–1,330 (women) 232 (women) 104–344 (women)
Kune (57) 900 (men) 597–1,150 (men)

857 (women) 528–1,042 (women)
LaVecchia (58) NG 799 to ≥1,495 NG 80.8–171.2
Lee (59) 238-540 (20% points-men) 388 (men)

207-483 (20% points-women) 356 (women)
Levi (60) NG 423.4–1,144.9 NG 48–108
Ma (62) NG 0-918
Macquart-Moulin (63) 846 NG
Marcus (64) 807.4 <532 to ≥1,396 364.3 <148 to ≥557
Negri (65) NG 480 to >1,046
Olsen (66) 120.0 0 to >1,000

(Continued on next page)
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TABLE 3
Baseline calcium/vitamin D intakes and study stratification rangesa (Continued)

Lead Avg. Ca intake Among Control Ca Stratification Avg. Control Vit D Control Vitamin D
Author Controls (mg/day) Range Intake (IU/day) Stratification Range

Peters (67) 1,048.6 NG 319 NG
Pritchard (68) 865 ≤ 640to ≥1,057 197.2 112 to ≥280
Satia-Abouta (69) 941 (Whites) 456–1,691 (Whites)

672 (Blacks) 304–1,143 (Blacks)
Slattery (72) 1,170 (men) 743–1,543 (men) 312 168–408 (men)

628–1,275 (women) 124–332 (women)
Slattery (73) 1,070 (men) ≤ 641.2 to >1,401.7 (men)

866 (women) ≤ 592.5 to >1,141.0 (women)
Whiteb (75) NG 0 to >100
Whittemore (76) 586 (men-North America) NG

514 (women-North America)
532 (men-China)
485 (women-China)

aAbbreviations are as follows: Ca, calcium; IU, international units; NG, not given; Avg., average; vit, vitamin.
bSupplements only.

heterogeneity (P = 0.23). Because Wu et al. (42) provided
data only for the distal colon subsite, a sensitivity analysis was
performed. Dropping Wu et al. (42) from the meta-analysis pro-
duced little change in the RR, i.e., 0.79 (95% CI = 0.66–0.94).
Separate data for the effects of vitamin D on colorectal cancer
risk from case-control studies were not available, nor were data
available from cohort studies on the risk of rectal cancer and
supplemental calcium use.

DISCUSSION
The present meta-analysis of 60 observational studies, with

data on over 26,000 patients, provides cogent evidence of an
inverse relationship between calcium intake and a reduced risk
of colorectal cancer. Statistically homogeneous data from both
cohort and case-control studies suggest that high intake of cal-
cium reduces the risk of both colon and rectal cancer by as much
as 45%. Interestingly, both dietary and supplemental sources of
calcium showed inverse effects, with the latter reducing colorec-
tal cancer risk by 24%.

Some statistical heterogeneity was noted on the initial pool-
ing of the dietary/total calcium intake data in the case-control
studies. Unlike the relevant cohort studies in which 6 of the 11
were conducted in American cohorts, only 6 of 17 case-control
studies were conducted in the United States or North America
(53,55,64,67,69,73). Differences in dietary habits, race, relative
composition of foods that make up dairy products, and other
demographic differences across populations could contribute
to the variability among the case-control reports. Pooling data
only from North American studies resulted in a stronger as-
sociation between calcium intake and colorectal cancer risk,
RR = 0.55 (95% CI = 0.480.63) vs. 0.77 (95% CI = 0.72–

0.82), for other countries combined, with analysis for Q show-
ing no heterogeneity. This provides at least partial support for
the importance of geographical differences in outcomes across
studies.

Similarly, the pooled data from case-control studies using
rectal cancer as the endpoint showed greater than expected dif-
ferences in outcome across reports. Sensitivity analyses showed
differences between reports using population-derived vs. hos-
pital based control groups, with the former being statistically
homogeneous. Hospital-derived data can be problematic for di-
etary studies because hospitalization itself among controls may
be diet related. The distribution of controls diagnoses likely
also varies from one hospital-based control set to another. Prior
work shows the existence of demographic/socio-economic dif-
ference in use across dairy and milk types (e.g., Ref. 82) with,
for instance, high calcium intake associated with higher levels
of education (83). Such demographic factors could bias hospital
derived case-control analyses.

Milk, a major source of calcium for the U.S. population, also
showed a protective effect, although the RRs among reports us-
ing colorectal cancer as the outcome could be attenuated due
to apparent differential effects of milk on disease risk based on
anatomic site. That is, no clear association was demonstrated
between milk and risk of rectal cancer in either cohort or case-
control studies, whereas studies looking exclusively at tumors
of the colon showed a statistically significant inverse relation-
ship (i.e., an approximate 22% reduction in risk). Prior work
suggested epidemiological/etiologic differences between colon
and rectal tumors (84). For instance, proximal and distal colonic
sites differ in embryological origin, physiological function, fe-
cal composition, and transit times (84,85). In addition, alco-
hol and calcium intake appear more important risk factors for
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TABLE 4
Summary of meta-analysis findingsa

Statistical
Exposure of Interest Study Design Outcome RRsb (95% CI) Homogeneity (Y/N)

Dietary/total calcium
Cohort Colon 0.76 (0.69–0.84) Y
Cohort CCC 0.77 (0.71–0.81) Y

Case-control Colon 0.77 (0.71–0.84) N
No clear source of

heterogeneity identified
Case-control C/CC 0.77 (0.72–0.82) N

0.55 (0.48–0.63) Y
Result of sensitivity analysis

pooling only data from
studies performed in North
America vs. other countries

Cohort RC 0.72 (0.60–0.86) Y
Case-control RC 0.89 (0.81–0.97) N

0.87 (0.86–0.96) Y
Result of sensitivity analysis

pooling only studies using
population-derived controls
vs. hospital control and
excluding data from Wu et
al. (42) due to racial
differences

Cohort DCC 0.67 (0.53–0.83) Y
Cohort PCC 0.75 (0.62–0.91) Y

Calcium supplements Cohort C/CC 0.76 (0.65–0.89) Y
Milk Cohort C/CC 0.90 (0.83–0.97) Y

Case-control C/CC 0.96 (0.86–1.06) N
0.90 (0.81–1.00) Y

RRs excluding data from
Kune et al. (57) only

Cohort CC 0.78 (0.67–0.92) Y
Cohort RC 0.95 (0.80–1.14) Y

Case-control RC 1.01 (0.79–1.28) Y
Dairy Cohort Colorectal 0.84 (0.75–0.95) Y

Case-control Colorectal 0.90 (0.78–1.04) N
Vitamin D/dietary vitamin D Cohort C/CC 0.94 (0.83–1.06) Y

Cohort RC 0.83 (0.70–1.04) Y
Case-control C/CC 0.93 (0.86–0.99) N
Case-control RC 0.91 (0.82–1.03) Y

aAbbreviations are as follows: RR, relative risk; CI, confidence interval; Y, yes; N, no; C/CC; colon/colorectal cancer; RC, rectal
cancer; DCC, distal colon cancer; PCC, proximal colon cancer; CC, colon cancer; CR, colorectal cancer.
bSummary RR and 95% CI.

distal colon tumors vs. tumors of the proximal colon (85). This
is supported by the present meta-analysis in that dietary cal-
cium appeared to have a stronger inverse association with distal
colon tumors than more proximal ones, RRs of 0.67 vs. 0.75 (see
Table 4).

The present meta-analysis suggests a possible protective ef-
fect for dietary vitamin D intake and colorectal cancer risk.
These results are consistent with a prior pooled analysis based
on 10 cohort studies (14). An important caveat is the baseline vi-
tamin D intake of the study subjects and the stratification ranges
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used by individual authors. As detailed in Table 3, numerous
reports show that intake of vitamin D in most populations is
rather low, with wide variation in stratification categories used
across studies. Low intake could limit or attenuate the ability to
detect any effect of this nutrient as reflected in the magnitude of
the relevant summary RRs. Given the data presented in Table 4
and the in vivo and in vitro information supporting an important
role for vitamin D on cell regulation, additional information is
needed to clarify this association, particularly in light of recent
work suggesting that current dietary intake recommendations
for vitamin D may need to be revised upward (86–88).

The present report is, to our knowledge, the largest com-
prehensive assessment of the influence of calcium, dairy prod-
ucts, and vitamin D on colorectal cancer risk, with over 26,000
cases. The data are remarkably consistent across exposure cat-
egories, outcome measures, and study designs, although they
are in contrast to the findings of the recent Women’s Health
Initiative randomized trial (89). Nonetheless, multiple design
issues could account for the lack of effect of calcium and vita-
min D supplementation seen in this latter report such as high
intakes of calcium and vitamin D at baseline and relatively short
follow-up, among others (89). Given the known natural history
of colorectal tumors, the randomized trial design may be limited
in its ability to address the study question.

The comprehensive nature of our literature search; the
use of accepted, standard statistical procedures; and detailed
analyses of the influence of study design and other modifying
variables on the summary estimates of effect provide a firm
basis to conclude that calcium and dairy intake show an inverse
relationship with the risk of colorectal cancer development.
Due to study design limitations, further work is needed to
clarify the influence of vitamin D intake on this disease process.
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