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Abstract: Vitamin D intake has been hypothesized to reduce
the risk of several types of cancer. Vitamin D and its ana-
logues have demonstrated anticancer activity in vitro and
in animal models. However, the risk of colorectal cancer in
relation to dietary vitamin D remains controversial. A liter-
ature search was performed for articles on epidemiologic
studies of vitamin D and colorectal cancer and the mecha-
nisms involved. Studies that combine multiple sources of vi-
tamin D or examine serum 25(OH)D3 usually find that
above-average vitamin D intake and serum metabolite con-
centrations are associated with significantly reduced inci-
dence of colorectal cancer. A number of mechanisms have
been identified through which vitamin D may reduce the
risk of colorectal and several other types of cancer. Al-
though studies that include vitamin D from all sources or
serum 25(OH)D3 usually show significantly reduced inci-
dence of colorectal cancer in association with vitamin D,
analyses limited to dietary vitamin D tend to have mixed re-
sults. The likely reason that dietary vitamin D is not a sig-
nificant risk reduction factor for colorectal cancer in many
studies is that dietary sources provide only a portion of to-
tal vitamin D, with supplements and synthesis of vitamin D
in the skin in association with solar UV-B radiation provid-
ing the balance. There is strong evidence from several dif-
ferent lines of investigation supporting the hypothesis that
vitamin D may reduce the risk of colorectal cancer. Further
study is required to elucidate the mechanisms and develop
guidelines for optimal vitamin D sources and serum levels
of vitamin D metabolites.

Introduction

More than two decades ago, Garland and Garland (1) sug-
gested that sunlight, through the production of vitamin D,

could explain the geographic distribution of colon cancer
mortality rates in the United States. Today, there is still de-
bate over whether solar UV-B and vitamin D reduce the risk
of cancer and, if so, the amount and source of vitamin D re-
quired.

The objective of this article is to review the epidemiologic
literature regarding the relationship between vitamin D and
colorectal cancer and to summarize the mechanisms pro-
posed to explain any links. There are several approaches used
to determine whether and the extent to which solar UV-B ra-
diation and vitamin D reduce the risk of colorectal cancer and
colorectal adenomas. These include ecologic studies of
UV-B, vitamin D, and colorectal cancer; case-control and co-
hort studies of dietary vitamin D, total consumed vitamin D,
including supplements, and serum vitamin D; animal studies;
and in vitro studies. Each approach has strengths and weak-
nesses. The various studies are critically reviewed here.

Methods and Materials

To further examine the role of vitamin D in the etiology of
colon cancer, a literature search was undertaken. The
PubMed database was searched for epidemiologic and other
studies of dietary and total vitamin D and serum 25(OH)D3 in
relation to colon cancer. The terms “vitamin D” and “colon
cancer” were used, and the “related articles” feature was used
to find additional articles related to the topic. A total of 20
case-control and cohort studies were found that examined the
link between vitamin D and colon cancer, rectal cancer,
colorectal cancer, or colon adenomas. These 20 are likely to
represent the vast majority of the work done in this field.

The studies were evaluated using accepted criteria for cau-
sality forbiological systems.Thesecriteriawereoriginallyde-
scribed in the Surgeon General’s report on smoking and health
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(2), were expanded on by A. B. Hill in his Presidential Address
(3), and have been discussed by many authors since then (4,5).
The primary criteria are: consistency, strength of association,
dose response, biological plausibility, temporality, and exclu-
sion of confounding factors from the analysis. Other criteria,
such as analogy, coherence, experiment, plausibility, and
specificity, are generally either assumed implicitly or ignored.
Not all criteria need to be satisfied, but the more that are, the
greater the confidence in the result.

Review of Results in the Literature

Ecologic Approach

The ecologic approach was the first to identify sunlight
through the production of vitamin D as a risk reduction factor
for colon cancer (1). This approach is still being applied to-
day (6). The results of ecologic studies for colorectal cancer
are shown in Table 1 (6–9). The adjusted r2 for the portion of
the variance attributed to UV-B radiation varies from
0.38–0.73. A recent study by Grant (submitted) considered
factors in addition to solar UV-B associated with colon and
rectal cancer in the United States, including urban or rural
residence, alcohol, Hispanic heritage, poverty, and smoking;
this study found that the fraction of the variance associated
with UV-B radiation (incident UV-B plus rural or urban resi-
dence) increased by 0.07 –0.28, except for rectal cancer in
women. Living in an urban area is associated with reduced
UV-B exposure compared with living in a rural area; thus, re-
ducing the effect of incident UV-B. Doll (10) identified UV
radiation as one of the factors explaining the lower cancer
rates in rural regions compared with urban regions. Also, ur-

ban residence was identified as a risk factor for colon cancer
in other studies (11). A recent study in New York State re-
ported reduced rates of colorectal cancer among women liv-
ing on farms (12). Thus, ecologic studies consistently give
strong (inverse) associations between solar UV-B radiation
and colorectal cancer.

Solar UV-B radiation is arguably the most important
source of vitamin D in the United States (13,14), with sea-
sonal variations in solar UV-B explaining the seasonal varia-
tions in serum vitamin D (15–17). Solar UV-B radiation is in-
versely correlated with 12–13 types of cancer in ecologic
studies (6,9). Because various types of cancer have some
shared and some unique risk factors, it would be surprising if
a factor other than vitamin D explained the solar UV-B link,
especially because the mechanisms whereby vitamin D re-
duces the risk of cancer are well known (18).

Cohort and Case-Control Studies

Results from various cohort and case-control studies are
summarized in Tables 2–5 (19–37). First, we considered co-
hort and case-control studies that attempted to correlate di-
etary vitamin D with colon cancer, rectal cancer, colorectal
cancer, or colon adenomas (Tables 2 and 3). The odds ratios
(OR) or risk ratios (RR) were < 1.0 in six cohort studies, but >
1.0 in five cohort studies. The 95% confidence interval (CI)
included 1.0, and the P value (for trend) was insignificant at
the 0.05 level in all but one case, that of Garland et al. (19).
However, in the case-control studies, five of the seven studies
reported OR < 1.0, with the 95% CI < 1 in three studies. One
study reported a P value (for trend) of < 0.01, and two re-
ported a P value of < 0.10.
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Table 1. Ecologic and Case-Control Study Results on Solar UV-B Radiation and Colorectal Cancera

Reference
Disease

Outcome Study Region Regressed Factors Data Sources Findings

1 Colon cancer Mortality, sunlight Atlas of Cancer Mortality
6 Colon cancer USA Mortality and solar

UV-B
TOMS, Atlas of Cancer

Mortality
Adj. r2 = 0.38 (M); 0.40 (F)

6 Rectal cancer USA Mortality and solar
UV-B

TOMS, Atlas of Cancer
Mortality

Adj. r2 = 0.40 (M); 0.48 (F)

7 Colon cancer Canada; 20 cities Mortality, aerosols Aerosols, mortality rates Adj. r2 = 0.55 (M); 0.37 (F)
8 Colon cancer USA; 9 population centers Incidence rates and

solar radiation
SEER 40–90% increase with

decreasing radiation, P =
0.03 (M); 10–60%
increase, P = 0.24 (F)

8 Rectal cancer USA; 9 population centers Incidence rates and
solar radiation

50–80% increase with
decreasing radiation (M);
no change (F)

9 Colon cancer USA; 24 states Death certificates,
residence, high vs. low
sunlight

Odds ratio = 0.73 (95% CI
0.71–0.74)

Grant,
submitted

Colon cancer USA Mortality with
UV-B, smoking

Lung cancer for smoking Adj. r2 = 0.73 (M) (+ urban);
0.59 (F) (+ poverty)

Grant,
submitted

Rectal cancer USA Mortality with
UV-B, Hispanic
heritage, poverty

Census Bureau data Adj. r2 = 0.76 (M) (+
smoking); 0.60 (F)

a: Abbreviations are as follows: M, male; F, female; adj., adjusted; SEER, XXXXXXXXXXXXX; TOMS, XXXXXXXXXXXX.



Although most of the cohort studies were not able to dem-
onstrate that dietary vitamin D reduced the risk of colorectal
cancer, the case-control studies did show a correlation, at
least at the P < 0.10 level. Thus, dietary vitamin D may be
sufficient to significantly reduce the risk of colorectal cancer.
But the reduction may not be robust enough to appear in all
types of studies.

Second, we examined studies in which both dietary and
supplemental sources of vitamin D were considered together
(Table 4). Both cohort and case-control studies always found
that high levels of total ingested vitamin D had an OR or RR
< 1.0 (mean value = 0.65), with the 95% CI < 1.0 in three of
the nine cases and the P value (for trend) < 0.05 in six of the
nine studies. The cohort studies of colorectal adenoma were

inconclusive. Thus, most studies found that dietary plus sup-
plemental vitamin D is associated with a reduced risk of
colorectal cancer.

One interesting finding was that when males and females
were considered separately, total ingested vitamin D was a
statistically significant risk reduction factor for males but not
for females. For dietary vitamin D, only one study (25) re-
ported different values for males and females, and the P value
(for trend) was 0.13 (0.60–1.15) for males and 1.08
(0.72–1.62) for females. These results are consistent with a
recent ecologic study of solar UV-B doses and colon cancer
mortality rates in the United States for the period 1970–94:
the adjusted r2 for the variance was 0.73 for males but only
0.59 for females; rural versus urban residence, a factor also
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Table 2. Cohort Studies of Dietary Vitamin D and Colon, Rectal, or Colorectal Cancer or Colorectal Adenomaa

Reference Outcome
Type of Study

(Location)
Vitamin D Range (IU/day;

1 µg = 40 IU)
Study Period

(years)

OR or RR, Highest
to Lowest (95% CI

where available) P (for trend)

19 Colorectal
cancer

Cohort (USA) <30 IU/1000 kcal/d–>75
IU/1000 kcal/d
(quartiles)

19 RR = 0.55 0.05

20 Colon
cancer

Cohort (Iowa, USA) <127–>373 (quintiles) 4 RR = 0.77
(0.50–1.16)

0.25

21 Colon
cancer

Cohort (USA) <134–>356 (quintiles) 6 RR = 0.88
(0.54–1.42)

0.55

22 Colorectal
cancer

Cohort (USA) <85–>280 (septiles) 12 RR = 0.72
(0.34–1.54)

0.29

23 Colon
cancer

Cohort (Finland) <103–>196 (quartiles, M);
<72–>137 (F)

24 RR = 1.18
(0.40–3.45)

0.65

23 Rectal
cancer

Cohort Finland <103–>196 (quartiles, M);
<72–>137 (F)

24 RR = 2.54
(0.89–7.27)

0.10

24 Colon
cancer

Cohort (Sweden) <104–>152 (quartiles) 11.3 RR = 1.24
(0.92–1.66)

0.17

24 Rectal
cancer

Cohort (Sweden) <104–>152 (quartiles) 11.3 RR = 0.74
(0.49–1.10)

0.15

25 Colorectal
cancer

Cohort (USA) <90–>240 (quintiles) 5 RR = 0.83
(0.60–1.15) (M);
1.08 (0.72–1.62)
(F)

0.13 (M);
0.99 (F)

26 Colorectal
adenoma

Cohort, HPFS (USA) Not given 4 RR = 1.05
(0.74–1.49)

0.82

26 Colorectal
adenoma

Cohort, NHS (USA) 101–470 (M, means,
quintiles); 61–653  (F)

8 RR = 0.97
(0.68–1.38)

0.93

a: Abbreviations are as follows: OR, odds ratio; RR, relative risk; M, males; F, females; HPFS, Health Professionals Follow-Up Study; NHS, Nurses’ Health
Study.

Table 3. Case-Control Studies of Dietary Vitamin D and Colon, Rectal, or Colorectal Cancera

Reference Outcome Type of Study (Location)
Vitamin D Range (IU/day;

1 µg = 40 IU)
OR or RR, Highest to

Lowest (95% CI) P (for trend)

27 Colon cancer Case-control (Wisconsin, USA) <122 – >336 (quintiles) OR = 0.8 (0.5–1.3) 0.45
28 Colon cancer Case-control (N. Calif.; Minn.; Utah) 7.7 vs. 7.6 µg/d–cases,

controls (M); 5.6, 5.8 (F)
RR = 1.4 (1.0–2.2) (M);

1.0 (0.7–1.3) (F)
29 Colorectal cancer Case-control (Italy) <316 – >788 RR = 0.74 (0.58–0.95) χ2 = 4.1
30 Colorectal cancer Case-control (Sweden) <112–280 (quartiles) OR = 0.6  (0.4–1.0) 0.076
30 Rectal cancer Case-control (Sweden) <112–280 (quartiles) OR = 0.5  (0.3–0.9) 0.083
31 Colorectal cancer Case-control (Italy) <81–>171 (quintiles) OR = 0.77  (0.6–0.9) <0.01



affecting UV-B exposure, contributed almost as much as geo-
graphic UV-B dose for males, but did not contribute to the re-
sults for females (Grant, submitted). For rectal cancer, the
corresponding values were 0.76 for males and 0.60 for fe-
males. The fact that vitamin D provides less protection
against colorectal cancer for females than for males may be
due to reduced solar UV-B exposure for females or to the fact
that estrogen also reduces the risk of colorectal cancer
(38–40). The combined effect of estrogen and vitamin D on
colorectal cancer is also the subject of current research inter-
est, such as in the interplay among estrogen, vitamin D, and
estrogen- and vitamin D-receptor (VDR) genotypes (41).
Thus, the effects of vitamin D on colorectal cancer should be
reported separately for males and females.

Third, we considered studies that examined serum
25(OH)D3 and colon or rectal cancer or colorectal adenomas
(Table 5). Serum 25(OH)D3 represents the sum of vitamin D
from diet, supplements, and exposure to solar and artificial

UV-B radiation. However, because solar production of vita-
min D has strong seasonal variations (37,42), it is important
to ensure that the sera used in each study were drawn either at
the same time or in a random fashion. The sera in the studies
by Garland et al. (33) and Braun et al. (34) were drawn within
a four-month period, August through November 1974. Be-
cause the data used in the studies by Platz et al. (36) and Pe-
ters et al. (17) were from case-control studies, the seasonal
variations should be unimportant. However, Peters et al. did
find that the odds ratio for serum samples drawn in win-
ter/spring (0.70) had a stronger inverse correlation with
colorectal adenomas than did those drawn in summer/fall
(0.77); in the absence of solar UV-B radiation, diet likely had
a greater influence. The results for two of the colorectal can-
cer studies had P values (for trend) of 0.05 and 0.06 (33,35),
whereas the third had a P value of 0.57 (34). The mean value
of 25(OH)D3 for the Garland et al. (33) study was 30 ng/ml
(75 nmol/l), whereas that for the Braun et al. (34) study was

118 Nutrition and Cancer 2004

Table 4. Studies of Total Ingested Vitamin D (Diet and Supplements) and Colon, Rectal, or Colorectal Cancer or Colorectal
Adenomaa

Reference Outcome Type of Study (Location)
Vitamin D Range

(IU/day)
Study Period

(years)
OR or RR, Highest to

Lowest (95% CI) P (for trend)

20 Colon cancer Cohort (Iowa, USA) <159–>618 (quintiles) 4 RR = 0.54  (0.35–0.84) 0.02
21 Colon cancer Cohort (USA) <161–>613 (quintiles) 6 RR = 0.66 (0.42–1.05) 0.02
22 Colorectal cancer Cohort (USA) <120–>550 (septiles) 12 RR = 0.42 (0.19–0.91) 0.04
32 Rectal cancer Cohort, postmenopausal

women (Iowa)
<224–>476 (tertiles) 7 RR = 0.76 (0.50–1.16) 0.20 (F)

25 Colorectal cancer Cohort (USA) <110–>525 (quintiles) 5 RR = 0.71  (0.51–0.98) (M);
1.00 (0.68–1.47) (F)

0.02 (M);
0.62 (F)

27 Colon cancer Case-control (Wisconsin,
USA)

<148–>557 (quintiles) OR = 0.7 (0.4–1.1) 0.05

28 Colon cancer Case-control (N. Calif.,
Minn., Utah)

Supplements (Never
vs. ever)

OR = 0.5 (0.2–1.1) (M);
0.6 (0.4–1.1) (F)

0.01 (M);
0.21 (F)

26 Colorectal
adenoma

Cohort, HPFS (USA) 118–954 (means,
quintiles)

4 RR = 1.29 (0.87–1.93) 0.32

26 Colorectal
adenoma

Cohort, NHS (USA) 59–744 (means,
quintiles)

8 RR = 0.68 (0.41–1.13) 0.09

a: Abbreviations are as follows: OR, odds ratio; CI, confidence interval; M, males; F, females; HPFS, Health Professionals Follow-Up Study; NHS, Nurses’
Health Study.

Table 5. Studies of Serum 25(OH)D3 and Colon Cancer or Colorectal Adenomasa

Reference Outcome
Type of Study

(Location)
Serum 25(OH)D

Range
Serum 25(OH)D Cases,

Controls (ng/ml)

Study
Period
(years)

OR or RR Highest to
Lowest (95% CI,
where available)

P
(for trend)

33 Colon cancer Cohort/nested
case-control
(Maryland, USA)

<20–>41 (quintiles) 9 RR = 0.21 (4th
quintile);
0.73 (5th quintile)

0.05

34 Colon cancer Case-control
(Maryland, USA)

23.6 ± 9.2, 23.2 ± 7.8 17 OR = 0.4 (0.1–1.4;
5th quintile)

0.57

35 Rectal cancer Case-control (Finland) 12.2 ± 13.8 RR = 0.37 0.06
36 Colorectal

adenomas
Case-control (USA) 16.3–38.0 (quartiles) 26.4 ±  10.6, 26.8 ± 10.2 7 OR = 1.04

(0.66–1.66)
1.0

37 Colorectal
adenomas

Case-control
(Maryland, USA)

Per 10 ng/ml 24.7 ± 12.0, 26.5 ± 11.3 1 OR = 0.43
(0.23–0.81)
(5th quintile)

0.21

a: Abbreviations are as follows: OR, odds ratio; RR, relative risk; CI, confidence interval.



25 ng/ml (63 nmol/l) for cases and 20 ng/ml (50 nmol/l) for
controls. It could be that the lower values in the Braun et al.
study were below the threshold for effectively reducing the
risk of colorectal cancer. Colon cancer mortality rates in
Maryland were about twice as high as in southwestern states
in the period 1970–94 (43).

In Vitro Studies

In vitro studies involving human colonic tissue provide an
additional avenue to explore the roles of calcium and vitamin
D in tumor progression. Some results from the literature are
summarized here briefly. 1,25(OH)2D3 decreases the prolif-
eration of Caco-2 cells (44) and enhances certain parameters
of differentiation (45). Vitamin D was found to make colon
cancer cells less prolific and to have enhanced differentiation
(46). The stimulatory effect of epidermal growth factor on
cell division was effectively counteracted by 1,25(OH)2D3

(47). The effects of vitamin D were correlated with the ex-
pression of VDR. In vitro studies have also shown the impor-
tance of the Ca2+-sensing receptor in inhibiting cell replica-
tion (48).

Discussion

The sources of vitamin D for humans are well known but
difficult to study in an accurate, quantitative manner. Vitamin
D is obtained from diet, dietary supplements, and solar UV-B
radiation (280–320 nm). Vitamin D may be found in the se-
rum both as 25(OH)D3 and 1,25(OH)2D3. Thus, studies con-
sidering vitamin D and cancer usually do not fully account
for all relevant sources and forms. It should be noted that as-
sessments of dietary vitamin D are difficult. In New York
State, the vitamin D content of milk was found to be out of
compliance with current regulations, generally
underfortified (49). Vitamin D supplementation is a compli-
cating factor. And vitamin D consumption and production
10–25 yr prior to the detection of cancer may be much more
important than more recent consumption and production
(50,51). A study in Japan found a 23-yr lag between chang-
ing to a more Western, lower-fiber diet and the peak develop-
ment of colon cancer (52). Also, the amount of serum vita-
min D required to significantly reduce the risk of cancer is
not well known. More recent studies suggest that levels of
25(OH)D3 of up to 100 nmol/l (40 ng/ml) are considered to
be adequate for a number of conditions (53,54).
Supplementation with 400 IU/day for postmenopausal Dutch
women was approximately equal to that provided by solar
UV-B in summer (55).

There have been many studies of mechanisms whereby vi-
tamin D reduces the risk of cancer. These proposed mecha-
nisms include effects on cell differentiation, apoptosis, cell
cycle regulation, metastasis, proliferation, and angiogenesis
(18,56–59). It is beyond the scope of this review to evaluate
the strength of the evidence for each proposed mechanism,
but there are several promising areas of investigation. Colon

cells have the ability to convert circulating 25(OH)D3 into
1,25(OH)2D3 (60), as do cells in a number of other organs
(61). In an Israeli study, serum 25(OH)D3 levels were found
to vary insignificantly between cases and controls of rectal
cancer; however, serum 1,25(OH)2D3 levels were found to
decrease with advancing stage of the colorectal carcinoma,
whereas PTH levels increased accordingly (62). The reason
for this finding was not clear. Vitamin D also interacts with
calcium to enhance the reduction of colon cancer risk
(48,63,64). Finally, polymorphisms in vitamin D receptors
may play a role in colon cancer risk (37,65,66). The polyA
(short), BsmI (BB), and TaqI (tt) variants of the vitamin D re-
ceptor (VDR) gene were found to be in linkage disequilib-
rium in a mostly Caucasian population. These variants were
associated with reduced risk of colon cancer (OR = 0.5, 95%
CI = 0.3–0.9). The FokI variant was not associated with co-
lon cancer risk (65). However, another paper found that VDR
FokI genotype influences development of colorectal
adenomas and that the effect may be modified by calcium
and vitamin D status (66). Increased VDR and 1-α-hydroxy-
lase m RNA expression was found in low-grade malignan-
cies of the human colon (67). VDR also functions as a recep-
tor for the secondary bile acid lithocholic acid (LCA) (68),
which is hepatotoxic and a potential enteric carcinogen. Acti-
vation of VDR by LCA or vitamin D induced expression in
vivo of CYP3A, a cytochrome P450 enzyme that detoxifies
LCA in the liver and intestine. These studies offer a mecha-
nism that may explain the proposed protective effects of vita-
min D and its receptor against colon cancer.

In addition, vitamin D plays a role in reducing the risk of
colorectal cancer through interactions with calcium. There is
a growing body of evidence that calcium restrains growth of
and induces differentiation and apoptosis of normal and tu-
mor cells (33,57,59). One of the well-documented effects of
vitamin D is to increase the absorption of calcium (69).

There are several reasons why examining only dietary
sources of vitamin D is not a reliable method for assessing
the value of vitamin D in reducing the risk of colon, or any
other, cancer. First, dietary vitamin D is one of three sources
of vitamin D, the other two being solar UV-B radiation and
supplements. Second, dietary vitamin D levels are often be-
low those that provide strong risk reduction for cancer and
other conditions and diseases (53,54). Third, dietary assess-
ments for vitamin D are difficult to perform accurately. These
assessments rely on questionnaires along with vitamin D es-
timates for the foods, and both of these are inherently inaccu-
rate (70,71). A more accurate method would be to measure
biomarkers for dietary intake, but biomarkers are not avail-
able for all factors. Fourth, dietary assessments represent a
snapshot of vitamin intake at one point in time. However, the
effect of vitamin D on cancer development may have oc-
curred years earlier. Therefore, these assessments may not
accurately represent the dietary vitamin D during the time
when it would have had the greatest impact on cancer risk.
Fifth, genetics affect how vitamin D and calcium are ab-
sorbed or metabolized. Vitamin D receptor genotypes affect
the utilization of vitamin D (72).
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A sixth reason that dietary vitamin D may not always
show up as reduced cancer risk is that many dietary sources
of vitamin D contain confounding components that also
strongly affect the risk of cancer. Animal products are corre-
lated with colorectal cancer, whereas vegetable products are
generally inversely correlated (73). These confounding fac-
tors are not always addressed (74). Fish, which is an impor-
tant source of vitamin D for Scandinavian countries (75), is
also an important source of n-3 oils, as well as being an ani-
mal source of protein. N-3 oils reduce the risk of many types
of cancer (76,77). Milk, which is fortified with vitamin D in
some countries such as the United States but not in many Eu-
ropean countries, contains calcium, which reduces the risk of
colon cancer (25). However, it also contains fat and protein,
both of which increase the production of insulin-like growth
factor-I (78). Neither fish nor milk has much fiber, an impor-
tant risk reduction factor for colon cancer (79,80). Thus, both
fish and milk have components that increase and decrease the
risk of colon cancer, and these components should be consid-
ered in the analysis along with vitamin D. It appears as if all
the studies in this review included calcium in the analysis,
whereas many considered saturated fat and other micronutri-
ents. However, given the importance of various dietary fac-
tors on the risk of colorectal cancer, other dietary factors may
outweigh vitamin D.

Even the inclusion of supplementary vitamin D in the data
is subject to confounding factors. Vitamin A is antagonistic
to vitamin D (81,82) and leads to reduced calcium absorption
when both are administered together. Despite this, vitamin A
is often combined with vitamin D in supplements.

Evaluation of Vitamin D Based on the
Criteria for Causality

Now that the evidence has been presented, it can be evalu-
ated for causality. The criteria for causality in a biologic sys-
tem are generally based on Hill (3), with later interpretations
(4,5). The primary criteria used are strength, consistency, bi-
ologic gradient or dose-response, biologic plausibility, tem-
porality, and testing for confounding factors. Each of these

criteria is applied to the various approaches and tabulated in
Table 6.

Strength is generally assumed to mean the magnitude of
the relative risk estimates in published results. For ecologic
studies, this should refer to the adjusted r2 of the regression
of the variance. The strength was rated high if both the risk
ratio and the 95% CI were generally < 1.0 or the adjusted r2

was always relatively high. Strength was high for all ap-
proaches except for serum 25(OH)D3 in case-control studies.

Consistency refers to the extent to which the findings are
similar in direction across the entire body of evidence. Con-
sistency was high for all approaches except diet in cohort and
serum 25(OH)D3 in case-control studies.

Biologic gradient or dose-response is defined as having a
generally linear relationship between the factor and the out-
come. Biologic gradient was high for all approaches except
diet in cohort and serum 25(OH)D3 in case-control studies.

Biologic plausibility refers to whether mechanisms exist
that explain the action of the factor. For vitamin D, the pro-
posed mechanisms are well known and include cell differen-
tiation, increased apoptosis of cancer cells, reduced metasta-
sis, and angiogenesis (18,59). Biologic plausibility was high
for all approaches except diet in cohort studies.

Temporality means that the causal factor has to be applied
before the effect is detected. For the ecologic study of geo-
graphic distribution of cancer mortality in the United States
(6), the values of UV-B for July 1992 were used under the as-
sumption that the July values have not changed significantly
in either absolute or relative terms. Stratospheric ozone
losses have been minimal over the United States and have oc-
curred primarily after 1990 (83), which is mostly after the pe-
riod for the data used (1970–94). In fact, using the July 1992
UV-B data with the cancer mortality data from 1950–69
yielded higher correlations for most cancers than mortality
data from the latter period (Grant, submitted). For the other
studies, the vitamin D values occurred prior to the detection
of cancer, although the lag between determining the vitamin
D values and the detection of cancer varied; because
colorectal cancer can take over 20 years to go from initiation
to discovery (50–52), the longer the lag, the better the results
will be. Temporality was high for all approaches.
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Table 6. Evaluation of the Various Approaches for Determining the Effect of Vitamin D on Colorectal Cancer Based on
Hill’s Criteria for Causality (3)

Factor Strength Consistency
Biologic
Gradient

Biologic
plausibility Temporality

Confounding
Factors Included Analogy

Approach
Ecologic High High High High High High High
In vitro High High High High High High High
Cohort
Diet Low Low Low Medium High Low Medium
Diet plus supplements High High High High High Medium Medium
Case-control
Diet High High High High High Medium High
Diet plus supplements High High High High High Medium High
Serum Medium Medium Medium High High Medium High
All, based on the best approaches High High High High High High High



Confounding factors for vitamin D and colorectal cancer
may include diet, supplements, solar UV-B exposure (both
incident radiation and time spent in the sun), alcohol con-
sumption, smoking, exercise, body mass index, among oth-
ers. The ecologic study in Grant (submitted) accounted for
as many factors as possible and assumed that dietary factors
were similar for all states. The primary problem with stud-
ies of dietary sources of vitamin D is that supplements and
UV-B exposure are also important sources of vitamin D
(84). Thus, the low findings for dietary sources of vitamin
D are most likely due to failure to include the other sources
of vitamin D.

Analogy refers to using results from related studies for the
present study. In this case, the results for the 11 other cancers
for which solar UV-B has been identified as a risk reduction
factor (6,9,85) can be used. Analogy was high for all ap-
proaches except for cohort studies.

It should be noted that, whereas the ecologic approach
(79,86,87) has generally not enjoyed a good reputation (88),
it has been vindicated recently after cohort studies confirmed
ecologic studies that showed dietary fiber is a risk reduction
factor for colon cancer (80) and animal fat is a risk factor for
breast cancer (89). The primary problem with cohort studies
in this regard is that because relatively homogeneous popula-
tions are studied, variations of the important dietary values
are often too small for significant correlations to be found,
just as in the case of dietary vitamin D and colorectal cancer.

Because well-designed studies have consistently shown
that vitamin D is associated with reduced risk of colorectal
cancer, and to a lesser extent of other cancers, the implica-
tions for public health policy should be examined. Where so-
lar UV-B levels are high enough during a good fraction of the
year and outdoor exposure is possible, humans can synthe-
size sufficient vitamin D to meet physiological needs. How-
ever, there are many regions and seasons where this is impos-
sible (42). Dietary vitamin D is found in small quantities in
butter, some types of margarine, some fortified cereal and
grain products, eggs, fish, and milk in a few countries
(90,91). A serum level of 65–100 nmol/l (25–40 ng/ml) of
25(OH)D3 is now considered adequate for reduction of risk
of cancers of the colon, breast, and others based on
epidemiologic data (92). Where solar exposure and dietary
vitamin D levels are not sufficient to achieve this level, vita-
min D supplementation is suggested, although the amount
varies depending on a number of factors.

Guidelines for supplementation for reducing the risk of
cancer have not been established. Various evidence points
to a general vitamin D deficiency in the United States
(93,94). The U.S. National Institutes of Health held a con-
ference October 9–10, 2003, entitled “Vitamin D in the
21st Century: Bone and Beyond” (95). This conference
considered surveillance/monitoring, specific vitamin D and
health issues, and developmental/ethnic/racial consider-
ations for calcemic and noncalcemic diseases. It has raised
the level of interest in vitamin D, and it is expected that re-
vised vitamin D guidelines will be developed in the next
few years.

Conclusion

If measures of vitamin D that relate to total vitamin D are
considered, significant inverse correlations with colorectal
cancer are generally found. However, if only dietary vitamin
D is considered, significant inverse correlations are only oc-
casionally found. Future studies of vitamin D and cancer or
any other condition or disease should include the determina-
tion of total vitamin D intake and production, or serum vita-
min D metabolite levels. In addition, because many condi-
tions and diseases take a decade or more to develop to clinical
levels, long-term studies are indicated. Eventually, revised
guidelines for vitamin D and calcium should be established,
but more information is required before this can be done.

Acknowledgments and Notes

Address correspondence to W. B. Grant, SUNARC, 2107 Van Ness Ave-
nue, Suite 403B, San Francisco, CA 94109. E-mail: wbgrant@
infionline.net.

Submitted 11 February 2003; accepted in final form 19 February 2004.

References

1. Garland CF and Garland FC: Do sunlight and vitamin D reduce the
risk of colon cancer? Int J Epidemiol 9, 227–231, 1980.

2. Surgeon General’s Advisory Committee on Smoking and Health:
Smoking and health. Rockville, MD: Public Health Service, 1964.
DHEW publication no. (PHS) 1103.

3. Hill AB: The environment and disease: association or causation? Proc
R Soc Med 58, 295–300, 1965.

4. Potischman N and Weed DL: Causal criteria in nutritional epidemiol-
ogy. Am J Clin Nutr 69, 1309S-1314S, 1999.

5. Weed DL: Epidemiologic evidence and causal inference. Hematol
Oncol Clin North Am 14, viii, 797–807, 2000.

6. Grant WB: An estimate of premature cancer mortality in the United
States due to inadequate doses of solar ultraviolet-B radiation. Cancer
94, 1867–1875, 2002.

7. Gorham ED, Garland CF, and Garland FC: Acid haze air pollution and
breast and colon cancer mortality in 20 Canadian cities. Can J Public
Health 80, 96–100, 1989.

8. Emerson JC and Weiss NS: Colorectal cancer and solar radiation. Can-
cer Causes Control 3, 95–99, 1992.

9. Freedman DM, Dosemeci M, and McGlynn K: Sunlight and mortality
from breast, ovarian, colon, prostate, and non-melanoma skin cancer: a
composite death certificate based case-control study. Occup Environ
Med 59, 257–262, 2002.

10. Doll R: Urban and rural factors in the aetiology of cancer. Int J Cancer
47, 803–810, 1991.

11. Schuler G: [Epidemiology of colorectal cancer—internationally and in
Switzerland] Soz Praventivmed 31, 66–70, 1986. German.

12. Wang Y, Lewis-Michl EL, Hwang SA, Fitzgerald EF, and Stark AD:
Cancer incidence among a cohort of female farm residents in New
York State. Arch Environ Health 57, 561–567, 2002.

13. Holick MF: Photosynthesis of vitamin D in the skin: effect of environ-
mental and life-style variables. Fed Proc 46, 1876–1882, 1987.

14. Holick MF: Environmental factors that influence the cutaneous pro-
duction of vitamin D. Am J Clin Nutr 61, 638S-645S, 1995.

15. Jacques PF, Felson DT, Tucker KL, Mahnken B, Wilson PW, et al.:
Plasma 25-hydroxyvitamin D and its determinants in an elderly popu-
lation sample. Am J Clin Nutr 66, 929–936, 1997.

Vol. 48, No. 2 121



16. Harris SS and Dawson-Hughes B: Seasonal changes in plasma
25-hydroxyvitamin D concentrations of young American black and
white women. Am J Clin Nutr 67, 1232–1236, 1998.

17. Rapuri PB, Kinyamu HK, Gallagher JC, and Haynatzka V: Seasonal
changes in calciotropic hormones, bone markers, and bone mineral
density in elderly women. J Clin Endocrinol Metab 87, 2024–2032,
2002.

18. van den Bemd GJ and Chang GT: Vitamin D and vitamin D analogs in
cancer treatment. Curr Drug Targets 3, 85–94, 2002.

19. Garland C, Shekelle RB, Barrett-Connor E, Criqui MH, Rossof AH, et
al.: Dietary vitamin D and calcium and risk of colorectal cancer: a
19-year prospective study in men. Lancet 1, 307–309, 1985.

20. Bostick RM, Potter JD, Sellers TA, McKenzie DR, Kushi LH, et al.:
Relation of calcium, vitamin D, and dairy food intake to incidence of
colon cancer among older women. The Iowa Women’s Health Study.
Am J Epidemiol 137, 1302–1317, 1993.

21. Kearney J, Giovannucci E, Rimm EB, Ascherio A, Stampfer MJ, et al.:
Calcium, vitamin D, and dairy foods and the occurrence of colon can-
cer in men. Am J Epidemiol 143, 907–917, 1996.

22. Martinez ME, Giovannucci EL, Colditz GA, Stampfer MJ, Hunter DJ,
et al.: Calcium, vitamin D, and the occurrence of colorectal cancer
among women. J Natl Cancer Inst 88, 1375–1382, 1996.

23. Jarvinen R, Knekt P, Hakulinen T, and Aromaa A: Prospective study
on milk products, calcium and cancers of the colon and rectum. Eur J
Clin Nutr 55, 1000–1007, 2001.

24. Terry P, Baron JA, Bergkvist L, Holmberg L, and Wolk A: Dietary cal-
cium and vitamin D intake and risk of colorectal cancer: a prospective
cohort study in women. Nutr Cancer 43, 39–46, 2002.

25. McCullough ML, Robertson AS, Rodriguez C, Jacobs EJ, Chao A, 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 14, 1–12, 2003.

26. Kampman E, Giovannucci E, van’t Veer P, Rimm E, Stampfer MJ, et
al.: Calcium, vitamin D, dairy foods, and the occurrence of colorectal
adenomas among men and women in two prospective studies. Am J
Epidemiol 139, 16–29, 1994.

27. Marcus PM and Newcomb PA: The association of calcium and vitamin
D, and colon and rectal cancer in Wisconsin women. Int J Epidemiol
27, 788–793, 1998.

28. Kampman E, Slattery ML, Caan B, and Potter JD: Calcium, vitamin D,
sunshine exposure, dairy products and colon cancer risk (United
States). Cancer Causes Control 11, 459–466, 2000.

29. Ferraroni M, La Vecchia C, D’Avanzo B, Negri E, Franceschi S, et al.:
Selected micronutrient intake and the risk of colorectal cancer. Br J
Cancer 70, 1150–1155, 1994.

30. Pritchard RS, Baron JA, and Gerhardsson de Verdier M: Dietary cal-
cium, vitamin D, and the risk of colorectal cancer in Stockholm, Swe-
den. Cancer Epidemiol Biomarkers Prev 5, 897–900, 1996.

31. La Vecchia C, Braga C, Negri E, Franceschi S, Russo A, et al.: Intake
of selected micronutrients and risk of colorectal cancer. Int J Cancer
73, 525–530, 1997.

32. Zheng W, Anderson KE, Kushi LH, Sellers TA, Greenstein J, 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 7,
221–225, 1998.

33. Garland CF, Comstock GW, Garland FC, Helsing KJ, Shaw EK, et al.:
Serum 25-hydroxyvitamin D and colon cancer: eight-year prospective
study. Lancet 2, 1176–1178, 1989.

34. Braun MM, Helzlsouer KJ, Hollis BW, and Comstock GW: Colon can-
cer and serum vitamin D metabolite levels 10–17 years prior to diagno-
sis. Am J Epidemiol 142, 608–611, 1995.

35. Tangrea J, Helzlsouer K, Pietinen P, Taylor P, Hollis B, et al.: Serum
levels of vitamin D metabolites and the subsequent risk of colon and
rectal cancer in Finnish men. Cancer Causes Control 8, 615–625,
1997. (abstract)

36. Platz EA, Hankinson SE, Hollis BW, Colditz GA, Hunter DJ, et al.:
Plasma 1,25-dihydroxy- and 25-hydroxyvitamin D and adenomatous

polyps of the distal colorectum. Cancer Epidemiol Biomarkers Prev 9,
1059–1065, 2000.

37. Peters U, McGlynn KA, Chatterjee N, Gunter E, Garcia-Closas M, et
al.: Vitamin D, calcium, and vitamin D receptor polymorphism in
colorectal adenomas. Cancer Epidemiol Biomarkers Prev 10,
1267–1274, 2001.

38. Grodstein F, Newcomb PA, and Stampfer MJ: Postmenopausal hor-
mone therapy and the risk of colorectal cancer: a review and
meta-analysis. Am J Med 106, 574–582, 1999.

39. Slattery ML, Anderson K, Samowitz W, Edwards SL, Curtin K, et al.:
Hormone replacement therapy and improved survival among
postmenopausal women diagnosed with colon cancer (USA). Cancer
Causes Control 10, 467–473, 1999.

40. Slattery ML, Ballard-Barbash R, Edwards S, Caan BJ, and Potter JD:
Body mass index and colon cancer: an evaluation of the modifying ef-
fects of estrogen (United States). Cancer Causes Control 14, 75–84,
2003.

41. Speer G, Cseh K, Winkler G, Takacs I, Barna I, 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 37,
1463–1468, 2001.

42. Webb AR, Kline L, and Holick MF: Influence of season and latitude on
the cutaneous synthesis of vitamin D3: exposure to winter sunlight in
Boston and Edmonton will not promote vitamin D3 synthesis in hu-
man skin. J Clin Endocrinol Metab 67, 373–378, 1988.

43. Devesa SS, Grauman DJ, Blot WJ, Pennello GA, Hoover RN, et al.:
Atlas of Cancer Mortality in the United States, 1950–1994 [online].
NIH Publication No. 99–4564, 1999. http://can-
cer.gov/atlasplus/new.html

44. Cross HS, Farsoudi KH, and Peterlik M: Growth inhibition of human
colon adenocarcinoma-derived Caco-2 cells by
1,25-dihydroxyvitamin D3 and two synthetic analogs: relation to in vi-
tro hypercalcemic potential. Naunyn Schmiedebergs Arch Pharmacol
347, 105–110, 1993.

45. Halline AG, Davidson NO, Skarosi SF, Sitrin MD, Tietze C, et al.: Ef-
fects of 1,25-dihydroxyvitamin D3 on proliferation and differentiation
of Caco-2 cells. Endocrinology 134, 1710–1717, 1994.

46. Tong WM, Bises G, Sheinin Y, Ellinger A, Genser D, et al.: Establish-
ment of primary cultures from human colonic tissue during tumor pro-
gression: vitamin-D responses and vitamin-D-receptor expression. Int
J Cancer 75, 467–472, 1998.

47. Tong WM, Kallay E, Hofer H, Hulla W, Manhardt T, et al.: Growth
regulation of human colon cancer cells by epidermal growth factor and
1,25-dihydroxyvitamin D3 is mediated by mutual modulation of re-
ceptor expression. Eur J Cancer 34, 2119–2125, 1998.

48. Kallay E, Bajna E, Wrba F, Kriwanek S, Peterlik M, et al.: Dietary cal-
cium and growth modulation of human colon cancer cells: role of the
extracellular calcium-sensing receptor. Cancer Detect Prev 24,
127–136, 2000.

49. Murphy SC, Whited LJ, Rosenberry LC, Hammond BH, Bandler DK,
et al.: Fluid milk vitamin fortification compliance in New York State. J
Dairy Sci 84, 2813–2820, 2001.

50. Tsuji K, Harashima E, Nakagawa Y, Urata G, and Shirataka M:
Time-lag effect of dietary fiber and fat intake ratio on Japanese colon
cancer mortality. Biomed Environ Sci 9, 223–228, 1996.

51. De Flora S, Izzotti A, D’Agostini F, Balansky RM, Noonan D, et al.:
Multiple points of intervention in the prevention of cancer and other
mutation-related diseases. Mutat Res 480–481, 9–22, 2001.

52. Tsuji K, Harashima E, Nakagawa Y, Urata G, and Shirataka M:
Time-lag effect of dietary fiber and fat intake ratio on Japanese colon
cancer mortality. Biomed Environ Sci 9, 223–228, 1996.

53. Peacock M: Nutritional aspects of hip fractures. Challenges of Modern
Medicine 7, 213–222, 1995.

54. Zittermann A: Vitamin D in preventive medicine: are we ignoring the
evidence? Br J Nutr 89, 552–572, 2003.

55. Schaafsma A, Muskiet FA, Storm H, Hofstede GJ, Pakan I, et al.: Vita-
min D(3) and vitamin K(1) supplementation of Dutch postmenopausal
women with normal low bone mineral densities: effects on serum

122 Nutrition and Cancer 2004



25-hydroxyvitamin D and carboxylated osteocalcin. Eur J Clin Nutr
54, 626–631, 2000.

56. Diaz GD, Paraskeva C, Thomas MG, Binderup L, and Hague A:
Apoptosis is induced by the active metabolite of vitamin D3 and its an-
alogue EB1089 in colorectal adenoma and carcinoma cells: possible
implications for prevention and therapy. Cancer Res 60, 2304–2312,
2000.

57. Lamprecht SA and Lipkin M: Cellular mechanisms of calcium and vi-
tamin D in the inhibition of colorectal carcinogenesis. Ann N Y Acad
Sci 952, 73–87, 2001.

58. Holt PR, Arber N, Halmos B, Forde K, Kissileff H, et al.: Colonic epi-
thelial cell proliferation decreases with increasing levels of serum
25-hydroxy vitamin D. Cancer Epidemiol Biomarkers Prev 11,
113–119, 2002.

59. Lamprecht SA and Lipkin M: Chemoprevention of colon cancer by
calcium, vitamin D and folate: molecular mechanisms. Nat Rev Can-
cer 3, 601–614, 2003.

60. Tangpricha V, Flanagan JN, Whitlatch LW, Tseng CC, Chen TC, et al.:
25-hydroxyvitamin D-1alpha-hydroxylase in normal and malignant
colon tissue. Lancet 357, 1673–1674, 2001.

61. Zehnder D, Bland R, Williams MC, McNinch RW, Howie AJ, et al.:
Extrarenal expression of 25-hydroxyvitamin d(3)-1 alpha-hydroxy-
lase. J Clin Endocrinol Metab 86, 888–894, 2001.

62. Niv Y, Sperber AD, Figer A, Igael D, Shany S, et al.: In colorectal car-
cinoma patients, serum vitamin D levels vary according to stage of the
carcinoma. Cancer 86, 391–397, 1999.

63. Cross HS, Huber C, and Peterlik M: Antiproliferative effect of
1,25-dihydroxyvitamin D3 and its analogs on human colon
adenocarcinoma cells (CaCo-2): influence of extracellular calcium.
Biochem Biophys Res Commun 179, 57–62, 1991.

64. Cross HS, Pavelka M, Slavik J, and Peterlik M: Growth control of hu-
man colon cancer cells by vitamin D and calcium in vitro. J Natl Can-
cer Inst 84, 1355–1357, 1992.

65. Slattery ML, Yakumo K, Hoffman M, and Neuhausen S: Variants of
the VDR gene and risk of colon cancer (United States). Cancer Causes
Control 12, 359–364, 2001.

66. Kallay E, Bareis P, Bajna E, Kriwanek S, Bonner E, et al.: Vitamin D
receptor activity and prevention of colonic hyperproliferation and oxi-
dative stress. Food Chem Toxicol 40, 1191–1196, 2002.

66. Ingles SA, Wang J, Coetzee GA, Lee ER, Frankl HD, et al: Vitamin D
receptor polymorphisms and risk of colorectal adenomas (United
States). Cancer Causes Control 12, 607–614, 2001.

67. Kallay E, Bareis P, Bajna E, Kriwanek S, Bonner E, et al.: Vitamin D
receptor activity and prevention of colonic hyperproliferation and oxi-
dative stress. Food Chem Toxicol 40, 1191–1196, 2002.

68. Makishima M, Lu TT, Xie W, Whitfield GK, Domoto H, et al.: Vitamin
D receptor as an intestinal bile acid sensor. Science 296, 1313–1316,
2002.

69. Heaney RP, Dowell MS, Hale CA, and Bendich A: Calcium absorption
varies within the reference range for serum 25-hydroxyvitamin D. J
Am Coll Nutr 22, 142–146, 2003.

70. Jacques PF, Sulsky SI, Sadowski JA, Phillips JC, Rush D, et al.: Com-
parison of micronutrient intake measured by a dietary questionnaire
and biochemical indicators of micronutrient status. Am J Clin Nutr 57,
182–189, 1993.

71. McKeown NM, Day NE, Welch AA, Runswick SA, Luben RN, et al.:
Use of biological markers to validate self-reported dietary intake in a
random sample of the European Prospective Investigation into Cancer
United Kingdom Norfolk cohort. Am J Clin Nutr 74, 188–196, 2001.

72. Gennari L, Becherini L, Masi L, Gonnelli S, Cepollaro C, et al.: Vita-
min D receptor genotypes and intestinal calcium absorption in
postmenopausal women. Calcif Tissue Int 61, 460–463, 1997.

73. Grant WB: Dietary fiber and colorectal cancer. The Townsend Letter,
192, 112–113, 1999.

74. Platz EA and Giovannucci E: Vitamin D and calcium in colorectal and
prostate cancers. In Heber D, Blackburn GL, Go VLW (eds). Nutri-
tional Oncology. San Diego, CA: Academic Press, 1999, pp 223–252
(abstract).

74. Bingham SA, Day NE, Luben R, Ferrari P, Slimani N, et al.: Dietary fi-
bre in food and protection against colorectal cancer in the European
Prospective Investigation into Cancer and Nutrition (EPIC): an obser-
vational study. Lancet 361, 1496–1501, 2003.

75. Brustad M, Sandanger T, Wilsgaard T, Aksnes L, and Lund E: Change
in plasma levels of vitamin D after consumption of cod-liver and fresh
cod-liver oil as part of the traditional north Norwegian fish dish
“Molje.” Int J Circumpolar Health 62, 40–53, 2003.

76. Fernandez E, Chatenoud L, La Vecchia C, Negri E, and Franceschi S:
Fish consumption and cancer risk. Am J Clin Nutr 70, 85–90, 1999.

77. Tavani A, Pelucchi C, Parpinel M, Negri E, Franceschi S, et al.: n-3
Polyunsaturated fatty acid intake and cancer risk in Italy and Switzer-
land. Int J Cancer 105, 113–116, 2003.

78. Ma J, Giovannucci E, Pollak M, Chan JM, Gaziano JM, et al.: Milk in-
take, circulating levels of insulin-like growth factor-I, and risk of
colorectal cancer in men. J Natl Cancer Inst 93, 1330–1336, 2001.

79. Burkitt DP: Epidemiology of cancer of the colon and rectum. Cancer
28, 3–13, 1971.

80. Peters U, Sinha R, Chatterjee N, Subar AF, Ziegler RG, et al.: Dietary
fibre and colorectal adenoma in a colorectal cancer early detection
programme. Lancet 361, 1491–1495, 2003.

81. Rohde CM, Manatt M, Clagett-Dame M, and DeLuca HF: Vitamin A
antagonizes the action of vitamin D in rats. J Nutr 129, 2246–2250,
1999.

82. Johansson S and Melhus H: Vitamin A antagonizes calcium response
to vitamin D in man. J Bone Miner Res 16, 1899–1905, 2001.

83. McKenzie RL, Bjorn LO, Bais A, and Ilyas M: Changes in biologi-
cally active ultraviolet radiation reaching the Earth’s surface.
Photochem Photobiol Sci 2, 5–15, 2003. Erratum in: Photochem
Photobiol Sci 2, 354, 2003.

84. Webb AR, Pilbeam C, Hanafin N, and Holick MF: An evaluation of the
relative contributions of exposure to sunlight and of diet to the circulat-
ing concentrations of 25-hydroxyvitamin D in an elderly nursing home
population in Boston. Am J Clin Nutr 51, 1075–1081, 1990.

85. Freedman DM, Zahm SH, and Dosemeci M: Residential and occupa-
tional exposure to sunlight and mortality from non-Hodgkin’s lym-
phoma:composite (threefold) case-control study. BMJ 314, 1451–1455,1997.

86. Armstrong B and Doll R: Environmental factors and cancer incidence
and mortality in different countries, with special reference to dietary
practices. Int J Cancer 15, 617–631, 1975.

87. Grant WB: An ecologic study of dietary and solar ultraviolet-B links to
breast carcinoma mortality rates. Cancer 94, 272–281, 2002.

88. Doll R and Peto R: The causes of cancer: quantitative estimates of
avoidable risks of cancer in the United States today. J Natl Cancer Inst
66, 1191–1308, 1981.

89. Cho E, Spiegelman D, Hunter DJ, Chen WY, Stampfer MJ, et al.:
Premenopausal fat intake and risk of breast cancer. J Natl Cancer Inst
95, 1079–1085, 2003.

90. Andersen R, Brot C, and Ovesen L: Towards a strategy for optimal vi-
tamin D fortification (OPTIFORD). Nutr Metab Cardiovasc Dis 11(4
Suppl), 74–77, 2001.

91. Nowson CA and Margerison C: Vitamin D intake and vitamin D status
of Australians. Med J Aust 177, 149–152, 2002.

92. Prentice A: What are the dietary requirements for calcium and vitamin
D? Calcif Tissue Int 70, 83–88, 2002.

93. Nesby-O’Dell S, Scanlon KS, Cogswell ME, Gillespie C, Hollis BW,
et al.: Hypovitaminosis D prevalence and determinants among African
American and white women of reproductive age: third National Health
and Nutrition Examination Survey, 1988–1994. Am J Clin Nutr 76,
187–192, 2002.

94. Calvo MS and Whiting SJ: Prevalence of vitamin D insufficiency in
Canada and the United States: importance to health status and efficacy
of current food fortification and dietary supplement use. Nutr Rev 61,
107–113, 2003.

95. Vitamin D and health in the 21st century agenda [online]. National In-
stitute of Child Health & Human Development, 2003.
http://www.nichd.nih.gov/about/od/prip/dietary_agenda.htm (accessed
November 15, 2003)

Vol. 48, No. 2 123


