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Prospective investigations of circulating vitamin D concentrations suggest inverse associations with colorectal
cancer risk, although inconsistencies remain and few studies have examined the impact of season. The authors
conducted a prospective case-control study of 239 colon cancer cases and 192 rectal cancer cases (diagnosed in
1993–2005) and 428 controls matched on age and blood collection date within the Alpha-Tocopherol, Beta-
Carotene Cancer Prevention Study, a cohort study of Finnish male smokers. Baseline serum 25-hydroxyvitamin
D (25(OH)D) concentrations were categorized using a priori defined cutpoints of <25, 25–<37.5, 37.5–<50, 50–
<75, and �75 nmol/L and by season-specific and season-standardized 25(OH)D quartiles. Conditional logistic
regression models yielded multivariate-adjusted odds ratios for the predefined cutpoints of 0.63, 0.91, 0.73, 1.00
(referent), and 1.44 for colon cancer and 0.64, 0.58, 0.84, 1.00, and 0.76 for rectal cancer, respectively (all 95%
confidence intervals included 1.00). Colon cancer risks were significantly elevated for the highest season-specific
and season-standardized quartiles versus the lowest quartiles (OR ¼ 2.11 (95% CI: 1.20, 3.69) and OR ¼ 1.88
(95% CI: 1.07, 3.28), respectively), while rectal cancer risk estimates were null. These results provide no evidence
to support an inverse association between vitamin D status and colon or rectal cancer risk; instead, they suggest
a positive association for colon cancer.

cohort studies; colorectal neoplasms; prospective studies; vitamin D

Abbreviations: ATBC, Alpha-Tocopherol, Beta-Carotene Cancer Prevention; CI, confidence interval; EPIC, European Prospective
Investigation into Cancer and Nutrition; 1,25(OH)2D, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; OR, odds ratio.

In 1980, ecologic findings that colorectal cancer mortality
rates in the United States were inversely associated with
sunlight exposure, with vitamin D as the suggested mecha-
nism (1), generated interest in the relation between vitamin
D and colorectal cancer. Recent reviews have concluded that
low serum vitamin D concentrations are associated with
increased risk of colorectal cancer (2–4); however, not all
reviews interpret the data to be consistent and convincing
(5).

Most prospective studies have supported the hypothesis
of an inverse association (6–14); however, differences exist
by anatomic subsite, and not all associations are statistically
significant. In addition, all but 1 (12) of 9 (6–14) prospective
studies matched subjects on the date of blood collection, but
only 4 (9–12) used additional techniques to adjust for sea-

sonal variation in vitamin D and its influence on the relation
between vitamin D and colorectal cancer.

In addition to dietary and supplemental sources, vitamin D
is synthesized from 7-dehydrocholesterol by the skin
when exposed to solar radiation (15) and is then hydroxyl-
ated in the liver to form 25-hydroxyvitamin D (25(OH)D),
the accepted biomarker of circulating vitamin D (16).
25(OH)D is further hydroxylated in the kidney and other
organs to its active form, 1,25-dihydroxyvitamin D
(1,25(OH)2D).

As part of a programmatic effort to comprehensively
evaluate biomarkers of vitamin D and cancer, we conducted
a nested case-control study within the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention (ATBC) Study, a cohort
study of male smokers in Finland. Multiple approaches were
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used to address the issues related to seasonal variation in
25(OH)D concentrations.

MATERIALS AND METHODS

Study population

The ATBC Study was a randomized, double-blind,
placebo-controlled, primary prevention trial involving daily
supplementation with a-tocopherol (50 mg/day), b-carotene
(20 mg/day), both, or placebo (17). From 1985 to 1988, the
ATBC investigators recruited 29,133 men aged 50–69 years
who smoked at least 5 cigarettes per day from southwestern
Finland (latitude of study area, 60�N–64�N). Study supple-
mentation continued for 5–8 years (median, 6.1 years) until
death or trial closure (April 30, 1993). The study was ap-
proved by the institutional review boards of the US National
Cancer Institute and the National Public Health Institute of
Finland. Written informed consent was obtained from each
participant prior to randomization.

Case identification and control selection

Cases (n¼ 428) were defined as incident colonic or rectal
adenocarcinoma (International Classification of Diseases,
Ninth Revision, codes 153 and 154, respectively), excluding
cancers of the appendix and anus and cancers of unknown
histology, identified through the Finnish Cancer Registry,
with follow-up through April 30, 2005. Cases from a prior
analysis (7) (diagnosed through November 1993) were
excluded; therefore, all but 8 cases were diagnosed after
November 1993. Three subjects who were diagnosed with
both colon and rectal cancer on the same day were included
in analyses of both sites, resulting in a total of 239 colon
cancers and 192 rectal cancers. Cases of distal colon cancer
(International Classification of Diseases, Ninth Revision,
codes 153.2 and 153.3) and rectal cancer were also com-
bined (n ¼ 292). For cases diagnosed through April 1999
(116 colon and 89 rectum), 2 study physicians reviewed
medical records for diagnostic confirmation and staging,
and 1 pathologist reviewed histolopathologic or cytologic
specimens where available. Information on colorectal
cancer cases diagnosed since May 1999 (123 colon and
103 rectum) was derived solely from the Finnish Cancer
Registry, which provides almost 100% case ascertainment
(18). Controls were alive and cancer-free at the time of case
diagnosis and were matched to cases (1:1) on age at
randomization (61 year) and date of baseline serum
collection (630 days).

Serum 25(OH)D determination

Fasting baseline serum samples were stored at –70�C.
25(OH)D was measured in early 2008 at Heartland Assays,
Inc. (Ames, Iowa) using the DiaSorin Liaison 25(OH)D
TOTAL assay platform by means of a direct, competitive
chemiluminescence immunoassay (19, 20).

Each batch contained matched case/control sets and 4 or 6
blinded quality control samples, consisting of either
standard reference material provided by the US National

Institute of Standards and Technology (21) or an ATBC serum
pool. Interbatch and intrabatch coefficients of variation,
calculated using a nested components-of-variance analysis
(22), were 12.7%–13.6% and 9.3%–11.0%, respectively, for
the standard reference material and 12.3% and 10.5%,
respectively, for the ATBC serum pool.

Statistical analysis

Wilcoxon rank-sum and chi-square tests (for continuous
and categorical variables, respectively) were used to com-
pare characteristics of cases and controls. Conditional logis-
tic regression was used to determine odds ratios and 95%
confidence intervals. The 25(OH)D concentrations were an-
alyzed using several different approaches. First, cutpoints
were defined on the basis of clinical definitions in the liter-
ature (15, 16, 23, 24) as <25, 25–<37.5, 37.5–<50, 50–
<75, and �75 nmol/L. The referent category was defined
as 50–<75 nmol/L because this includes the mean 25(OH)D
concentration of the US population (24) and is the referent
category used in several other analyses of 25(OH)D and
cancer (12, 25–30). Although the top category had few sub-
jects, it was retained because of interest in higher vitamin D
concentrations. Results from both the overall models and
those stratified on season of blood collection are presented
in this manner. The second approach used season-specific
quartiles of 25(OH)D, calculated on the basis of the distri-
bution among the colorectal controls split by season and
entered into the models as indicator variables. The third
approach used season-standardized 25(OH)D quartiles (de-
scribed below). Results from the latter 2 approaches are
presented with the lowest quartile as the referent category.
Tests for linear trend were conducted by assigning to each
category an ordinal value (1–5 or 1–4 as necessary) and then
treating this parameter as a continuous variable.

The vitamin D assays for this study were conducted in
conjunction with ATBC studies of other cancer sites, which
included a total of 1,221 controls. Based on monthly median
25(OH)D concentrations in this larger set of controls, season
was defined as the ‘‘darker months’’ (November–April)
versus the ‘‘sunnier months’’ (May–October). The season-
standardized 25(OH)D values were calculated by regressing
log-transformed 25(OH)D concentration against calendar
week of blood collection in the 1,221 controls, using a lo-
cally weighted polynomial regression method, and creating
quartiles of the residuals (20, 31). This method was also
used to create a smoothed plot of predicted 25(OH)D values
by calendar week of blood collection in the 1,221 controls.

Variables assessed for confounding included those shown
in Table 1, as well as coastal residence, urban residence,
marital status, education, vocational training, tooth loss,
and intakes of butter, poultry, alcohol, iron, folate, and pyr-
idoxine. Potential confounders were defined as covariables
that were associated with either colon or rectal cancer or
produced a>10% change in the 25(OH)D coefficients when
added to the univariate models, and which were not likely to
be direct determinants of 25(OH)D (e.g., vitamin D intake
or supplement use). All potential confounders were then
considered jointly and removed from the models if that pro-
duced a <10% change in the 25(OH)D coefficients
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Table 1. Selected Baseline Characteristics of Cases and Controls, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, Finland, 1985–2005

Characteristic

Colon Rectum

Cases (n 5 239) Controls (n 5 239)
P Valuea

Cases (n 5 192) Controls (n 5 192)
P Valuea

Median IQR % Median IQR % Median IQR % Median IQR %

Age, yearsb 58 54–61 58 54–61 57 53–62 57 53–62

Height, cm 174 170–178 174 170–177 0.43 174 170–178 174 169–178 0.77

Weight, kg 81.2 71.3–89.6 77.1 70.7–86.1 0.02 77.9 69.1–86.1 77.1 70.0–84.9 0.77

Body mass indexc 26.6 24.1–29.8 26.0 23.7–28.4 0.04 25.7 23.3–28.5 25.6 23.7–27.7 0.81

Physical activity (heavy)

Leisure 4.2 8.8 0.08 7.3 7.3 0.98

Occupational 6.3 6.7 0.85 7.8 11.5 0.23

Family history of
colorectal cancerd

4.8 1.5 0.06 1.5 0.6 0.47

Smoking amount,
cigarettes/day

20 12–25 20 12–20 0.29 20 15–25 20 15–22 0.97

Smoking duration,
years

38 30–42 37 31–42 0.70 36 32–42 36 30–42 0.42

Blood collected in
darker months
(November–April)b

69.5 66.5 61.5 62.0

Supplement use

Calcium (yes) 8.8 9.2 0.28 13.0 13.0 0.58

Vitamin D (yes) 6.7 5.9 0.16 8.9 10.9 0.68

Daily dietary intakee

Energy, kcal 2,531 2,086–3,102 2,648 2,214–3,160 0.31 2,622 2,149–3,138 2,549 2,136–3,061 0.57

Milk, g 0 0–340 0 0–340 0.83 0 0–340 13.3 0–460 0.23

Fish, g 31.0 21.5–46.8 34.9 20.6–56.3 0.36 34.0 20.7–54.0 32.7 20.3–47.9 0.22

Vitamin D, lg 4.7 3.3–6.8 5.0 3.2–7.1 0.69 4.9 3.1–7.0 4.6 3.3–6.2 0.29

Calcium, mg 1,316 966–1,728 1,354 1,007–1,775 0.37 1,303 966–1,578 1,378 1,016–1,708 0.17

Serum biomarkers

25(OH)D, nmol/L 32.4 22.5–49.3 29.6 20.5–45.7 0.14 34.6 21.3–50.9 31.2 22.1–45.6 0.63

a-tocopherol, mg/L 11.7 9.9–13.4 11.7 10.4–14.0 0.14 11.5 9.4–13.7 11.2 9.8–13.5 0.98

b-carotene, lg/L 159 104–256 193 127–299 0.001 167 105–263 184 131–280 0.08

Total cholesterol,
mmol/L

6.14 5.47–6.93 6.28 5.54–7.20 0.28 6.13 5.33–6.89 6.17 5.57–6.93 0.35

Retinol, lg/L 602 520–683 572 505–662 0.06 580 500–655 572 494–670 0.90

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; IQR, interquartile range.
a Based on the chi-squared test (for categorical variables) or the Wilcoxon rank-sum test (for continuous variables). All P values were 2-sided.
b Matching factor.
c Weight (kg)/height (m)2.
d Family history of colon or rectal cancer, respectively; data were available for 82% of the colon cancer set and 78% of the rectal cancer set.
e Dietary data were available on 95% of subjects.
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(analyses were conducted separately for each outcome and
each season). The resulting confounders for colon cancer
were serum a-tocopherol, b-carotene, and retinol, and the
confounders for rectal cancer were serum a-tocopherol,
b-carotene, and years of smoking. Given the similarity be-
tween the colon and rectal cancer confounders and because
the 25(OH)D risk estimates were not affected when all 4
covariables were included, these 4 identified confounders
were retained in all models.

Stratum-specific subgroup models were fitted using the
25(OH)D season-specific quartile variable, with the lowest
quartile serving as the referent category. Models stratified
into separate subgroups based on age, body mass index,
number of cigarettes smoked per day, calcium intake, serum
a-tocopherol, b-carotene, and retinol concentrations (split at
the median), physical activity, and a-tocopherol and b-car-
otene intervention groups were fitted using unconditional
multivariate logistic regression, with additional adjustment
for the matching factors. Analyses stratified on date of the
case diagnosis (split at the median diagnosis date of Novem-
ber 15, 1999, for both colon and rectal cancer cases) were
conducted conditionally. We evaluated effect modification
statistically by comparing models with and without a cross-
product term of 25(OH)D (categorical) and the effect mod-
ifier, using the log-likelihood test. Statistical analyses were

performed using SAS software, version 9.1.3 (SAS Institute,
Inc., Cary, North Carolina), and all P values were 2-sided.

RESULTS

Colon cancer cases had significantly higher average
weight and body mass index and a lower serum b-carotene
concentration than their respective controls, while rectal
cancer cases did not differ from controls with respect to
any of the baseline characteristics (Table 1). When colon
and rectal cancer cases were combined, colorectal cancer
cases had significantly higher weight (P¼ 0.04) and a lower
serum b-carotene concentration (P ¼ 0.0004) than controls.
Both colon and rectal cancer cases had nonsignificantly
higher 25(OH)D concentrations than controls (9.5% (P ¼
0.14) and 10.9% (P ¼ 0.63), respectively).

Figure 1 shows the expected seasonal variation in
25(OH)D concentrations, with values decreasing through
the fall, being lowest in the winter months, and rising in late
spring and early summer. There was substantial between-
subject variation, however, such that high and low 25(OH)D
concentrations were evident throughout the year. The median
25(OH)D concentration among controls with blood drawn in
the darker months (November–April) was 27.8 nmol/L (in-
terquartile range, 17.9–42.3), with a corresponding value for

Figure 1. Serum 25-hydroxyvitamin D (25(OH)D) concentrations according to calendar week of blood collection in the Alpha-Tocopherol, Beta-
Carotene Cancer Prevention (ATBC) Study, Finland, 1985–2005. Each circle represents an individual 25(OH)D measurement, and the smoothed
line shows the predicted 25(OH)D values calculated using locally weighted polynomial regression. Results were obtained among 1,221 controls
(including colorectal controls) from several ATBC nested substudies with blood samples assayed in the same laboratory at the same time.
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the sunnier months (May–October) of 41.7 nmol/L (inter-
quartile range, 29.3–56.1). Serum was collected from few
ATBC Study participants in June and August, and none was
collected during July.

We observed no significant association between 25(OH)D
concentration and colorectal, colon, or rectal cancer using
the a priori defined cutpoints (Table 2), although the general
pattern was for reduced risks within the lower 25(OH)D
categories. Compared with the referent group, men with
a 25(OH)D concentration less than 25 nmol/L had an ap-
proximately 30% lower colorectal cancer risk that was
nearly statistically significant. The odds ratios comparing
the highest 25(OH)D category (>75 nmol/L) with the low-
est (<25 nmol/L) were 1.47 (95% CI: 0.72, 3.01), 2.28 (95%
CI: 0.77, 6.78), and 1.19 (95% CI: 0.43, 3.28) for colorectal
cancer, colon cancer, and rectal cancer, respectively. Com-
bining distal colon cancer cases and rectal cancer cases pro-
duced patterns similar to those presented in Table 2 (data not
shown), and there were few differences by season of blood
collection in any of these models (Table 2).

Based on season-specific quartiles, the risk of colon cancer
was significantly elevated for higher 25(OH)D concentrations
(Ptrend¼ 0.01; Table 3), with a similar pattern being observed
for colorectal cancer (Ptrend¼ 0.02; data not shown). Elevated
colon cancer risk was also noted for the higher quartiles in the
season-standardized models (Table 3), although the colorec-
tal cancer association was weaker (Ptrend ¼ 0.12; data not
shown). These risk patterns for colon cancer were similar
for subjects with blood drawn during the darker months
and subjects with blood drawn during the sunnier months,
but only in the darker months were the associations statisti-
cally significant (in the season-specific and season-standard-
ized models, odds ratios for the highest quartile versus the
lowest were 2.26 (95% confidence interval (CI): 1.12, 4.57;
Ptrend ¼ 0.03) and 2.10 (95% CI: 1.08, 4.10; Ptrend ¼ 0.08),
respectively). Threshold relations were suggested whereby
subjects in the lowest quartiles had the lowest colon cancer
risk. The rectal cancer association was generally null in the
season-specific, season-standardized, and season-stratified
(not shown) models, although the odds ratios for the second
quartile versus the first quartile were significantly reduced
(Table 3).

Exploratory stratum-specific subgroup analyses for colon
cancer indicated greater elevated risk for the highest season-
specific quartile versus the lowest among older men (i.e.,
age >57 years; odds ratio (OR) ¼ 2.13, 95% CI: 1.03, 4.39)
and subjects in the a-tocopherol supplementation arm
(OR ¼ 2.67, 95% CI: 1.21, 5.88). For rectal cancer, risk
appeared greater for the highest quartile among men with
higher serum b-carotene concentrations (�185 lg/L; OR ¼
1.74, 95% CI: 0.69, 4.37) and those in the b-carotene sup-
plementation arm (OR¼ 1.66, 95% CI: 0.68, 4.04). None of
the tests for interaction by stratum were statistically signif-
icant, however. Risk of rectal cancer (but not colon cancer)
appeared to differ on the basis of follow-up year of case
diagnosis (highest quartile vs. lowest: for cases diagnosed
through November 1999, OR ¼ 2.24, 95% CI: 0.75, 6.67;
for cases diagnosed after November 1999, OR ¼ 0.59, 95%
CI: 0.23, 1.52). However, this interaction was not
statistically significant (P ¼ 0.13).

DISCUSSION

Neither colon cancer risk nor rectal cancer risk was in-
versely associated with circulating 25(OH)D concentra-
tions. In fact, most odds ratios for categories below the
referent level (50–<75 nmol/L) suggested lower risk. Re-
sults from analyses using season-specific and seasonally
adjusted 25(OH)D cutpoints yielded similar patterns, with
significantly elevated risks of colon cancer in the higher
quartiles, although rectal cancer risk was significantly re-
duced in the second quartile versus the first quartile. Across
all models, risk patterns did not differ consistently by season
of blood collection.

Vitamin D plays a role in calcium homeostasis and reg-
ulation of bone mineralization by enhancing the absorption
of calcium in the kidney and intestine (15), and higher
calcium intake has been associated with reduced colorectal
cancer risk (5). Besides its impact on calcium metabolism,
higher vitamin D status may protect against cancer by re-
ducing cellular proliferation and angiogenesis or inducing
differentiation and apoptosis (15). Vitamin D could also act
locally in the colon to inhibit carcinogenesis, since both 1-
a-vitamin D hydroxylase, the enzyme that metabolizes
25(OH)D to 1,25(OH)2D, and the vitamin D receptor, which
binds the active 1,25(OH)2D molecule, are expressed in the
colon and elsewhere (15), and direct binding of harmful
secondary bile acids by vitamin D receptor and activation
of detoxifying enzymes has been shown (32). However, our
findings are not consistent with these hypotheses of a pro-
tective association for vitamin D.

Clinical trials of vitamin D supplementation and colorec-
tal cancer have been limited, and results do not support
a beneficial effect for higher exposure (14, 33, 34). For
example, in the Women’s Health Initiative, the hazard ratio
for colorectal cancer incidence after 7 years of supplemen-
tation with vitamin D (400 IU) and calcium (1,000 mg) was
1.08 (95% CI: 0.86, 1.34); however, all participants were
permitted to self-supplement, complicating the trial’s inter-
pretation (14). Research on polymorphisms in vitamin D
pathway genes, especially the vitamin D receptor, is incon-
sistent for colorectal cancer (35), as is evidence for an as-
sociation with vitamin D intake (36). In only 4 of 12
prospective studies did investigators report lower colorectal
cancer risk with higher vitamin D intakes (2), and risk was
decreased by only 6% in a meta-analysis of dietary vitamin
D (37).

Because the substantial contribution of sun exposure to
vitamin D status is not captured in dietary studies, circulat-
ing 25(OH)D is a more accurate measure of overall vitamin
D exposure. Prospective studies generally indicate an asso-
ciation between higher 25(OH)D concentrations and re-
duced colorectal cancer risk (6–14, 38) or mortality (39)
or improved survival (40)—findings that are also supported
by a recent meta-analysis (41). However, many reported risk
estimates are not statistically significant, and some differ
within study by anatomic subsite. While the majority of
studies have observed inverse associations for 25(OH)D,
risks or trends were significantly inverse in only 4 (11–14)
of 7 prospective colorectal cancer studies (7, 9–14), 2 (10,
12) of 8 colon cancer studies (6–13), and 3 (9) (men only)
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Table 2. Odds Ratios for the Association Between Serum 25-Hydroxyvitamin D and Risks of Colon and Rectal Cancer Obtained Using A Priori

Defined Cutpoints, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, Finland, 1985–2005

25-Hydroxyvitamin D Concentration, nmol/L

Ptrend
a<25.0 25.0–<37.5 37.5–<50.0 50.0–<75.0 ‡75.0

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Colorectal Cancer

Total

No. of cases/no. of controls 143/155 105/105 73/77 85/72 22/19

Crude OR 0.77 0.51, 1.14 0.85 0.56, 1.27 0.79 0.50, 1.25 1.00 Reference 1.01 0.51, 2.02 0.22

Multivariate-adjusted ORb 0.68 0.45, 1.03 0.78 0.51, 1.20 0.78 0.49, 1.25 1.00 Reference 1.00 0.49, 2.03 0.07

Darker monthsc

No. of cases/no. of controls 115/126 71/66 48/48 40/37 7/7

Crude OR 0.78 0.47, 1.30 0.93 0.53, 1.61 0.86 0.47, 1.57 1.00 Reference 0.88 0.27, 2.87 0.40

Multivariate-adjusted OR 0.75 0.45, 1.27 0.94 0.53, 1.67 0.90 0.48, 1.68 1.00 Reference 0.91 0.27, 3.08 0.27

Sunnier monthsd

No. of cases/no. of controls 28/29 34/39 25/29 45/38 15/12

Crude OR 0.81 0.40, 1.65 0.75 0.40, 1.38 0.72 0.36, 1.46 1.00 Reference 1.07 0.45, 2.52 0.35

Multivariate-adjusted OR 0.58 0.26, 1.27 0.56 0.28, 1.12 0.61 0.29, 1.27 1.00 Reference 0.98 0.39, 2.43 0.10

Colon Cancer

Total

No. of cases/no. of controls 77/87 63/60 40/44 47/40 12/8

Crude OR 0.73 0.42, 1.25 0.89 0.53, 1.50 0.76 0.42, 1.38 1.00 Reference 1.32 0.48, 3.60 0.22

Multivariate-adjusted OR 0.63 0.36, 1.12 0.91 0.52, 1.59 0.73 0.39, 1.36 1.00 Reference 1.44 0.49, 4.26 0.11

Darker months

No. of cases/no. of controls 62/70 46/43 28/28 25/21 5/4

Crude OR 0.73 0.38, 1.44 0.90 0.46, 1.75 0.83 0.38, 1.79 1.00 Reference 1.10 0.23, 5.27 0.36

Multivariate-adjusted OR 0.65 0.32, 1.31 0.90 0.44, 1.84 0.78 0.35, 1.75 1.00 Reference 1.00 0.19, 5.18 0.24

Sunnier months

No. of cases/no. of controls 15/17 17/17 12/16 22/19 7/4

Crude OR 0.74 0.28, 1.96 0.88 0.37, 2.10 0.67 0.26, 1.73 1.00 Reference 1.44 0.38, 5.47 0.40

Multivariate-adjusted OR 0.48 0.15, 1.54 0.66 0.23, 1.90 0.49 0.16, 1.48 1.00 Reference 2.14 0.44, 10.35 0.12

Rectal Cancer

Total

No. of cases/no. of controls 68/70 42/46 33/33 39/32 10/11

Crude OR 0.79 0.44, 1.44 0.74 0.39, 1.41 0.82 0.41, 1.68 1.00 Reference 0.77 0.29, 2.02 0.58

Multivariate-adjusted OR 0.64 0.34, 1.22 0.58 0.29, 1.17 0.84 0.40, 1.75 1.00 Reference 0.76 0.28, 2.07 0.21

Darker months

No. of cases/no. of controls 55/58 25/24 20/20 16/13 2/3

Crude OR 0.80 0.36, 1.75 0.85 0.32, 2.23 0.83 0.31, 2.21 1.00 Reference 0.58 0.09, 3.87 0.74

Multivariate-adjusted OR 0.68 0.29, 1.59 0.70 0.24, 2.02 0.99 0.35, 2.84 1.00 Reference 0.74 0.10, 5.47 0.34

Sunnier months

No. of cases/no. of controls 13/12 17/22 13/13 23/19 8/8

Crude OR 0.91 0.31, 2.61 0.64 0.27, 1.55 0.85 0.29, 2.45 1.00 Reference 0.87 0.28, 2.72 0.64

Multivariate-adjusted OR 0.81 0.24, 2.66 0.61 0.23, 1.65 0.94 0.30, 2.90 1.00 Reference 0.85 0.25, 2.93 0.58

Abbreviations: CI, confidence interval; OR, odds ratio.
a All P values were 2-sided.
b Conditional logistic regression models with adjustment for years of smoking and serum a-tocopherol, b-carotene, and retinol concentrations.
c November–April.
d May–October.
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(11, 13) of 6 rectal cancer studies (7, 9–13). Investigators in
2 studies reported nonsignificant positive associations for
colon cancer (OR ¼ 2.1, P-trend ¼ 0.12) (9) and rectal
cancer (OR ¼ 3.32, P-trend ¼ 0.08) (10). By far the largest
study was the European Prospective Investigation into Can-
cer and Nutrition (EPIC), with 785 colon cancer cases and
463 rectal cancer cases; however, even with such large num-
bers, the inverse association for rectal cancer failed to reach
statistical significance (12). With regard to subsite differ-
ences, inverse associations were significant for colon cancer
only in EPIC (12) and the Health Professionals Follow-up
Study (10) and, for rectal cancer, only in the Multiethnic
Cohort Study (11) and a Japanese cohort study (9). Our
findings indicate a significant positive association for colon
cancer only. Interestingly, the 2 studies with significant
inverse findings for rectal cancer either included a large
percentage of Japanese Americans (11) or consisted entirely
of Japanese participants (9). Other than the Multiethnic
Cohort Study, which also included participants from Latino,
African-American, and white populations but showed no
evidence of heterogeneity among the racial/ethnic groups
(11), data on minority groups are lacking.

Blood concentrations of 25(OH)D vary substantially by
season (42), and we noted such a pattern, with the highest
25(OH)D concentrations being observed in the summer and
fall. We used a multifaceted approach to adjust for this vari-
ation in our analyses, including tightly matching controls to

cases on the date of blood collection (within 30 days), con-
ducting season-stratified analyses, and using season-specific
cutpoints, to decrease the influence of date of blood collection
on quantile placement. In a simulation study, the association
between 25(OH)D and disease risk was biased toward the null
when seasonal variation was ignored but biased away from
the null when results were adjusted for season of blood col-
lection, but quantiles were not based on season-specific cut-
points (43). We also calculated season-standardized 25(OH)D
values as residuals from a regression on date of blood col-
lection. Our findings were generally similar across all ap-
proaches, although the positive association for colon cancer
was statistically significant only in the season-specific and
season-standardized models, which may have more pre-
cisely adjusted for season-related sun exposure. All but 1
(12) of the previous prospective serologic studies matched
subjects on the date of blood collection, but only 4 included
additional adjustment for seasonal variation in 25(OH)D (9–
12): EPIC adjusted for season of blood collection and used
season-standardized values (12), 1 study tested season-spe-
cific cutpoints (11), and 2 studies conducted season-strati-
fied analyses (9, 10). In the Health Professionals Follow-up
Study, an inverse relation between 25(OH)D and colorectal
cancer was observed based only on blood collected during
the winter months (10).

In contrast to the present findings, an early analysis within
the ATBC Study suggested an inverse association,

Table 3. Odds Ratios for the Association Between Serum 25-Hydroxyvitamin D and Risks of Colon and Rectal Cancer Obtained Using Season-

Specific and Season-Standardized (Residuals) Quartiles, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, Finland, 1985–2005

Quartile of 25-Hydroxyvitamin D Concentration

Ptrend
a1 2 3 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Colon cancer

Season-specific modelb

No. of cases/no. of controls 49/72 57/50 65/58 68/59

Multivariate-adjusted ORc 1.00 Reference 1.97 1.13, 3.45 1.96 1.14, 3.36 2.11 1.20, 3.69 0.01

Season-standardized modeld

No. of cases/no. of controls 54/71 61/51 54/55 70/62

Multivariate-adjusted OR 1.00 Reference 1.77 1.01, 3.08 1.39 0.81, 2.40 1.88 1.07, 3.28 0.06

Rectal cancer

Season-specific model

No. of cases/no. of controls 48/37 39/58 48/50 57/47

Multivariate-adjusted OR 1.00 Reference 0.46 0.24, 0.88 0.78 0.41, 1.51 1.18 0.62, 2.26 0.31

Season-standardized model

No. of cases/no. of controls 51/37 35/57 49/53 57/45

Multivariate-adjusted OR 1.00 Reference 0.41 0.21, 0.77 0.69 0.37, 1.28 1.13 0.61, 2.07 0.57

Abbreviations: CI, confidence interval; OR, odds ratio; Q, quartile.
a All P values were 2-sided.
b Cutpoints for season-specific quartiles: darker months (November–April)—Q1, �18.3; Q2, >18.3 and �26.9; Q3, >26.9 and �42.0;

Q4, >42.0 nmol/L; sunnier months (May–October)—Q1, �27.0; Q2, >27.0 and �38.7; Q3, >38.7 and �53.4; Q4, >53.4 nmol/L.
c Conditional logistic regression models with adjustment for years of smoking and serum a-tocopherol, b-carotene, and retinol concentrations.
d Cutpoints for season-standardized quartiles: Q1, �3.10; Q2, >3.10 and �3.47; Q3, >3.47 and �3.85; Q4, >3.85. Season-standardized

quartiles were created by calculating residuals from the regression line of log-transformed 25-hydroxyvitamin D concentration against calendar

week of blood collection.
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particularly for 25(OH)D and rectal cancer, although risk
estimates were based on only 146 cases and up to 8 years of
follow-up and were not statistically significant (7). The ear-
lier study used a radioimmunoassay to measure 25(OH)D,
but the coefficients of variation and the average 25(OH)D
concentrations were similar to those presented here, and
applying similarly derived cutpoints from the earlier analy-
sis to the present data yielded risk patterns consistent with
the current findings. For example, odds ratios for quartiles
1–4 were 1.0 (reference), 1.41, 1.86, and 1.71 (95% CI for
quartile 4: 0.95, 3.07) for colon cancer and 1.0, 0.58, 1.02,
and 1.41 (95% CI for quartile 4: 0.72, 2.76) for rectal cancer.
Given the shorter observation period, reverse causality
could have influenced the previous results to some degree;
however, exclusion of cases diagnosed within 2 years of
blood collection did not attenuate those risks, and we found
no evidence of reduced risks with higher 25(OH)D for sub-
jects in the present analysis with shorter follow-up.

Our findings could have been due to the low vitamin D
status of the study population, which was a consequence of
the high latitude’s limiting synthesis of vitamin D in skin,
especially during the winter (44), very few blood collections
in the summer months, and low use of supplemental vitamin
D. However, 2 other studies that observed a nonsignificantly
increased risk with higher 25(OH)D for colon (9) and rectal
(10) cancer had higher 25(OH)D concentrations than were
found in ATBC. Other studies have reported increased risk
of pancreatic (30, 45, 46) and upper gastrointestinal (47, 48)
cancer with higher 25(OH)D concentrations in ATBC and
other populations. The risk patterns in the current ATBC
colorectal analysis differed from those in the EPIC analysis
of Europeans (12), which used similar a priori defined cut-
points and the same referent category as our analysis. More
than half of the EPIC participants were current or former
smokers, and while adjustment for smoking status did not
appear to alter the risk estimates, results stratified on smok-
ing status were not presented in the published article (12).

The 25(OH)D biomarker integrates vitamin D exposure
from diet, supplements, and sunlight, with an approximately
2- to 3-week half-life (2). The prospective evaluation of
25(OH)D 8–20 years after baseline minimized any effect
of cancer on vitamin D status, but the long follow-up could
be a limitation if exposures changed over time. Differences
in the length of follow-up among studies do not appear to
explain inconsistencies in the results found across studies.
As with most prospective studies, we relied on a single
measurement of 25(OH)D to represent long-term vitamin
D exposure; however, correlations of 0.52–0.70 have been
reported for 25(OH)D measured in samples collected 3–14
years apart (49–51). Another limitation, due to the design of
the parent study, was that the analysis included only male
smokers, leaving open the possibility that the vitamin D-
colorectal cancer relation is somehow altered among
smokers and that our findings may not be generalizable to
nonsmoking populations or to women. Some investigators
have reported gender differences in the vitamin D-colorectal
cancer association (9, 10), while others have not (11, 12).
Whether an interaction with smoking exists has not been
adequately addressed, and future researchers should exam-
ine this issue, especially given that approximately 20% of

the US population currently smokes (52). Few cohort stud-
ies will have the statistical power to prospectively examine
vitamin D-cancer associations among smokers; however,
planned pooled analyses should be able to address this issue.

In summary, high 25(OH)D concentrations were not as-
sociated with lower risk of colorectal cancer in this prospec-
tive study. In fact, our data suggested greater colon cancer
risk in men with higher circulating 25(OH)D concentra-
tions. This could have resulted from the very long period
of observation, the fact that the cohort consisted solely of
smokers, or the low overall vitamin D status of this popu-
lation, although insufficiently high levels might be expected
to yield a null finding. In future studies, researchers should
specifically examine the association by smoking status, sex,
and race/ethnicity and should employ rigorous methods
to adjust and control for seasonal variation in circulating
vitamin D concentrations.
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