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Introduction
Ecologic studies support an inverse association between
sunlight exposure and incidence of prostate cancer (1-3).
Because sun exposure is the major source of human
vitamin D production, several authors have hypothesized that the link between reduced prostate cancer
incidence and increased sun exposure may be increased
vitamin D levels (4, 5). Laboratory studies show that both
the circulating form of vitamin D, 25-hydroxyvitamin D
and the hormonal form 1,25-dihydroxyvitamin D, can
inhibit the proliferation and invasiveness of prostate
cancer cells in culture (6, 7). Nevertheless, few large
prospective epidemiology studies have supported the
hypothesis that circulating levels of 25-hydroxyvitamin
D are associated with the development of prostate cancer
(8-14). Of the studies that have shown an inverse
association, two were conducted in Nordic countries,
where a significant percentage of the population is
vitamin D deficient as measured by serum 25-hydroxyvitamin D levels (9, 14). In this study, we examined this
relationship in a nested case-control study of Finnish
male participants of a large intervention trial, the aTocopherol, h-Carotene Prevention Study.

Materials and Methods
Study Population. The a-Tocopherol, h-Carotene Prevention Study enrolled 29,133 males residing in south-
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western Finland in 1985 to 1988 who were 50 to 69 years
old and current smokers (i.e., at least five cigarettes per
day) at entry. This study was a randomized, placebocontrolled, double-blind trial that examined the effect
of daily supplementation of either a-tocopherol (50 mg),
h-carotene (20 mg), both, or placebo for 5 to 8 years
(mean duration, 6.1 years) on incidence of lung and other
cancers. The a-Tocopherol, h-Carotene Prevention Study
was approved by the institutional review boards of the
U.S. National Cancer Institute and the National Public
Health Institute of Finland.
The rationale, design, and main findings of the aTocopherol, h-Carotene Prevention Study have been
published elsewhere (15-17). A fasting serum sample
was collected at baseline, as was health, demographic,
and life-style information. Postintervention, the cohort
was followed for cancer incidence through the national
Finnish Cancer Registry. A nested case-control sample
set was constructed from the 29,133 men who provided a
baseline fasting blood sample. Of those prostate cancer
cases diagnosed during the intervention or follow-up
period, 296 were randomly selected and, using incidence
density sampling, matched 1:1 to controls on age (F1 year),
study clinic, treatment group, and date of blood draw
(F28 days). The medical records of each case were
centrally reviewed by two study oncologists to confirm
diagnosis and stage. Both histologic and cytologic gradings
were determined by a central review of prostate cancer
specimens. Of the cases, 30.2% were diagnosed with
grade I disease, 46.8% with grade II, and 23.0% with
grade III. Additionally, 26.6% of cases were diagnosed
with stage I disease, 39.8% with stage II, 13.5% with
stage III, and 20.1% with stage IV.
25-Hydroxyvitamin D Serum Assay. Serum levels of
25-hydroxyvitamin D were assessed using the OCTEIA
25-hydroxyvitamin D direct ELISA kits (IDS, Inc.).
Matched case and control samples were included on
the same plate (placed side by side in adjacent wells) and
assayed in duplicate. In addition, quality control serum
aliquots (n = 49) were obtained from a pool of sera from a
sample of noncases in the a-Tocopherol, h-Carotene
Prevention cohort and placed throughout the ELISA
plates. Laboratory personnel were blind to both the
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Table 1. Odds ratios (95% confidence intervals) of prostate cancer by quartile of baseline serum 25hydroxyvitamin D (ng/mL)

Cases/controls
Range, 25-hydroxyvitamin D (ng/mL)
Unadjusted odds ratio (95% confidence interval)
Adjusted* odds ratio (95% confidence interval)

Quartile 1

Quartile 2

Quartile 3

Quartile 4

P trend

83/75
V14.79
1.00
1.00

69/73
14.80-18.82
0.81 (0.45-1.47)
0.88 (0.48-1.61)

57/74
18.83-23.98
0.57 (0.30-1.06)
0.59 (0.31-1.11)

87/75
>23.98
0.87 (0.49-1.57)
0.89 (0.49-1.62)

0.99
0.97

*Adjusted for age at randomization, body mass index, and pack-years of smoking.

case-control status of the samples and to the plate
location of the quality control aliquots. The average
intrabatch coefficient of variance for this assay was 5.3%,
and the interbatch coefficient of variance was 8.4%.
Statistical Analysis. Baseline characteristics of cases
and controls were compared by the t test or Wilcoxon
rank sum test for continuous variables and the m2 test
for categorical variables. Conditional logistic regression
was used to estimate odds ratios and 95% confidence
intervals for the association between baseline serum
25-hydroxyvitamin D levels and prostate cancer in relation to quartiles of 25-hydroxyvitamin D with the lowest
quartile as the reference category. Quartile cut points
were determined by examining the distribution of
25-hydroxyvitamin D levels among the controls. Confounders were included in the multivariate model if
they changed the 25-hydroxyvitamin D estimate by
>10%. To test effect modification on a multiplicative
scale, the cross-product interaction term was included
in the multivariate regression model and the variable
also was examined by stratified analysis. Among the
cases, we also examined the association of 25-hydroxyvitamin D levels with disease stage, grade, time from
blood collection to diagnosis of prostate cancer, and
disease-specific survival. A two-sided a with a P-value
cutoff of 0.05 and 95% confidence intervals were used to
test statistical significance. The study had 95% power
to detect a 12% difference in mean baseline serum
25-hydroxyvitamin D levels between cases and controls
and 80% power to detect a 12% risk decrease across
quartiles of baseline serum 25-hydroxyvitamin D serum
levels. Statistical analyses were done using Statistical
Analysis Systems software package PC SAS 8.2 (SAS
Corp.).

found no significant effect. In addition, among cases, 25hydroxyvitamin D levels were not associated with
tumor grade, stage, days from blood collection to
diagnosis, or disease-specific survival (data not shown).
This study population has the advantage of being nested
within a large prospective cohort with complete disease
ascertainment (through the study and the Finland
Cancer Registry) and over 19 years of active follow-up,
with an average of 9.26 person-years for individuals
included here. In addition, the vitamin D status of this
Finnish population is skewed to the low end with >25%
deficient by conservative standards. In spite of this, we
did not observe a significant association between serum
25-hydroxyvitamin D and prostate cancer risk. Our
results are in contrast to other similar reports from
Finland (9, 14). Ahonen et al. showed increased risk of
prostate cancer for men with 25-hydroxyvitamin D
levels below the median of 40 nmol/L or 16 ng/mL,
with even greater risk for men <52 years (9), whereas
Touhimaa et al. detected increased risk only for men
with 25-hydroxyvitamin D <7.6 ng/mL or >32 ng/mL
(14). The median of 25-hydroxyvitamin D levels in our
study are similar to those of Ahonen (9), yet we did not
detect an association or modification of the association
with age. Our results are in agreement with most of the
other large studies that have examined an association
between 25-hydroxyvitamin D and prostate cancer
incidence and/or tumor characteristics (8, 10-13). These
findings and the inconsistency of this relationship as
reported in the literature cast doubt on the hypothesis
that low vitamin D status is etiologically associated with
prostate cancer.

References
1.

Results and Conclusions
Cases and controls did not differ by baseline 25hydroxyvitamin D serum levels (cases 18.54 ng/mL,
controls 18.73 ng/mL; P = 0.80). The mean serum
concentration among the controls was slightly lower
than that reported for a similar U.S. study population
(13) and >25% of our study population would be
considered vitamin D deficient even by conservative
standards (<15 ng/mL). As seen in Table 1, there was no
significant association of prostate cancer incidence with
quartile of 25-hydroxyvitamin D. In multivariate analysis, adjustment for age, body mass index, and smoking
pack-years did not change the estimate. Because others
have reported a stronger association of 25-hydroxyvitamin D levels with prostate cancer among younger
patients (9), we evaluated age as an effect modifier but

2.
3.
4.
5.
6.

7.

Hanchette CL, Schwartz GG. Geographic patterns of prostate cancer
mortality. Evidence for a protective effect of ultraviolet radiation.
Cancer 1992;70:2861 – 9.
Schwartz GG, Hanchette CL. UV, latitude, and spatial trends in
prostate cancer mortality: all sunlight is not the same (United States).
Cancer Causes Control 2006;17:1091 – 101.
Vercelli M, Quaglia A, Marani E, Parodi S. Prostate cancer incidence
and mortality trends among elderly and adult Europeans. Crit Rev
Oncol Hematol 2000;35:133 – 44.
Giovannucci E. The epidemiology of vitamin D and cancer incidence
and mortality: a review (United States). Cancer Causes Control 2005;
16:83 – 95.
Schwartz GG. Vitamin D and the epidemiology of prostate cancer.
Semin Dial 2005;18:276 – 89.
Schwartz GG, Wang MH, Zang M, Singh RK, Siegal GP.
1 a,25-Dihydroxyvitamin D (calcitriol) inhibits the invasiveness of
human prostate cancer cells. Cancer Epidemiol Biomarkers Prev
1997;6:727 – 32.
Barreto AM, Schwartz GG, Woodruff R, Cramer SD. 25-Hydroxyvitamin D3, the prohormone of 1,25-dihydroxyvitamin D3, inhibits
the proliferation of primary prostatic epithelial cells. Cancer
Epidemiol Biomarkers Prev 2000;9:265 – 70.

Cancer Epidemiol Biomarkers Prev 2007;16(12). December 2007

Downloaded from cebp.aacrjournals.org on April 22, 2021. © 2007 American Association for Cancer Research.

2785

2786

25-Hydroxyvitamin D and Prostate Cancer in Finnish Men

Nomura AM, Stemmermann GN, Lee J, et al. Serum vitamin D
metabolite levels and the subsequent development of prostate cancer
(Hawaii, United States). Cancer Causes Control 1998;9:425 – 32.
9. Ahonen MH, Tenkanen L, Teppo L, Hakama M, Tuohimaa P.
Prostate cancer risk and prediagnostic serum 25-hydroxyvitamin D
levels (Finland). Cancer Causes Control 2000;11:847 – 52.
10. Gann PH, Ma J, Hennekens CH, et al. Circulating vitamin D
metabolites in relation to subsequent development of prostate cancer.
Cancer Epidemiol Biomarkers Prev 1996;5:121 – 6.
11. Li H, Stampfer MJ, Hollis JB, et al. A Prospective Study of Plasma
Vitamin D Metabolites, Vitamin D Receptor Polymorphisms, and
Prostate Cancer. PLoS Med 2007;4:e103.
12. Ma J, Stampfer MJ, Gann PH, et al. Vitamin D receptor polymorphisms, circulating vitamin D metabolites, and risk of prostate cancer
in United States physicians. Cancer Epidemiol Biomarkers Prev 1998;
7:385 – 90.
8.

13. Platz EA, Leitzmann MF, Hollis BW, Willett WC, Giovannucci E.
Plasma 1,25-dihydroxy- and 25-hydroxyvitamin D and subsequent
risk of prostate cancer. Cancer Causes Control 2004;15:255 – 65.
14. Tuohimaa P, Tenkanen L, Ahonen M, et al. Both high and low levels
of blood vitamin D are associated with a higher prostate cancer risk:
a longitudinal, nested case-control study in the Nordic countries. Int J
Cancer 2004;108:104 – 8.
15. The a-Tocopherol, h-Carotene Cancer Prevention Study Group. The
effect of vitamin E and h carotene on the incidence of lung cancer and
other cancers in male smokers. N Engl J Med 1994;330:1029 – 35.
16. The ATBC Cancer Prevention Study Group. The a-tocopherol,
h-carotene lung cancer prevention study: design, methods, participant characteristics, and compliance. Ann Epidemiol 1994;4:1 – 10.
17. Heinonen OP, Albanes D, Virtamo J, et al. Prostate cancer and
supplementation with a-tocopherol and h-carotene: incidence and
mortality in a controlled trial. J Natl Cancer Inst 1998;90:440 – 6.

Cancer Epidemiol Biomarkers Prev 2007;16(12). December 2007

Downloaded from cebp.aacrjournals.org on April 22, 2021. © 2007 American Association for Cancer Research.

Lack of Association between Serum Levels of
25-Hydroxyvitamin D and the Subsequent Risk of Prostate
Cancer in Finnish Men
Jessica M. Faupel-Badger, Lena Diaw, Demetrius Albanes, et al.
Cancer Epidemiol Biomarkers Prev 2007;16:2784-2786.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/16/12/2784

This article cites 17 articles, 4 of which you can access for free at:
http://cebp.aacrjournals.org/content/16/12/2784.full#ref-list-1
This article has been cited by 7 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/16/12/2784.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/16/12/2784.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on April 22, 2021. © 2007 American Association for Cancer Research.

