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Abstract
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Sun exposure has been associated with lower death rates for pancreatic cancer in ecological
studies. Skin exposure to solar ultra-violet B radiation induces cutaneous production of precursors
to 25-hydroxy (OH) vitamin D (D) and is considered the primary contributor to vitamin D status
in most populations. Pancreatic islet and duct cells express 25-(OH) D3-1α-hydroxylase that
generates the biologically active 1,25-dihydroxy(OH)2 D form. Thus, 25(OH)D concentrations
could affect pancreatic function and possibly pancreatic cancer etiology. Serum 25-(OH)D is the
major circulating vitamin D metabolite and is considered the best indicator of vitamin D status as
determined by the sun and diet. Although recent prospective epidemiologic studies of higher
predicted vitamin D status score and vitamin D intake and pancreatic cancer risk suggest
protective associations, a nested case-control study showed a significant 3-fold increased risk for
pancreatic cancer with higher vitamin D status. Limitations of these studies include the former do
not measure vitamin D status on pancreatic cancer cases and the later was conducted in a male
smoker population. More research is needed, particularly examination of pre-diagnostic vitamin D
status and risk of pancreatic cancer, prior to conclusions for vitamin D’s potential role in the
etiology of this highly fatal cancer.

Pancreatic cancer epidemiology
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Pancreatic cancer is estimated to be the tenth and ninth most frequent incident cancer, but
the fourth most common cause of cancer mortality for men and women, respectively in the
United States (1). There is no effective screening test for the malignancy; therefore, it is
often diagnosed at an advanced stage, which contributes to a dismal 5-year survival rate of
4.3%(2). More than 90% of pancreatic cancers are ductal adenocarcinomas, with islet-cell
tumors constituting an additional 5%. The incidence of pancreatic cancer increases with age
and is higher in men compared with women. Within the US, this is a site often noted for its
relevance to cancer disparities, with African Americans experiencing incidence rates 30 to
40% higher than their white counterparts (1). Internationally, rates of pancreatic cancer vary
by 10 to 15-fold (2) with the highest rates in Northern and Eastern Europe and lowest rates
in Hong Kong (3). Of the few risk factors that have been identified, cigarette smoking and
diabetes mellitus (2) are the most consistent. Chronic pancreatitis also predisposes to the
disease (4). An association with obesity has been reported in the majority of studies (5;6),
but the effect of most nutritional factors is unclear.

Please address correspondence to: Rachael Stolzenberg-Solomon, Ph.D., 6120 Executive Blvd., Suite 320, Rockville, MD 20852,
Phone: 301-594-2939, FAX: 301-496-6829, rs221z@nih.gov.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Dr. Stolzenberg-Solomon has no conflict of interest to disclose.

Stolzenberg-Solomon

Page 2

Sources for vitamin D status
NIH-PA Author Manuscript

For most people, more than 90% of their vitamin D status comes from exposure to sunlight
(7). Exposure of the skin to solar ultra-violet B light (280–320 nm) induces cutaneous
production of precursors to vitamin D. In addition to vitamin D synthesized endogenously
from sunlight, dietary sources of vitamin D include cholecalciferol (D3) that occurs naturally
in some animal foods (i.e. fatty salt-water fish, liver, and egg), ergocalciferol (D2) from
plants, used in pharmaceutical preparations, and fortified foods such as milk and margarine
(D2 and D3) (7;8). 25-hydroxy(OH) vitamin D (D) is the major circulating vitamin D
metabolite in humans and is also considered the best indicator of vitamin D status as
determined by the sun and diet.

Ecologic studies of latitude and pancreatic cancer
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United States pancreatic cancer rates do not exhibit North-South gradients (9), as do colon
and prostate cancers (10). However, greater sun exposure has been associated with lower
death rates for pancreatic cancer in ecological studies in Caucasian (11;12), Japanese
(13;14), and African American (15) populations. A suggested explanation for these
associations is variation in sun exposure by geographic latitute with inviduals at lower
latitudes have higher vitamin D status and less cancer (11–13;15). Several risk factors for
pancreatic cancer such as age, obesity, and African American ethnicity, have also been
associated with reduced vitamin D status (16). Although these observations have generated
the hypothesis that vitamin D “status” may be related to a reduced risk of pancreatic cancer,
causation can not be concluded because characteristics are attributed to a group without
having exposure (i.e. vitamin D status) or outcome data on individuals in the group.

The pancreas and experimental studies of vitamin D
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There is experimental evidence for vitamin D having anticarcinogenic properties, although
few studies have examined this with respect to pancreatic cancer. Extra-renal synthesis of
hormonally active 1,25 α-dihydroxy(OH)2 D has been shown to be involved in autocrine and
paracrine regulation of cell differentiation, proliferation, and apoptosis, processes involved
in carcinogenesis (17). Expression of 25(OH) vitamin D3-1α-hydroxylase (18), the enzyme
that catalyzes the synthesis of the active 1,25(OH)2 vitamin D form, has been observed in
pancreatic duct cells, and normal and adenocarcinomatous tissue (18–20). Pancreatic cancer
cell line growth is inhibited by 25-(OH)vitamin D3 (19;20). 1,25 vitamin D analogues inhibit
pancreatic cancer cell proliferation, induced differentiation, promote apoptosis in vitro (21–
25) and inhibit pancreatic xenograph tumor growth in immunodeficient mice (24;26). In
addition, the pancreatic islet cells possess vitamin D receptors (VDRs) and express 25(OH)
vitamin D3-1α-hydroxylase, which has lead to the postulation that vitamin D status may be
linked to endocrine pancreatic function (27). In vitro evidence supports vitamin D’s
involvement in the regulation of insulin synthesis, binding, and responsiveness (28–30).
Endocrine pancreatic function may be relevant to pancreatic carcinogenesis because
diabetes, higher glucose and insulin concentrations, and insulin resistance have been
implicated in pancreatic cancer development in both animal (31–38) and epidemiologic
studies (39–46). Thus, 25(OH) vitamin D concentrations could plausibly affect pancreatic
function and possibly pancreatic cancer etiology.

Epidemiologic studies of vitamin D intake and predicted 25(OH) vitamin D
score and pancreatic cancer
Two prospective analyses conducted in the Health Professionals Follow-up Study (HPFS)
and Nurses Health Study (NHS) suggested that vitamin D may be protective for pancreatic
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cancer. The first conducted in the HPFS showed that a higher predicted 25(OH) vitamin D
status score was associated with lower total cancer incidence and mortality including
pancreatic cancer (pancreatic cancer n=170, RR=0.49, 95% confidence interval (CI), 0.28–
0.86 for increment of 25nmol/L predicted plasma 25(OH) vitamin D) (47). Predicted
vitamin D status score was a constructed variable based on six determinants of 25(OH)
vitamin D measured on 1075 men of this cohort (48;49) using a linear regression model. The
individuals that the score variable was calculated from cases and controls from a nested case
control study of prostate cancer and a small sample of African American, Asian, and White
men (48;49). The strongest predictors were race or darker skin (Caucasian, African
American, and Asian) and leisure activity, followed by dietary intake from foods, body mass
index (BMI), and geographic residence (South, Midwest/West, and Northeast/Mid-Atlantic)
(47). Supplemental vitamin D increased 25(OH) vitamin D the least (47). The second was a
pooled analysis of the HPFS and NHS that observed an inverse association between total
vitamin D intake and pancreatic cancer (Table 1, n=365 cases, diet and supplemental
vitamin D, ≥ 600 IU compared to < 150 IU, RR=0.59, 95% CI 0.40–0.88, p-trend=0.01)
(50). Greater than 90% of the men and women in the ≥ 600 IU category reported
multivitamin use (50). In analyses stratified by cohort, significant inverse total vitamin D
associations were evident only in the HPFS (n=178 cases, ≥ 600 IU compared to < 150 IU,
RR=0.49, 95% CI 0.29–0.82, p-trend= 0.01) and not NHS (n=187 cases, ≥ 600 IU compared
to < 150 IU, RR=0.76, 95% CI 0.42–1.38, p-trend=0.47) (50). No associations were
observed for vitamin D intake from foods (50).
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Although these findings have fostered enthusiasm for vitamin D having a protective
potential for pancreatic cancer, the inherent limitations of these studies should be
recognized. In the first study, the six determinants of 25(OH) vitamin D status only explain
28% of the variability of vitamin D status and race was not controlled in any model (47).
Data on time spend outside, an important determinant for vitamin D status, was not used to
create the score. African American race was one of the most important components of the
predicted 25(OH) vitamin D status score (47) but is an established risk factor for pancreatic
cancer, associated with a greater than 2-fold increase risk for digestive cancer mortality in
the HPFS, and factors other than vitamin D status could explain the race-cancer disparity.
Greater than 70% of 25(OH) vitamin D status among the men in this cohort was explained
by factors other than those of the predicted 25(OH) vitamin D score and the study’s reported
association for pancreatic cancer may be confounded by race. The greatest limitation of the
second study is that vitamin D intake does not necessary reflect vitamin D status because it
excludes cutaneous production of vitamin D. In addition, for both this and the predictive
25(OH) vitamin D status score study, vitamin D intake from foods is imprecisely estimated
because present United States food composition databases for vitamin D are inadequate (51).
This could contribute to inaccurate or attenuated associations. The protective association
between total vitamin D intake and pancreatic cancer was observed only among men who
reported taking supplemental vitamin D. Total vitamin D intake was modestly correlated
with vitamin D status (Pearson correlation r=0.35) (50) and supplemental vitamin D was not
a strong predictor of vitamin D status (47) in subsets of the HPFS cohort. It is possible that
the reported association for total vitamin D intake, particularly related to supplemental
vitamin D, could be explained by other vitamins, behaviors or lifestyle factors that are
protective for pancreatic cancer and not adequately controlled. Although these studies are
both prospective and represent important contributions to our understanding of this question,
neither study examined vitamin D status and some caution is warranted in interpreting their
results.
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We recently conducted a nested case-control study in the Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study (ATBC) cohort of male Finnish smokers to examine whether
vitamin D status, as determined by pre-diagnostic serum 25(OH) vitamin D concentrations,
was associated with pancreatic cancer (52). The study included 200 incident exocrine
pancreatic cancer cases that occurred between 1985 and 2001 (up to 16.7 years of follow-up)
and 400 controls who were alive and free of cancer at the time the case was diagnosed and
matched to the cases by age and month of blood draw (52). The later was to minimize
misclassification of vitamin D status due to seasonal variation in exposure to sunlight.
Contrary to expectations, in multivariable models adjusted for smoking habits, education,
occupational activity, and serum retinol, higher as opposed to lower vitamin D
concentrations were associated with a nearly three times the risk of pancreatic cancer (Table
2, highest vs. lowest quintile, >65.5 vs. ≤ 32.0 nmol/L: OR=2.92, 95% CI 1.56–5.48, ptrend=0.001) (52). The association was strong among men who had their blood drawn in the
winter season and the significant positive association remained after exclusion of cases
diagnosed early during follow-up (52). Season of blood draw, dietary vitamin D from foods
(fish and margarine) and supplements, greater leisure activity, serum retinol, and primary
school education or less were positive predictors of 25(OH) vitamin D status among controls
in the study (52), similar to the predictors in the HPFS (47).
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The findings from the ATBC study may not be generalizable to populations that include
non-smokers or populations that are vitamin D adequate (52). Residual confounding by
cigarette smoking dose was unlikely in our study since the smoking exposures were not
confounders, the positive association between vitamin D and pancreatic cancer was not
modified by cigarette smoking dose (p-interaction=0.36), and analyses restricted to men who
reported exactly 20 cigarettes daily (n=53 cases, and 133 controls) yielded similar positive
results (5th quintile, OR=2.92) (52). Vitamin D status could also be correlated to
unmeasured exposures that may increase pancreatic cancer risk. In particular,
organochlorine compounds have been associated with pancreatic cancer (53;54) and are
potential contaminants of vitamin D-rich fish consumed in the Finnish diet (55). Although
fish intake was a predictor of vitamin D status in our study, controlling for fish did not
attenuate the vitamin D/pancreatic cancer association (5th vs. 1st quintile vitamin D,
HR=3.62, 95% CI 1.88–6.97, p-trend=0.0002) (52). In addition, total or processed fish,
nitrite and nitrate (potential pancreatic carcinogens in fish) (56) intake were not associated
with pancreatic cancer in our cohort (57). The ATBC population had lower vitamin D status
compared to North American populations (58), however status similar to other Nordic
populations (59), which likely reflects Finland’s northern latitude with less solar ultraviolet
B photon exposure and less cutaneous vitamin D synthesis (52). Approximately 40 percent
of the controls in our study were in the range of inadequacy (8). Therefore, the association
between vitamin D and pancreatic cancer could differ in populations with more adequate or
high status.
Our results along with results of other studies (60), suggest a seasonal effect, with cancer
associations being more pronounced in participants who donated blood during the winter
months than during the sunnier months. A single measurement of 25(OH) vitamin D may
not reflect long-term vitamin D status; however in a steady state context, it represents the
past several weeks to several months of exposure, and is known to display seasonal
variability (61). Subjects with high vitamin D concentrations during the sunny months may
have either high or low vitamin D concentrations during the winter months, while those with
high 25(OH) vitamin D during the winter months may have consistently higher vitamin D
status throughout the year, regardless of season (60). In other words, subjects who have high
vitamin D concentrations in summer may more likely be misclassified as having high
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concentrations during other seasons. Although speculative, this could possibly explain the
stronger associations among subjects who provided blood in the winter.
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The nested case-control study in ATBC cohort, however, does have a number of
epidemiologic design strengths. It is a prospective study with vitamin D status being
assessed up to 16 years prior to cancer diagnosis, thereby reducing the influence of reverse
causality. The measurement of serum 25(OH) vitamin D concentrations reflects internal
dose and status which encompasses cutaneous production of the vitamin and is considered
superior to vitamin D intake alone or exogenous predictors of vitamin D status. An
experienced lab measured serum vitamin D2 and D3 on our study samples using a
radioimmunoassay (RIA, DiaSorin, Inc., Stillwater, MN)(52) and our blinded QC have
similar reliability to others reported in the literature (62;63). The direction of our results is
similar to that observed for digestive cancers (including pancreatic cancer), other than
colorectal cancer in a recent prospective study conducted in the Third National Health and
Nutrition Education Examination Survey (64). In addition, in an earlier nested case-control
study conducted in the ATBC cohort, 25(OH) vitamin D was inversely associated with
colorectal cancer, particularly distal colorectal cancer (65), a direction similar to that of
other studies (66). These observations lend external validity to association studies of 25(OH)
vitamin D in the ATBC cohort.
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Conclusions
The results from epidemiologic studies, including ecologic, predicted 25(OH) vitamin D
status score, vitamin D intake, and biochemical measured vitamin D status, are conflicting
and the respective limitations of each study should be considered. As the effect of vitamin D
on molecular mechanisms underlying pancreatic carcinogenesis are not well understood, in
addition to examination of potential anticarcinogenic effects of high vitamin D and vitamin
D analogues, alternative and biologically plausible mechanisms related to how lower
vitamin D levels might influence tumor growth should also be considered and investigated
in basic research studies. At present no conclusions can be made regarding vitamin D’s
potential role(s) in the etiology of pancreatic cancer. More epidemiologic research is needed,
particularly prospective studies that relate pre-diagnostic vitamin D status to pancreatic
cancer in cohorts that include women and non-smokers.

Acknowledgments
Acknowledgment of financial support: This research was supported by the Intramural Research Program of the
National Institutes of Health, Division of Cancer Epidemiology and Genetics, National Cancer Institute,
Department of Health and Human Services.

NIH-PA Author Manuscript

Reference List
1. Howe HL, Wu X, Ries LA, Cokkinides V, Ahmed F, Jemal A, et al. Annual report to the nation on
the status of cancer, 1975–2003, featuring cancer among U.S. Hispanic/Latino populations. Cancer
2006;107(8):1711–1742. [PubMed: 16958083]
2. Anderson, KE.; Mack, TM.; Silverman, D. Pancreatic cancer. In: Schottenfeld, D.; Fraumeni, JFeds,
editors. Cancer Epidemiology and Prevention. New York: Oxford University Press; 2006.
3. Sahmoun AE, D'Agostino RA Jr, Bell RA, Schwenke DC. International variation in pancreatic
cancer mortality for the period 1955–1998. Eur J Epidemiol 2003;18(8):801–816. [PubMed:
12974557]
4. Lowenfels AB, Maisonneuve P, Lankisch PG. Chronic pancreatitis and other risk factors for
pancreatic cancer. Gastroenterol Clin North Am 1999;28(3) 673-85, x.
5. Berrington A, Sweetland S, Spencer E. A meta-analysis of obesity and the risk of pancreatic cancer.
Br J Cancer 2003;89(3):519–523. [PubMed: 12888824]

Ann Epidemiol. Author manuscript; available in PMC 2010 July 21.

Stolzenberg-Solomon

Page 6

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

6. Larsson SC, Orsini N, Wolk A. Body mass index and pancreatic cancer risk: A meta-analysis of
prospective studies. Int J Cancer 2007;120(9):1993–1998. [PubMed: 17266034]
7. Holick MF. Vitamin D: importance in the prevention of cancers, type 1 diabetes, heart disease, and
osteoporosis. Am J Clin Nutr 2004;79(3):362–371. [PubMed: 14985208]
8. Zittermann A. Vitamin D in preventive medicine: are we ignoring the evidence? Br J Nutr
2003;89(5):552–572. [PubMed: 12720576]
9. Age-adjusted death rates for United States, 1999–2003, pancreas. Death data provided by the
National Vital Statistics System public use file. Death rates calculated by the National Cancer
Institute using SEER*stat. 2007
10. Schwartz GG, Blot WJ. Vitamin D status and cancer incidence and mortality: something new
under the sun. J Natl Cancer Inst 2006;98(7):428–430. [PubMed: 16595770]
11. Grant WB. An ecologic study of cancer mortality rates in Spain with respect to indices of solar
UVB irradiance and smoking. Int J Cancer 2007;120(5):1123–1128. [PubMed: 17149699]
12. Boscoe FP, Schymura MJ. Solar ultraviolet-B exposure and cancer incidence and mortality in the
United States, 1993–2002. BMC Cancer 2006;(6):264. [PubMed: 17096841]
13. Mizoue T. Ecological study of solar radiation and cancer mortality in Japan. Health Phys
2004;87(5):532–538. [PubMed: 15551791]
14. Kinoshita S, Wagatsuma Y, Okada M. Geographical distribution for malignant neoplasm of the
pancreas in relation to selected climatic factors in Japan. Int J Health Geogr 2007;(6):34.
[PubMed: 17651508]
15. Grant WB. An estimate of premature cancer mortality in the U.S. due to inadequate doses of solar
ultraviolet-B radiation. Cancer 2002;94(6):1867–1875. [PubMed: 11920550]
16. Guyton KZ, Kensler TW, Posner GH. Vitamin D and vitamin D analogs as cancer
chemopreventive agents. Nutr Rev 2003;61(7):227–238. [PubMed: 12918875]
17. Whiting SJ, Calvo MS. Vitamin D and cancer symposium: Dietary recommendations to meet both
endocrine and autocrine needs of Vitamin D. J Steroid Biochem Mol Biol. 2005
18. Bland R, Markovic D, Hills CE, Hughes SV, Chan SL, Squires PE, et al. Expression of 25hydroxyvitamin D3-1alpha-hydroxylase in pancreatic islets. J Steroid Biochem Mol Biol 2004;89–
90(1–5):121–125.
19. Zehnder D, Bland R, Williams MC, McNinch RW, Howie AJ, Stewart PM, et al. Extrarenal
expression of 25-hydroxyvitamin d(3)-1 alpha-hydroxylase. J Clin Endocrinol Metab 2001;86(2):
888–894. [PubMed: 11158062]
20. Schwartz GG, Eads D, Rao A, Cramer SD, Willingham MC, Chen TC, et al. Pancreatic cancer
cells express 25-hydroxyvitamin D-1alpha-hydroxylase and their proliferation is inhibited by the
prohormone 25-hydroxyvitamin D3. Carcinogenesis 2004;25(6):1015–1026. [PubMed: 14742320]
21. Zugmaier G, Jager R, Grage B, Gottardis MM, Havemann K, Knabbe C. Growth-inhibitory effects
of vitamin D analogues and retinoids on human pancreatic cancer cells. Br J Cancer 1996;73(11):
1341–1346. [PubMed: 8645577]
22. Pettersson F, Colston KW, Dalgleish AG. Differential and antagonistic effects of 9-cis-retinoic
acid and vitamin D analogues on pancreatic cancer cells in vitro. Br J Cancer 2000;83(2):239–245.
[PubMed: 10901377]
23. Ohlsson B, Albrechtsson E, Axelson J. Vitamins A and D but not E and K decreased the cell
number in human pancreatic cancer cell lines. Scand J Gastroenterol 2004;39(9):882–885.
[PubMed: 15513387]
24. Colston KW, James SY, Ofori-Kuragu EA, Binderup L, Grant AG. Vitamin D receptors and antiproliferative effects of vitamin D derivatives in human pancreatic carcinoma cells in vivo and in
vitro. Br J Cancer 1997;76(8):1017–1020. [PubMed: 9376260]
25. Mouratidis PX, Dalgleish AG, Colston KW. Investigation of the mechanisms by which EB1089
abrogates apoptosis induced by 9-cis retinoic acid in pancreatic cancer cells. Pancreas 2006;32(1):
93–100. [PubMed: 16340750]
26. Kawa S, Yoshizawa K, Tokoo M, Imai H, Oguchi H, Kiyosawa K, et al. Inhibitory effect of 220oxa-1,25-dihydroxyvitamin D3 on the proliferation of pancreatic cancer cell lines.
Gastroenterology 1996;110(5):1605–1613. [PubMed: 8613068]

Ann Epidemiol. Author manuscript; available in PMC 2010 July 21.

Stolzenberg-Solomon

Page 7

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

27. Mathieu C, Gysemans C, Giulietti A, Bouillon R. Vitamin D and diabetes. Diabetologia
2005;48(7):1247–1257. [PubMed: 15971062]
28. Maestro B, Campion J, Davila N, Calle C. Stimulation by 1,25-dihydroxyvitamin D3 of insulin
receptor expression and insulin responsiveness for glucose transport in U-937 human
promonocytic cells. Endocr J 2000;47(4):383–391. [PubMed: 11075718]
29. Maestro B, Molero S, Bajo S, Davila N, Calle C. Transcriptional activation of the human insulin
receptor gene by 1,25-dihydroxyvitamin D(3). Cell Biochem Funct 2002;20(3):227–232.
[PubMed: 12125099]
30. Maestro B, Davila N, Carranza MC, Calle C. Identification of a Vitamin D response element in the
human insulin receptor gene promoter. J Steroid Biochem Mol Biol 2003;84(2–3):223–230.
[PubMed: 12711007]
31. Hennig R, Ding XZ, Adrian TE. On the role of the islets of Langerhans in pancreatic cancer. Histol
Histopathol 2004;19(3):999–1011. [PubMed: 15168361]
32. Wang F, Herrington M, Larsson J, Permert J. The relationship between diabetes and pancreatic
cancer. Mol Cancer 2003;2(1):4. [PubMed: 12556242]
33. Bell RH Jr, McCullough PJ, Pour PM. Influence of diabetes on susceptibility to experimental
pancreatic cancer. Am J Surg 1988;155(1):159–164. [PubMed: 2963553]
34. Pour PM, Kazakoff K, Carlson K. Inhibition of streptozotocin-induced islet cell tumors and Nnitrosobis(2-oxopropyl)amine-induced pancreatic exocrine tumors in Syrian hamsters by
exogenous insulin. Cancer Res 1990;50(5):1634–1639. [PubMed: 2154330]
35. Pour PM, Stepan K. Modification of pancreatic carcinogenesis in the hamster model. VIII.
Inhibitory effect of exogenous insulin. J Natl Cancer Inst 1984;72(5):1205–1208. [PubMed:
6371345]
36. Zendehdel K, Nyren O, Ostenson CG, Adami HO, Ekbom A, Ye W. Cancer incidence in patients
with type 1 diabetes mellitus: a population-based cohort study in Sweden. J Natl Cancer Inst
2003;95(23):1797–1800. [PubMed: 14652242]
37. Hjalgrim H, Frisch M, Ekbom A, Kyvik KO, Melbye M, Green A. Cancer and diabetes--a followup study of two population-based cohorts of diabetic patients. J Intern Med 1997;241(6):471–475.
[PubMed: 10497622]
38. Schneider MB, Matsuzaki H, Haorah J, Ulrich A, Standop J, Ding XZ, et al. Prevention of
pancreatic cancer induction in hamsters by metformin. Gastroenterology 2001;120(5):1263–1270.
[PubMed: 11266389]
39. Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. Fasting serum glucose level and cancer risk in
Korean men and women. JAMA 2005;293(2):194–202. [PubMed: 15644546]
40. Gapstur SM, Gann PH, Lowe W, Liu K, Colangelo L, Dyer A. Abnormal glucose metabolism and
pancreatic cancer mortality. JAMA 2000;283(19):2552–2558. [PubMed: 10815119]
41. Batty GD, Shipley MJ, Marmot M, Smith GD. Diabetes status and post-load plasma glucose
concentration in relation to site-specific cancer mortality: findings from the original Whitehall
study. Cancer Causes Control 2004;15(9):873–881. [PubMed: 15577289]
42. Balkau B, Barrett-Connor E, Eschwege E, Richard JL, Claude JR, Ducimetiere P. Diabetes and
pancreatic carcinoma. Diabete Metab 1993;19(5):458–462. [PubMed: 8056126]
43. Stolzenberg-Solomon RZ, Graubard BI, Chari S, Limburg P, Taylor PR, Virtamo J, et al. Insulin,
glucose, insulin resistance, and pancreatic cancer in male smokers. JAMA 2005;294(22):2872–
2878. [PubMed: 16352795]
44. Huxley R, Ansary-Moghaddam A, Berrington dG, Barzi F, Woodward M. Type-II diabetes and
pancreatic cancer: a meta-analysis of 36 studies. Br J Cancer 2005;92(11):2076–2083. [PubMed:
15886696]
45. Stattin P, Bjor O, Ferrari P, Lukanova A, Lenner P, Lindahl B, et al. Prospective study of
hyperglycemia and cancer risk. Diabetes Care 2007;30(3):561–567. [PubMed: 17327321]
46. Michaud DS, Wolpin B, Giovannucci E, Liu S, Cochrane B, Manson JE, et al. Prediagnostic
Plasma C-Peptide and Pancreatic Cancer Risk in Men and Women. Cancer Epidemiol Biomarkers
Prev. 2007

Ann Epidemiol. Author manuscript; available in PMC 2010 July 21.

Stolzenberg-Solomon

Page 8

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

47. Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, et al. Prospective study of
predictors of vitamin D status and cancer incidence and mortality in men. J Natl Cancer Inst
2006;98(7):451–459. [PubMed: 16595781]
48. 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(3):
255–265. [PubMed: 15090720]
49. Platz EA, Rimm EB, Willett WC, Kantoff PW, Giovannucci E. Racial variation in prostate cancer
incidence and in hormonal system markers among male health professionals. J Natl Cancer Inst
2000;92(24):2009–2017. [PubMed: 11121463]
50. Skinner HG, Michaud DS, Giovannucci E, Willett WC, Colditz GA, Fuchs CS. Vitamin D intake
and the risk for pancreatic cancer in two cohort studies. Cancer Epidemiol Biomarkers Prev
2006;15(9):1688–1695. [PubMed: 16985031]
51. Weaver CM, Fleet JC. Vitamin D requirements: current and future. Am J Clin Nutr 2004;80(6
Suppl):1735S–1739S. [PubMed: 15585797]
52. Stolzenberg-Solomon RZ, Vieth R, Azad A, Pietinen P, Taylor PR, Virtamo J, et al. A prospective
nested case-control study of vitamin D status and pancreatic cancer risk in male smokers. Cancer
Res 2006;66(20):10213–10219. [PubMed: 17047087]
53. Hoppin JA, Tolbert PE, Holly EA, Brock JW, Korrick SA, Altshul LM, et al. Pancreatic cancer
and serum organochlorine levels. Cancer Epidemiol Biomarkers Prev 2000;9(2):199–205.
[PubMed: 10698482]
54. Porta M, Malats N, Jariod M, Grimalt JO, Rifa J, Carrato A, et al. Serum concentrations of
organochlorine compounds and K-ras mutations in exocrine pancreatic cancer. PANKRAS II
Study Group. Lancet 1999;354(9196):2125–2129. [PubMed: 10609819]
55. Kiviranta H, Tuomisto JT, Tuomisto J, Tukiainen E, Vartiainen T. Polychlorinated dibenzo-pdioxins, dibenzofurans, and biphenyls in the general population in Finland. Chemosphere
2005;60(7):854–869. [PubMed: 15992592]
56. Risch HA. Etiology of pancreatic cancer, with a hypothesis concerning the role of N-nitroso
compounds and excess gastric acidity. J Natl Cancer Inst 2003;95(13):948–960. [PubMed:
12837831]
57. Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, Virtamo J, Albanes D. Prospective study of diet
and pancreatic cancer in male smokers. Am J Epidemiol 2002;155(9):783–792. [PubMed:
11978580]
58. Calvo MS, 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 2003;61(3):107–113. [PubMed: 12723644]
59. Tuohimaa P, Tenkanen L, Ahonen M, Lumme S, Jellum E, Hallmans G, 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(1):104–108. [PubMed:
14618623]
60. Wu K, Feskanich D, Fuchs CS, Willett WC, Hollis BW, Giovannucci EL. A nested case control
study of plasma 25-hydroxyvitamin D concentrations and risk of colorectal cancer. J Natl Cancer
Inst 2007;99(14):1120–1129. [PubMed: 17623801]
61. Holick MF. The use and interpretation of assays for vitamin D and its metabolites. J Nutr 1990;120
Suppl 11:1464–1469. [PubMed: 2243289]
62. Carter GD, Carter CR, Gunter E, Jones J, Jones G, Makin HL, et al. Measurement of Vitamin D
metabolites: an international perspective on methodology and clinical interpretation. J Steroid
Biochem Mol Biol 2004;89–90(1–5):467–471.
63. Carter GD, Carter R, Jones J, Berry J. How accurate are assays for 25-hydroxyvitamin D? Data
from the international vitamin D external quality assessment scheme. Clin Chem 2004;50(11):
2195–2197. [PubMed: 15375018]
64. Freedman DM, Looker AC, Chang SC, Graubard BI. Prospective study of serum vitamin D and
cancer mortality in the United States. J Natl Cancer Inst 2007;99(21):1594–1602. [PubMed:
17971526]

Ann Epidemiol. Author manuscript; available in PMC 2010 July 21.

Stolzenberg-Solomon

Page 9

NIH-PA Author Manuscript

65. Tangrea J, Helzlsouer K, Pietinen P, Taylor P, Hollis B, Virtamo J, et al. Serum levels of vitamin
D metabolites and the subsequent risk of colon and rectal cancer in Finnish men. Cancer Causes
Control 1997;8(4):615–625. [PubMed: 9242478]
66. Giovannucci E. The epidemiology of vitamin D and colorectal cancer: recent findings. Curr Opin
Gastroenterol 2006;22(1):24–29. [PubMed: 16319673]

NIH-PA Author Manuscript
NIH-PA Author Manuscript
Ann Epidemiol. Author manuscript; available in PMC 2010 July 21.

NIH-PA Author Manuscript

NIH-PA Author Manuscript
142,237
1.00 (referent)
1.00 (referent)
1.00 (referent)

Person-years

Age-adjusted RR (95% CI) 2

Multivariate RR (95% CI) 3

Multivariate + multivitamin RR (95% CI) 4

347,219
1.00 (referent)
1.00 (referent)
1.00 (referent)

Person-years

Age-adjusted RR (95% CI) 2

Multivariate RR (95% CI) 3

Multivariate + multivitamin RR (95% CI) 4

Ann Epidemiol. Author manuscript; available in PMC 2010 July 21.
1.00 (referent)
1.00 (referent)
1.00 (referent)

Age-adjusted RR (95% CI) 2

Multivariate RR (95% CI) 3

Multivariate + multivitamin RR (95% CI) 4

17
55,731

Case, n

Person-years

HPFS (1986–2000)

489,456

Person-years

< 100

104

Case, n

Pooled RR

55

Case, n

NHS (1984–2000)

49

Case, n

HPFS (1986–2000)

< 150

132,961

37

100–199

0.57 (0.40–0.83)

0.65 (0.46–0.93)

0.63 (0.45–0.90)

266,022

45

0.68 (0.40–1.15)

0.74 (0.45–1,21)

0.71 (0.43–1.16)

167,748

22

0.49 (0.29–0.82)

0.58 (0.35–0.96)

0.57 (0.35–0.93)

98,274

23

300–449

0.56 (0.36–0.87)

0.74 (0.50–1.08)

0.70 (0.48–1.03)

190,356

36

0.84 (0.46–1.53)

0.98 (0.59–1.60)

0.91 (0.56–1.50)

124,542

22

0.35 (0.18–0.67)

0.49 (0.27–0.90)

0.48 (0.26–0.87)

65,814

14

450–599
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P-trend

Relative risks (RR) and 95% confidence intervals (CI) of baseline total vitamin D intake, vitamin D intake from food sources, and pancreatic cancer in the
Health Professional Follow-up Study (HPFS) and Nurses Health Study (NHS) cohorts1.
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Analyses of nutrients from food sources excludes participants who reported the use of multivitamin supplements and those for whom information about multivitamin supplement use was missing.
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Multivariate + multivitamin RRs are additionally adjusted for the use of multivitamin supplements.

4

Multivariate RR additionally adjusted for cigarette smoking (current, former, never), history of diabetes (ever, never), body mass index (cut-points: 23.0, 25.0, 27.0, 30.0), height (quintiles), regions of
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Vitamin D quintiles based on distribution of all controls

Season, sunny season based on blood drawn during May, June, August, September, October, and November (n=118 cases) vs. darker season based on blood drawn during December, January, February,
March, and April (n=82)

5

4

Adjusted for years smoked, number of cigarettes smoked per day, reporting to have quit smoking ≥ 3 consecutive visits (≥ 1 year) during the trial (1985–1993), occupational physical activity, education,
and serum retinol.

3

2

Reference (52)
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1.00 (referent)

Multivariable adjusted OR (95% CI) 3

Winter season 3,4,

1.00 (referent)

Crude OR (95% CI)
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> 32 and ≤ 41.1
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2

1

Quintiles fasting vitamin D (D2 and D3), nmol/L3

Odds ratios (OR) and 95% confidence intervals (CI) of baseline fasting 25 (OH) vitamin D (D2 and D3) status and pancreatic cancer risk, among 200
cases and 400 matched control subjects from the Alpha-Tocopherol, Beta-Carotene Study1,2
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