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Abstract

Purpose—~Pancreatic cancer is a devastating disease for which the role of dietary factors remains
inconclusive. Our objective was to evaluate the risk of pancreatic cancer associated with nutrients
found in fruits and vegetables and nutrient supplementation using a clinic-based case-control
design.

Methods—Our study included 384 rapidly ascertained cases and 983 controls frequency-
matched on age at time of recruitment (in 5-year increments), race, sex, and region of residence.
All subjects provided demographic information and completed a 144-item food frequency
questionnaire in which they reported no change to their diet within 5 years prior to entering the
study. Logistic regression was used to calculate odds ratios (OR) and 95% Cls, adjusted for age,
sex, smoking, body mass index, energy intake, and alcohol consumption.

Results—Results show a significant (trend p-value < 0.05) inverse association between
pancreatic cancer and nutrient/supplement groupings in a dose-dependent manner including
magnesium, potassium, selenium, alpha-carotene, beta-carotene, beta-cryptoxanthin, lutein and
zeaxanthin, niacin, total alpha-tocopherol, total vitamin A activity, vitamin B6, and vitamin C.
Adjusting for diabetes or total sugar intake did not result in significant changes.

Conclusion—We conclude that most nutrients obtained through consumption of fruits and
vegetables may reduce the risk of developing pancreatic cancer.
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Worldwide, the age-standardized incidence rate of pancreatic cancer is 4.5/10° for males and
3.3/105 for females, with the age-standardized mortality rate of 4.3/10° and 3.1/105,
respectively. 1 In the United States, the estimates are higher with 43,920 new cases of
pancreatic cancer and 37,390 deaths are predicted for 2012. 2 Generally, the disease is
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diagnosed at a late stage 3 and prognosis is extremely poor with 1-year and 5-year survival
rates of 25% and 4%, respectively. 4 Given the rarity of disease, general population
screening for pancreatic cancer is unfeasible. Therefore, one important strategy at present is
to focus on modifiable risk factor identification as a prevention strategy.

For macronutrients, the evidence from both case-control and adequately powered cohort
studies remains inconclusive. Several case-control studies > and one cohort study © have
reported decreased risk of pancreatic cancer associated with nutrients commonly found in
fruits and vegetables (e.g., vitamin C and carotenoids). Antioxidant vitamins and minerals
such as vitamin C, selenium, and beta-carotene have been proposed to have many potential
modes of action, including reducing oxidative DNA damage and genetic mutation, 10: 11
suggesting their protective potential. Reports of associations between pancreatic cancer and
nutrient intake from food alone have been inconsistent, 7- 12: 13 with high supplemental (not
food derived) intake (e.g., vitamin C 14 19) of these vitamins being associated with a
reduced risk.

Our objective was to evaluate nutrients obtained from fruit and vegetable consumption along
with supplementation for their association with pancreatic cancer using a clinic-based case-
control design. The method of rapid ascertainment of cases used in this study is
advantageous as the questionnaire was self-completed around the time of recruitment, which
was usually at the time of diagnosis of cancer. This contrasts with population-based case-
control studies that often experience a 6-month delay between diagnosis and study
enrollment, during which as many as 40% of patients may succumb to the cancer. Therefore,
our study likely captures a more representative sample of newly diagnosed pancreatic cancer
patients.

MATERIALS AND METHODS
Study population description

This study was approved by the Mayo Clinic Institutional Review Board. The study
population is described in detail elsewhere. 16 Briefly, 1,648 (66.6%) of the cases
approached from May 2004 to December 2009 were consented to participate in a
prospective registry at the time of their Mayo Clinic visit using a rapid ascertainment
method described elsewhere. 17 Controls from Mayo Clinic primary care were frequency-
matched to cases on age at time of recruitment (in 5-year increments), race, sex, and region
of residence (Olmsted County; three-state (MN, W1, 1A); or outside of area). Controls with
prior diagnoses of cancer except non-melanoma skin cancer were excluded.

Dietary data from FFQ

Participants were also asked to complete a 144-item food frequency questionnaire (FFQ) to
address possible dietary causes of pancreatic cancer. Details are given in our previous
report. 16 Briefly, the National Cancer Institute (NCI) software DietCalc 18 was used to
estimate average nutrient intake and average supplement use was gathered from the survey
questions for the 5 years prior to enroliment. FFQs were returned by 816 cases of
adenocarcinoma pancreatic cancer and 1,290 controls. Individuals were excluded from this
analysis if they answered affirmatively or failed to answer the question, “Have you recently
changed your diet?” and if the change occurred within the previous 5 years (cases: n=420;
controls n=286). No individuals were found to have an extreme daily energy intake
requiring exclusion; however, we excluded individuals who did not answer 17 or more items
(cases: n=12; controls n=21). Therefore, 384 cases and 983 controls composed the final
study sample.
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Statistical analysis

RESULTS

Median, mean and range of intake of nutrients were separately calculated for cases and
controls. In general, sex-specific quintiles based on the control population were calculated
using the density method for energy-adjusted nutrients 19 to investigate associations with
pancreatic cancer and nutrient categories are presented as per 1,000 kcal. Logistic regression
was used to calculate odds ratios (OR) and 95% Cls adjusting for age, sex, smoking (ever/
never), BMI, energy intake (per 1000 kcal) and number of drinks of alcohol per week. In
order to test the null hypothesis of no linear trend in pancreatic cancer risk across quintiles
of intake, an appropriate linear contrast vector (i.e. -2,-1,0,1,2) was used within the logistic
regression model. All tests of statistical significance were 2-sided and ~-values< 0.05 were
considered significant. All analyses were generated using SAS® software (Version (9.2)). 20

In our study, cases were more likely to be male, be slightly older, and have ever smoked
(and if a past smoker, had quit more recently). Cases were more likely to have a personal
history of pancreatitis or diabetes (especially recent onset (< 3 years); Table 1) compared to
controls. Usual BMI was similar between cases and controls. When comparing male and
female cases (not shown), males were slightly younger, had a higher usual BMI, were more
likely to have ever smoked (difference seen mostly among ex-smokers), and were more
likely to have a personal history of pancreatitis or diabetes (especially in the category
diagnosed greater than 3 years before pancreatic cancer). We have previously compared the
demographic characteristics of those who did and did not complete the questionnaire after
recruitment and determined the two groups were similar.16

Several of the nutrient categories were highly correlated (Pearson’s r2 = 0.80) such as,
Magnesium and Potassium (0.85), Beta-Carotene and Lutein and Zeaxanthin (0.82), Beta-
Cryptoxanthin and Vitamin C, and, Thiamin and Vitamin B6 (0.82). The high correlation
among these categories suggests that determining which nutrient (or what combination) may
be responsible for the association is difficult in this study.

Table 2 shows the number of cases and median value ranges of nutrients for each sex, OR
and 95% ClI, along with trend test of OR across quintiles which were constructed using the
control population values for each sex. Associations between nutrient groupings and
pancreatic cancer were determined using a multivariable logistic regression model that
adjusted for age, sex, energy (per 1000 kcal), BMI, cigarette smoking status (ever/never
smoked), and drinks of alcohol per week, and compared each quintile to the reference (low
consumption). Significant results (whether highest quintile was significantly different from
low consumption (first quintile) and/or test for trend, p-value <0.05) for an inverse
association between pancreatic cancer and nutrients (OR [95% CI]) were: magnesium
(0.30[0.19,0.46]), potassium (0.36[0.23,0.55]), selenium (0.65[0.45,0.95]), alpha-carotene
(0.52[0.35,0.77]), beta-carotene (0.42[0.28,0.63]), beta-cryptoxanthin (0.55[0.37,0.82]),
lutein and zeaxanthin (0.46[0.31,0.70]), niacin (0.52[0.35,0.77]), total alpha-tocopherol
(0.52[0.34,0.79]), total vitamin A activity (0.55[0.37,0.81]), vitamin B6 (0.49[0.33,0.72]),
and vitamin C (0.51[0.34,0.76]).

We examined eight nutrient supplements for associations with pancreatic cancer using a
multivariable logistic regression model with adjustments as stated above. Table 3 lists the
number of cases and median supplement value ranges of supplements for each sex, OR and
95% ClI, along with trend test of OR for zero and non-zero categories. Most of the
supplements investigated were significantly associated with a decreased risk of pancreatic
cancer (p-trend < 0.05) including: beta-carotene, niacin, thiamin, vitamin A, and vitamin B6.
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Because diabetes is a known risk factor for pancreatic cancer and because diabetics are
advised to modify their diet, we investigated whether adding diabetes (categorized as no
diabetes, diabetes diagnosis less than 3 years prior to completing questionnaire, or diabetes
diagnosis 3 years or more prior to questionnaire) to our logistic model would significantly
change our results. We did not find any nutrient categories which changed in significance
for trend p-value (results not shown).

Total sugar intake was considered as a possible confounder for our fruit and vegetable food
groupings and was adjusted for in a version of the presented model. This adjustment only
resulted in two changes in significance to the trend p-value for the nutrients total vitamin A
activity (from 0.0280 to 0.0628) and selenium (from 0.0050 to 0.0971; results not shown).

A sensitivity analysis was conducted (not shown) to determine the impact of failure to
exclude those who reported a diet change within the last 5 years. When trying to identify
risk factors that cause disease, it could be important to exclude those with a diet change
likely related to pancreatic adenocarcinoma. There was one nutrient which changed
significance when we included those reporting a recent diet change in the analysis (total
alpha-tocopherol: from 0.03 to 0.09). Among male cases who reported a recent diet change,
the median values for total energy intake and all nutrients except lycopene, potassium, and
magnesium increased or remained the same; among controls the median values for every
category but selenium, lycopene, and total vitamin A activity increased or remained the
same. Among female cases, the median values decreased for all nutrients except magnesium,
lycopene, niacin, and thiamin; among controls the median values for every category
increased except magnesium, potassium, beta-carotene, beta-cryptoxanthin, and thiamin.
These observed changes reinforce our decision to exclude those who reported a recent diet
change.

DISCUSSION

In this study, we found that most of the nutrients contained in fruits and vegetables and their
supplements are associated with a reduced risk of pancreatic cancer. Cases were on average
more likely to be older, male, have ever smoked, and have a personal history of pancreatitis
or diabetes compared to controls. While some of these risk factors have been consistently
associated with risk of pancreatic cancer across different study designs (smoking, BMI,
diabetes, and age), others such as dietary intake have been largely inconsistent. Variable
study designs and ascertainment bias may partially explain the inconsistencies.

Currently, one of the main hypotheses as to how an individual’s dietary intake could
influence pancreatic cancer development and progression involves dietary components
affecting insulin insensitivity or insulin resistance pathways. Pre-diagnostic plasma

glucose, 21 22 jnsulin, 23: 24 and plasma C-peptide levels 2° have also been associated with
increased risk of pancreatic cancer. Hyperinsulinemia, a result of insulin insensitivity, has
been shown to increase local circulation and cell division within the pancreas. 22 23
Pancreatic exocrine cells are estimated to be exposed to very high insulin concentrations and
evidence indicates that insulin acts as a growth promoter and mutagen in the pancreas, 26: 27
potentially leading to pancreatic tumor promotion. 28 Furthermore, recent observational
studies of pancreatic cancer suggest that glucose intolerance, insulin resistance, and high
insulin concentrations (which increase insulin-like growth factor (IGF) levels by reducing
levels of IGF-binding proteins or activating IGF receptors) may play a role in
carcinogenesis, 2% even without a diagnosis of diabetes mellitus. 22 Because insulin is
secreted into the blood in response to elevated blood glucose concentrations and the fact that
the pancreas is exposed to much higher insulin concentrations compared to the blood,
pancreatic cancer risk may increase due to dietary factors that create insulin spikes.
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In animal studies, a magnesium—deficient diet has been shown to cause impaired insulin
secretion and action 30 and elevated C-reactive protein concentrations. 31 Also, magnesium
supplementation has been shown to lower type 2 diabetes 32 and systemic inflammation. 33
Human studies have supported the observations for benefit of supplementation on glucose
metabolism and/or insulin sensitivity 3 35 and high magnesium intake has been inversely
associated with risk of type 2 diabetes. 30 36 This suggests a possible indirect mechanism for
reduced risk of pancreatic cancer and is reflected in our data. Additionally, there is a
relationship between magnesium and type 2 diabetes after adjusting for type 2 diabetes; we
found that the OR for dietary magnesium intake remained consistent and significantly
inversely associated with pancreatic risk.

A second main hypothesis linking dietary intake with pancreatic cancer suggests that dietary
components reduce DNA damage/mutations by reducing oxidative stress and inflammation.
Overall, results of studies evaluating pancreatic cancer risk and nutrient intake from food
have been mixed and limited. Although several case-control studies have reported a
decreased risk associated with vitamin C intake, > 7 12 other nutrients like beta-carotene and
total carotenoids, 37 or high serum alpha-tocopherol concentration 38 have been inversely
associated with risk only among never smokers, while carotenoid and lycopene were
associated with a decreased risk of pancreatic cancer only in men. 8 The present study is
consistent with evidence for a protective effect of nutrients associated with fruits and
vegetables, as the intake of most nutrients indicate a dose-dependent risk reduction of
pancreatic cancer development. Several nutrient supplements also showed a significant
association with a reduced risk of pancreatic cancer, although sample size and intake
variation were very restricted.

A possible suggested explanation for inconsistencies in reported dietary associations with
pancreatic cancer could be unmeasured variation in inflammation genes or antioxidant
metabolism genes (e.g., mitochondrial manganese superoxide dismutase (SOD2)). While
significant inflammation gene results were not replicated in additional populations, 3°
variation in genes of antioxidant pathways have been shown to be associated with pancreatic
cancer risk. 40 Potential mechanisms of action of these nutrients include: 1) antioxidant
protection against free-radical damage to DNA,; 2) apoptosis (e.g., indole-3 carbinol in
cruciferous vegetables); 3) enhancing immune function (e.g., carotenoids and vitamin C), 41;
4) enhancing insulin-like growth factor (e.g., lycopene); 5) inhibiting cellular proliferation
(e.g., carotenoids); and 6) ensuring proper DNA methylation and gene expression. 8- 42

Serum levels of antioxidants have been positively associated with fruit and vegetable
intake, 43 and these food items have been inversely associated with pancreatic cancer

risk. 44 45 Nonenzymatic dietary antioxidants (e.g., vitamin C and selenium) work together
with enzymatic mechanisms to provide defense against oxidative stress. 46 The enzymatic
mechanisms mainly include superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPX) and a few other relevant enzymes and proteins. 47 Under /n vitroand in
vivo conditions, overexpression of SOD2 suppresses cell growth or can reverse the
malignant phenotype of pancreatic cancer. 48

This clinic based case-control study has over 99% of the adenocarcinoma cases confirmed
with pathology or medical record, avoiding misclassification of the case population. The
unique recruitment protocol enabled rapid ascertainment of cases, increasing the probability
of self completion and enrollment of cases at all stages of disease. We wanted to avoided
reverse causation so we elected to exclude those individuals who reported a diet change in
the 5 years prior to study entry. There are limitations that affect retrospective designs
requiring participant recall of past events and behavior. Differential misclassification and
recall of dietary patterns between cases and controls could contribute to biased risk

J Gastrointest Cancer. Author manuscript; available in PMC 2014 June 01.
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estimates. In these situations, cases compared to controls may differentially recall past
behaviors and consumption patterns given time after diagnosis. However within this study,
cases were rapidly enrolled at the time of diagnosis and completed the FFQ shortly after,
potentially reducing the effect of such bias. In retrospective population-based studies of
rapidly fatal disease, bias can occur due to demise of eligible cases (with a higher proportion
of later stage disease), possibly resulting in non-random non-response. Of those consented,
FFQs were returned by 49.5% of the cases and 85.2% of the controls. The excluded groups
could have a different dietary intake pattern than those included in the study which would
change results reported here. However, distributions of the clinical characteristics in those
with and those without an FFQ proportions were similar. 16 Given our reduced sample size
after exclusions, the power to detect associations is reduced.

There were individuals who did not answer portions of the FFQ, which could have biased
reported results if missing values differed by case status. However, we found the absolute
difference in percent of missing responses between cases and controls averaged less than
1%. Since smoking was only crudely controlled for in our study, residual confounding is a
possibility, although a sensitivity analysis we conducted (not shown) provides evidence
against it.

In conclusion, our study suggests that nutrients obtained from eating a diet high in fruits and
vegetables (and to a lesser degree nutrient supplements) are associated with decreased risk
of developing pancreatic cancer, and that this reduction occurs in a dose dependent manner.
While this analysis of specific nutrients can provide potential targeted intervention and
pathways to investigate, it is important to remember that single dietary items are generally
not consumed in isolation. Although the exact mechanism is uncertain, our results highly
suggest that eating fruits and vegetables and their corresponding nutrients will reduce the
risk of developing pancreatic adenocarcinomas. It is essential from a prevention standpoint
to promote a diet rich fruits and vegetables which contain numerous potentially beneficial
nutrients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics of pancreatic adenocarcinoma cases and controls used in the analysis (no recent diet change).

Cases (N=384) Controls (N=983)

Sex
Female 163 (42.4%) 500 (50.9%)
Male 221 (57.6%) 483 (49.1%)
Age when approached
Mean (SD) 67.0 (10.52) 65.8 (10.86)
Median 67.0 67.0
Q1,Q3 60.0, 75.0 59.0, 74.0
Range (31.0-92.0) (24.0-94.0)
Diabetes Meéllitus Type 2
Yes 167 (43.5%) 68 (6.9%)
Onset > 3 years ago 35 (9.1%) 43 (4.4%)
Onset < 3 years ago 120 (31.3%) 21 (2.1%)
Missing 12 (3.3%) 4 (0.0%)
No 214 (55.7%) 914 (93.0%)
Missing 3 (0.8%) 1(0.1%)
Race
American Indian/Alaskan Native 0 (0%) 4 (0.4%)
Asian/Asian-American 3 (0.8%) 8 (0.8%)
Black/African American 4 (1%) 1(0.1%)
White/Caucasian 373 (97.1%) 966 (98.3%)
Multiracial 4 (1%) 4 (0.4%)
Smoking
Current 59 (15.4%) 37 (3.8%)
Former 163 (42.4%) 402 (40.9%)
Quit < 10 years ago 20 (12.3%) 34 (8.5%)
Quit 10+ years ago 141 (86.5%) 361 (89.8%)
Missing 2 (1.2%) 7 (1.7%)
Never 160 (41.7%) 539 (54.8%)
Missing 2 (0.5%) 5 (0.5%)
Usual BMIZ
Mean (SD) 27.6 (5.31) 26.7 (4.24)
Median 26.8 26.3
Q1,Q3 24.0,30.3 23.7,29.0
Range (15.3-53.0) (14.0-49.0)
Alcohal (drinks/week)
Mean (SD) 0.8 (1.46) 0.8 (1.20)
Median 0.3 0.3
Q1, Q3 0.1,1.0 0.1,1.0
Range (0.0-11.3) (0.0-11.3)
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Abbreviations: SD, standard deviation; Q1, 25th percentile; Q3, 75th percentile; Range (minimum-maximum)

aAnaIyzed: cases = 379(98.7%) and controls = 954(97.1%).
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Number of Cases and Median Supplement Intake (Range) for Each Sex and Odds Ratios With 95%

Table 3

Page 15

Confidence Interval for Pancreatic Cancer Risk Generated by Constructing Zero and Non-zero Intakes Based

on Controls Within E

ach Sex.

Zero Intake

Non-zero Intake

Trend p—value*

Supplements: M agnesium (mg/day)

Cases (M/F) 213 (134/79) 171 (87/84) 0.08
Odds Ratio (95% Cl) 1.00 (ref) 0.80 (0.63-1.02)

Males: Median (Range) 0 100.00 (1.64-100.00)

Female: Median (Range) 0 100.00 (1.64-100.00)

Supplements. Selenium (mcg/day)

Cases (M/F) 373 (215/158) 11 (6/5) 0.14
0Odds Ratio (95% Cl) 1.00 (ref) 0.60 (0.31-1.19)

Males: Median (Range) 0 42.86 (0.00-42.86)

Female: Median (Range) 0 42.86 (0.00-42.86)

Supplements: Beta-Car otene (mcg/day)

Cases (M/F) 175 (108/67) 209 (113/96) 0.02
Odds Ratio (95% Cl) 1.00 (ref) 0.75 (0.58-0.96)

Males: Median (Range) 0 600.00 (8.21-3100.00)

Female: Median (Range) 0 600.00 (9.86-3100.00)

Supplements: Niacin (mg/day)

Cases (M/F) 169 (106/63) 215 (115/100) 0.03
0Odds Ratio (95% Cl) 1.00 (ref) 0.76 (0.59-0.98)

Males: Median (Range) 0 20.00 (0.33-84.29)

Female: Median (Range) 0 20.00 (0.33-84.29)

Supplements: Thiamin (mg/day)

Cases (M/F) 171 (106/65) 213 (115/98) 0.04
Odds Ratio (95% ClI) 1.00 (ref) 0.77 (0.60-0.98)

Males: Median (Range) 0 1.50 (0.02-7.93)

Female: Median (Range) 0 1.50 (0.02-7.93)

Supplements: Vitamin A (mcg/day)

Cases (M/F) 171 (105/66) 213 (116/97) 0.04
0Odds Ratio (95% Cl) 1.00 (ref) 0.79 (0.62-1.01)

Males: Median (Range) 0 1500.00 (24.64-9000.00)

Female: Median (Range) 0 1500.00 (24.64-9000.00)
Supplements: Vitamin B6 (mg/day)

Cases (M/F) 167 (104/63) 217 (117/100) 0.05
Odds Ratio (95% Cl) 1.00 (ref) 0.78 (0.61-1.00)

Males: Median (Range) 0 2.00 (0.03-66.29)

Female: Median (Range) 0 2.00 (0.03-66.29)
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Zero Intake

Non-zero Intake

Trend p-vaJue*

Supplements: Vitamin C (mg/day)

Cases (M/F) 135 (86/49) 249 (135/114) 0.05
0Odds Ratio (95% Cl) 1.00 (ref) 0.77 (0.59-1.00)

Males: Median (Range) 0 60.00 (0.99-2102.86)

Female: Median (Range) 0 60.00 (0.99-2085.71)

mg = milligrams; mcg = micrograms

*
Using a logistic model adjusted for energy, smoking, BMI, age, sex, and drinks of alcohol per week
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