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Abstract

Pancreatic cancer is highly lethal, and identifying modifiable risk factors could have substantial 

public health impact. In this population-based case-control study (532 cases, 1701 controls), we 

used principal component analysis and multivariable unconditional logistic regression models to 

examine whether a particular dietary pattern was associated with risk of pancreatic cancer, 

adjusting for other known risk factors. A Prudent dietary pattern, characterized by greater intake 

of vegetables, fruit, fish, poultry, whole grains, and low-fat dairy, was associated with an 

approximate 50% reduction in pancreatic cancer risk among men (OR=0.51, 95% CI 0.31-0.84, p-

trend=0.001) and women (OR=0.51, 95% CI 0.29-0.90, p-trend=0.04). A Western dietary pattern, 

characterized by higher intake of red and processed meats, potato chips, sugary beverages, sweets, 

high fat dairy, eggs, and refined grains, was associated with a 2.4-fold increased risk of pancreatic 

cancer among men (95% CI 1.3-4.2, p-trend=0.008); but was not associated with risk among 

women. Among men, those in the upper quintiles of the Western diet and lower quintiles of the 

Prudent diet had a 3-fold increased risk. Consistent with what has been recommended for several 

other chronic diseases, consuming a diet rich in plant-based foods, whole grains, and white meat, 

might reduce risk of pancreatic cancer.
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INTRODUCTION

Pancreatic cancer is a highly lethal cancer with more than 37,000 individuals estimated to 

die from the disease in the USA in 2012.1 Non-modifiable risk factors such as older age, 

African American race, family history of pancreatic cancer, and male sex are associated with 

an elevated risk of pancreatic cancer; whereas a history of allergies has been linked to a 

decreased risk.2 The last decade has ushered in increasing research on potential modifiable 

risk factors for the disease. Body size, smoking, diabetes, higher insulin levels (or other 

indices of perturbations in glucose metabolism), heavy alcohol intake, and greater 

consumption of meat (especially red or processed meat) and fats may also increase risk.2-6 

The literature on the potential benefits of fruits, vegetables, and other plant foods is mixed.4

Accumulating data support the study of dietary patterns to help clarify whether and how diet 

influences disease risk. Dietary pattern analyses allow one to consider several foods and 

beverages simultaneously, and provide comment on the overall impact of type of diet, rather 

than the individual effects of single nutrients, foods, or food groups. Assessment of dietary 

patterns may better estimate the role of diet in disease than evaluation of specific foods or 

nutrients for several reasons, including: a) the complexity of diets; b) a tendency for dietary 

patterns to be defined by food preferences and thus less influenced by bias and error that can 

occur when assessing intake of specific individual foods; c) high co-linearity among foods 

and nutrients making comprehensive analyses of individual foods frequently impractical 

and; d) the pattern of consumption is likely to influence absorption and bioavailability of 

nutrients and other compounds in specific foods.7,8 Thus, to expand on our earlier analyses 

that focused on individual food groups and nutrients and risk of pancreatic cancer, 9-13 we 

examined whether a particular dietary pattern was associated with pancreatic cancer risk in a 

large population-based case-control study.

SUBJECTS AND METHODS

Study population

Details of the study methods and population characteristics have been described 

previously.9-18 In brief, cases with incident adenocarcinoma of exocrine pancreas who were 

diagnosed from 1995 to 1999 were identified using rapid case ascertainment conducted by 

the Northern California Cancer Center. Eligible cases were 21–85 years old, residents of one 

of six San Francisco Bay Area counties at diagnosis/interview, alive and able to complete an 

in-person interview in English. Pancreatic cancer diagnoses were confirmed by the patients’ 

physicians and by using abstracts from the Surveillance, Epidemiology and End Results 

(SEER). Among the 798 eligible cases (717 Bay Area, 81 UCSF out-of-area), 223 refused or 

were too ill to participate, 23 had moved or could not be located, 20 had physician indicated 

contraindications to contact and 532 completed the interview for a cooperation rate19 of 

67%. Control participants were frequency-matched to cases by sex, five-year age group and 

county. Bay Area and out-of area controls were selected using a random-digit-dial (RDD) 

method that used case participant telephone area-code and 3-digit prefix to randomly 

generate unscreened telephone numbers that were dialed to identify eligible controls from 

the target population. In calls to phone numbers that we could establish as residential homes, 

2,511 Bay Area and 655 out-of-area homes did not have an eligible control resident, 498 
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Bay Area and 24 out-of-area eligible controls refused or were too sick to participate, 1,001 

Bay Area and 65 out-of-area eligible controls completed interviews for a cooperation rate of 

67% among Bay Area RDD controls and of 73% among out-of area RDD controls. 

Identification of controls greater than 65 years old was supplemented by random sampling 

of the Health Care Finance Administration (now Center for Medicare and Medicaid 

Services) lists where 430 eligible controls refused or were too sick to participate, 146 had 

moved or could not be located and 635 completed interviews for a cooperation rate of 52%. 

A total of 1,701 controls completed the interview.

Data collection

Detailed data including age, race, education, diabetes status, history of smoking, alcohol 

consumption, physical activity and anthropometric measures were collected by trained 

interviewers during in-person interviews. No proxy interviews were conducted. The study 

was reviewed and approved by the University of California San Francisco Committee on 

Human Research. Signed informed consent was obtained from each participant prior to 

interview.

Dietary history was assessed using a 131-item semi-quantitative food-frequency 

questionnaire (FFQ) developed at Harvard University that has been validated in several 

populations,20-22 and performs similarly to the National Cancer Institute Diet History 

Questionnaire and the Block food-frequency questionnaire.22 Participants were asked to 

report their average frequency of consumption of specific foods during the one year before 

their diagnosis with pancreatic cancer (cases) or interview (controls). Servings per day were 

computed by multiplying portion size by frequency of consumption of each food and 

beverage item, and standardized to daily consumption.

Statistical analysis

Principle components factor analysis (PCA), a data reduction method that uses the variable 

correlation matrix to identify the set of factors or variables that best explain the variation in 

the data, was used to identify dietary patterns separately for men and women. Food variables 

were based on the 35 food groups from the FFQ that were predetermined based on the 

similarity of their nutrient profiles (Table 1). Some individual foods were not combined 

because of their unique nutrient profile (e.g., eggs, tea and wine). Each food variable was 

entered into the factor analysis (PROC FACTOR procedure in SAS) and the factors were 

rotated by an orthogonal transformation that facilitates interpretability by ensuring that the 

factors are uncorrelated. Criteria used to determine the optimal number of factors included 

scree plots, eigenvalues (>1.5), and factor interpretability. Factor scores were computed for 

each study participant by summing the intake of each food group multiplied by its factor 

loading value where factor loadings were the correlations between the individual food 

groups and the dietary pattern. The higher the factor loading value the stronger the 

correlation was between the specific food group and the dietary pattern i.e. the more relevant 

the food group was to the specific dietary pattern. Two main factors from principal 

components factor analysis were retained, and we labeled these as Prudent and Western 

dietary patterns (Table 1).
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Unconditional logistic regression models were used to estimate the odds ratios (OR) and 

95% confidence intervals (CI) for the association between the dietary pattern factor and 

pancreatic cancer. In the analysis, dietary pattern factor scores were categorized into 

quintiles with the lowest quintile as the reference category. The models were fitted for men 

and women separately and all models were adjusted for age (5-year groups) and total energy 

intake (in quartiles). Full multivariable models also were fit to adjust for confounders and 

other known risk factors including race (white, black/African American, Asian/Pacific 

Islanders, or “other”), education level (less than high school, high school, 1-4 years college, 

and graduate school), usual adult body mass index (BMI: <25 (normal), 25-<30 

(overweight), and ≥30 kg/m2 (obese)), smoking status (never smoker, former cigarette 

smoker who had quit >15 years previously, former cigarette smoker who had quit 1-15 years 

previously, current cigarette smoker or former smoker who had quit <1 year previously, and 

pipe and/or cigar smoker), history of diabetes, frequency of leisure time physical activity 

(30-minutes: <1/month, 1-4/month, 2-3/week, and ≥4/week), and alcohol consumption 

(never drinkers, ≤7, 8-14, 15-21, and >21 drinks/week).

We considered an overall dietary pattern score variable that was the sum of two ordinal 

variables that reflected the quintile assignment for each of the two dietary patterns, i.e. 

participants were assigned a Prudent ordinal value of -1, -2, -3, -4, or -5, if in quintile 1, 2, 3, 

4, or 5 of the Prudent diet respectively; and were assigned a Western ordinal value of 1, 2, 3, 

4, or 5 if in quintile 1, 2, 3, 4, or 5 of the Western diet. Thus, a person who might be in the 

5th quintile of the Western diet and 3rd quintile of the Prudent diet would have an overall 

dietary pattern score variable of 2 (=5 minus 3). The overall dietary pattern score variable 

was examined in the following five groups: ≤-3, -2 or -1, 0, 1 or 2, and ≥3.

Stratified analyses were performed to assess whether BMI (<25 or ≥25 kg/m2) and smoking 

status (never or ever smoking) modified the association between pancreatic cancer risk and 

diet pattern. Linear trends in odds ratios were based on the chi-square statistic for the factor 

of interest when included as an ordinal variable in multivariable unconditional logistic 

regression models.

All statistical tests were two-sided and were considered statistically significant for p<0.05. 

Statistical analyses were conducted using SAS software V9.2 (SAS Institute, Inc., Cary, 

NC).

RESULTS

The rotated factor loadings for the individual food groups and the Western and Prudent 

dietary patterns are shown in Table 1. The Prudent diet pattern was characterized by greater 

intake of vegetables, fruit, fish, poultry, whole grains, and low-fat dairy. The Western diet 

pattern reflected higher intake of red and processed meats, potato chips, sugary beverages, 

sweets, high fat dairy, eggs, and refined grains. There were 6 food items among women that 

contributed (albeit with different weighting) to both dietary patterns, while this occurred less 

frequently among the men (2 items). The association between individual social and 

demographic characteristics of the study population and each dietary pattern is presented in 

Table 2. Obesity, current smoking, drinking 15+ alcoholic drinks per week, having less 
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education, and exercising less were associated with being in the highest quintile of Western 

diet. Having more education and higher physical activity levels tracked with being in the 

highest quintile of the Prudent diet.

Among both men and women, the Prudent dietary pattern was associated with an 

approximate 50% reduction in pancreatic cancer risk with statistically significant trends in 

multivariable-adjusted analyses. There was a two-fold elevated risk of pancreatic cancer 

associated with being in the highest quintile of the Western diet among men 

(ORQ5 vs Q1=2.4, 95% CI 1.3-4.2) after adjusting for age, race, education, diabetes, BMI, 

smoking, alcohol drinking, physical activity, and total energy; and no clear association 

between the Western dietary pattern and pancreatic cancer risk among women (Table 3).

When we examined the overall dietary pattern score that simultaneously considered an 

individual’s classification for both the Western and the Prudent dietary patterns (described 

in the Methods above), the results were similar to those in Table 3. For example, among 

men, the multivariable-adjusted OR for having an overall dietary pattern score of 3+ vs. ≤-3 

(i.e. higher the score indicates a more “Western” the diet; lower score indicates a more 

“Prudent” diet) was associated with an OR of 3.0 (95% CI 1.6-5.5; p-trend=0.002). Among 

women for the same comparison, the OR was 1.4 (95% CI 0.73-2.6; p-trend=0.26) (data not 

shown in tables).

In analyses stratified by BMI, overweight men had a higher OR associated with the Western 

dietary pattern than normal weight men (overweight ORQ5 vs Q1=3.8, 95% CI 1.6-8.8; 

normal BMI ORQ5 vs Q1=1.8, 95% CI 0.71-4.3), although the interaction was not statistically 

significant (p-interaction=0.71). There was no statistically significant interaction between 

BMI and the Western dietary pattern among women, nor for BMI and the Prudent dietary 

pattern among men or women. Among men, there also was no evidence of interaction 

between smoking habits and either dietary pattern. However, among women, there was some 

suggestion that ever-smoking women with a ‘stronger’ Western dietary pattern had an 

increased risk of pancreatic cancer (ORQ5 vs Q1=2.3, 95% CI 1.0-5.2; p-trend=0.11), whereas 

among never-smoking women a ‘stronger’ Western dietary pattern was inversely associated 

with pancreatic cancer risk (OR Q5 vs Q1=0.38, 95% CI 0.16-0.90, p-trend=0.05; p-

interaction= 0.07).

DISCUSSION

In this large population-based case-control study of pancreatic cancer, eating a more Prudent 

diet was associated with an approximate 50% relative risk reduction of pancreatic cancer, 

among both men and women. The Western dietary pattern was positively associated with an 

approximately doubling in risk of pancreatic cancer among men, but not consistently 

associated with pancreatic cancer risk among women. There were no statistically significant 

interactions between dietary patterns, BMI or smoking habits among men or women, 

although there was also limited power in these stratified analyses. Among women, there 

were several individual food items that were associated with and contributed to the factor 

loading for both food patterns, whereas among the men this occurred less frequently (Table 

1). For example, among women, fish/seafood, poultry, and low-fat dairy contributed both to 
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the Prudent and Western dietary patterns. This suggests that the Western and Prudent 

patterns were less contrasting among the women, and may partially explain the less 

consistent associations observed in the women.

Few studies have reported specifically on dietary patterns and pancreatic cancer risk.23-26 

Consistent with our results, a nearly 50% reduction in risk was reported for a dietary pattern 

characterized by high intake of fresh fruits and cruciferous vegetables in a large Canadian 

population-based case-control study.24 Also, consistent with our results for women (but not 

men), the Canadian case-control study observed no association for a Western dietary pattern 

and pancreatic cancer risk.24 The different associations we observed by sex for the Western 

dietary pattern and pancreatic cancer warrants further examination.

Reports from cohort studies have also been limited and mixed. Contrary to our results, a 

large pooled analysis of two cohorts of men and women observed no association between 

dietary patterns (prudent or western) and the risk of pancreatic cancer.23 In the Multiethnic 

Cohort Study, a flavonol food pattern (characterized by intake of the plant-based flavonoids 

quercetin, kaempferol, and myricetin) was associated with lower pancreatic cancer risk in 

US smokers 25. However, this finding was not replicated in a European cohort, the European 

Prospective Investigation into Cancer and Nutrition (EPIC).25 Results from the large 

prospective National Institutes of Health-AARP (NIH-AARP) Diet and Health Study 

reported that a healthy lifestyle score (characterized by a pre-defined Mediterranean dietary 

pattern, normal body size (BMI 18-<25), regular physical activity, limited alcohol 

consumption (≤1 drink per day for women or ≤2 drinks for men), and being a never smoker 

or former smoker who quit 10+ yrs ago was associated with a greater than 55% reduction in 

the risk of pancreatic cancer, providing provocative evidence that overall diet along with 

lifestyle factors may impact pancreatic cancer risk.26 The Mediterranean diet pattern in the 

NIH-AARP study was similar in quality to the Prudent dietary pattern identified in our 

results reported here. The Mediterranean diet defined in the NIH-AARP study was based on 

a priori groups rather than from formal statistical quantization using PCA or factor analysis 

methods as was done in our analyses. The Iowa Women’s Health Study reported no 

association between nutrients, food groups, or dietary patterns among 34,642 women 

(including 256 cases of pancreatic cancer).27 In the current study, we used PCA to derive the 

Prudent and Western dietary patterns, and these reflected the actual overall consumption 

patterns in the study population rather than an optimal or recommended diet, or adherence to 

a priori dietary recommendations. Thus, this may partially explain differences between our 

results and those of other studies that used dietary score or index approaches to dietary 

patterns analysis.28 Overall, there are limited and inconsistent data on the topic of dietary 

patterns and pancreatic cancer, with two cohorts25,26 and one case-control study24 reporting 

a potential benefit of more prudent dietary patterns, and 4 cohort studies23,25,27 indicating no 

association. Thus, our results should be interpreted cautiously and further research may be 

warranted to clarify this apparent inconsistency.

Our results are consistent with earlier case-control studies that examined individual food 

groups and risk of pancreatic cancer. We and others previously reported inverse associations 

between pancreatic cancer risk and greater intake of fruits and vegetables 9,24,29-39, whole 

grains 10,40, fiber 10,30,35,36,41-43, folate 30, antioxidants (e.g. carotenoids, vitamin E, vitamin 
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C) 12,30,31,35,44-47; and positive associations for increased intake of meat (especially red or 

processed meat) 11,33,36,37,39,48-51 or dietary fat 11,36,43,52-54. Several cohort studies have 

reported inverse associations for some aspects of fruit and vegetable intake (e.g. food groups 

or phytochemicals) 55-61; whereas others have reported no effect with pancreatic 

cancer 62-70. Similar to case-control studies, cohort studies generally have reported positive 

associations between greater meat and fat intake and pancreatic cancer risk 64,66,71-75.

Our study also had limitations that should be considered when interpreting the results. 

Pancreatic cancer is a highly lethal yet relatively rare cancer, and thus it is reasonable to 

consider results from large well-conducted case-control studies, in addition to cohort data. 

However, case-control studies may lead to a potential over-estimation of effects due to recall 

bias, or potential differential reporting of past diet by cases versus controls, and our results 

should be interpreted cautiously. In this large population-based study we used rapid case 

ascertainment methods, conducted in-person interviews (no proxy interviews), and used a 

validated semi-quantitative food-frequency questionnaire, all of which would help to 

diminish the effects of selection, recall and misclassification bias. We also asked about 

dietary patterns one year before the cancer diagnosis, or interview for controls, thereby 

avoiding recent assessment of dietary changes due to pancreatic cancer. Few patients refused 

to participate (8%), and the primary reason that patients were not interviewed was directly 

due to the aggressive process of pancreatic cancer and the subsequent high mortality rate. 

Although effects of recall and survival bias cannot be eliminated, results were similar when 

analyses were restricted to respondents who indicated that their diet one year prior to 

diagnosis/interview was the same or similar to their diet 10 years ago. Our data were based 

on interviews using a validated food-frequency questionnaire that may not be as accurate in 

capturing usual diet compared to multiple seasonal diet records. However, given the patient 

population and case-control study design, the latter would have been infeasible.

Our results provide evidence that a Prudent dietary pattern characterized by greater 

consumption of vegetables, fruit, fish, poultry, whole grains, and low-fat dairy may reduce 

risk of pancreatic cancer. In contrast, a Western diet comprised heavily of red meat, 

processed meat, sweets, high-fat dairy, and refined grains may elevate risk, in particular 

among men. In conclusion, following a diet rich in plant-based foods, whole grains, and 

white meat may reduce risk of pancreatic cancer.

Acknowledgments

Funding: National Institutes of Health, NCI grants CA59706, CA89726, CA72712, CA09889, CA121846, 
CA108370 and the Rombauer Pancreatic Cancer Research Fund.

References

1. Society, AC., editor. Cancer Facts & Figures 2012. Atlanta: American Cancer Society; 2012. 

2. Maisonneuve P, Lowenfels AB. Epidemiology of Pancreatic Cancer: An Update. Dig Dis. 2010; 
28:645–56. [PubMed: 21088417] 

3. Anderson, K.; Mack, T.; Silverman, D. Cancer of the Pancreas. In: Schottenfeld, D.; Fraumeni, J., 
editors. Cancer Epidemiology and Prevention. New York: Oxford University Press; 2006. p. 
721-63.

Chan et al. Page 7

Nutr Cancer. Author manuscript; available in PMC 2015 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. World Cancer Research Fund & American Institute for Cancer Research. Food, Nutrition, Physicial 
Activity, and the Prevention of Cancer: a Global Perspective. Washington D.C.: American Institute 
for Cancer Research; 2007. 

5. Duell EJ. Epidemiology and potential mechanisms of tobacco smoking and heavy alcohol 
consumption in pancreatic cancer. Mol Carcinog. 2012; 51:40–52. [PubMed: 22162230] 

6. Lucenteforte E, La Vecchia C, Silverman D, et al. Alcohol consumption and pancreatic cancer: a 
pooled analysis in the International Pancreatic Cancer Case-Control Consortium (PanC4). Ann 
Oncol. 2012; 23:374–82. [PubMed: 21536662] 

7. Michels KB, Schulze MB. Can dietary patterns help us detect diet-disease associations? Nutr Res 
Rev. 2005; 18:241–8. [PubMed: 19079908] 

8. Newby PK, Tucker KL. Empirically derived eating patterns using factor or cluster analysis: a 
review. Nutr Rev. 2004; 62:177–203. [PubMed: 15212319] 

9. Chan JM, Wang F, Holly EA. Vegetable and fruit intake and pancreatic cancer in a population-
based case-control study in the San Francisco bay area. Cancer Epidemiol Biomarkers Prev. 2005; 
14:2093–7. [PubMed: 16172215] 

10. Chan JM, Wang F, Holly EA. Whole grains and risk of pancreatic cancer in a large population-
based case-control study in the San Francisco Bay Area, California. Am J Epidemiol. 2007; 
166:1174–85. [PubMed: 17881383] 

11. Chan JM, Wang F, Holly EA. Pancreatic cancer, animal protein and dietary fat in a population-
based study, San Francisco Bay Area, California. Cancer Causes Control. 2007; 18:1153–67. 
[PubMed: 17805983] 

12. Gong Z, Holly EA, Bracci PM. Intake of folate, vitamins B6, B12 and methionine and risk of 
pancreatic cancer in a large population-based case-control study. Cancer Causes Control. 2009; 
20:1317–25. [PubMed: 19415507] 

13. Gong Z, Holly EA, Wang F, Chan JM, Bracci PM. Intake of fatty acids and antioxidants and 
pancreatic cancer in a large population-based case-control study in the San Francisco Bay Area. 
Int J Cancer. 127:1893–904. [PubMed: 20104522] 

14. Eberle CA, Bracci PM, Holly EA. Anthropometric factors and pancreatic cancer in a population-
based case-control study in the San Francisco Bay area. Cancer Causes Control. 2005; 16:1235–
44. [PubMed: 16215874] 

15. Holly EA, Chaliha I, Bracci PM, Gautam M. Signs and symptoms of pancreatic cancer: a 
population-based case-control study in the San Francisco Bay area. Clin Gastroenterol Hepatol. 
2004; 2:510–7. [PubMed: 15181621] 

16. Holly EA, Eberle CA, Bracci PM. Prior history of allergies and pancreatic cancer in the San 
Francisco Bay area. Am J Epidemiol. 2003; 158:432–41. [PubMed: 12936898] 

17. Ko AH, Wang F, Holly EA. Pancreatic cancer and medical history in a population-based case-
control study in the San Francisco Bay Area, California. Cancer Causes Control. 2007; 18:809–19. 
[PubMed: 17632765] 

18. Wang F, Gupta S, Holly EA. Diabetes mellitus and pancreatic cancer in a population-based case-
control study in the San Francisco Bay Area, California. Cancer Epidemiology Biomarkers & 
Prevention. 2006; 15:1458–63.

19. Galea S, Tracy M. Participation rates in epidemiologic studies. Ann Epidemiol. 2007; 17:643–53. 
[PubMed: 17553702] 

20. Holmes MD, Powell IJ, Campos H, Stampfer MJ, Giovannucci EL, Willett WC. Validation of a 
food frequency questionnaire measurement of selected nutrients using biological markers in 
African-American men. Eur J Clin Nutr. 2007; 61:1328–36. [PubMed: 17299490] 

21. Longnecker MP, Lissner L, Holden JM, et al. The reproducibility and validity of a self-
administered semiquantitative food frequency questionnaire in subjects from South Dakota and 
Wyoming. Epidemiology. 1993; 4:356–65. [PubMed: 8347747] 

22. Subar AF, Thompson FE, Kipnis V, et al. Comparative validation of the Block, Willett, and 
National Cancer Institute food frequency questionnaires : the Eating at America’s Table Study. 
Am J Epidemiol. 2001; 154:1089–99. [PubMed: 11744511] 

23. Michaud DS, Skinner HG, Wu K, et al. Dietary patterns and pancreatic cancer risk in men and 
women. J Natl Cancer Inst. 2005; 97:518–24. [PubMed: 15812077] 

Chan et al. Page 8

Nutr Cancer. Author manuscript; available in PMC 2015 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24. Nkondjock A, Krewski D, Johnson KC, Ghadirian P. Dietary patterns and risk of pancreatic 
cancer. Int J Cancer. 2005; 114:817–23. [PubMed: 15609315] 

25. Nothlings U, Murphy SP, Wilkens LR, et al. A food pattern that is predictive of flavonol intake 
and risk of pancreatic cancer. Am J Clin Nutr. 2008; 88:1653–62. [PubMed: 19064528] 

26. Jiao L, Mitrou PN, Reedy J, et al. A combined healthy lifestyle score and risk of pancreatic cancer 
in a large cohort study. Arch Intern Med. 2009; 169:764–70. [PubMed: 19398688] 

27. Inoue-Choi M, Flood A, Robien K, Anderson K. Nutrients, food groups, dietary patterns, and risk 
of pancreatic cancer in postmenopausal women. Cancer Epidemiol Biomarkers Prev. 2011; 
20:711–4. [PubMed: 21278328] 

28. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Curr Opin Lipidol. 
2002; 13:3–9. [PubMed: 11790957] 

29. Silverman DT, Swanson CA, Gridley G, et al. Dietary and nutritional factors and pancreatic 
cancer: a case-control study based on direct interviews. J Natl Cancer Inst. 1998; 90:1710–9. 
[PubMed: 9827525] 

30. Baghurst PA, McMichael AJ, Slavotinek AH, Baghurst KI, Boyle P, Walker AM. A case-control 
study of diet and cancer of the pancreas. Am J Epidemiol. 1991; 134:167–79. [PubMed: 1862800] 

31. Bueno de Mesquita HB, Maisonneuve P, Runia S, Moerman CJ. Intake of foods and nutrients and 
cancer of the exocrine pancreas: a population-based case-control study in The Netherlands. Int J 
Cancer. 1991; 48:540–9. [PubMed: 1646177] 

32. Norell SE, Ahlbom A, Erwald R, et al. Diet and pancreatic cancer: a case-control study. Am J 
Epidemiol. 1986; 124:894–902. [PubMed: 3776972] 

33. Olsen GW, Mandel JS, Gibson RW, Wattenberg LW, Schuman LM. A case-control study of 
pancreatic cancer and cigarettes, alcohol, coffee and diet. Am J Public Health. 1989; 79:1016–9. 
[PubMed: 2751016] 

34. Gold EB, Gordis L, Diener MD, et al. Diet and other risk factors for cancer of the pancreas. 
Cancer. 1985; 55:460–7. [PubMed: 3965101] 

35. Ji BT, Chow WH, Gridley G, et al. Dietary factors and the risk of pancreatic cancer: a case-control 
study in Shanghai China. Cancer Epidemiol Biomarkers Prev. 1995; 4:885–93. [PubMed: 
8634662] 

36. Lyon JL, Slattery ML, Mahoney AW, Robison LM. Dietary intake as a risk factor for cancer of the 
exocrine pancreas. Cancer Epidemiol Biomarkers Prev. 1993; 2:513–8. [PubMed: 8268766] 

37. Ghadirian P, Nkondjock A. Consumption of food groups and the risk of pancreatic cancer: a case-
control study. J Gastrointest Cancer. 41:121–9. [PubMed: 20101477] 

38. Anderson LN, Cotterchio M, Gallinger S. Lifestyle, dietary, and medical history factors associated 
with pancreatic cancer risk in Ontario, Canada. Cancer Causes Control. 2009; 20:825–34. 
[PubMed: 19194662] 

39. Polesel J, Talamini R, Negri E, et al. Dietary habits and risk of pancreatic cancer: an Italian case-
control study. Cancer Causes Control. 21:493–500. [PubMed: 20091114] 

40. Jacobs DR Jr, Meyer KA, Kushi LH, Folsom AR. Whole-grain intake may reduce the risk of 
ischemic heart disease death in postmenopausal women: the Iowa Women’s Health Study. Am J 
Clin Nutr. 1998; 68:248–57. [PubMed: 9701180] 

41. Howe GR, Jain M, Miller AB. Dietary factors and risk of pancreatic cancer: results of a Canadian 
population-based case-control study. Int J Cancer. 1990; 45:604–8. [PubMed: 2157670] 

42. Howe GR, Ghadirian P, Bueno de Mesquita HB, et al. A collaborative case-control study of 
nutrient intake and pancreatic cancer within the search programme. Int J Cancer. 1992; 51:365–72. 
[PubMed: 1317361] 

43. Zhang J, Dhakal IB, Gross MD, et al. Physical activity, diet, and pancreatic cancer: a population-
based, case-control study in Minnesota. Nutr Cancer. 2009; 61:457–65. [PubMed: 19838917] 

44. Lin Y, Tamakoshi A, Hayakawa T, Naruse S, Kitagawa M, Ohno Y. Nutritional factors and risk of 
pancreatic cancer: a population-based case-control study based on direct interview in Japan. J 
Gastroenterol. 2005; 40:297–301. [PubMed: 15830290] 

45. Howe GR, Ghadirian P, Bueno de Mesquita HB, et al. A collaborative case-control study of 
nutrient intake and pancreatic cancer within the search programme. Int J Cancer. 1992; 51:365–72. 
[PubMed: 1317361] 

Chan et al. Page 9

Nutr Cancer. Author manuscript; available in PMC 2015 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



46. Zatonski W, Przewozniak K, Howe GR, Maisonneuve P, Walker AM, Boyle P. Nutritional factors 
and pancreatic cancer: a case-control study from south-west Poland. Int J Cancer. 1991; 48:390–4. 
[PubMed: 2040534] 

47. Olsen GW, Mandel JS, Gibson RW, Wattenberg LW, Schuman LM. Nutrients and pancreatic 
cancer: a population-based case-control study. Cancer Causes Control. 1991; 2:291–7. [PubMed: 
1932541] 

48. Anderson KE, Sinha R, Kulldorff M, et al. Meat intake and cooking techniques: associations with 
pancreatic cancer. Mutat Res. 2002; 506-507:225–31. [PubMed: 12351162] 

49. Fernandez E, La Vecchia C, Decarli A. Attributable risks for pancreatic cancer in northern Italy. 
Cancer Epidemiol Biomarkers Prev. 1996; 5:23–7. [PubMed: 8770462] 

50. Bueno de Mesquita HB, Maisonneuve P, Runia S, Moerman CJ. Intake of foods and nutrients and 
cancer of the exocrine pancreas: a population-based case-control study in The Netherlands. Int J 
Cancer. 1991; 48:540–9. [PubMed: 1646177] 

51. Falk RT, Pickle LW, Fontham ET, Correa P, Fraumeni JF Jr. Life-style risk factors for pancreatic 
cancer in Louisiana: a case-control study. Am J Epidemiol. 1988; 128:324–36. [PubMed: 
3394699] 

52. Ghadirian P, Simard A, Baillargeon J, Maisonneuve P, Boyle P. Nutritional factors and pancreatic 
cancer in the francophone community in Montreal, Canada. Int J Cancer. 1991; 47:1–6. [PubMed: 
1845960] 

53. Bueno de Mesquita HB, Moerman CJ, Runia S, Maisonneuve P. Are energy and energy-providing 
nutrients related to exocrine carcinoma of the pancreas? Int J Cancer. 1990; 46:435–44. [PubMed: 
2394510] 

54. Durbec JP, Chevillotte G, Bidart JM, Berthezene P, Sarles H. Diet, alcohol, tobacco and risk of 
cancer of the pancreas: a case-control study. Br J Cancer. 1983; 47:463–70. [PubMed: 6849792] 

55. Mills PK, Beeson WL, Abbey DE, Fraser GE, Phillips RL. Dietary habits and past medical history 
as related to fatal pancreas cancer risk among Adventists. Cancer. 1988; 61:2578–85. [PubMed: 
3365678] 

56. Lin Y, Kikuchi S, Tamakoshi A, et al. Dietary habits and pancreatic cancer risk in a cohort of 
middle-aged and elderly Japanese. Nutr Cancer. 2006; 56:40–9. [PubMed: 17176216] 

57. Inoue M, Tajima K, Takezaki T, et al. Epidemiology of pancreatic cancer in Japan: a nested case-
control study from the Hospital-based Epidemiologic Research Program at Aichi Cancer Center 
(HERPACC). Int J Epidemiol. 2003; 32:257–62. [PubMed: 12714546] 

58. Larsson SC, Hakansson N, Naslund I, Bergkvist L, Wolk A. Fruit and vegetable consumption in 
relation to pancreatic cancer risk: a prospective study. Cancer Epidemiol Biomarkers Prev. 2006; 
15:301–5. [PubMed: 16492919] 

59. Nothlings U, Murphy SP, Wilkens LR, Henderson BE, Kolonel LN. Flavonols and pancreatic 
cancer risk: the multiethnic cohort study. Am J Epidemiol. 2007; 166:924–31. [PubMed: 
17690219] 

60. Bobe G, Weinstein SJ, Albanes D, et al. Flavonoid intake and risk of pancreatic cancer in male 
smokers (Finland). Cancer Epidemiol Biomarkers Prev. 2008; 17:553–62. [PubMed: 18349272] 

61. Stolzenberg-Solomon RZ, Pietinen P, Barrett MJ, Taylor PR, Virtamo J, Albanes D. Dietary and 
other methyl-group availability factors and pancreatic cancer risk in a cohort of male smokers. Am 
J Epidemiol. 2001; 153:680–7. [PubMed: 11282796] 

62. Vrieling A, Verhage BA, van Duijnhoven FJ, et al. Fruit and vegetable consumption and pancreatic 
cancer risk in the European Prospective Investigation into Cancer and Nutrition. Int J Cancer. 
2009; 124:1926–34. [PubMed: 19107929] 

63. Shibata A, Mack TM, Paganini-Hill A, Ross RK, Henderson BE. A prospective study of pancreatic 
cancer in the elderly. Int J Cancer. 1994; 58:46–9. [PubMed: 8014014] 

64. 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; 155:783–92. [PubMed: 11978580] 

65. Coughlin SS, Calle EE, Patel AV, Thun MJ. Predictors of pancreatic cancer mortality among a 
large cohort of United States adults. Cancer Causes Control. 2000; 11:915–23. [PubMed: 
11142526] 

Chan et al. Page 10

Nutr Cancer. Author manuscript; available in PMC 2015 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



66. Zheng W, McLaughlin JK, Gridley G, et al. A cohort study of smoking, alcohol consumption, and 
dietary factors for pancreatic cancer (United States). Cancer Causes Control. 1993; 4:477–82. 
[PubMed: 8218880] 

67. Isaksson B, Jonsson F, Pedersen NL, Larsson J, Feychting M, Permert J. Lifestyle factors and 
pancreatic cancer risk: a cohort study from the Swedish Twin Registry. Int J Cancer. 2002; 
98:480–2. [PubMed: 11920604] 

68. Khan MM, Goto R, Kobayashi K, et al. Dietary habits and cancer mortality among middle aged 
and older Japanese living in hokkaido, Japan by cancer site and sex. Asian Pac J Cancer Prev. 
2004; 5:58–65. [PubMed: 15075007] 

69. Sauvaget C, Nagano J, Hayashi M, Spencer E, Shimizu Y, Allen N. Vegetables and fruit intake and 
cancer mortality in the Hiroshima/Nagasaki Life Span Study. Br J Cancer. 2003; 88:689–94. 
[PubMed: 12618875] 

70. Keszei AP, Verhage BA, Heinen MM, Goldbohm RA, van den Brandt PA. Dietary folate and 
folate vitamers and the risk of pancreatic cancer in the Netherlands cohort study. Cancer 
Epidemiol Biomarkers Prev. 2009; 18:1785–91. [PubMed: 19505911] 

71. Nothlings U, Wilkens LR, Murphy SP, Hankin JH, Henderson BE, Kolonel LN. Meat and fat 
intake as risk factors for pancreatic cancer: the multiethnic cohort study. J Natl Cancer Inst. 2005; 
97:1458–65. [PubMed: 16204695] 

72. Hirayama T. Epidemiology of pancreatic cancer in Japan. Jpn J Clin Oncol. 1989; 19:208–15. 
[PubMed: 2810821] 

73. Larsson SC, Hakanson N, Permert J, Wolk A. Meat, fish, poultry and egg consumption in relation 
to risk of pancreatic cancer: a prospective study. Int J Cancer. 2006; 118:2866–70. [PubMed: 
16385571] 

74. Thiebaut AC, Jiao L, Silverman DT, et al. Dietary fatty acids and pancreatic cancer in the NIH-
AARP diet and health study. J Natl Cancer Inst. 2009; 101:1001–11. [PubMed: 19561318] 

75. Stolzenberg-Solomon RZ, Cross AJ, Silverman DT, et al. Meat and meat-mutagen intake and 
pancreatic cancer risk in the NIH-AARP cohort. Cancer Epidemiol Biomarkers Prev. 2007; 
16:2664–75. [PubMed: 18086772] 

Chan et al. Page 11

Nutr Cancer. Author manuscript; available in PMC 2015 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chan et al. Page 12

Table 1

Rotated factor loadings for the two dietary patterns for men and women in a population-based case-control 

study, San Francisco Bay Area, California

Food or food group Dietary pattern

Prudent diet Western diet

Men Women Men Women

Vegetables† 0.67 0.68 - -

Yellow vegetables 0.63 0.63 - -

Cruciferous vegetables 0.57 0.66 - -

Legumes and products 0.59 0.59 - -

Green leafy vegetables 0.55 0.59 - -

Tomatoes 0.60 0.53 - -

Fruit 0.47 0.57 - -

Garlic and onions 0.56 0.45 - 0.18

Fish and other seafood 0.43 0.41 - 0.21

Poultry 0.37 0.38 - 0.16

Whole grains 0.26 0.31 -

Tea 0.20 0.18 - -

Fruit juice 0.24 0.23 - -

Low-fat dairy product - 0.17 - 0.24

Wine 0.15 - - -

Processed red meat - - 0.67 0.58

Non-processed red meat - - 0.59 0.56

Fried potatoes and chips - - 0.57 0.60

High-fat dairy products - - 0.56 0.47

Eggs - 0.15 0.45 0.28

Butter - - 0.42 0.33

Sweetened grains, dessert - - 0.41 0.30

Sweets - - 0.39 0.25

Sugar-added beverages - - 0.38 0.42

Refined grains 0.17 0.16 0.37 0.50

Pizza - - 0.31 0.36

Organ meats - - 0.26 0.31

Potatoes 0.17 0.26 0.25 0.15

Nuts - 0.22 0.22 -

Coffee - - 0.21 -

Beer - - 0.20 0.18

Margarine - - - -

Cold breakfast cereals - - -0.16 -
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Food or food group Dietary pattern

Prudent diet Western diet

Men Women Men Women

Sugar-free beverages - - - -

Liquor - - - -

*
For simplicity, factor loadings <0.15 in absolute value are not shown and are indicated by a dash.

†
Vegetables other than yellow, green leafy, or cruciferous vegetables.
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