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Abstract
Purpose

Evidence is inconsistent regarding alcohol and pancreatic cancer risk, although heavy

drinking may increase risk.

Methods

A population-based case-control study was conducted using 345 pancreas cancer cases di-

agnosed 2011–2012 and 1,285 frequency-matched controls from Ontario, Canada. Logistic

regression was used to evaluate alcohol consumption and pancreatic cancer risk; data was

also stratified by sex and smoking status to assess interaction.

Results

Alcohol consumption was not associated with pancreatic cancer risk (age-adjusted odds

ratio=0.78, 95% CI: 0.58, 1.05 for 1 - 3 drinks/week; age-adjusted odds ratio=0.86, 95% CI:

0.63, 1.17 for 4 - 20 drinks/week), however there was a non-significant increased risk for

heavy drinkers consuming�21 drinks/week (age-adjusted odds ratio=1.35, 95% CI: 0.81,

2.27). Cigarette smoking modified the alcohol-cancer relationship; among current smokers,

heavy alcohol consumption was associated with a significantly increased pancreatic cancer

risk (age-adjusted odds ratio=4.04, 95% CI: 1.58, 10.37), whereas this significant associa-

tion with heavy drinking was not observed among non-smokers (age-adjusted odds

ratio=2.01, 95% CI: 0.50, 8.18). Furthermore, light –moderate alcohol intake was associat-

ed with increased pancreas cancer risk among current smokers.

Conclusions

While alcohol was not significantly associated with pancreatic cancer risk, smoking status

modified this relationship such that among current smokers, alcohol intake was associated

with a greater than two-fold increased risk of pancreatic cancer. The results should be
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interpreted with caution due to small sample sizes within subgroups and correction for multi-

ple comparisons should be considered. These findings should be replicated in larger stud-

ies where more precise estimates of risk can be obtained.

Introduction
Pancreatic cancer is one of the most lethal of all cancers [1]. In 2013, approximately 4,700 Ca-
nadians were diagnosed with pancreatic cancer and 4,300 died from it, with a 5-year survival
rate of less than 10% [1]. The poor survival rates are thought to be due to lack of screening
tests, late presentation of disease, lack of effective treatment, as well as the uncertain etiology of
pancreatic cancer [2–5]. Cigarette smoking, obesity, pancreatitis, and family history of pancre-
as cancer are established risk factors [6–14]. In addition, diabetes may be associated with pan-
creatic cancer risk or it may be an early indicator of disease [15–17].

Many studies have assessed the association between alcohol consumption and pancreatic can-
cer risk; although the evidence remains inconsistent, it suggests an increased risk associated with
heavy drinking [18–30]. Several pooled studies and a meta-analysis of the alcohol—pancreatic
cancer association have been conducted. A pooled analysis of 14 cohort studies found a modest
increased pancreatic cancer risk with consumption of 30 or more grams of alcohol per day [18].
A meta-analysis of case-control and cohort studies demonstrated an increased risk for pancreatic
cancer among persons consuming 3 or more drinks per day [19]. Similarly, a pooled analysis of
10 case-control studies found a significantly increased pancreatic cancer risk associated with 9 or
more drinks per day, with no association found for occasional and light—moderate drinkers
[20]. Conversely, a pooled analysis of 12 cohort studies observed no association between total al-
cohol intake and pancreatic cancer risk, however a modest association was observed among men
that drank heavily, but not women [21].

Our study investigated the association between alcohol consumption and pancreatic cancer
risk with stratification by sex and smoking status.

Materials and Methods

Case ascertainment and response rates
Pancreas cancer cases were recruited through the Ontario Pancreas Cancer Study, as previously
described [31]. The current analyses included recent cases diagnosed between February 1, 2011
and August 31, 2012. Pancreatic cancer cases were men and women,� 89 years of age, diag-
nosed with a pathologically-confirmed adenocarcinoma of the pancreas (International Classifi-
cation of Diseases for Oncology Third Edition (ICD-03, C25.0–25.9)). Confirmation of case
diagnosis and permission to contact patients was requested from physicians. Cases were then
mailed a study package that included self-administered questionnaires on family history of
cancer, epidemiology/lifestyle factors, allergies and food intake. After two weeks, a reminder
post card was sent and telephone calls were made another two weeks later to those who had
not responded; a second package was sent upon request, plus additional telephone follow-up
for non-responders.

Of the 1,095 individuals diagnosed with pancreatic cancer during this time period, 262
(24%) were ineligible (deceased, language barrier, resided outside Ontario), or were unable to
be contacted (physician refused, had no address, no physician to contact for consent). Of the
833 that were invited to participate, 195 (23%) were later found to be ineligible (deceased, lan-
guage restrictions, living outside of Ontario, or older than 89 years). Of the 638 eligible
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pancreas cancer cases, 345 (54%) completed the questionnaires, 137 (22%) refused, 46 (7%)
were unable to be contacted, 30 (5%) provided DNA samples only, and 80 (13%) were non-re-
sponders. The final 345 participants were comprised of 308 (89%) cancer cases and 37 (11%)
proxy respondents.

Control ascertainment and response rates
Population-based controls were frequency-matched (1:3) within 5-year age/sex groups to the
expected pancreas cancer case distribution. Controls were recruited (during 2011) through ran-
dom digit dialing methods previously described [31]. Of the 11,629 households telephoned,
1,995 contained an eligible individual and of these, 1,734 (87%) persons agreed to participate.
These controls were mailed a study package from the Ontario Cancer Risk Factor Study. Re-
minder post cards were sent two weeks later and non-responders were followed up at four
weeks and eight weeks with a telephone call; at ten weeks they were re-mailed the package.
Questionnaires were completed by 1,285 controls (74% response rate).

Alcohol variables
Both cases and controls completed questionnaires, which included: medical history, medica-
tion use, dietary intake, physical activity, body weight, reproductive history, chemical expo-
sures, family history of pancreas cancer, alcohol intake, and smoking. Alcohol consumption
two years ago (recent) was asked about separately for beer, white wine, red wine, and liquor.
Alcohol consumption frequency options were: never or less than once per month, less than
once per week, at least once per week (1–6 drinks/week), at least once per day (7–21 drinks/
week), or more than 3 per day (> 21 drinks/week). A conservative value was assigned to each
of these frequency options for each type of alcohol such that: drinking never or less than once
per month was 0, less than once per week was 0.4, at least once per week was 1, at least once
per day was 7, and more than 3 per day was 21. These values were then summed across the
four types of alcohols for each individual to obtain a measure of total alcohol consumption
(two years ago), which was then categorized into groups (0 –< 1 drink/week reference catego-
ry, 1–3 drinks/week, 4–20 drinks/week, and� 21 drinks/week). The highest level of alcohol
consumption was set at� 21 drinks/week because evidence in the literature showed associa-
tions at this ‘heavy’ threshold amount [19].

In addition to consumption frequency, subjects were also categorized based on the type of
alcoholic beverages. If total alcohol intake was never or less than once per month, persons were
considered never drinkers for each type of alcoholic beverage. Next, those who drank only one
particular alcoholic beverage were considered drinkers of only that particular alcoholic bever-
age. Mixed drinkers were persons who drank two or more types of alcoholic beverages. This
produced the categories: never any, beer only, wine only, liquor only, and mixed drinker. Sub-
jects with missing values for alcohol intake were considered never drinkers (less than 2% of
persons had missing values), which was assumed for both the alcohol consumption and alcohol
type variables.

Ethical approval
The study protocol(s) and consent procedure(s) were approved by the Mount Sinai Hospital
Research Ethics Board and the University of Toronto Research Ethics Board. For questionnaire
data, consent was implied as the subject completed the self-administered questionnaires and
returned them by mail. Each participant had the freedom to decline or withdraw from this
study at any given point in time.
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Statistical analysis
All analyses were conducted using SAS 9.2 (SAS Institute Inc.). The distribution of cases and
controls for established risk factors were described. Confounding was assessed for the associa-
tion between alcohol consumption and pancreatic cancer risk by adding each potential con-
founder (sex, age, body mass index (based on weight one year prior to questionnaire
completion), type 2 diabetes, pancreatitis, family history of pancreas cancer, smoking status
(non-smoker, current, former)) to the age-adjusted logistic regression model and comparing
the change in the AOR to the crude model containing only age-group and the alcohol con-
sumption variable. A change in the AOR of� 15% suggested the variable was a confounder
and would remain in the final multivariate models [32]. This assessment revealed that none of
the covariates were confounders; thus, the most parsimonious model was that controlled for
age-group only. The association between alcohol consumption and pancreatic cancer risk was
stratified by sex and smoking status to investigate effect modification.

Results
The distribution of subject characteristics and established risk factors for cases and controls are
shown in Table 1. As expected (and previously shown [31]), the following were associated with
a significant increased risk of pancreatic cancer: diabetes, family history of pancreas cancer,
pancreatitis, and smoking.

Table 2 shows the AORs for the association between total alcohol consumption, alcohol
type, and pancreatic cancer risk. Heavy alcohol consumption (� 21 drinks/week) was associat-
ed with an increased risk of pancreatic cancer (AOR = 1.35, 95% CI: 0.81, 2.27), however, this
association was not statistically significant. No statistically significant increased risk was found
for any type of alcoholic beverage.

The association between alcohol consumption and pancreatic cancer risk stratified by sex is
shown in Table 3. There was no significant difference in AORs observed between males and fe-
males (P = 0.27). The dataset was also stratified by smoking status as shown in Table 4. Among
current smokers, an increase in pancreatic cancer risk was associated with alcohol consump-
tion (light, moderate, and heavy); this was statistically significant for 1–3 alcoholic drinks/week
(AOR = 2.31, 95% CI: 1.03, 5.20) and� 21 drinks/week (AOR = 4.04, 95% CI: 1.58, 10.37).
This statistically significant association between pancreatic cancer risk and heavy drinking was
not observed among non-smokers (Pinteraction = 0.008). It is important to note the large confi-
dence intervals around the heavy drinker AOR within the non-smoking group. Upon further
exploration, it was observed that heavy alcohol drinkers were more likely to be heavy smokers
(data not shown). Therefore, to be conservative, we forced the smoking pack-years variable
into the current smoker model; the AORs remained similar to the model without pack-years
with significant AORs for alcohol intake in the range of a doubling of pancreatic cancer risk
(the most parsimonious model is presented here).

Discussion
Overall, we found that alcohol consumption was not associated with pancreatic cancer risk;
however, a non-significant increased risk was observed with heavy drinking. Furthermore,
smoking modified the association between alcohol and pancreatic cancer risk, such that among
current smokers, consuming alcohol (light, moderate, and heavy) was associated with a more
than two-fold increased pancreatic cancer risk, which was statistically significant among
heavy drinkers.

Consistent with previous prospective cohort studies [23, 24], a case-control study [25], and
a pooled cohort study [21], heavy alcohol consumption was not significantly associated with
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pancreatic cancer risk. However, we also observed a non-statistically significant increased risk
of pancreatic cancer with heavy alcohol consumption, which is consistent with pooled cohort
and case-control studies [18, 20], a meta-analysis [19], and prospective cohort studies [27–30]
showing a significant positive association between heavy alcohol consumption and pancreatic
cancer risk. It is possible our small sample size did not provide adequate power to detect a sta-
tistically significant association.

Consistent with some studies [18, 23], no associations were found for individual alcohol
types (beer, white wine, red wine, liquor), possibly due to the low frequencies observed within
these groups. However, other prospective cohort studies reported positive associations for con-
sumption of liquor as compared to beer and wine [24, 28].

Possible effect modification by sex is inconsistent in the literature. The current study found
that sex did not significantly modify the association between alcohol consumption and

Table 1. Description of study participants, including age-adjusted odds ratio (AOR) estimates for pancreatic cancer risk factors.

Cases (N = 345) Controls (N = 1285) AOR

Risk Factor N % N % (95% CI)

Body Mass Index (kg/m2)a

Normal/underweight (< 25.0) 119 35 412 32 1.0

Overweight (25.0 – 30.0) 110 33 522 41 0.7 (0.6 – 1.0)

Obese (> 30.0) 107 32 343 27 1.1 (0.8 – 1.5)

Diabetesb

No 270 78 1113 87 1.0

Yes 74 22 162 13 1.7 (1.3 – 2.4)

Family history of pancreas cancerc

No 298 91 1168 96 1.0

Yes 29 1 49 4 2.4 (1.5 – 3.8)

Pancreatitis

No 325 95 1261 99 1.0

Yes 17 5 15 1 4.4 (2.2 – 9.1)

Smoking

Never 135 40 581 45 1.0

Current 60 18 157 12 1.9 (1.3 – 2.7)

Former 145 43 544 42 1.1 (0.9 – 1.4)

Sex

Male 175 51 680 53 —

Female 170 49 605 47

Age Group (years)d

<60 86 25 450 35 —

60 – 64 74 21 288 22

65 – 69 65 19 221 17

�70 120 35 326 25

Abbreviations: AOR: age-adjusted odds ratio, CI: confidence interval

Numbers may not add to total due to missing values
a One year before diagnosis/questionnaire completion
b Prior to one year before diagnosis/questionnaire completion; Type 2 diabetes
c First degree relative
d Age at pancreatic cancer diagnosis for cases and age at questionnaire completion for controls

doi:10.1371/journal.pone.0124489.t001
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pancreatic cancer risk, which is similar to that found in a pooled cohort study and meta-analy-
sis [18, 19]. However another pooled cohort study [21] and population-based case-control
study [33] found an increased risk of pancreatic cancer with alcohol consumption in men, but
not in women.

Previous population-based case-control studies [33], pooled case-control and pooled cohort
studies [6, 18, 21], and a prospective cohort study [28] reported that smoking status was not an
effect modifier of the association between alcohol consumption and pancreatic cancer risk.
However, four of these studies found a non-significant increase in pancreatic cancer risk with
heavy alcohol consumption among current smokers compared to non-smokers [6, 18, 28, 33].
These findings are similar to our study, which found a strong and statistically significant associ-
ation between alcohol consumption and pancreatic cancer risk among current smokers only.
The inconsistencies could possibly be attributed to sample size constraints and differences in
adjustment for covariates. After stratification by smoking status, our data was quite sparse;
therefore our findings must be interpreted with caution until replicated in larger studies.

Table 2. Age-adjusted odds ratio (AOR) estimates for total alcohol consumption and alcohol type.

Cases (n = 345) Controls
(N = 1285)

AOR

N % N % (95% CI)

Alcohol Consumptiona

0 - <1 drinks/week 167 48 573 45 1.00

1–3 drinks/week 82 24 372 29 0.78 (0.58 – 1.05)

4–20 drinks/week 73 21 283 22 0.86 (0.63 – 1.17)

� 21 drinks/week 23 7 57 4 1.35 (0.81 – 2.27)

Alcohol Typea

Never anyb 133 39 399 31 1.00

Beer only 29 8 87 7 1.09 (0.68 – 1.75)

Wine only 27 8 120 9 0.66 (0.42 – 1.05)

Liquor only 11 3 33 3 0.97 (0.48 – 1.99)

Mixed (beer/wine/liquor) 145 42 646 50 0.67 (0.51 – 0.88)

Abbreviations: AOR: age-adjusted odds ratio (assessment of covariates showed no confounders), CI:

confidence interval
a 2 years prior to diagnosis/questionnaire completion
b Beer, red wine, white wine, and liquor consumption was never or less than once per month

doi:10.1371/journal.pone.0124489.t002

Table 3. Association between alcohol consumption and pancreatic cancer risk stratified by sex.

Males Females

Alcohol Consumption (drinks/week)a Cases Controls AOR (95% CI) Cases Controls AOR (95% CI) P-value for
N (%) N (%) N (%) N (%) Interaction

0 – <1 73 (42) 235 (35) 1.00 94 (55) 338 (56) 1.00 0.27

1 – 3 45 (26) 206 (30) 0.73 (0.48 – 1.10) 37 (22) 166 (27) 0.82 (0.54 – 1.26)

4 – 20 42 (24) 197 (29) 0.68 (0.44 – 1.04) 31 (18) 86 (14) 1.23 (0.76 – 1.98)

� 21 15 (9) 42 (6) 1.14 (0.59 – 2.17) 8 (5) 15 (2) 1.92 (0.78 – 4.75)

Abbreviations: AOR: age-adjusted odds ratio (assessment of covariates showed no confounders), CI: confidence interval
a 2 years prior to diagnosis/questionnaire completion

doi:10.1371/journal.pone.0124489.t003
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Although ethanol and its metabolite, acetaldehyde, are considered carcinogens, the role of
alcohol consumption in the development of pancreatic cancer remains unclear [34]. Many pos-
sible biologic mechanisms have been proposed regarding how alcohol may lead to pancreas
damage and finally pancreatic cancer, such as: oxidative stress, cellular damage, upregulated
NADH/cytochrome P450 enzymes, and free radical formation [22, 34–39].

Smoking causes DNA damage [40, 41] and a recent review suggests that heavy alcohol
consumption and smoking may have overlapping effects during pancreatic carcinogenesis
[22]. For example, chronic alcohol consumption increases cytochrome P450 activity, increas-
ing cigarette smoke metabolites that promote carcinogenesis [22, 36, 42–44]. It has also
been proposed that nicotine may increase ethanol metabolism in the pancreas, amplifying
damage [35].

The strengths of this study include: i) valid case selection based on pathological confirma-
tion of pancreatic cancer cases, ii) a short lag time between diagnosis and questionnaire com-
pletion (approximately 3 months) as a result of electronic pathology reporting to the cancer
registry, and iii) population-based cases and controls. However, all studies have limitations.
Although temporality was established as exposures referred to two years prior to diagnosis,
case-control studies are subject to possible information bias as it is difficult to obtain accurate
measurements of past exposures. Research also shows that heavy drinkers are more likely to
have difficulties with memory recall [45]. In addition, this case-control study had a relatively
small sample size limiting the power to detect associations, especially in subgroups. Of course,
the possibility that our findings are due to chance cannot be ruled out.

Conclusions
The current study somewhat supports the literature suggesting that heavy alcohol intake may
increase one’s risk of developing pancreatic cancer. In addition, among current smokers, even
light drinking may be associated with a doubling of pancreatic cancer risk. Due to sparse data
after stratifying by smoking status, it is important that these findings be replicated in larger
future studies.

Table 4. Association between alcohol consumption and pancreatic cancer risk stratified by smoking status.

Never Smokers Current Smokers Former Smokers

Alcohol
Consumption
(drinks/week)a

Cases Controls AOR (95%
CI)

Cases Controls AOR (95% CI) Cases Control AOR (95%
CI)

P-value for
Interaction

N (%) N (%) N (%) N (%) N (%) N (%)

0 – <1 80
(59)

301 (52) 1.00 18
(30)

82 (52) 1.00 65
(45)

187
(34)

1.00 0.008

1 – 3 33
(24)

172 (30) 0.78
(0.50 – 1.24)

15
(25)

30 (19) 2.31
(1.03 – 5.20)

34
(23)

170
(31)

0.58
(0.36 – 0.93)

4 – 20 19
(14)

101 (17) 0.66
(0.38 – 1.14)

15
(25)

32 (20) 2.16
(0.96 – 4.87)

38
(26)

150
(28)

0.69
(0.44 – 1.10)

� 21 3 (2) 7 (1) 2.01
(0.50 – 8.18)

12
(20)

13 (8) 4.04
(1.58 – 10.37)

8 (6) 37 (7) 0.55
(0.24 – 1.24)

Abbreviations: AOR: age-adjusted odds ratio (assessment of covariates identified no confounders), CI: confidence interval

Numbers may not add to total due to missing values
a 2 years prior to diagnosis/questionnaire completion

doi:10.1371/journal.pone.0124489.t004

Alcohol Consumption and Pancreatic Cancer

PLOS ONE | DOI:10.1371/journal.pone.0124489 April 9, 2015 7 / 10



Acknowledgments
The authors would like to thank Ayelet Borgida and Beth Lowcock for their dedication as proj-
ect coordinators of the Ontario Pancreas Cancer Study and Ontario Cancer Risk Factor
Study, respectively.

Author Contributions
Conceived and designed the experiments: FR MC SG. Analyzed the data: FR. Wrote the paper:
FR MC SPC. Data analysis interpretation and revision of the manuscript: FR MC SPC SG. Ap-
proval of final manuscript: FR MC SPC SG.

References
1. Canadian Cancer Statistics 2013. Toronto, ON: Canadian Cancer Society; 2013.

2. Miura F, Takada T, Amano H, Yoshida M, Furui S, Takeshita K. Diagnosis of pancreatic cancer. HPB.
2006; 8: 337–342. doi: 10.1080/13651820500540949 PMID: 18333085

3. Lowenfels AB, Maisonneuve P. Epidemiology and risk factors for pancreatic cancer. Best Pract Res Cl
Gla. 2006; 20: 197–209.

4. Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer. Lancet. 2004; 363: 1049–1057. PMID:
15051286

5. Shin EJ, Canto MI. Pancreatic cancer screening. Gastroenterol Clin North Am. 2012; 41: 143–157. doi:
10.1016/j.gtc.2011.12.001 PMID: 22341255

6. Bosetti C, Lucenteforte E, Silverman DT, Petersen G, Bracci PM, Ji BT, et al. Cigarette smoking and
pancreatic cancer: an analysis from the International Pancreatic Cancer Case-Control Consortium
(Panc4). Ann Oncol. 2012; 23: 1880–1888. doi: 10.1093/annonc/mdr541 PMID: 22104574

7. Vrieling A, Bueno-de-Mesquita HB, Boshuizen HC, Michaud DS, Severinsen MT, Overvad K, et al. Cig-
arette smoking, environmental tobacco smoke exposure and pancreatic cancer risk in the European
Prospective Investigation into Cancer and Nutrition. Int J Cancer. 2010; 126: 2394–2403. doi: 10.1002/
ijc.24907 PMID: 19790196

8. Heinen MM, Verhage BA, Goldbohm RA, van den Brandt PA. Active and passive smoking and the risk
of pancreatic cancer in the Netherlands Cohort Study. Cancer Epidemiol Biomarkers Prev. 2010; 19:
1612–1622. doi: 10.1158/1055-9965.EPI-10-0121 PMID: 20501775

9. Arslan AA, Helzlsouer KJ, Kooperberg C, Shu XO, Steplowski E, Bueno-de-Mesquita HB, et al. Anthro-
pometric measures, body mass index, and pancreatic cancer: a pooled analysis from the Pancreatic
Cancer Cohort Consortium (PanScan). Arch Inten Med. 2010; 170: 791–802. doi: 10.1001/
archinternmed.2010.63 PMID: 20458087

10. Genkinger JM, Spiegelman D, Anderson KE, Bernstein L, van den Brandt PA, Calle EE, et al. A pooled
analysis of 14 cohort studies of anthropometric factors and pancreatic cancer risk. Int J Cancer. 2011;
129:1708–1717. doi: 10.1002/ijc.25794 PMID: 21105029

11. Klein AP, Brune KA, Petersen GM, Goggins M, Tersmette AC, Offerhaus GJ, et al. Prospective risk of
pancreatic cancer in familial pancreatic cancer kindreds. Cancer Res. 2004; 64: 2634–2638. PMID:
15059921

12. Ekbom A, McLaughlin JK, Karlsson BM, Nyren O, Gridley G, Adami HO, et al. Pancreatitis and pancre-
atic cancer: a population-based study. J Natl Cance Inst. 1994; 86:625–627. PMID: 8145277

13. Lowenfels AB, Maisonneuve P, Cavallini G, Ammann RW, Lankisch PG, Andersen JR, et al. Pancreati-
tis and the risk of pancreatic cancer. International Pancreatitis Study Group. New Engl J Med. 1993;
328: 1433–1437. PMID: 8479461

14. Chu D, KohlmannW, Adler DG. Identification and screening of individuals at increased risk for pancre-
atic cancer with emphasis on known environmental and genetic factors and hereditary syndromes.
JOP. 2010; 11: 203–212. PMID: 20442513

15. Ben Q, Xu M, Ning X, Liu J, Hong S, HuangW, et al. Diabetes mellitus and risk of pancreatic cancer: A
meta-analysis of cohort studies. Eur J Cancer. 2011; 47: 1928–1937. doi: 10.1016/j.ejca.2011.03.003
PMID: 21458985

16. Wang F, Herrington M, Larsson J, Permert J. The relationship between diabetes and pancreatic cancer.
Molecular Cancer. 2003; 2:4. PMID: 12556242

Alcohol Consumption and Pancreatic Cancer

PLOS ONE | DOI:10.1371/journal.pone.0124489 April 9, 2015 8 / 10

http://dx.doi.org/10.1080/13651820500540949
http://www.ncbi.nlm.nih.gov/pubmed/18333085
http://www.ncbi.nlm.nih.gov/pubmed/15051286
http://dx.doi.org/10.1016/j.gtc.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22341255
http://dx.doi.org/10.1093/annonc/mdr541
http://www.ncbi.nlm.nih.gov/pubmed/22104574
http://dx.doi.org/10.1002/ijc.24907
http://dx.doi.org/10.1002/ijc.24907
http://www.ncbi.nlm.nih.gov/pubmed/19790196
http://dx.doi.org/10.1158/1055-9965.EPI-10-0121
http://www.ncbi.nlm.nih.gov/pubmed/20501775
http://dx.doi.org/10.1001/archinternmed.2010.63
http://dx.doi.org/10.1001/archinternmed.2010.63
http://www.ncbi.nlm.nih.gov/pubmed/20458087
http://dx.doi.org/10.1002/ijc.25794
http://www.ncbi.nlm.nih.gov/pubmed/21105029
http://www.ncbi.nlm.nih.gov/pubmed/15059921
http://www.ncbi.nlm.nih.gov/pubmed/8145277
http://www.ncbi.nlm.nih.gov/pubmed/8479461
http://www.ncbi.nlm.nih.gov/pubmed/20442513
http://dx.doi.org/10.1016/j.ejca.2011.03.003
http://www.ncbi.nlm.nih.gov/pubmed/21458985
http://www.ncbi.nlm.nih.gov/pubmed/12556242


17. Austin MA, Kuo E, Van Den Eeden SK, Mandelson MT, Brentnall TA, Kamineni A, et al. Family history
of diabetes and pancreatic cancer as risk factors for pancreatic cancer: the PACIFIC study. Cancer Epi-
demiol Biomarkers Prev. 2013; 22: 1913–1917. doi: 10.1158/1055-9965.EPI-13-0518 PMID: 23966578

18. Genkinger JM, Spiegelman D, Anderson KE, Bergkvist L, Bernstein L, van den Brandt PA, et al. Alcohol
intake and pancreatic cancer risk: a pooled analysis of fourteen cohort studies. Cancer Epidemiol Bio-
markers Prev. 2009; 18: 765–776. doi: 10.1158/1055-9965.EPI-08-0880 PMID: 19258474

19. Tramacere I, Scotti L, Jenab M, Bagnardi V, Bellocco R, Rota M, et al. Alcohol drinking and pancreatic
cancer risk: a meta-analysis of the dose-risk relation. Int J Cancer. 2010; 126: 1474–1486. doi: 10.
1002/ijc.24936 PMID: 19816941

20. Lucenteforte E, La Vecchia C, Silverman D, Petersen GM, Bracci PM, Ji BT, et al. Alcohol consumption
and pancreatic cancer: a pooled analysis in the International Pancreatic Cancer Case-Control Consor-
tium (PanC4). Ann Oncol. 2012; 23: 374–382. doi: 10.1093/annonc/mdr120 PMID: 21536662

21. Michaud DS, Vrieling A, Jiao L, Mendelsohn JB, Steplowski E, Lynch SM, et al. Alcohol intake and pan-
creatic cancer: a pooled analysis from the pancreatic cancer cohort consortium (PanScan). Cancer
Causes Control. 2010; 21: 1213–1225. doi: 10.1007/s10552-010-9548-z PMID: 20373013

22. Duell EJ. Epidemiology and potential mechanisms of tobacco smoking and heavy alcohol consumption
in pancreatic cancer. Molecular Carcinog. 2012; 51: 40–52. doi: 10.1002/mc.20786 PMID: 22162230

23. Michaud DS, Giovannucci E, Willett WC, Colditz GA, Fuchs CS. Coffee and alcohol consumption and
the risk of pancreatic cancer in two prospective United States cohorts. Cancer Epidemiol Biomarkers
Prev. 2001; 10: 429–437. PMID: 11352851

24. Rohrmann S, Linseisen J, Vrieling A, Boffetta P, Stolzenberg-Solomon RZ, Lowenfels AB, et al. Ethanol
intake and the risk of pancreatic cancer in the European Prospective Investigation into Cancer and Nu-
trition (EPIC). Cancer Causes Control. 2009; 20: 785–794. doi: 10.1007/s10552-008-9293-8 PMID:
19145468

25. Villeneuve PJ, Johnson KC, Hanley AJ, Mao Y. Alcohol, tobacco and coffee consumption and the risk
of pancreatic cancer: results from the Canadian Enhanced Surveillance System case-control project.
Canadian Cancer Registries Epidemiology Research Group. Eur J Cancer Prev. 2000; 9: 49–58.
PMID: 10777010

26. 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: 825–834. doi: 10.1007/
s10552-009-9303-5 PMID: 19194662

27. Heinen MM, Verhage BA, Ambergen TA, Goldbohm RA, van den Brandt PA. Alcohol consumption and
risk of pancreatic cancer in the Netherlands cohort study. American journal of epidemiology. 2009;
169:1233–1242. doi: 10.1093/aje/kwp028 PMID: 19318612

28. Jiao L, Silverman DT, Schairer C, Thiebaut ACM, Hollenbeck AR, MF L. Alcohol use and the risk of pan-
creatic cancer: The NIH-AARP Diet and Health Study. Am J Epidemiol. 2009; 169: 1043–1051. doi: 10.
1093/aje/kwp034 PMID: 19299403

29. ZhengW, McLaughlin JK, Gridley G, Bjelke E, Schuman LM, Silverman DT, et al. A cohort study of
smoking, alcohol consumption, and dietary factors for pancreatic cancer (United States). Cancer
Causes Control. 1993; 4:477–482. PMID: 8218880

30. Anderson MA, Zolotarevsky E, Cooper KL, Sherman S, Shats O, Whitcomb DC, et al. Alcohol and to-
bacco lower the age of presentation in sporadic pancreatic cancer in a dose-dependent manner: a mul-
ticenter study. The Am J Gastroenterol. 2012; 107: 1730–1739.

31. Cotterchio M, Lowcock E, Hudson TJ, Greenwood C, Gallinger S. Association between allergies and
risk of pancreatic cancer. Cancer Epidemiol Biomarkers Prev. 2014; 23: 469–480. doi: 10.1158/1055-
9965.EPI-13-0965 PMID: 24554712

32. Maldonado G, Greenland S. Simulation study of confounder-selection strategies. Am J Epidemiol.
1993; 138: 923–936. PMID: 8256780

33. Gupta S, Wang F, Holly EA, Bracci PM. Risk of pancreatic cancer by alcohol dose, duration, and pat-
tern of consumption, including binge drinking: a population-based study. Cancer Causes Control. 2010;
21:1047–1059. doi: 10.1007/s10552-010-9533-6 PMID: 20349126

34. Herreros-Villanueva M, Hijona E, Banales JM, Cosme A, Bujanda L. Alcohol consumption on pancreat-
ic diseases. World J Gastroenterol. 2013; 19: 638–647. doi: 10.3748/wjg.v19.i5.638 PMID: 23429423

35. Chowdhury P, Gupta P. Pathophysiology of alcoholic pancreatitis: an overview. World J Gastroenterol.
2006; 12: 7421–7427. PMID: 17167828

36. Zakhari S. Overview: how is alcohol metabolized by the body? Alcohol Res Heath. 2006; 29: 245–254.
PMID: 17718403

37. WuD, Cederbaum AI. Alcohol, oxidative stress, and free radical damage. Alcohol Res Health. 2003;
27: 277–284. PMID: 15540798

Alcohol Consumption and Pancreatic Cancer

PLOS ONE | DOI:10.1371/journal.pone.0124489 April 9, 2015 9 / 10

http://dx.doi.org/10.1158/1055-9965.EPI-13-0518
http://www.ncbi.nlm.nih.gov/pubmed/23966578
http://dx.doi.org/10.1158/1055-9965.EPI-08-0880
http://www.ncbi.nlm.nih.gov/pubmed/19258474
http://dx.doi.org/10.1002/ijc.24936
http://dx.doi.org/10.1002/ijc.24936
http://www.ncbi.nlm.nih.gov/pubmed/19816941
http://dx.doi.org/10.1093/annonc/mdr120
http://www.ncbi.nlm.nih.gov/pubmed/21536662
http://dx.doi.org/10.1007/s10552-010-9548-z
http://www.ncbi.nlm.nih.gov/pubmed/20373013
http://dx.doi.org/10.1002/mc.20786
http://www.ncbi.nlm.nih.gov/pubmed/22162230
http://www.ncbi.nlm.nih.gov/pubmed/11352851
http://dx.doi.org/10.1007/s10552-008-9293-8
http://www.ncbi.nlm.nih.gov/pubmed/19145468
http://www.ncbi.nlm.nih.gov/pubmed/10777010
http://dx.doi.org/10.1007/s10552-009-9303-5
http://dx.doi.org/10.1007/s10552-009-9303-5
http://www.ncbi.nlm.nih.gov/pubmed/19194662
http://dx.doi.org/10.1093/aje/kwp028
http://www.ncbi.nlm.nih.gov/pubmed/19318612
http://dx.doi.org/10.1093/aje/kwp034
http://dx.doi.org/10.1093/aje/kwp034
http://www.ncbi.nlm.nih.gov/pubmed/19299403
http://www.ncbi.nlm.nih.gov/pubmed/8218880
http://dx.doi.org/10.1158/1055-9965.EPI-13-0965
http://dx.doi.org/10.1158/1055-9965.EPI-13-0965
http://www.ncbi.nlm.nih.gov/pubmed/24554712
http://www.ncbi.nlm.nih.gov/pubmed/8256780
http://dx.doi.org/10.1007/s10552-010-9533-6
http://www.ncbi.nlm.nih.gov/pubmed/20349126
http://dx.doi.org/10.3748/wjg.v19.i5.638
http://www.ncbi.nlm.nih.gov/pubmed/23429423
http://www.ncbi.nlm.nih.gov/pubmed/17167828
http://www.ncbi.nlm.nih.gov/pubmed/17718403
http://www.ncbi.nlm.nih.gov/pubmed/15540798


38. Poschl G, Seitz HK. Alcohol and cancer. Alcohol. 2004; 39: 155–165.

39. Zavoral M, Minarikova P, Zavada F, Salek C, Minarik M. Molecular biology of pancreatic cancer. World
J Gastroenterol. 2011; 17: 2897–2908. doi: 10.3748/wjg.v17.i24.2897 PMID: 21734801

40. WangM, Abbruzzese JL, Friess H, HittelmanWN, Evans DB, Abbruzzese MC, et al. DNA adducts in
human pancreatic tissues and their potential role in carcinogenesis. Cancer Res. 1998; 58: 38–41.
PMID: 9426054

41. Li D, Firozi PF, ZhangW, Shen J, DiGiovanni J, Lau S, et al. DNA adducts, genetic polymorphisms,
and K-ras mutation in human pancreatic cancer. Mutat Res. 2002; 513: 37–48. PMID: 11719088

42. Lieber CS. The discovery of the microsomal ethanol oxidizing system and its physiologic and patholog-
ic role. Drug Metab Rev. 2004; 36: 511–529. PMID: 15554233

43. Meskar A, Plee-Gautier E, Amet Y, Berthou F, Lucas D. [Alcohol-xenobiotic interactions. Role of cyto-
chrome P450 2E1]. Pathol Biol. 2001; 49: 696–702. PMID: 11762131

44. Li D, Jiao L, Li Y, Doll MA, Hein DW, Bondy ML, et al. Polymorphisms of cytochrome P4501A2 and
N-acetyltransferase genes, smoking, and risk of pancreatic cancer. Carcinogenesis. 2006; 27:
103–111. PMID: 15987714

45. Poikolainen K. Underestimation of recalled alcohol intake in relation to actual consumption. Brit J Ad-
dict. 1985; 80: 215–216. PMID: 3860245

Alcohol Consumption and Pancreatic Cancer

PLOS ONE | DOI:10.1371/journal.pone.0124489 April 9, 2015 10 / 10

http://dx.doi.org/10.3748/wjg.v17.i24.2897
http://www.ncbi.nlm.nih.gov/pubmed/21734801
http://www.ncbi.nlm.nih.gov/pubmed/9426054
http://www.ncbi.nlm.nih.gov/pubmed/11719088
http://www.ncbi.nlm.nih.gov/pubmed/15554233
http://www.ncbi.nlm.nih.gov/pubmed/11762131
http://www.ncbi.nlm.nih.gov/pubmed/15987714
http://www.ncbi.nlm.nih.gov/pubmed/3860245

