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Abstract
AIM: To quantitatively assess the relationship between 
coffee consumption and incidence of pancreatic cancer 
in a meta-analysis of cohort studies.

METHODS: We searched MEDLINE, EMBASE, Science 
Citation Index Expanded and bibliographies of retrieved 
articles. Studies were included if they reported relative 
risks (RRs) and corresponding 95% CIs of pancreatic 
cancer with respect to frequency of coffee intake. We 
performed random-effects meta-analyses and meta-
regressions of study-specific incremental estimates to 
determine the risk of pancreatic cancer associated with 
a 1 cup/d increment in coffee consumption.

RESULTS: Fourteen studies met the inclusion criteria, 
which included 671 080 individuals (1496 cancer events) 
with an average follow-up of 14.9 years. Compared with 
individuals who did not drink or seldom drank coffee 
per day, the pooled RR of pancreatic cancer was 0.82 
(95% CI: 0.69-0.95) for regular coffee drinkers, 0.86 
(0.76-0.96) for low to moderate coffee drinkers, and 
0.68 (0.51-0.84) for high drinkers. In subgroup analy-
ses, we noted that, coffee drinking was associated with 

a reduced risk of pancreatic cancer in men, while this 
association was not seen in women. These associations 
were also similar in studies from North America, Europe, 
and the Asia-Pacific region.

CONCLUSION: Findings from this meta-analysis sug-
gest that there is an inverse relationship between coffee 
drinking and risk of pancreatic cancer.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Coffee is one of  the most widely consumed beverages in 
the world, with a yearly world average consumption of  
1.1 kg per capita, which reaches 4.5 kg in industrialized 
countries[1]. More recently, coffee consumption has been 
associated with a reduction in the risk of  several chronic 
diseases, including type 2 diabetes mellitus, Parkinson’s 
disease and liver disease[2-4]. Of  these associations, the re-
lationship between coffee drinking and cancer risk is of  
great interest.

Coffee consumption may exert an anticarcinogenic 
effect in some organs. For example, a reduction in choles-
terol, bile acid, and neutral sterol secretion in the colon is a 
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direct effect of  coffee consumption as is increased colonic 
motility, which can reduce exposure of  epithelium to car-
cinogens[5]. The components of  coffee which have received 
attention are caffeine (a purine alkaloid), cafestol (a diter-
pene), kahweol (another diterpene), and chlorogenic acid 
(a dietary phenol). Cafestol and kahweol, which are active 
ingredients in the coffee oil, decrease mutagenesis and tu-
morigenesis in animal models. Diterpenes, found in coffee, 
reduce genotoxicity of  carcinogens and lower DNA adduct 
formation. Caffeic acid and chlorogenic acid are antioxi-
dants and have been reported to decrease DNA methyla-
tion[6]. More subtly, caffeine itself  appears to be protective-
affecting cell cycle, proliferation, and apoptosis[7,8].

Pancreatic cancer is one of  the most aggressive and 
treatment-refractory malignancies in humans. Given that 
there is no screening test for the early detection of  this 
cancer and no effective treatment to prolong survival 
time, primary prevention appears to be the most impor-
tant way of  reducing pancreatic cancer mortality. Over 
the last 4 decades, a number of  epidemiologic studies 
have estimated the association between coffee consump-
tion and pancreatic cancer occurrence. However, the re-
sults of  these studies were inconsistent. Data from case-
control studies may be subject to recall bias with respect 
to coffee consumption and selection bias with respect to 
the control group. Additional prospective cohort studies 
excluding those biases would be more useful for assessing 
coffee-cancer associations. We, therefore, systematically 
reviewed and performed a meta-analysis of  prospective 
cohort studies to quantitatively assess the association be-
tween coffee intake and pancreatic cancer risk in humans. 
Because of  the high consumption of  coffee, even small 
effects on pancreatic cancer occurrence could have a large 
impact on public health.

MATERIALS AND METHODS
Literature search
We searched the electronic databases MEDLINE (1966 
to August 2010), EMBASE (1985 to August 2010), and 
Science Citation Index Expanded (1945 to August 2010), 
using the Medical Subject Heading (MeSH) term coffee 
combined with pancreatic cancer or pancreatic neoplasm 
or pancreatic carcinoma. Furthermore, we reviewed refer-
ence lists of  retrieved articles to search for more studies. 
Articles published in any language were included.

Inclusion and exclusion criteria
For inclusion, studies had to fulfill the following criteria: 
have a prospective cohort design; report relative risks (RRs) 
or hazard ratios and their corresponding 95% CIs (or data 
to calculate them) of  pancreatic cancer relating to every 
category of  coffee intake; and provide the frequency of  
coffee consumption. Studies were excluded if: case-control 
design was used; mixed beverage was reported, in which 
the effect of  coffee could not be separated; only surrogate 
nutrients of  coffee were reported; no categories of  cof-
fee intake were reported that could not allow for adequate 

classification of  intake. If  multiple published reports from 
the same study cohort were available, we included only the 
one with the most detailed information for both outcome 
and coffee consumption.

Data extraction
Data were extracted independently by two investigators 
(Yu and Dong) according to the meta-analysis of  observa-
tion studies in epidemiology guidelines[9], and discrepan-
cies were resolved by discussion with a third investigator 
(Zou). For each study, the following information was ex-
tracted: first author’s last name; year of  publication; coun-
try of  origin; follow-up period; number of  subjects and 
cases; age at baseline; category amounts of  coffee intake; 
outcome assessment; RRs or hazard ratios of  pancreatic 
cancer and corresponding 95% CIs for every category 
of  coffee intake; and covariates adjusted in the statistical 
analysis.

Statistical analysis
The measures of  interest were the RR and the corre-
sponding 95% CIs for included cohort studies. When 
RRs were not available in the published article, they were 
computed from the exposure distributions. Because vari-
ous studies used different measurement units for coffee 
consumption, we converted these into cups per day as a 
standard measure. If  coffee consumption was indicated by 
milliliter, we assumed 125 mL as approximately equivalent 
to 1 cup.

We computed the summary RR for coffee drinkers 
vs nondrinkers and for different levels of  consumption 
by giving each study-specific RR a weight that was pro-
portional to its precision (i.e. the inverse of  the variance 
derived, when necessary, from the reported 95% CIs). 
To estimate the summary RR for various levels of  cof-
fee consumption, we first calculated the study-specific 
estimate separately for low to moderate consumption and 
high consumption.

Statistical heterogeneity among studies was estimated 
using Q and I2 statistics. For the Q statistic, heterogene-
ity was considered present when P < 0.1. We pooled the 
study-specific estimates using both the fixed effect model 
and the random effect model proposed by DerSimonian 
and Laird; when a significant heterogeneity was found, 
the random effect model results were presented. A sen-
sitivity analysis was also conducted, in which one study 
at a time was removed and the rest analyzed to estimate 
whether the results could have been affected markedly by 
a single study.

For dose-response analysis, we used the method pro-
posed by Greenland et al[10] to estimate study-specific 
slopes from the correlated natural logarithm of  the RR 
across categories of  coffee consumption, assigning to 
each class the dose corresponding to the midpoint of  
upper and lower boundaries. The highest, open-ended 
category was assumed to have the same amplitude of  con-
sumption as the preceding category[11]. Then the summary 
RR for pancreatic cancer risk with a 1 cup/d increment in 
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coffee consumption was obtained by pooling the study-
specific slopes, using the inverse of  the corresponding 
variances as weights.

Finally, publication bias was evaluated through funnel 
plot visual analysis and with the Begg’s and Egger’s tests. 
P < 0.05 was considered statistically significant. All statis-
tical analyses were performed with STATA (version 9.0; 
Stata Co., College Station, TX, USA).

RESULTS
Using the predefined search strategy, we identified 14 pro-
spective cohort studies (Figure 1), including 671 080 par-
ticipants and 1496 incident cases of  pancreatic cancer with 
an average follow-up of  14.9 years, which were eligible 
for inclusion in the meta-analysis[12-25]. The characteristics 
of  the included studies are summarized in Table 1. Initial 
agreement between the two reviewers on whether a study 
was eligible for inclusion occurred in 48/50 manuscripts 
(96%; κ = 0.92). Of  the 14 cohorts included in the meta-
analysis, 4 were conducted in Europe (Norway, Sweden 
and Finland), 6 in North America (the United States), and 
4 in Asia (Japan).

Figure 2A shows the estimated RRs for coffee drink-
ers vs non/lowest drinkers from the cohort studies. The 
summary RR of  pancreatic cancer from all combined 
studies was 0.82 (95% CI: 0.69-0.95). There was signifi-
cant heterogeneity across the studies (Q = 21.88, P = 0.057, 
I2 = 40.6%). Figure 2B and C give the RRs according to 
low to moderate and high coffee consumption from vari-
ous studies. The summary RR was 0.86 (95% CI: 0.76-0.96) 
for low to moderate coffee consumption, with no het-
erogeneity between studies (Q = 16.12, P = 0.186, I2 = 
25.6%). The summary RR for high consumption of  cof-
fee was 0.68 (95% CI: 0.51-0.84), also with no heteroge-
neity between studies (Q = 7.82, P = 0.729, I2 = 0%). The 
summary RR for an increment of  1 cup of  coffee per day 
was 0.96 (95% CI: 0.90-1.02) for all studies combined, but 
was statistically insignificant.

Various sources of  heterogeneity likely exist due to in-
ternational differences in coffee consumption (e.g. coffee 
type, serving size, or brewing method) in this analysis. To 
examine the magnitude of  the combined RR in each stra-
tum and its respective test of  heterogeneity, we conducted 
subgroup analyses by gender and geographic regions. The 
summary RR was 0.73 (95% CI: 0.63-0.84) for men and 
0.82 (95% CI: 0.52-1.11) for women when combining all 
studies. There was no heterogeneity for men (Q = 9.01, 
P = 0.252, I2 = 22.3%) and a significant heterogeneity for 
women (Q = 12.42, P = 0.029, I2 = 59.7%). 

Associations were also similar in studies from North 
America, Europe and the Asia-Pacific region. The RR was 
0.81 (95% CI: 0.67-0.95) when considering the 6 studies 
conducted in North America, 0.86 (95% CI: 0.50-1.22) for 
the 4 studies from Europe, and 0.76 (95% CI: 0.52-0.99) 
for the 4 Asian studies. No significant differences by sex 
were found.

There was no indication of  publication bias from either 

visualization of  the funnel plot or Egger’s (P = 0.735) and 
Begg’s (P = 0.381) (Figure 3) tests. A sensitivity analysis, 
in which one study was removed at a time, was performed 
to evaluate the stability of  the results. This analysis con-
firmed the stability of  our results.

DISCUSSION
Coffee consumption, as a major and frequent dietary 
exposure in diverse cultures around the globe, has been 
shown to be associated with pancreatic cancer in epide-
miological studies. However, there is no comprehensive, 
up-to-date overview of  the entirety of  the substantial 
body of  epidemiologic evidence. To address this need, we 
quantitatively assessed the relationship between coffee in-
take and incidence of  pancreatic cancer in a meta-analysis 
of  cohort studies.

Coffee can potentially impact the etiology of  cancer 
of  various sites along multiple pathways, ranging from 
carcinogenesis to cellular apoptosis. A number of  in vitro 
studies suggest that caffeine can influence carcinogenesis 
through inhibition of  DNA repair, and induction of  
mitotic events before DNA replication is completed[26-28]. 

Porta et al[29] argues that in exocrine pancreatic cancer, 
caffeine, other coffee compounds, or other correlates of  
coffee drinking could modulate Ki-ras activation by inter-
fering with DNA repair, cell-cycle checkpoints, and apop-
tosis. However, for most cancer sites, there is a significant 
amount of  evidence to show that there is no detrimental 
effect following the consumption of  up to 6 cups of  cof-
fee per day in relation to cancer occurrence. Through the 
meta-analysis of  cohort studies, we found that compared 
with individuals who did not drink or seldom drank 
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121 potentially relevant publications identified and screened for retrieval

81 papers from initial screening

50 potentially relevant papers retrieved for more detailed assessment

14 cohort studies satisfied inclusion criteria

40 papers excluded on the basis of publication type
   16 reviews
   14 letters
   4 editorials
   3 comments
   2 news
   1 case report

31 papers excluded on the basis of title and 
abstract (generally because papers were not 
observational studies)

34 papers excluded for using case-control design

2 papers excluded for multiple published reports
from the same cohorts

Figure 1  Flow diagram of search strategy and study selection.
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coffee per day, the pooled RR of  pancreatic cancer was 
0.82 (95% CI: 0.69-0.95) for regular coffee drinkers, 0.86 

(0.76-0.96) for low to moderate coffee drinkers, and 0.68 
(0.51-0.84) for high drinkers. Overall, an increase in con-
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Table 1  Summary characteristics of studies included in the meta-analysis

Study Country Follow-up 
period

Study subjects No. of 
cases

Coffee consumption Relative risk 
(95% CI)

Adjustments

Snowdon 
et al[12]

United States 1960-1980 23 912   71 < 1 cup/d    1.00 (reference) Age, sex
Aged ≥ 30 yr 1 cup/d 1.7 (0.9-3.3)

1984 ≥ 2 cups/d 0.8 (0.4-1.6)
Jacobsen 
et al[13]

Norway 1967-1978 16 555   63 ≤ 2 cups/d    1.00 (reference) Sex, age and residence (men for 
cigarette smoking)13 664 male 3-4 cups/d   1.22 (0.66-2.35)

1986 2891 female 5-6 cups/d   0.53 (0.21-1.26)
≥ 7 cups/d   0.62 (0.18-1.75)

Nomura 
et al[14]

Japan 1965-1983 7355 male   21 0 cup/d    1.00 (reference) Age, years of smoking, number 
of cigarettes smoked per day, 
smoking status at exam, and past 
smoking status

1-2 cups/d   0.83 (0.16-5.34)
1986 3-4 cups/d   1.39 (0.32-8.31)

≥ 5 cups/d   1.27 (0.27-7.84)
Hiatt et al[15] United States 1978-1984 122 894   49 < 1 cup/d 0.4 (0.1-4.3) Age, sex, ethnic origin, blood 

glucose levels, consumption of 
alcohol, tea

1988 1-3 cups/d 1.2 (0.3-4.4)
> 4 cups/d 0.8 (0.2-4.6)

Zheng 
et al[16]

United States 1966-1986 17 633 male   57 < 3 cups/d    1.00 (reference) Age, smoking index, alcohol index
Aged ≥ 35 yr 3-4 cups/d 0.6 (0.3-1.2)

1993 5-6 cups/d 0.7 (0.4-1.6)
≥ 7 cups/d 0.9 (0.3-2.4)

Shibata 
et al[17]

United States 1981-1990 13 979   63 < 1 cup/d    1.00 (reference) Sex, age and cigarette smoking
1 cup/d   1.82 (0.75-4.43)

1994 2-3 cups/d   1.67 (0.74-3.77)
≥ 4 cups/d   0.88 (0.28-2.80)

Stensvold 
et al[18]

Norway 1977-1990 42 973   41 ≤ 2 cups/d    1.00 (reference) Age, cigarette smoking, county of 
residence21 735 male 26 M 3-4 cups/d   2.76 (0.63-25.21)

1994 21 238 female 15 F 5-6 cups/d   3.09 (0.72-27.87)
Aged 35-54 yr ≥ 7 cups/d   2.71 (0.59-25.15)

Zheng 
et al[19]

United States 1986-1993 35 369 female   66 Never/monthly    1.00 (reference) Age, education, smoking status, 
pack-years of smoking, physical 
activity, all fruit and vegetable 
intake, total energy intake, waist/
hip ratio, family history of cancer, 
prior history of blood transfusion

Aged 55-69 yr Weekly-3 cups/d   1.82 (0.87-3.82)
1996 ≥ 4 cups/d   2.15 (1.01-4.07)

Michaud 
et al[20]

United 1986-1998 136 593 288 None    1.00 (reference) Age in 5-yr categories, pack-years 
of smoking, bidy mass index, 
history of diabetes mellitus, history 
of cholecystectomy, energy intake, 
and period

States 1980-1996 47 794 male 130 M < 1 cup/d   0.94 (0.65-1.36)
2001 Aged 40-75 yr 158 F 1 cup/d   0.60 (0.38-0.94)

88 799 female 2-3 cups/d   0.88 (0.65-1.21)
Aged 30-55 yr > 3 cups/d   0.62 (0.27-1.43)

Isaksson 
et al[21]

Sweden 1961-1997 21 884 131 0-2 cups/d    1.00 (reference) Sex, age, cigarette smoking
9680 male 3-6 cups/d   0.91 (0.60-1.38)

2002 12 204 female ≥ 7 cups/d   0.39 (0.17-0.89)
Aged 36-75 yr

Lin et al[22] Japan 1988-1997 99 527 225 Nondrinkers Age, cigarette smoking in pack-
years2002 44 646 male 1-2 cups/mo

54 881 female 1-4 cups/wk
Aged 40-79 yr 1 cup/d

2-3 cups/d
≥ 4 cups/d

Stolzenberg-
Solomon 
et al[23]

Finland 1985-1997 27 111 male 163 ≤ 321.4 g/d    1.00 (reference) Age, years of smoking
Aged 50-69 yr > 321.4-≤ 450.0 g/d   1.48 (0.89-2.46)

> 450.0-≤ 624.9 g/d   1.12 (0.61-2.03)
2002 > 624.9-≤ 878.6 g/d   1.72 (1.01-2.86)

> 878.6 g/d   0.95 (0.54-1.68)
Khan et al[24] Japan 1984-2002 3158   25 ≤ several times/mo    1.00 (reference) Age, sex, health education, 

health examination, health status, 
smoking

2004 1524 male 12 M ≥ several times/wk   0.38 (0.01-1.05)
1634 female 13 F
Aged ≥ 40 yr

Luo et al[25] Japan 1990-2003 102 137 233 Rarely    1.00 (reference) Body mass index, frequency of 
sports, smoking status, alcohol 
intake, history of diabetes, history 
of cholelithiasis, study area, age 
and tea consumption

2007 48 783 male 135 M 1-2 cups/wk 1.0 (0.7-1.4)
53 354 female 98 F 3-4 cups/wk 1.1 (0.7-1.7)
Aged 40-69 yr 1-2 cups/d 0.9 (0.6-1.3)

≥ 3 cups/d 0.8 (0.4-1.3)
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Study ID ES (95% CI)  % Weight

Snowdon et al [12] 1984 0.98 (0.44-1.52)     4.70

Jacobsen et al [13] 1986 0.70 (0.31-1.08)     7.69

Nomura et al [14] 1986 1.04 (0.01-2.49)     1.07

Hiatt et al [15] 1988 0.81 (0.01-1.82)     1.94

Zheng et al [16] 1993 0.67 (0.33-1.01)     8.99

Shibata et al [17] 1994 1.34 (0.48-2.19)     2.15

Stensvold et al [18] 1994 2.87 (0.01-8.27)     0.10

Zheng et al [19] 1996 1.98 (0.92-3.04)     1.44

Michaud et al [20] 2001 0.78 (0.61-0.94)   16.60

Isaksson et al [21] 2002 0.63 (0.37-0.89)   11.97

Lin et al [22] 2002 0.68 (0.48-0.88)   14.79

Stolzenberg-Solomon et al [23] 2002 1.22 (0.86-1.57)     8.53

Khan et al [24] 2004 0.38 (0.01-1.05)     4.99

Luo et al [25] 2007 0.95 (0.75-1.14)   15.04

Overall (I 2 = 40.6%, P  = 0.057) 0.82 (0.69-0.95) 100.00

0   1   2

Figure 2  Summary relative risks of pancreatic cancer for coffee drinkers vs non/lowest drinkers from included studies (A), low to moderate coffee drinkers 
vs non/lowest drinkers from included studies (B) and high coffee drinkers vs non/lowest drinkers from included studies (C). Weights are from random effect 
analysis. Squares represent study-specific relative risk estimates (size of the square reflects the study-specific statistical weight, that is, the inverse of the variance); 
horizontal lines represent 95% CIs; diamonds represent summary relative risk estimates with corresponding 95% CIs.

Study ID ES (95% CI)  % Weight

Snowdon et al [12] 1984 0.80 (0.40-1.60)     7.77

Jacobsen et al [13] 1986 0.62 (0.18-1.75)     4.54

Nomura et al [14] 1986 1.27 (0.27-7.84)     0.20

Hiatt et al [15] 1988 0.80 (0.20-4.60)     0.58

Zheng et al [16] 1993 0.90 (0.30-2.40)     2.54

Shibata et al [17] 1994 0.88 (0.28-2.80)     1.76

Zheng et al [19] 1996 2.15 (1.01-4.07)     1.19

Michaud et al [20] 2001 0.62 (0.27-1.43)     8.31

Isaksson et al [21] 2002 0.39 (0.17-0.89)   21.58

Lin et al [22] 2002 0.64 (0.33-0.95)   29.11

Stolzenberg-Solomon et al [23] 2002 0.95 (0.54-1.68)     8.61

Luo et al [25] 2007 0.80 (0.40-1.30)   13.81

Overall (I 2 = 40.6%, P  = 0.057) 0.68 (0.51-0.84) 100.00

0   1   2

Study ID ES (95% CI)  % Weight

Snowdon et al [12] 1984 1.70 (0.90-3.30)     0.72

Jacobsen et al [13] 1986 0.72 (0.28-1.17)     5.22

Nomura et al [14] 1986 1.00 (0.01-3.16)     0.42

Hiatt et al [15] 1988 0.81 (0.01-2.28)     0.80

Zheng et al [16] 1993 0.64 (0.28-1.00)     7.98

Shibata et al [17] 1994 1.73 (0.56-2.90)     0.76

Stensvold et al [18] 1994   2.91 (0.01-12.02)     0.03

Zheng et al [19] 1996 1.82 (0.87-3.82)     0.48

Michaud et al [20] 2001 0.79 (0.62-0.96)   35.80

Isaksson et al [21] 2002 0.91 (0.60-1.38)     6.80

Lin et al [22] 2002 0.71 (0.44-0.97)   14.73

Stolzenberg-Solomon et al [23] 2002 1.39 (0.93-1.85)     4.89

Luo et al [25] 2007 0.98 (0.76-1.20)   21.37

Overall (I 2 = 25.6%, P  = 0.186) 0.86 (0.76-0.96) 100.00

0   1   2

C

B
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sumption of  1 cup of  coffee per day was associated with 
a 4% reduced risk of  pancreatic cancer (RR, 0.96; 95% 
CI: 0.90-1.02). Thus, the evidence presented above sug-
gests that coffee intake might prevent pancreatic cancer 
occurrence in humans.

Over the past two decades, many studies have been 
carried out on coffee and pancreatic cancer following the 
early warning in the early 1980s that coffee consump-
tion was related to pancreatic cancer risk. Some ecologi-
cal[30], case-control[31], and cohort[20,22] studies carried out 
in the USA, Canada, Europe and Asia investigated the 
relationship between coffee consumption and the risk of  
pancreatic cancer. In general, these investigations yielded 
inconsistent results, with a meta-analysis on 25 case-
control studies giving a summary effect estimate of  1.04 
(95% CI: 1.00-1.07) and a summary RR of  1.00 (0.94-1.07) 
per 1 cup/d for 10 cohort studies[5]. Since the WCRF 
report, Luo et al[25] studied the association between drink-
ing coffee and the risk of  pancreatic cancer in a large 
population-based cohort study in Japan. Among 102 137 
participants followed for an average of  11 years in which 
233 incident cases of  pancreatic cancer were identified, 
there was no increased risk of  pancreatic cancer with cof-
fee intake. A reduced risk was apparent among men who 
drank at least 3 cups of  coffee per day compared with 
those who did not drink any or only rarely drank coffee. 
After a pooled analysis of  14 cohort studies, we found 
that there was a reverse association between coffee con-
sumption and the risk of  pancreatic cancer.

Some limitations of  this meta-analysis should be ac-
knowledged. First, as in all observational studies of  diet 
and disease, the possibility of  bias and confounding can 
not be excluded. However, cohort studies, which are less 
susceptible to bias because of  the prospective design, 
also showed an inverse association between coffee con-
sumption and risk of  pancreatic cancer, suggesting that 
the finding is not likely attributable to recall and selec-
tion bias. Individual studies may have failed to adjust for 
potential known or unknown confounders. Second, our 
results are likely to be affected by the misclassification of  

coffee consumption. Coffee exposure is mostly assessed 
in relation to the number of  cups of  coffee consumed 
daily, weekly or monthly. However, most of  the studies 
included in our meta-analysis did not provide informa-
tion on coffee type, serving size, or brewing method. 
Serving sizes and brewing methods for coffee can vary 
substantially within and between countries. Standard cof-
fee cups are larger in the United States than in Europe 
or Japan, and the difference in the strength of  the coffee 
brewed may compensate for the different serving size 
between countries[32]. Third, we extracted the risk esti-
mates that reflected the greatest degree of  the control 
potential confounders, because it was hard to obtain raw 
data from each study to conduct standardized adjust-
ments. Therefore, it is probable that the results based on 
the adjustment for different confounders were different 
from those based on standardized adjustments. Finally, 
only published studies were included in our meta-analysis. 
Therefore, publication bias may have occurred although 
no publication bias was indicated from both visualization 
of  the funnel plot and Egger’s test.

In summary, there is substantial evidence from both 
laboratory and animal studies on the favorable influence 
of  coffee on the risk of  pancreatic cancer. Although well 
designed studies, in particular randomized clinical stud-
ies among high risk populations, are needed to provide 
valuable insights into coffee consumption and the risk 
of  pancreatic cancer, our meta-analysis which included 
14 prospective cohort studies confirmed that coffee con-
sumption is inversely associated with the risk of  pancre-
atic cancer.
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COMMENTS
Background
Coffee consumption, as a major and frequent dietary exposure in diverse 
cultures around the globe, has been shown to be associated with pancreatic 
cancer in epidemiological studies. However, there is no comprehensive, up-to-
date overview of the entirety of the substantial body of epidemiologic evidence.
Research frontiers
Over the past two decades, many studies have been carried out on coffee and 
pancreatic cancer. Some ecological, case-control, and cohort studies carried 
out in the USA, Canada, Europe and Asia investigated the relationship between 
coffee consumption and the risk of pancreatic cancer. However, these inves-
tigations yielded inconsistent results, with a meta-analysis on 25 case-control 
studies giving a summary effect estimate of 1.04 and a summary relative risk 
(RR) of 1.00 per 1 cup/d for 10 cohort studies.
Innovations and breakthroughs
Findings from this meta-analysis suggested that, compared with individuals 
who did not drink or seldom drank coffee per day, the pooled RR of pancreatic 
cancer was 0.82 for regular coffee drinkers, 0.86 for low to moderate coffee 
drinkers, and 0.68 for high drinkers. Coffee drinking was associated with a re-
duced risk of pancreatic cancer for men, while this association was not seen in 
women. 
Applications
Coffee consumption may reduce pancreatic cancer incidence and it has a 
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Figure 3  Publication bias in the studies. Begg’s funnel plot indicating no 
publication bias in the studies included in this meta-analysis. No indication of 
publication bias was noted from both visualization of funnel plot and Egger’s 
test. RR: Relative risk.

Begg’s funnel plot with pseudo 95% confidence limits
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consistent preventive effect on some type of cancers. These epidemiological 
observations should provide information for the exploration of biological mecha-
nisms involved in the inverse relationship between coffee drinking and risk of 
pancreatic cancer.
Terminology
Roasted coffee is a complex mixture of more than one thousand chemicals. 
Many of these constituents could potentially alter cancer risk through several 
biological mechanisms. The anticarcinogenic components in coffee which have 
received attention are caffeine, cafestol, kahweol, polyphenols, caffeic acid and 
chlorogenic acid.
Peer review
Dr. Dong et al showed that coffee consumption may reduce the pancreatic 
cancer incidence, using meta-analysis. The results are very interesting. 
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