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Abstract
Background/Aim Smoking is a recognized risk factor for
pancreatic cancer. The aim of this study was to perform a
meta-analysis to provide a robust estimate of the strength of
the association between smoking and pancreatic cancer, to
determine the risk of pipe and cigar smoking, and to
estimate the duration of an elevated risk after smoking
cessation.
Methods We performed a meta-analysis of 82 published
studies containing epidemiologic information about smok-
ing and pancreatic cancer. Information on studies published
between 1950 and 2007 was abstracted and prepared for
analysis using standard meta-analytic procedures.
Results The overall risk of pancreatic cancer estimated
from the combined results for current and former smokers
was, respectively, 1.74 (95% CI 1.61–1.87) and 1.2 (95%
CI 1.11–1.29). The risk of pancreatic cancer for current and
former pipe and/or cigar smokers was respectively 1.47
(95% CI 1.17–1.83) and 1.29 (95% CI 0.68–2.45). For
former cigarette smokers, the risk remains elevated for a
minimum of 10 years after cessation.
Conclusions Based on estimates from four continents,
smoking cigarettes causes a 75% increase in the risk of
pancreatic cancer compared to non-smokers, and the risk

persists for a minimum of 10 years after smoking cessation.
This implies that in a population where the prevalence of
smoking is 30%, the population’s attributable risk (the
proportion of pancreatic cancer explained by smoking) is
estimated to be 20%.
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Introduction

Pancreatic cancer is one of the most lethal human cancers,
estimated to be responsible for more than a quarter of a
million deaths worldwide in 2001 [1]. Nearly all patients
who contract the disease die, usually within a few months
despite surgical or medical intervention.

Several risk factors are known to be related to pancreatic
cancer, and of these, smoking has been the most carefully
studied. Although there are other stronger risk factors (e.g.,
certain genetic diseases, pancreatitis), smoking is the
suspected cause of 20–30% of all pancreatic cancer, making
it the most important preventable cause of pancreatic
cancer.

Pancreatic cancer resembles other adenocarcinomas in
that it is age related: Only 5–10% of all pancreatic cancers
occur before age 50, and 80% of patients who develop
pancreatic cancer are ≥60 years. Smoking is believed to be
a risk factor for patients in all age groups. Smoking appears
to lower the age of developing pancreatic cancer, but this
may be an artifact related to competing causes of tobacco-
related mortality.

In this report, we have performed a meta-analysis of 82
published articles with information of smoking and pancre-
atic cancer. In addition to cigarette smoking, we have also
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studied pipe and cigar exposure and have performed an
analysis of the impact of smoking cessation on the eventual
reduction of risk. The aim was to obtain an overall
quantitative estimate of the risk of smoking and to study
the impact of smoking cessation on risk reduction. An
additional aim was to look for reasons to explain variation
between published studies.

Materials and methods

Data sources and search strategy

We reviewed published reports from the following data-
bases using validated search strategies (12–14):

(a) Ovid MEDLINE® database (1950 to March 2007)
(b) ISI Web of Science® Science Citation Index

Expanded™ (SCI Expanded)
(c) PUBMED (http://www.ncbi.nlm.nih.gov/entrez/query.

fcgi).

Other sources were found in the reference lists of the
retrieved articles and preceding reviews on the topic. The
following keywords and/or corresponding MESH terms
were used for the search: pancreatic cancer, malignancy,
tobacco, smoke, cigarette, cigars, and pipe. The search was
limited to human studies, but no language or time
restrictions were applied.

Data extraction

We extracted and coded the following information from the
published papers: authors, year of publication, study period,
type of study (cohort, case-control), country of the study,
number of cases, number of controls or person-years,
histological confirmation, use of proxy respondents for
obtaining information about cases, use of matching in study
design, features of populations and of the cancer, adjust-
ments used in the analysis.

We used wide inclusion criteria to select and retain a
large group of homogeneous studies:

(1) Study reports should contain the minimum informa-
tion necessary to estimate relative risks (RRs) and
corresponding 95% confidence intervals (i.e., odds
ratios or RRs and a measure of uncertainty: standard
errors, variance, confidence intervals or exact P value
of the significance of the estimates) for the tobacco
smoking.

(2) The studies should be independent to avoid giving
double weight to single studies. In case of multiple
reports of the same study, we considered the estimates
from the most recent publication.

(3) Homogeneous categories were chosen for the expo-
sure to tobacco smoking. We retrieved data for: ever,
current, and former type of exposure for cigarettes and
pipes or cigars; dose–response estimates for quantity
of cigarettes smoked, duration in years and years since
quitting. In case of multiple estimates, we preferred
incidence to mortality, population-based estimates to
hospital-based ones, estimates separated by gender to
overall estimates, estimates separated by type of
smoking (pipe vs cigars) to overall estimates, and
dose–response estimates for quantity of cigarettes per
day to pack-years.

(4) It was necessary that the populations studied be
homogeneous, at least for the main risk factor for
pancreatic cancer. One study [2], which considered
only an unusual familial kindred, was excluded
because a distinct etiology, mainly genetic, for this
population is suggested, and this could affect smok-
ing-related cancer risk.

Definition of the outcome and exposures

Exocrine pancreatic cancer was the outcome variable for
the analysis, and tobacco smoking (either cigarettes, pipes,
or cigars) was the exposure variable (risk factor). For
smoking, we performed separate analyses for “current”
smokers and “former” smokers. We combined other forms
of smoking (pipes, cigars) into a single category. For the
analysis of cessation of smoking, we examined three time
periods: <10, 10–19, and ≥20 years. For estimating dose–
response, we examined both daily cigarette exposure and
pack-years.

Data analysis strategy

We ignored the distinction among various measures of
RR (i.e., odds ratio, rate ratio, risk ratio) on the
assumption that these distinctions are unimportant, be-
cause pancreas cancer is relatively rare. All measures of
association and the corresponding confidence interval
were adjusted for the maximum number of confounding
variables, and were translated into log RR and
corresponding variance, with the formula proposed by
Greenland [3]. When several measures of risk were given
for a single study, even in absence of heterogeneity, we
used random effects models including the two sources of
variation (within and between studies), to take into account
correlation within study [4].

We used random effects models, with restricted maxi-
mum likelihood estimate to evaluate summary RRs.
Homogeneity of effects across studies was assessed using
the Chi-square statistic and quantified by I2, which
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represents the percentage of total variation across studies
that is attributable to heterogeneity rather than chance
[5]. P values, indicating significance of factors investigated,
were obtained with analysis of variance using PROC
MIXED in SAS [6]. Sub-group analyses and meta-
regressions were carried out to investigate between-study
heterogeneity focusing on study type, adjustments used in
the analysis, exposure definition, publication year, country
and gender, type of controls, cancer among controls,
matching, used of proxy, and histological confirmation.
As the Chi-square test has limited power, we considered
statistically significant heterogeneity at the P=0.10 level of
association.

For dose–response estimates, we used a linear model
within each study to estimate the RR associated with an
increase of one cigarette per day. We assigned to each class
the number of cigarettes smoked corresponding to the
midpoint of the range. We obtained the summarized RR
pooling the study-specific estimates by the classical random
effects models [7].

Sensitivity analysis was carried out to evaluate whether
results were influenced by a single study. Two funnel-plot-
based approaches were used for assessing publication bias:
Copas and Shi [8] sensitivity analysis and the funnel-plot
regression of ln(RR) on the sample size, weighted by the
inverse of the pooled variance [9].

Table 1 Characteristics of the included cohort studies on pancreatic cancer and smoking

Cohort name First author,
publication year

Country Study
period

Number of
cases

Study
size

Gender % Histological
confirmation

Adventist Health
Study

Heuch, 1983 [20] Norway 1960–1978 63 11,959 Men 62
Mills, 1988 [21] USA 1974–1982 40 34,198 Both N.S.
Hirayama, 1989 [22] Japan 1965–1982 679 265,118 Both N.S.
Akiba and Hirayama, 1990 [23] Japan 1965–1981 1,250 693,689 Both N.S.

MRFIT Kuller, 1991 [24] USA 1975–1985 349 361,662 Men N.S.
Lutheran brotherhood Zheng, 1993 [25] USA 1966–1986 57 17,633 Men N.S.

Tverdal, 1993 [26] Norway 1972–1988 57 68,825 Men N.S.
Shibata, 1994 [27] USA 1981–1990 65 13,976 Both N.S.

US veterans McLaughlin, 1995 [28] USA 1954–1980 1,264 248,046 Men N.S.
Migrant study Engeland, 1996 [29] Norway 1966–1993 224 26,132 Both 55
NHS+HPFS Fuchs, 1996 [30] USA 1980–1992 186 167,767 Both N.S.

Yuan, 1996 [31] China 1986–1993 21 18,244 Men 67
Liaw and Chen, 1997 [10] China 1982–1994 15 11,096 Men N.S.
Tulinius, 1997 [32] Iceland 1968–1995 101 22,946 Men 95
Nordlund, 1997 [33] Sweden 1963–1989 144 26,032 Women N.S.

Kaiser Perm. Medical
Care program

Iribarren, 1999 [34] USA 1964–1973 52 17,774 Men N.S.

CPSII Coughlin, 2000 [35] USA 1982–1996 3,751 1,102,308 Both N.S.
Nilsen, 2000 [36] Norway 1984–1996 166 63,374 Both N.S.

CPSII Shapiro, 2000 [37] USA 1982–1994 385 137,555 Men N.S.
Alpha-Tocoph,
Beta-carotene Prevention

Stolzenberg-Solomon, 2001 [38] Finland 1985–1988 157 27,101 Men 100
Nilsson, 2001 [39] Sweden 1960–1996 314 41,544 Both N.S.

JACC Lin, 2002 [40] Japan 1988–1997 225 99,527 Both N.S.
Isaksson, 2002 [41] Sweden 1969–1997 176 21,884 Both 90
Jee, 2004 [12] Korea 1993–2001 1,143 1,212,906 Both N.S.

CPSII Henley, 2004 [42] USA 1984–2000 643 138,307 Men N.S.
SMC+COSM Larsson, 2005 [43] Sweden 1987–1997 136 83,053 Both N.S.
IOWA Sinner, 2005 [44] USA 1986–2001 209 37,793 Men N.S.

Gallicchio, 2006 [45] USA 1963–1978 56 45,749 Both N.S.
Gallicchio, 2006 [45] USA 1975–1994 92 48,172 Both N.S.

Asia Pacific Collaboration Ansary-Moghaddam, 2006 [46] Asia, Australia,
New-Zealand

1961–1999 324 519,643 Both N.S.

Yun, 2006 [47] Korea 1992–2002 863 44,6407 Men N.S.
IOWA Prizment, 2007 [16] USA 1986–2003 228 37,459 Men N.S.
Multiethnic study Nothlings, 2007 [48] USA 1993–2002 472 167,430 Both N.S.
CHADP Gapstur, 2007 [49] USA 1963–1995 139 35,658 Both N.S.
HPFS Michaud, 2007 [50] USA 1988–2002 190 49,428 Both N.S.

N.S. Not stated
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Results

We retrieved 113 papers published between 1958 and 2007
with data on pancreatic cancer and smoke. Following the

inclusion criteria, 82 published papers were included (42
case-control studies, 35 cohort, and five nested case-control
studies) and considered for the analysis (Tables 1 and 2).
Studies were conducted in many locations (one from

Table 2 Characteristics of the included case-control studies on pancreatic cancer and smoking

First author,
publication year

Country Study
period

Number of
cases

Number of
controls

Gender % Histological
confirmation

Type of
controls

Proxy %
for cases

Cancers
in controls

Wynder, 1973 [51] USA 1950–1964 142 307 Both N.S. Hosp-based N.S. Yes
MacMahon, 1981 [52] USA 1974–1979 367 643 Both 100 Hosp-based 0 Yes
Durbec, 1983 [18] France 1979–1980 69 199 Both 100 Pop-based 0 N.S.
Whittemore, 1983 [53] USA 1916–1978 122 481 Both N.S. Class mate N.S. N.S.
Kinlen and McPherson, 1984 [54] UK 1952–1954 216 432 Men N.S. Hosp-based N.S. N.S.
Gold, 1985 [55] USA 1978–1980 201 201 Both N.S. Pop-based 75 N.S.
Hsieh, 1986 [56] USA 1981–1984 176 273 Both 100 Hosp-based 0 N.S.
Mack, 1986 [57] USA 1976–1981 490 490 Both 100 Pop-based 75 N.S.
Wynder, 1986 [58] USA 1981–1984 238 696 Both N.S. Hosp-based 0 N.S.
Hiatt, 1988 [59] USA 1978–1985 49 11,504 Both 78 Pop-baseda 0 N.S.
Clavel, 1989 [60] France 1982–1985 161 268 Both 63 Hosp-based N.S. Yes
Cuzick and Babiker, 1989 [61] UK 1983–1986 216 279 Men 30 Hosp-based 0 N.S.
Farrow, 1990 [62] USA 1982–1986 148 188 Both 46 Pop-based 100 N.S.
Falk, 1990 [63] USA 1979–1983 198 209 Men 87 Hosp-based 52 N.S.
Baghurst, 1991 [64] Australia 1984–1987 104 253 Both N.S. Pop-based 15 N.S.
Bueno de Mesquita, 1991 [65] The Neth. 1984–1988 176 487 Both 68 Pop-based 58 N.S.
Howe, 1991 [66] Canada 1983–1986 249 505 Both 69 Pop-based 78 N.S.
Vioque and Walker, 1991 [67] Several 1960–1980 108 374 Both N.S. Hosp-based N.S. N.S.
Ghadirian, 1991 [68] Canada 1984–1988 179 239 Both 83 Pop-based 75 N.S.
Lyon, 1992 [69] USA 1984–1987 149 363 Both N.S. Pop-based 100 N.S.
Mizuno, 1992 [70] Japan 1989–1990 124 124 Men N.S. Hosp-based 0 N.S.
Zatonski, 1993 [71] Poland 1985–1988 110 195 Both N.S. Pop-based 78 N.S.
Kalapothaki, 1993 [72] Greece 1991–1992 181 181 Both 100 Hosp-based 0 N.S.
Silverman, 1994 [73] USA 1986–1989 526 2153 Both 85 Pop-based 0 N.S.
Ji, 1995 [74] China 1990–1993 451 1552 Both 37 Pop-based 0 N.S.
Gullo, 1995 [75] Italy 1987–1989 319 319 Both 70 Hosp-based 0 N.S.
Siemiatycki, 1995 [76] Canada 1979–1986 116 533 Men 100 Pop-based 18 N.S.
Fernandez, 1996 [77] Italy 1983–1992 362 1408 Both 100 Hosp-based 0 N.S.
Lee, 1996 [78] China 1989–1994 282 282 Both 46 Hosp-based N.S. N.S.
Nishi, 1996 [11] Japan 1987–1992 141 282 Both N.S. Pop-based N.S. N.S.
Murata, 1996 [79] Japan 1984–1993 43 86 Both N.S. Pop-baseda 0 N.S.
Kokic, 1996 [80] Serbia 1992–1994 100 100 Both 62 Hosp-based 0 N.S.
Muscat, 1997 [81] USA 1985–1993 484 954 Both 100 Hosp-based 0 Yes
Fryzek, 1997 [82] USA 1994–1995 66 131 Both N.S. Pop-based 0 N.S.
Partanen, 1997 [83] Finland 1984–1987 662 1770 Both N.S. Pop-based 100 Yes
Mori, 1999 [13] India 1994–1996 79 146 Both 100 Hosp-based 0 N.S.
Alguacil, 2000 [84] Spain 1992–1995 164 238 Both N.S. Hosp-based 6 N.S.
Brian-Chiu, 2000 [85] USA 1986–1989 362 2336 Both N.S. Pop-based 86 N.S.
Villeneuve, 2000 [86] Canada 1994–1997 583 4813 Both 100 Pop-based 24 N.S.
Inoue, 2003 [14] Japan 1988–1999 200 2000 Both N.S. Hosp-based 6 N.S.
Bonelli, 2003 [87] Italy 1992–1996 202 406 Both 51 Hosp-based 0 N.S.
Alguacil, 2004 [88] USA 1986–1989 154 844 Both 85 Pop-based 0 N.S.
Carta, 2004 [89] Italy 1972–2001 6 72 Men N.S. Pop-baseda 0 N.S.
Duell, 2005 [90] USA 1995–1999 241 818 Women 100 Pop-based 0 N.S.
Lu, 2006 [91] China 2002–2004 119 238 Both 35 Pop-based N.S. N.S.
Li, 2007 [92] China 1989–1998 180 3183 Both 25 Pop-baseda 0 N.S.
Khurana, 2007 [15] USA 1998–2004 475 483,258 Both N.S. Pop-baseda 0 N.S

N.S. Not stated, Hosp-based hospital based, Pop-based population based, The Neth. The Netherlands
a Nested case-control study
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Fig. 1 Forest plot and pooled risk estimates of pancreatic cancer for
current smokers from cohort and case control studies. Reference
category is never smokers for both cohort and case-control studies; a
the authors presented RRs for current smokers stratified by coffee

consumption; reference category is always never smokers and never
drinkers of coffee; b RRs for current smokers and occasionally
drinkers of coffee, c RRs for current smokers and 1–2 cups of coffee/
day, d RRs for current smokers and 3+ cups of coffee/day

Table 3 Pooled risk estimates for pancreas cancer in relation to smoking characteristics from 82 independent studies

RRa (95% CI) Number of studies P value for heterogeneity I2 %

Cigarettes Current 1.74 (1.61–1.87) 59 <0.01 50
Former 1.20 (1.11–1.29) 39 0.08 21

Pipe and/or cigars Current 1.47 (1.17–1.83) 18 0.03 38
Former 1.29 (0.68–2.45) 5 <0.01 80

Smoking cessation <10 years 1.48 (1.25–1.76) 14 <0.01 59
≥10 years 1.15 (0.95–1.40) 13 <0.01 59
≥20 years 0.96 (0.85–1.09) 7 0.64 0

Cigarette consumptionb ×1 cig/day 1.02 (1.02–1.03) 45 <0.01 58
×20 cig/day 1.62 (1.51–1.75)
×1 pack-year 1.01 (1.00–1.01) 6 0.04 51
×40 packs-year 1.37 (1.09–1.72)

Smoking durationb ×1 year 1.01 (1.01–1.02) 16 <0.01 56
×10 year 1.16 (1.12–1.19)

I2 represents the percentage of total variation across studies that is attributable to heterogeneity rather than to chance.
a References category “never smokers”
b Dose–response analysis
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Australia, 15 from Asia, one from India, 39 from USA or
Canada, 24 from Europe, and two mixed). Sixty-five
studies reported estimates for current and/or former smok-
ers, 51 studies provided estimates for dose–response
estimates for cigarettes per day or pack-years, 18 studies
gave estimates for pipe and/or cigars, 16 for duration in
years, and 14 for cessation.

Overall results are presented in Table 3. For current
cigarette exposure, the pooled RR was 1.74 (95% CI 1.61–
1.87), and for pipe and/or cigar smokers, the RRs were 1.47
(95% CI 1.17–1.83). For dose–response estimates, we
presented the estimates for one cigarette, one pack-year,
and for 1-year of duration and for greater doses considering
a linear trend. Smoking one cigarette per day raised the RR

of pancreatic cancer by an estimated 2%; smoking one
pack-year raised the risk of pancreatic cancer by 1%. The
risk of pancreatic cancer remains elevated after smoking
cessation for a minimum of 10 years.

In Fig. 1, we present a forest plot for current smokers,
with data presented separately for case-control studies and
cohort studies. With few exceptions, nearly all studies
found smoking to increase the risk of pancreatic cancer. In
Fig. 2, we present the forest plot for the three categories
considered for smoking cessation. Ex-smokers have a
significantly elevated risk of smoking for a minimum of
10 years.

In Tables 4 and 5, we reported the estimates by several
factors considered in the subgroup analysis that investigates

Fig. 2 Forest plot and pooled
risk estimates of pancreatic can-
cer in relation to smoking ces-
sation. Reference category is
never smokers
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heterogeneity for cigarettes smoking and pipe and/or cigars
smokers. The only factor that explained some of the
heterogeneity for cigarettes smoking is the adjustment of
the estimates for confounders (P=0.08). For pipe/and or
cigars, the categorization used (current vs “ever”), the use
of proxy, and the inclusion of cancers among controls
explained part of the heterogeneity (P=0.05, P=0.07, and P
=0.04, respectively). In Table 6, we show the estimates
retrieved from the original papers on the effect of cessation

of smoking in relation to lifetime or daily cigarette
consumption.

Discussion

This meta-analysis reviews cohort studies and case-control
studies containing information about smoking and pancre-
atic cancer from four continents. The overall result suggests

Table 4 Heterogeneity analysis of studies on smoking and pancreatic cancer

Type of factors Strata RRa (95% CI) Number of studies P valueb I2 %

Current cigarettes smokers
Study type Case-controls 1.77 (1.59–1.97) 33 0.62 49

Cohorts 1.70 (1.53–1.90) 26 48
Estimates type Adjusted 1.80 (1.65–1.96) 43 0.08 46

Crude 1.56 (1.36–1.79) 16 45
Area Asia 1.54 (1.33–1.79) 14 0.11 56

EU 1.71 (1.48–1.97) 18 39
USA–Canada 1.87 (1.68–2.09) 26 48

Smokers type Current 1.80 (1.65–1.96) 41 0.11 51
Ever 1.57 (1.36–1.81) 18 37

Histological confirmation <80% 1.77 (1.63–1.92) 50 0.26 49
≥80% 1.57 (1.28–1.91) 9 56

Gender Male 1.69 (1.53–1.87) 30 0.76 50
Female 1.72 (1.53–1.94) 20 33

Case-control studies
Controls Population 1.83 (1.58–2.13) 22 0.42 57

Hospital 1.66 (1.34–2.05) 11 34
Proxy Any 1.73 (1.42–2.11) 12 0.58 45

None 1.86 (1.49–2.34) 10 28
Absence of cancers among controls Stated 1.76 (1.53–2.01) 29 0.69 53

Not stated 1.87 (1.36–2.59) 4 27
Former cigarettes smokers
Study type Case-controls 1.18 (1.05–1.32) 20 0.68 38

Cohorts 1.21 (1.10–1.35) 19 4
Estimates type Adjusted 1.19 (1.10–1.30) 31 0.90 19

Crude 1.21 (1.01–1.44) 8 48
Area Asia 1.28 (1.16–1.41) 7 0.15 47

EU 1.07 (0.92–1.25) 11 26
USA–Canada 1.19 (1.11–1.27) 21 8

Histological confirmation <80% 1.17 (1.08–1.27) 31 0.21 26
≥80% 1.31 (1.12–1.53) 8 15

Gender Male 1.16 (1.06–1.28) 24 0.13 51
Female 1.29 (1.13–1.46) 20 2

Case-control studies
Controls Population 1.31 (1.08–1.60) 10 0.11 47

Hospital 1.05 (0.86–1.29) 10 40
Proxy Any 1.21 (1.03–1.42) 13 0.12 27

None 0.95 (0.72–1.26) 4 37
Absence of cancers among controls Stated 1.16 (0.99–1.35) 17 0.12 21

Not stated 1.28 (0.92–1.78) 3 42

P value for publication year, as continuous variable, was never significant.
a References category “never smokers”
bP value of the difference between strata.
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that smoking causes about a 75% increase in the risk of
pancreatic cancer, with lower and upper limits ranging from
about 60% to 100%. As with other cancers, the risk
increases with the number of cigarettes smoked and the
duration. The excess risk associated with smoking persists
for at least 10 years.

The main source of exposure of the pancreas to tobacco-
related carcinogens must be via the blood stream, explain-
ing why the smoking-related risk of pancreatic cancer is
remarkably similar to the smoking-related risk of other
tumors, such as kidney, stomach, and cervix, where the

exposure to tobacco-related carcinogens is indirect. How-
ever, it is possible that some carcinogens may reach the
pancreas by exposure to bile, which would explain the
excess of tumors arising in the head of the gland.

Heterogeneity

A main aim of any meta-analysis is to examine sources of
heterogeneity to explain the non-uniformity of reported
results. To assess uniformity of results across the various
publications, we used both a Chi-square and the I2 statistics.

Table 5 Heterogeneity analysis of pipe and/or cigar smoking studies

Type of factors Strata RRa (95% CI) Number of studies P valuea I2%

Current pipe and cigar smokers
Type of tobacco Only cigar 1.53 (1.02–2.28) 9 0.65 48

Only pipe 1.39 (0.94–2.07) 9 16
Study type Case-controls 1.52 (1.09–2.12) 12 0.65 40

Cohorts 1.37 (0.90–2.08) 6 42
Estimates type Adjusted 1.43 (1.06–1.93) 13 0.77 38

Crude 1.55 (0.90–2.66) 5 45
Area EU 1.44 (1.01–2.05) 9 0.99 46

USA–Canada 1.46 (1.04–2.05) 7 37
Smokers type Current 1.57 (1.29–1.91) 15 0.05 26

Ever 1.03 (0.71–1.48) 3 36
Histological confirmation <80% 1.39 (1.05–1.83) 14 0.39 23

≥80% 1.76 (1.00–3.11) 4 59
Case-control studies
Control Population 1.24 (0.82–1.86) 6 0.13 47

Hospital 1.94 (1.15–3.28) 6 0
Proxy Any 1.91 (1.22–2.97) 8 0.07 0

None 1.13 (0.76–1.70) 4 50
Absence of cancers among controls Stated 1.14 (0.81–1.61) 8 0.04 20

Not stated 2.14 (1.32–3.49) 4 0

P value for publication year, as continuous variable, was never significant.
a References category “never smokers”
bP value of the difference between strata.

Table 6 Effect of cessation of smoking on pancreas cancer risk in relation to lifetime or daily cigarette consumption

First author, publication year OR (relative to never smokers) Lifetime cigarette consumption

1st tertile 2nd tertile 3rd tertile

Boyle, 1996 [93] Ex-smokers 1.19 1.28 2.02
Years since quitting
≤4 2.34 2.67 3.80
5–14 1.23 1.35 2.11
≥15 1.12 0.81 0.62

Bonelli, 2003 [87] Years since quitting
≤4 1.6 (0.5–6.0) 1.7 (0.4–7.5) 9.4 (0.9–103)
5–14 2.5 (1.0–6.2) 2.4 (0.8–6.9) 1.1 (0.3–3.7)
≥15 0.5 (0.2–1.2) 1.6 (0.1–19.1) 0.3 (0.1–1.4)

Ji, 1995 [74] Years since quitting <20 cigarette/day 20+ cigarette/day
<10 2.2 (1.0–4.9) 1.8 (0.9–3.6)
≥10 0.8 (0.2–2.3) 0.7 (0.3–1.7)
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Cigarettes

For cigarette smoking, the results of the meta-analysis
found nearly identical risks from combined cohort studies
(RR=1.70) compared to case-control studies (RR=1.77).
The reported results were consistent over a time period
extending from 1973–2007. Two studies found an unexpect-
ed protective effect of cigarette smoking: a Chinese cohort
study [10], based on 15 deaths with minimal overall impact
weight=3.18, and a Japanese case-control study [11] carried
out to investigate the effect of coffee and pancreatic cancer.
For the Japanese study, we included in the analysis the
published estimates which were stratified by four coffee
consumption categories with the reference category as never
smoker and never coffee drinker: Two strata suggested a
protective effect for smokers; one was significant.

The pooled RR for current vs never smokers presented a
moderately high heterogeneity because of seven studies. In
addition to the Nishi study, these were a large Korean
cohort [12] with a low but not significant estimate for
women, an Indian hospital-based case-control study [13], a
Japanese study [14] with an adjusted estimate for women
not significantly lower than 1, a case-control study that
presented only crude data stratified by statin use [15], a
recent estimate from the Iowa Women’s Health Study [16]
that differed from estimates in an earlier report based on the
same cohort [17], and a 1983 case-control study [18] with
no clear definition of categories (cigarettes: yes/no).
Excluding these studies, the heterogeneity decreases (P=
0.09), but the pooled RR remains the same (RR=1.86, 95%
CI 1.76–1.96).

Pipe and cigars

For pipe and cigar smoking, the risk is to some extent lower
than for cigarette smokers. However, there were fewer
studies to evaluate, and it was not possible to determine
whether or not these patients inhaled the tobacco smoke,
which would increase blood levels of carcinogens. Further-
more, information was not readily available to determine if
pipe/cigar smokers had been former or even were current
cigarette smokers.

Some variables, which are indicators of study quality,
suggest that the relationship is stronger for weaker studies,
suggesting bias or confounding. For example, the risks
were not significantly elevated in pooled estimates from the
strongest types of studies such as cohort studies, popula-
tion-based case-control studies, studies with no cancers
among controls, and studies with a high percentage of
histological confirmed cancers. However, pooled estimates
for current smokers were marginally more significant than
for ever smokers (P=0.05), and estimates from studies
which did not use proxy controls were borderline signifi-

cantly greater than studies that used proxy controls (P=
0.07). For pipe and/or cigars exposures, we found no
evidence of publication bias (P=0.48 with Copas and Shi’s
method, P=0.95 with Macaskill’s method).

Impact of smoking cessation

Quantitative information about the impact of smoking
cessation on the risk of pancreatic cancer enables health
professionals to estimate temporal changes in the incidence
of pancreatic cancer in a given population. For example,
within Europe, Mulder provides estimates for various
reductions in smoking prevalence [19]. If all Europeans
had ceased to smoke at about the turn of the century, there
would be an estimated 150,000 fewer deaths from
pancreatic cancer. Using a more achievable goal (45%
reduction in males; 30% reduction in females), there would
about 39,000 fewer deaths from pancreatic cancer.

On an individual level, physicians should make all
patients aware of the risks of pancreatic cancer if they
continue to smoke and the clear risk reduction association
with long-term continued smoking cessation. This is espe-
cially true for patients with any of the genetic disorders, such
as familial pancreatic cancer or hereditary pancreatitis where
smoking may augment the already existing genetic risk.
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