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Abstract
Background—Although some experimen-
tal studies have indicated that cholecys-
tectomy may increase the risk of
pancreatic cancer, data from epidemio-
logical studies are conflicting.
Aims—We conducted a register based ret-
rospective cohort study to explore the
relationship between cholecystectomy and
pancreatic cancer.
Subjects—The cohort included 87 263 men
and 181 049 women with a documented
cholecystectomy for cholelithiasis be-
tween 1965 and 1997.
Methods—By record linkage to the na-
tionwide and virtually complete registers
of Cancer, Emigration, and Causes of
Death, the cohort was followed up until
the occurrence of any cancer, emigration,
death, or the end of follow up, 31 Decem-
ber 1997, whichever came first. Relative
risk was estimated by standardised inci-
dence ratio (SIR) using the Swedish
nationwide sex, age, and calendar year
specific cancer incidence rates as refer-
ence.
Results—During the period of observa-
tion, 1053 cases of pancreatic cancer were
found, among which 231 (22%) occurred
within 12 months after operation. After
excluding cases and person years accrued
during the first two years of follow up, we
observed a non-significant 6% excess risk
for pancreatic cancer (95% confidence
interval (CI) −2 to 14%). The relative risk
did not increase with increasing follow up
duration, with a SIR equal to 0.98 (95% CI
0.79–1.20) 20 years or more after opera-
tion. Patients with a comorbidity of
diabetes or chronic pancreatitis had
higher relative risks (SIR=1.79, 95% CI
1.39–2.28; SIR=3.17, 95% CI 1.37–6.24,
respectively). After excluding patients
with recorded diabetes or chronic pan-
creatitis, the relative risk was close to
unity (SIR=1.01, 95% CI 0.94–1.09).
Conclusions—Our findings do not support
the hypothesis that cholecystectomy in-
creases the subsequent risk of pancreatic
cancer.
(Gut 2001;49:678–681)
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Pancreatic cancer is a highly lethal malignancy,
typically presenting beyond cure.1 Therefore,
the prospect of primary prevention is appealing
but little is known about its aetiology apart

from known relationships with smoking,
diabetes, chronic pancreatitis, and a family his-
tory.2 3 Cholecystectomy has been found to
increase serum levels of cholecystokinin4 which
is a promoter in pancreatic carcinogenesis in
the hamster5 and stimulates the growth of some
human pancreatic cancer cell lines.6 7 Experi-
mental studies have found that cholecystec-
tomy may induce hypertrophy and hyperplasia
in the hamster pancreas,8 and also predispose
to pancreatic neoplasm.9 10 However, there are
contradictory results from other studies that do
not support a causal association between
cholecystectomy and pancreatic cancer.11 12

Data from epidemiological studies are even
more conflicting.13–25 Most studies had a case
control design with obvious methodological
limitations due to the extremely poor prognosis
of pancreatic cancer—for example, low partici-
pation rate or the use of surrogate responders
to provide exposure information. Three cohort
studies have reported borderline significant
excess risks of pancreatic cancer following
cholecystectomy14 16 20 but limited statistical
power due to small sample size and short follow
up duration, and selection bias might explain,
at least in part, these findings.

To assess the long term risk of pancreatic
cancer following cholecystectomy, we con-
ducted a large cohort study of patients who had
undergone cholecystectomy in Sweden during
the period 1965–1997. Our study was an
update and extension of the previous study by
Ekbom and colleagues16 which included data
from only one health care region in Sweden
(from 1965 to 1983, followed up until 1989).
The present study is thus based on a consider-
ably larger cohort with a longer follow up
duration which allows for a more detailed
analysis.

Methods
THE COHORT

The methodology for studies based on the
Swedish Inpatient Register has been described
in detail previously.26 27 From the register, a
total of 304 815 valid and unique national
registration numbers with a documented
cholecystectomy from 1965 to 1997 were iden-
tified. Follow up was done through cross
linkage to the registers of Causes of Deaths,
Emigration, and Cancer. As the observation
was censored at any first primary cancer in this
analysis, we excluded 20 282 (6.7%) records
with any prevalent cancer before entry. An-
other 6073 (2.0%) records were deleted due to

Abbreviations used in this paper: SIR, standardised
incidence ratio.
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inconsistencies uncovered during record link-
age. As cholecystectomy may be performed as a
result of misinterpreted pancreatic cancer
symptoms, we excluded a further 10 148
(3.3%) patients who had undergone cholecys-
tectomy for reasons other than cholelithiasis
(acute cholecystitis or obstruction of the gall
bladder without calculus, unspecified diseases
of the gall bladder, obstruction of the bile duct
without calculus, perforation and fistula of the
bile duct, other unspecified diseases of the bile
duct, and pancreatitis, etc). Finally, 268 312
patients (87 263 men, 181 049 women) re-
mained for further analysis. The cohort mem-
bers were followed until a diagnosis of any can-
cer, death, emigration, or the end of follow up,
31 December 1997, whichever occurred first.

STATISTICAL ANALYSES

The standardised incidence ratio (SIR) to-
gether with 95% confidence interval (CI) was
used as an estimate of the relative risk. In our
main analyses, we disregarded cancers detected
at autopsy to avoid possible ascertainment bias
related to diVerential autopsy rates in patients
with a cholecystectomy and the general popu-
lation. We also excluded the person time accu-
mulated in the first two years of follow up and
pancreatic cancers detected during the same
period to minimise selection bias. Such bias
arises when patients with an as yet undiagnosed
pancreatic cancer are more likely to be
hospitalised for any ailment—for example,
cholelithiasis and thus introducing a
cholecystectomy—than are subjects without a
concomitant subclinical cancer, and results in a
spurious relationship between non-malignant
events and malignancy.

Obesity may be associated with both gall
stone disease28 and pancreatic cancer,2 and may
therefore act as a confounder in the relation
between cholecystectomy and pancreatic can-
cer. Furthermore, long term diabetes is associ-
ated with an increased risk of pancreatic
cancer.29 There is also an association between
chronic pancreatitis and pancreatic cancer
although it remains to be determined if this is
causal or due to confounding such as a higher
frequency of smokers in patients with chronic
pancreatitis.30 Diabetes or chronic pancreatitis,
which will lead to an established contact with
the health care system, will increase the
likelihood of a cholecystectomy. We thus strati-
fied analyses by occurrence of these comorbidi-
ties, allocating person time before the onset of
comorbidities to the comorbidity negative
strata. To avoid bias from the fact that preclini-
cal stages of the outcome might aVect the

probability of hospital care for these comor-
bidities, we disregarded data within one year
before censoring. Further stratification was
done by duration of follow up, age at entry, and
calendar year at entry into the cohort. A ÷2 sta-
tistic was used to test any monotonic trends of
SIRs.31

Results
Some characteristics of our cohort are shown
in table 1. Mean age at operation was 53 years.
Cohort members were followed up for an aver-
age of 13 years thus contributing 3 412 406
person years. Women were on average operated
on at a younger age (51 v 57 years) and
followed for a longer time (13 v 12 years) than
men. About 1%, 6%, and 0.4% of patients with
a cholecystectomy had ever been hospitalised
for obesity, diabetes, and chronic pancreatitis,
respectively. During the observation period,
1053 cases of pancreatic cancer were identi-
fied. Mean age at diagnosis of pancreatic
cancer was 70 years.

During the first and second years of follow
up, 231 (22%) and 92 (9%) pancreatic cancer
cases were observed, respectively, correspond-
ing to risks close to five times and twice that in
the Swedish general population. After this peak
in the first two years of follow up however we
observed a minor excess risk (SIR=1.06, 95%
CI 0.98–1.14) (table 2). The results were simi-
lar when we included pancreatic cancers found
incidentally at autopsy in the analysis (n=769,
SIR=1.07, 95% CI 1.00–1.15). The relative
risk of pancreatic cancer did not vary materially
with time after operation or calendar year at
entry, whereas the excess risk tended to
increase with decreasing age at cholecystec-
tomy. Significant excess risks were observed
among patients with concomitant diabetes
(SIR=1.79, 95% CI 1.39–2.28) or chronic
pancreatitis (SIR=3.17, 95% CI 1.37–6.24)
(table 2). No significant excess of pancreatic
cancer risk was observed in patients with both
a cholecystectomy and documented obesity
(SIR=1.32, 95% CI 0.53–2.73), cholecystitis
(SIR=1.04, 95% CI 0.95–1.14), or additional
surgery on the common bile duct (SIR=1.05,
95% CI 0.88–1.24).

After excluding patients with either diabetes
or chronic pancreatitis, the relative risk of pan-
creatic cancer was close to unity (SIR=1.01,
95% CI 0.94–1.09). The relative risks of
pancreatic cancer did not vary materially with
time after operation, calendar year at entry, or
age at entry. However, among cholecystect-
omised patients with recorded diabetes or
chronic pancreatitis, relative risks tended to

Table 1. Characteristics of the cohort of patients who had a cholecystectomy for cholelithiasis, 1965–1997, Sweden

Characteristic Men Women Total

No patients 87 263 181 049 268 312
Mean age at entry (y) 57.4 50.5 52.7
Mean follow up (y) 11.5 13.3 12.7
Total person years of follow up 999 434 2 412 972 3 412 406
No patients with a diagnosis of obesity (%) 571 (0.7) 3,061 (1.7) 3,632 (1.4)
No patients with a diagnosis of diabetes (%) 6 446 (7.4) 10 178 (5.6) 16 624 (6.2)
No patients with a diagnosis of chronic pancreatitis (%) 701 (0.8) 490 (0.3) 1191 (0.4)
No pancreatic cancers observed 433 620 1053
Mean age at diagnosis of pancreatic cancer (y) 70.2 69.7 69.9

Pancreatic cancer in patients with cholecystectomy for cholelithiasis 679
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increase with increasing time after operation,
earlier calendar year at entry, and younger age
at entry (table 2).

Discussion
We found only a 6% excess risk for pancreatic
cancer in patients who had undergone a chole-
cystectomy for cholelithiasis 2–32 years after
discharge compared with the sex, age, and cal-
endar period matched Swedish general popula-
tion. The relative risk did not increase with
time after operation. Excluding patients with
either diabetes or chronic pancreatitis resulted
in a relative risk close to unity. Our findings do
not support any important role of cholecystec-
tomy in the carcinogenesis of pancreatic
cancer, which is in line with the conclusions of
most previous case control studies on
cholecystectomy13 17–18 22–24 but in contrast with
others.15 21 25 Selection bias may partly explain
the observed excess risk as symptoms of
pancreatic cancer may be misinterpreted as gall
bladder disease and thus lead to a cholecystec-
tomy.19 Not surprisingly, we found a markedly
elevated risk during the first two years of follow
up. In an earlier study using direct interview,21

an excess risk was observed for cholecystecto-
mies performed 20 years or more before
tumour diagnosis. However, other method-
ological limitations, including low participation
rate and diVerent recall pattern between cases
and controls, may introduce selection bias or
recall bias.

In cohort studies, diVerential misclassifica-
tion of exposure (cholecystectomy) can be
avoided and thus such a study design should be
more appropriate for assessing the association
between cholecystectomy and the risk of

pancreatic cancer. However, in the three avail-
able cohort studies reported to date, a border-
line significant excess risk for pancreatic cancer
was observed.14 16 20 Sample sizes in these stud-
ies may not have been large enough, particu-
larly in one study in which only 13 pancreatic
cancers were observed.20 In our study the
number of patients with a cholecystectomy was
considerably larger than any previous study.
Furthermore, with a longer follow up duration,
person years accumulated in our study were
more than four times those of the previous two
register based studies.14 16 Another advantage of
our study is that we excluded the first two year
observation and patients without a recorded
cholelithiasis to minimise the influence of
selection bias.

Bile duct stones or manipulation during their
extraction may damage the sphincter and cause
continuous bile flow to the duodenum, which
may reduce regurgitation of bile to the pancre-
atic duct. In this study however we did not
confirm the previous finding that surgery on
the common bile duct had a seemingly protec-
tive eVect on the risk of pancreatic cancer.16

Chance is a possible explanation for the previ-
ous finding due to the limited sample size.

Despite the many advantages of our study,
we should point out the limitations of register
based studies. Similar to the previous two
studies,14 16 we used the general population as
our reference in which approximately 10%
have prevalent cholecystectomy (in a popula-
tion aged 35–85 years).32 This mixture of
exposed subjects in the “unexposed” reference
category leads to some underestimation of the
true association. We do not have detailed infor-
mation about known confounding factors but

Table 2 Standardised incidence ratios (SIRS) and 95% confidence intervals (CI) for pancreatic cancer among patients
who had a cholecystectomy for cholelithiasis, by duration of follow up, age at entry, and calendar year at entry

Total
With diabetes/chronic
pancreatitis*

Without diabetes/chronic
pancreatitis

Obs† SIR 95% CI Obs† SIR 95% CI Obs† SIR 95% CI

Duration of follow up (y)
<1 231 4.72 4.13–5.37 0 — — 231 4.95 4.33–5.63
1 92 1.91 1.54–2.34 9 3.84 1.76–7.29 83 1.81 1.44–2.25
2–32 730 1.06 0.98–1.14 72 1.85 1.44–2.32 658 1.01 0.94–1.09

2–4 151 1.10 0.93–1.29 11 1.58 0.79–2.82 140 1.07 0.90–1.27
5–9 210 1.06 0.93–1.22 21 1.96 1.21–2.99 189 1.01 0.87–1.17
10–14 165 1.07 0.91–1.25 12 1.34 0.69–2.34 153 1.05 0.89–1.23
15–19 115 1.05 0.87–1.26 12 1.83 0.94–3.19 103 1.00 0.82–1.21
20–32 89 0.98 0.79–1.20 16 2.78 1.59–4.51 73 0.86 0.67–1.08

p value for trend‡ 0.44 0.24 0.19
Calendar year at entry§

1965–74 352 1.10 0.99–1.22 39 2.36 1.68–3.23 313 1.03 0.92–1.15
1975–84 266 0.98 0.86–1.10 25 1.53 0.99–2.25 241 0.94 0.83–1.07
1985–97 112 1.16 0.96–1.40 8 1.31 0.56–2.58 104 1.15 0.94–1.40
p value for trend 0.91 0.05 0.67

Age at entry (y)§
<40 48 1.33 0.98–1.77 7 7.36 2.96–15.2 41 1.17 0.84–1.59
40–49 95 1.07 0.86–1.30 9 2.76 1.26–5.24 86 1.00 0.80–1.24
50–59 197 1.02 0.88–1.17 18 1.92 1.14–3.04 179 0.98 0.84–1.13
60–69 247 1.07 0.94–1.21 20 1.38 0.84–2.12 227 1.05 0.92–1.19
>70 143 1.02 0.86–1.20 18 1.65 0.98–2.61 125 0.96 0.80–1.15
p value for trend 0.31 <0.01 0.60

Diabetes§
No 664 1.02 0.94–1.10
Yes 66 1.79 1.39–2.28

Chronic pancreatitis§
No 722 1.04 0.97–1.12
Yes 8 3.17 1.37–6.24

*Person time before the onset of comorbidities was attributed to the comorbidity negative strata.
†Observed number of pancreatic cancer cases.
‡The category of 2–4 years after index surgery was taken as the reference.
§The first two years of observation were not included in the analyses.

680 Ye, Lagergren, Nyrén, et al.

www.gutjnl.com

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.49.5.678 on 1 N

ovem
ber 2001. D

ow
nloaded from

 

http://gut.bmj.com/


we believe no such factor would negatively
confound our findings.

In summary, in this large population based
cohort study with more than three million per-
son years at risk accumulated, we did not find
evidence supporting an association between
cholecystectomy and the subsequent risk of
pancreatic cancer.
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