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Abstract
Background and Aim: Pancreatic cancer is a fatal disease; currently, the risk factor survey
is not suitable for sporadic pancreatic cancer, which has neither family history nor the ge-
netic analysis data. The aim of the present study was to evaluate the roles of cholelithiasis
and cholelithiasis treatments on pancreatic cancer risk.
Methods: Symptomatic adult patients with an index admission of cholelithiasis were se-
lected from one million random samples obtained between January 2005 and December
2009. The control group was matched with a 1:1 ratio for sex, age, chronic pancreatitis,
and pancreatic cystic disease. Subsequent pancreatic cancer, which we defined as pancre-
atic cancer that occurred ≥ 6 months later, and total pancreatic cancer events were calcu-
lated in the cholelithiasis and control groups. The cholelithiasis group was further
divided into endoscopic sphincterotomy/endoscopic papillary balloon dilatation, cholecys-
tectomy, endoscopic sphincterotomy/endoscopic papillary balloon dilatation and cholecys-
tectomy, and no‐intervention groups for evaluation.
Results: The cholelithiasis group and the matched control group included 8265 adults. The
cholelithiasis group contained 86 cases of diagnosed pancreatic cancer, and the control
group contained 8 cases (P < 0.001). The incidence rate ratio (IRR) of subsequent pancre-
atic cancer was significantly higher in the cholelithiasis group than in the control group
(IRR: 5.28, P < 0.001). The IRR of subsequent pancreatic cancer was higher in the
no‐intervention group comparing with cholecystectomy group (IRR = 3.21, P = 0.039)
but was similar in other management subgroups.
Conclusion: Symptomatic cholelithiasis is a risk factor for pancreatic cancer; the risk is
similar regardless of the intervention chosen for cholelithiasis.
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Background
Pancreatic cancer is a fatal disease, and surgical resection is possi-
ble only in a small portion of patients.1 Even in patients who can
undergo pancreaticoduodenectomy, the 5‐year survival rate is
< 30% for patients with T1 tumors and only 10% for those with
other resectable pancreatic cancers.2 Today, R0 resection remains
the only curative treatment that guarantees that patients with pan-
creatic cancer will survive2; however, most symptomatic patients
with pancreatic cancer have advanced, incurable disease at diagno-
sis. Therefore, an efficient screening policy is needed to ensure
that R0 resection is possible.
Currently, the screening policy focuses on familial pancreatic

cancer, the presence of Peutz–Jeghers syndrome,3 and individuals
with a family history of pancreatic cancer.4 Many risk factors have
already been recognized in the existing literature, including hered-
itary risk factors,5 germline mutations,6 non‐O blood type,7 diabe-
tes mellitus (DM),8–10 cigarette smoking,11–14 obesity,15,16

physical inactivity,17,18 chronic hepatitis B (CHB),19,20 chronic hep-
atitis C (CHC),19,21 and Helicobacter pylori (HP) infection,22–24

but the strongest risk factor is chronic pancreatitis (CP).25,26

Moreover, pancreatic cystic diseases (PCDs) serve as
pre‐malignant lesions.27,28 Unfortunately, there is currently no effi-
cient screening policy; at this time, gene analysis is too expensive to
use as a screening method.
In the past 5 years, some cohort29 studies and one meta‐

analysis30 have shown that gallstones and cholecystectomy
(CCY) are robust risk factors for pancreatic cancer. However,
some studies have found that gallstones and CCY do not appear
to be significant risk factors for pancreatic cancer31 in western
countries. Currently, we know that cholelithiasis is a risk factor
for cholangiocarcinoma32; we found this to be especially true in
patients who underwent endoscopic sphincterotomy (ES) or endo-
scopic papillary balloon dilatation (EPBD) in our previous study.33

We conducted this retrospective database study to examine
whether symptomatic cholelithiasis or invasive interventions for
cholelithiasis are risk factors for pancreatic cancer.

Methods
This population‐based retrospective cohort study was based on the
Taiwan National Health Insurance Research Database (NHIRD);
the NHIRD study methods have been described in detail in our
previous studies.33,34 The dataset used in this study includes one
million people who are nationally representative of the population
of Taiwan between 2004 and 2011. This study was approved by
the local Institutional Review Board; the Institutional Review
Board waived the need for informed consent in this study. All au-
thors have declared that they have no conflict of interest with this
study.

Study design. Symptomatic patients (> 18 years old) with an
index admission with a diagnosis of cholelithiasis were randomly
selected from one million samples within the NHIRD dataset be-
tween January 2005 and December 2009 using the codes of
International Statistical Classification of Diseases and Related
Health Problems, 9th Edition (ICD‐9). We excluded patients who
had undergone ES/EPBD, CCY, and lithotripsy before January
2005. Patients with a diagnosis in 2004 of pancreatic cancer,

benign neoplasm of the pancreas, or anomalies of the pancreas
were also excluded. A control group was selected by matching
(1:1 ratio) by sex, age, and the strong risk factors of pancreatic
cancer (i.e. CP and PCD). The control group cases were defined
as individuals who had neither been diagnosed with cholelithiasis
nor undergone a related medical procedure before January 2005.
Variables including follow‐up length and known risk factors, such
as CHB, CHC, HP infection, DM, end‐stage renal disease
(ESRD), CP, and PCD, which were identified by ICD‐9 codes
for at least three outpatient clinic visits or a one‐time admission,
were compared between the two groups. Subsequent pancreatic
cancer is defined as pancreatic cancer that occurred 6 months after
the measurement point. This is because the patients with pancre-
atic cancer who were diagnosed within 6 months after the index
admission for cholelithiasis were more likely to have been
misdiagnosed or to have a concurrent malignancy rather than a
subsequent cancer process. We calculated the number, rates, and
incidence rate ratios (IRRs) of pancreatic cancer and subsequent
pancreatic cancer after index admission. The cumulative risks of
pancreatic cancer and subsequent pancreatic cancer were com-
pared in the cholelithiasis and control groups using the log‐rank
(Mantel–Cox) test. Detailed information about the study design
is shown in Figure 1. The ICD‐9 codes for the diseases listed pre-
viously and their procedure codes are provided in the Table S1.
We further divided the cholelithiasis group into cases who had

undergone ES/EPBD, CCY, or ES/EPBD and CCY and cases
who had not undergone any invasive intervention (the
no‐intervention group). The age, gender, previous known risk fac-
tors for pancreatic cancer, pancreatic cancer numbers, and IRR of
subsequent pancreatic cancer after the procedure for these four
subgroups are compared in Table 2. The incidence of subsequent
pancreatic cancer in these subgroups was also compared with that
in the control group, and the IRR of subsequent pancreatic cancer
was calculated for each subgroup.

Data processing and statistical analysis. The NHIRD
database was managed by employing a Microsoft SQL Server
2008 R2 (Microsoft Corporation, Redmond, WA, USA) and using
the SQL programming language for data queries and data process-
ing. Data obtained from the study were compared with either a χ2

test for categorical variables, a t‐test, or a one‐way ANOVA for con-
tinuous variables; the log‐rank (Mantel–Cox) test was used for
survival curves. A two‐tailed P value of 0.05 was considered sta-
tistically significant. The IRR was used to compare pancreatic can-
cer and subsequent pancreatic cancer risk (retrospective cohort
study design); the follow‐up times were heterogenous in different
subgroups.
Statistical and person‐time analyses were performed using Open

Source Epidemiologic Statistics for Public Health (OpenEpi)
version 3.01.35 Kaplan–Meier survival analyses were conducted
using SPSS version 19.

Results
In total, 8440 symptomatic adults who were admitted for choleli-
thiasis were selected from one million random samples of the
NHIRD dataset between January 2005 and December 2009. Cases
(n = 101) who had undergone ES/EPBD, CCY, or lithotripsy in
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2004 or before the diagnosis of cholelithiasis as well as cases
(n = 74) diagnosed with pancreatic cancer, benign neoplasm of
the pancreas, or anomalies of the pancreas before the index

admission were excluded. We selected 8265 cholelithiasis patients
from January 2005 to December 2009 as the study group. The con-
trol group was drawn (1:1 ratio) from cases without cholelithiasis

Figure 1 Flowchart of case selection from a nationally representative database of one million people in Taiwan. ES, endoscopic sphincterotomy;
EPBD, endoscopic papillary balloon dilatation; NHIRD, National Health Insurance Research Database.
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but who matched the study group in age, gender, and CP and PCD
risk (Fig. 1). The 8265 patients in the cholelithiasis group had a
mean age of 61 ± 16.98 years, and those in the control group
had a mean age of 61 ± 17.29 years. Men accounted for 51.25%
of the subjects in both the cholelithiasis and control groups.

Cholelithiasis group versus the control group. The
age and gender distributions were similar in both groups. The cho-
lelithiasis group had significantly higher pancreatic cancer risk
factors, such as CHB (9.35% vs. 2.47%), CHC (7.48% vs.
2.06%), HP infection (1.58% vs. 0.59%), DM (32.56% vs.
17.29%), and ESRD (3.04% vs. 1.06%) compared with the control
group. Some of these risk factors are difficult to adjust between
cholelithiasis group and control group, because they are risk fac-
tors for cholelithiasis.36

The cholelithiasis group contained 86 (1.04%) cases diagnosed
with pancreatic cancer, while the control group had 8 (0.10%)
(IRR = 12.62, P < 0.001). The risk of subsequent pancreatic can-
cer revealed a 5.28 times higher IRR in the cholelithiasis group
(0.22%) than in the control group (0.05%) (P < 0.001). These
comparisons are shown in Table 1. The cumulative risks for the
cholelithiasis and control groups for pancreatic cancer (panel [a])
and subsequent pancreatic cancer (panel [b]) are shown in
Figure 2.

Cholelithiasis cases who underwent endoscopic
sphincterotomy/endoscopic papillary balloon dila-
tation, cholecystectomy, endoscopic
sphincterotomy/endoscopic papillary balloon dila-
tation and cholecystectomy, or no intervention.
Of the 8265 patients with index cholelithiasis, 572 underwent
ES/EPBD, 3518 underwent CCY, 388 underwent ES/EPBD and
CCY, and 3787 received supportive care without further interven-
tion. The average age was 67.00 ± 15.55 years in the ES/EPBD
group, 56.00 ± 16.14 years in the CCY group, 60.00 ± 15.95 years
in the ES/EPBD and CCY group, and 65.00 ± 16.69 years in the
no‐intervention group. Patients were significantly younger in the
CCY and ES/EPBD and CCY groups, and these groups had a
higher proportion of patients between the ages of 18 and 49 years.
The CCY group had the highest proportion of women (52.73%);
we believe that the higher prevalence of gallbladder stones in
women can explain this result.
Evaluation of the subsequent risk of pancreatic cancer revealed

1 case of subsequent pancreatic cancer in the ES/EPBD group, 4
cases in the CCY group, 1 case in the ES/EPBD and CCY group,
and 11 cases in the no‐intervention group. Although the pancreatic
cancer risk differed significantly among these groups, the subse-
quent pancreatic cancer rates were similar, at 0.17%, 0.11%,
0.26%, and 0.29% in the ES/EPBD, CCY, ES/EPBD and CCY,
and no‐intervention groups, respectively. After consideration of
the follow‐up time, we noticed that when using the incidence of

Table 1 Demographic data of the study and control group

Cholelithiasis group N = 8265 Control group N = 8265 P value

N SD; % N SD; %

Age, mean (SD) 61.00 16.98 61.00 17.29 1.000
Age, years 0.364

18–49 2118 25.63 2197 26.58
50–69 3038 36.76 3013 36.45
> 70 3109 37.62 3055 36.96

Gender 1.000
Male 4236 51.25 4236 51.25
Female 4029 48.75 4029 48.75

Follow‐up time (months), mean (SD) 43.69 22.75 51.30 18.63 < 0.001
Risk factors for pancreatic cancer

CHB 773 9.35 204 2.47 < 0.001
CHC 618 7.48 170 2.06 < 0.001
HP 131 1.58 49 0.59 < 0.001
DM 2691 32.56 1429 17.29 < 0.001
ESRD 251 3.04 88 1.06 < 0.001
CP 141 1.71 141 1.71 1.000
PCD 32 0.39 32 0.39 1.000

Pancreatic cancer
Number (rate) 86 1.04 8 0.10
IRR (95% CI) 12.62 (6.39–27.95) 1 Ref. < 0.001

Subsequent pancreatic cancer
Number (rate) 18 0.22 4 0.05
IRR (95% CI) 5.28 (1.90–18.21) 1 Ref. < 0.001

CI, confidence interval; CHB, chronic hepatitis B; CHC, chronic hepatitis C; CP, chronic pancreatitis; DM, diabetes mellitus; ESRD, end‐stage renal dis-
ease; HP, Helicobacter pylori infection; IRR, incidence rate ratio; PCD, pancreatic cystic disease; SD, standard deviation.
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subsequent pancreatic cancer in the CCY group as the reference,
the IRR is significantly higher in the no‐intervention group
(IRR = 3.21, 95% confidence interval [CI]: 1.06–11.66,
P = 0.039). The IRRs in the ES/EPBD, CCY, and ES/EPBD and
CCY groups were similar (non‐statistically significant; Table 2).
The cumulative subsequent pancreatic cancer risks, shown in
Figure 3, were similar in all four groups (P = 0.207).
Evaluation of previous pancreatic cancer risk factors indicated

that CHB and HP infection were not statistically different in these
subgroups. The no‐intervention group had a higher proportion of
patients with CHC, DM, and ESRD, whereas patients with CP
and PCD were more frequently found in the ES/EPBD (2.80%
and 0.70%, respectively) or ES/EPBD and CCY (3.09% and
0.77%, respectively) groups.

Incidence of subsequent pancreatic cancer. The
risks of subsequent pancreatic cancer may be confounded by dif-
ferent follow‐up times. Therefore, the incidences of subsequent
pancreatic cancer in these four subgroups were compared using
the incidence rate per 1000 person‐years. The incidence of subse-
quent pancreatic cancer was 0.525 (0.007–2.921) per 1000
person‐years in the ES/EPBD group, 0.285 (0.077–0.729) per
1000 person‐years in the CCY group (P = 0.214), and 0.598
(0.030–2.950) per 1000 person‐years in the ES/EPBD and CCY
group (P = 0.218). The incidence of subsequent pancreatic cancer
in the no‐intervention group was 8.07‐fold higher than in the
control group; this was the only subgroup that had a subsequent
pancreatic cancer incidence, at 0.915 (0.456–1.636) per 1000
person‐years, that differed significantly from the incidence in
the normal population, at 0.113 (0.030–0.290) per 1000
person‐years (IRR: 8.07, 95% CI: 2.65–29.32, P < 0.001). These
data are shown in Table 3.

Multivariate analysis of risk factors for pancreatic
cancer. Because previous pancreatic cancer risk factors, such
as CHB, CHC, HP, DM, and ESRD, are significantly higher in
the cholelithiasis group compared with the control group, we per-
formed a multivariate analysis to identify which one of them is the
major risk factor. There were 86 patients with cholelithiasis, 10 pa-
tients with CHB, 4 patients with CHC, 3 patients with HP infec-
tion, 42 patients with DM, and 1 patient with ESRD, out of a
total of 94 cases of patients with pancreatic cancer. When patients
who were diagnosed with pancreatic cancer were compared with
people who did not have pancreatic cancer, the following factors
reached statistical significance, with odds ratios as follows: old
age, 1.033 (1.019–1.048); cholelithiasis, 9.971 (4.793–20.744);
and DM, 1.532 (1.010–2.325). A detailed summary of the results
is shown in Table 4.

Discussion
In this study, we found that the risk of pancreatic cancer is signifi-
cantly higher in the cholelithiasis group than in the control group af-
ter adjusting for CP and PCD (IRR: 12.62, P < 0.001). The
subsequent pancreatic cancer risk evaluation showed similar results
as IRR 5.28 in cholelithiasis group than control group. Because pre-
vious studies revealed inconsistent results regarding cholelithiasis
as a risk factor for pancreatic cancer,29–31,37 we performed this
study to clarify whether cholelithiasis or the intervention for chole-
lithiasis is the factor that affects pancreatic cancer risk. Although
many studies have aimed to identify the risk of pancreatic cancer
in patients with cholelithiasis, most are case–control studies that
did not measure exposure time,38,39 and some cohort studies that
had rigorous experimental designs were conducted more than
20 years ago.31,40 Most of these studies had fewer cases of pancre-
atic cancer than our study; some adjusted for DM,31,39 and others

Figure 2 (a) Pancreatic cancer risk ( , cholelithiasis group; , normal control group) and (b) subsequent pancreatic cancer risk ( , cholelithiasis
group; , normal control group) in the cholelithiasis and control groups.
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did not.40,41 Alcohol consumption, rather than more severe condi-
tions such as CP, was adjusted in most of these studies; however,
we choose to adjust for CP and PCD in our study design. Some re-
cent studies (including our study) did not adjust for body mass
index42–44 due to the limitations of data or study design. Thus, we
believe that our results can reflect the current condition in this topic.
Because previous known risk factors of pancreatic cancer, such

as CHB, CHC, DM, and HP, are higher in the cholelithiasis group,
the increased risk of pancreatic cancer may be confounded by
these factors. We performed a multivariate analysis to compare
these risk factors in order to identify the most important ones for
pancreatic cancer, because we cannot adjust all the risk factors
to establish control group initially. The results revealed
that old age, symptomatic cholelithiasis (odds ratio 9.971
[4.793–20.744], P < 0.001), and DM were significant risk factors
for pancreatic cancer after adjusting for CP and PCD. Symptom-
atic cholelithiasis was the most important risk factor for pancreatic
cancer in both the cholelithiasis and control groups (details are
shown in Table 4).
We defined pancreatic cancer diagnosed at least 6 months after

the index admission or management procedure (ES/EPBD/CCY)
date as subsequent pancreatic cancer to exclude the possibility of
concurrent pancreatic cancer. Comparisons of the four subgroups
in the cholelithiasis group revealed that the subsequent pancreatic
cancer risk was only significantly higher in the no‐intervention

group compared with the risk in the CCY group (IRR 3.21, 95%
CI: 1.06–11.66, P = 0.039). This is because the chronic inflamma-
tory process in the bile ducts without adequate treatment, no matter
reasons, may lead to increased subsequent pancreatic cancer risk.
The different invasive procedures for cholelithiasis treatment
therefore do not appear to affect the subsequent pancreatic cancer
risk, according to our analysis. The effects of ES for cholelithiasis
in subsequent pancreatic cancer risk was ever discussed in western
society, which showed that the patients who accept ES had higher
malignancy risk in the bile ducts, liver, and pancreas.45 Patient
who had further CCY decreased the malignancy risk. This evi-
dence, combined with our findings, demonstrates that the true risk
of malignancy in the pancreas in cholelithiasis patients comes
from cholelithiasis itself rather than the relevant procedure.
The risk of subsequent pancreatic cancer in patients with chole-

lithiasis in the no‐intervention group was significantly higher than
the risk in the non‐cholelithiasis control group, with an IRR of
8.07 (2.65–29.32). This is the only subgroup that had a signifi-
cantly different risk of subsequent pancreatic cancer when com-
pared with the control group with the IRR. This implies the
importance of RBEs in the subsequent pancreatic cancer risk.
Our study has several limitations. First, because this was a retro-

spective, national cohort database study, no bodyweight, height,
laboratory data results, smoking habits, alcohol use history, or clin-
ical images could be tracked. Because of this, we were unable to

Figure 3 Cumulative risk of subsequent pancreatic cancer in the endoscopic sphincterotomy/endoscopic papillary balloon dilatation (ES/EPBD), cho-
lecystectomy (CCY), ES/EPBD and CCY, and no‐intervention groups ( , cholelithiasis underwent ES/EPBD; , cholelithiasis underwent CCY;

, cholelithiasis underwent ES/EPBD and CCY; , cholelithiasis underwent intervention).
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include obesity, one of the known risk factors for pancreatic can-
cer, in the analysis. However, the innate characteristics of a na-
tional cohort database means that the selection avoids patient
loss to follow‐up and missed diagnoses of pancreatic cancer, even
in patients who underwent treatment at different hospitals. In terms
of the second limitation, the total number of patients with pancre-
atic cancer was 86 in the cholelithiasis group and 8 patients in the
control group. However, subsequent pancreatic cancer only oc-
curred in two patients (one in the ES/EPBD group and one in the
ES/EPBD and CCY group), which makes statistically insignifi-
cance if we change the definition of subsequent pancreatic cancer
from malignancy happened 6 months apart to 1 year apart in the
no‐intervention group. As a result, no‐intervention group has
higher subsequent pancreatic cancer risk than risk in CCY group,
which is not a solid conclusion in our reports. In the future, pro-
spective studies that are larger with longer observation periods
are needed to evaluate the risks of procedure‐related subsequent
pancreatic cancer. A third limitation is that the cholelithiasis group
had higher proportions of some pancreatic cancer risk factors, such
as CHB, CHC, HP, and DM. Although CHC and ESRD46 can be
explained by common risk factors of cholelithiasis itself, CHB,
HP, and DM may slightly affect the risk of pancreatic cancer be-
tween the cholelithiasis and control groups. For this reason, we
have performed univariate and multivariate analyses on these risk
factors of pancreatic cancer.

Conclusions
Symptomatic cholelithiasis patients were found to have an in-
creased risk of pancreatic cancer compared with the control group.
Risk of subsequent pancreatic cancer was similar between
patients with cholelithiasis regardless of the intervention applied
(ES/EPBD, CCY, and ES/EPBD and CCY).

Data availability statement. The datasets generated and
analyzed during the current study are not publicly available as they
were obtained from the National Health Insurance Research

Database; however, data are partially available from the corre-
sponding author on reasonable request.
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