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Risk: A Swedish Population-Based Cohort 
Study
Habiba Kamal ,1,2 Omid Sadr-Azodi,3,4 Lars Engstrand,5,6 and Nele Brusselaers5-7

BACKGROUND AND AIMS: Biliary tract cancer is a 
group of highly aggressive malignant disorders, yet risk factors 
are poorly understood. In this study, we aim to assess whether 
prolonged use of proton pump inhibitors (PPIs) increases 
the risk of incident biliary tract carcinoma in a nation-wide 
population-based cohort in Sweden.

APPROACH AND RESULTS: Using nation-wide reg-
istries, we identified all adults who received maintenance 
PPIs (≥180  days) according to the Swedish Prescribed Drug 
Register from 2005 through 2012. Data on incident biliary 
tract cancer were retrieved from the Swedish Cancer, Death 
and Outpatient Registers. Risk of biliary tract cancer in per-
sons who received PPI treatment was compared with the 
general population of the corresponding age, sex, and calendar 
year yielding standardized incidence ratios (SIRs) with 95% 
CIs. Of 738,881 PPI users (median follow-up of 5.3  years), 
206 (0.03%) developed gallbladder cancer and 265 (0.04%) ex-
trahepatic and 131 (0.02%) intrahepatic bile duct cancer cor-
responding to SIRs of 1.58 (95% CI, 1.37-1.81), 1.77 (95% 
CI, 1.56-2.00), and 1.88 (95% CI, 1.57-2.23), respectively. In 
sensitivity analyses restricted to persons without a history of 
gallstones or chronic liver or pancreatic diseases, SIRs were 
1.36 (95% CI, 1.17-1.57) and 1.47 (95% CI, 1.19-1.80) for 
extra- and intrahepatic duct cancer, respectively. The risk re-
mained higher than the corresponding general population with 
≥5  years of PPIs use, ruling out confounding by indication.

CONCLUSIONS:   In this study, long-term use of PPIs was 
associated with an increased risk of gallbladder, intrahepatic, 
and extrahepatic bile duct cancer compared with the general 
population. (Hepatology 2021;74:2021-2031).

Biliary tract cancer is a heterogenous group of 
aggressive malignant disorders constituting 
~3% of all gastrointestinal malignancies.(1) In 

2013, 180,000 incident cases were diagnosed world-
wide with substantial geographical variation.(2) Biliary 
tract cancer is mostly diagnosed in advanced stages, 
with 5-year survival ranging from 2% to 24%, rep-
resenting 2% of global yearly cancer-related mortal-
ity.(3,4) Whereas chronic viral hepatitis B and C, liver 
flukes, gallstones, hepatolithiasis, and primary scleros-
ing cholangitis are among the definitive risk factors, 
most of the biliary tract cancers occur in the absence 
of liver diseases.(5-7) Therefore, an urgent need remains 
to understand the risk factors for this highly aggres-
sive disease.

Proton pump inhibitors (PPIs) are mainstay, potent 
acid-suppressive agents to treat gastric hyperacidity-
related disorders.(8) Clinical data suggested that long-
term use of PPI with subsequent hypergastrinemia 

Abbreviations: DDD, def ined daily dose; H2RA, histamine-2 receptor antagonist; IQR, interquartile range; NSAIDs, nonsteroidal anti-
inflammatory drugs; PPI, proton pump inhibitor; SIR, standardized incidence ratio.
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may cause dysbiosis and profound perturbations of 
the gut microbiome.(9,10)

A meta-analysis noted an increased risk of small 
intestinal bacterial overgrowth with PPI use; the 
association was particularly supported in studies 
using accurate diagnostic tests of jejunal and duode-
nal aspirates.(11) This imbalance might be associated 
with increased risks of spontaneous bacterial peritoni-
tis, HE, and cryptogenic liver abscess as observed in 
some reports.(12-14) Recently, the association extended 
to increased risks of gastric and pancreatic malignan-
cies.(15,16) However, few studies examined the influ-
ence of chronic PPI use on biliary tract disorders. In 
a nation-wide cohort study from South Korea, PPI 
users during a 10-year follow-up were associated with 
increased risk of cholangitis compared to nonus-
ers (adjusted HR, 5.75; 95% CI, 4.39-7.54).(17)

Similarly, in a population-based case-control study 
conducted in Taiwan, 23% elevated risk of acute cho-
lecystitis was found among PPI users compared to 
nonusers.(18) A retrospective cohort from Japan of 219 
patients who underwent endoscopic sphincterotomy 
noted a 2.2-fold risk of recurrent common bile duct 
stones associated with PPI use.(19) A recent hospital-
based case-control analysis from China noted a 
1.56-fold increased risk of gallbladder cancer, and 
the risk consistently increased with the duration of 
PPI use.(20) Conversely, in a prospective, randomized, 
placebo-controlled trial of 17,598 persons followed 
for a median of 3  years, pantoprazole use was not 
associated with development of gastrointestinal can-
cers versus placebo.(21)

Analyzing the risk of biliary tract cancer among 
long-term PPI users on a large scale is still open for 

study. We hypothesized that chronic use of PPI would 
be associated with an increased risk of biliary tract 
malignancies. We test this hypothesis in this nation-
wide register-based cohort including all adult PPI 
users in Sweden.

Materials and Methods
DATA SOURCES

This cohort has been described in detail(22) and in 
short in Supporting Fig. S1. We used the Prescribed 
Drug Register for data on  PPI treatment, quantity, 
dosage, and dispensing date. This register was estab-
lished in  July 2005 and contains monthly updated 
information on all prescribed and dispensed medica-
tions records from all Swedish pharmacies.(23) Patient 
identifying data are missing in <0.3% of all recorded 
prescriptions.(23)

The Swedish Cancer Register is providing infor-
mation on biliary cancer histological subtypes and 
location as well as age and date at cancer diagnosis. 
This register was established in 1958 and includes 
data on newly diagnosed cancers in Sweden. The 
National Patient Register provides complete infor-
mation on diagnoses and surgical procedures from 
inpatient specialist care and outpatient across all 
hospitals in Sweden.(24) Data on past and cur-
rent medical conditions, presence of gallstone dis-
ease, and cholecystectomy were collected from this 
register.(25)

The Swedish Causes of Death Register provided 
dates of death for censoring. This register was estab-
lished in 1961, with 100% completeness in recording 
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deaths in Sweden.(26) Registers were linked using 
the unique personal identity number, assigned to all 
Swedish residents.

The study was approved by the Regional Ethical 
Review Committee in Stockholm (2014/1291-31/4). 
The study has been performed in accordance with 
the ethical standards amended in the 1964 Helsinki 
Declaration and did not require informed consent 
because it is based on registry-based anonymized data.

STUDY DESIGN
This nation-wide Swedish population-based cohort 

was designed to examine the risk of biliary tract can-
cer among long-term users of PPI compared to the 
Swedish background population of the same sex, age, 
and calendar period(27) (Supporting Fig. S1). All adults 
(≥18 years) who received maintenance therapy of PPI 
during July 1, 2005 to December 31, 2012 (end of 
data collection) were identified through the Prescribed 
Drug Register. The index date was considered the date 
of initiation of PPI prescriptions; participants were 
followed up until the occurrence of any cancer, death, 
or cholecystectomy or end of study period, whichever 
occurred first. The study results are reported accord-
ing to the STROBE statement (Strengthening the 
Reporting of Observational Studies in Epidemiology) 
for cohort studies (Supporting Table S1).

PARTICIPANTS AND EXPOSURE
Participants were considered exposed if they 

received ≥180  days of PPI (Anatomical Therapeutic 
Chemical classification [ATC] code A02BC) during 
the study period before the onset of any cancer yield-
ing 738,881 persons (Supporting Fig. S2). The follow-
ing participants were excluded from all the analyses: 
(1) subjects with a history of cancer before the start 
and within 6  months of index date (n  =  222,730); 
(2) participants who received high cumulative doses 
of both PPI and histamine-2 receptor antagonist 
(H2RAs; n  =  25,726); and (3) participants who 
underwent cholecystectomy before the index date 
and within 1  year (n  =  57,611). The total cumula-
tive administered PPI doses was estimated by adding 
the defined daily dose (DDD) per package (DDDp), 
which takes the potency of the drug into account as 
well as the prescribed quantity. DDDp = (items issued 
*amount of drug per item)/DDD. The DDD is the 

assumed average maintenance dose per day for a drug 
used for its main indication in adults, per the World 
Health Organization definition.(28) PPIs are available 
as over the counter in Sweden, yet in small packages 
with a higher price per dose.(29) So, we can assume 
that the great majority of maintenance users have 
their PPI doses through prescription. For comparison, 
risk of biliary cancer was also examined among all 
adults who received ≥180 days of exposure to H2RA 
as a drug prescribed for a similar indication as a PPI 
(n = 18,849).

OUTCOME
The outcome was primary biliary tract carcinoma 

(gallbladder, extra- and intrahepatic bile ducts) as 
reported in the Swedish Cancer Register according to 
the the International Classification of Diseases, Tenth 
Revision (ICD-10) codes as shown in Supporting 
Table S2. Accuracy of the ICD-10 coding has been 
cross-checked with the International Classification of 
Diseases, Seventh Revision coding.

CONFOUNDERS
Age at first PPI prescription was categorized as 

18-<40, 40-49, 50-59, 60-69, and ≥70  years. Sex 
was grouped as male or female, and calendar period 
as 2005-2006, 2007-2009, and 2010-2012. All these 
three variables were complete in the data for PPI users.

We evaluated potential confounding by indication 
through subgroup analyses for the most common 
reported indications for acid-suppressive therapy. 
We assessed the following subgroups based on the 
Patient Registry and/or Prescribed Drug Registry: 
gastroesophageal reflux disease; peptic ulcers; gas-
troduodenitis; Helicobacter pylori infection/eradica-
tion; maintenance use (≥180  days during the study 
period) of aspirin therapy; and/or nonsteroidal 
anti-inflammatory drugs (NSAIDs). A potential 
protective effect against biliary cancer and other 
gastrointestinal malignancy has been described for 
long-term use of aspirin and NSAIDs.(30,31) The 
following less-prevalent indications of dyspepsia, 
such as Barrett esophagus and Zollinger-Ellison 
syndrome, were not assessed separately because 
they were recorded in ≤5% of the present cohort. 
Indication of therapy was lacking in ~25% of the 
cohort.(22,32)
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Additional sensitivity analyses were conducted 
to evaluate a potential mediating role of gallstones, 
chronic liver, and pancreatic diseases as known risk 
factors for biliary tract malignancies. Also, we assessed 

the effect of duration of PPI therapy (categorized as 
<1.0, 1.0-2.9, 3.0-4.9, and >5 years) to account for the 
potential detection bias or protopathic bias in the first 
3-5 years of follow-up.(33)

TABLE 1. Baseline Characteristics and Indications of Use for 738,881 Participants Receiving PPI in Sweden During the Study 
Period (2005-2012)

Characteristic

Participants

Total Men Women

No. % No. % No. %

Total 738,881 100.00 316,190 42.80 422,691 57.20

Age, years

<40 85,813 11.60 35,573 11.30 50,240 11.90

40-49 98,502 13.30 43,420 13.70 55,082 13.00

50-59 145,290 19.70 66,702 21.10 78,588 18.60

60-69 162,820 22.00 75,810 24.00 87,010 20.60

>=70 246,456 33.40 94,685 29.90 151,771 35.90

Calendar period

2005-2006 402,643 54.50 169,912 53.70 232,731 55.10

2007-2009 212,328 28.70 90,735 28.70 121,593 28.80

2010-2012 123,910 16.80 55,543 17.60 68,367 16.20

Underlying indications

Gastroesophageal reflux 185,591 25.10 87,592 27.70 97,999 23.20

Peptic ulcers 73,138 9.90 37,097 11.70 36,041 8.50

Gastroduodenitis 94,716 12.80 42,447 13.40 52,269 12.40

Helicobacter pylori infection/
eradication

54,733 7.40 25,265 8.00 29,468 7.00

Aspirin maintenance therapy 254,352 34.40 122,514 38.80 131,838 31.20

NSAIDs maintenance therapy 222,299 30.10 77,610 24.50 144,689 34.20

Underlying comorbidities

Chronic pancreas disease 4,271 0.60 2,639 0.80 1,632 0.40

Chronic liver disease 13,569 1.80 7,950 2.50 5,619 1.30

Gallstone disease 50,123 6.78 16,368 5.18 33,755 7.99

Any of the above 65,046 8.80 25,334 8.01 39,712 9.40

None of the above 673,835 91.20 290,856 91.99 382,979 90.60

Outcomes (type of cancer)

Gallbladder cancer 206 0.03 49 0.02 157 0.04

(Gallbladder 
adenocarcinoma)

155 0.02 35 0.01 120 0.03

Extrahepatic bile ducts 265 0.04 131 0.04 134 0.03

(Extrahepatic 
cholangiocarcinoma)

26 0.00 15 0.00 11 0.00

(Extrahepatic 
adenocarcinoma)

186 0.03 93 0.03 93 0.02

Intrahepatic bile ducts 131 0.02 58 0.02 73 0.02

(Intrahepatic bile ducts 
cholangiocarcinoma)

99 0.01 44 0.01 55 0.01

Total person-years 3,548,064 1,488 475 2,259 589

Follow-up, mean (SD) 4.8 (2.4) 4.7 (2.4) 4.9 (2.3)

Median (IQR) 5.3 (2.8-7.1) 5.2 (2.6-7.1) 5.4 (2.9-7.2)
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STATISTICAL ANALYSIS
Characteristics and outcome of events of the cohort 

groups are reported as number and percentage, mean 
and SD or median, and interquartile range (IQR), 
as appropriate. Standardized incidence rate ratios 
(SIRs) with 95% CIs were calculated as the ratio 
of the observed number of gallbladder, extrahepatic, 
and intrahepatic biliary cancer cases in the  PPI  use 
cohort compared with the expected number of such 
cases in the Swedish background population of the 
same sex, age group, and calendar period.(34) Starting 
from the index date, Clayton’s algorithm was used to 
calculate the follow-up time in person-years for each 
stratum.(34) To test the robustness of our findings, we 
conducted several sensitivity analyses; we assessed the 
risk of biliary tract cancer per PPI cumulative dura-
tion to account for detection bias and potential reverse 
causality. To account for confounding by indication, 
we analyzed cancer risk by subjects with gallstone dis-
eases and chronic liver and pancreatic disorders. Also, 
we repeated the analyses comparing subjects on long-
term PPI versus subjects on long-term H2RA use.

Results
PARTICIPANTS

Table 1 shows the baseline characteristics of 
all PPI users included in the study (n  =  738,881). 
There were more women (57.2%) than men (42.8%), 
and the majority was aged >60  years (55.4%). 
Maintenance use of aspirin and NSAIDs was the 
most common indication of PPI therapy consti-
tuting 64% of the cohort, with more male aspirin 
users and more female NSAIDs users. Upper gas-
trointestinal reflux and peptic ulcer diseases were 
recorded in 48% of the cohort, whereas Helicobacter 
pylori infection/eradication was noted in 7.4% of the 
cohort. Patients with underlying gallstone diseases 
constituted 6.8% of the cohort; chronic liver and 
pancreatic diseases were present in 1.8% and 0.6%, 
respectively. Participants were followed for a median 
of 5.3  years (IQR, 2.8-7.1). During 3,548,064 
person-years at risk, 206 (0.03%) developed gall-
bladder cancer, 265 (0.04%) developed extrahepatic 
bile ducts carcinoma, and 131 (0.02%) developed 
intrahepatic bile ducts.

Of 50,123 persons with gallstones disease, 95 (0.2%) 
developed gallbladder cancer, 58 (0.12%) developed 
extrahepatic bile duct cancer, and 19 (0.04%) devel-
oped intrahepatic bile duct cancer. Among 65,046 
persons with either gallstone or chronic liver and/or 
pancreatic diseases, 103 (0.16%) developed gallblad-
der cancer and 81 (0.12%) and 38 (0.06%) devel-
oped extrahepatic and intrahepatic bile duct cancer, 
respectively.

Patients with gallstone and/or liver or pancre-
atic diseases have a higher incidence of all biliary 
tract cancer than patients with no history of either 
(Table 1).

RISK OF BILIARY TRACT CANCER 
BY SEX AND AGE

The overall SIR for gallbladder cancer among 
long-term PPI users compared to the Swedish 
general population was 1.58 (95% CI, 1.37-1.81). 
Corresponding SIRs for extra- and intrahepatic bile 
ducts cancer were 1.77 (1.56-2.00) and 1.88 (1.57-
2.23), respectively. Risks of gallbladder and extrahe-
patic bile duct cancer were slightly higher in men 
than in women. Similar results were noted when 
restricting to gallbladder adenocarcinoma, extra-
hepatic cholangiocarcinoma, and adenocarcinoma 
(Table 2), whereas overall risk for intrahepatic bile 
duct cancer was higher in women (SIR = 1.85; 95% 
CI, 1.45-2.33) than in men (SIR  =  1.45; 95% CI, 
1.45-2.47). Risk of intrahepatic cholangiocarcinoma 
was higher in men (SIR = 2.06; 95% CI, 1.50-2.76) 
than in women (SIR  =  1.93; 95% CI, 1.46-2.51; 
Table 2).

Risk estimates were decreasing by age for all three 
types of biliary cancer, with the highest risk estimate 
noted in age <40, where the SIR of gallbladder can-
cer was 26.5 (95% CI, 2.98-95.68), and the SIR of 
extrahepatic bile duct cancer was 9.32 (95% CI, 1.87-
27.24) and 13.43 (95% CI, 4.90-29.23) for intrahe-
patic bile duct cancer (Table 2).

RISK OF BILIARY TRACT CANCER 
BY INDICATION OF USE

Risk of gallbladder cancer was higher among long-
term PPI users for all indication groups except in 
aspirin maintenance therapy (SIR  =  1.29; 95% CI, 
0.85-1.88). The highest risk for gallbladder cancer was 
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noted in patients with gastroduodenitis (SIR = 2.06; 
95% CI, 1.45-2.84) and in patients on NSAID main-
tenance therapy (SIR  =  2.06; 95% CI, 1.41-2.91; 
Table 3).

Risk of extrahepatic bile ducts cancer was con-
sistently higher among long-term PPI users for all 
indication groups, with the highest risk in gastro-
esophageal reflux (SIR  =  3.07; 95% CI, 2.34-3.96) 

TABLE 2. Risks of Biliary Cancer Subtypes in Participants Receiving PPI Compared to the Swedish Standard Population*

Gallbladder Cancer Extrahepatic Bile Duct Cancer Intrahepatic Bile Duct Cancer

N % SIRs (95% CI) N % SIRs (95% CI) N % SIRs (95% CI)

Total 206 0.03 1.58 (1.37-1.81) 265 0.04 1.77 (1.56-2.00) 131 0.02 1.88 (1.57-2.23)

Sex

Men 49 0.02 1.73 (1.28-2.29) 131 0.04 2.02 (1.69-2.40) 58 0.02 1.45 (1.45-2.47)

Women 157 0.04 1.53 (1.30-1.79) 134 0.03 1.58 (1.32-1.87) 73 0.02 1.85 (1.45-2.33)

Age, years

<40 2 0.00 26.50 (2.98-95.68) 3 0.00 9.32 (1.87-27.24) 6 0.01 13.43 (4.90-29.23)

40-49 6 0.01 3.04 (1.11-6.61) 14 0.01 5.05 (2.76-8.47) 10 0.01 3.67 (1.76-6.74)

50-59 19 0.01 2.13 (1.28-3.32) 29 0.02 2.46 (1.65-3.53) 26 0.02 3.69 (2.41-5.40)

60-69 46 0.03 1.52 (1.11-2.02) 69 0.04 1.89 (1.47-2.39) 37 0.02 1.71 (1.20-2.36)

>=70 133 0.05 1.50 (1.26-1.78) 150 0.06 1.52 (1.29-1.79) 52 0.02 1.37 (1.02-1.80)

Time since 
start of 
PPIs

First year 50 0.08 1.74 (1.29-2.29) 91 0.15 2.89 (2.32-3.54) 43 0.07 3.36 (2.43-4.52)

1-3 years 69 0.05 1.36 (1.06-1.73) 71 0.05 1.36 (1.06-1.72) 33 0.02 1.34 (0.92-1.88)

3-5 years 47 0.03 1.05 (0.78-1.40) 56 0.04 1.09 (0.83-1.42) 24 0.02 1.05 (0.67-1.56)

>5 years 40 0.01 1.48 (1.06-2.02) 47 0.01 1.44 (1.06-1.91) 31 0.01 1.84 (1.25-2.61)

*Stratified by sex, age, and time since initiation of PPI during the study period (2005-2012), expressed as SIRs with 95% CIs.

TABLE 3. Risks of Biliary Cancer in Participants Receiving PPI Compared to the Swedish Standard Population*

Gallbladder Cancer Extrahepatic Bile Duct Cancer Intrahepatic Bile Duct Cancer

N % SIRs (95% CI) N % SIRs (95% CI) N % SIRs (95% CI)

Total 206 0,03 1.58 (1.37-1.81) 265 0,04 1.77 (1.56-2.00) 131 0,02 1.88 (1.57-2.23)

Indications of use

Gastroesophageal reflux 63 0,03 1.79 (1.38-2.30) 59 0,03 3.07 (2.34-3.96) 26 0,01 0.63 (0.41-0.93)

Peptic ulcers 28 0,04 1.90 (1.26-2.74) 38 0,05 2.12 (1.50-2.92) 21 0,03 2.69 (1.67-4.12)

Gastroduodenitis 37 0,04 2.06 (1.45-2.84) 39 0,04 1.87 (1.33-2.55) 27 0,03 2.81 (1.85-4.09)

Helicobacter pylori infection/
eradication

17 0,03 1.99 (1.16-3.18) 23 0,04 2.24 (1.42-3.37) 15 0,03 3.03 (1.69-4.99)

Aspirin maintenance therapy only 27 0,01 1.29 (0.85-1.88) 38 0,01 1.80 (1.27-2.46) 19 0,01 2.14 (1.29-3.34)

NSAIDs maintenance therapy only 32 0,01 2.06 (1.41-2.91) 32 0,01 1.96 (1.34-2.77) 15 0,01 1.74 (0.97-2.87)

Sensitivity analyses

Gallstones 95 0,19 8.92 (7.22-10.91) 58 0,12 10.99 (8.35-14.21) 19 0,04 1.65 (0.99-2.57)

No history of gallstones 111 0,02 0.93 (0.76-1.11) 207 0,03 1.50 (1.30-1.72) 112 0,02 1.74 (1.43-2.09)

History of gallstones, chronic liver 
disease, and/or chronic pancre-
atic disease

103 0,16 8.10 (6.61-9.83) 81 0,12 5.69 (4.52-7.07) 38 0,06 5.79 (4.09-7.94)

No history of gallstones, chronic 
liver disease, or chronic pancre-
atic disease

104 0,02 0.88 (0.72-1.07) 184 0,03 1.36 (1.17-1.57) 93 0,01 1.47 (1.19-1.80)

*Stratified by indication of use and subgroups analysis since initiation of PPI during the study period (2005-2012), expressed as standard-
ized incidence ratios (SIRs) with 95% CIs.
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and the lowest risk among aspirin maintenance ther-
apy (SIR  =  1.80; 95% CI, 1.27-2.46). Risk of intra-
hepatic bile duct cancer was high among long-term 
PPI users for all indications except in gastroesopha-
geal reflux (SIR  =  0.63; 95% CI, 0.41-0.93) and in 
NSAID maintenance therapy use (SIR  =  1.74; 95% 
CI, 0.97-2.87; Table 3).

RISK OF BILIARY TRACT CANCER 
BY DURATION OF PPI TREATMENT

During the first year of treatment, the SIR for gall-
bladder cancer was 1.74 (95% CI, 1.29–2.29); the SIR 
for extrahepatic bile duct cancer was 2.89 (95% CI, 
2.32-3.54), and for intrahepatic bile duct cancer, the 
SIR was 3.36 (95% CI, 2.43-4.52). Between 1 and 
3 years of PPI treatment, the risk of gallbladder cancer 
was SIR  =  1.36 (95% CI, 1.06-1.73) and the risk of 
extrahepatic bile duct cancer was SIR = 1.36 (95% CI, 
1.06-1.72), but the risk estimate was not statistically 
significant for intrahepatic bile duct cancer (SIR = 1.34; 
95% CI, 0.92-1.88). Between 3 and 5  years of PPI 
treatment, no association was found between PPI use 
and gallbladder cancer (SIR = 1.05; 95% CI, 0.78-1.40), 
extrahepatic bile duct cancer (SIR = 1.09; 95% CI, 0.83-
1.42), or intrahepatic bile duct cancer (SIR = 1.05; 95% 
CI, 0.67-1.56). For ≥5 years of PPI use, the SIRs of all 
types of bile duct cancer were statistically significantly 
increased (SIR = 1.48; 95% CI, 1.06-2.02, for gallblad-
der cancer; SIR = 1.44; 95% CI, 1.06-1.91, for extrahe-
patic bile duct cancer; SIR = 1.84; 95% CI, 1.25-2.61, 
for intrahepatic bile duct cancer; Table 2).

SENSITIVITY ANALYSIS
Maintenance use of PPI was strongly associated 

with gallbladder cancer (SIR  =  8.92; 95% CI, 7.22-
10.91) and extrahepatic bile duct cancer (SIR = 10.99; 
95% CI, 8.35-14.21) in persons with gallstone disease, 
whereas this association was weaker for intrahepatic 
bile duct cancer (SIR  =  1.65; 95% CI, 0.99-2.57). 
Among persons without a history of gallstone disease, 
there was no association between PPI use and gall-
bladder cancer (SIR = 0.93; 95% CI, 0.76-1.11). The 
corresponding association for extrahepatic bile duct 
cancer was substantially weaker (SIR  =  1.50; 95% 
CI, 1.30-1.72) than in persons with gallstones. The 
SIR for intrahepatic bile duct cancer was 1.74 (95% 

CI, 1.43-2.09) and in line with the results of persons 
without gallstone disease (Table 3).

BILIARY TRACT CANCER AMONG 
H2RA USERS

Among 18,849 long-term H2RA users, only 3 
developed gallbladder cancer, 4 extrahepatic cancer, 
and 2 intrahepatic cancer. Incidence among H2RA 
users was too low to calculate SIRS.

Discussion
This large nation-wide study examined the associa-

tion between PPI use and biliary tract cancer. Overall, 
the risk of gallbladder, extrahepatic, and intrahepatic 
bile duct cancer was increased among long-term PPI 
users compared to the Swedish background popula-
tion. The risk was increased irrespective of sex, and 
the point estimates were >1.0 for all subtypes of bil-
iary tract cancer. The initial increase in the risk of 
cancer during the first 3 years of follow-up, declining 
to levels comparable to the background population 
between 3 and 5 years of follow-up, might have arisen 
by reverse causality or detection bias. However, reverse 
causality is unlikely to explain the later increase in the 
risk after >5 years of follow-up. Importantly, the asso-
ciation between PPI use and gallbladder and extra-
hepatic bile duct cancer seems to be mediated by 
gallstone disease.

Our study has many methodological strengths: the 
population-based design with prospective data acqui-
sition from validated registers and the inclusion of all 
eligible PPI users (n = 738,881) with 3.5 million years 
of follow-up contributing to high statistical power. 
These robust methods, using high-quality data from 
the entire Swedish population, contribute to the gener-
alizability of our findings at least for the Nordic region, 
but also to other countries with similar PPI use and 
incidence of biliary tract cancer risk. Moreover, we were 
able to evaluate the pure effect of PPI in patients with 
no history of liver or pancreatic diseases minimizing 
the risk of confounding by indication. Our additional 
analyses by cancer subtypes and by duration of PPI 
were consistent with the results of the main analyses.

For the limitations, there was a lack of information 
on previous PPI use (before 2005) and the limited 

 15273350, 2021, 4, D
ow

nloaded from
 https://aasldpubs.onlinelibrary.w

iley.com
/doi/10.1002/hep.31914 by U

niversiteitsbibliotheek G
ent, W

iley O
nline L

ibrary on [14/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Hepatology,  October 2021KAMAL ET AL.

2028

duration of follow-up (up to 7.5 years). We accounted 
for this issue and addressed reverse causality by exclud-
ing all cancers occurring within a year after enroll-
ment, and we assessed the risk with >5  years of PPI 
exposure. Also, we excluded patients who had pre-
vious and up to a year cholecystectomy to minimize 
confounding by indication induced by frequent PPI 
prescription among this group of patients. All analyses 
showed consistent results. Although 25% of patients 
did not have a registered underlying indication for 
PPI use, a more complete reporting is expected for 
persons with more-severe, better-investigated symp-
toms. This relatively large proportion without diagno-
sis may include persons who received PPI for more 
vague gastrointestinal symptoms, which could also 
be the first symptoms of a developing gastrointesti-
nal cancer. Given that biliary tract cancers are highly 
aggressive tumors with an estimated 3%-20% 5-year 
survival, especially, the association in the group with 
the longest follow-up seems unlikely to be entirely 
attributable to confounding by indication or reverse 
causation.

We did not analyze place of residence or socioeco-
nomic status as proxy of access to health care. This 
factor is unlikely to affect the association majorly 
given that access to health care is similarly available 
for PPI users and nonusers in Sweden.

A potential exposure misclassification could not be 
ruled out given that information on over-the-counter 
drugs is not available. However, we expect this to be 
very minimal because of the expensive price of over-
the-counter PPI and that most long-term PPI users 
(≥180 days) get it through prescription. With 11% of 
Swedish adults being classified as maintenance users, 
using this rather strict definition of 180 days, the risk 
of misclassification of maintenance use would be lim-
ited. In other countries, ~10%-30% of all adults used 
maintenance therapy.(35) We did not stratify the anal-
ysis by different types of PPI because omeprazole is 
the predominantly prescribed PPI (79% of chronic 
users), followed by esomeprazole (15%).

Some residual confounding could not be ruled out, 
given that data on body weight and lifestyle factors 
were not available for the entire Swedish population. 
These data are usually present in the clinical notes of 
different persons and would need an extensive workup 
to be extracted beyond the scope of this study. We also 
do not have access to socioeconomic information and 
migration status for this project, and data on ethnicity 

are not collected in Sweden. Yet, all results were stan-
dardized for age, sex, and calendar period. We could 
not compare the use of H2RA because of insufficient 
power.

The increased risk of cholangitis, cholecystitis, and 
gallstone diseases associated with long-term PPI use 
has not been similarly observed in H2RA users,(17-19,36) 
yet could not be evaluated with SIRs in the present 
cohort because nation-wide statistics (per age, sex, and 
calendar period) were not publicly available for these 
diseases. Confounding by indication might hamper 
this association given that patients with more-severe 
symptoms tend to be treated with more-potent acid-
suppressive agents. Moreover, biliary diseases might be 
more prevalent in certain groups of the population.(37) 
Yet, in our sensitivity analysis restricting to persons 
with no history of hepatobiliary or pancreatic condi-
tions, 1.47- and 1.36-fold risk of intra- and extrabili-
ary tract cancers remained, respectively.

Furthermore, in the subgroup analysis on persons 
using PPI combined with aspirin and/or NSAIDs, 
increased risks of different biliary tract cancers (com-
pared to the background population) were still found 
despite the potential chemoprotective effect of aspirin 
on biliary cancers.(30,38) This consistent increase in rel-
ative risk of all biliary tract cancer subtypes, irrespec-
tive of sex or PPI exposure duration and indications 
of use, further supports our hypothesis that PPI might 
be an independent risk factor for biliary tract cancers.

The potential underlying mechanisms require more 
investigation. Chronic, recurrent inflammation of the 
biliary epithelium, bile stasis, and infection are recog-
nizable risk factors for the development of biliary tract 
cancers.(39,40) Many experimental and clinical studies 
noted a higher risk of enteric infections(9,10,13,41) and 
precancerous changes in the bile duct similar to those 
observed in high-fat diet with PPI use.(42) Whether 
PPI use affects biliary motility is still debated, but 
chronic hypochlorhydria in PPI use allows harmful 
bacterial overgrowth and subsequent retrograde biliary 
tract infection.(43-45) All these potential mechanisms 
might be plausible explanations of the consistent 
increased risk of biliary tract cancer observed in our 
analyses.

Of note, the majority of previous studies on bili-
ary tract disorders association with PPI use originate 
from regions with historical risk factors for biliary 
tract diseases as viral hepatitis and liver flukes.(18-20,36) 
Other studies also showed that prolonged PPI use 
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was associated with increased risk of gastric,(46) pan-
creatic,(16) and colorectal carcinoma from diverse pop-
ulations as well.(22,32,47) PPI was not associated with 
any malignancy or serious adverse events in three ran-
domized trials, during a median of 3  years(21) and 5 
and 12 years of follow-up.(48) Of note, these trials were 
addressing different endpoints than the long-term 
risk of cancer in PPI users; short follow-up time and 
inclusion of rather healthier cohorts were among the 
methodological concerns of these studies.(49) Hence, 
the evidence cumulating from many observational 
studies of long-term PPI risks could not be ignored.

Our findings are in line with a recent case-control 
study noting 2-fold increased risk of gallbladder 
cancer among PPI users, although our definition of 
6  months’ accumulated use for study inclusion was 
stricter than their 30  days.(20) Gallstone disease is a 
recognizable strong risk factor for gallbladder cancer, 
which explains the higher SIRs among this subgroup. 
When we stratified the analysis excluding persons 
with gallstone disease, the association remained sig-
nificant for intra- and extrahepatic biliary cancer, but 
not for gallbladder carcinoma, suggesting that the 
association might be mediated through gallstones for 
gallbladder cancer, but not in intra- and extrahepatic 
carcinoma.

Clinical implications of the increased risk of bili-
ary tract cancer might be limited because of the very 
low absolute lifetime risk of this rare cancer (<1%). 
Often with insidious onset, biliary tract cancer is usu-
ally discovered in advanced stages when therapeu-
tic options are limited.(1) In our study, patients aged 
>60  years constituted 81% (n  =  487 of 602) of total 
biliary tract cancer cases. It is crucial to be aware of 
this risk among long-term PPI users given that the 
ill-defined symptoms of biliary tract cancer can be 
mistaken for an esophagogastric origin, delaying fur-
ther the diagnosis—especially in this age group, where 
other comorbidities and polypharma might divert 
the attention of a more-serious condition. The pos-
sibility of reverse causation with a later diagnosis of 
biliary cancer masked by PPI use could not be ruled 
out. Nonetheless, an earlier cancer onset may also be 
a sign of genetic susceptibility of the person; yet, we 
also hypothesize that PPI use may be more harmful 
to the microbiome composition in younger persons 
than among elder persons, with a consequent “true” 
age effect on cancer development. Given the very few 
biliary tract carcinoma cases among the age group 

<40 years (small absolute risk difference), the possibil-
ity of genetic alterations could not be ruled out. This 
age-dependent effect of PPI observed in our study 
warrants more analysis of the influence of PPI on the 
microbiome composition for different age groups.(9)

Therefore, our results should be interpreted in the 
context of sensibly weighing the risk of prolonged 
use of PPI, particularly in high-risk groups. Further 
research is needed to unravel the risk factors and pre-
dictors of survival of this aggressive malignancy.

To conclude, this nation-wide population-based 
cohort study provides evidence that long-term PPI 
use was independently associated with an increased 
risk of biliary tract cancer. This risk should be consid-
ered when prescribing PPI for prolonged duration, in 
vulnerable patients weighing benefits and risks.

Acknowledgment: We thank all the thousands of pa-
tients, physicians, and health care staff members who 
contributed to the data collection, and to the Swedish 
National Board of Health and Welfare, which collected 
the data.

Author Contributions: N.B.: study concept and design, 
acquisition of data, analysis and interpretation of data, 
statistical analysis, and critical revision of the manu-
script. H.K.: study concept and design, interpretation 
of data, and drafting of the manuscript. O.S.A.: study 
concept and design, acquisition of data, and critical 
revision of the manuscript. L.E.: study concept and 
design, acquisition of data, and critical revision of the 
manuscript.

REFERENCES
	 1)	 Banales JM, Cardinale V, Carpino G, Marzioni M, Andersen 

JB, Invernizzi P, et al. Expert consensus document: cholangio-
carcinoma: current knowledge and future perspectives con-
sensus statement from the European Network for the Study 
of Cholangiocarcinoma (ENS-CCA). Nat Rev Gastroenterol 
Hepatol 2016;13:261-280.

	 2)	 Fitzmaurice C, Dicker D, Pain A, Hamavid H, Moradi-Lakeh M, 
MacIntyre MF, et al. The global burden of cancer 2013. JAMA 
Oncol 2015;1:505-527.

	 3)	 Alabraba E, Joshi H, Bird N, Griffin R, Sturgess R, Stern N,  
et al. Increased multimodality treatment options has improved 
survival for Hepatocellular carcinoma but poor survival for 
biliary tract cancers remains unchanged. Eur J Surg Oncol 
2019;45:1660-1667.

	 4)	 GBD 2016 Disease and Injury Incidence and Prevalence 
Collaborators T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, 
Abd-Allah F, et al. Global, regional, and national incidence, prev-
alence, and years lived with disability for 328 diseases and injuries 
for 195 countries, 1990-2016: a systematic analysis for the Global 
Burden of Disease Study 2016. Lancet 2017;390:1211-1259.

 15273350, 2021, 4, D
ow

nloaded from
 https://aasldpubs.onlinelibrary.w

iley.com
/doi/10.1002/hep.31914 by U

niversiteitsbibliotheek G
ent, W

iley O
nline L

ibrary on [14/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Hepatology,  October 2021KAMAL ET AL.

2030

	 5)	 Cardinale V. Intra-hepatic and extra-hepatic cholangiocarci-
noma: New insight into epidemiology and risk factors. World J 
Gastrointestinal Oncol 2010;2:407-416.

	 6)	 Lee TY, Lee SS, Jung SW, Jeon SH, Yun SC, Oh HC, et al. 
Hepatitis B virus infection and intrahepatic cholangiocar-
cinoma in Korea: a case-control study. Am J Gastroenterol 
2008;103:1716-1720.

	 7)	 Allison RD, Tong X, Moorman AC, Ly KN, Rupp L, Xu F, et al. 
Increased incidence of cancer and cancer-related mortality among 
persons with chronic hepatitis C infection, 2006-2010. J Hepatol 
2015;63:822-828.

	 8)	 Iwakiri K, Kinoshita Y, Habu Y, Oshima T, Manabe N, Fujiwara 
Y, et al. Evidence-based clinical practice guidelines for gastro-
esophageal reflux disease 2015. J Gastroenterol 2016;51:751-767.

	 9)	 Imhann F, Bonder MJ, Vich Vila A, Fu J, Mujagic Z, Vork L, 
et al. Proton pump inhibitors affect the gut microbiome. Gut 
2016;65:740-748.

	 10)	 Reveles KR, Ryan CN, Chan L, Cosimi RA, Haynes WL. Proton 
pump inhibitor use associated with changes in gut microbiota 
composition. Gut 2018;67:1369-1370.

	 11)	 Lo WK, Chan WW. Proton pump inhibitor use and the risk 
of small intestinal bacterial overgrowth: a meta-analysis. Clin 
Gastroenterol Hepatol 2013;11:483-490.

	 12)	 Tsai CF, Chen MH, Wang YP, Chu CJ, Huang YH, Lin HC, et al. 
Proton pump inhibitors increase risk for hepatic encephalopathy 
in patients with cirrhosis in a population study. Gastroenterology 
2017;152:134-141.

	 13)	 Trikudanathan G, Israel J, Cappa J, O’Sullivan DM. Association 
between proton pump inhibitors and spontaneous bacterial perito-
nitis in cirrhotic patients—a systematic review and meta-analysis. 
Int J Clin Pract 2011;65:674-678.

	 14)	 Wang YP, Liu CJ, Chen TJ, Lin YT, Fung CP. Proton pump 
inhibitor use significantly increases the risk of cryptogenic liver 
abscess: a population-based study. Aliment Pharmacol Ther 
2015;41:1175-1181.

	 15)	 Cheung KS, Chan EW, Wong AYS, Chen L, Wong ICK, Leung 
WK. Long-term proton pump inhibitors and risk of gastric cancer 
development after treatment for Helicobacter pylori: a population-
based study. Gut 2018;67:28-35.

	 16)	 Hwang IC, Chang J, Park SM. Association between proton pump 
inhibitor use and the risk of pancreatic cancer: a Korean nation-
wide cohort study. PLoS One 2018;13:e0203918.

	 17)	 Min YW, Kang D, Shin JY, Kang M, Park JK, Lee KH, et al. Use 
of proton pump inhibitors and the risk of cholangitis: a nation-
wide cohort study. Aliment Pharmacol Ther 2019;50:760-768.

	 18)	 Chuang SC, Lin CC, Peng CY, Huang WH, Su WP, Lai SW, 
et al. Proton pump inhibitors increase the risk of cholecystitis: a 
population-based case-control study. Gut 2019;68:1337-1339.

	 19)	 Fukuba N, Ishihara S, Sonoyama H, Yamashita N, Aimi 
M, Mishima Y, et al. Proton pump inhibitor is a risk fac-
tor for recurrence of common bile duct stones after endoscopic 
sphincterotomy—propensity score matching analysis. Endosc Int 
Open 2017;5:E291-E296.

	 20)	 Xiong J, Wang Y, Chen G, Jin L. Proton pump inhibitors and the 
risk of gallbladder cancer: a hospital-based case-control study. Gut 
2020;69:2265-2267.

	 21)	 Moayyedi P, Eikelboom JW, Bosch J, Connolly SJ, Dyal L, 
Shestakovska O, et al. Safety of proton pump inhibitors based on 
a large, multi-year, randomized trial of patients receiving rivarox-
aban or aspirin. Gastroenterology 2019;157:682-691.e2.

	 22)	 Brusselaers N, Sadr-Azodi O, Engstrand L. Long-term proton 
pump inhibitor usage and the association with pancreatic cancer 
in Sweden. J Gastroenterol 2020;55:453-461.

	 23)	 Wettermark B, Hammar N, MichaelFored C, Leimanis 
A, Otterblad Olausson P, Bergman U, et al. The new 
Swedish Prescribed Drug Register—opportunities for 

pharmacoepidemiological research and experience from the first 
six months. Pharmacoepidemiol Drug Saf 2007;16:726-735.

	 24)	 Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, 
Reuterwall C, et al. External review and validation of the Swedish 
National Inpatient Register. BMC Public Health 2011;11:450.

	 25)	 Tao W, Holmberg D, Näslund E, Näslund I, Mattsson F, 
Lagergren J, et al. Validation of obesity surgery data in the 
Swedish National Patient Registry and Scandinavian Obesity 
Registry (SOReg). Obes Surg 2016;26:1750-1756.

	 26)	 Johansson LA, Westerling R. Comparing Swedish hospital dis-
charge records with death certificates: implications for mortality 
statistics. Int J Epidemiol 2000;29:495-502.

	 27)	 Statistikmyndigheten SCB [Internet]. https://www.scb.se/. 
Accessed November 25, 2020.

	 28)	 WHO Collaborating Centre for Drug Statistics Methodology. 
Guidelines for ATC classification and DDD assignment. Oslo, 
Norway: WHO Collaborating Centre for Drug Statistics 
Methodology, Norwegian Institute of Public Health; 2020.

	 29)	 Almqvist & Wiksell Uppsala. Läkemedelsinformation: Farmaceutiska 
Specialiteter [Internet]. https://schol​ar.google.com/schol​ar_looku​
p?hl=en&publi​cation_year=1988&autho​r=Läkemed​elsin​forma​
tion+AB.+FASS&title​=Farma​ceuti​ska+speci​alite​ter+i+Sverige. 
Accessed November 25, 2020.

	 30)	 Xiong J, Xu W, Bian J, Huang H, Bai Y, Xu Y, et al. Aspirin use is 
associated with a reduced risk of cholangiocarcinoma: a systematic 
review and meta-analysis. Cancer Manag Res 2018;10:4095-4104.

	 31)	 Brusselaers N, Lagergren J. Maintenance use of non-steroidal 
anti-inflammatory drugs and risk of gastrointestinal cancer in a 
nationwide population-based cohort study in Sweden. BMJ Open 
2018;8:21869.

	 32)	 Brusselaers N, Wahlin K, Engstrand L, Lagergren J. Maintenance 
therapy with proton pump inhibitors and risk of gastric cancer: a 
nationwide population-based cohort study in Sweden. BMJ Open 
2017;7:e017739.

	 33)	 Brusselaers N, Lagergren J, Engstrand L. Duration of use of pro-
ton pump inhibitors and the risk of gastric and oesophageal can-
cer. Cancer Epidemiol 2019;62:101585.

	 34)	 Breslow NE, Day NE. Statistical methods in cancer research. 
Volume II—the design and analysis of cohort studies. IARC Sci 
Publ 1987;(82):1-406.

	 35)	 Daniels B, Pearson SA, Buckley NA, Bruno C, Zoega H. Long-
term use of proton-pump inhibitors: whole-of-population 
patterns in Australia 2013–2016. Therap Adv Gastroenterol 
2020;13:175628482091374.

	 36)	 Schneider J, Weidner W, Hapfelmeier A, Wantia N, Feihl S, 
Schmid RM, et al. The use of proton pump inhibitors and the 
spectrum and number of biliary pathogens in patients with acute 
cholangitis. Aliment Pharmacol Ther 2014;39:1194-1203.

	 37)	 Lübbert C, Schneitler S. Parasitic and infectious diseases of the 
biliary tract in migrants and international travelers. Expert Rev 
Gastroenterol Hepatol 2016;10:1211-1225.

	 38)	 Brusselaers N, Engstrand L, Lagergren J. Maintenance proton 
pump inhibition therapy and risk of oesophageal cancer. Cancer 
Epidemiol 2018;53:172-177.

	 39)	 Sheth S, Bedford A, Chopra S. Primary gallbladder cancer: recog-
nition of risk factors and the role of prophylactic cholecystectomy. 
Am J Gastroenterol 2000;95:1402-1410.

	 40)	 Clements O, Eliahoo J, Kim JU, Taylor-Robinson SD, Khan SA. 
Risk factors for intrahepatic and extrahepatic cholangiocarcinoma: 
a systematic review and meta-analysis. J Hepatol 2019;72:95-103.

	 41)	 Bavishi C, DuPont HL. Systematic review: the use of proton 
pump inhibitors and increased susceptibility to enteric infection. 
Aliment Pharmacol Ther 2011;34:1269-1281.

	 42)	 Yang YC, Chang HW, Lin IH, Chien LN, Wu MJ, Liu YR, et al. 
Long-term proton pump inhibitor administration caused physio-
logical and microbiota changes in rats. Sci Rep 2020;10:866.

 15273350, 2021, 4, D
ow

nloaded from
 https://aasldpubs.onlinelibrary.w

iley.com
/doi/10.1002/hep.31914 by U

niversiteitsbibliotheek G
ent, W

iley O
nline L

ibrary on [14/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.scb.se/
https://scholar.google.com/scholar_lookup?hl=en&publication_year=1988&author=Läkemedelsinformation+AB.+FASS&title=Farmaceutiska+specialiteter+i+Sverige
https://scholar.google.com/scholar_lookup?hl=en&publication_year=1988&author=Läkemedelsinformation+AB.+FASS&title=Farmaceutiska+specialiteter+i+Sverige
https://scholar.google.com/scholar_lookup?hl=en&publication_year=1988&author=Läkemedelsinformation+AB.+FASS&title=Farmaceutiska+specialiteter+i+Sverige


Hepatology,  Vol. 74,  No. 4,  2021 KAMAL ET AL.

2031

	 43)	 Cahan MA, Balduf L, Colton K, Palacioz B, McCartney W, 
Farrell TM. Proton pump inhibitors reduce gallbladder function. 
Surg Endosc 2006;20:1364-1367.

	 44)	 Dailey WA, Bowers S, Stauffer JA, Asbun HJ, Buchanan MA, 
Lam E. Effect of PPI use on the diagnosis of biliary dyskinesia 
with CCK HIDA scintigraphy. 2014. https://www.sages.org/
meeti​ngs/annua​l-meeti​ng/abstr​acts-archi​ve/effec​t-of-ppi-use-on-
the-diagn​osis-of-bilia​ry-dyski​nesia​-with-cck-hida-scint​igrap​hy/. 
Accessed November 25, 2020.

	 45)	 Shindo K, Machida M, Fukumura M, Koide K, Yamazaki 
R. Omeprazole induces altered bile acid metabolism. Gut 
1998;42:266-271.

	 46)	 McCarthy DM. Proton pump inhibitor use, hypergastrinemia, 
and gastric carcinoids—what is the relationship? Int J Mol Sci 
2020;21:662.

	 47)	 Ma T, Wu M, Jia S, Yang L. Proton pump inhibitors 
and the risk of colorectal cancer: a systematic review and 

meta-analysis of observational studies. Int J Colorectal Dis 2020;35:  
2157-2169.

	 48)	 Attwood SE, Ell C, Galmiche JP, Fiocca R, Hatlebakk JG, 
Hasselgren B, et al. Long-term safety of proton pump inhibitor 
therapy assessed under controlled, randomised clinical trial con-
ditions: data from the SOPRAN and LOTUS studies. Aliment 
Pharmacol Ther 2015;41:1162-1174.

	 49)	 Simin J, Liu Q, Fornes R, Brusselaers N. Safety of proton 
pump inhibitors questioned based on a large randomized trial 
of patients receiving rivaroxaban or aspirin. Gastroenterology 
2020;158:1172-1173.

Supporting Information
Additional Supporting Information may be found at 

onlinelibrary.wiley.com/doi/10.1002/hep.31914/suppinfo.

 15273350, 2021, 4, D
ow

nloaded from
 https://aasldpubs.onlinelibrary.w

iley.com
/doi/10.1002/hep.31914 by U

niversiteitsbibliotheek G
ent, W

iley O
nline L

ibrary on [14/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.sages.org/meetings/annual-meeting/abstracts-archive/effect-of-ppi-use-on-the-diagnosis-of-biliary-dyskinesia-with-cck-hida-scintigraphy/
https://www.sages.org/meetings/annual-meeting/abstracts-archive/effect-of-ppi-use-on-the-diagnosis-of-biliary-dyskinesia-with-cck-hida-scintigraphy/
https://www.sages.org/meetings/annual-meeting/abstracts-archive/effect-of-ppi-use-on-the-diagnosis-of-biliary-dyskinesia-with-cck-hida-scintigraphy/
http://onlinelibrary.wiley.com/doi/10.1002/hep.31914/suppinfo

