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Gallstones, cholecystectomy and the risk of
pancreatic cancer: an updated systematic review
and meta-analysis of cohort studies

Na Sun?, Xudong WangP and Jichao Wei°

The effect of gallstones and cholecystectomy on the development of pancreatic cancer has recently prompted many
population-based studies. However, the results are controversial. We conducted an updated systematic review and meta-
analysis to explore the causality among gallstones, cholecystectomy and pancreatic cancer. Cohort studies published in
the PubMed, Web of Science, Embase, and Cochrane Library databases up to May 2023 were retrieved. Pooled relative
risks (RRs) and 95% confidence intervals (Cls) were analyzed using a random-effects model. We screened 1391 articles
and included 16 studies. Gallstones were not associated with an increased risk of pancreatic cancer (P = 0.082), with only
the Asian population (P = 0.011) showing an increased risk in the subgroup analysis. A markedly higher risk of pancreatic
cancer was observed among patients with cholecystectomy (RR = 1.23; 95% ClI, 1.07—1.41; P = 0.004; I° = 74.4%). The
association remained significant in the Asian population (P = 0.004), in the subgroup analyses stratified by sex, lag period,
and time interval since cholecystectomy, and when the models were adjusted for diabetes, smoking, and BMI. Interestingly,
cholecystectomy due to gallstones (RR = 1.30; 95% Cl, 1.14-1.48; P < 0.001; /° = 30.8%), rather than for unspecified
reasons (P = 0.116), markedly increased the risk of pancreatic cancer. In conclusion, cholecystectomy due to gallstones,
rather than gallstone formation, conferred an increased risk for pancreatic cancer. There was a higher risk for the Asian
population for both gallstones and cholecystectomy. Eur J Gastroenterol Hepatol 35: 1313-1323

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Pancreatic cancer is one of the most aggressive digestive
malignancies and has become a leading cause of cancer-re-
lated mortality [1]. Since patients with pancreatic cancer
are usually asymptomatic, this malignant disease is prone
to be neglected. Upon diagnosis, the 5-year survival rate
was as low as approximately 9% in the USA and Europe
in 2019 [2]. Even for surgically resectable patients, the
S-year survival rate is still approximately 15-25% [3].
Thus, studies focusing on risk factors are essential to fur-
ther elucidate the pathogenesis of pancreatic cancer.
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Gallstone disease (GSD) is a frequently encountered
digestive disease worldwide. The prevalence of GSD
is approximately 10-15% in adults from the USA [4]
and ranges from 4.2 to 23% in China [5]. While most
gallstone patients are asymptomatic, a substantial num-
ber of patients develop acute or chronic inflammation,
with complications such as secondary choledocholithia-
sis, cholangitis, acute pancreatitis, perforation, internal
fistula, gallbladder heart syndrome, liver abscess, and
hepatic injury [6]. Cholecystectomy has become a major
treatment for gallstone patients and it has been identified
to be associated with various malignant diseases, such as
liver [7], pancreatic [8], and gastric [9] cancer. Previous
meta-analyses indicated that a history of gallstones and
cholecystectomy displayed robust positive associations
with pancreatic cancer [8,10]. However, there are con-
troversial and unsolved issues regarding this topic. First,
the most recent meta-analysis conducted by Fan et al. [8]
included both case—control and cohort studies. The case—
control studies failed to elucidate the causality between
cholecystectomy and pancreatic cancer, which made the
results less reliable. In addition, the studies conducted by
Fan et al. [8] and Lin et al. [10] both yielded substantial
heterogeneity in the overall and subgroup analyses. In
addition, since potential pancreatic cancer might coexist
with gallstones or cholecystectomy, an appropriate lag
period following gallstones or cholecystectomy should be
implemented to make the results more precise.

Based on the above disputes, there have been many pop-
ulation-based, confounder-adjusted cohort studies on this
issue, with several studies supporting a neutral effect [11-
14] and one study showing a decreased risk of pancreatic
cancer following gallstones and cholecystectomy [15]. The
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Fig. 1 Flow diagram of study inclusion.

addition of this new research indicates the need for a new
meta-analysis to explore the causality of the relationships
among gallstones, cholecystectomy and pancreatic cancer.

This systematic review and meta-analysis aimed to
update the current understanding of pancreatic cancer risk
following gallstone and cholecystectomy.

Methods
Literature search strategy

This meta-analysis was registered on PROSPERO (ID:
CRD42022382221). The review protocol was not
published or submitted online. We present the article
in accordance with the PRISMA reporting checklist.
Published articles investigating the association among
gallstones, cholecystectomy and pancreatic cancer up
to May 2023 were retrieved from the PubMed, Web of
Science, Embase, Medline, and Cochrane Library data-
bases. The search strategy was restricted to the English
language and included the following terms: (‘cholecystec-
tomy” OR ‘cholecystectomies” OR ‘gallstone’) AND (‘pan-
creatic’ OR ‘pancreas’) AND (‘carcinoma’ OR ‘cancer’
OR ‘neoplasm’).

Selection criteria

The inclusion criteria were as follows: (a) a cohort study
with original data provided, including hazard ratio
(HR), relative risk (RR), incidence rate ratio (IRR),
standardized incidence ratio (SIR), and the correspond-
ing 95% confidence intervals (Cls), or data sufficient to
compute these measures; (b) the exposure factor was
gallstones or cholecystectomy; and (c) the outcome
of interest was the development of pancreatic cancer.
The exclusion criteria were as follows: (a) case reports/
series, letters, reviews, guidelines, protocols, replies and
cross-sectional studies; (b) studies that did not precisely
report HRs, RRs, IRRs, SIRs and 95% ClIs for the out-
come; (c) studies with no original data or whose data
were not calculable for the outcome; and (d) studies
limited to specific populations, such as males or females
only or diabetes patients.

The titles and abstracts of the selected literature were
separately screened by two authors (Na Sun and Jichao
Wei). Discrepancies in the review process were verified by
the senior author (Jichao Wei). The remaining articles were
separately screened through a comprehensive reading of
the full text. The reference lists of articles deemed relevant

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



1315

www.eurojgh.com

Gallstone disease and pancreatic cancer Sun et al.

(penupuoD)

Jeak | :pouad Be
(ueaw) sieah Q|| :sseah dn-mojjo4

INg Pue ‘sjans| Jonl| Ajey ‘sejeqelp auljeseq je sjusied [l ocoe
‘snjejs Bupjuup ‘snieys Buisjows ‘uoleonpy 6 |9poo Q9| AydeisBouosenn auo)s|[eb-uou 08 2/ pue auois|ieb /68| ‘SO 87| :Apnis Hoyod aAdadsold ‘e j@ oeyz
Jeak | :pouad Be
(ueawi) sseak "/ :sseak dn-mojjo4
souo)s|ef [o€] 0202
SISOYLIIO JBAI| ‘S9}8CEIP ‘XoS /9 |8poo a9 P02 aINpavoId ou yym syuaired 0/g 289 pue siusied SO 0166 :Apnis Hoyoo aAoadsoliey ‘e 3@ BuenH
aseqgeleq ou :pouad Beq
SISOYMIO pue ‘esnedousw jualed ssau|| ‘pauonusw jou :sieak dn-mojjo4
‘0 sipeday ‘g siireday ‘elwspidipadAy olydousisere) sul|eseq je s|o0juod [62] ¥102
‘INd SB Yyons ‘saljipiqJowo9 pue abe ‘xag Ly Jo} Aiysibay apoo Q9| 081 29 pPue SO Yum sjuaijed SISEIUYNBIoOYD 0G8S :APNIS LOYOD aA10adsolley ‘e j@ usyn
J9oued ou :pouad BeT
oljeasoued jo Aioisiy Ajiwey pue ‘NdZL ‘loyoole (ueaw) sieah g'g| :sieak dn-mojjo4  [8¢2] €102 /e
‘uoieonpa Jo [9A9] ‘|INg ‘Bunjows ‘xas ‘eby sy 8apoo Q9| saJreuuonsand auljeseq e s109[qns 000g Apnis Hoyoo aaizoadsoid 18 weeiusblig
sieak g :pouad Be
6661 YoleN
L€ 4O ‘Yreap JO 4aoued 8y} JO} UoISSIWpPE Juanbasgns Jo aep ay} :pusd dn-mojjo4
suljeseq 1e [22] sooe
SUON 816 spJooal [eydsoH SpJ0OaJ [BHASOH  S|0JJUOD 92UBISJRI £18 FEE PUE S[enpIAIpUl SO #G2 6E :APN1S HOY0D aAj0adsolley  °[e 18 810ep|on)
ainssaid poojq ybiy painseaw (Ansibey
pue A1A10 [BUOIRANO00 “BLUYISE [B14OUoI] puB J90uB) ou :pouad Be7  [g€] 2oog ‘B
NQ Jo Aoisiy parodai-j|as ‘Aep Jad payows ysiuui4) /66| J9qWBAON JO ‘Yesp Y4aoued oneasoued jo sisoubelp [13un :pus dn-mojjo4 18 uowo|oS
so)104e610 ‘payows sieak ‘uojjeziwopuel je aby 2l SpJooal [eOIpaIN saJleuuonsanp auljeseq e s3o9[qns Bupows 80 62 :Apnis HOYoD aAl30adsolley -Biequez|ois
ou :pouad BeT
"}S41} P2JIND20 JBABYDIYM (USW IO} ‘866 |
1IINg duljeseq ‘1 Aeniga pue ‘uswom Jo} ‘ge6 | ‘| aunp) pouad Apnis 8y JO pus 8y} 0} JO
pue ‘auljeseq poyoa ‘sajuinb ul ‘eem/s| JIN ‘asneo Aue woly yiesp 4eoued ofjealoued jo sisoubelp jo a1ep ay} :pus dn-mojjo4 [92]
Auanoe [eaisAyd snosoBinuou ‘sniels Bunjows auljeseq je sauojs|eb 1o g9 ou ¢00c¢ /e
‘INQ $0 Aiossiy ‘a19Aa dn-moj|o} ‘syiuow u 8By 6V SpJooal [eoIpa|N saireuuonsand UNM 682 27| pue sjuaied auojs|ieb Jo/pue SO Gei || :Apnis HOYoD dA130ads0ld  JOWWEYUIBYOS
ou :poued Be
1841} P2.IND20 JBABYDIYM ‘ /66 | Jogquiedaq |g ‘dn-mojjof
JO pus 8y} Jo ‘uonebiws ‘yresp YUaoued Aue jo sisoubelp e [i3un :polad dn-mojjo4
auljeseq [se]
SUON 0g. ®pod 2l 9poo Q| e (UsWom 610 |81 ‘Usw g9g /8) stusied SO ZLe 892 Apnis Hoyoo aAidadsoey 100¢ /e 18 ®A
apoo Jeak | :poued Be
anl/seinpasoid [ealbing (ueaw) sieah |'g :sieak dn-mojjo4 2l 6661
Japuab pue aby 92 8pod 09| JO uoleolIsse|D ysiueq auljeseq e sjualyed auols|eb G/ /| pue SO L9 Zi :Apnis Hoyod aAjoadsold ‘e }@ moyD
apod go|/seidessy | Jeah | :pouad Be
pue sainpadold [eoalbing (ueawi) sseak '/ :sseahk dn-mojjo4 [ezc] 9661
Jeak Jepusjed pue ‘xas ‘aby Sl 2poo 9| 10O uoleolIsse|D ysiueq auljeseq e syusied auois|eb 860 gt :Apnis Woyoo paseg-uoiieindod aajoadsold /e }@ uasueyopr
ou :pouad Be
(2861 JoquiedaQ |g) pouad
uolleAIasqo ay}
JO pud a8y} Jo ‘yyesp ‘uonelbiws ‘sisoubelp Jooued Jo ajep sy} [iun pud dn-mojjo4 [22] 9661
SUON 192 8pod 9| 9p0oo Q9| auljeseq je sjuaned SO G119 g9 :Apnis HoYoo aA30adsoid ‘e 1@ wogy3
ou :pouad be
suodal sieak g :sieak dn-mojjo4 [L2] v661
Bupjows apasebio pue abe ‘xeg g9 ABojoyredq saireuuonsanb yiyesH auleseq e syuedoiped 676 €1 :Apnis Hoyoo aaljoadsoid ‘|e 18 e1eqius
juswisnipy (eror J92UBD sauo}s|eb/sD jo sisoubelq solseloeIEyY) APNIS Jeak ‘sioyiny
‘S9seo Jooued ofealoued
oljea.oued) Jo sisoubeiq

awooIN0

sisAjeue-eloWw pue Maina. DIIBWISISAS BU1 Ul PapN|oUl SBIPNIS 8 JO solsusloeiey) | a|qer

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



December 2023 e \Jolume 35 ¢ Number 12

European Journal of Gastroenterology & Hepatology

1316

"1sa1 Je y Jad 6 Jad pasu o10[ed 8y} Aq papIAlp ‘Alaizoe unoy Jad ybiem Apoq jo welboly Jad pasu duoed ‘| JN (SLIIN) SlusieAinba oljogeiaw ul passaidxe sjuswalinbai ainypuadxa-ABisus [eo1dA} sy Aq Alaioe
yoes ul Juads seam/owi] sbeIsA. U] JO WNSs Yoam/y—] J|\ ‘esessip suols|eb ‘gSp ‘sesees|( JO UOIIBoIISSE|D [euolieuIalu| ‘D] ‘Snijjow salagelp ‘|Ng ‘Awo108)1sAos|oyd ‘SD:0L0Z-Xepul Buneg AuylesH e1eulsiy ‘0102-I3HY

INQZL pue ejwajoiaisajoyosadAy

‘IING ‘0102-13HY ‘AuAnoe [edisAyd ‘uondwinsuoo
©9JJ00 ‘@¥ejul |oyoo|e ‘eyejul 8LIojeo [e10] ‘snieis
Bupjows ‘esn uuidse ‘@oel 8y} 4o} Juswisnipe

X8pu| yieeq
[euoneN ey}
pue saulsibay

SpJodal

sieak g :pouad Be
(ueawi) sieak 9z :ssieak dn-mojjo4
auljeseq e (s109lgns gO-uou ||/ | pue syusiied SO 8186) siuaned auols|eb

71l

[euoIppe YIM ‘poyoo ‘pouad Apnis ‘eby Ll Jooue) 9lelS  [edlpaw pue salleuuonsany 6GS || pue sauols|ieb ou yum s1oalgns 9og €61 Apnis Hoyoo aAoadsold  gzog /e e on
Jeah | :pouad He
(ueawi) sieah G :sseahk dn-mojjo4
auljeseq e s3109[qns uosedwod payolew 66z £21 pue Awoioeishosjoyo [Le]l 2zoz
Bujows ua1Nd pue ‘||\g ‘selegelp ‘xas ‘eby S8 apoo QoI P02 SWielo oueINsSU| jusmiapun oym sjusired Gz €21 4O [E10} B :Apnis LoYo9d aAoadsoliey ‘e 1@ 10y)
sieak g :pouad Be
1S41} WED JaABYDIYM ‘A1unod a8y} Jo 1no BulAoW JI paIosuad
awiooul alaM Jo ‘sise]selowl [S1]
[enuue [euositad ‘Bulurel) [BUOIFBOOA ‘Uol}BONPS oljeday ‘yyesp Yeoued [eulisaiulolised Jaddn Jo 8oUB1IND20 [I3UN :pus dn-mojj04 22c0e ‘e 1@
JO [9A9] ‘SNJB]S |IAID ‘SNJe}S DJWLOUOD0II0S XoS 826 €1 8poo Q9| 8poo Q9| auljeseq e s309[gns z96 G9v 1 :Apnis Hoyod aazoadsoid yspezueqeys
sypuow g :pouad BeT
dnoib
UOIJUSAJIBIUI OU JO} SYUOW Gg'ge pue dnoib SO Joj syuow /8'g oWl Moj|04
soseasIp aujjeseq e [e1] L1202
o13sAo oneasoued pue ‘siiessoued oluoIyD) 8 9p0oo Q9| 9pod @D|  S|0JUOD UOIUSAISIUI OU /8/E PUB S[ENPIAIPUI SO 81GE :Apn1s Hoyod aAljoadsoliay ‘e 1o Buepp
juswisnipy (je101 J90UBD sauols|[eb/s) Jo sisoubeiq solsusloeIey) Apnis Jeak ‘sioyiny
‘S9SEeD J90UBD onjeasoued
ofjealoued) 1o sisouBeiq
aWwoIN0

(ponuuoy)
I @1qeL

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Gallstone disease and pancreatic cancer Sun et al.

Study

Johansen et al 1996

Chow et al 1989
Stolzenberg-Solomon et al 2002
Schernhammer 2002
Eijgenraam et al 2013

Chen et al 2014

Huang et al 2020

Zhao et al 2020

Wang et al 2021

Shabanzadeh et al 2022

Luo et al 2022

Overall, DL (I° = 77.8%, p = 0.000)

www.eurojgh.com 1317
Relative risk %
(95% ClI) Weight
1.14 (0.80, 1.60) 10.71
1.30 (1.00, 1.60) 11.85
0.84 (0.43, 1.65) 7.18
1.00 (0.64, 1.59) 9.49
1.00 (0.72,1.41) 10.83
3.12 (2.05, 4.78) 9.85
1.23 (0.84, 1.80) 10.33
1.98 (0.80, 4.90) 5.26

+ 8.07 (2.65, 29.32) 362
0.74 (0.55, 0.99) 11.28
0.95 (0.61, 1.49) 9.59
1.27 (0.97, 1.66) 100.00

I
.03125

NOTE: Weights are from random-effects model

*7>+LTr*JtHT}L

32

Fig. 2 Forest plot of relative risk between gallstones and pancreatic cancer.

during the full-text review process were cross-checked to
identify any additional relevant studies.

Data extraction and quality assessment

Two researchers conducted the data extraction pro-
cess independently (Xudong Wang and Na Sun).
Discrepancies that arose between the two researchers
during the data collection process were discussed and
resolved through consultation with the senior author
(Jichao Wei). The basic features of all the relevant stud-
ies were recorded, including the author and publication
year, study characteristics, diagnosis of gallstones, chol-
ecystectomy and pancreatic cancer, outcome (pancreatic
cancer cases), and adjustments. The Newcastle-Ottawa
Scale (NOS) [16] was used to assess the study quality.
We judged studies with a score of 7 to 9 to be of high
quality, studies with a score of 4 to 6 to be of moderate
quality, and studies with a score of 0 to 3 to be of low
quality.

Two authors (Na Sun and Jichao Wei) independently
rated the certainty of the evidence using the GRADE sys-
tem on the online GRADEpro software (https:/www.
gradepro.org/) [17]. The GRADE system evaluates the cer-
tainty of a study in the following five dimensions: study
limitations, consistency of effect, imprecision, indirect-
ness, and publication bias [18]. Using the GRADE system,
the certainty of evidence in each dimension is categorized
as high, moderate, low, or very low quality.

STATA software 17.0 (College Station, TX: StataCorp
LLC) was used to perform all data analyses. Pooled RRs
and 95% ClIs were computed from SIRs, IRRs, RRs, HRs,
and 95% ClIs using the DerSimonian and Laird method.
If a study adopted a lag period, data with an appropri-
ate lag period were extracted and computed. Subgroup

analysis was also conducted. The I? statistic was used to
analyze heterogeneity [19]. Significant heterogeneity was
indicated by either P <0.10 or an I? value>50%. The
presence of publication bias was verified by a funnel plot
and Egger’s test [20]. A sensitivity analysis was performed
by removing each study in sequence to find the possible
source of heterogeneity. The significance level was a =
0.0S.

Results
Study selection and characteristics

The flow diagram for literature selection is displayed
in Fig. 1. In total, 1391 articles were identified through
database searches. Of these studies, 335 articles were
excluded due to being duplicates. The remaining 1056
articles were reviewed by title, and subsequently, 999
records were excluded for the following reasons: study
aim not relevant (n=683), records not in English
(n =139), case reports/series, letters, reviews, guidelines,
replies (n=135), conference abstracts (n=24), basic
science/experimental studies (n = 14), and case-control
studies (n = 4). After further reading of the abstracts and
full texts, 16 studies were eventually deemed eligible for
inclusion [12-15,21-32].

The main characteristics of the included studies are
displayed in Table 1. Of the included studies, 8 were
from Europe, 5 were from Asia, and 3 studies were from
America. Most of the studies recruited cases either from
general populations or from inpatient cohorts of individ-
uals from health care programs or insurance systems. The
identification of cholecystectomy or gallstones was mostly
based on ICD (International Classification of Diseases)
codes, hospital medical records, or insurance claim codes.

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 3 Publication bias of the included studies. (a) Funnel plot for publication bias. (b) Egger’s test results.

The diagnosis of pancreatic cancer was also mainly vali-
dated based on ICD codes or medical records. The results
of data extraction and NOS scoring were displayed in
Supplementary Table 1, Supplemental digital content 1,
http://links.lww.com/EJGH/A923 (for cholecystectomy)
and Supplementary Table 2, Supplemental digital content
2, bitp://links.lww.com/EJGH/A924 (for gallstones). The
mean NOS score was 6.93 for studies with cholecystec-
tomy and 7.18 for studies with gallstones.

Pancreatic cancer risk for gallstone patients

Eleven studies reported data on the development of pan-
creatic cancer during the follow-up of gallstone patients.

The RR of pancreatic cancer with gallstones was 1.27
(95% CI 0.97-1.66, P = 0.082) (Fig. 2), with heterogene-
ity between studies (I> = 77.8%). No statistically signif-
icant publication bias was detected through funnel plot
analysis and Egger’s tests (Fig. 3). The results were proven
stable through sensitivity analysis (Fig. 4).

Subgroup analysis for gallstone patients

Subgroup analyses were conducted based on geographic
region, lag period, and adjustment [diabetes, smoking,
BMI], as shown in Table 2. Only Asian subjects showed
an increased risk of pancreatic cancer following gallstones
(RR =2.49; 95% CI, 1.24-5.02; P =0.011; I? = 80.8%).
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Fig. 4 Sensitivity analysis of all included studies for gallstones.

Table 2. Subgroup analyses of the association between gallstones and risk of pancreatic cancer, stratified by geographic region, lag period, and

adjustment
No. of Heterogeneity
Group Subgroup RR (95% ClI) Test for overall effect (P value) studies 12, %
Geographic region America 0.97 (0.71-1.34) 0.872 2 0.0%
Europe 1.01 (0.80-1.28) 0.924 5 57.1%
Asia 2.49 (1.24-5.02) 0.011 4 80.8%
Lag period Lag period 1.18 (0.90-1.53) 0.225 8 68.3%
No lag period 1.40 (0.61-3.21) 0.424 3 89.9%
Adjustment For diabetes, yes 1.28 (0.89-1.83) 0.183 7 75.3%
For smoking, yes 1.01 (0.82-1.25) 0.937 5 0.0%
For BMI, yes 1.03 (0.82-1.29) 0.801 4 0.0%
For diabetes, smoking and BMI, 1.03 (0.82-1.29) 0.801 4 0.0%
yes

Cl, confidential interval; RR, relative risk; BMI, body mass index.

No associations were found among European (P = 0.924)
and American (P =0.872) populations or among stud-
ies with (P =0.225) or without (P = 0.424) lag periods.
The results remained consistent when the studies were
adjusted for diabetes (P =0.183), smoking (P =0.937),
BMI (P =0.801), and the combination of all three con-
founders (P = 0.801).

Pancreatic risk for patients with cholecystectomy

Fifteen studies reported the risk of pancreatic cancer fol-
lowing cholecystectomy. As shown in Supplementary Fig.
1, Supplemental digital content 3, http://links.lww.com/
EJGH/A925 cholecystectomy was significantly associated
with an increased risk of pancreatic cancer (RR =1.21;
95% CI, 1.07-1.36; P = 0.003; I? = 76.5%). Publication
bias was not detected through funnel plot analysis
and Egger’s tests (Supplementary Fig. 2, Supplemental
digital content 4, htip://links.lww.com/EJGH/A926).
Sensitivity analysis was performed (Supplementary

Fig. 3, Supplemental digital content 5, hitp://links.lww.
com/EJGH/A927), and the result remained unchanged
(RR = 1.23; 95% CI, 1.07-1.41; P = 0.004; I2 = 74.4%,
Fig. 5), even after removal of one study [25], which might
have caused instability of the meta-analysis.

Subgroup analysis for patients with cholecystectomy

Subgroup analyses were conducted based on sex, geo-
graphic region, lag period, time interval since cholecys-
tectomy, and reason for cholecystectomy (Table 3). In
subgroup analyses for sex and the time interval since
cholecystectomy, the results all supported an increased
risk among males (P < 0.001) or females (P = 0.043) and
among participants of studies with follow-up periods
<4 years (P <0.001) or =5 years (P <0.001). For geo-
graphic region, there was an increased risk in the Asian
population (RR = 1.66; 95% CI, 1.05-2.63; P = 0.004;
I? =72.0%), but there was no excessive risk in European
(P =0.467) or American (P = 0.081) subjects. In addition,
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Relative risk %
Study (95% ClI) Weight
Shibata et al 1994 I+—+— 199 (1.08,3.68)  3.71
Ekbom et al 1996 |+ 120 (1.06,1.36)  11.59
Johansen et al 1996 | - 142(120,1.70)  10.66
.
Chow et al 1999 s 140(1.20,1.70)  10.66
Schernhammer et al 2002 o 1.23 (0.86, 1.77) 6.92
Goldacre et al 2005 +» 1.06 (0.88,1.26)  10.55
Eilgenraam et al 2013 —T-E- 0.97 (0.68,1.38)  7.04
;
Chen et al 2014 —— 113(0.60,2.12)  3.56
Huang et al 2020 I | — 244 (168,355  6.69
Zhao et al 2020 - . 4.84(0.67,35.03)  0.48
Wang et al 2021 — 251(0.57,11.15)  0.83
Shabanzadeh et al 2022 - l 0.38(0.23,0.61) 5.2
Choi et al 2022 |-o- 122(1.07,1.40)  11.42
Luo et al 2022 ﬁ- ' 112(0.95,1.32)  10.85
Overall, DL (I° = 74.4%, p = 0.000) O 1.23(1.07,141)  100.00

!
.03125

NOTE: Weights are from random-effects model
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Fig. 5 Forest plot of relative risk between cholecystectomy and pancreatic cancer with stable results.

Table 3 Subgroup analyses of the association between cholecystectomy and the risk of pancreatic cancer, stratified by sex, geographic region,
lag period, interval since cholecystectomy, and reason for cholecystectomy

Heterogeneity

Group Subgroup RR (95% ClI) Test for overall effect (P value) No. of studies 12, %
Sex Male 1.30 (1.15-1.47) <0.001 5 0.0%
Female 1.58 (1.02-2.45) 0.043 5 87.2%

Geographic region America 1.24 (0.97-1.58) 0.081 3 38.0%
Europe 1.08 (0.88-1.33) 0.467 6 84.0%

Asia 1.66 (1.05-2.63) 0.004 5 72.0%

Lag period Lag period 1.23 (1.02-1.48) 0.028 10 80.6%
No lag period 1.19 (0.98-1.44) 0.073 4 25.5%

Time interval since <4 years 1.69 (1.42-2.02) <0.001 3 0.0%
cholecystectomy >b years 1.34 (1.15-1.56) <0.001 3 0.0%
Adjustment For diabetes, yes 1.29 (1.05-1.58) 0.015 7 66.2%
For smoking, yes 1.19 (1.04-1.35) 0.009 6 24.2%

For BMI, yes 1.17 (1.06-1.29) 0.001 5 0.0%

For diabetes, smoking and BMI, yes 1.17 (1.06-1.29) 0.001 5 0.0%

Reason for Not specified 1.19 (0.96-1.47) 0.116 9 81.3%
cholecystectomy Gallstones 1.30 (1.14-1.48) <0.001 5 30.8%

Cl, confidential interval; RR, relative risk.

cholecystectomy increased the risk of pancreatic cancer
for studies with lag periods (RR =1.23; 95% CI, 1.02-
1.48; P = 0.028; I? = 80.6%) but not for studies without
lag periods (P = 0.073).

We wondered whether the reason for cholecystec-
tomy influenced the risk for pancreatic cancer. Subgroup

analysis demonstrated that only cholecystectomy for
gallstones was associated with an increased risk of
pancreatic cancer (RR=1.30; 95% CI, 1.14-1.48;
P <0.001; I> = 30.8%, Table 3 and Fig. 6), with little
heterogeneity. The association of cholecystectomy for
unspecified reasons with the risk of pancreatic cancer
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NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 6 Forest plot of relative risk between cholecystectomy and pancreatic cancer in subgroup analysis stratified by reason for cholecystectomy.

was NS (RR =1.19; 95% CI, 0.96-1.47; P =0.116;
I? = 81.3%, Table 3 and Fig. 6).

Discussion

In this latest and updated meta-analysis, we demon-
strated that gallstones were not associated with an
increased risk of pancreatic cancer, with only the Asian
population being at risk. A higher risk of pancreatic
cancer was observed among patients with cholecys-
tectomy. The association remained significant in the
Asian population and in the subgroup analyses strati-
fied by sex, lag period, time interval since cholecystec-
tomy and adjustment for diabetes, smoking, and BMI.
Interestingly, cholecystectomy due to gallstones, rather
than for unspecified reasons, markedly increased the risk
of pancreatic cancer.

Numerous case—control and cohort studies have
explored the association between gallstones and the risk
of pancreatic cancer. These studies resulted in a previ-
ous meta-analysis which demonstrated that a history of
gallstones was a robust risk factor for pancreatic cancer
[8]. With more cohort studies included in our meta-anal-
ysis, we found that gallstones alone were insufficient to
increase the risk of pancreatic cancer, with only 3 studies
showing increased risk among the 11 studies. The results

were stable even with studies adjusted for confounders
such as diabetes, smoking, and obesity. We postulated
that the reasons might be as follows. First, the previous
meta-analysis included both case—control and cohort
studies. Since the included case—control studies failed to
elucidate the causality of the relationships and may have
even shown inverse correlations, the real association
may have been concealed. In addition, several studies,
including the study showing the highest IRR [13], were
limited by a small number of clinical cases, which may
cause unstable results. In addition, several studies in pre-
vious meta-analyses were not adjusted for important con-
founders, such as diabetes, smoking, and BMI [24,33,34],
which made the results less reliable. In our study, only
the Asian population showed an increased risk of pan-
creatic cancer following gallstones, but with significant
heterogeneity. The mechanism for the racial preference in
our analysis was still obscure. The above controversy and
additional risk for Asian subjects indicates the need for
more well-designed, population-based studies to confirm
this association.

In our study, cholecystectomy was still associated with
an increased risk of pancreatic cancer in the general pop-
ulation, which coincided with a previous meta-analysis
[8,10], supported by animal studies showing pancreatic
hypertrophy, hyperplasia [35] and carcinogenesis [36,37]
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of the pancreas following cholecystectomy intervention.
The potential mechanism could be that increased cir-
culating levels of cholecystokinin stimulated pancreatic
cancer cell growth and initiated pancreatic carcinogen-
esis [38]. The conclusion that cholecystectomy, instead
of gallstone formation, is the more important risk factor
for pancreatic cancer seems plausible, as proposed by
Chow et al [24]. While the possible mechanism remains
unknown, further studies might focus on potential rea-
sons, such as genetic susceptibility, inflammatory status,
bile acid composition and concentrations, and other
mechanisms involving gallstones with or without surgi-
cal intervention.

Our meta-analysis has several limitations that war-
rant consideration. First, the certainty of the evidence
was low according to the assessment of limitations, indi-
rectness, and imprecision. For several studies included in
this meta-analysis, the evidence was downgraded due to,
for example, the risk of selection bias or suspected poten-
tial reporting bias. When considering possible biases,
imbalances between study groups, such as genetic dif-
ferences and environmental and lifestyle-related factors,
may represent potential sources of biases in this study.
In addition, the high heterogeneity in this study, espe-
cially in Asian populations, aroused the need for more
studies to confirm these associations. In addition, symp-
tomatic cholelithiasis indicates prolonged inflammation
of the gallbladder and bile duct, which could be different
from asymptomatic gallstones. Whether cholecystectomy
due to different gallstone statuses could have different
impacts on the risk of pancreatic cancer also needs fur-
ther validation.

Conclusion

This meta-analysis showed that cholecystectomy, rather
than gallstone formation, conferred an increased risk
for pancreatic cancer. There was a higher risk for the
Asian population in subgroup analyses both for gall-
stones and cholecystectomy. Cholecystectomy due to
gallstones, rather than for unspecified reasons, markedly
increased the risk of pancreatic cancer. These findings
should be further validated in large, prospective cohort
studies, and they may have vital implications for pan-
creatic cancer screening and surveillance among patients
with GSD.
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