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Investigating causal links between gallstones,
cholecystectomy, and 33 site-specific cancers:
a Mendelian randomization post-meta-
analysis study

FeiTeng'", Youyin Tang?, Zhangyu Lu®, Kefei Chen'" and Zheyu Chen®

Abstract

Background and aim The association between gallstones/cholecystectomy and cancer remains inconclusive in
the current literature. This study aimed to explore the causal connections between gallstones/cholecystectomy and
cancer risk by utilizing a bidirectional two-sample multivariable Mendelian randomization approach with Genome-
Wide Association Studies data.

Methods Utilizing Genome-Wide Association Studies data from the UK Biobank and FinnGen, this research
employed multivariable Mendelian randomization analyses to explore the impact of gallstones and cholecystectomy
on the risk of 33 distinct cancer types. Instrumental variables for gallstones and cholecystectomy were carefully
selected to ensure robust analyses, and sensitivity and heterogeneity tests were conducted to verify the findings'
validity.

Results Multivariable Mendelian randomization analysis, incorporating data from more than 450,000 individuals for
gallstones and cholecystectomy, revealed nuanced associations with cancer risk. Cholecystectomy was associated
with a significantly increased risk of nonmelanoma skin cancer (OR=1.59, 95% Cl: 1.21 to 2.10, P=0.001), while
gallstones were linked to a decreased risk of the same cancer type (OR=0.63, 95% Cl: 0.47 to 0.84, P=0.002).
Interestingly, the analysis also suggested that cholecystectomy may lower the risk of small intestine tumors (OR=0.18,
95% Cl:0.043 t0 0.71, P=0.015), with gallstones showing an inverse relationship, indicating an increased risk
(OR=6.41,95% Cl: 1.48 t0 27.80, P=0.013).
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Study Highlights
What is known

expenditures annually.

cholecystectomy and various extrabiliary malignancies.
What is new here

randomization

Conclusions The multivariable Mendelian randomization analysis highlights the differential impact of gallstones

and cholecystectomy on cancer risk, specifically for nonmelanoma skin cancer and small intestine tumors. These
results underscore the importance of nuanced clinical management strategies and further research to understand the
underlying mechanisms and potential clinical implications of gallstone disease and cholecystectomy on cancer risk.

1. Gallstone disease is a prevalent disorder of the gastrointestinal system that contributes significantly to healthcare

2. Previous studies have reported inconsistent findings regarding the association between gallstones/

1. In this study, multivariate Mendelian analysis revealed intricate and nuanced causal relationships between
gallstones/cholecystectomy and pan-cancers, particularly extrabiliary tumors.

2. The study demonstrated that gallstone diseases were associated with a reduced risk of nonmelanoma (OR=0.63,
95% Cl: 0.47 to 0.84, P=0.002), while cholecystectomy increased the risk (OR=1.59, 95% Cl: 1.21 to 2.10, P=0.001).
3.The findings indicated that gallstone disease increased the risk of small intestinal neoplasms (OR=6.41, 95% Cl:
148 to 27.80,,=0.013), whereas cholecystectomy decreased the risk (OR=0.18, 95% Cl: 0.043 to 0.71, P=0.015).

Keywords Gallstones, Cholecystectomy, Small intestine tumors, Nonmelanoma, Multivariate mendelian

Introduction
Gallstones, also known as cholelithiasis, are prevalent
digestive disorders in Western countries, affecting up to
20% of the population [1]. The incidence of gallstones
increases progressively with age [2, 3]. Prolonged gall-
stone formation can lead to gallbladder cancer develop-
ment, with curative resection possible in only about 25%
of diagnosed cases. The majority of patients require sys-
temic treatment [4—7]. In Western countries, cholesterol
constitutes over 90% of gallstones, contrasting with black
pigment stones which represent less than 10% [8]. Risk
factors for cholesterol gallstones include obesity, diabe-
tes mellitus, elevated body mass index, female sex, biliary
stasis, and decreased levels of high-density lipoprotein
cholesterol due to physical inactivity and a sedentary life-
style [9-11]. Conversely, black pigment stones primarily
arise from hemolytic disorders and liver cirrhosis condi-
tions [12, 13]. Furthermore, a prospective study indicated
associations between gallstones, cholecystectomy, late
menarche onset, and self-reported stress. Symptomatic
gallstones are typically treated with cholecystectomy,
performed in about 20% of cases [3, 14, 15]. However,
the actual resection rate may be higher, as many patients
with asymptomatic gallstones also undergo surgery
[16-18]. These findings underscore the systemic implica-
tions of gallstones and the potential physiological altera-
tions induced by cholecystectomy, potentially correlating
with tumor development in various anatomical regions
[16-18].

Bile acids, the primary constituents of bile, play a piv-
otal role in lipid digestion and absorption within the

intestines. The human body excretes only 5% of bile
acids daily through the enterohepatic circulation [19].
Additionally, the activation of the farnesoid X recep-
tor by bile acids in intestinal epithelial cells triggers the
expression of fibroblast growth factor 15/19, which sub-
sequently suppresses cholesterol 7 a-hydroxylase expres-
sion in liver cells upon the entry of portal vein blood into
hepatic sinusoids [20]. This intricate negative feedback
mechanism ultimately governs the regulation of bile acid
synthesis. In patients diagnosed with gallstones who
have undergone surgical cholecystectomy, there is an
increase in the total bile acid content within the intes-
tines [19]. However, excessive accumulation of bile acids
can stimulate the synthesis of secondary bile acids, such
as deoxycholic acid (DCA) and lithocholic acid, leading
to subsequent oxidative metabolic damage [21]. High lev-
els of DCA can also modulate the composition of the gut
microbiota, suppress FXR activity in small intestinal epi-
thelial cells, and sustainably activate the Wnt/p-catenin
signaling pathway associated with carcinogenesis,
thereby promoting the development of colorectal cancer
[22, 23].

Despite the potential for increased burden on intestinal
liver circulation and oxidative metabolic damage result-
ing from gallstones or cholecystectomy, the link to subse-
quent malignant tumor development remains uncertain.
Previous studies have established a correlation between
the presence of gallstones or prior cholecystectomy and
cancer, excluding gallbladder cancer and malignancies
in the biliary tract [24, 25]. A large-scale observational
study indicated an increased risk of kidney cancer among
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individuals who had undergone cholecystectomy within
six months of surgery and before reaching 40 years of
age [26]. Other investigations have also noted elevated
risks of gastric cancer, right-sided colon cancer, and other
malignancies following gallstone disease or cholecys-
tectomy [27, 28]. However, not all studies demonstrate
a correlation between cholecystectomy and subsequent
malignancy incidence [29, 30]. The inconclusive find-
ings from these studies have led to confusion regarding
the association between gallstones/cholecystectomy and
malignancy. It is important to note that confirming an
increased risk of specific malignant tumors associated
with gallstones or cholecystectomy would necessitate
multiple large-scale, long-term prospective randomized
controlled trials, which are both time-consuming and
costly. Nonetheless, the use of Mendelian randomiza-
tion analysis methods could potentially explore the causal
association between gallstones/cholecystectomy and
subsequent malignancy development.

Mendelian randomization (MR) is an epidemiological
research method that leverages appropriate single nucle-
otide polymorphisms (SNPs) as instrumental variables
to provide robust causal evidence regarding the relation-
ship between exposure and outcome, based on Mendel’s
law of independent assortment [31]. The instrumental
variable (IV) approach allows MR to emulate random-
ized controlled trials by randomly assigning SNPs dur-
ing mitosis, effectively mitigating confounding factors
[32]. Furthermore, multivariable Mendelian randomiza-
tion analysis was utilized to investigate the independent
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associations of gallstone disease and cholecystectomy
with cancer development, as well as to explore potential
interactions between these two factors [33].
Consequently, we conducted a bidirectional two-sam-
ple multivariable Mendelian randomization (MVMR)
analysis to investigate the causal relationship between
cholecystectomy/gallstones and the risk of developing
malignant tumors. Our primary aim was to determine
whether there is an increased likelihood of malignancy
following gallstones/cholecystectomy, while also identi-
fying specific types of tumors that may be causally asso-
ciated with these conditions. This research is crucial for
gaining deeper insights into the implications of cholecys-
tectomy and for informing clinical decision-making.

Methods and materials

Study design and mendelian randomization assumptions
Given the substantial overlap between populations
undergoing cholecystectomy and those affected by chole-
lithiasis, and their reciprocal influence, this study aimed
to investigate the direct impact of gallstones and chole-
cystectomy on the incidence of various cancers. Initially,
the research employed MR, comparing a multivariable
approach (MVMR) that combined gallstones and cho-
lecystectomy as exposure factors, with univariable MR
that assessed them individually. Subsequently, reverse
MR was applied to mitigate reverse causation, ensuring
more robust conclusions. The detailed flow diagram is
presented in Fig. 1.
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Fig. 1 Diagram of work design and flow
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The effectiveness of the MR method relies on three
key hypotheses: (1) instrumental variables are strongly
associated with the exposure phenotypes and are mutu-
ally independent; (2) instrumental variables are not
significantly associated with confounding factors that
could influence both the exposure phenotypes and the
outcome; and (3) instrumental variables cannot directly
affect the outcome variables but only through their influ-
ence on the exposure phenotypes. The application of our
multivariable MVMR and bidirectional MR is grounded
in these fundamental principles.

Data sources and instrumental variable selection

Data sources for cholelithiasis and cholecystectomy

The summary-level Genome-Wide Association Stud-
ies data for cholelithiasis and cholecystectomy were
both sourced from the UK Biobank and subsequently
made publicly available after processing by the Medi-
cal Research Council Integrative Epidemiology Unit,
published on the “open GWAS” platform (https://gwas.
mrcieu.ac.uk/). This dataset represents the largest col-
lection of GWAS data related to gallstones and cholecys-
tectomy among currently available European populations
[34]. The dataset for gallstones included 7,682 cases and
455,251 controls, while the cholecystectomy dataset
included 18,319 cases and 444,614 controls (detailed in
the supplementary materials S6). The beta values are pre-
sented in standard deviations (SD) and can be converted
into standardized log odds ratios using the method pro-
vided by the MRC-IEU, which involves division by u(1-u)
(where u is the proportion of cases, calculated as ncase/
(ncases+ncontrols)). The standard errors can also be
transformed using the same methodology.

Data sources for 33 specific cancer sites

The FinnGen and UKB databases represent the most
extensive and comprehensive publicly available GWAS
databases to date. The FinnGen database encompasses
summary information from over 400,000 Finnish indi-
viduals, covering more than 2,000 phenotypes, while
the UKB includes data from approximately half a mil-
lion participants from across the UK. The original data
from the UKB are diverse (Pan-UKB team. https://pan.
ukbb.broadinstitute.org2020), covering multiple eth-
nicities, a variety of biosamples, and detailed clinical
and lifestyle information. We matched the summary-
level cancer GWAS data from the FinnGen and UKB
databases according to the type of cancer occurrence,
supplemented missing cancer types with corresponding
data from the GWAS Catalog and meticulously reviewed
population information to prevent sample overlap issues
(The final sample number in the analyses is explained in
the supplementary materials S6).
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This study included 33 cancer types as outcome indi-
cators. For the respiratory system, malignancies of the
larynx, bronchus, and lung were considered; the diges-
tive tract included malignancies of the oral cavity, phar-
ynx, esophagus, small intestine, stomach, pancreas,
liver, extrahepatic bile ducts, gallbladder, and colorectal
region; the hematopoietic and skeletal systems included
multiple myeloma, Hodgkin’s lymphoma, non-Hodgkin
lymphoma, acute myeloid leukemia, chronic myeloid leu-
kemia, chronic lymphocytic leukemia, and bone-related
malignancies; the reproductive system included malig-
nancies of the ovary, cervix uteri, corpus uteri, vulva,
breast, testis, and prostate; skin malignancies included
malignant melanoma and nonmelanoma skin cancer;
the nervous system included malignancies of the eye and
its appendages and brain; the urinary system included
malignancies of the kidney and bladder; and malignant
neoplasms of the thyroid gland.

Furthermore, some tumor types did not utilize the
original pan-UKB data but instead selected cases from
other publicly available datasets with a larger num-
ber of cases. For instance, oral cavity cancer data
(ncase=1223, ncontrol=2928) and oropharynx cancer
data (ncase=1090, ncontrol=2928) were obtained from
Lesseur C’s contribution to the GWAS Catalog with pub-
lic data (GCST012237) [35]. Gallbladder and extrahepatic
bile duct cancer (ncase=195, ncontrol=456,153), hepato-
cellular carcinoma (ncase=123, ncontrol=456,225) and
intrahepatic cholangiocarcinoma (ncase=104, ncon-
trol=456,244) data were sourced from Jiang L’s contribu-
tion to the GWAS Catalog [18].

Instrumental variable selection

To adhere to the three crucial assumptions of Mende-
lian randomization, we implemented a stringent selec-
tion mechanism for SNPs as IVs. Initially, the SNPs were
required to exhibit a strong correlation with the expo-
sure factors, maintaining a p value threshold of less than
5e-8. To ensure the independence of the SNPs, linkage
disequilibrium was meticulously assessed by calculating
the R? values based on the European population’s genetic
variation map, with an R? threshold of less than 0.001
and a physical distance greater than 10,000 kb to miti-
gate linkage disequilibrium. All palindromic or ambigu-
ous SNPs were excluded. Additionally, to circumvent
biases induced by weak instrumental variables, the F sta-
tistic was computed using the formula F=R?2 * [(N -1
- k)/k] * (1 - R*2)[36], where only SNPs with an F value
greater than 10 were considered for further analysis.
Furthermore, the SNPs selected for analysis were scruti-
nized using the PhenoScanner database to exclude asso-
ciations with carcinogenic factors such as smoking and
alcohol consumption, thereby ensuring the robustness
of the instrumental variables. Finally, we employed the
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MR-PRESSO package to conduct a leave-one-out analy-
sis [37], eliminating significantly deviant SNPs to reduce
heterogeneity.

Mendelian randomization

In our univariable and reverse MR analyses, we employed
the classical two-sample MR approach, utilizing meth-
ods such as inverse variance weighted [38], MR-Egger,
weighted median, simple mode, and weighted mode to
assess causality. IVW has been validated as an efficacious
method for causal inference in MR studies, providing a
comprehensive estimate of all Wald estimates under the
assumption of no significant pleiotropy, thus serving as
the primary analytical approach in this research. In the
absence of substantial pleiotropic evidence, the statisti-
cal significance of IVW is considered robust evidence of
the final causal relationship. Furthermore, due to the high
tolerance of MR-Egger and weighted median methods
for identifying invalid SNPs, they are also employed as
crucial supplementary approaches to evaluate causality
and are mainly used to assess the robustness of the MR
causal direction and to contrast with IVW. The simple
mode and weighted mode are included as supplementary
analyses and are reported accordingly.

MVMR extends univariable MR, aiming to evalu-
ate the direct effect relationship between an exposure
and outcome after excluding significant confounders. In
this study, all instrumental variable SNPs must show a
strong correlation with at least one exposure, with other
IV selection criteria as previously described, excluding
SNPs associated with only one exposure. Additionally, an
extended framework of IVW, MR-Egger, and weighted
median was used to conduct MVMR analyses on non-
overlapping samples for each exposure, yielding robust
results.

The results postmeta-analysis are considered final,
where positive findings are subjected to reverse MR
analysis to avoid reverse bias, considering specific cancer
types such as exposures and gallstones and cholecystec-
tomy as outcomes. If the p value for IVW in the reverse
MR was less than 0.05, reverse bias was present, and the
results were deemed unreliable. The selection of IVs for
reverse MR and the methods applied are consistent with
those used in classical two-sample MR.

Sensitivity and heterogeneity

In the sensitivity analysis, we primarily utilized the MR-
Egger and MR-PRESSO methods to evaluate potential
horizontal pleiotropy. The MR-Egger method robustly
calculates the intercept of the group’s MR analysis and
determines the potential p value of this intercept; a posi-
tive result implies the possibility of pleiotropy. Compared
to the MR-Egger method, the MR-PRESSO method more
precisely calculates global pleiotropy and the pleiotropy
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of individual SNPs, thus excluding potential pleiotro-
pic MR analyses. In this study, we considered the IVW
results of the MR analysis to be reliable only if both the
MR-Egger and MR-PRESSO methods concurrently indi-
cated the absence of pleiotropy.

For heterogeneity analysis, we computed the Cochrane
Q value and its p value to assess the presence or absence
of heterogeneity. We also constructed funnel plots for
each group of MR analyses (detailed in the supplemen-
tary files), which subjectively determined the presence
of heterogeneity. Moreover, in the MVMR analysis, we
adopted a method to minimize the Q statistic, providing
robust causal effect estimates even if the instruments are
weak or exhibit pleiotropy, thereby enhancing the reli-
ability of the results.

Meta-analysis [39]

Due to the limited number of patients with some cancers,
a postmeta-analytic approach was employed to enhance
the robustness of our results. Specifically, after calculat-
ing the IVW results of MR for 33 types of cancer from
the FinnGen database exposure data (both univariable
and multivariable MR), these data were meta-analyzed
with the IVW results from a validation set (primarily
sourced from the UKB) for the same 33 cancer types,
thereby obtaining more robust outcomes. Further-
more, MR results indicating horizontal pleiotropy were
excluded from the meta-analysis. Positive results within
the meta-analysis were subjected to further reverse MR
analysis to eliminate the possibility of reverse bias.

Statistical

All analyses were conducted on the R software platform
(version 4.1.0), where MR analysis was primarily carried
out using the “TwoSampleMR” package (version 0.5.6)
and the “MendelianRandomization” package (version
0.9.0). Sensitivity analysis was performed with the “MR-
PRESSO” package (version 1.0). Graph plotting and data
processing were accomplished using packages such as
“ggplot2” (version 3.4.4), “foreach” (version 1.5.2), and
“data.table” (version 1.14.8). In MR analysis, when mul-
tiple testing was conducted, a p value less than 0.025
(0.05/2) after Bonferroni correction was considered to
indicate a statistically significant causal association. Con-
versely, a p value between 0.025 and 0.05 indicated a
potential causal relationship. Moreover, all analyses were
two-tailed.

Results

Genetic instruments and strength

Having utilized the ieu-open-gwas tool to select instru-
mental variables for cholelithiasis and cholecystectomy
phenotypes, we proceeded with a classical two-sample
Mendelian randomization (MR) analysis. A robust set
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of 14 SNPs for cholelithiasis and 45 SNPs for cholecys-
tectomy demonstrated strong F values (>10), indicat-
ing minimal confounding bias or linkage disequilibrium.
Detailed methodologies and the roles of these instrumen-
tal variables are provided in the supplementary materials.

Discovery and replication results of cancer risk

Initiating with gallstones, we analyzed associations
across multiple cancer types using data from FinnGen.
In the analysis of gallstones and pan-cancer associations,
the pan-cancer database sourced from FinnGen indicated
that gallstones could increase the risk of hepatocellu-
lar carcinoma (P value: 0.005, OR=1.26, 95% CI: 1.07—
1.47), tumors of the lung and bronchus (P value: 0.009,
OR=1.07, 95% CI: 1.02-1.12), biliary system tumors (P
value: 0.010, OR=1.15, 95% CI: 1.03-1.27), hypopha-
ryngeal tumors (P value: 0.018, OR=1.58, 95% CI: 1.08—
2.30), and nonmelanoma skin cancer (P value: 0.038,
OR=1.04, 95% CI: 1.00-1.07). The causal relationships
between gallstones and these five specific site tumors
maintained the same risk directionality across the IVW,
weighted median, and MR-Egger methods. In the vali-
dation pan-cancer dataset, which was primarily derived
from the UKB dataset, significant differences were
observed only for acute myelocytic leukemia (P value:
0.003, OR=0.19, 95% CI: 0.07-0.56) and breast cancer
(P value: 0.022, OR=0.882, 95% CI: 0.79-0.98) due to the
smaller sample sizes for many cancer types (such as liver
cancer and biliary tract-related cancers); detailed results
are available in the supplementary materials.

Similarly, analysis of individuals who underwent cho-
lecystectomy, when combined with the pan-cancer data-
base from FinnGen, revealed that cholecystectomy might
lead to an increased risk of nonmelanoma skin cancer
(P value: 0.038, OR=1.03, 95% CI: 1.00-1.06), melanoma
(P value: 0.008, OR=1.07, 95% CI: 1.02-1.13), lung and
bronchus tumors (P value: 0.028, OR=1.06, 95% CI:
1.01-1.11), and bladder tumors (P value: 0.049, OR=1.08,
95% CI: 1.00-1.16), with all three main analysis methods
demonstrating consistency and robustness in the results’
directionality. However, in the validation set, the popula-
tion that had undergone cholecystectomy did not show
significant associations with tumors at specific sites
(Table 1).

All positive causal relationship results demonstrated no
apparent pleiotropy in either MR-Egger or MR-PRESSO
sensitivity analyses, confirming the robustness and reli-
ability of the IVW results.

MVMR

Incorporating 35 SNPs, the MVMR analysis highlighted
unique insights. Within the FinnGen-related pan-cancer
dataset, after mutual adjustment of the cholelithiasis phe-
notype and the cholecystectomy phenotype, we observed
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that cholecystectomy played a role in increasing the risk
for nonmelanoma skin cancer (P value<0.001, OR=1.63,
95% CI: 1.22-2.17), whereas cholelithiasis had the oppo-
site effect (P value: 0.002, OR=0.62, 95% CI: 0.46—0.84).
Interestingly, in the MVMR analysis, small intestine
tumors, which originally showed no significant asso-
ciation with either of the two exposure phenotypes in
the previous two-sample MR, were significantly associ-
ated with both cholelithiasis and cholecystectomy in the
MVMR, indicating an inverse relationship. Specifically,
cholecystectomy was found to reduce the risk of small
intestine tumors (P value: 0.014, OR=0.16, 95% CI: 0.04—
0.69), whereas the risk was increased in patients with
gallstones (P value<0.001, OR=7.25, 95% CI: 1.61-32.61)
(Table 2).

However, in the pan-cancer analysis of the UKB, all
results from the MVMR analysis were negative.

Meta-analysis

A meta-analysis of FinnGen and UKB data confirmed
increased risks associated with gallstones and cholecys-
tectomy across various cancer types. After meta-analysis
of the MR results for the pan-cancer cholecystectomy
phenotype, the findings indicated that gallstones gener-
ally increased the risk of malignant nonmelanoma skin
cancer (P-value: 0.047, OR=1.03, 95%CI:1.00-1.06), mel-
anoma (P-value: 0.005, OR=1.07, 95%CI:1.02—-1.13), and
bladder tumors (P-value: 0.045, OR=1.07, 95%CI:1.00-
1.15). Conversely, the MR results for gallstones with pan-
cancer phenotypes suggested that gallstones increase the
risk of malignant nonmelanoma skin cancer (P value:
0.040, OR=1.04, 95% CI: 1.00-1.07), lung tumors (P value:
0.009, OR=1.07, 95% CI: 1.02-1.12), and biliary system
tumors (P value: 0.003, OR=1.15, 95% CI: 1.05-1.27).
The aforementioned results suggest an increased risk of
biliary system tumors due to cholecystectomy, a finding
that seemingly contradicts common understanding and
may indicate significant bias triggered by gallstones.

In the MVMR analysis, after adjusting for gallstones,
no significant differences were found, yet the results
suggested that cholecystectomy could reduce the risk of
biliary system tumors, whereas gallstones appeared to
increase it. Moreover, the MVMR results were consistent
with previous findings, indicating that cholecystectomy
increases the risk of nonmelanoma skin cancer (P-value:
0.001, OR=1.59, 95% CI: 1.20-2.10), whereas gallstones
had the opposite effect (P-value: 0.002, OR=0.63, 95%
CI: 0.47-0.84); cholecystectomy was shown to reduce the
risk of small intestine tumors (P-value: 0.015, OR=0.18,
95% CI: 0.04—0.71), whereas gallstone patients had an
increased risk (P-value: 0.013, OR=6.41, 95% CI: 1.48—
27.80). The details of the univariate and multivariate MR
analyses are shown in Fig. 2, and more details can be
found in the Supplementary files.
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Table 1 Casual effect of gallstones and cholecystectomy on pan-cancer risk in a major cohort (FinnGen database) via univariate MR

analysis
Outcome Exposure SNPs Inverse variance weighted =~ MR-Egger Pleitropy
intercept
p OR 95% OR Egger p MR-PRESSO.p-value MR-Egeer.Q_
value intercept  value pval
Biliary&gallbladder cholecystectomy 42 0.541  1.038 0921-1.170 -0.013 0.386 0.017 0.002
cholelithiasis 14 0.010 1147 1.034-1.274 -0.018 0313 0424 0516
Bladder cholecystectomy 42 0.049 1.075 1.000-1.156 0.008 0.386 0.763 0.721
cholelithiasis 14 0257 1.049 0965-1.1409 0.010 0464 0.597 0417
Bone cholecystectomy 42 0626 1056 0.849-1314 0.014 0.600 0.543 0464
cholelithiasis 14 0693 1.056 0806-1.385  0.027 0.564 0415 0.267
Brain cholecystectomy 42 0.068 0.897 0.799-1.008 -0.006 0.679 0.445 0.364
cholelithiasis 14 0413 0947 0.830-1.079 0.015 0511 0.554 0.408
Breast cholecystectomy 42 0381 0985 0953-1.019 -0.004 0279 0.022 0.009
cholelithiasis 14 0407 0983 0944-1.023 -0.004 0515 0.123 0.034
Bronchus&lung cholecystectomy 42 0028 1.057 1.006-1.111 0.002 0.800 0.095 0.052
cholelithiasis 14 0.009 1.068 1.017-1.122 0.006 0453 0.752 0.803
Uterine cervix cholecystectomy 42 0451 1070 0.897-1.276 0.002 0.936 0.310 0.232
cholelithiasis 14 0079 1.187 0980-1436 0018 0.569 0.863 0.766
colorectal cholecystectomy 42 0221 1.043 0975-1.114  0.005 0.519 <0.001 0.000
cholelithiasis 14 0284 1.042 0966-1.123 0.012 0.356 0.064 0.014
Uterine corpus cholecystectomy 42 0965 1.002 0925-1.085 -0.004 0.699 0.242 0.163
cholelithiasis 14 0936 1.005 0.899-1.123 0.000 0.995 0.121 0.032
Eye&annexa cholecystectomy 42 0761 0966 0.771-1.209 -0.018 0.515 0433 0.357
cholelithiasis 14 0558 1.082 0.832-1407 0.017 0.703 0488 0.311
Liver cell carcinoma cholecystectomy 42 0067 1.150 0.990-1.334  0.001 0.959 0.194 0.188
cholelithiasis 14 0005 1256 1.072-1471 -0.015 0.597 0.949 0.961
Larynx cholecystectomy 42 0304 1188 0855-1.652 -0.073 0.068 0.331 0.561
cholelithiasis 14 0018 1576 1.080-2298 -0.036 0.567 0.832 0.826
Kidney cholecystectomy 42 0121  1.055 0986-1.130  0.004 0628 0.738 0.663
cholelithiasis 14 0559 1.024 0945-1.111  -0.009 0.500 0459 0.352
Malignant melanoma  cholecystectomy 42 0.008 1.072 1.018-1.128  0.004 0.496 0.839 0.760
cholelithiasis 14 0.154 1.044 0984-1.107 -0.008 0438 0.656 0.755
Larynx cholecystectomy 42 0810 0952 0641-1415 0.082 0.089 0.283 0.307
cholelithiasis 14 0840 0957 0622-1471 0.070 0337 0.763 0.824
Non-Hodgkin cholecystectomy 42 0.764 0985 0.890-1.089  0.000 0.988 0.879 0.811
lymphoma
cholelithiasis 14 0458 0957 0852-1.075 -0.006 0.767 0.778 0.684
Esophagus cholecystectomy 42 0790 1.020 0.879-1.184  0.026 0.148 0.149 0.141
cholelithiasis 14 0826 1.021 0849-1.227  0.027 0.382 0.244 0.124
Oralcavity cholecystectomy 42 0525 0964 0860-1.080  0.015 0.278 0.732 0.815
cholelithiasis 14 0227 0922 0.808-1.052 0.014 0513 0.699 0.746
Malignant cholecystectomy 42 0038 1.032 1.002-1.064 -0.001 0.849 0.095 0.057
nonmelanoma
cholelithiasis 14 0.038 1.036 1.002-1.071 0.001 0.855 0.440 0.198
Ovary cholecystectomy 42 0665 0978 0.885-1.081 0.024 0.050 0.382 0.596
cholelithiasis 14 0176 0922 0.820-1.037 0.018 0.362 0493 0.389
Pancreas cholecystectomy 42 0.840 1.009 0921-1.106  0.010 0.367 0.176 0.121
cholelithiasis 14 0669 1.023 0923-1.133 0.017 0332 0.355 0.285
Prostate cholecystectomy 42 0377 1.022 0974-1.071 0.002 0.758  <0.001 0.000
cholelithiasis 14 0921 1.002 0960-1.046 -0.003 0.635 0.270 0.110
Small intestine cholecystectomy 42 0327 1.075 0930-1.242  0.013 0476 0487 0413
cholelithiasis 14 0856 1.015 0861-1.198 -0.018 0516 0.599 0482
Stomach cholecystectomy 42 0597 1.024 0938-1.118  0.001 0.949 0.980 0.964
cholelithiasis 14 0533 1.033 0933-1.143 0.003 0.874 0.846 0.723
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Table 1 (continued)
Outcome Exposure SNPs Inverse variance weighted =~ MR-Egger Pleitropy
intercept
p OR 95% OR Egger p MR-PRESSO.p-value MR-Egeer.Q_
value intercept  value pval
Testis cholecystectomy 42 0810 0981 0835-1.151 -0.002 0933 0.542 0452
cholelithiasis 14 0833 0979 0805-1.190 -0.005 0878 0469 0.276
Thyroid cholecystectomy 42 0760 1.013 0933-1.100 0.004 0.707 0.246 0.148
cholelithiasis 14 0125 0933 0855-1.019 -0.033 0.036 0.371 0.798
Vulva cholecystectomy 42 0626 1.059 0841-1.333 -0.026 0.352 0.783 0.811
cholelithiasis 14 0739 1.046 0802-1364 -0.042 0.352 0525 0.724
Hodgkin lymphoma cholecystectomy 42 0623 1.033 0907-1.177  -0.008 0.629 0.085 0.061
cholelithiasis 14 0359 1.072 0924-1.244  0.006 0.809 0337 0.150
Multiple myeloma cholecystectomy 42 0924 1.004 0917-1.100 -0.007 0.528 0479 0419
cholelithiasis 14 0481 1.043 0928-1.172  0.002 0928 0373 0.172
Chronic lymphocytic  cholecystectomy 42 0496 0947 0809-1.108  0.008 0.665 0.262 0.217
leukemia
cholelithiasis 14 0731 0968 0803-1.166  0.026 0412 0313 0.252
Chronic myeloid cholecystectomy 42 0387 1.160 0.829-1.622 0011 0.790 0.555 0433
leukemia
cholelithiasis 14 0795 1.053 0715-1.550 -0.025 0.697 0.746 0.620
Oropharynx cholecystectomy 42 0297 1106 0915-1.337  0.059 0.008 0.173 0392
cholelithiasis 14 0.748 0968 0.794-1.181 0.006 0.853 0.934 0.891
Acute myelocytic cholecystectomy 42 0265 1.159 0.895-1.501 -0.002 0.940 0.164 0.115
leukemia
cholelithiasis 14 0067 1350 0979-1.860  0.095 0.062 0.234 0314
Reverse MR those without gallstones (OR=6.41, 95% CI: 1.48 to

To address reverse causation, reverse MR analyses did
not reveal significant reverse causal relationships, affirm-
ing the robustness of our meta-analysis findings (details
in supplementary materials). For the positive results
obtained after the meta-analysis, we employed a reverse
MR approach to eliminate the possibility of reverse cau-
sation, with no apparent reverse causal relationships
detected (based on the IVW method). Furthermore, all
reverse MR analyses did not reveal any clear pleiotropy
or heterogeneity. Based on these findings, we consider
the meta-analysis results to be robust (detailed results are
provided in the supplementary materials).

Discussion
The present MVMR study systematically evaluated the
causal associations between gallstones/cholecystectomy
and 33 specific cancer sites throughout the body while
accounting for potential interactions between gallstone
disease and cholecystectomy. Our findings indicate
that gallstones exert a positive effect on small intestinal
tumors but confer a protective effect against nonmela-
noma skin cancer. Furthermore, following cholecystec-
tomy, patients experience a reduced risk of developing
small intestinal tumors but an increased risk of develop-
ing nonmelanoma skin cancer.

Patients with gallstones demonstrated a 5.4-fold higher
risk of developing small intestine cancer compared to

27.80; P=0.013). Interestingly, cholecystectomy signifi-
cantly reduced the incidence of small intestinal tumors
(OR=0.18, 95% CI: 0.043 to 0.71; P=0.015). Consistent
with our findings, a previous large observational study
in the U.S. population showed an increased risk of small-
intestine carcinoid in gallstone patients, although they
also reported an elevated risk post-cholecystectomy
[24]. This could be attributed to the observational nature
of the study and the lack of consideration for potential
interactions between gallstones and cholecystectomy.
Similarly, another extensive study from the United King-
dom found a significant association between gallstones
and small intestine cancer, with the risk decreasing over
time post-cholecystectomy, stabilizing after 8 to 10 years
[40], aligning with our research. The primary function of
the human gallbladder is to protect against hydropho-
bic bile acids (deoxycholic acid and lithocholic acid) [41,
42]. Gallstone formation increases the synthesis of these
acids, thereby increasing the risk of intestinal tumors.
Immediately following cholecystectomy, patients exhibit
increased susceptibility to gastrointestinal tumors, par-
ticularly colorectal cancer [43]. Over time, as the gall-
bladder’s concentrating function diminishes and the
common bile duct dilates, synthesis of hydrophobic bile
acids decreases, consequently lowering the risk of intes-
tinal tumors. This hypothesis warrants further validation
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Table 2 Casual effect of gallstones and cholecystectomy on pan-cancer risk in a major cohort (FinnGen database) via multivariate MR

(2024) 24:1192

analysis
Outcome Exposure SNPs  IVW-pvalue OR 95% OR IVW.Heterogeneity pvalue MR-Egeer.Q_pval
Biliary&gallbladder cholelithiasis 35000 0411 1.554 0.543-4446 0307 0.384
cholecystectomy 35000 0.540 0.730 0.267-1.995  0.307 0.384
Bladder cholecystectomy 35.000 0.282 1488 0.722-3.067 0619 0.629
cholelithiasis 35.000 0353 0699 0.328-1483 0619 0.629
Bone cholecystectomy 35000 0.142 5179 0577-46487 0.600 0.580
cholelithiasis 35.000 0.146 0.183 0.018-1.811  0.600 0.580
Brain cholecystectomy 35000 0.489 0665 0.21-2.11 0.501 0.461
cholelithiasis 35.000 0.595 1387 0415-4636  0.501 0.461
Breast cholelithiasis 35000 0352 0856 0.616-1.188  0.059 0.057
cholecystectomy 35000 0.439 1132 0.827-1.549  0.059 0.057
Bronchus&lung cholecystectomy 35.000 0.077 1606 0.949-2716  0.033 0.027
cholelithiasis 35000 0.118 0645 0372-1.117  0.033 0.027
Uterine_cervix cholelithiasis 35.000 0468 1.921 0.329-11.209 0447 0.399
cholecystectomy 35.000 0.569 0612 0.113-3.31 0.447 0.399
colorectal cholecystectomy 35000 0.352 1401 0.689-2.848  0.000 0.000
cholelithiasis 35.000 0413 0.734 0.349-1.54 0.000 0.000
Uterine_corpus cholecystectomy 35.000 0.706 1.181 0497-2.805 0.078 0.064
cholelithiasis 35.000 0.724 0.850 0.344-2.099 0.078 0.064
Eye&annexa cholelithiasis 35000 0.554 2105 0.179-24.817 0271 0.259
cholecystectomy 35000 0.557 0493 0.047-5226 0271 0.259
Liver_cell_carcinoma cholecystectomy 35.000 0.568 1540 0.351-6.762 0915 0.894
cholelithiasis 35.000 0.781 0803 0.171-3.775 0915 0.894
Larynx cholecystectomy 35000 0.727 1.805 0.066-49.55 0448 0575
cholelithiasis 35.000 0.834 0.691 0.022-22.057 0448 0.575
Kidney cholecystectomy 35000 0.230 1.520 0.767-3.01 0.636 0.601
cholelithiasis 35.000 0.297 0.684 0.335-1.397 0.636 0.601
Malignant_melanoma cholecystectomy 35.000 0.148 1460 0.874-2439 0796 0.784
cholelithiasis 35.000 0.230 0.720 0421-1.231 0.796 0.784
Larynx cholelithiasis 35.000 0.734 2017 0.035-114.636 0402 0.482
cholecystectomy 35.000 0.752 0.536  0.011-25587 0402 0482
Non-Hodgkin_lymphoma cholelithiasis 35000 0418 0646 0.224-1861  0.900 0.875
cholecystectomy 35.000 0.444 1485 0.54-4.085 0.900 0.875
Esophagus cholelithiasis 35.000 0682 1408 0.273-7257 0067 0.086
cholecystectomy 35000 0.713 0.745 0.155-3.574  0.067 0.086
Oral_cavity cholelithiasis 35000 0.239 0487 0.147-1612 0690 0.730
cholecystectomy 35000 0.277 1.887 0.6-5.931 0.690 0.730
Malignant_nonmelanoma cholecystectomy 35.000 0.001 1628 1.224-2.165 0218 0.184
cholelithiasis 35.000 0.002 0621 0461-0836 0218 0.184
Ovary cholecystectomy 35000 0.948 0966 0.345-2.707  0.389 0.525
cholelithiasis 35.000 0978 1.015 0.346-2.98 0.389 0.525
Pancreas cholecystectomy 35000 0.370 1.531  0.604-3.881 0.130 0.131
cholelithiasis 35.000 0.391 0.653 0.247-1.728  0.130 0.131
Prostate cholecystectomy 35.000 0.153 1429 0.876-233 0.000 0.000
cholelithiasis 35.000 0.168 0.698 0419-1.164  0.000 0.000
Small_intestine cholelithiasis 35.000 0.010 7250 1.612-32607 0611 0577
cholecystectomy 35.000 0.014 0.164 0.039-0692 0611 0.577
Stomach cholecystectomy 35.000 0.881 1069 0443-2.58 0.955 0.941
cholelithiasis 35000 0.925 0957 0381-2401  0.955 0.941
Testis cholecystectomy 35000 0.706 0719 0.129-3.999  0.254 0217
cholelithiasis 35.000 0.734 1365 0.227-8.201 0.254 0.217
Thyroid cholelithiasis 35000 0879 0933 0381-2284 0.131 0.111
cholecystectomy 35000 0.882 1.067 0453-2512  0.131 0111
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Table 2 (continued)

Page 10 of 13

Outcome Exposure SNPs  IVW-pvalue OR 95% OR IVW.Heterogeneity pvalue MR-Egeer.Q_pval
Vulva cholecystectomy 35000 0416 2623 0.256-26.861 0.820 0.818
cholelithiasis 35000 0432 0377 0.033-4291  0.820 0818
Hodgkin_lymphoma cholelithiasis 35000 0.953 1.041 0271-3997 0122 0.104
cholecystectomy 35.000 0.985 1013 0.279-3668  0.122 0.104
Multiple_myeloma cholecystectomy 35.000 0.487 1378 0.557-3408 0597 0.574
cholelithiasis 35.000 0.509 0727 0.282-1873 0597 0.574
Chronic_lymphocytic_leukemia cholecystectomy 35.000 0.053 0.221 0.048-1.022 0344 0.301
cholelithiasis 35000 0.059 4685 0.944-23263 0344 0.301
Chronic_myeloid_leukemia cholelithiasis 35000 0483 3.670 0.097-138.622 0.393 0.350
cholecystectomy 35000 0.524 0323 0.01-10427 0393 0.350
Oropharynx cholecystectomy 35000 0.272 2945 0429-20212 0.133 0437
cholelithiasis 35000 0325 0364 0.049-2.722  0.133 0437
Acute_myelocytic_leukemia cholelithiasis 35000 0.299 4277 0276-66347 0.142 0.117
cholecystectomy 35000 0.343 0281 0.02-3.869 0.142 0.117
Univariate MR analysis
exposure outcome p.value.Q method pval OR(95% CI)
Cholelithiasis Biliary&gallbladder cancer 0.8739870 IVW&meta 0.003 '»-O—i 1.154 (1.049 to 1.270)
Cholelithiasis Bronchus and lung cancer 0.7048491 IVW&meta 0.009 »0' 1.069 (1.017 to 1.123)
Cholelithiasis Malignant nonmelanoma 0.7028084 IVW&meta 0.040 ‘ 1.035 (1.002 to 1.070)
Cholecystectomy Malignant melanoma 0.7128968 IVW&meta 0.005 »0! 1.074 (1.022 to 1.129)
Cholecystectomy Bladder cancer 0.8889344 IVW&meta  0.045 H* 1.074 (1.002 to 1.151)
Cholecystectomy Malignant nonmelanoma 0.5587617 IVW&meta 0.047 0 1.030 (1.000 to 1.060)
—_—
Multivariate MR analysis !
exposure outcome p.value.Q method pval OR(95% CI)
Cholecystectomy Malignant nonmelanoma 0.4858321 IVW&meta 0.001 — 1.589 (1.205 to 2.095)
Cholelithiasis Malignant nonmelanoma 0.6125079 IVW&meta 0.002 «o— 0.631 (0.472 to 0.844)
Cholelithiasis Small intestine cancers 0.4561598 IVW&meta 0.013 : > 6.405 (1.476 to 27.798)
Cholecystectomy Small intestine cancers 0.6820666 IVW&meta 0.015 «— 0.175 (0.043 t0 0.713)
-+

1

Fig. 2 Forest plot of major positive results from meta-analysis of univariate Mendelian randomization (MR) and multivariable MR

through extensive prospective randomized controlled
studies.

We also observed a protective effect of gallstones
against nonmelanoma skin cancer occurrence (OR=0.63,
95% CI: 0.47 to 0.84; P=0.002). However, the risk of
nonmelanoma skin cancer increased following chole-
cystectomy (OR=1.59, 95% CI: 1.21 to 2.10; P=0.001).
This finding may be linked to metabolic changes post-
cholecystectomy, potentially involving alterations in the
bile acid pool and gut microbiome, which are known to
influence systemic immune regulation and diarrhea [44—
46]. Literature suggests that bile acid secretion affects
the absorption of acitretin [47], a commonly used drug
approved for nonmelanoma skin cancer prevention [48,
49]. Increased bile acid excretion post-cholecystectomy
may reduce acitretin absorption, while diarrhea further
impedes uptake of acitretin and its analogs, potentially

contributing to the elevated risk of nonmelanoma skin
cancer in post-cholecystectomy patients.

While the Mendelian randomization (MR) analysis
of single exposure factors in our study did not establish
definitive causality, it has revealed several intriguing
findings that provide new insights into the relationship
between gallstones, cholecystectomy, and extragall-
bladder cancers. In the single-exposure Mendelian ran-
domization analysis, we identified a causal relationship
between gallstones and bronchus/lung cancer (OR=1.07,
95% CI: 1.02 to 1.12, P=0.009), as well as with malignant
nonmelanoma skin cancer (OR=1.035, 95% CI: 1.002 to
1.070, P=0.04). Limited research exists on the mecha-
nisms linking gallstones to lung cancers. An autopsy-
based study of 8,428 cases reported gallstones as a
prevalent comorbidity among lung cancer patients, sug-
gesting a potential correlation between these conditions
[50]. This finding supports our investigation, proposing a
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plausible causal association between gallstones and lung
cancer. However, case studies have also suggested that
the occurrence of lung cancer in gallstone patients might
result from surgical displacement of gallstones lead-
ing to thoracic inflammatory reactions and subsequent
malignant transformation [51-53]. Furthermore, previ-
ous research indicates that changes in bile acid compo-
sition can activate FXR receptors in hepatic or intestinal
epithelial cells, influencing inflammation and immune
responses. These alterations may modify the tumor
microenvironment, potentially promoting the develop-
ment and progression of non-small cell lung cancer [54].

Additionally, our study revealed that cholecystectomy
was linked to an increased risk of malignant melanoma
(OR=1.07, 95% CI: 1.02 to 1.13; P=0.005). This finding
is consistent with previous literature suggesting that the
hydrophilic bile acid ursodeoxycholic acid, derived from
animal bile, can induce apoptosis in human melanoma
cells. Cholecystectomy may elevate levels of hydrophobic
bile acids while reducing hydrophilic bile acids, poten-
tially contributing to this increased risk [55].

Our study contributes significant insights into the
intricate relationship between gallstones, cholecystec-
tomy, and cancer risk across various organ sites. By sys-
tematically evaluating 33 specific cancer types, we have
identified both positive and protective effects associated
with gallstones and cholecystectomy, revealing potential
mechanisms such as changes in bile acid composition
and gut microbiome. These findings offer opportunities
for targeted preventive strategies and personalized treat-
ments in clinical practice. However, despite our compre-
hensive analysis, several knowledge gaps persist. Firstly,
the precise mechanisms linking gallstones to specific
cancer types, particularly involving bile acids and inflam-
matory responses post-cholecystectomy, require further
elucidation. Additionally, understanding the impact of
gallstone-related metabolic changes on cancer initiation
and progression demands detailed investigation, pos-
sibly through prospective cohort studies with larger
sample sizes and extended follow-up periods. Further-
more, unraveling the interplay among genetic predisposi-
tions, environmental factors, and gallstone disease could
enhance understanding of cancer susceptibility and prog-
nosis. Future research should prioritize: (i) Mechanistic
studies to explore biological pathways linking gallstones,
cholecystectomy, and cancer; (ii) Integration of genomic
data with clinical outcomes to identify biomarkers for
predicting cancer risk and early detection; (iii) Longitudi-
nal studies to monitor cancer incidence among gallstone
patients post-cholecystectomy, considering factors such
as diet, lifestyle, and comorbidities.

Looking forward, the field of gallstone-related can-
cer research is poised for significant advancements.
In the coming years, we anticipate: (i) Expanded use of
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Mendelian randomization and other causal inference
methods to validate our findings and uncover new asso-
ciations. (ii) Advances in genomic technologies that will
enable more precise risk stratification and personalized
therapeutic interventions. (iii) Development of targeted
therapies leveraging insights into bile acid metabolism
and microbiome changes. (iv) Collaborative efforts across
disciplines to integrate epidemiological, molecular, and
clinical data for comprehensive cancer risk assessment.

Our study has several limitations. First, while mul-
tiple sensitivity analyses were conducted, the potential
influence of horizontal pleiotropy was not fully evalu-
ated. Second, due to the lack of individual-level data, a
comprehensive assessment of interactions such as those
between gallbladder polyps and cholecystectomy could
not be performed. Finally, despite employing cross-
validation for robustness, this method may have missed
potentially significant findings. Therefore, the conclu-
sions drawn from this study should be interpreted cau-
tiously, and further confirmation is necessary through
prospective studies with larger sample sizes.

Conclusion

In conclusion, our study highlights the intricate links
between gallstones, cholecystectomy, and cancer risk,
emphasizing the role of gallstones in elevating small
intestinal tumor risk and the impact of cholecystectomy
on nonmelanoma skin cancer patients. These findings
advocate for cautious clinical management and under-
score the urgent need for comprehensive prospective
research to validate these associations and refine patient
care protocols in the context of gallstone disease and
post-cholecystectomy monitoring.

Abbreviations

GWAS Genome-Wide Association Studies
MVMR Multivariable Mendelian randomization
OR Odds Ratio

@ Confidence Interval

UKB UK Biobank

FG FinnGen

MR Mendelian randomization

Vs Instrumental Variables

SD Standard Deviations

logORs Log Odds Ratios

SEs Standard Errors

MM Multiple Myeloma

R Correlation Coefficient

VW Inverse Variance Weighted

RCTs Randomized Controlled Trials
SNPs Single Nucleotide Polymorphisms
BMI Body Mass Index

HDL High-Density Lipoprotein

FXR Farnesoid X Receptor

FGF15/19  Fibroblast Growth Factor 15/19
CYP7A1 Cholesterol 7 a-Hydroxylase

DCA Deoxycholic Acid

LCA Lithocholic Acid

MRC-IEU Medical Research Council Integrative Epidemiology Unit



Teng et al. BMC Cancer (2024) 24:1192

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512885-024-12906-2.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4
Supplementary Material 5
Supplementary Material 6

Supplementary Material 7

Acknowledgements

We thank the researchers of the GWAS catalog database for their selfless
dedication in researching the data. This study is supported by a government
funded project: "Mechanism Study of CXCL14 Regulating Macrophage
Differentiation and Participating in Non alcoholic Fatty Liver Disease and Its
Development towards Hepatocellular Carcinoma, and Preliminary Exploration
of Target Drug Synthesis", 2023YFS0146, supported by the Key Research and
Development of Sichuan Provincial Department of Science and Technology.
Thank you for paying the polishing and publishing fees.

Author contributions

Study concept and design: Fei Teng, Youyin Tang; acquisition of data: Fei Teng,
Youyin Tang; analysis and interpretation: Fei Teng, Youyin Tang, Zhangyu Lu;
drafting of the manuscript and preliminary revision: Fei Teng, Youyin Tang,
Zhangyu Lu; study supervision and final approval: Zheyu Chen, Kefei Chen;
funding support: Kefei Chen.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of West China Hospital

of Sichuan University. The need for an approved document and informed
consent were waived because of the use of open-access public database data,
and no individual information was disclosed in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Division of Liver Surgery, Department of General Surgery, West China
Hospital, Sichuan University, No. 37 GuoXue Alley, Chengdu

610041, China

“Division of Vascular Surgery, Department of General Surgery, West China
Hospital of Sichuan University, No. 37 GuoXue Alley, Chengdu

610041, China

*West China School of Medicine, Sichuan University, No. 17 South
Renming Road, Chengdu 610094, China

Received: 7 April 2024 / Accepted: 5 September 2024
Published online: 27 September 2024

References

1. Farthing M, Roberts SE, Samuel DG, Williams JG, Thorne K, Morrison-Rees
S, etal. Survey of digestive health across Europe: final report. Part 1: the
burden of gastrointestinal diseases and the organisation and delivery

20.

21.

22.

23.

24.

25.

26.

Page 12 of 13

of gastroenterology services across Europe. United Eur Gastroenterol J.
2014;2:539-43.

Abraham S, Rivero HG, Erlikh IV, Griffith LF, Kondamudi VK. Surgical and
nonsurgical management of gallstones. Am Fam Physician. 2014;89:795-802.
Shabanzadeh DM. Incidence of gallstone disease and complications. Curr
Opin Gastroenterol. 2018;34:81-9.

Guven DC, Sahin TK, Erul E, Rizzo A, Ricci AD, Aksoy S, et al. The association
between albumin levels and survival in patients treated with immune check-
point inhibitors: a systematic review and meta-analysis. Front Mol Biosci.
2022;9:1039121.

Rizzo A, Brandi G. Neoadjuvant therapy for cholangiocarcinoma: a compre-
hensive literature review. Cancer Treat Res Commun. 2021;27:100354.

Rizzo A, Brandi G. Pitfalls, challenges, and updates in adjuvant systemic
treatment for resected biliary tract cancer. Expert Rev Gastroenterol Hepatol.
2021;15:547-54.

Rizzo A, Mollica V, Tateo V, Tassinari E, Marchetti A, Rosellini M, et al.
Hypertransaminasemia in cancer patients receiving immunotherapy and
immune-based combinations: the MOUSEION-05 study. Cancer Immunol
Immunotherapy: Cll. 2023;72:1381-94.

Portincasa P, Moschetta A, Palasciano G. Cholesterol gallstone disease. Lancet.
2006;368:230-9.

Stinton LM, Myers RP, Shaffer EA. Epidemiology of gallstones. Gastroenterol
Clin North Am. 2010;39:157-69. vii.

Banim PJ, Luben RN, Bulluck H, Sharp SJ, Wareham NJ, Khaw KT, et al. The
aetiology of symptomatic gallstones quantification of the effects of obesity,
alcohol and serum lipids on risk. Epidemiological and biomarker data from

a UK prospective cohort study (EPIC-Norfolk). Eur J Gastroenterol Hepatol.
2011;23:733-40.

Stender S, Nordestgaard BG, Tybjaerg-Hansen A. Elevated body mass index as
a causal risk factor for symptomatic gallstone disease: a mendelian random-
ization study. Hepatology. 2013;58:2133-41.

Lammert F, Gurusamy K, Ko CW, Miquel JF, Méndez-Sanchez N, Portincasa P,
et al. Gallstones Nat Rev Dis Primers. 2016;2:16024.

Cariati A, Piromalli E, Cetta F, Andorno E. Black or brown pigment and choles-
terol gallstones formation among patients that underwent gastrectomy for
Cancer. World J Surg. 2017;41:2642.

Brazzelli M, Cruickshank M, Kilonzo M, Ahmed |, Stewart F, McNamee P, et al.
Clinical effectiveness and cost-effectiveness of cholecystectomy compared
with observation/conservative management for preventing recurrent
symptoms and complications in adults presenting with uncomplicated
symptomatic gallstones or cholecystitis: a systematic review and economic
evaluation. Health Technol Assess. 2014;18:1-v101.

Gutt C, Schléfer S, Lammert F. The treatment of Gallstone Disease. Dtsch
Arztebl Int. 2020;117:148-58.

Lee SY, Jang JH, Kim DW, Park J, Oh HK, Ihn MH, et al. Incidental cholecys-
tectomy in patients with asymptomatic gallstones undergoing surgery for
colorectal cancer. Dig Surg. 2015;32:183-9.

Cianci P, Restini E. Management of cholelithiasis with choledocholithiasis:
endoscopic and surgical approaches. World J Gastroenterol. 2021,27:4536-54.
Jiang L, Zheng Z, Fang H, Yang J. A generalized linear mixed model associa-
tion tool for biobank-scale data. Nat Genet. 2021;53:1616-21.

Ticho AL, Malhotra P, Dudeja PK, Gill RK, Alrefai WA. Intestinal Absorption of
Bile Acids in Health and Disease. Compr Physiol. 2019;10:21-56.

Sayin SI, Wahlstrom A, Felin J, Jantti S, Marschall HU, Bamberg K, et al.

Gut microbiota regulates bile acid metabolism by reducing the levels of
tauro-beta-muricholic acid, a naturally occurring FXR antagonist. Cell Metab.
2013;17:225-35.

ReZen T, Rozman D, Kovacs T, Kovacs P, Sipos A, Bai P, et al. The role of bile
acids in carcinogenesis. Cell Mol Life Sci. 2022;79:243.

Cao H, XuM, Dong W, Deng B, Wang S, Zhang Y, et al. Secondary bile
acid-induced dysbiosis promotes intestinal carcinogenesis. Int J Cancer.
2017;140:2545-56.

YaoY, Li X, Xu B, Luo L, Guo Q Wang X, et al. Cholecystectomy promotes
colon carcinogenesis by activating the wnt signaling pathway by increasing
the deoxycholic acid level. Cell Commun Signal. 2022;20:71.

Nogueira L, Freedman ND, Engels EA, Warren JL, Castro F, Koshiol J.
Gallstones, cholecystectomy, and risk of digestive system cancers. Am J
Epidemiol. 2014;179:731-9.

Wang Y, Xie LF, Lin J. Gallstones and cholecystectomy in relation to risk of liver
cancer. Eur J Cancer Prev. 2019;28:61-7.

Kharazmi E, Scherer D, Boekstegers F, Liang Q, Sundquist K, Sundquist J

et al. Gallstones, Cholecystectomy, and kidney Cancer: observational and


https://doi.org/10.1186/s12885-024-12906-2
https://doi.org/10.1186/s12885-024-12906-2

Teng et al. BMC Cancer

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

(2024) 24:1192

mendelian randomization results based on large cohorts. Gastroenterology.
2023;165:218-27 €8.

Mu L, Li W, Ren W, Hu D, Song Y. The association between cholecystectomy
and the risk of colorectal cancer: an updated systematic review and meta-
analysis of cohort studies. TranslI Cancer Res. 2023;12:1452-65.

Sun M, Ma T, Yuan H. Association between history of cholecystectomy and
risk of gastric cancer: a meta-analysis of epidemiological studies. BMJ Open.
2023;13:2057138.

Son JH. [Recent updates on management and follow-up of Gallbladder
Polyps]. Korean J Gastroenterol. 2023;81:197-202.

Yu L, LiuW, YanY, Jiang Y, Gao X, Ruan S. No association between cholecys-
tectomy and risk of colorectal cancer: a meta-analysis of cohort studies. Int J
Colorectal Dis. 2023;38:179.

Sekula P, Del Greco MF, Pattaro C, Kottgen A. Mendelian randomization as an
Approach to assess causality using Observational Data. J Am Soc Nephrol.
2016;27:3253-65.

Birney E. Mendelian randomization. Cold Spring Harb Perspect Med. 2022;12.
Carter AR, Sanderson E, Hammerton G, Richmond RC, Davey Smith G, Heron
J, etal. Mendelian randomisation for mediation analysis: current methods
and challenges for implementation. Eur J Epidemiol. 2021;36:465-78.

Ruth Mitchell, Elsworth BL, Mitchell R, Raistrick et al. (2019): MRC IEU UK
Biobank GWAS pipeline version 2. https://doi.org/10.5523/bris.pno-
at8cxo0u52p6ynfaekeigi. 2019.

Lesseur C, Diergaarde B, Olshan AF, Wiinsch-Filho V, Ness AR, Liu G, et al.
Genome-wide association analyses identify new susceptibility loci for oral
cavity and pharyngeal cancer. Nat Genet. 2016;48:1544-50.

Burgess S, Thompson SG. Avoiding bias from weak instruments in mendelian
randomization studies. Int J Epidemiol. 2011,40:755-64.

Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D et al. The
MR-Base platform supports systematic causal inference across the human
phenome. Elife. 2018;7.

Papadimitriou N, Dimou N, Tsilidis KK, Banbury B, Martin RM, Lewis SJ, et

al. Physical activity and risks of breast and colorectal cancer: a mendelian
randomisation analysis. Nat Commun. 2020;11:597.

Niu W, Gu M. Adding mendelian randomization to a meta-analysis-a bur-
geoning opportunity. Tumour Biol. 2016;37:1527-9.

Goldacre MJ, Wotton CJ, Abisgold J, Yeates DG, Collins J. Association between
cholecystectomy and intestinal cancer: a national record linkage study. Ann
Surg. 2012;256:1068-72.

Johansen C, Chow WH, Jergensen T, Mellemkjaer L, Engholm G, Olsen JH.
Risk of colorectal cancer and other cancers in patients with gall stones. Gut.
1996,39:439-43.

Turumin JL, Shanturov VA, Turumina HE. The role of the gallbladder in
humans. Rev Gastroenterol Mex. 2013;78:177-87.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

Page 13 of 13

Housset C, Chrétien Y, Debray D, Chignard N. Functions of the Gallbladder.
Compr Physiol. 2016;6:1549-77.

Xu,Jing H,Wang J, Zhang S, Chang Q, Li Z, et al. Disordered gut microbiota
correlates with altered fecal bile Acid Metabolism and Post-cholecystectomy
Diarrhea. Front Microbiol. 2022;13:800604.

XuY,Wang J, Wu X, Jing H, Zhang S, Hu Z, et al. Gut microbiota alteration
after cholecystectomy contributes to post-cholecystectomy diarrhea via bile
acids stimulating colonic serotonin. Gut Microbes. 2023;15:2168101.

Xu F,Chen R, Zhang C, Wang H, Ding Z, Yu L et al. Cholecystectomy signifi-
cantly alters gut microbiota homeostasis and metabolic profiles: a cross-
sectional study. Nutrients. 2023;15.

Czerny B, Teister M, Juzyszyn Z, Teister £, Pawlik A, Gazda P, et al. The effect of
retinoic acid receptor agonist acitretin on the production of bile and con-
centrations of some serum components in ovariectomized rats. Menopause.
2011;18:213-8.

Pilkington T, Brogden RN, Acitretin. A review of its Pharmacology and Thera-
peutic Use. Drugs. 1992;43:597-627.

Ramchatesingh B, Martinez Villarreal A, Arcuri D, Lagacé F, Setah SA, Touma F
et al. The Use of Retinoids for the Prevention and Treatment of skin cancers:
an updated review. Int J Mol Sci. 2022;23.

Lee TK, Myers RT, Scharyj M, Marshall RB. Multiple primary malignant

tumors (MPMT): study of 68 autopsy cases (1963-1980). J Am Geriatr Soc.
1982;30:744-53.

Houghton SG, Crestanello JA, Nguyen AQ, Deschamps C. Lung abscess

due to retained gallstones with an adenocarcinoma. Ann Thorac Surg.
2005;79:226-7.

D'Urso A, Mutter D. Retained gallstone mimicking an abdominal wall metas-
tasis in a patient with lung cancer 7 years after laparoscopic cholecystec-
tomy. J Visc Surg. 2022;159:257-9.

Thapa K, Sarker M, Graman P. Thoracoabdominal actinomycosis associated
with laparoscopic cholecystectomy and mimicking metastatic pulmonary
malignancy. BMJ Case Rep. 2022;15.

Wu JN, Chen JR, Chen JL. Role of farnesoid X receptor in the Pathogenesis of
Respiratory diseases. Can Respir J. 2020,2020:9137251.

Yu H, Fu QR, Huang ZJ, Lin JY, Chen QX, Wang Q, et al. Apoptosis induced by
ursodeoxycholic acid in human melanoma cells through the mitochondrial
pathway. Oncol Rep. 2019;41:213-23.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.5523/bris.pnoat8cxo0u52p6ynfaekeigi
https://doi.org/10.5523/bris.pnoat8cxo0u52p6ynfaekeigi

	﻿Investigating causal links between gallstones, cholecystectomy, and 33 site-specific cancers: a Mendelian randomization post-meta-analysis study
	﻿Abstract
	﻿Study Highlights
	﻿Introduction
	﻿Methods and materials
	﻿Study design and mendelian randomization assumptions
	﻿Data sources and instrumental variable selection
	﻿Data sources for cholelithiasis and cholecystectomy
	﻿Data sources for 33 specific cancer sites
	﻿Instrumental variable selection


	﻿Mendelian randomization
	﻿Sensitivity and heterogeneity
	﻿Meta-analysis [39]
	﻿Statistical
	﻿Results
	﻿Genetic instruments and strength
	﻿Discovery and replication results of cancer risk
	﻿MVMR
	﻿Meta-analysis
	﻿Reverse MR

	﻿Discussion
	﻿Conclusion
	﻿References


