Supplementary Table SI. Details of GWAS data for physical activity (PA), gallstones disease (GSD), cholecystectomy, and

gallbladder/biliary/pancreatic diseases.

Phenotype Year Participants Ncase Ncontrol  Source
T f physical activity in last 4 weeks:
YPpes Of PRysical activity i fast & Weeks 2018 460376 47468 412,908 https:/gwas.mrcieu.ac.uk/datasets/ukb-b-7663/

Strenuous sports
https:// .mrcieu.ac.uk/datasets/ebi-a-

Cholelithiasis or gallstones 2021 484598 7895 476703 . Do SwASILECLACICCHASCISIEOLD
GCST90038629/

Cholecystectomy/gall bladder removal 2018 462,933 18,319 444,614 https://gwas.mrcieu.ac.uk/datasets/ukb-b-6235/

Disorders of gallbladder, biliary tract and https://gwas.mrcieu.ac.uk/datasets/finn-b-

2021 218,792 23,648 195,144
pancreas K11 GALLBILPANC/
UKB-gallstones 2018 462,933 7,682 455,251 https://gwas.mrcieu.ac.uk/datasets/ukb-b-18700/

Supplementary Table SII. Sensitivity analysis

gallbladder/biliary/pancreatic diseases.

of two-sample MR analysis

between PA and GSD, -cholecystectomy,

Outcome

Heterogeneity-pval

Pleiotropy-pval Presso-pval

Cholelithiasis or gallstones
Cholecystectomy/gall bladder removal

Disorders of gallbladder, biliary tract and pancreas

UKB-gallstones

0.067
0.071
0.079
0.043

0.828
0.575
0.232
0.860

0.091
0.091
0.092
0.077

and



Supplementary Table SIII. Exploring the relationship between types of PA and the risk of cholecystectomy, using inactive as the reference.

model1 model2
Characteristic OR! 95% ClI' p-value OR!' 95% ClI' p-value
PA_type
inactive — — — —
insufficiently active  0.89 0.57,1.37 0.6 0.90 0.57,1.43 0.6

weekend warrior 0.31 0.17, 0.56 <0.001 0.51 0.28, 0.95 0.036

regular exercise 0.59 0.49, 0.70 <0.001 0.70 0.59, 0.82 <0.001

'OR = Odds Ratio, Cl = Confidence Interval

Model 1: unadjusted. Model 2: adjusted for age, sex, race, PIR, marital status, BMI, and total calorie intake. P < 0.05 is highlighted in bold.



Supplementary Table SIV. Exploring the relationship between types of PA and the risk of cholecystectomy, using regular exercise as the reference.

model1 model2
Characteristic OR'’ 95% CI' p-value  OR’ 95% CI' p-value
PA_type
regular exercise — — — —
inactive 1.70 1.44,2.03 <0.001 143 1.21,1.69 <0.001
insufficiently active 1.51 0.94,2.44 0.086 1.29 0.82, 2.05 0.2
weekend warrior 0.52 0.31,0.89 0.019 0.73  0.41,1.32 0.3

'OR = Odds Ratio, Cl = Confidence Interval

Model 1: unadjusted. Model 2: adjusted for age, sex, race, PIR, marital status, BMI, and total calorie intake. P < 0.05 is highlighted in bold.
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Supplementary Figure S1. Validation of UKB—gallstones data: (A) Scatter plot showing the association trend between PA and GSD. (B) Forest
plot of the two-sample MR analysis for walking and GSD risk. (C) Leave-one-out test. (D) Funnel plot. Results with P < 0.05 are highlighted in
bold.



naTSTaS
TRIST
BTz

SaEA01
riTEETTE
msgasd

eI
i1424;

3RZES,

;
4
T
T
+
2
?
3
$
;i
2
&
+
+
1
3
-008 004 -0
MR leave--ane-out sensitivity analysis foc

* || kDb~ 7663 on ‘Cholelithiasis or gat Siones || i ebi-a-GCSTI0036629"

Supplementary Figure S2. Sensitivity test of MR: (A) Leave-one-out and funnel plot tests between PA and GSD. (B) Leave-one-out and funnel
plot tests between PA and cholecystectomy. (C) Leave-one-out and funnel plot tests between PA and gallbladder/biliary/pancreatic diseases.
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Variable OR 95%CI P_interaction

Age _

ingctive <60 >=60

insufficiently active i 0.235

weekend warrior - S R — p<0.05

regular exercise -1 0.629

%gétive Female Male

insufficiently active T— 0.132

weekend warrior —— 0.967

regular exercise e 0.607

%ggt?ve Other race Non Hispanic White

insufficiently active L 0.404

weekend warrior - 0.72

regular exercise ] 0.718

PIR _

inactive <1 >=1

insufficiently active - 0.865

weekend warrior = 0.193

regular exercise - 0.195

ih::gtli:rael Living alone Married

insufficiently active 0.256

weekend warrior -— 0.094

regular exercise 0.577

ﬁgﬂivs Underweight Normal and overweight

insufficiently active - 0.285

weekend warrior = p<0.05

regular exercise — 0.407

Total.calories :

inactive : Low High

insufficiently active —— 0.976

weekend warrior —-—— 0.295
! - p<0.05

12345678910 0051152253354
Supplementary Figure S3. Analysis of the interaction between PA patterns and

covariates (age, sex, race, PIR, marital status, BMI, and total calorie intake) on the risk
of GSD. Values with P < 0.05 are shown in bold.



Variable OR 95%CI P_interaction
Age

inactive <60 >=60

insufficiently active —— 0.587
weekend warrior — 0.171
regular exercise —— 0.913
%ggtive Female Male

insufficiently active —— 0.247
weekend warrior --— 0.11
regular exercise —— 0.261
Race . . .

inactive Other race Non Hispanic White
insufficiently active ——— 0.648
weekend warrior —— 0.79
regular exercise —-— 0.622
PIR =

inactive <1 >=1

insufficiently active —.—— —.— 0.996
weekend warrior ——————— —— 0.567
regular exercise -— - 0.325
Marital i .

inactive Living alone Married

insufficiently active T— —a— 0.079
weekend warrior — --— 0.175
regular exercise - —— 0.838
i%ge:ltive Underweight Normal and overweight
insufficiently active — —a— 0.102
weekend warrior = —— p<0.05
regular exercise ——] - 0.972
Total.calories Low High

inactive

insufficiently active —— ——— 0.66
weekend warrior - —— 0.734
regular exercise . o —— 0.117

005115225335445

0
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Supplementary Figure S4. Analysis of the interaction between PA patterns and
covariates (age, sex, race, PIR, marital status, BMI, and total calorie intake) on the risk
of cholecystectomy. Values with P < 0.05 are shown in bold.



STROBE-MR checklist of recommended items to address in reports of Mendelian randomization studies’ ?

Item Section

No.

1 TITLE and
ABSTRACT
INTRODUCTION

2 Background

3 Objectives

METHODS

4 Study design and
data sources

5 Assumptions

c)

d)

6 Statistical methods:

main analysis

a)

b)

Checklist item

Indicate Mendelian randomization (MR) as the study’s design in the title and/or the
abstract if that is a main purpose of the study

Explain the scientific background and rationale for the reported study. What is the
exposure? Is a potential causal relationship between exposure and outcome
plausible? Justify why MR is a helpful method to address the study question

State specific objectives clearly, including pre-specified causal hypotheses (if any).
State that MR is a method that, under specific assumptions, intends to estimate
causal effects

Present key elements of the study design early in the article. Consider including a
table listing sources of data for all phases of the study. For each data source
contributing to the analysis, describe the following:

Setting: Describe the study design and the underlying population, if possible.
Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection, when available.

Participants: Give the eligibility criteria, and the sources and methods of selection of
participants. Report the sample size, and whether any power or sample size
calculations were carried out prior to the main analysis

Describe measurement, quality control and selection of genetic variants

For each exposure, outcome, and other relevant variables, describe methods of
assessment and diagnostic criteria for diseases

Provide details of ethics committee approval and participant informed consent, if
relevant

Explicitly state the three core IV assumptions for the main analysis (relevance,
independence and exclusion restriction) as well assumptions for any additional or
sensitivity analysis

Describe statistical methods and statistics used

Describe how quantitative variables were handled in the analyses (i.e., scale, units,

model)

Describe how genetic variants were handled in the analyses and, if applicable, how
their weights were selected

Describe the MR estimator (e.g. two-stage least squares, Wald ratio) and related
statistics. Detail the included covariates and, in case of two-sample MR, whether the
same covariate set was used for adjustment in the two samples

Explain how missing data were addressed

If applicable, indicate how multiple testing was addressed



10

12

13

Assessment of
assumptions

Sensitivity analyses
and additional
analyses

Software and pre-
registration

a)

b)

RESULTS
Descriptive data

a)

b)

d)

Main results

a)

b)

c)

d)
Assessment of
assumptions

a)

b)
Sensitivity analyses

and additional
analyses

Describe any methods or prior knowledge used to assess the assumptions or justify
their validity

Describe any sensitivity analyses or additional analyses performed (e.g. comparison
of effect estimates from different approaches, independent replication, bias analytic
techniques, validation of instruments, simulations)

Name statistical software and package(s), including version and settings used

State whether the study protocol and details were pre-registered (as well as when and
where)

Report the numbers of individuals at each stage of included studies and reasons for
exclusion. Consider use of a flow diagram

Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant
variables (e.g. means, SDs, proportions)

If the data sources include meta-analyses of previous studies, provide the
assessments of heterogeneity across these studies
For two-sample MR:

i. Provide justification of the similarity of the genetic variant-exposure associations
between the exposure and outcome samples

ii. Provide information on the number of individuals who overlap between the
exposure and outcome studies

Report the associations between genetic variant and exposure, and between genetic
variant and outcome, preferably on an interpretable scale

Report MR estimates of the relationship between exposure and outcome, and the
measures of uncertainty from the MR analysis, on an interpretable scale, such as
odds ratio or relative risk per SD difference

If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Consider plots to visualize results (e.g. forest plot, scatterplot of associations between
genetic variants and outcome versus between genetic variants and exposure)

Report the assessment of the validity of the assumptions

Report any additional statistics (e.g., assessments of heterogeneity across genetic
variants, such as /2, Q statistic or E-value)



a) Report any sensitivity analyses to assess the robustness of the main results to
violations of the assumptions

b) Report results from other sensitivity analyses or additional analyses
c) Report any assessment of direction of causal relationship (e.g., bidirectional MR)
d) When relevant, report and compare with estimates from non-MR analyses

e) Consider additional plots to visualize results (e.g., leave-one-out analyses)

DISCUSSION
14 Key results Summarize key results with reference to study objectives
15 Limitations Discuss limitations of the study, taking into account the validity of the IV assumptions,
other sources of potential bias, and imprecision. Discuss both direction and
magnitude of any potential bias and any efforts to address them
16 Interpretation
a) Meaning: Give a cautious overall interpretation of results in the context of their
limitations and in comparison with other studies
b) Mechanism: Discuss underlying biological mechanisms that could drive a potential
causal relationship between the investigated exposure and the outcome, and whether
the gene-environment equivalence assumption is reasonable. Use causal language
carefully, clarifying that IV estimates may provide causal effects only under certain
assumptions
c) Clinical relevance: Discuss whether the results have clinical or public policy
relevance, and to what extent they inform effect sizes of possible interventions
17 Generalizability Discuss the generalizability of the study results (a) to other populations, (b) across
other exposure periods/timings, and (c) across other levels of exposure
OTHER
INFORMATION
18 Funding Describe sources of funding and the role of funders in the present study and, if
applicable, sources of funding for the databases and original study or studies on
which the present study is based
19 Data and data Provide the data used to perform all analyses or report where and how the data can
sharing be accessed, and reference these sources in the article. Provide the statistical code
needed to reproduce the results in the article, or report whether the code is publicly
accessible and if so, where
20 Conflicts of All authors should declare all potential conflicts of interest
Interest

This checklist is copyrighted by the Equator Network under the Creative Commons Attribution 3.0 Unported (CC BY
3.0) license.
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Supplementary Figure S5. STROBE-MR checklist of recommended items to address
in reports of Mendelian randomization studies.



