STROBE-MR checklist of recommended items to address in reports of Mendelian randomization studies1 2 

	Item No.
	Section
	Checklist item 
	Page No.
	Relevant text from manuscript

	1
	TITLE and ABSTRACT
	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
	
	Title: “Genetic evidence causally linking gastroesophageal reflux disease to cholecystitis：a two-sample Mendelian randomization study”
Abstract: “Background: This study aimed to investigate the causal link between GERD and cholecystitis using a Mendelian randomization (MR) approach.”

	
	INTRODUCTION
	
	
	

	2
	Background
	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
	
	1. Explain the scientific background and rationale for the reported study.
Answer: “In clinical practice, gastroesophageal reflux disease (GERD) often coexists with cholecystitis, potentially leading to diagnostic challenges due to overlapping symptoms . However, evidence regarding the causal relationship between GERD and cholecystitis remains inconclusive, underscoring the need for further investigation to prevent misdiagnosis and ensure timely interventions. The symptomatic similarities between GERD and cholecystitis exceed chance expectations, increasing the likelihood of diagnostic errors and compromising patient treatment and outcomes. Vagus nerve abnormalities lead to dyskinesia and paresthesia in the gastroesophageal and biliary systems, and some studies have reported an increased incidence of GERD after cholecystectomy, suggesting that there may be a connection between GERD and cholecystitis, or due to neurological or endocrine factors.”
2. What is the exposure?
Answer: “we conducted a two-sample MR study utilizing single SNPs obtained from genome-wide association studies linked to exposure factor GERD as IVs in this study, in order to examine the causal impact of GERD on outcome factor cholecystitis risk, marking the first such attempt.”
3. Is a potential causal relationship between exposure and outcome plausible? Justify why MR is a helpful method to address the study question.
Answer: “Vagus nerve abnormalities lead to dyskinesia and paresthesia in the gastroesophageal and biliary systems, and some studies have reported an increased incidence of GERD after cholecystectomy, suggesting that there may be a connection between GERD and cholecystitis, or due to neurological or endocrine factors. Additionally, the direction and causative association between GERD and cholecystitis remain uncertain. Therefore, the objective of this study is to elucidate the causal relationship between these two conditions, and we have employed a Mendelian randomization (MR) analysis. MR offers an alternative approach in epidemiology for inferring causality, utilizing single nucleotide polymorphisms (SNPs) as instrumental variables (IVs) to explore causal relationships between exposures and outcomes. Given the random inheritance of alleles during gamete formation, genetic variants may serve as a means of controlling for reverse causation bias and confounding. As a result, MR designs can be employed to address causal assumptions, with outcomes deemed comparable to those of randomized trials.”

	3
	Objectives
	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
	
	Answer: “MR offers an alternative approach in epidemiology for inferring causality, utilizing single nucleotide polymorphisms (SNPs) as instrumental variables (IVs) to explore causal relationships between exposures and outcomes. Given the random inheritance of alleles during gamete formation, genetic variants may serve as a means of controlling for reverse causation bias and confounding. As a result, MR designs can be employed to address causal assumptions, with outcomes deemed comparable to those of randomized trials. Therefore, we conducted a two-sample MR study utilizing single SNPs obtained from genome-wide association studies linked to exposure factor GERD as IVs in this study, in order to examine the causal impact of GERD on outcome factor cholecystitis risk, marking the first such attempt. And we found that GERD was positively associated with the risk of cholecystitis. These findings can serve as a fundamental basis for understanding the intricate interactions between GERD and cholecystitis, which can further provide new ideas for the prevention and treatment of cholecystitis in GERD patients.”

	
	METHODS
	
	
	

	4
	Study design and data sources
	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: 
	
	Answer: “Fig. 1 presents a flowchart that provides a concise overview of the two-sample MR analysis employed in this study to investigate the causal associations between GERD and cholecystitis, utilizing genetic variants as IVs. Table 1 provides a detailed overview of all GWASs that were included in this investigation.”

	
	a)
	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.
	
	Answer: “MR is an epidemiological method that utilizes IVs which are highly linked with the exposures (e.g., GERD), such as SNPs, to establish causal relationships in statistical analyses. Fig. 1 presents a flowchart that provides a concise overview of the two-sample MR analysis employed in this study to investigate the causal associations between GERD and cholecystitis, utilizing genetic variants as IVs. Three key assumptions underlie MR analysis: the IV must be strongly correlated with the exposure of interest, must not be associated with any confounders, and must exclusively influence outcomes through the exposure variable. Publicly-available data were used for this study. Specifically, exposure data for GERD were obtained from GWASs with larger sample sizes, comprising 602,604 individuals (N cases= 129,080 cases; N control= 473,524) of European ancestry, which were accessible through the IEU open GWAS project (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000514/). Additionally, the pooled statistics GWASs for cholecystitis (N cases = 1,930; N control=359,264) were obtained from https://gwas.mrcieu.ac.uk/datasets/ukb-d-K81/. Table 1 provides a detailed overview of all GWASs that were included in this investigation.”

	
	b)
	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 
	
	Answer: “Publicly-available data were used for this study. Specifically, exposure data for GERD were obtained from GWASs with larger sample sizes, comprising 602,604 individuals (N cases= 129,080 cases; N control= 473,524) of European ancestry, which were accessible through the IEU open GWAS project (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000514/). Additionally, the pooled statistics GWASs for cholecystitis (N cases = 1,930; N control=359,264) were obtained from https://gwas.mrcieu.ac.uk/datasets/ukb-d-K81/. Table 1 provides a detailed overview of all GWASs that were included in this investigation.”

	
	c)
	Describe measurement, quality control and selection of genetic variants
	
	Answer: “Our study identified SNPs linked to GERD at a genome-wide significant level (p < 5 × 10−8), while also considering factors such as linkage disequilibrium (LD, R2 ≤ 0.001) and genetic clumping distance < 10,000 kb. If a specific exposure SNP did not exist in the outcome GWAS, a proxy SNP in linkage disequilibrium with the exposure SNP (minimum LD R2 value of 0.8) was used. To avoid bias caused by weak proxies, the R2 and F-statistics for each SNP were computed. The R2 value denotes the fraction of variability in a risk factor accounted for by the IVs. The F-statistic, commonly employed as an indicator of the potency of the relationship between instruments and the exposure of interest, is deemed weak if it falls below a threshold of F < 10; such weak instruments are precluded from the MR analysis. Additional file 1-2 provide detailed information on each SNP, including the EA and effect allele frequency (EAF), as well as estimations of their associations with GERD and cholecystitis, including the beta, SE, and P values.”

	
	d)
	For each exposure, outcome, and other relevant variables, describe methods of assessment and diagnostic criteria for diseases
	
	Answer:“exposure data for GERD were obtained from GWASs with larger sample sizes, comprising 602,604 individuals (N cases= 129,080 cases; N control= 473,524) of European ancestry, which were accessible through the IEU open GWAS project (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000514/). Additionally, the pooled statistics GWASs for cholecystitis (N cases = 1,930; N control=359,264) were obtained from https://gwas.mrcieu.ac.uk/datasets/ukb-d-K81/. The reliance on self-reported GERD diagnosis may have affected the reliability of the MR results.”

	
	e)
	Provide details of ethics committee approval and participant informed consent, if relevant
	
	Answer: “Ethical approval was deemed unnecessary for the present study, which utilized aggregate-level genetic data sourced from publicly accessible repositories of extensive genome-wide association studies (GWASs).”

	5
	Assumptions

	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
	
	Answer: “Three key assumptions underlie MR analysis: the IV must be strongly correlated with the exposure of interest, must not be associated with any confounders, and must exclusively influence outcomes through the exposure variable. The potential pleiotropic effects of the instrumental SNPs were evaluated using MR-Egger regression. To assess heterogeneity among the various genetic variations, the Cochran's test and the I2 test were employed. Furthermore, a leave-one-out sensitivity analysis was conducted to verify the conformity of each SNP. Funnel plots were used to present the heterogeneity of the results, and asymmetric plots indicated the absence of heterogeneity.”

	6
	Statistical methods: main analysis
	Describe statistical methods and statistics used
	
	

	
	a)
	Describe how quantitative variables were handled in the analyses (i.e., scale, units, model)
	
	Answer: “Our study identified SNPs linked to GERD at a genome-wide significant level (p < 5 × 10−8), while also considering factors such as linkage disequilibrium (LD, R2 ≤ 0.001) and genetic clumping distance < 10,000 kb. If a specific exposure SNP did not exist in the outcome GWAS, a proxy SNP in linkage disequilibrium with the exposure SNP (minimum LD R2 value of 0.8) was used. To avoid bias caused by weak proxies, the R2 and F-statistics for each SNP were computed.”

	
	b)
	Describe how genetic variants were handled in the analyses and, if applicable, how their weights were selected
	
	Answer: “Our study identified SNPs linked to GERD at a genome-wide significant level (p < 5 × 10−8), while also considering factors such as linkage disequilibrium (LD, R2 ≤ 0.001) and genetic clumping distance < 10,000 kb. If a specific exposure SNP did not exist in the outcome GWAS, a proxy SNP in linkage disequilibrium with the exposure SNP (minimum LD R2 value of 0.8) was used. To avoid bias caused by weak proxies, the R2 and F-statistics for each SNP were computed. Seventy-seven SNPs were utilized as IVs following the coordination of effect alleles (EAs) from GWAS in both GERD and cholecystitis. Several MR analysis methods were employed to determine the causal relationship between GERD and cholecystitis, including the inverse-variance weighted (IVW), MR-Egger, weighted median, and weighted mode approaches.”

	
	c)
	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
	
	Answer: “Seventy-seven SNPs were utilized as IVs following the coordination of effect alleles (EAs) from GWAS in both GERD and cholecystitis. Several MR analysis methods were employed to determine the causal relationship between GERD and cholecystitis, including the inverse-variance weighted (IVW), MR-Egger, weighted median, and weighted mode approaches. The random-effects model of IVW was the primary statistical method used in the MR analysis. The IVW method, which combines Wald ratio estimates through inverse variance weighting, was employed to evaluate the causal effect of exposure on the outcomes. MR-Egger regression was used to address potential issues of the causal effects and the directional pleiotropy, which are robust to invalid IVs. Additionally, the weighted median method was employed to provide a consistent estimate of causality, even when up to 50% of the genetic IVs used were invalid. The robustness of the significant findings was further tested by applying the weighted mode method, which accommodated more than 50% of the invalid IVs.”

	
	d)
	Explain how missing data were addressed
	
	Answer: “If a specific exposure SNP did not exist in the outcome GWAS, a proxy SNP in linkage disequilibrium with the exposure SNP (minimum LD R2 value of 0.8) was used.”

	
	e)
	If applicable, indicate how multiple testing was addressed
	
	No multiple tests were performed in this study

	7
	Assessment of assumptions
	Describe any methods or prior knowledge used to assess the assumptions or justify their validity	
	
	Answer: “To avoid bias caused by weak proxies, the R2 and F-statistics for each SNP were computed. The R2 value denotes the fraction of variability in a risk factor accounted for by the IVs. The F-statistic, commonly employed as an indicator of the potency of the relationship between instruments and the exposure of interest, is deemed weak if it falls below a threshold of F < 10; such weak instruments are precluded from the MR analysis.”

	8
	Sensitivity analyses and additional analyses
	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)
	
	Answer: “Several MR analysis methods were employed to determine the causal relationship between GERD and cholecystitis, including the inverse-variance weighted (IVW), MR-Egger, weighted median, and weighted mode approaches. The potential pleiotropic effects of the instrumental SNPs were evaluated using MR-Egger regression. To assess heterogeneity among the various genetic variations, the Cochran's test and the I2 test were employed. Furthermore, a leave-one-out sensitivity analysis was conducted to verify the conformity of each SNP. Funnel plots were used to present the heterogeneity of the results, and asymmetric plots indicated the absence of heterogeneity.”

	9
	Software and pre-registration
	
	
	

	
	a)
	Name statistical software and package(s), including version and settings used 
	
	Answer: “Statistical analyses were conducted with R software version 4.2.1, utilizing the R-based package “TwoSampleMR (0.5.5)” for MR analysis.”

	
	b)
	State whether the study protocol and details were pre-registered (as well as when and where)
	
	There is no pre-registration for this study protocol and details.

	
	RESULTS
	
	
	

	10
	Descriptive data
	
	
	

	
	a)
	Report the numbers of individuals at each stage of included studies and reasons for exclusion. Consider use of a flow diagram
	
	Answer: “Fig. 1 presents a flowchart that provides a concise overview of the two-sample MR analysis employed in this study to investigate the causal associations between GERD and cholecystitis, utilizing genetic variants as IVs. Publicly-available data were used for this study. Specifically, exposure data for GERD were obtained from GWASs with larger sample sizes, comprising 602,604 individuals (N cases= 129,080 cases; N control= 473,524) of European ancestry, which were accessible through the IEU open GWAS project (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000514/). Additionally, the pooled statistics GWASs for cholecystitis (N cases = 1,930; N control=359,264) were obtained from https://gwas.mrcieu.ac.uk/datasets/ukb-d-K81/. Table 1 provides a detailed overview of all GWASs that were included in this investigation.”

	
	b)
	Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant variables (e.g. means, SDs, proportions)
	
	Answer: “Additional file 1-2 provide detailed information on each SNP, including the EA and effect allele frequency (EAF), as well as estimations of their associations with GERD and cholecystitis, including the beta, SE, and P values.”

	
	c)
	If the data sources include meta-analyses of previous studies, provide the assessments of heterogeneity across these studies
	
	Answer: “Additional file 1-2 provide detailed information on each SNP, including the EA and effect allele frequency (EAF), as well as estimations of their associations with GERD and cholecystitis, including the beta, SE, and P values. Table 2 presents the results of the IVW analysis, indicating an elevated risk of cholecystitis in patients with GERD (odds ratio [OR] = 1.004; 95% confidence interval [95%CI] 1.003–1.005, p = 2.68 × 10-9). Cochran's Q test did not detect the existence of heterogeneity in the causality of cholecystitis, and the I2 values in our results showed low heterogeneity, indicating increased reliability of the MR estimates. Table 3 summarizes the results of the sensitivity analysis.”

	
	d)
	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
	
	i. Answer: “Publicly-available data were used for this study. Specifically, exposure data for GERD were obtained from GWASs with larger sample sizes, comprising 602,604 individuals (N cases= 129,080 cases; N control= 473,524) of European ancestry, which were accessible through the IEU open GWAS project (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000514/). Additionally, the pooled statistics GWASs for cholecystitis (N cases = 1,930; N control=359,264) were obtained from https://gwas.mrcieu.ac.uk/datasets/ukb-d-K81/. Table 1 provides a detailed overview of all GWASs that were included in this investigation.”
   ii. answer: there were no people with overlap between exposure and outcome studies in this study.

	11
	Main results
	
	
	

	
	a)
	Report the associations between genetic variant and exposure, and between genetic variant and outcome, preferably on an interpretable scale
	
	Answer: “Additional file 1-2 provide detailed information on each SNP, including the EA and effect allele frequency (EAF), as well as estimations of their associations with GERD and cholecystitis, including the beta, SE, and P values. Table 2 presents the results of the IVW analysis, indicating an elevated risk of cholecystitis in patients with GERD (odds ratio [OR] = 1.004; 95% confidence interval [95%CI] 1.003–1.005, p = 2.68 × 10-9). Cochran's Q test did not detect the existence of heterogeneity in the causality of cholecystitis, and the I2 values in our results showed low heterogeneity, indicating increased reliability of the MR estimates. Table 3 summarizes the results of the sensitivity analysis. There was no evidence that the result was affected by horizontal pleiotropy (MR-Egger regression intercept = -3.6 × 10-5; SE = 0.00012; directionality p = 0.772). Asymmetry in the funnel plot indicated directional horizontal pleiotropy; however, there was no evidence of asymmetry (Fig. 4). Moreover, the leave-one-out analysis results were stable when each SNP was discarded one by one (Fig. 5).”

	
	b)
	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
	
	Answer: “Additional file 1-2 provide detailed information on each SNP, including the EA and effect allele frequency (EAF), as well as estimations of their associations with GERD and cholecystitis, including the beta, SE, and P values. Table 2 presents the results of the IVW analysis, indicating an elevated risk of cholecystitis in patients with GERD (odds ratio [OR] = 1.004; 95% confidence interval [95%CI] 1.003–1.005, p = 2.68 × 10-9). Cochran's Q test did not detect the existence of heterogeneity in the causality of cholecystitis, and the I2 values in our results showed low heterogeneity, indicating increased reliability of the MR estimates. Table 3 summarizes the results of the sensitivity analysis. There was no evidence that the result was affected by horizontal pleiotropy (MR-Egger regression intercept = -3.6 × 10-5; SE = 0.00012; directionality p = 0.772).”

	
	c)
	If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	
	Answer: “Table 2 presents the results of the IVW analysis, indicating an elevated risk of cholecystitis in patients with GERD (odds ratio [OR] = 1.004; 95% confidence interval [95%CI] 1.003–1.005, p = 2.68 × 10-9).”

	
	d)
	Consider plots to visualize results (e.g. forest plot, scatterplot of associations between genetic variants and outcome versus between genetic variants and exposure)
	
	Answer: “These findings are further supported by the forest plot (Fig. 2) and scatter diagram (Fig. 3). Asymmetry in the funnel plot indicated directional horizontal pleiotropy; however, there was no evidence of asymmetry (Fig. 4). Moreover, the leave-one-out analysis results were stable when each SNP was discarded one by one (Fig. 5).”

	12
	Assessment of assumptions
	
	
	

	
	a)
	Report the assessment of the validity of the assumptions
	
	Answer: “Additional file 1-2 provide detailed information on each SNP, including the EA and effect allele frequency (EAF), as well as estimations of their associations with GERD and cholecystitis, including the beta, SE, and P values. Table 2 presents the results of the IVW analysis, indicating an elevated risk of cholecystitis in patients with GERD (odds ratio [OR] = 1.004; 95% confidence interval [95%CI] 1.003–1.005, p = 2.68 × 10-9). Cochran's Q test did not detect the existence of heterogeneity in the causality of cholecystitis, and the I2 values in our results showed low heterogeneity, indicating increased reliability of the MR estimates. Table 3 summarizes the results of the sensitivity analysis. There was no evidence that the result was affected by horizontal pleiotropy (MR-Egger regression intercept = -3.6 × 10-5; SE = 0.00012; directionality p = 0.772). Asymmetry in the funnel plot indicated directional horizontal pleiotropy; however, there was no evidence of asymmetry (Fig. 4). Moreover, the leave-one-out analysis results were stable when each SNP was discarded one by one (Fig. 5).”

	
	b)
	Report any additional statistics (e.g., assessments of heterogeneity across genetic variants, such as I2, Q statistic or E-value)
	
	Answer: “The Cochran's Q test did not detect the existence of heterogeneity in the causality of cholecystitis, and the I2 values in our results showed low heterogeneity, indicating increased reliability of the MR estimates. Table 3 summarizes the results of the sensitivity analysis. In addition, there was no evidence that the result was affected by horizontal pleiotropy (MR-Egger regression intercept = -3.6 × 10-5; SE = 0.00012; directionality p = 0.772).”

	13
	Sensitivity analyses and additional analyses
	
	
	

	
	a)
	Report any sensitivity analyses to assess the robustness of the main results to violations of the assumptions
	
	Answer: “indicating an elevated risk of cholecystitis in patients with GERD (odds ratio [OR] = 1.004; 95% confidence interval [95%CI] 1.003–1.005, p = 2.68 × 10-9). Cochran's Q test did not detect the existence of heterogeneity in the causality of cholecystitis, and the I2 values in our results showed low heterogeneity, indicating increased reliability of the MR estimates. Table 3 summarizes the results of the sensitivity analysis. There was no evidence that the result was affected by horizontal pleiotropy (MR-Egger regression intercept = -3.6 × 10-5; SE = 0.00012; directionality p = 0.772). Asymmetry in the funnel plot indicated directional horizontal pleiotropy; however, there was no evidence of asymmetry (Fig. 4). Moreover, the leave-one-out analysis results were stable when each SNP was discarded one by one (Fig. 5).”

	
	b)
	Report results from other sensitivity analyses or additional analyses
	
	Answer: “Moreover, the leave-one-out analysis results were stable when each SNP was discarded one by one (Fig. 5).”

	
	c)
	Report any assessment of direction of causal relationship (e.g., bidirectional MR)
	
	Answer: “In addition, there was no evidence that the result was affected by horizontal pleiotropy (MR-Egger regression intercept = -3.6 × 10-5; SE = 0.00012; directionality p = 0.772).”

	
	d)
	When relevant, report and compare with estimates from non-MR analyses
	
	Answer: “The symptomatic similarities between GERD and cholecystitis exceed chance expectations, increasing the likelihood of diagnostic errors and compromising patient treatment and outcomes. Vagus nerve abnormalities lead to dyskinesia and paresthesia in the gastroesophageal and biliary systems, and some studies have reported an increased incidence of GERD after cholecystectomy, suggesting that there may be a connection between GERD and cholecystitis, or due to neurological or endocrine factors.”

	
	e)
	Consider additional plots to visualize results (e.g., leave-one-out analyses)
	
	Answer: “Asymmetry in the funnel plot indicated directional horizontal pleiotropy; however, there was no evidence of asymmetry (Fig. 4). Moreover, the leave-one-out analysis results were stable when each SNP was discarded one by one (Fig. 5).”

	
	DISCUSSION
	
	
	

	14
	Key results 
	Summarize key results with reference to study objectives
	
	Answer: “In this study, we conducted a two-sample MR analysis to evaluate the causal association between GERD and cholecystitis. Our analysis demonstrated that genetically-predicted GERD was significantly associated with an increased risk of cholecystitis.”

	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 
	
	Answer: “First, the reliance on self-reported GERD diagnosis may have affected the reliability of the MR results. The lack of a detailed classification of GERD in the current GWAS study limits our ability to investigate the causal relationship between GERD and cholecystitis. To address this issue, future investigations should use GWAS data for GERD diagnosis based solely on the ICD criteria to validate the findings presented herein. In addition, due to the lack of sufficient IVs for GERD subtypes, the inverse causal relationship between GERD subtypes and GM needs to be further explored in the future. Second, the summary GWAS data for GERD and cholecystitis were obtained exclusively from individuals of European descent, thereby limiting the generalizability of our findings to the broader population. Considering the potential influence of race and selection bias on causality, additional MR studies involving diverse populations are warranted. Furthermore, genetic variants may have a negligible impact on a given exposure (GERD), because they may account for only a small proportion of the variance. Therefore, this study may have been underpowered in terms of detection of such associations. Third, two-sample MR studies may involve over-identification, leading to an overestimation of the association between SNP and exposure. Additionally, the causal effects of GERD on cholecystitis appeared modest, indicating a relatively low risk of cholecystitis as a secondary outcome of GERD. Nevertheless, the absence of pleiotropy in the modest MR estimates provides reassurance of the robustness of the MR estimates. Notably, this study is the first to investigate of the causal relationship between GERD and cholecystitis.”

	16
	Interpretation
	
	
	

	
	a)
	Meaning: Give a cautious overall interpretation of results in the context of their limitations and in comparison with other studies
	
	Answer: “The present MR study provides compelling evidence that the mechanisms underlying the effects of GERD on cholecystitis risk are noteworthy. Further investigations are warranted to gain a more comprehensive understanding of these mechanisms. However, we continue to emphasize the need for independent MR studies, large prospective trials, and basic experiments in relevant laboratories to validate our findings using more accurate population data on cholecystitis and GERD.”

	
	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 
	
	Answer: “The motor function of the gastroesophageal and biliary tract systems is regulated by nervous and humoral factors, among which the enteric nervous system (ENS), which is mainly composed of peptitineural nerves, plays the most important role. The ENS-interstitial cells of Cajal (ICC)-smooth muscle cells (SMC) network structure is the basic functional unit of gastrointestinal motility. Therefore, GERD and cholecystitis are closely related to vagus nerve abnormalities and ICC abnormalities. This may exacerbate cholestasis, resulting in the onset of cholecystitis, accompanied by intractable dyspepsia. Patients with cholecystitis are prone to bile reflux, and the main damage caused by bile reflux to the esophageal mucosa is bile acids. When the concentration of bile acids exceeds the physiological level or the action time is prolonged, the intracellular bile acid concentration is too high, which destroys the intracellular membrane system and leads to cell necrosis, while the stimulation of bile salts can cause the expression of oxidative stress-related genes, induce DNA damage, and eventually lead to mucosal erosion and ulceration. Understanding the underlying mechanisms may be valuable in preventing and treating cholecystitis symptoms in patients with GERD, therefore, further research should be conducted to better elucidate the mechanisms.”

	
	c)
	Clinical relevance: Discuss whether the results have clinical or public policy relevance, and to what extent they inform effect sizes of possible interventions
	
	Answer: “Our MR analysis establishes a causal relationship between GERD and cholecystitis, particularly an increased risk of cholecystitis in patients with genetically-predicted GERD. However, further studies are required to elucidate the fundamental mechanisms underlying this causal association.”

	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
	
	Answer: “The summary GWAS data for GERD and cholecystitis were obtained exclusively from individuals of European descent, thereby limiting the generalizability of our findings to the broader population. Considering the potential influence of race and selection bias on causality, additional MR studies involving diverse populations are warranted. Furthermore, genetic variants may have a negligible impact on a given exposure (GERD), because they may account for only a small proportion of the variance. Therefore, this study may have been underpowered in terms of detection of such associations.”

	
	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
	
	Answer: “This work was supported by grants from the Wuxi Health Commission Youth Project (Q202242), Top Talent Support Program for Young and Middle-Aged People of the Wuxi Health Committee (HB2023046), and the National Natural Science Foundation of China (82303117).”

	19
	Data and data sharing 
	Provide the data used to perform all analyses or report where and how the data can 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
	
	Answer: “The datasets utilized in this study, namely the GWAS for GERD and cholecystitis, were obtained from publicly accessible databases of large-scale genome-wide association studies.”

	20
	Conflicts of Interest  
	All authors should declare all potential conflicts of interest
	
	Answer: “The authors declare that they have no competing interests.”
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