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
	1
	Exploring glucagon-like peptide-1 receptor agonists as potential disease-modifying agent in mental disorders: evidence from a drug target mendelian randomization

	
	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
	4
	Mendelian randomization (MR) is a widely used method in human genetics for inferring causal relationships between exposures and complex disease outcomes. Compared to observational epidemiology, MR offers several advantages, such as controlling for non-genetic environmental confounders and using genetic instruments to assess exposure effects without needing to measure the exposure in outcome groups. MR employs genetic variants as instrumental variables (IVs), which are closely associated with the exposure of interest, to test whether the genetic variant’s influence on the exposure leads to a proportional effect on the outcome.
In epidemiological research, randomized controlled trials (RCTs) are considered the gold standard for establishing causal relationships between exposures and outcomes. However, many associations observed in epidemiological studies fail to replicate in RCTs due to confounding, reverse causation, and various biases. Although RCTs are the primary tool for determining causal relationships, their high cost is a significant limitation. To address this, MR has emerged as a valuable epidemiological method for inferring causal relationships between exposures and disease outcomes, leveraging the rapid identification of genetic variants associated with complex traits in large genome-wide association studies (GWAS).

	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
	5
	MR operates on the principle of Mendel’s second law, where alleles segregate independently during gamete formation, akin to the random allocation in RCTs. This genetic randomization helps form groups with similar clinical characteristics, thereby reducing confounding. Recent advancements in MR focus on estimating causal effects using genetic markers as IVs. With many large-scale GWAS providing extensive genomic data, MR offers a cost-effective alternative to RCTs for evaluating causal relationships between exposures and outcomes.

	
	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: 
	5
	Fig. 1 provides a comprehensive overview of the study. We first selected genetic instruments for GLP-1R and conducted a drug target MR to explore the causal relationship between GLP-1R gene activation and 12 psychiatric disorder outcomes. A positive control analysis was performed to examine the association between the exposures of interest and type 2 diabetes, ensuring the reliability of the genetic instruments. The analysis was then replicated in the FinnGen study, PGC, and UKB to confirm the drug target MR findings and to meta-analyze the results. All studies included in our analysis were approved by the relevant institutional review boards and informed consent was obtained from all participants.

	
	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.
	5
	We first selected genetic instruments for GLP-1R and conducted a drug target MR to explore the causal relationship between GLP-1R gene activation and 12 psychiatric disorder outcomes.

	
	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 
	5
	A positive control analysis was performed to examine the association between the exposures of interest and type 2 diabetes, ensuring the reliability of the genetic instruments.

	
	c)
	Describe measurement, quality control and selection of genetic variants
	5-6
	In this study, we included GLP-1RAs, approved by the FDA for blood glucose and weight regulation, as an exposure. As shown in Fig. 1, cis-eQTLs for the target gene (GLP-1R) served as proxies for exposure to GLP-1RAs. We obtained summary-level data for these cis-eQTLs, which included 235 single-nucleotide polymorphisms (SNPs), from the eQTLGen Consortium (https://www.eqtlgen.org/). Details are provided in Supplementary Table S1. Common cis-eQTL SNPs (minor allele frequency [MAF] >1%) significantly (p<5.0×10−8) associated with GLP-1R expression in blood were selected as instrumental variables. To minimize the influence of linkage disequilibrium (LD), we included SNPs with low weak LD (r2<0.001). Besides, SNPs within the human major histocompatibility complex (MHC) region (chr6: from 26 Mb to 34 Mb) were removed, as the LD patterns of SNPs in the MHC region are complex. Subsequently, LD analysis was conducted within a 10,000 kb window to remove SNPs with an r2 > 0.001. Strength of each SNP as an instrument was assessed using the F-statistic, calculated as mean β2/σ2, where β represents the effect size of SNP on the exposure (i.e., the allelic difference in exposure) and σ is the standard error of β. A high F-statistic (>10) indicates minimal risk of weak instrument bias, which is crucial in MR studies (12-14). Thus, only SNPs with F-statistics exceeding 10 were retained for further analysis. Additionally, the proportion of exposure variance explained by instrumental variables was evaluated using R2, computed as R2 = 2 EAF (1 – EAF) β2, where EAF denotes the effect allele frequency of the exposure. We also assessed the association between these genetic instruments and type 2 diabetes as a proxy for GLP-1R agonist exposure. Finally, to address potential pleiotropic effects, we excluded SNPs associated with other potential confounders identified through PhenoScanner (http://www.phenoscanner.medschl.cam.ac.uk/).

	
	d)
	For each exposure, outcome, and other relevant variables, describe methods of assessment and diagnostic criteria for diseases
	6-7
	To minimize potential bias due to population diversity, we restricted our drug target MR analysis to participants of European ancestry. Type 2 diabetes data were extracted based on 4 cohorts, which in total included 107,133 cases and 656,672 controls (Supplementary Table S2). We gathered GWAS summary-level data for 12 common types of psychiatric disorder, including schizophrenia, anxiety disorders, bipolar disorder, bulimia nervosa, PTSD, autism, OCD, anorexia nervosa, broad depression, MDD, and suicide or other intentional self-harm, from large-scale consortia

	
	e)
	Provide details of ethics committee approval and participant informed consent, if relevant
	5
	All studies included in our analysis were approved by the relevant institutional review boards and informed consent was obtained from all participants.

	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
	5-6
	Common cis-eQTL SNPs (minor allele frequency [MAF] >1%) significantly (p<5.0×10−8) associated with GLP-1R expression in blood were selected as instrumental variables. To minimize the influence of linkage disequilibrium (LD), we included SNPs with low weak LD (r2<0.001). Besides, SNPs within the human major histocompatibility complex (MHC) region (chr6: from 26 Mb to 34 Mb) were removed, as the LD patterns of SNPs in the MHC region are complex. Subsequently, LD analysis was conducted within a 10,000 kb window to remove SNPs with an r2 > 0.001. Strength of each SNP as an instrument was assessed using the F-statistic, calculated as mean β2/σ2, where β represents the effect size of SNP on the exposure (i.e., the allelic difference in exposure) and σ is the standard error of β. A high F-statistic (>10) indicates minimal risk of weak instrument bias, which is crucial in MR studies (12-14). Thus, only SNPs with F-statistics exceeding 10 were retained for further analysis. Additionally, the proportion of exposure variance explained by instrumental variables was evaluated using R2, computed as R2 = 2 EAF (1 – EAF) β2, where EAF denotes the effect allele frequency of the exposure. We also assessed the association between these genetic instruments and type 2 diabetes as a proxy for GLP-1R agonist exposure. Finally, to address potential pleiotropic effects, we excluded SNPs associated with other potential confounders identified through PhenoScanner (http://www.phenoscanner.medschl.cam.ac.uk/).

	6
	Statistical methods: main analysis
	Describe statistical methods and statistics used
	7-8
	We performed MR analysis using the "TwoSampleMR" R package (version 0.5.8). The associations between cis-eQTLs and outcomes were calculated as odds ratios (ORs) with corresponding confidence intervals (CIs) using the random-effects inverse-variance weighted (IVW) method. A positive control analysis was conducted to validate the genetic instruments for GLP-1R by verifying the association of genetic instruments from eQTLs with type 2 diabetes, given that GLP-1R agonists are FDA-approved for blood glucose and weight control.
Additionally, MR-PRESSO was employed to detect outlier genetic variants using “MR-PRESSO” R package (version 1.0), and the MR-Egger intercept test was used to evaluate horizontal pleiotropy. Cochrane’s Q test was performed to assess heterogeneity in IVW estimators, with a P value < 0.05 indicating significant heterogeneity.
For the meta-analysis, estimated ORs and 95% CIs were used. Heterogeneity across studies was evaluated using the I2 statistic, with I2 > 50% indicating significant heterogeneity. To mitigate the influence of heterogeneity, all analyses were conducted using a random-effects model. A probability value < 0.05 was considered statistically significant. All analyses were performed using R software (version 4.3.0).

	
	a)
	Describe how quantitative variables were handled in the analyses (i.e., scale, units, model)
	7
	The associations between cis-eQTLs and outcomes were calculated as odds ratios (ORs) with corresponding confidence intervals (CIs) using the random-effects inverse-variance weighted (IVW) method.

	
	b)
	Describe how genetic variants were handled in the analyses and, if applicable, how their weights were selected
	7
	A positive control analysis was conducted to validate the genetic instruments for GLP-1R by verifying the association of genetic instruments from eQTLs with type 2 diabetes, given that GLP-1R agonists are FDA-approved for blood glucose and weight control.

	
	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
	7-8
	Additionally, MR-PRESSO was employed to detect outlier genetic variants using “MR-PRESSO” R package (version 1.0), and the MR-Egger intercept test was used to evaluate horizontal pleiotropy. Cochrane’s Q test was performed to assess heterogeneity in IVW estimators, with a P value < 0.05 indicating significant heterogeneity.

	
	d)
	Explain how missing data were addressed
	7-8
	Additionally, MR-PRESSO was employed to detect outlier genetic variants using “MR-PRESSO” R package (version 1.0), and the MR-Egger intercept test was used to evaluate horizontal pleiotropy.

	
	e)
	If applicable, indicate how multiple testing was addressed
	8
	For the meta-analysis, estimated ORs and 95% CIs were used. Heterogeneity across studies was evaluated using the I2 statistic, with I2 > 50% indicating significant heterogeneity. To mitigate the influence of heterogeneity, all analyses were conducted using a random-effects model. A probability value < 0.05 was considered statistically significant. All analyses were performed using R software (version 4.3.0).

	7
	Assessment of assumptions
	Describe any methods or prior knowledge used to assess the assumptions or justify their validity	
	8
	We selected 4 significant cis-eQTL SNPs from eQTLGen as genetic instruments for the GLP-1R target gene. The F statistic for all instrument variants was over 74, indicating no bias from weak instruments (Supplementary Table S3).

	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)
	7-8
	Additionally, MR-PRESSO was employed to detect outlier genetic variants using “MR-PRESSO” R package (version 1.0), and the MR-Egger intercept test was used to evaluate horizontal pleiotropy. Cochrane’s Q test was performed to assess heterogeneity in IVW estimators, with a P value < 0.05 indicating significant heterogeneity.

	9
	Software and pre-registration
	
	
	

	
	a)
	Name statistical software and package(s), including version and settings used 
	7
	We performed MR analysis using the "TwoSampleMR" R package (version 0.5.8).

	
	b)
	State whether the study protocol and details were pre-registered (as well as when and where)
	5
	The study conforms to the STROBE guideline.

	
	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
	5
	Fig. 1 provides a comprehensive overview of the study. We first selected genetic instruments for GLP-1R and conducted a drug target MR to explore the causal relationship between GLP-1R gene activation and 12 psychiatric disorder outcomes. A positive control analysis was performed to examine the association between the exposures of interest and type 2 diabetes, ensuring the reliability of the genetic instruments. The analysis was then replicated in the FinnGen study, PGC, and UKB to confirm the drug target MR findings and to meta-analyze the results. All studies included in our analysis were approved by the relevant institutional review boards and informed consent was obtained from all participants.

	
	b)
	Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant variables (e.g. means, SDs, proportions)
	8
	We selected 4 significant cis-eQTL SNPs from eQTLGen as genetic instruments for the GLP-1R target gene. The F statistic for all instrument variants was over 74, indicating no bias from weak instruments (Supplementary Table S3). In addition, the result of positive control proved that the intervention significantly decreased the risk of type 2 diabetes (OR [95% CI] = 0.90 [0.88 - 0.92], P<0.001). This finding was consistent across different studies, including FinnGen (OR [95% CI] = 0.95 [0.88 - 1.03]), Cai L (OR [95% CI] = 0.89 [0.87 - 0.91]), UK Biobank (OR [95% CI] = 0.90 [0.87 - 0.95]), and Xue A (OR [95% CI] = 0.86 [0.74 - 1.00]).

	
	c)
	If the data sources include meta-analyses of previous studies, provide the assessments of heterogeneity across these studies
	Not applicable.
	

	
	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
	8
	We selected 4 significant cis-eQTL SNPs from eQTLGen as genetic instruments for the GLP-1R target gene. The F statistic for all instrument variants was over 74, indicating no bias from weak instruments (Supplementary Table S3). In addition, the result of positive control proved that the intervention significantly decreased the risk of type 2 diabetes (OR [95% CI] = 0.90 [0.88 - 0.92], P<0.001). This finding was consistent across different studies, including FinnGen (OR [95% CI] = 0.95 [0.88 - 1.03]), Cai L (OR [95% CI] = 0.89 [0.87 - 0.91]), UK Biobank (OR [95% CI] = 0.90 [0.87 - 0.95]), and Xue A (OR [95% CI] = 0.86 [0.74 - 1.00]).

	11
	Main results
	
	
	

	
	a)
	Report the associations between genetic variant and exposure, and between genetic variant and outcome, preferably on an interpretable scale
	8
	We selected 4 significant cis-eQTL SNPs from eQTLGen as genetic instruments for the GLP-1R target gene. The F statistic for all instrument variants was over 74, indicating no bias from weak instruments (Supplementary Table S3). In addition, the result of positive control proved that the intervention significantly decreased the risk of type 2 diabetes (OR [95% CI] = 0.90 [0.88 - 0.92], P<0.001). This finding was consistent across different studies, including FinnGen (OR [95% CI] = 0.95 [0.88 - 1.03]), Cai L (OR [95% CI] = 0.89 [0.87 - 0.91]), UK Biobank (OR [95% CI] = 0.90 [0.87 - 0.95]), and Xue A (OR [95% CI] = 0.86 [0.74 - 1.00]).

	
	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
	8-9
	MR analysis revealed a significant protective effect of higher GLP-1R gene expression in blood on certain psychiatric disorder using the IVW method. These psychiatric disorder include schizophrenia (OR [95% CI] = 0.72 [0.61 - 0.86], P<0.001), anxiety disorders (OR [95% CI] = 0.87 [0.77 - 0.98], P<0.001), bipolar disorder(OR [95% CI] = 0.91 [0.88 - 0.94], P<0.001), bulimia nervosa(OR [95% CI] = 0.34 [0.23 - 0.52], P<0.001), PTSD (OR [95% CI] = 0.45 [0.31 - 0.67], P<0.001), and autism(OR [95% CI] = 0.55 [0.32 - 0.93], P<0.001). Conversely, the IVW-MR analysis suggested an increased risk for as well as an increased risk of OCD (OR [95% CI] = 2.30 [1.26 - 4.22], P<0.001) with increased GLP-1R expression. There was no evidence supporting an association between GLP-1R gene expression and anorexia nervosa, broad depression, MDD, and suicide or other intentional self-harm. All the detailed results of these associations are provided in Supplementary Table S3. The Cochrane Q statistics and MR-Egger intercept test indicated no statistical heterogeneity or horizontal pleiotropy in the IVW-MR analysis (Supplementary Table S5 and S6).

	
	c)
	If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	Not applicable.
	

	
	d)
	Consider plots to visualize results (e.g. forest plot, scatterplot of associations between genetic variants and outcome versus between genetic variants and exposure)
	8-9
	Figure2

	12
	Assessment of assumptions
	
	
	

	
	a)
	Report the assessment of the validity of the assumptions
	9-10
	We validated our findings using summary GWAS data from the FinnGen(R9), UK Biobank, and the Psychiatric Genomics Consortium. Some results could only be derived from a single database and could not be validated; these limitations will be discussed in the discussion section.
Consistent results were observed across the FinnGen, UKB, PGC, and other GWAS datasets, with both the common effect model and random effects model showing the same trends for anxiety disorders(FinnGen: OR = 0.81, 95% CI = [0.76, 0.87], UKB: OR = 0.92, 95% CI = [0.91, 0.92], Common Effect Model: OR = 0.92, 95% CI = [0.91, 0.92], Random Effects Model: OR = 0.87, 95% CI = [0.77, 0.98]), autism(FinnGen: OR = 0.42, 95% CI = [0.32, 0.54], PGC: OR = 0.71, 95% CI = [0.58, 0.87], Common Effect Model: OR = 0.59, 95% CI = [0.50, 0.69], Random Effects Model: OR = 0.55, 95% CI = [0.32, 0.93]), and schizophrenia (FinnGen: OR = 0.65, 95% CI = [0.56, 0.76], Sakaue S: OR = 0.78, 95% CI = [0.76, 0.80], Common Effect Model: OR = 0.77, 95% CI = [0.76, 0.79], Random Effects Model: OR = 0.72, 95% CI = [0.61, 0.86]). For bipolar disorder, significant results were found in Hou L’s study (Hou L: OR = 0.90, 95% CI = [0.88, 0.93]) but not in Stahl, E’s study (Stahl E: OR = 0.93, 95% CI = [0.81, 1.05]), however, both fixed-effects and random-effects models exhibited the same trends, showing that GLP-1R expression reduces the risk of bipolar disorder (Common Effect Model: OR = 0.91, 95% CI = [0.88, 0.94]; Random Effects Model: OR = 0.91, 95% CI = [0.88, 0.94]). Therefore, we conclude that GLP-1RA reduces the risk of anxiety disorders, autism, schizophrenia, and bipolar disorder.

	
	b)
	Report any additional statistics (e.g., assessments of heterogeneity across genetic variants, such as I2, Q statistic or E-value)
	9
	The Cochrane Q statistics and MR-Egger intercept test indicated no statistical heterogeneity or horizontal pleiotropy in the IVW-MR analysis (Supplementary Table S5 and S6).

	13
	Sensitivity analyses and additional analyses
	
	
	

	
	a)
	Report any sensitivity analyses to assess the robustness of the main results to violations of the assumptions
	9
	The Cochrane Q statistics and MR-Egger intercept test indicated no statistical heterogeneity or horizontal pleiotropy in the IVW-MR analysis (Supplementary Table S5 and S6).

	
	b)
	Report results from other sensitivity analyses or additional analyses
	9
	The Cochrane Q statistics and MR-Egger intercept test indicated no statistical heterogeneity or horizontal pleiotropy in the IVW-MR analysis (Supplementary Table S5 and S6).

	
	c)
	Report any assessment of direction of causal relationship (e.g., bidirectional MR)
	9
	There was no evidence supporting an association between GLP-1R gene expression and anorexia nervosa, broad depression, MDD, and suicide or other intentional self-harm. All the detailed results of these associations are provided in Supplementary Table S3. The Cochrane Q statistics and MR-Egger intercept test indicated no statistical heterogeneity or horizontal pleiotropy in the IVW-MR analysis (Supplementary Table S5 and S6).

	
	d)
	When relevant, report and compare with estimates from non-MR analyses
	Not applicable.
	

	
	e)
	Consider additional plots to visualize results (e.g., leave-one-out analyses)
	9
	There was no evidence supporting an association between GLP-1R gene expression and anorexia nervosa, broad depression, MDD, and suicide or other intentional self-harm. All the detailed results of these associations are provided in Supplementary Table S3. The Cochrane Q statistics and MR-Egger intercept test indicated no statistical heterogeneity or horizontal pleiotropy in the IVW-MR analysis (Supplementary Table S5 and S6).

	
	DISCUSSION
	
	
	

	14
	Key results 
	Summarize key results with reference to study objectives
	10-11
	We comprehensively analyzed the results from FinnGen, UKB, PGC, and other meta-GWASs studies to explore the causal relationship between GLP-1R agonists and 12 psychiatric disorders. We found that the use of GLP-1RA was associated with a reduced risk of schizophrenia, anxiety disorders, bipolar disorder, bulimia nervosa, PTSD and autism. Notably, consistent results for anxiety disorders, autism, and schizophrenia were observed across multiple databases. Although significant results for bipolar disorder were found in Hou L’s study but not in Stahl E’s study, the combined analysis using both the common effect model and the random effect model indicated that GLP-1R agonists reduce the risk of bipolar disorder. However, there was a slight increase in the risk of OCD with the use of GLP-1R agonists. Additionally, we found that GLP-1R agonists did not increase the risk of anorexia nervosa, broad depression, major depressive disorder, or suicide and other intentional self-harm.

	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 
	15-16
	When interpreting our results, several limitations should be considered. Firstly, while we found that the use of GLP-1RAs was associated with a reduced incidence of anxiety disorder, autism, bulimia nervosa, PTSD, and schizophrenia, the associations for bulimia nervosa and PTSD were only reflected in the drug-target MR findings from the FinnGen study. There have been no clinical trials specifically targeting the use of GLP-1RAs in patients with PTSD or OCD, so clinical evidence to validate our findings is lacking. Secondly, the results for bipolar disorder and OCD showed discrepancies across different meta-GWAS databases. Although the common effect model and random effects model showed consistent trends for bipolar disorder, only the PGC results for OCD were significant, whereas the FinnGen results were not, and neither model showed significant results for OCD. These inconsistencies may be due to differences in the study populations, highlighting the need for larger GWAS samples and long-term follow-up RCTs in the future. Thirdly, our analyses were conducted exclusively in participants of European ancestry, so it is unclear whether our findings are applicable to non-European populations. Fourth, we did not explore the association of GLP-1RAs with rarer psychiatric disorders or subtypes of selected disorders. Lastly, our study focused solely on the risk of psychiatric disorder onset, not on disease progression. Future research should examine the potential role of GLP-1RAs in the treatment and prognosis of psychiatric disorders.

	16
	Interpretation
	
	
	

	
	a)
	Meaning: Give a cautious overall interpretation of results in the context of their limitations and in comparison with other studies
	13-15
	When interpreting our results, several limitations should be considered. Firstly, while we found that the use of GLP-1RAs was associated with a reduced incidence of anxiety disorder, autism, bulimia nervosa, PTSD, and schizophrenia, the associations for bulimia nervosa and PTSD were only reflected in the drug-target MR findings from the FinnGen study. There have been no clinical trials specifically targeting the use of GLP-1RAs in patients with PTSD or OCD, so clinical evidence to validate our findings is lacking. Secondly, the results for bipolar disorder and OCD showed discrepancies across different meta-GWAS databases. Although the common effect model and random effects model showed consistent trends for bipolar disorder, only the PGC results for OCD were significant, whereas the FinnGen results were not, and neither model showed significant results for OCD. These inconsistencies may be due to differences in the study populations, highlighting the need for larger GWAS samples and long-term follow-up RCTs in the future. Thirdly, our analyses were conducted exclusively in participants of European ancestry, so it is unclear whether our findings are applicable to non-European populations. Fourth, we did not explore the association of GLP-1RAs with rarer psychiatric disorders or subtypes of selected disorders. Lastly, our study focused solely on the risk of psychiatric disorder onset, not on disease progression. Future research should examine the potential role of GLP-1RAs in the treatment and prognosis of psychiatric disorders.

	
	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 
	15
	Brain insulin resistance is considered a key mechanism linking the pathophysiology of diabetes and broad depression. Insulin signaling pathways are triggered by ligands such as insulin-like growth factors (IGF) 1 and 2 and insulin binding to the transmembrane insulin receptor (IR), activating downstream pathways including PKC, AKT, mTOR, S6K1, and ERK1/2. The functions of IR differ in the brain and peripheral tissues, demonstrating regional specificity. In the brain, IR-A and IR-B are widely expressed in various regions, with neurons primarily expressing IR-A and astrocytes expressing both IR-A and IR-B. IR-A has a high affinity for IGF-2, which may play a crucial role in neurons. Deficiencies in insulin signaling can lead to a range of brain disorders, including broad depression.
Recent evidence suggests that the interaction between insulin and glutamate signaling in excitotoxicity may be significant in brain insulin resistance. Insulin modulates NMDA receptor currents via the IGF-1 receptor pathway and increases the number of functional NMDA receptors. Short-term insulin exposure can improve neuroprotection, while long-term exposure can lead to insulin resistance and exacerbated excitotoxicity.
Additionally, elevated plasma levels of branched-chain amino acids (BCAAs) may play a role in the link between broad depression and type 2 diabetes. Studies indicate that metformin can reduce circulating BCAA levels, enhancing serotonergic neurotransmission in the hippocampus and producing an antidepressant effect.

	
	c)
	Clinical relevance: Discuss whether the results have clinical or public policy relevance, and to what extent they inform effect sizes of possible interventions
	16
	In summary, our study, utilizing multiple analytic approaches, found that GLP-1RAs were associated with protective effects against anxiety disorder, autism, bulimia nervosa, PTSD, schizophrenia, and bipolar disorder, but increased the risk of OCD. Additionally, we found that GLP-1RAs did not increase the risk of anorexia nervosa, broad depression, MDD, or suicide or other intentional self-harm. All these findings need to be evaluated in RCTs with long-term follow-up.

	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
	15-16
	When interpreting our results, several limitations should be considered. Firstly, while we found that the use of GLP-1RAs was associated with a reduced incidence of anxiety disorder, autism, bulimia nervosa, PTSD, and schizophrenia, the associations for bulimia nervosa and PTSD were only reflected in the drug-target MR findings from the FinnGen study. There have been no clinical trials specifically targeting the use of GLP-1RAs in patients with PTSD or OCD, so clinical evidence to validate our findings is lacking. Secondly, the results for bipolar disorder and OCD showed discrepancies across different meta-GWAS databases. Although the common effect model and random effects model showed consistent trends for bipolar disorder, only the PGC results for OCD were significant, whereas the FinnGen results were not, and neither model showed significant results for OCD. These inconsistencies may be due to differences in the study populations, highlighting the need for larger GWAS samples and long-term follow-up RCTs in the future. Thirdly, our analyses were conducted exclusively in participants of European ancestry, so it is unclear whether our findings are applicable to non-European populations. Fourth, we did not explore the association of GLP-1RAs with rarer psychiatric disorders or subtypes of selected disorders. Lastly, our study focused solely on the risk of psychiatric disorder onset, not on disease progression. Future research should examine the potential role of GLP-1RAs in the treatment and prognosis of psychiatric disorders.

	
	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
	17
	This work was supported by grants from the National Natural Science Foundation of China (U21A20364) and Key Technologies Research and Development Program (2018YFC1314600).

	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
	17
	All data sourced from the FinnGen consortium (R9) (https://www.finngen.fi/en), Psychiatric Genomics Consortium (PGC, http://www.med.unc.edu/pgc), and UK Biobank (http://www.ukbiobank.ac.uk/about-biobank-uk/).
All codes are available from the corresponding author through reasonable request.

	20
	Conflicts of Interest  
	All authors should declare all potential conflicts of interest
	16-17
	The authors declare that they have no competing interests.
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