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
	TITLE：Association Between substance addiction and cortical changes in Adults：A Mendelian Randomization Study 
ABSTRACT: main purpose of the study :This study employs Mendelian randomization (MR) to investigate the causal relationship between substance addiction (including alcohol, cannabis, painkillers, sedatives, sleeping pills, and smoking) and cortical changes. Data on substance addiction were sourced from the Psychiatric Genomics Consortium (PGC) and the UK Biobank. Cortical data from the Enigma Consortium were used to examine the relationship between substance addiction and changes in cortical structure. At the regional brain level, addiction may affect the thickness (TH) of bankssts, cuneus, superior temporal, pars triangularis, middle temporal, insula, fusiform, and lingual regions, as well as the surface area (SA) of precentral, postcentral, lateral occipital, inferior parietal, inferior temporal, posterior cingulate, frontal pole, caudal anterior cingulate, pericalcarine, pars triangularis, temporal pole, and lingual regions. The findings suggest that substance use disorders may significantly impact the insula, pars triangularis, and particularly the inferior temporal regions of the brain. This provides new insights into the effects of addictive substances on the cerebral cortex and offers further evidence for the diagnosis of substance use disorders. Additionally, this study may suggest new avenues for treatment in individuals with substance use disorders.

	
	INTRODUCTION
	
	1,2
	The mortality rate associated with substance use disorders is significantly high globally. In 2019, tobacco was the second leading cause of death worldwide, resulting in 8.71 million deaths, which accounting for 15.4% of all deaths. Alcohol consumption, on the other hand, emerged as a primary risk factor for individuals aged 25-491. The impact of substance use disorders extends beyond individual health, significantly affecting national economies and public healthcare resources2,3. Treating addiction is exceptionally challenging, with reports indicating that about two-thirds of smokers in the United States express interest in quitting. However, only one-third of them undergo smoking cessation treatment, and the success rate is less than 10%4. Various substances contribute to addiction, including alcohol, tobacco, opioids, marijuana5.
The mechanisms behind addiction are diverse but often involve the release of dopamine, which activates different regions of the brain cortex6,7. This activation may lead to changes in TH and SA. Research suggests that a decrease in the volume of the frontal and temporal lobes may contribute to higher alcohol intoxication frequency in adolescents8. Alcohol and marijuana negative affects various brain functions in adolescents, including widespread reductions in gray matter volume, cortical TH, subcortical volume, and increased TH of the frontal cortex9. The thinning of the left rostral Anterior Cingulate Cortex, left insular cortex, and left occipital lobe is associated with age in smokers10. Individuals abusing amphetamines exhibit lower cortical gray matter volume and higher striatal volume11. Although these studies describe changes in the brain cortex associated with addiction, observational studies struggle to establish causal relationships between addictive substances and cortical changes. Previous research has limitations, including small sample sizes, potential statistical biases, limited generalizability due to studying specific age groups, genders, or populations, and variations in the methods used to interpret study results. Additionally, confounding factors such as pre-existing smoking behaviors, mental disorders, and hypertension may influence study participants.
MR employs a randomized control trial-like approach to investigate the causal relationship between genetic factors and traits, effectively minimizing the impact of confounding factors on experiments12,13. Using MR, researchers have explored and published findings on several risk factors for substance use disorders and the causal relationships between substance use disorders and other diseases 14-16. However, the causal relationship between substance use disorders and changes in the cerebral cortex remains unknown. 
Two-sample MR analysis utilizes summary statistics from genome-wide association studies (GWAS), thereby avoiding biases associated with analyzing individual-level data. Based on publicly available GWAS data, we conducted a two-sample MR analysis to determine the impact of substance addiction on cortical brain structure.
Within the framework of MR analysis, we used human genome-wide genetic data related to alcohol, marijuana, drug, and cigarette abuse to predict changes in cortical TH and SA of the human brain. We segmented the human brain cortex into different functional areas for detailed analysis. Based on our preliminary research, we hypothesize that substance addiction may alter cortical TH and SA to varying degrees. Our results provide new insights into the impact of substance use disorders on the human brain cortex. Our research findings offer valuable reference for future related experiments.

	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
	2
	Exposure: alcohol, marijuana, drug, and cigarette abuse
Causal: The mechanisms behind addiction are diverse but often involve the release of dopamine, which activates different regions of the brain cortex. This activation may lead to changes in TH and SA. Research suggests that a decrease in the volume of the frontal and temporal lobes may contribute to higher alcohol intoxication frequency in adolescents8. Alcohol and marijuana negative affects various brain functions in adolescents, including widespread reductions in gray matter volume, cortical TH, subcortical volume, and increased TH of the frontal cortex. The thinning of the left rostral Anterior Cingulate Cortex, left insular cortex, and left occipital lobe is associated with age in smokers. Individuals abusing amphetamines exhibit lower cortical gray matter volume and higher striatal volume.
MR: MR employs a randomized control trial-like approach to investigate the causal relationship between genetic factors and traits, effectively minimizing the impact of confounding factors on experiments12,13. Using MR, researchers have explored and published findings on several risk factors for substance use disorders and the causal relationships between substance use disorders and other diseases 14-16.

	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
	2
	Two-sample MR analysis utilizes summary statistics from genome-wide association studies (GWAS), thereby avoiding biases associated with analyzing individual-level data. Based on publicly available GWAS data, we conducted a two-sample MR analysis to determine the impact of substance addiction on cortical brain structure.

	
	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: 
	
	

	
	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.
	11
	Publicly available datasets were analyzed in this study. All data used in this work can be acquired from the PGC (https://pgc.unc.edu/), UK Biobank (http://www.nealelab.is/uk-biobank) and ENIGMA Consortium (https://enigma.ini.usc.edu/).

	
	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 
	8,9
	Data on alcohol and marijuana abuse were sourced from the PGC (https://pgc.unc.edu/), using European population data. The GWAS data for alcohol abuse were obtained from participants in the UK Biobank and 23andMe, who completed the Alcohol Use Disorders Identification Test (AUDIT). This included three evaluation methods: AUDIT total score, AUDIT-C score, and AUDIT-P score. The more comprehensive AUDIT total score was selected as the evaluation criterion (n=141,932)[17]. The GWAS data for abnormal marijuana use were derived from samples from PGC, iPSYCH, and deCODE. PGC cases met the DSM-IV (or DSM-III-R) lifetime diagnostic criteria for marijuana abuse or dependence, iPSYCH cases originated from the Danish Psychiatric Central Research Register[18], and deCODE cases met the lifetime diagnostic criteria for DSM-III-R or DSM-IV marijuana abuse or dependence (n=357,806, 14,080 cases, 343,726 controls)[19]. Data on drug and cigarette abuse were obtained from the UK Biobank, with 94% of participants being of European descent, aged 40 to 69 (https://www.ukbiobank.ac.uk/). These participants completed detailed and validated questionnaires, providing information on sociodemographic variables, environmental exposure, and behavior. Genetic typing was conducted for all individuals[20]. The identification of different drug addictions in the "thoughts and feelings" psychological health questionnaire involved questions such as "Was this addiction or dependence to one of the following? (tick all that apply)," including addiction to painkillers (n=116,746) and addiction to sedatives and sleeping pills (n=116,746). Smoking addiction was assessed by the question "Do you smoke tobacco now?" (n=91,353). The summary information on the sources of substance addiction can be referred to in Supplementary Table S1. Participants from all data sources provided written informed consent, and the study received approval from local research ethics committees.


	
	c)
	Describe measurement, quality control and selection of genetic variants
	9
	Firstly, the maximum sample overlap rate between exposure and outcome was calculated, and data with an overlap rate >15% were excluded. The Criteria for selecting instrumental variables (IVs) included: (1) GWAS-related P-values (5×10-7 for alcohol abuse, 5×10-7 for abnormal marijuana use, 5×10-6 for painkiller addiction, 5×10-6 for sedative and sleeping pill addiction, and 5×10-6 for smoking addiction). (2) F-statistic quantifies the strength of IV. SNPs with an F-statistic <10 were excluded, as the F-statistic quantifies the strength of the IV. (3) Linkage disequilibrium (LD): r²<0.001 and the distance to the target gene of the index variant < 1MB[23]. (4) Examination on the PhenoScanner platform to check if these SNPs are associated with potential risk factors (such as smoking, drinking, neurological disorders, hypertension, intelligence, and education) (http://www.phenoscanner.medschl.cam.ac.uk/)[24-29]. (5) Using MR Pleiotropy RESidual Sum and Outlier (MRPRESSO) to remove potential outliers before each MR analysis when levels of pleiotropy were found in less than 50% of IV[30].


	
	d)
	For each exposure, outcome, and other relevant variables, describe methods of assessment and diagnostic criteria for diseases
	10
	We employed three main methods for MR analysis: Inverse Variance Weighted (IVW), MR Egger, and Weighted Median. The IVW method served as the primary analysis, while MR Egger and Weighted Median were used to enhance the reliability of IVW estimates. 
The IVW method: This method assumes no bias between exposure and outcome, estimating the causal relationship through inverse variance-weighted regression, thereby reducing the impact of less stable estimates[31].
MR Egger method: This method accounts for horizontal pleiotropy by testing the intercept of the regression line to detect its presence, requiring that pleiotropy is independent of variation-exposure associations[32].
Weighted Median method: This method handles potential horizontal pleiotropy by averaging the effect estimates of multiple genetic instruments, with weights based on the accuracy of each genetic tool's effect estimate. 
If the IVW estimates are significantly different, a stricter instrument P-value threshold is used, followed by a re-analysis of MR[33]. For significant estimates, further evaluation of pleiotropy is conducted through MR Egger intercept tests and funnel plot analysis[32]. Cochran's Q test is used to assess possible heterogeneity[34]. These methods collectively ensure robust and reliable MR analysis outcomes.

	
	e)
	Provide details of ethics committee approval and participant informed consent, if relevant
	10
	Ethics This study used publicly available de-identified data from participant studies that were approved by an ethical standards committee with respect to human experimentation. No separate ethical approval was required in this study.

	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
	9
	Firstly, the maximum sample overlap rate between exposure and outcome was calculated, and data with an overlap rate >15% were excluded. The Criteria for selecting instrumental variables (IVs) included: (1) GWAS-related P-values (5×10-7 for alcohol abuse, 5×10-7 for abnormal marijuana use, 5×10-6 for painkiller addiction, 5×10-6 for sedative and sleeping pill addiction, and 5×10-6 for smoking addiction). (2) F-statistic quantifies the strength of IV. SNPs with an F-statistic <10 were excluded, as the F-statistic quantifies the strength of the IV. (3) Linkage disequilibrium (LD): r²<0.001 and the distance to the target gene of the index variant < 1MB[23]. (4) Examination on the PhenoScanner platform to check if these SNPs are associated with potential risk factors (such as smoking, drinking, neurological disorders, hypertension, intelligence, and education) (http://www.phenoscanner.medschl.cam.ac.uk/)[24-29]. (5) Using MR Pleiotropy RESidual Sum and Outlier (MRPRESSO) to remove potential outliers before each MR analysis when levels of pleiotropy were found in less than 50% of IV[30].


	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)
	9
	GWAS data related to cerebral cortex structure were obtained from the Enigma Consortium (https://enigma.ini.usc.edu/)[21]. The cerebral cortex was divided into 34 regions using the Desikan-Killiany atlas, with region boundaries determined based on the anatomy of the sulci, and data were averaged between the two hemispheres[22]. The study included a total of 51,665 individuals whose brain cortex TH and SA were measured using magnetic resonance imaging (MRI), with approximately 94% of individuals being of European descent (Supplementary Table S2). MR analysis was performed using data on alcohol, marijuana, drug, and cigarette abuse, considering the total TH and SA of the entire cortex, as well as TH and SA of 34 known functionally specialized regions of the cortex, both globally weighted and unweighted.

	
	b)
	Describe how genetic variants were handled in the analyses and, if applicable, how their weights were selected
	9
	Firstly, the maximum sample overlap rate between exposure and outcome was calculated, and data with an overlap rate >15% were excluded. The Criteria for selecting instrumental variables (IVs) included: (1) GWAS-related P-values (5×10-7 for alcohol abuse, 5×10-7 for abnormal marijuana use, 5×10-6 for painkiller addiction, 5×10-6 for sedative and sleeping pill addiction, and 5×10-6 for smoking addiction). (2) F-statistic quantifies the strength of IV. SNPs with an F-statistic <10 were excluded, as the F-statistic quantifies the strength of the IV. (3) Linkage disequilibrium (LD): r²<0.001 and the distance to the target gene of the index variant < 1MB[23]. (4) Examination on the PhenoScanner platform to check if these SNPs are associated with potential risk factors (such as smoking, drinking, neurological disorders, hypertension, intelligence, and education) (http://www.phenoscanner.medschl.cam.ac.uk/)[24-29]. (5) Using MR Pleiotropy RESidual Sum and Outlier (MRPRESSO) to remove potential outliers before each MR analysis when levels of pleiotropy were found in less than 50% of IV[30].

	
	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
	10
	We employed three main methods for MR analysis: Inverse Variance Weighted (IVW), MR Egger, and Weighted Median. The IVW method served as the primary analysis, while MR Egger and Weighted Median were used to enhance the reliability of IVW estimates. 
The IVW method: This method assumes no bias between exposure and outcome, estimating the causal relationship through inverse variance-weighted regression, thereby reducing the impact of less stable estimates[31].
MR Egger method: This method accounts for horizontal pleiotropy by testing the intercept of the regression line to detect its presence, requiring that pleiotropy is independent of variation-exposure associations[32].
Weighted Median method: This method handles potential horizontal pleiotropy by averaging the effect estimates of multiple genetic instruments, with weights based on the accuracy of each genetic tool's effect estimate. 
If the IVW estimates are significantly different, a stricter instrument P-value threshold is used, followed by a re-analysis of MR[33]. For significant estimates, further evaluation of pleiotropy is conducted through MR Egger intercept tests and funnel plot analysis[32]. Cochran's Q test is used to assess possible heterogeneity[34]. These methods collectively ensure robust and reliable MR analysis outcomes.


	[bookmark: _Hlk175428726]
	d)
	Explain how missing data were addressed
	10
	(6) If there is missing data, remove it.

	
	e)
	If applicable, indicate how multiple testing was addressed
	10
	All analyses were performed using R (version 4.2.3) and the TwoSampleMR package (version 0.5.6). In global-level MR analysis, a P-value less than 0.05 was considered significant. Given that a total of 680 region-level MR analyses were conducted, the Bonferroni-corrected p-value was set at 0.05/680 (7.35×10-5), and p-values less than 0.05 but greater than 7.35×10-5 were considered nominally significant.


	7
	Assessment of assumptions
	Describe any methods or prior knowledge used to assess the assumptions or justify their validity	
	9
	(1) GWAS-related P-values (5×10-7 for alcohol abuse, 5×10-7 for abnormal marijuana use, 5×10-6 for painkiller addiction, 5×10-6 for sedative and sleeping pill addiction, and 5×10-6 for smoking addiction). (2) F-statistic quantifies the strength of IV. SNPs with an F-statistic <10 were excluded, as the F-statistic quantifies the strength of the IV. (3) Linkage disequilibrium (LD): r²<0.001 and the distance to the target gene of the index variant < 1MB[23]. (4) Examination on the PhenoScanner platform to check if these SNPs are associated with potential risk factors (such as smoking, drinking, neurological disorders, hypertension, intelligence, and education) (http://www.phenoscanner.medschl.cam.ac.uk/)[24-29]. (5) Using MR Pleiotropy RESidual Sum and Outlier (MRPRESSO) to remove potential outliers before each MR analysis when levels of pleiotropy were found in less than 50% of IV[30].

	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)
	10
	We employed three main methods for MR analysis: Inverse Variance Weighted (IVW), MR Egger, and Weighted Median. The IVW method served as the primary analysis, while MR Egger and Weighted Median were used to enhance the reliability of IVW estimates. 
The IVW method: This method assumes no bias between exposure and outcome, estimating the causal relationship through inverse variance-weighted regression, thereby reducing the impact of less stable estimates[31].
MR Egger method: This method accounts for horizontal pleiotropy by testing the intercept of the regression line to detect its presence, requiring that pleiotropy is independent of variation-exposure associations[32].
Weighted Median method: This method handles potential horizontal pleiotropy by averaging the effect estimates of multiple genetic instruments, with weights based on the accuracy of each genetic tool's effect estimate. 
If the IVW estimates are significantly different, a stricter instrument P-value threshold is used, followed by a re-analysis of MR[33]. For significant estimates, further evaluation of pleiotropy is conducted through MR Egger intercept tests and funnel plot analysis[32]. Cochran's Q test is used to assess possible heterogeneity[34]. These methods collectively ensure robust and reliable MR analysis outcomes.

	9
	Software and pre-registration
	
	
	

	
	a)
	Name statistical software and package(s), including version and settings used 
	10
	All analyses were performed using R (version 4.2.3) and the TwoSampleMR package (version 0.5.6).

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

	
	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
	3
	The workflow diagram of this study is illustrated in (Figure 2). There was partial overlap in the samples from the UK Biobank database, with overlap rates of 9% for addiction to painkillers, 9% for addiction to sedatives and sleeping pills, and 11% for smoking addiction. After P-value filtering, removal of LD), and adjustment for confounding factors, the included SNPs were 14 (Alcohol use/AUDIT), 8 (Cannabis use disorder), 33 (opioid addiction), 44 (sedative-hypnotic addiction), and 13 (smoking addiction). The F statistics for all SNPs were >10, indicating sufficient strength of instrumental variables (IV) (Supplementary Table S3-S7).


	
	b)
	Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant variables (e.g. means, SDs, proportions)
	3
	At the global level, no significant positive results were found. However, at the regional level, some nominally positive results with PIVW < 0.01 were observed: Alcohol use/AUDIT was associated with a decrease in the TH of the bankssts (β=-0.100mm, se=0.040mm, P=0.012); Cannabis use disorder was associated with a decrease in the SA of the inferior temporal (β=-23.891mm, se=8.391mm, P=0.004); opioid addiction was associated with an increase in the SA of the caudal anterior cingulate (β=341.110mm, se=154.620mm, P=0.027); sedative-hypnotic addiction was associated with an increase in the TH of the pericalcarine (β=684.406mm, se=341.830mm, P=0.045); and smoking addiction was associated with an increase in the SA of the pars triangularis (β=310.329mm, se=125.948mm, P=0.014) (Supplementary Table S8 and Figure S1-S2).

	
	c)
	If the data sources include meta-analyses of previous studies, provide the assessments of heterogeneity across these studies
	3
	The Cochran's Q test P-values for all nominal positive results were >0.05, and the p-values from the MR-Egger intercept test were all greater than 0.05, indicating no presence of pleiotropy in the analysis (Supplementary Table S10-S11). Leave-One-Out analysis and MRPRESSO did not identify any significant outliers (Supplementary Figure S3-S6).

	
	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
	2,3
	There was partial overlap in the samples from the UK Biobank database, with overlap rates of 9% for addiction to painkillers, 9% for addiction to sedatives and sleeping pills, and 11% for smoking addiction.

	11
	Main results
	
	
	

	
	a)
	Report the associations between genetic variant and exposure, and between genetic variant and outcome, preferably on an interpretable scale
	3
	At the global level, no significant positive results were found. However, at the regional level, some nominally positive results with PIVW < 0.01 were observed: Alcohol use/AUDIT was associated with a decrease in the TH of the bankssts (β=-0.100mm, se=0.040mm, P=0.012); Cannabis use disorder was associated with a decrease in the SA of the inferior temporal (β=-23.891mm, se=8.391mm, P=0.004); opioid addiction was associated with an increase in the SA of the caudal anterior cingulate (β=341.110mm, se=154.620mm, P=0.027); sedative-hypnotic addiction was associated with an increase in the TH of the pericalcarine (β=684.406mm, se=341.830mm, P=0.045); and smoking addiction was associated with an increase in the SA of the pars triangularis (β=310.329mm, se=125.948mm, P=0.014) (Supplementary Table S8 and Figure S1-S2). 


	
	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
	3
	At the global level, no significant positive results were found. However, at the regional level, some nominally positive results with PIVW < 0.01 were observed: Alcohol use/AUDIT was associated with a decrease in the TH of the bankssts (β=-0.100mm, se=0.040mm, P=0.012); Cannabis use disorder was associated with a decrease in the SA of the inferior temporal (β=-23.891mm, se=8.391mm, P=0.004); opioid addiction was associated with an increase in the SA of the caudal anterior cingulate (β=341.110mm, se=154.620mm, P=0.027); sedative-hypnotic addiction was associated with an increase in the TH of the pericalcarine (β=684.406mm, se=341.830mm, P=0.045); and smoking addiction was associated with an increase in the SA of the pars triangularis (β=310.329mm, se=125.948mm, P=0.014) (Supplementary Table S8 and Figure S1-S2).

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

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

	12
	Assessment of assumptions
	
	
	

	
	a)
	Report the assessment of the validity of the assumptions
	3
	The Cochran's Q test P-values for all nominal positive results were >0.05, and the p-values from the MR-Egger intercept test were all greater than 0.05, indicating no presence of pleiotropy in the analysis (Supplementary Table S10-S11). Leave-One-Out analysis and MRPRESSO did not identify any significant outliers (Supplementary Figure S3-S6).

	
	b)
	Report any additional statistics (e.g., assessments of heterogeneity across genetic variants, such as I2, Q statistic or E-value)
	
	

	13
	Sensitivity analyses and additional analyses
	
	
	

	
	a)
	Report any sensitivity analyses to assess the robustness of the main results to violations of the assumptions
	3
	The Cochran's Q test P-values for all nominal positive results were >0.05, and the p-values from the MR-Egger intercept test were all greater than 0.05, indicating no presence of pleiotropy in the analysis (Supplementary Table S10-S11). Leave-One-Out analysis and MRPRESSO did not identify any significant outliers (Supplementary Figure S3-S6).

	
	b)
	Report results from other sensitivity analyses or additional analyses
	
	

	
	c)
	Report any assessment of direction of causal relationship (e.g., bidirectional MR)
	3
	At the global level, no significant positive results were found. However, at the regional level, some nominally positive results with PIVW < 0.01 were observed: Alcohol use/AUDIT was associated with a decrease in the TH of the bankssts (β=-0.100mm, se=0.040mm, P=0.012); Cannabis use disorder was associated with a decrease in the SA of the inferior temporal (β=-23.891mm, se=8.391mm, P=0.004); opioid addiction was associated with an increase in the SA of the caudal anterior cingulate (β=341.110mm, se=154.620mm, P=0.027); sedative-hypnotic addiction was associated with an increase in the TH of the pericalcarine (β=684.406mm, se=341.830mm, P=0.045); and smoking addiction was associated with an increase in the SA of the pars triangularis (β=310.329mm, se=125.948mm, P=0.014) (Supplementary Table S8 and Figure S1-S2). 


	
	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)
	
	(Supplementary Figure)

	
	DISCUSSION
	
	
	

	14
	Key results 
	Summarize key results with reference to study objectives
	3,4
	Through our analysis of the causal relationships between alcohol abuse, abnormal marijuana use, painkiller addiction, sedative and sleeping pill addiction, smoking addiction, and the cerebral cortex, we obtained 26 result datasets. 
we identified specific positive results indicating the involvement of functional brain regions across different exposures.: the insula was associated with opioid and smoking addiction, while the pars triangularis was linked to smoking addiction and cannabis use disorder. Results pertaining to the temporal lobe encompassed seven regions: the superior temporal gyrus and banks of the superior temporal gyrus sulcus were associated with alcohol abuse, the middle temporal gyrus and inferior temporal gyrus were linked to cannabis use disorder, the temporal pole was associated with smoking addiction, and the fusiform gyrus was associated with opioid addiction.


	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 
	8
	However, this study has several limitations: (1) The participants were all Europeans, so it remains unclear whether a causal relationship between addiction and cortical structure in other populations; (2) The age and degree of addiction among participants could not be categorized, so our results are more generalized rather than precise; (3) The study reports changes in cortical structure in addicted individuals, but further research is needed to explore the underlying mechanisms.


	16
	Interpretation
	
	
	

	
	a)
	Meaning: Give a cautious overall interpretation of results in the context of their limitations and in comparison with other studies
	4,5,6,7,8
	(This section is lengthy, please view the manuscript)

	
	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 
	8
	Increasing evidence suggests that environmental factors have varying effects on SA and TH of the cerebral cortex with these changes becoming more apparent over time. These factors include, but are not limited to, drug use, mental illnesses, physiological changes, and trauma61-64. The total phenotypic variation of a segregating population (VP) can be divided into four components: Genetic variation (VG), Environmental factors (VE), and interactions between genetic and environmental factor (VGE)65.Our study focuses on identifying genetic changes caused by VG and does not analyze other sources of variation. Genetics can influence the degree of dependence on addictive substances, but factors such as emotions, stress, and sensitivity to pain can also contribute to increased reliance on these substances. Therefore, it is not possible to explain why all participants became addicted solely through genetic factors. However, analyzing our results from the perspective of VG can significantly increase the credibility of the findings. Our study can help identify high-risk populations prone to addiction, and understanding environmental factors can effectively aid in preventing the occurrence of addiction.

	
	c)
	Clinical relevance: Discuss whether the results have clinical or public policy relevance, and to what extent they inform effect sizes of possible interventions
	8
	Our study provides evidence for addictive substances on the cerebral cortex and offers clues for future research. By observing changes in the cerebral cortex of addicts through imaging, we can intervene earlier in the onset of mental illness.

	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
	4,5,6,7,8
	(This section is lengthy, please view the manuscript)

	
	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
	10
	His work was supported by General Project of the Joint Special Project of Local Universities in Yunnan Province (202001BA070001-064, 202101BA070001-102), Dali University Doctoral Research Start-up Fund Project (KYBS2018012), Yunnan Provincial Department of Education Scientific Research Fund Project (2023Y0950, 2022Y80) and Open Project of Key Laboratory of Screening and Research of Resistant Plant Resources in West Yunnan, Yunnan Province (APKL2101).


	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
	11
	Publicly available datasets were analyzed in this study. All data used in this work can be acquired from the PGC (https://pgc.unc.edu/), UK Biobank (http://www.nealelab.is/uk-biobank) and ENIGMA Consortium (https://enigma.ini.usc.edu/).


	20
	Conflicts of Interest  
	All authors should declare all potential conflicts of interest
	11
	The authors declare that they do not have any potential conflict. 
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