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	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
	The Effect of Rosacea on Neurodegenerative and Neuropsychiatric Diseases: A Two-Sample Mendelian Randomization Study

	
	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
	1-2
	This study investigates the potential causal relationships between rosacea and neurodegenerative and psychiatric disorders. Current evidence suggests that rosacea is not merely a dermatological condition but potentially a systemic disease. Through the concept of the gut-brain-skin axis, research has identified associations between rosacea and conditions such as Parkinson's disease, Alzheimer's disease, anxiety, and depression. At the molecular level, studies have revealed 747 overlapping differentially expressed genes between Alzheimer's disease and rosacea, involving pathways related to inflammation, metabolism, and cellular apoptosis. Additionally, angiogenesis and vascular dysfunction have been identified as key shared pathogenic mechanisms, highlighting the central importance of the neuro-vascular-immune network in their pathophysiology. However, current research is primarily based on observational studies, making it challenging to establish causal relationships. Mendelian randomization (MR) analysis, as a genetic variant-based approach for causal inference, provides a robust method to control for confounding factors and can offer new insights for clinical prevention and treatment strategies. Therefore, employing two-sample MR analysis to study the causal relationships between rosacea and these conditions is both reasonable and necessary.

	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
	The aim of this MR Study was to test the hypothesis that rosacea is associated with the risk of neurodegenerative and neuropsychiatric diseases。

	
	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: 
	2
	A two-sample bidirectional Mendelian randomization method was used to investigate the causal association between rosacea and neurodegenerative and neuropsychiatric disorders.

	
	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.
	3
	We selected rosacea as the exposure variable for positive MR. In reverse MR, we selected Alzheimer's disease, Parkinson's disease, anxiety, and depression as exposure variables

	
	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 
	3
	All data in this study were obtained from open Genome-Wide Association Studies (GWAS) databases. The specific datasets and their characteristics were as follows: For the exposure variable, rosacea data were derived from the "finn-b-L12_ROSACEA" dataset, comprising 1,195 cases and 211,139 controls, with 16,380,452 SNPs. For outcome variables, Parkinson's disease data were obtained from the "finn-b-G6_PARKINSON" dataset, including 2,162 cases and 216,630 controls, with 16,380,466 SNPs. Alzheimer's disease data were sourced from the "ieu-b-5067" dataset, containing 954 cases and 487,331 controls, with 12,321,875 SNPs. Anxiety disorder data were extracted from the "finn-b-F5_ALLANXIOUS" dataset, consisting of 12,513 cases and 198,110 controls, with 16,380,449 SNPs. Depression data were acquired from the "ebi-a-GCST90038650" dataset, encompassing 27,568 cases and 457,030 controls, with 9,587,836 SNPs.

	
	c)
	Describe measurement, quality control and selection of genetic variants
	3
	The genetic background of the population studied in the above data is of European descent, which can minimize the bias caused by race-related confounding factors.

	
	d)
	For each exposure, outcome, and other relevant variables, describe methods of assessment and diagnostic criteria for diseases
	
	Here are the standardized diagnostic criteria for each condition:
Rosacea:
According to the diagnostic criteria established by the ROSacea International Expert Group (ROSIE) and the National Rosacea Society (NRS), rosacea is diagnosed based on primary and secondary features. Primary diagnostic features (at least one required) include persistent central facial erythema, phymatous changes, inflammatory papules and pustules, and telangiectasia. Secondary features comprise burning or stinging sensations, facial edema, dry sensation, ocular manifestations, peripheral facial involvement, and phymatous changes (rhinophyma).
Alzheimer's Disease (AD):
According to the National Institute on Aging-Alzheimer's Association (NIA-AA) criteria, AD diagnosis requires: progressive memory decline and cognitive impairment in at least one other domain, interfering with daily activities.             Diagnostic features include biomarkers such as amyloid-β deposition, pathologic tau, and neurodegeneration, supported by neuroimaging and cerebrospinal fluid analysis [Bruno Dubois et al., 2021].
Parkinson's Disease (PD):
The Movement Disorder Society (MDS) clinical diagnostic criteria for PD include: presence of parkinsonism (bradykinesia plus rest tremor and/or rigidity), absence of absolute exclusion criteria, and at least two supportive criteria.             Additional features include non-motor symptoms such as olfactory dysfunction, sleep disorders, and autonomic dysfunction [Ronald B Postuma, et al., 2015].
Anxiety Disorders:
According to DSM-5 criteria, generalized anxiety disorder is characterized by excessive anxiety and worry occurring more days than not for at least 6 months, with symptoms including restlessness, fatigue, difficulty concentrating, irritability, muscle tension, and sleep disturbance. The anxiety causes clinically significant distress or impairment in social, occupational, or other important areas of functioning [Penninx BW,et al.2021].
Depression:
The DSM-5 criteria for major depressive disorder require five or more symptoms present during the same 2-week period, including depressed mood, diminished interest/pleasure, significant weight change, sleep disturbance, psychomotor changes, fatigue, feelings of worthlessness, diminished concentration, and recurrent thoughts of death. Symptoms must cause clinically significant distress or impairment [London: National Institute for Health and Care Excellence (NICE), 2022].

	
	e)
	Provide details of ethics committee approval and participant informed consent, if relevant
	4
	This study utilizes publicly available summary statistics and does not require additional ethical approval

	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
	3
	To ensure the reliability of our findings, all selected IVs were required to strictly satisfy the three core assumptions of two-sample MR analysis: 1). Relevance assumption: The selected instrumental variables must demonstrate strong associations with the exposure variable (rosacea); 2). Independence assumption: The selected IVs must be independent of any potential factors that could misrepresented the causal relationship; 3). Exclusion restriction assumption: The IVs should affect the outcome variables solely through the exposure variable (rosacea), without any direct or indirect alternative pathways.

	6
	Statistical methods: main analysis
	Describe statistical methods and statistics used
	4
	Statistical analyses were performed using two-sample Mendelian randomization (MR) with a bidirectional design. The primary analysis employed the inverse variance weighted (IVW) method, supplemented by weighted median method and MR-Egger regression for sensitivity analyses. Horizontal pleiotropy was assessed using MR-PRESSO test. The strength of instrumental variables was evaluated using F-statistics, while heterogeneity was tested using Cochran's Q statistic. Leave-one-out analysis was conducted to identify influential outliers, and funnel plots were used for visual assessment of pleiotropy. All analyses were performed using R version 4.0.3 with TwoSampleMR and MR-PRESSO packages. Statistical significance was set at P < 0.05.

	
	a)
	Describe how quantitative variables were handled in the analyses (i.e., scale, units, model)
	4
	Where N is the sample size of the included exposure factors, K is the number of SNPs in the database, and R2 is the cumulative interpretation variance of the selected SNPS in the exposure.
Where EAF is the effector allele frequency, SE is the standard error, SD is the standard deviation, and β is the allele effect value.

	
	b)
	Describe how genetic variants were handled in the analyses and, if applicable, how their weights were selected
	4-5
	To ensure adequate sample size, we set the significance threshold for instrumental variables at P < 5e-06〔16〕.   To preserve the independence of SNPs, we applied rigorous thresholds with r² < 0.001 and kb = 10,000.   The strength of IVs was evaluated using F-statistics (F = beta²/se²)〔17〕, and SNPs with F-values less than 10 were excluded to ensure significance and minimize the likelihood of weak instrument bias.

	
	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
	4
	The main analysis method is Inverse Variance Weighted (IVW). And the MR Results were cross-verified by MR-Egger regression, Weighted median, Weighted mode and Simple mode to ensure the validity and robustness of the research results.

	
	d)
	Explain how missing data were addressed
	4
	For SNPs missing from the outcome, SNPs with a strong linkage imbalance (r2>0.8) were used to fill in the missing SNPS.

	
	e)
	If applicable, indicate how multiple testing was addressed
	
	Inapplicability

	7
	Assessment of assumptions
	Describe any methods or prior knowledge used to assess the assumptions or justify their validity	
	2
	With the concept of the gut-brain-skin axis being widely discussed, growing evidence suggests potential associations between rosacea and various neurodegenerative and neuropsychiatric conditions, including Parkinson's disease〔5〕, Alzheimer's disease〔6〕, anxiety disorders, and depression.  

	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)
	4-5
	To assess the robustness of our findings, comprehensive sensitivity analyses were performed. We employed multiple MR methods, including weighted median method and MR-Egger regression, to complement the primary IVW analysis. Potential pleiotropy was evaluated using MR-PRESSO test and MR-Egger intercept test, while heterogeneity was assessed using Cochran's Q statistic. Instrument strength was validated through F-statistics calculation and linkage disequilibrium assessment (r² < 0.001, kb = 10,000). Leave-one-out analyses were conducted to identify influential outliers. Additionally, bidirectional MR analyses were performed to investigate potential reverse causation, with all analyses implemented using R software with TwoSampleMR and MR-PRESSO packages.

	9
	Software and pre-registration
	
	
	

	
	a)
	Name statistical software and package(s), including version and settings used 
	4
	All statistical analyses were performed using R Studio software (version 4.4.1). The causal relationships between rosacea and the aforementioned disorders were analyzed using the "Two Sample MR" package (version 0.6.8), with P < 0.05 considered as evidence of potential causal effects.

	
	b)
	State whether the study protocol and details were pre-registered (as well as when and where)
	
	No pre-registration

	
	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
	In this study, we identified 13 independent SNPs as instrumental variables for rosacea (exposure) through rigorous screening. All 13 SNPs were utilized in analyzing causal relationships with Parkinson's disease, Alzheimer's disease, and anxiety, while 12 SNPs were used for depression analysis (rs146915541 was excluded due to its absence in the depression GWAS dataset). For reverse MR analysis, we identified 12, 25, 20, and 32 SNPs for Parkinson's disease, Alzheimer's disease, anxiety disorders, and depression, respectively. The sample sizes for each dataset were: rosacea (1,195 cases, 211,139 controls), Parkinson's disease (2,162 cases, 216,630 controls), Alzheimer's disease (954 cases, 487,331 controls), anxiety disorders (12,513 cases, 198,110 controls), and depression (27,568 cases, 457,030 controls).

	
	b)
	Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant variables (e.g. means, SDs, proportions)
	
	Table 1

	
	c)
	If the data sources include meta-analyses of previous studies, provide the assessments of heterogeneity across these studies
	
	There was no meta-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
	4
	i. All genetic instruments were derived from European ancestry-based GWAS, ensuring consistent genetic variant-exposure associations across datasets.  We identified 13 independent SNPs as valid instruments for rosacea, with consistent effect sizes across populations.
ii.  The analysis utilized 13 SNPs for Parkinson's disease, Alzheimer's disease, and anxiety outcomes, while 12 SNPs were used for depression (rs146915541 was unavailable in depression GWAS).  Based on the source populations and study designs, there was minimal sample overlap between exposure and outcome datasets.

	11
	Main results
	
	
	

	
	a)
	Report the associations between genetic variant and exposure, and between genetic variant and outcome, preferably on an interpretable scale
	4-5
	Supplementary Table 2-5

	
	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
	
	

	
	c)
	If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	4-5
	Supplementary Table 2-5

	
	d)
	Consider plots to visualize results (e.g. forest plot, scatterplot of associations between genetic variants and outcome versus between genetic variants and exposure)
	
	Fig.2 

	12
	Assessment of assumptions
	
	
	

	
	a)
	Report the assessment of the validity of the assumptions
	4-5
	All MR assumptions were evaluated: instrument strength was confirmed (F-statistics > 10), no significant horizontal pleiotropy was detected (MR-Egger intercept P > 0.05), and independence was ensured through LD checking (R² < 0.001).

	
	b)
	Report any additional statistics (e.g., assessments of heterogeneity across genetic variants, such as I2, Q statistic or E-value)
	8
	Supplementary Table 6-7

	13
	Sensitivity analyses and additional analyses
	
	
	

	
	a)
	Report any sensitivity analyses to assess the robustness of the main results to violations of the assumptions
	
	Supplementary Table 2-5

	
	b)
	Report results from other sensitivity analyses or additional analyses
	
	Fig.3

	
	c)
	Report any assessment of direction of causal relationship (e.g., bidirectional MR)
	
	Supplementary Table 4-5

	
	d)
	When relevant, report and compare with estimates from non-MR analyses
	
	Uncorrelated

	
	e)
	Consider additional plots to visualize results (e.g., leave-one-out analyses)
	
	Fig.2

	
	DISCUSSION
	
	
	

	14
	Key results 
	Summarize key results with reference to study objectives
	5
	Our findings revealed that genetic liability to rosacea was causally associated with elevated depression risk.   However, no causal relationships were identified between rosacea and Parkinson's disease, Alzheimer's disease, or anxiety disorders.   Similarly, reverse MR analysis found no causal relationship between these neurodegenerative and neuropsychiatric disorders and rosacea.  

	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 
	10-11
	Despite implementing rigorous statistical methodologies, several important limitations of our study warrant consideration.    Primarily, the GWAS data utilized in this analysis were derived exclusively from populations of European ancestry, potentially constraining the generalizability of genetic variation patterns across diverse ethnic groups. This limitation is particularly significant as genetic architecture, environmental factors, and disease manifestations can vary substantially across different populations. The lack of diverse ethnic representation in genetic databases represents a crucial gap in our understanding of these associations in non-European populations.    Furthermore, although Mendelian randomization is designed to reduce confounding, residual confounding can still occur if the genetic instruments exhibit pleiotropy or are correlated with unmeasured confounders. Additionally, MR studies may be limited by sample size and statistical power, particularly when investigating complex traits with modest genetic effects.

	16
	Interpretation
	
	
	

	
	a)
	Meaning: Give a cautious overall interpretation of results in the context of their limitations and in comparison with other studies
	11
	Rosacea and depression are interconnected through chronic inflammation and neuroimmune dysregulation. Elevated levels of pro-inflammatory cytokines and neuropeptides in rosacea perturb neuroendocrine-immune crosstalk, thereby fostering neuroinflammation. Stress-induced dysregulation of the HPA axis further amplifies inflammatory processes, thereby exacerbating depressive symptoms.

	
	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
	7-8
	Our study identified three potential mechanistic pathways linking rosacea to depression.  First, the immune-inflammatory pathway involves the activation of inflammatory cascades through NALP3 and TLR2 signaling, leading to increased pro-inflammatory cytokines (IL-1β, IL-17, IL-8) and substance P, which are implicated in both conditions.  Second, the neuroendocrine mechanism centers on HPA axis dysfunction, where chronic facial inflammation triggers psychological stress and altered cortisol secretion, supported by reduced BDNF levels in rosacea patients with comorbid depression.  Third, the gut-brain-skin axis suggests that gut microbiota alterations may simultaneously affect both skin homeostasis and neuropsychiatric health.  These interconnected mechanisms provide a biological basis for the observed causal relationship between rosacea and depression.

	
	c)
	Clinical relevance: Discuss whether the results have clinical or public policy relevance, and to what extent they inform effect sizes of possible interventions
	10-11
	Our findings have important clinical implications.  The causal relationship between rosacea and depression suggests the need for integrated care approaches, including routine depression screening in rosacea management, anti-inflammatory therapies targeting both conditions, and multidisciplinary treatment models combining dermatological and psychiatric care.  While specific intervention effects need evaluation through clinical trials, these results support comprehensive care strategies addressing both skin symptoms and psychological well-being.

	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
	10-11
	Our findings, based on European genetic data, may have limited generalizability to other ethnicities.  The results reflect lifetime genetic effects rather than acute exposures, and the impact may vary with disease severity.  Future studies in diverse populations are needed to validate these findings.

	
	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
	11
	This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

	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
	As for the data analyzed in this article are available from the IEU Open GWAS database, as follows.
https://gwas.mrcieu.ac.uk/datasets/finn-b-L12_ROSACEA/ (for rosacea). 
https://gwas.mrcieu.ac.uk/datasets/finn-b-G6_PARKINSON/ (for Parkinson’s disease). 
https://gwas.mrcieu.ac.uk/datasets/ieu-b-5067/ (for Alzheimer's disease).
https://gwas.mrcieu.ac.uk/datasets/finn-b-F5_ALLANXIOUS/ (for Anxiety disorders).
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90038650/ (for Depression).

	20
	Conflicts of Interest  
	All authors should declare all potential conflicts of interest
	11
	The authors declare that they have no conflict of interest.
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