Supplementary Methods

Study Outcomes for MR analysis
[bookmark: _Hlk225775148]We chose four sets of CKM related phenotypes as outcomes for this study. First, five kidney function-related phenotypes, including CKD, estimated glomerular filtration rate (eGFR), blood urea nitrogen (BUN), microalbuminuria (MA) and urinary albumin-to-creatinine ratio (UACR) were sourced from CKDGen Consortium.(24) Genetic associations information for eGFR, BUN and CKD were obtained from a large meta-analysis of genome-wide association studies (GWAS) containing 480,698 cases and controls,(25,26) while MA and UACR data were from a meta-analysis of 564,257 participants.(27,28) Second, HF and coronary artery disease (CAD) was chosen as CVD outcomes. GWAS data for HF (47,309 cases, 930,014 controls) and CAD (181,522 cases, 1,165,690 participants) were obtained from large meta-analyses.(29-32) For HF subtypes, non-ischemic heart failure with reduced ejection fraction (HFrEF) and non-ischemic heart failure with preserved ejection fraction (HFpEF) data were obtained from GWAS meta-analyses with more than one million individuals.(33,34) Third, we have performed a GWAS for MASLD using data from UK Biobank, which was described in the “Genome-wide association analysis of Metabolic Dysfunction–Associated Steatotic Liver Disease” section. Fourth, several metabolic phenotypes were selected. Genetic associations with glycated haemoglobin (HbA1c) were extracted from MAGIC consortium (N = 146,806).(35,36) GWAS performed by Ken Suzuki, including more than one million European ancestry individuals, was used as the source of summary statistics for T2DM.(37,38) The genetic association information of BMI and body weight, were obtained from a GWAS meta-analysis (N = 806,834)(39,40) and UK Biobank (N = 461,632)(41,42), respectively.

UK Biobank and Proteomics data in the UK Biobank
UK Biobank
The UK Biobank is a large population-based cohort and all people in the UK National Health Service registry aged between 40-69 years and living within a 25-mile radius from one of the 22 study centers were invited to participate between 2006-2010.(20) In total, 503,325 adults (5.5% of the ~9.2 million invited) were recruited into UK Biobank.

Proteomics data in the UK Biobank
The UK Biobank Pharma Proteomics Project (UKB-PPP) is a precompetitive consortium of 13 biopharmaceutical companies funding the generation of blood-based proteomic data from UK Biobank volunteer samples. The UKB-PPP sample includes 54,219 UK Biobank participants and a total of 2,923 unique proteins measured across eight antibody-based Olink Explore 3072 platform (cardiometabolic, cardiometabolic II, inflammation, inflammation II, neurology, neurology II, oncology and oncology II). The UK Biobank-representative sample includes a randomly selected subset of 46,595 individuals from the baseline cohort, alongside 6,376 individuals selected by UKB-PPP consortium and 1,268 individuals involved in the COVID-19 imaging study. Across the whole study, there were six ancestry groups, with the majority being of European descent. Measurements were reported as normalized protein expression values after being transformed using a log-base-2 scale. Protein levels below the limit of detection (LOD) were substituted by the LOD divided by the square root of 2. Additionally, each protein was standardized to achieve a mean of 0 and a standard deviation of 1. Detailed information on sample selection, quality control and data processing for the UKB-PPP was provided in the original article.(21) 

Genome-wide association analysis of Metabolic Dysfunction–Associated Steatotic Liver Disease
Phenotype definition
MASLD cases were defined based on UK Biobank primary care and hospital inpatient records using Read version 2 (Read v2) and Clinical Terms Version 3 (CTV3) codes and ICD-10 and ICD-9 codes (ICD-10: K76.0, K75.8, K74.6 and K76.9; ICD-9: 571.8, 571.9 and 571.5), respectively. In addition, to address the limitations of relying solely on coding systems for the identification of MASLD, we supplemented the above selection criteria with fatty liver index (FLI), a validated marker (accuracy > 0.8) of hepatic steatosis calculated from waist circumference, body mass index, and levels of triglyceride and γ-glutamyltransferase.(53,54) Participants with FLI ≥ 60 were classified having hepatic steatosis. In contrast to prior definitions that did not uniformly mandate the co-existence of metabolic dysfunction for diagnosis, the latest consensus now defines MASLD by the presence of hepatic steatosis with at least one of five cardiometabolic risk factors.(5) Thus, participants with either electronic health records or a FLI ≥ 60 and with any of the five cardiometabolic risk factors, were defined as MASLD cases.
We excluded participants with excessive alcohol consumption (≥ 30g daily for males and ≥ 20g daily for females), alcohol use disorder, other liver diseases such as viral hepatitis, autoimmune hepatitis, alcoholic liver disease, secondary malignant neoplasm of liver and intrahepatic bile duct, secondary biliary cirrhosis and Wilson’s disease.(55) 

Genome-wide association analysis
After excluding individuals without genotype data, with sex mismatch or meeting exclusion criteria, a total of 362,322 general European individuals (14,231 cases and 348,091 controls) were included in this analysis. A total of 10,214,272 autosomal genetic variants were included in the final analysis. Initial filtering criteria included a MAF > 0.1%, minor allele count (MAC) > 100, a genotype hard call rate > 0.98, and a Hardy–Weinberg equilibrium P > 1× 10-6. To ensure the reliability of the association signals, particularly for lower-frequency variants, we did not rely on a simple MAF cut-off. Instead, we implemented a stratified quality control strategy that balances allele frequency with imputation accuracy (INFO score). The specific thresholds applied were as follows: MAF 0.1% – 0.5%: Required INFO > 0.9; MAF 0.5% – 1.0%: Required INFO > 0.8; MAF 1.0% – 3.0%: Required INFO > 0.6; MAF > 3.0%: Required INFO > 0.3. By applying this, we are able to capture genuine low-frequency signals without sacrificing genotyping fidelity.

Genotype-Specific Proteomic Analysis
To investigate the downstream molecular mechanisms and systemic effects associated with the novel locus (rs563199662), we leveraged individual-level both genotype and plasma proteomics data from the UK Biobank. The study population was stratified based on the carrier status of the risk allele. Given the low minor allele frequency, participants were categorized into two groups: heterozygous carriers (C/G) and homozygous non-carriers (C/C, reference group). Differential protein expression analysis was conducted using the limma(62) package (v3.64.3). A multivariate linear model was constructed to evaluate the group effect while adjusting for potential confounders, including age and sex. To translate the proteomic associations into biological insights, we performed pathway enrichment analysis. Differentiated proteins (p < 0.05) were selected as the input list. KEGG pathway enrichment analysis was performed separately for upregulated and downregulated subsets using ClusterProfiler(63) R package (v4.16.0).

