Supplementary Figure Legend
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Figure S1 ANOSIM analysis of gut microbiota at the genus level based on metagenomic data. An R value > 0 indicates that between-group differences are more significant than within-group differences, while an R-value < 0 suggests the opposite. A p value < 0.05 indicates statistical significance.
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Figure S2 Overview of gut microbiota structure across groups. A: Gene counts in each group based on metagenomic sequencing; B: Venn diagram showing the shared and unique genes among groups based on metagenomic sequencing; C: Phylogenetic tree of the top 50 genera are identified by 16S rDNA amplicon sequencing. Sector colors represent different phyla; stacked bar plots on the outer rings indicate genus-level abundance across groups. The left-side annotation indicates group identity and the color legend denotes phylum-level classification.
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Figure S3 Enterotype analysis at the genus level based on 16S rDNA amplicon sequencing. A: The calinski-harabasz index indicates optimal clustering into three enterotypes; B: Samples were distributed across the three identified enterotypes, dominated by Bacteroides, Faecalibacterium, and Escherichia-Shigella, respectively; C: The proportion of samples from each group assigned to the three enterotypes.
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Figure S4 Overview of untargeted gut metabolomic profiling. A-C: Annotation of identified metabolites based on the KEGG, HMDB, and LIPID MAPS databases, respectively; D: Proportional distribution of metabolites according to the ClassyFire (CASS1) classification system. 
[image: Figure S5]

Figure S5 Correlation networks among the top 20 differential metabolites identified by volcano plots. A: Top 20 metabolites differing between LC and CG groups; B: Top 20 metabolites differing between HFrEF and CG groups; C: Top 20 metabolites differing between LC and HFrEF groups. The thickness of the red edges reflects the strength of the correlation.
[image: Figure S6]
Figure S6. Seven tripeptides significantly decreased in the LC and HFrEF groups. A: Arginine Phenylalanine Threonine; B: Arginine Phenylalanine Glutamic acid; C: Tyrosine Valine Arginine; D: Serine Phenylalanine Arginine; E: Glycine Arginine Tyrosine; F: Arginine Valine Phenylalanine; G: Proline Glutamine Histidine.
[image: Figure S7]
Figure S7. Integrated analysis of differential gut metabolites and microbial genera using bidirectional orthogonal partial least squares (O2PLS). A-B: Associations between top five differential genera and metabolites (in negative and positive ion modes) between the LC and CG groups; C-D: Associations between top five differential genera and metabolites (in negative and positive ion modes) between the HFrEF and CG groups. Green circles represent metabolites, and yellow triangles represent bacterial genera. Axes indicate the integrated scores from metabolomic and microbiome data. Greater distance from the origin reflects a higher contribution to the correlation, while closer proximity between points indicates strong associations.
[image: Figure S8]
[bookmark: _GoBack]Figure S8. Spearman correlation analysis between differential gut microbial taxa and metabolic biomarkers. (*p < 0.05, **p < 0.01, ***p < 0.001)
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