Supplementary Figure 1. Sequencing depth and quality-control assessment of fecal 16S rRNA sequencing.
Rarefaction and species accumulation analyses were used to evaluate sequencing depth and sampling adequacy in the fecal 16S rRNA sequencing subset. The rarefaction curves of observed species approached a plateau, indicating that the sequencing depth was sufficient to capture most bacterial diversity within samples. The species accumulation curve further suggested that the sample size captured the major microbial diversity represented in the cohort. Shannon rarefaction curves also tended to stabilize with increasing sequencing depth, supporting adequate sequencing coverage for downstream diversity and taxonomic analyses. In this figure, “NC” denotes the cognitively healthy control group and is equivalent to “CH” in the main text.

Supplementary Figure 2. Alpha-diversity indices of fecal microbiota across clinical groups.
Alpha-diversity was evaluated using ACE, Chao1, Shannon, and Simpson indices across Alzheimer’s disease (AD), mild cognitive impairment (MCI), and cognitively healthy control (CH) groups. Data are shown as boxplots. Group differences were assessed using the Kruskal–Wallis test. No significant differences were observed among the three clinical groups for ACE, Chao1, Shannon, or Simpson indices, indicating that alpha diversity did not emerge as a major distinguishing feature across clinical stages. 
Supplementary Figure 3. Additional beta-diversity analyses of fecal microbial communities.
Additional beta-diversity analyses were performed using weighted and unweighted UniFrac distances. The upper panels show groupwise distributions of weighted and unweighted UniFrac distances across AD, MCI, and CH groups. Statistical comparisons were performed using the Kruskal-Wallis test. The lower panels show non-metric multidimensional scaling (NMDS) ordination based on weighted and unweighted UniFrac distances. NMDS stress values are shown in each panel. These analyses provide supplementary visualization of fecal microbial community patterns beyond the Bray–Curtis PCoA shown in the main text. In this figure, “NC” denotes the cognitively healthy control group and is equivalent to “CH” in the main text. 


Supplementary Figure 4. Pairwise ANOSIM analysis based on weighted and unweighted UniFrac distances.
Pairwise analysis of similarities (ANOSIM) was performed using weighted and unweighted UniFrac distances to assess fecal microbial community differences between clinical groups. Comparisons included AD vs MCI, MCI vs CH, and AD vs CH. R statistics and P values are shown in each panel. Overall, pairwise ANOSIM results did not support strong categorical separation between groups based on UniFrac distances. 


Supplementary Figure 5. Exploratory LEfSe analysis of candidate discriminatory taxa across clinical groups.
Linear discriminant analysis effect size (LEfSe) was used as an exploratory approach to identify candidate taxa contributing to between-group differences in fecal microbiota composition. LDA score plots are shown for AD vs CH, MCI vs CH, and AD vs MCI comparisons. Taxa enriched in each comparison group are shown by color, and bar length indicates the LDA score. These LEfSe results are presented as exploratory taxonomic signals and should not be interpreted as definitive FDR-significant microbial biomarkers.

Supplementary Figure 6. Predicted functional profiles of fecal microbiota based on 16S rRNA sequencing.
Predicted microbial functional profiles were generated from 16S rRNA sequencing data and summarized at the pathway/category level. The heatmap shows relative predicted functional abundance patterns across AD, MCI, and CH samples. Rows represent predicted functional categories, and columns represent individual samples. Values are row-scaled, with red indicating relatively higher predicted abundance and blue indicating relatively lower predicted abundance. These results are provided as supplementary exploratory functional inference and should be interpreted cautiously because they are based on 16S-derived prediction rather than direct metagenomic or metatranscriptomic measurement. In this figure, “NC” denotes the cognitively healthy control group and is equivalent to “CH” in the main text.

Supplementary Figure 7. Quality-control total ion chromatograms for fecal untargeted metabolomics.
Representative total ion chromatograms (TICs) of pooled quality-control (QC) samples are shown for fecal untargeted metabolomics analysis in positive and negative ion modes. The high degree of overlap among QC TIC profiles indicates stable chromatographic retention, signal intensity, and overall analytical reproducibility during LC–MS/MS acquisition. These QC results support the reliability of the fecal metabolomics dataset for downstream exploratory metabolite profiling.
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