Figure legends for Supplementary Figures
Supplementary Figure 1. Before-and-after body weight plot and average daily energy intake across experimental periods. (A) Before-and-after body weight measured throughout the experimental period. (B) The average daily energy intake within each week during the feeding phase (weeks 1-8). (C) The average daily energy intake within each week during the intervention phase (weeks 9-12). In panel (B) and (C), data are presented as median with interquartile range. *p < 0.05. The asterisks indicate the statistical results of repeated-measures two-way ANOVAs. The absence of a symbol between any two groups indicates a non-significant difference. n = 4 cages (20 mice; 5 mice per cage).


Supplementary Figure 2. Basal vHPC IRβ/Akt signaling and insulin‑evoked IRS-1 phosphorylation under CD, HFD, DC, and Ex. (A) Representative Western blot images for IRβ expression and Akt phosphorylation levels in the vHPC. (B) Quantitative results of Western blots for vHPC IRβ in mice. (C) Quantitative results of Western blots for the ratio of phosphorylated Akt (S473) to total Akt expression in the vHPC of mice. (D) Experimental timeline and schematic illustration for assessing insulin sensitivity in the vHPC of mice. (E) Representative Western blot images for phosphorylation levels of IRS-1 in the vHPC. (F) Quantitative results of Western blots for the ratio of phosphorylated IRS-1 (Y608) to total IRS-1 expression in the vHPC of mice. Data are presented as mean ± SD. **p < 0.01. The absence of symbols between groups indicates no significant difference in panels (B) and (C), which were analyzed using ordinary one-way ANOVA followed by Tukey’s multiple comparisons test. Asterisks in panel (F) indicate the results of Tukey’s multiple comparisons test following ordinary two-way ANOVA. n.s., non-significant. n = 10 mice per group for panels (B) and (C); n = 7-8 mice per group for panel (F).


Supplementary Figure 3. Amount of solution consumption in the SPT. (A) Results of average water intake per mouse in each cage in SPT. (B) Results of average sucrose solution intake per mouse in each cage in SPT. (C) Results of average total solution intake per mouse in each cage in SPT. Data are expressed as mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001. The asterisks indicate the statistical results of Tukey’s multiple comparison tests after ordinary one-way ANOVAs. The absence of a symbol between any two groups indicates a non-significant difference. n = 8 cages (20 mice) per group.


Supplementary Figure 4. Correlations of vHPC astrocytic morphological deficits with behavioral despair and GLAST/GLT-1 expression. (A) Correlation between area fraction of GFAP+ signaling in the vHPC and exhibition of immobility in FST. (B) Correlation between density of GFAP+ cells in the vHPC and exhibition of immobility in FST. (C) Correlation between total length of GFAP+ processes in the vHPC and exhibition of immobility in FST. (D) Correlation between number of branch points of GFAP+ processes in the vHPC and exhibition of immobility in FST. (E) Correlation between area fraction of GFAP+ signaling in the vHPC and vHPC level of GLAST. (F) Correlation between density of GFAP+ cells in the vHPC and vHPC level of GLAST. (G) Correlation between total length of GFAP+ processes in the vHPC and vHPC level of GLAST. (H) Correlation between number of branch points of GFAP+ processes in the vHPC and vHPC level of GLAST. (I) Correlation between area fraction of GFAP+ signaling in the vHPC and vHPC level of GLT-1. (J) Correlation between density of GFAP+ cells in the vHPC and vHPC level of GLT-1. (K) Correlation between total length of GFAP+ processes in the vHPC and vHPC level of GLT-1. (L) Correlation between number of branch points of GFAP+ processes in the vHPC and vHPC level of GLT-1. The p and r values indicate the statistical results of Pearson correlation analyses. Each correlation plot includes 40 data points.


Supplementary Figure 5. Interaction effects of HFD and DC/Ex on vHPC microglial structure and microvasculature. (A) Representative images of Iba1 immunostaining in the vHPC. The red frames in the images of the upper row indicate the regions shown at higher magnification in the lower row. (B) Quantitative results of are fraction of Iba1+ signaling in the vHPC. (C) Quantitative results of the density of Iba1+ cells in the vHPC. (D) Representative images of CD31 immunostaining in the vHPC. (E) Quantitative results of are fraction of CD31+ signaling in the vHPC. All data are expressed as mean ± SD. **p < 0.01, ***p < 0.001, ****p < 0.0001. The asterisks indicate the statistical results of Tukey’s multiple comparison tests after ordinary one-way ANOVAs. The absence of a symbol between any two groups indicates a non-significant difference. n = 10 mice per group.


Supplementary Figure 6. Z-score heatmap showing relative abundances of bacterial taxa across groups.
