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For exploratory analysis, we conducted the following experiments. First, meta-regression analysis was performed to investigate the effects of clinical factors such as mean age and illness duration on the alterations of gray matter volume (GMV). Second, subgroup meta-analyses were conducted to examine the robustness and consistency of the main findings by stratifying studies based on clinical and methodological homogeneity. Specifically, we performed subgroup meta-analyses on the following two subsets of (1) studies using 3.0 T MRI, and (2) studies applying an 8 mm full-width at half-maximum (FWHM) Gaussian smoothing kernel. Due to the limited number of studies, no further subgroup analyses were performed. For both meta-regression and subgroup analyses, we applied the same statistical thresholds as in the main analysis: the voxel-wise p < 0.005, the peak height Z > 1, and the clustering extent > 10 voxels. To evaluate between-study variability, we calculated Cochran's Q statistic and I2 statistic. A p-value < 0.05 for Cochran's Q was considered indicative of significant heterogeneity. The I2 index quantifies the proportion of total variance attributable to heterogeneity, with values of approximately 25%, 50%, and 75% representing low, medium, and high heterogeneity, respectively[1]. Finally, Egger’s test was used to assess potential publication bias. Peak-level effect sizes were extracted, and a p-value < 0.05 was considered indicative of significant publication bias.
GWAS datasets
The aggregated GWAS statistics for MDD were obtained from the most recent study conducted by the Major Depressive Disorder Working Group of the Psychiatric Genomics Consortium[2]. This analysis combined summary statistics from 73 cohorts of European ancestry, which included both case-control and population-based studies, with rigorous quality control, imputation, and harmonization procedures. In addition, the study incorporated data from ancestrally diverse cohorts, including 8 cohorts of African ancestry, 7 of East Asian ancestry, 1 of South Asian ancestry, and 5 of Hispanic/Latino ancestry, resulting in a total discovery sample of 688,808 major depression cases and 4,364,225 controls. To ensure population homogeneity and avoid potential confounding due to population stratification, our analysis focused exclusively on summary-level GWAS data from individuals of European ancestry (Ncase = 357,636, Ncontrol = 1,281,936).
The summary statistics for the genome-wide association study (GWAS) of random glucose were obtained from a recent publication by Vasiliki Lagou and colleagues[3]. This study conducted a GWAS meta-analysis of glucose levels measured under non-standardized conditions in 476,326 individuals without diabetes, comprising 459,772 individuals of European ancestry and 16,554 individuals of diverse ancestries. Individuals with extremely high glucose levels (>20 mmol/L) or diagnosed diabetes were excluded. Glucose measurements were adjusted for age, sex, and time since last meal (where available) to minimize confounding effects. The analysis identified 120 loci influencing glucose regulation, including novel associations highlighting gastrointestinal tract involvement. For our current study, only summary statistics from European ancestry individuals were utilized.
The GWAS summary statistics for low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) were obtained from a recent study published by Stavroula Kanoni and colleagues[4]. This study compiled GWAS summary statistics from eight cohorts across six ancestral populations, including African/African American, East Asian, European, Hispanic, Middle Eastern, and South Asian populations, with a total sample size of 1.65 million individuals. In our study, we utilized the summary statistics derived from European ancestry samples for LDL-C, TG, and HDL-C (N = 1,320,016).
The GWAS summary statistics for glycated hemoglobin (HbA1c) were obtained from a recent study published by Ji Chen and colleagues[5]. Ancestry was initially assigned at the cohort level and subsequently confirmed using genetic data, with ancestry outliers removed. Overall, participants of European ancestry represented the majority across all traits.. In the present study, we used only the summary statistics from individuals of European ancestry (N = 146,864).
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Meta-regression analysis
Meta-regression analysis was performed to explore the potential influence of clinical variables on gray matter volume (GMV) alterations in MDD. A positive association was observed between mean age and GMV changes in the anterior cingulate cortex (MNI coordinates: x = 2, y = 30, z = 26; SDM-Z = 3.727, p = 0.001). Similarly, illness duration was positively correlated with GMV changes in the left ventral insular cortex (MNI coordinates: x = -18, y = 4, z = -12; SDM-Z =2.642, p = 0.008). These findings suggest that age and disease chronicity may be associated with specific regional GMV reductions in MDD.

Subgroup meta-analysis
[bookmark: _Hlk165984885][bookmark: _Toc169289338]Subgroup analyses were conducted to assess the robustness of GMV alterations across imaging protocol variables. Due to the limited number of studies eligible for stratified analysis, results were interpreted in an exploratory manner. The voxel-level threshold was set at p < 0.005, the peak height Z > 1, and the clustering extent > 10 voxels. After applying TFCE (Threshold-Free Cluster Enhancement) and voxel-based correction, no statistically significant clusters survived correction, and thus only uncorrected results are reported. The analyses were divided into two subgroups: (1) Studies using 3.0 T MRI scanners, (2) Studies using 8 mm FWHM smoothing. In both subgroups, we consistently observed GMV reductions in the superior temporal gyrus, the inferior frontal gyrus, and the insula, although with slight regional variations. These findings support the overall robustness of GMV alteration patterns in MDD (Figure S1A-B).
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Figure S1. Gray matter volume alterations in the subgroups. A. FWHM with 8mm field. B. MRI with 3.0T field. 
Abbreviations: FWHM, full width at half maxima; L, left; MDD, major depressive disorder; R, right; SDM, seed-based d mapping.
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Figure S2. The variance explained by the top five components following PLS regression. The first PLS component (PLS1) explained > 10% of the variance.
Abbreviations: PLS, partial least squares.
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