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Supplementary Data 1. Genotype data and summary statistics for the two-sample Mendelian randomization
In our two-sample Mendelian randomization (MR) study, the first sample (gene-exposure group) consisted of 279,011 participants with available HbA1c data but no neuroimaging data. The second sample (gene-outcome group) was non-overlapping of the first sample, which consisted of participants with both HbA1c and neuroimaging data (see Figure 1). 
The quality control of UKB genotype data was performed on the first sample following a commonly used procedure . The genotype data came from two platforms, Affymetrix UK BiLEVE Axiom and UKB Axiom® arrays, which captured over 90 million single-nucleotide variants (SNVs) of ∼500,000 subjects . We removed variants with minor allele frequency (MAF) below 0.01, Hardy-Weinberg equilibrium p-value below 0.001, missing genotype rate at 5%, removed participants with more than 2% missing genotypes, and only kept family-unrelated participants with European ethnic backgrounds. We conducted the principal component analysis (PCA) to adjust for population stratification and chose the top 10 principle components (PCs) as recommended by PLINK (version 2.0) and in previous studies (Casanova et al., 2020; Liu et al., 2020; Sofianopoulou et al., 2021). 
To obtain the summary statistics for the two-sample MR analysis, we performed the GWAS on the HbA1c (N=279,011) using the first sample, adjusting for age, gender, body mass index, genotyping chip type, and the acquired top 10 PCs using PLINK (version 2.0) . We selected genetic variants with genetic-exposure (HbA1c) p-value < 5×10-8.
Supplementary Data 2. Genome-wide association analysis for adjusted brain age gap
We performed reverse causality analysis via MR analysis by treating adjusted BAG as the exposure and HbA1c as the outcome, following the two steps below:
a) Calculated genetic-exposure summary statistics using UKB participants with adjusted BAG data.
b) Calculated genetic-outcome summary statistics using UKB participants with only HbA1c data yet without adjusted BAG data.
IV selection: After pruning and clumping genetic variants, we followed the IV selection introduced in Appendix 3 and selected IVs for MR analysis using criteria below:
· Selected genetic variants with genetic-exposure p-value < 1*10-5
· Selected genetic variants with genetic-confounder BHp > 0.05
· Selected genetic variants with genetic-outcome p-value > 0.1
The GWAS summary statistics and annotation of the IVs selected were provided in Supplementary Table 11. The Manhattan plot for GWAS for adjusted BAG is shown in Fig.1 below.
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Supplementary Data Figure 1.  Manhattan plot of GWAS for adjusted BAG.
[bookmark: _GoBack]Supplementary Data 3. Manhattan plot of HbA1c.
We provided Manhattan plot of the association analysis for adjusted Brain Age Gap (BAG) at a significance level of 5e-8. More details see Supplementary Table S8.
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Supplementary Data Figure 2. Manhattan plot of GWAS for HbA1c.


Supplementary Figures
Figure S1. Association of predicted brain age. 
A shows the predicted brain age (y-axis) versus chronological age (x-axis) before correction. B shows the predicted brain age after correction. The prediction after the correction revealed improved accuracy according to the increased values of the coefficients of correlation (R) and mean absolute error (MAE (year)). These results indicated that the predicted brain age tended to be overestimated at low chronological age (x-axis) and underestimated at high chronological age (Beheshti et al., 2019; Linli et al., 2022). The prediction can be biased toward the mean when regression minimizes the expected loss function for the optimization procedure (Smith et al., 2019; Butler et al., 2021). This property causes the regression to naturally predicts values toward the mean instead of remaining as extreme as they were initially observed when randomness exists in the sampling process (Beheshti et al., 2019).
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Figure S2. The distribution of demographic characteristics for training set and testing set.
The plots showed characteristics among different sets, including the training sample (non-T2D only) and the study sample ((non-T2D and T2D separately). A and B show the time distribution of age and BMI in the box diagram. C shows the frequency of gender in the bar graph.
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Figure S3. The effect sizes with the 95% confidence interval for testing the difference between non-T2D and T2D within each age category.
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Figure S4. Leave-one-out analysis (LOOA) for MR results of Hemoglobin Type A1C (HbA1c). The 10 SNPs from LOOA with the lowest estimated values were selected for plotting. Further details can be found in Supplementary Table S10.
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Figure S5. Sensitivity analysis results after including individuals who injected insulin or took medications for diabetes into the gene-outcome group. 
The causal effect estimates for HbA1c, along with their corresponding 95% confidence intervals (CI), were obtained using various MR methods that were selected based on adherence to the three instrumental variable (IV) assumptions. The primary MR method, Gen-IVW (indicated by a triangle), represents the weighted generalized linear regression, while the other methods (represented by a dot) were used in the sensitivity analysis. Different colors are used to distinguish between different groups.
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