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Supplementary Figure 1: (A) Model performance in predicting age of participants in the test set in the model trained using all metabolites in females and males respectively. (B) Distribution of residual between chronological age and predicted metabolic age - metabolic age gap (metAgeGap) in males and females. (C) Model performance in predicting age of participants in the test set in the model trained using 93, and 76 metabolites selected by Boruta in females and males respectively.
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Supplementary Figure 2: An overview of the metabolites selected by the Boruta algorithm. 61 metabolites are common between males and females, while 32 and 15 are uniquely selected in females and males respectively.
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Supplementary Figure 3. SHAP values of the top 20 selected metabolites in females. Each dot denotes a participant, color of the dots denotes the metabolome expression level and X-axis denotes its contribution to the model decision.
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Supplementary Figure 4: SHAP values of the top 20 selected metabolites in males. Each dot denotes a participant, color of the dots denotes the metabolome expression level and X-axis denotes its contribution to the model decision.
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Supplementary Figure 5: Association of puberty and reproductive factors with metAgeGap. Linear regressions were performed between each exposure and metAgeGap adjusting for recruitment centre, ethnicity, education years, and Townsend deprivation index. Values were standardized if quantitative. Grey color showed if the association was not significant after FDR correction. Balding in males and menopause in females is associated with higher metAgeGap.
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Supplementary Figure 6: Quantile-Quantile (QQ) plot for females (left) and males (right).[image: ]

Supplementary Figure 7: Genome-wide association plot showing top genes associated with metAgeGap for both the sexes. Black genes mark loci that were significantly associated with metAgeGap in both males and females. Pink genes mark loci that were significant only in females and blue genes mark loci that were significant in males only.
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Supplementary Figure 8: Genes that were found associated with metAgeGap in males and females in GWAS.






Supplementary Figure 9: Scatter plot of male and female genetic correlations identified in with DSC. Black is significant in both males and females, red and blue are traits significantly genetically correlated in females and males respectively. [image: ]
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Supplementary Figure 10: Age distribution plot of the top aging related sex dimorphic proteins by BMI groups. Left panel depicts females and right panel depicts males.
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Supplementary Figure 11: Age distribution plot of the top aging related sex dimorphic proteins by smoking status. Left panel depicts females and right panel depicts males.


[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

             [image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

[image: ]
[image: ]
[image: ]
[image: ]

Supplementary Figure 12: Age distribution plot of the top aging related sex dimorphic proteins by alcohol use. Left panel depicts females and right panel depicts males.
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Supplementary Figure 13: Age distribution plot of the top aging related sex dimorphic proteins by menopause and hormone replacement therapy (HRT) use.
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Supplementary Figure 14: Age distribution plot of the top aging related sex dimorphic proteins by top and bottom quartiles of estradiol.
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Supplementary Figure 15: Age distribution plot of the top aging related sex dimorphic proteins by top and bottom quartiles of testosterone.



Supplementary Figure 16: Association of all cis & trans pqtls of top sex dimorphic proteins with metAgeGap in males (Y-axis) and females (X-axis). Axis depict the Z scores from the association analysis. Each dot depicts a pqtl, where black ones are pqtls genome-wide (GW) significantly associated (p-value < 5.5*10-08) with metAgeGap in both males and females, red GW significantly associated with metAgeGap only in females and blue pqtls GW significantly associated with metAgeGap in males only. [image: ]
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Supplementary Figure 17: (A) Cumulative incidence plot of top, and bottom 10% of the metAgeGap in diseases significant only in males (Cox model 3). X-axis denotes the chronological age and Y-axis denotes cumulative risk. Cumulative incidence and number at risk at each age point is shown in Supplementary Tables 10-13. (B) Cumulative incidence plot of top, and bottom 10% of the metAgeGap in vascular dementia.
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Supplementary Figure 18: Association of metAgeGap to risk of common diseases in males. Model 1 adjusted for chronological age; model 2 was adjusted for recruitment centre, Townsend deprivation index, and ethnicity; model 3 was further adjusted for physical activity, BMI, smoking status, and alcohol frequency.
[image: ] 
Supplementary Figure 19: Association of metAgeGap to risk of common diseases in females. Model 1 adjusted for chronological age; model 2 was adjusted for recruitment centre, Townsend deprivation index, and ethnicity; model 3 was further adjusted for physical activity, BMI, smoking status, and alcohol frequency.
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Supplementary Figure 20: Association of metAgeGap to risk of cancers in males. Model 1 adjusted for chronological age; model 2 was adjusted for recruitment centre, Townsend deprivation index, and ethnicity; model 3 was further adjusted for physical activity, BMI, smoking status, and alcohol frequency.
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Supplementary Figure 21: Association of metAgeGap to risk of cancers in females. Model 1 adjusted for chronological age; model 2 was adjusted for recruitment centre, Townsend deprivation index, and ethnicity; model 3 was further adjusted for physical activity, BMI, smoking status, and alcohol frequency.
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