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Figure S1. Heatmap of metabolite correlations. Pearson correlations (r) are displayed and hierarchical
clustering was used to sort metabolites. Clusters of strong positive correlations are largely between amino
acid—amino acid and between lipid-lipid (i.e., correlations between super pathway had weaker correlations).
Negative correlations are less common and all have an r>-0.62.
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Figure S2. Manhattan plots of metabolome-wide associations results. (A) Age significantly influenced 623
metabolites. (B) Sex significantly influenced 695 metabolites. Both sets of results use a Benjamini-Hochberg adjusted
p-value threshold (red horizontal line).
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Figure S3. Manhattan plots of metabolome-wide associations results. (A) Age significantly influenced 565 metabolites
in women. ()) Age significantly influenced 255 metabolites in men. ()) Trajectories of 68 metabolites significantly differ by sex.
Each set of results uses a Benjamini-Hochberg adjusted p-value threshold (red horizontal line).
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Figure S4. Age stratified by sex: Adjusted effects of a 10-year increase in age on the top 100 metabolites most strongly
influenced by age in women. Positive values indicate the amount a metabolite increased over 10 years, whereas negative values
indicate the amount a metabolite decreased over 10 years. Black vertical lines indicate standard errors.

SUPER.PATHWAY

.AmmoAcsd
Carbohydrate
i h ' . ” I l | I “ ‘ll .Colacmrsandvnamms
I ih | H| i ii ai l hiy “a | o e
' Il B e
' | ‘ ' -Nudeohde
{ ’ ’ Peptide

10"Age B
°
8

Unknown

. Xenobiotics

L-urobilin

gamma-tocop

Figure S5. Age stratified by sex: Adjusted effects of a 10-year increase in age on the top 100 metabolites most strongly
influenced by age in men. Positive values indicate that the metabolite increased with 10 years of age, whereas negative values
indicate that the metabolite decreased with 10 years of age. Black vertical lines indicate standard errors.
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Figure S6. Adjusted effects of a 10

the bar on the right represents the change in metabolite level over 10 years in men. Black vertical lines indicate standard errors.
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WRAP GWAS QC Flowchart

v

Samples missing >5%: 16 samples removed
Chr 0: 11,468 variants removed
Sex chr: 61,006 variants removed

Duplicate variants: 25,781 variants removed
Multi-allelic: 2,374 variants removed

A\ J

Concordance (36 blinded duplicates) = 99.99%
Discordant variants set to missing
Blinded duplicates removed: 36 samples removed

Variants missing >5%: 35,105 variants removed
Indels: 22,201 variants removed
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A J

v

v

v

1,340 samples

1,779,819 variants

-Sample missingness, remove chr sex & 0
Yy

1,324 samples

1,707,345 variants

-Duplicate & multi-allelic variants
;

1,324 samples

1,679,190 variants

-Concordance of 36 blinded duplicate samples
v

1,288 samples

1,679,190 variants

-SNP missingness, remove indels
!

1,288 samples

1,621,884 variants

-Sample heterozygosity
[

1,288 samples

1,621,884 variants

-Sex check
]

1,282 samples

1,621,884 variants

-Ancestry using 1000 Genomes ref
3

1,198 samples

1,621,884 variants

-HWE & monomorphic variants
&

1,198 samples

1,294,660 variants

-Pre-imputation QC
y

1,198 samples

898,220 variants

-Imputation
 J

1,198 samples

39,131,578 variants

-Post-imputation QC
y

1,198 samples

10,400,394 imputed variants

-Merge imputed and genotyped variants

-Overwrite discordant imputed and genotyped

variants with genotyped variants

v

None +/- 6 SD of the heterozygosity rate

Chr X, LD r2<.10, missing <.80: 11,593 variants
Inconsistent sex: 6 samples removed

WRAP and 1000 Genomes: 1,377,026
Variants MAF>.05 and r’<.10: 63,503
Samples of non-European descent: 84 samples removed

HWE p<3.08E-8: 160 variants removed
Monomorphic: 327,064 variants removed

HRC Checking Tool:

ID/pos mismatch, palindromic, MAF diff>.2, or non-
matching alleles vs. HRC: 396,440 variants removed
Strand flip: 68,838 variants (not removed)

Michigan Imputation Server
Reference panel: HRC, Phasing: Eagle2

Quality r<.80: 26,041,140 variants removed
Multi-allelic: 10,850 variants removed

MAF < .001: 2,678,895 variants removed

0 removed - missing > .01

HWE: 299 removed

Clean data remaining for analyses
Genotyped & imputed variants: 10,499,994

Samples: 1,198

Figure S7. GWAS QC Flowchart.
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