Supplementary Methods
[bookmark: _Hlk166266589]Precise Metabolomics 
For metabolome extraction, 50 µL of plasma was mixed with 200 µL of ice-cold methanol containing 0.28 mM phenylhydrazine, vortexed for 10 s, and incubated for 30 min at 1,500 rpm and 4 ºC; then, samples were kept at -20 oC for 30 min for derivatization of alpha-keto acids [1]. Samples were centrifuged for 10 min at 12,000 rpm at 4 oC. Clean supernatant was transferred to a new tube and dried in a SpeedVac under H2O mode. The dried extract was reconstituted in 2% acetonitrile in water prior to LC-MS analysis on an Agilent 1290 II UPLC coupled to Sciex 5600+ quadrupole-TOF MS. Polar metabolites were separated on a Waters ACQUITY HSS-T3 column (3.0 × 100 mm, 1.8 μm). MS parameters for detection were: ESI source voltage positive ion mode 5.5 kV, negative ion mode −4.5 kV; vaporizer temperature, 500 °C; drying gas (N2) pressure, 50 psi; nebulizer gas (N2) pressure, 50 psi; curtain gas (N2) pressure, 35 psi; The scan range was m/z 60-800 [2]. Information-dependent acquisition mode was used for MS/MS analyses of the metabolites. Collision energy was set at (±) 35 ± 15 eV. Data acquisition and processing were performed using Analyst® TF 1.7.1 Software (AB Sciex, Concord, ON, Canada). All detected ions were extracted using MarkerView 1.3 (AB Sciex, Concord, ON, Canada) into Excel in the format of two-dimensional matrix, including mass to charge ratio (m/z), retention time, and peak areas, and isotopic peaks were filtered. PeakView 2.2 (AB Sciex, Concord, ON, Canada) was applied to extract MS/MS data and perform comparisons with the Metabolites database (AB Sciex, Concord, ON, Canada), HMDB, METLIN, and standard references to annotate ion identities [3]. A cocktail of isotopically-labeled internal standards (IS) purchased from Cambridge Isotope Laboratories were spiked into the samples for metabolite quantitation, including L-Phenylalanine-d8, L-Tryptophan-d8, L-Isoleucine-d10, L-leucine-d10, L-Methionine-d3, L-Valine-d8, L-Proline-d7, L-Alanine-d7, DL-Serine-d3, DL-Glutamic acid-d5, Glycine-d2, L-Aspartic acid-d3, L-Arginine-d7, L-Glutamine-d5, L-Lysine-d9, L-Histidine-d5, Taurine-13C2, Betaine-d11, Urea-(13C, 15N2), L-lactate-d3, Trimethylamine N-oxide-d9, Choline-d13, Malic acid-d3, Citric acid-d4, Succinic acid-d4, Fumaric acid-d2, Hypoxanthine-d3, Xanthine-15N2, Thymidine (13C10, 15N2), Inosine-15N4, Uridine-d2, Methylsuccinic acid-d6, Benzoic acid-d5, Creatine-d3, Creatinine-d3, Glutaric acid-d4, Glycine-d2, Kynurenic acid-d5, L-Citrulline-d4, L-Threonine-(13C4, 15N), L-Tyrosine-d7, P-cresol sulfate-d7, Sarcosine-d3, Trans-4-hydroxy-L-proline-d3, Uric acid-(13C; 15N3). Peak areas of endogenous metabolites were normalized to the areas of their corresponding isotopically labeled structural analogues for quantitation. For endogenous metabolites without labeled structural analogues, an automated algorithm selects the optimal internal standard for quantitation based on the rule of minimal coefficients of variations (COVs) after normalization [3]. 

[bookmark: _Hlk166266608]Targeted Lipidomics
[bookmark: OLE_LINK9][bookmark: _Hlk171445986][bookmark: _Hlk171445979][bookmark: _Hlk171446001][bookmark: _Hlk171445994][bookmark: _Hlk185980932]Lipids were extracted from 20 µL of plasma using a modified version of the Bligh and Dyer's method as described previously [2]. Briefly, 750 µL of chloroform: methanol: MilliQ H2O (3:6:1) (v/v/v) was added to plasma samples and incubated at 1500 rpm for 1 h at 4 ℃. At the end of the incubation, 350 µL of deionized water and 250 µL of chloroform were added to induce phase separation. The samples were then centrifuged and the lower organic phase containing lipids was extracted into a clean tube. Lipid extraction was repeated once by adding 450 µL of chloroform to the remaining aqueous phase, and the lipid extracts were pooled into a single tube and dried in the SpeedVac under OH mode. Samples were stored at -80 ℃ until further analysis. Lipidomic analyses were conducted using an ExionLC-AD coupled with Sciex QTRAP 6500 PLUS as reported previously[4]. Separation of individual lipid classes of polar lipids by normal phase (NP)-HPLC was carried out using a TUP-HB silica column (i.d. 150 x 2.1 mm, 3 µm) with the following conditions: mobile phase A (chloroform: methanol: ammonium hydroxide, 89.5:10:0.5) and mobile phase B (chloroform: methanol: ammonium hydroxide: water, 55:39:0.5:5.5). MRM transitions were set up for comparative analysis of various polar lipids. Individual lipid species were quantified by referencing to spiked internal standards. d9-PC 32:0 (16:0/16:0), d9-PC 36:1p (18:0p/18:1), d7-PE33:1 (15:0/18:1), d9-PE36:1p (18:0p/18:1), d31-PS (d31-16:0/18:1), d7-PA33:1 (15:0/18:1), d7-PG33:1 (15:0/18:1), d7-PI33:1 (15:0/18:1), C14-BMP, d3-16:0 carnitine, Cer (d18:1/15:0-d7), d9-SM d18:1/18:1, C8-GluCer, d3-LacCer d18:1/16:0, Gb3 d18:1/17:0, d7-LPC 18:1, d7-LPE 18:1, C17-LPI, C17-LPA, C17-LPS, C17-LPG, d17:1 Sph, d17:1 S1P were obtained from Avanti Polar Lipids. GM3-d18:1/18:0-d3 was purchased from Matreya LLC. Free fatty acids were quantitated using d31-16:0 (Sigma-Aldrich) and d8-20:4 (Cayman Chemicals). Glycerol lipids including diacylglycerols (DAG) and triacylglycerols (TAG) were quantified using a modified version of reverse phase HPLC/MRM. Separation of neutral lipids were achieved on a Phenomenex Kinetex-C18 column (i.d. 4.6 x 100 mm, 2.6 µm) using an isocratic mobile phase containing chloroform: methanol: 0.1 M ammonium acetate 100:100:4 (v/v/v) at a flow rate of 300 µL for 10 min. Levels of short-, medium-, and long-chain TAGs were calculated by referencing to spiked internal standards of TAG (14:0)3-d5, TAG (16:0)3-d5 and TAG (18:0)3-d5 obtained from CDN isotopes, respectively. DAGs were quantified using d5-DAG 16:0/16:0 and d5-DAG 18:1/18:1 as internal standards (Avanti Polar Lipids). Free cholesterols and cholesteryl esters were analysed under atmospheric pressure chemical ionization (APCI) mode on an Agilent 1260 LC coupled with Sciex QTRAP 5500 as described previously, using d6-cholesterol and d6-C18:0 cholesteryl ester (CE) (CDN isotopes) as internal standards. 

[bookmark: OLE_LINK6]Bioinformatics and Statistical Analyses
A descriptive analysis of characteristics of enrolled participants was carried out using frequency tables for categorical variables and median and interquartile ranges for continuous variables. Differences in sociodemographic and clinical characteristics among HCs, TNs, IRs, and INRs were assessed through the Chi-squared test for independence for categorical variables. For continuous variables, we used the nonparametric Mann–Whitney test for comparisons between two groups and the Kruskal–Wallis test for comparisons involving more than two groups.
[bookmark: _Hlk171446083][bookmark: _Hlk171446075][bookmark: OLE_LINK26][bookmark: _Hlk171446103][bookmark: _Hlk171446096][bookmark: _Hlk171446124][bookmark: _Hlk171446109][bookmark: _Hlk171446708][bookmark: _Hlk171446696][bookmark: _Hlk171446137][bookmark: _Hlk171446147]Statistical analyses for metabolomic and lipidomic data were performed in R version 4.2.3. Differential analysis was performed using Limma R package, incorporating age, sex and BMI as covariates on log2- transformed lipidomics and metabolomics data. P-values were adjusted with the Benjamini-Hochberg method. Log2 fold-change and P-values from the Limma model were illustrated as volcano plots that compares changes in combinations. Upset plot was generated using the "UpSetR" package to visually represent intersections among statistically significant lipids/metabolites (Limma P-values < 0.05) across various comparison combinations. Partial least squares-discriminant analysis (PLS-DA) was carried out using the "ropls" R package and visualize the clustering of samples. The heatmap was generated based on normalized expression levels of metabolites and lipids using the R package “gplots”. Spearman correlation coefficients were calculated between the differential metabolites/lipids and the clinical parameters using Hmisc v.4.4-2. Statistically significant correlations were indicated by color: red for positive and blue for negative correlations. Metabolite enrichment analysis was conducted in MetaboAnalyst 5.0 across KEGG pathways using overrepresentation analysis (ORA) with a hypergeometric test. Least absolute shrinkage and selection operator (LASSO) with cross-validation was used to select the subset of metabolites/lipids that most distinguish INRs from IRs. Receiver operating characteristic curve (ROC) was plotted with area under the curve to demonstrate the discriminative power of the variables selected by LASSO. A network was constructed from the differential correlated pairs (P<0.05) and further analyzed using R package “MEGENA” (Multiscale Embedded Gene Co-Expression Network Analysis). Differential correlation was calculated using R package DGCA.
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