Supplementary Data
Search strategy
References for this systematic review and meta-analysis were identified for articles published from the earliest available online indexing year through 31th December 2018 by the following approach: 
(“metabolome”[MeSH Terms] OR “metabolomics” [MeSH Terms] OR metabolo* [All Fields] OR metabonom* [All Fields] OR “metabolite network*” [All Fields] OR “metabolite profile*” [All Fields] OR lipidom* [All Fields]) AND (“Diabetes mellitus, type 2” [MeSH Terms] OR “insulin resistance” [All Fields] OR MODY OR NIDDM OR T2D OR noninsulin dependent [All Fields] OR type 2 diabetes [All Fields] OR type II diabetes [All Fields]) AND (“Magnetic Resonance Spectroscopy” [MeSH] OR “High-Throughput Screening Assays” [MeSH] OR “Chromatography” [MeSH] OR “Mass Spectrometry” [MeSH]).
Eligibility Criteria 
We defined type 2 diabetes with diagnostic criteria as follows(1) :1) Glycated hemoglobin HbA1c ≥ 6.5% (≥ 48 mmol/mol). 2)Fasting blood glucose FPG ≥ 7.0mmol/L (126 mg/dL) (fasting is defined as no calorie intake for at least 8 hours). 3)Blood glucose ≥ 11.1 mmol/L (200 mg/dL) for 2 hours during oral glucose tolerance test. 4)Blood glucose ≥ 11.1mmol/L at random times. Studies were eligible if they met the following criteria: 1) Studies on human with T2D; 2) Using T2D and non-T2D control samples for comparison; 3) Using high-throughput metabolomics techniques to identify metabolites in blood (plasma or serum) and urine samples; 4) Biological samples were collected from individuals with fasting status. Studies were excluded if they were 1) animal T2D-related models, type 1 diabetes, gestational diabetes, diabetic nephropathy or other complications of diabetes; 2) irrelevant to metabolomics; 3) non-original papers (reviews, news, editorials or letters).
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Figure1 Flow diagram of selection progress
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Supplementary Table 1. Characteristics of the prospective studies associated with incident T2D
	[bookmark: _Hlk10318764][bookmark: _Hlk2027190][bookmark: _Hlk2025394][bookmark: _Hlk10322789][bookmark: _Hlk2068334]Reference
	Population
	Study Design
	N (DB/normal control), Follow-up Time
	Sample
	Metabolites Identified
	Score

	Wang, T. J et al, 2011(2) 
	FHS Offspring, U.S.
	Nested case-control
	189/189, 12 years
	plasma
	(↑) valine, leucine, isoleucine, tyrosine, phenylalanine
	5.5

	
	Replication:
MDC, Sweden
	Nested case-control
	163/163, 12.6 years
	plasma
	(↑) valine, leucine, isoleucine, tyrosine, phenylalanine, combination of isoleucine, tyrosine, phenylalanine
	

	
	Verification:
FHS Offspring, U.S.
	Case-control
	201/400
	plasma
	(↑) Combination of isoleucine, tyrosine and phenylalanine
(↑) Combination of isoleucine, tyrosine, phenylalanine, leucine, valine
	

	Rhee, E. P et al, 2011(3)
	FHS Offspring,
U.S.
	Nested case-control
	189 /189, 12 years
	plasma
	(↑) TAGs of lower carbon number and double bond, LPEs 18:2, SM 22:0, PC 36.2; 
(↓) TAGs of higher carbon number and double bond, LPC 22:6, PC 38:6
	5

	Stancáková, Alena et al 2012(4) 
	METSIM,
Finland
	Nested case-control
	151/375, 4.7 years
	serum
	(↑) alanine, leucine, isoleucine, tyrosine, phenylalanine
(↓) glutamine; (–) histidine, valine
	4.5

	Wang-Sattler, R.et al 2012l(5)
	KORA, Germany
	Prospective Cohort
	91/876, 7 years (91/91 nested case control)

	serum
	(↓) glycine, LPC 18:2; combination of glycine and LPC 18:2
(↑) C2
In nested case-control:
(↑) BCAAs (isoleucine, leucine, valine, tyrosine)
(–) glycine, LPC 18:2, C2
	5.5

	Cheng, S et al 2012(6)
	FHS Offspring, U.S.
	Prospective Cohort
	NA/601, 12 years
	plasma
	(↑) glutamate
(↓) glutamine, glutamine-to-glutamate ratio
	4.5

	
	MDC, Sweden
	Cohort
	NA/409, 12 years
	plasma
	(↓) glutamine
	

	Floegel, A, et al, 2013(7)
	EPIC-Potsdam,
Germany
	Case-Cohort
	800/2,282, 7 years
	serum
	(↑) hexose, phenylalanine, diacyl-PC(C32:1, c36:1, C38:3 C40:5), factor combining these metabolites (factor 1); BCAAs;
(↓) glycine, SMC16:1, LPC C18:2 PC ae (C34:3, C40:6, C42:5, C44:4, C44:5), factor combining these metabolites (factor 2)
	5.5

	
	Replication:
KORA cohort,
Germany
	Prospective Cohort 
	91/785, 7years
	serum
	(↑) Hexose, factor combining PCs and amino acids (factor 2)
	

	Ferrannini, E et al 2013 (8)
	Botnia, Finland Study 
	Prospective Cohort 
	151/2549, 9.5 years
subgroup (130/412)
	plasma
	(↑) α-HB (↓) L-GPC
in subgroup:
(↑) BCAAs (leucine, valine, isoleucine), glutamate, alanine, arginine;
(↓) glycine
	5.5

	Mahendran, Y et al, 2013(9)
	METSIM,
Finland
	prospective cohort
	276/4059, 4.5-year
	serum
	(↑) glycerol, MFAs, SFAs, FAs (n-7, n-9) 
(↓) n-6 FAs, n-3FAs, linoleic acid
	4.5

	Mahendran, Y.et al, 2013(10)
	METSIM,
Finland
	prospective cohort
	269/4,008, 5 year
	serum
	(↑) acetoacetate
	4.5

	Wang et al, 2013(11)
	FHS Offspring,
U.S
	Nested case-control 
	188 /188, 12 years
	plasma
	(↑) 2-AAA 
	5.5

	
	Replication:
MDC,
Sweden
	Nested case-control
	162 /162, 13 years
	plasma
	(↑) 2-AAA
	

	Forouhi, Nita G et al. 2014(12)
	EPIC study, eight countries in Europe
	Case-Cohort
	12132/15164, 16 years
	plasma
	(↑) even-chain SFAs (14:0, 16:0, 18:0)
(↓) odd-chain SFAs (15:0, 17:0), longer-chain SFAs (20:0 ,22:0, 23:0, 24:0)
	5

	Drogan, D.J.et al, 2015(13)
	EPIC-Potsdam,
Germany
	Nested case- Control
	300/300, 6 year
	serum
	(↑)isopentenyladenosine-5-monophosphate, hexose sugar, PC(22:4/dm18:0)/ PC(O-18:0/22:5), PC(38:4)/PC(36:1)/PE(O-18:0/O-18:0)/PE(O-20:0/O-16:0)
(↓)Deoxyhexose sugar,1-O-D-glucopyranosyl-D-mannitol or maltitol, PC(O-20:0/O-20:0), LPC(dm16:0)
	4.5

	Fizelova, M.et al, 2015(14)
	METSIM,
Finland
	Cohort
	386/662, 5.9 year
	serum
	(↑) Small VLDL particles, large VLDL particles, ApoA1/HDL-C, ApoB/LDL-C, ApoB/non-HDL-C; 
(↓) HDL-C, Large HDL particles
	3.5

	Zhao, J et al, 2015(15)
	SHFS, U.S.
	Nested case-control 
	133/298, 5.5 years
	plasma
	(↑)2-hydroxybiphenyl
(↓) PC (22:6/20:4), (3S)-7-hydroxy-29,39,49,59,8-pentamethoxyisoflavan (HPMF), Met-Glu-Ile-Arg, Leu-Asp-Tyr-Arg
	5

	Tillin, T et al 2015(16)
	SABRE,
England (South Asian and European)
	Prospective Cohort
	227/780(South Asian men), 113/688(European men), 19 years
	serum
	(↑) isoleucine, leucine, valine, phenylalanine, tyrosine, alanine, combination of isoleucine, leucine, tyrosine, combination of BCAAs and aromatic amino acids in South Asians
	4.5

	Sun, L et al, 2016(17)
	NHAPC
China
	Prospective Cohort
	507/1596, 6 years
	plasma
	(↑) acylcarnitine(C0, C3DC, C4,C5, C5OH, C8:1, C10, C14OH, C14:1OH,C16:1, C16:2, C18, C18OH, C18:1, C18:2,C20, C20:4)
(↓)acylcarnitine(3-dehydrocarnitine, 3-dehydroxycarnitine, C7DC, C10DC, C12, C12OH, C12:1)
	4.5

	Fall, T et al, 2016(18)
	ULSAM, PIVUS,
TwinGene study, Sweden
	Prospective Cohort
	78/1060 (ULSAM)
70/900 (IVUS)
122/1427 (TwinGene)
	plasma, serum
	(↑)γ-glutamyl-leucine, 2-Methylbutyroylcarnitine, barogenin, L-tyrosine, Monoacylglycerol (18:2), CerPE (38:2), deoxycholic acid
(↓)cortisol, LPC/PC(O-16:1/0:0),SM (33:1),LPC (20:2),SM (d18:2/18:1),SM (34:2), PC (42:7)
	5

	
	Replication: KORA, Germany
	Prospective Cohort
	88/767
	serum
	(↑) γ-glutamyl-leucine, L-tyrosine, deoxycholic acid, 2-methylbutyroyl carnitine
(↓) Cortisol
	

	Lu, Y. et al,2 016(19)
	SCHS Cohort, China
	Nested case-control 
	197/197, 6 years
	serum
	(↑) leucine, isoleucine, valine, threonine, pyruvate, 1,3-Propanediol, NEFA (palmitic acid, stearic acid, oleic acid), LPG (12:0), LPI(16:1, 18:1, 18:2, 20:3, 20:4, 22:6)
(↓)ornithine, serine, phosphoserine, proline, LPE (20:5)
	5

	Qiu, G. K et al, 2016 (20)
	DFTJ, JSNCD Cohort, China
	Nested case-control
	DFTJ:1039/1039, 4.61 years
JSNCD:520/520, 7.57 years
	plasma
	(↑) alanine, phenylalanine, tyrosine, palmitoyl carnitine
	5

	Walford, G. A et al, 2016(21)
	DPP, U.S.
	Nested case-control
	427/330, 3.2 years
	plasma
	(↑) methionine sulfoxide, propionyl carnitine 
(↓) betaine, serine, 
	4.5

	Mamtani, M et al, 2016(22)
	SAFHS cohort, USA
	 Cohort
	122/649, 5 years
	serum
	(↑) Cer (d18:0/18:0), TG (16:0/18:0/18:1)
(↓) LPC(O-22:1) 
	5

	Imamura F et al, 2017 PLoS Med(23)
	EPIC-InterAct cohort
(8 European countries)
	Case-cohort
	12132/15164, 11.7 years
	plasma
	(↓) A combination of linoleic acid, odd-chain fatty acids, and very long-chain fatty acids
	

	Peddinti, G et al, 2017(24)
	BPS cohort, Finland
	Prospective Cohort
	146/397, 10 years
	plasma
	(↑) glucose, mannose, α-HB, isoleucine, valine, glutamate, trehalose
(↓) histidine, bilirubin, glutamine, α-tocopherol
	5.5

	
	Replication: DESIR cohort, France
	Cohort
	231/813, 9 years
	plasma
	glucose, mannose, α-HB and α-tocopherol
	

	Liu, J et al, 2017(25)
	EFR study, Netherlands
	Prospective family-based study
	137/1434, 11.3 years
	plasma
	(↑) isoleucine, methionine, tyrosine, 2-HB,1,5-AG, 2-oxoglutaric acid, glycine, betaine, glycerol, lactate, pyruvate, TG(48:0,48:1,50:5),VLDL-FC, XXL-VLDL-C, VLDL-TC
(↓)XXL-LDL-phospholipids, L-LDL-C, XS-LDL-ApoB, L-HDL-FC
	5.5

	Ottosson, F et al, 2018(26)
	Malmö preventive project, Sweden
	Prospective Cohort
	204/496, 6.1years
	plasma
	(↑) glutamate, isoleucine, ornithine, leucine, lysine, isovalerylcarnitine, tyrosine, valine, phenylalanine, alanine, butyrylcarnitine, propionylcarnitine, proline
(↓) asparagine, serine, glutamine
	4.5

	Lu, Y. H et al,2018 (27)
	SCHS cohort, China
	Nested case-control
	160/160, 9 years
	serum
	[bookmark: _Hlk2844836](↑) LPI (16:1,18:0), myristic acid, palmitic acid, palmitoleic acid, stearic acid, ficosadienoic acid, dihomo-gamma-linolenic acid, mead acid, arachidonic acid, adrenic acid
	4.5

	Shi, L et al,2018(28)
	VIP cohort, Sweden
	Nested case- control
	503/503, 7 years
Subgroup (187/187), 10 years 
	plasma
	(↑) 3-hydroxyisovalerylcarnitine, leucine, isoleucine, valine, tryptophan, L-tyrosine, alanine, citrulline, 3-methyl-2-oxovaleric acid
(↓) 2-hydroxyethanesulfonate, LPC (18:2, 18:1, p16:0, 17:0, 19:1, 20:1,17:0/18:2)
	5

	Suvitaival, T.et al, 2018(29)
	population-based
METSIM (Metabolic Syndrome in Men) Study
	Nested case- control
	107/129, 5 year
	 plasma 
	(↑) PC (34:2e,36:1)
(↓) LPC (18:2), PC (32:1), TG (17:1/18:1/18:2)
	4.5

	Merino Jordi et al, 2018(30)
	FHS Offspring cohort, U.S. 
	Prospective Cohort
	95/1055, 20 years
	Plasma
	(↑) DAG C36:1, phenylalanine, isocitrate, D-glucose, TAG C(48:1, 48:0, 52:1, 54:8, 58:11), PC C36:4
(↓) 3-methyladipic acid, taurine, 5- hydroxyindoleacetic acid, LPC C(18:1,18:2), SM C24:0, glycine, 
	4


[bookmark: _Hlk6675452][bookmark: _Hlk2432369][bookmark: _Hlk2025375][bookmark: _Hlk2027214][bookmark: _Hlk2936490][bookmark: _Hlk10322830][bookmark: _Hlk10322863][bookmark: _Hlk2027444]T2D, type 2 diabetes mellitus; (–), no association; (↑), positive association with T2D; (↓), negative association with T2D; BMI, Body Mass Index; FPG, fasting plasma glucose; BCAA, branched-chain amino acid; FG, fasting glucose; FBG: fasting blood glucose; OGTT, oral glucose tolerance test; HOMA-IR, homeostasis model assessment- insulin resistance; FHD, family history of diabetes; PG, postprandial glucose; PI, postprandial insulin; PA, physical activity; HPLC, high performance liquid chromatography; ae, acyl-alkyl; PC, phosphatidylcholine; LPC, Lysophosphatidylcholine; SM, Sphingomyelin; C2, acetylcarnitine; LGPC, linoleoylglycerophos-phocholine; aa, alkyl-acyl; LPI, lysophosphatidylinositol; LPE, lysophosphatidylethanolamine; NEFA, nonesterified fatty acid; TG, Triglyceride; LDL-C, low density lipoprotein-cholesterol; VLDL-C, very low density lipoprotein cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; FC, free cholesterol; TAG, triacylglycerols; SBP and DBP, systolic and diastolic blood pressure; α-HB, α-hydroxybutyrate; Cer, ceramides; CerPE, ceramide phosphoethanolamine; DAG, diacylglycerol.



Supplementary Table 2 Results of Analytical methods Associating Metabolites with incident T2D 
	Reference
	Metabolite Profiling
	Data Reduction Approach
	Statistical Analysis
	Score Calculation
	Covariates in Fully Adjusted Model

	Wang, T. J et al, 2011(2) 
	LC-MS, targeted (61 metabolites)
	Learning and replication studies → paired analyses →logistic regression
	Conditional logistic regression
	Sum standardized biomarker values weighted by beta coefficients
	age, sex, BMI, FG, FI, OGTT HOMA–IR, 

	Rhee, E. P et al, 2011(3)
	LC-MS/MS, targeted (>100 lipids)
	Regression analyses glucose, fasting insulin, total TG and HDL-C
	Conditional logistic regression
	NA
	age, sex, BMI, fasting glucose,
fasting insulin, total TG, HDL-C

	Stancáková, Alena et al 2012(4) 
	NMR, targeted (8 amino acids)
	linear and Cox regression models adjustment for age, BMI, smoking and PA
	Conditional logistic regression
	NA
	 age, BMI, 0–30 min post load insulin glucose

	Wang-Sattler, R.et al 2012l(5)
	LC-FIA-MS; targeted (131 metabolites)
	Logistic regression→26 metabolites at P<0.05 →linear regression
	Logistic regression
	NA
	age, sex, BMI, PA, alcohol intake, smoking, BP, HDL-C

	Cheng, S et al 2012(6)
	LC-MS/MS targeted (2 metabolites)
	Learning and replication
studies→ mixed linear models at Bonferroni-corrected P< 0.001 → further adjustment
	Mixed linear models
	NA
	age, sex, BMI, baseline FG

	Floegel, A, et al, 2013(7)
	FIA-MS/MS, targeted (163 metabolites)
	Learning and replication studies → stepwise Cox regression→14 metabolites at P<0.05 → PCA → 2 metabolite factors
	Cox proportional hazards regression
	Sum metabolite’s standardized concentration and corresponding factor loading
	age, sex, BMI, waist CM, alcohol intake, smoking, PA, education, coffee, red meat, whole-grain bread, hypertension

	Ferrannini, E et al 2013 (8)
	UHPLC-MS/MS, targeted (a-HB,
L-GPC; ≥23 amino acids and fatty acids
	General linear models → logistic regression combined AUC
	General linear models
	NA
	age, sex, BMI, FHD, FG

	Mahendran, Y et al, 2013(9)
	NMR targeted (TG, glycerol, FFAs and serum FA)
	Linear and Cox regression models adjustment for age, BMI, smoking and PA
	Logistic regression
	NA
	age, BMI, smoking, and physical activity

	Mahendran, Y.et al, 2013(10)
	NMR, targeted (b-hydroxybutyrate and acetoacetate)
	linear and Cox regression models adjustment for age, BMI, smoking and PA
	Logistic regression
	NA
	age, BMI, smoking, and physical activity

	Wang et al, 2013(11)
	HILIC and LC-MS/MS; targeted (70 metabolites)
	Learning and replication studies→ logistic regression → further adjustment
	Logistic regression
	NA
	Age, sex, BMI and fasting glucose, insulin measures*

	Forouhi, Nita G et al. 2014(12)
	HPLC, targeted (37 fatty acids)
	Cox regression at P<0.05 → random-effects meta-analysis.
	Cox proportional hazard models 
	NA
	age, BMI, study center, sex, PA, smoking status, education level, total energy intake, alcohol intake, 

	Drogan, D.J.et al, 2015(13)
	LC-MS, untargeted (> 4,500 metabolite features)
	RFs and PLS-DA in two subgroups → 34 metabolites ranked high in both → logistic regression
	Multivariable-adjusted conditional logistic regression
	NA
	Age, BMI, WC, PA, smoking, education, hypertension, alcoholic beverages, coffee, red meat, whole-grain bread

	Fizelova, M.et al, 2015(14)
	NMR; targeted (lipoproteins and
apolipoprotein)
	linear and Cox regression models adjustment for age, BMI, smoking and PA
	Cox regression 
	NA
	Age, BMI, smoking, physical
activity

	Zhao, J et al, 2015(15)
	LC-MS, untargeted (>11,000 metabolite features)
	Cox regression → further adjustment →AUC and sPLS-DA
	Cox proportional hazards frailty model, logistic regression
	Sum of Cox regression coefficients multiplied by z score of the metabolite
	age, sex, site, BMI, eGFR, HDL, TG, FG, IR

	Tillin, T et al 2015(16)
	NMR; targeted (9 amino acids)
	compare in two cohort → logistic regression → further adjustment
	Logistic regression
	three-AA combination
five-AA combination
	age, FBG, BMI, waist-to-height ratio, truncal skinfold thickness, Matsuda-IR, HDL-C, current smoking

	Sun, L et al, 2016(17)
	LC-MS/MS targeted (34 metabolites)
	ANCOVA → logistic regression →Elastic net regression
	Logistic regression
	sum all covariates with
weights equal to the regression coefficients
	age, sex, region, residence, smoking, drinking, FA, FHD, SBP, FG, BMI, HbA1c

	Fall, T et al, 2016(18)
	UPLC–MS, untargeted (3276 metabolite features)
	Learning studies (ULSAM, PIVUS and TwinGene) →Association with incident T2D at P<0.05→Meta-analysis →15 metabolites → Replication in KORA
	Cox proportional hazard model
	NA
	BMI, waist circumference, age, sex, FG

	Lu, Y. et al, 2016(19)
	LC-MS, GC-MS, untargeted (4859 features)
	OPLS-DA(VIP>1) → logistic models→35 metabolites at P<0.05
	Logistic regression
	sum the tertile ranks of metabolites that were associated with T2D
	age, sex, BMI, smoking status, history of hypertension

	Qiu, G. K et al, 2016 (20)
	HPLC-MS, LC-MS/MS targeted (52 metabolites) 
	two cohorts →logistic models at P<0.05→meta-analysis→5 metabolites
	Multivariate conditional logistic models
	sum the quartile ranks of the identified metabolites 
	age, BMI, smoking and drinking status, education level, PA, SBP, HDL-C, TG, FG, FHD, metabolomics batch

	Walford, G. A et al, 2016(21)
	LC-MS, targeted (130 metabolites)
	WCPH at P<0.05
	Weighted Cox proportional hazard models and conditional logistic regression
	　NA
	age, sex, race, treatment group, BMI, FPG, hypertension status

	Mamtani, M et al, 2016(22)
	LC, ESI-MS targeted (319 lipid species)
	mixed effects Cox PH models→ LRS→ROC→ verified in the AusDiab cohort
	Cox Proportional Hazards model
	lipidomic risk score based on plasma concentration of three lipids
	age, age2, sex, age x sex interaction,
age2 × sex interaction, SBP, DB, WC, BMI, TC, HDL-C, TG, use of anti-lipid and anti-hypertensive drugs

	Imamura F et al, 2017 PLoS Med(23)
	GC targeted (27 fatty acids)
	PCA→4 major components → regression analysis
	Prentice-weighted Cox regression
	NA
	demographics, prevalent heart disease and stroke, medication use, smoking status, physical activity, dietary factors, BMI, waist circumference, glucose, lipids, hsCRP, liver enzymes and insulin resistance 

	Peddinti, G et al, 2017(24)
	UHPLC-MS/MS targeted (26 metabolites)
GC-MS untargeted (542 metabolites) 
Replication: 
GC/MS and LC-MS/MS untargeted (293 metabolites)
	Learning and replication studies →metabolites associated with T2D at P<0.05 and FDR <0.05→ RLS regression
	Multivariate logistic regression and RLS regression
	NA
	sex, age, BMI, FI, FH

	Liu, J et al, 2017(25)
	LC-MS, targeted (261 metabolites) 
	Metabolites associated with T2D at P<6.8*10-4 in ERF →LASSO→24 metabolites→ logistic regression 
	Logistic regression
	NA
	age, sex, lipid-lowering medication

	Ottosson, F et al, 2018(26)
	LC-MS, targeted (35 metabolites)
	logistic regression at P<0.05→further adjustment →PCA
	Logistic regression
	NA
	BMI, FG, LDL-C, HDL-C, TG, SBP, smoking antihypertensive treatment, 

	Lu, Y. H et al,2018 (27)
	HPLC/GC targeted
(61 metabolites)
	logistic regression at P<0.05 →further adjustment at an FDR<0.1→11 metabolites
	Conditional logistic regression
	NA
	BMI, history of hypertension,TG, HDL-C smoking, fasting status, PA

	Shi, L et al,2018(28)
	LC-MS, untargeted (29,240 features) 
	discover set →MSI reporting criteria →46 metabolites →further adjustment →33 metabolites →verify in subgroup
	Conditional logistic regression
	NA
	FG, BMI, PA, education, smoking, alcohol, dietary fiber, red and processed meat, coffee, TC, TG, SBP, DBP

	Suvitaival, T.et al, 2018(29)
	TOF-MS targeted (277 lipids)
	discovery set → Linear mixed-effect models → logistic regression for prediction
	linear mixed-effect models and logistic regression
	NA
	BMI and age

	Merino Jordi et al, 2018(30)
	LC-MS/MS, targeted (220 metabolites)
	LASSO→64 metabolites →add median change in the AUC→19 metabolites
	Cox proportional hazard models 
	NA
	age, sex, BMI, FG, fasting TAG


[bookmark: _Hlk10364734][bookmark: _Hlk10363331]T2D, type 2 diabetes mellitus; (–), no association; (↑), positive association with T2D; (↓), negative association with T2D; BMI, Body Mass Index; FPG, fasting plasma glucose; FG, fasting glucose; FBG: fasting blood glucose; OGTT, oral glucose tolerance test; HOMA-IR, homeostasis model assessment- insulin resistance; RFs, random forests; PLS-DA, partial least squares discriminant analysis; PCA, principal component analysis; TG, Triglyceride; LDL-C, low density lipoprotein-cholesterol; VLDL-C, very low density lipoprotein cholesterol; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; FC, free cholesterol; sPLS-DA, parse partial least-squares discriminant analysis; PA, physical activity; OPLS-DA, orthogonal partial least squares discriminant analysis; LRS, lipidomic risk score; RLS, regularized least-squares; 



Supplementary Table 3. Non-Prospective Metabolomics studies in type 2 diabetes
	[bookmark: _Hlk6672422]Reference
	Population
	Study Design
	N (DB/normal control)
	Metabolite Profiling
	Sample
	Metabolites Identified

	Zhang, X et al, 2009(31)
	Xiamen Hospital
,China
	Case-control 
	74/80
	NMR Targeted (at least 30 metabolites)
	serum 
	(↑) glucose
(↓) isoleucine, leucine, valine, alanine, methionine, glutamine, citrate, lysine, choline, lactate, tyrosine, phenylalanine, histidine

	Suhre et al, 
2010 (32)
	Cooperative
Health Research
in the Region of
Ausgburg (KORA men), Germany
	Case-control
	40/60(men)
	UHPLC/MS/MS/GC-MS, NMR
Untargeted (420
metabolites)
	serum,
plasma
	[bookmark: _Hlk22829763](↑) desoxyhexose, glucose, glicolipids, uronic acid, PAGN, dihexose, mannose, creatinine, glutamylvaline, margarate, valine, phenylalanine, gammaglutamylisoleucine, β-hydroxybutyrate, 3-indoxyl sulfate, kynurenine, myristate, homocitrulline, palmitate, 2-hydroxypalmitate, stearate,10-heptadecenoate, 2-hydroxystearate, linoleate, linoleamide, linolenate, eicosenoate, adrenate, oleate, isoleucine, gammaglutamylleucine, dihomo-alpha-linolenate, leucine 
(↓) 1,5-AG, caproate, heptanoate, SM (C14:0,C22:2), PC a C20:4, PC aa (OH, COOH) C28:4, PC aa C34:4, 10-undecenoate, arachidonate, glycerophosphorylcholine, pelargonate, 

	Liu, L. Y et al, 2013(33)
	communities in Harbin,China
	Case-control 
	52/49
	UPLC-QTOF-MS
	serum
	(↑) serine, linoleic acid, oleic acid, docosanoic acid, cholesteryl-D-glucoside, 1,2-distearoyl phosphatidyl 
(↓) LPC, LPE, DHEA-S, 5-hydroxykynurenine

	Zhou, Y et al, 2013 (34)
	Dahua Hospital
and Xuhui
District Central
Hospital, China
	Case-control
	126/100
	LC–MS/MS Targeted (42 amino acids)
	plasma
	(↑) hydroxyproline, glutamine, ethanolamine, citrulline, sarcosine, β-alanine, Glutamic acid, 3-methyl histidine, γ-aminobutyric acid, β-Amino isobutyric acid, proline
(↓)phosphoserine, phosphoric acid ethanolamine, taurine, serine, aspartic acid, histidine, 1-methylhistidine, arginine, succinic acid, carnosine, anserine, α-Amino adipic acid, δ-hydroxylysine, lysine, homocysteine, leucine, tryptophan

	Kaur, P.et al, 2013(35)
	Hamad Medical
Hospital, Qatar
	Case-control
	69/41
	UPLC-ESI-QTOF-MS, Untargeted (>1500), targeted (9 metabolites)
	urine
	[bookmark: _Hlk22829171](↑) N-acetyl-D-phenylalanine, pyruvic acid
(↓)2-ketobutyric acid, 2-ketoglutaric acid, 1-methylhistidine, kynurenic acid, xanthurenic acid

	
	Hamad Medical
Hospital, Qatar
	Case-control
	69/42
	UPLC-ESI-QTOF-MS,
	plasma
	(↑) itaconic acid, leucine, PC (18:0/0:0), Sphingosine-1-phosphate, PG (18:0/18:1)
(↓) inosine, uric acid, 3-hydroxymethylglutaric acid, succinate, taurine, phosphoethanolamine (P-16:0/22:6)

	
	Verified Cohort
	Case-control
	36/36
	UPLC-ESI-QTOF-MS,
	plasma, urine
	(↑) serotonin, pyruvic acid, PG (18:0/18:1), PC (18:0/0:0), sphingosine-1-phosphate 
(↓) succinate, xanthurenic acid, a-ketoglutaric acid, kynurenic acid

	Menni et al, 2013(36)
	Twins UK women, UK
	Case-control 
	115/1897
	UPLC-MS/MS
Untargeted (447 metabolites)
	plasma 
	(↑) BCKAs (3-methyl-2-oxovalerate)
(↑) sugar metabolites (glucose, mannose, malate, arabinose, fructose, lactate,)
(↓) 5-dodecenoat, heptanoate, pelargonate,1,5-AG
(↑) medium and long-chain free fatty acids
(adrenate, arachidonate)
(↑) BCAAs or derivatives (valine, isoleucine, leucine, proline)

	Meikle et al, 2013(37)
	Australian Diabetes, Obesity
and Lifestyle
Study (AusDiab), Australia
	Case-control 
	117/170
	LC/MS-MS
Targeted (259 lipid species)
	plasma 
	(↑) dihydroceramide, ceramide, phosphatidylethanolamine, phosphatidylinositol, phosphatidylglycerol, free cholesterol, cholesterol ester, TAG
(↓) Trihexosylceramide, PC a

	
	Replication: San
Antonio Family
Heart Study
(SAFHS), U.S.
	Cohort,
	 142/808
	LC/MS-MS
Targeted (259 lipid species)
	plasma 
	(↑) dihydroceramide, ceramide, phosphatidylethanolamine, phosphatidylinositol, phosphatidylglycerol, cholesterol ester, DAG, TG

	Mook-Kanamori, D.O et al, 2014(38)
	Dermatology Department of HMC in Doha, Qatar
	case-control 
	188/181
	UPLC-LC-GC/MS
	saliva, plasma, urine
	 (↓)1,5-AG
 a strong negative association of 1,5-AG in saliva with T2D

	Zhang, A. H.et al, 2014(39)
	Hospital of
Heilongjiang, China
	Case-control 
	81/42
	UPLC-Q-TOF-HDMS Untargeted (>9000
metabolite)
	urine
	(↑) adiponectin, acylcarnitines,3-Indoxyl sulfate, bile acids, glucose, glycine
(↓) citric acid, kynurenic acid, urate, lysine, glucuronolactone, phosphate

	Thalacker Mercer et al, 2014(40)
	University of
Alabama, USA
	Case-control
	124 
(61 insulin sensitives/32 insulin resistant/31 T2D)
	Flow injection MS targeted (16 amino acids)
	serum 
	(↑) leucine/isoleucine, valine, glutamine/glutamate, aspartate/asparagine
(↓) glycine, histidine

	Zhang, N et al, 2016(41) 
	Department
of Nephrology of Center hospital of Jiamusi in
Heilongjiang province, China
	Case-control 
	68/58 
	GC-MS untargeted
	urine
	(↑) acetyl amine, mannose, L-threonine, phenylalanine, fructose, D-glucose, palmitic acid, oleic acid, arachidonic acid
(↓) L-alanine, succinate, L-leucine, L-isoleucine, tyrosine

	Padilha, K et al, 2016(42)
	community of Baependi, Brazil
	Case-control 
	77/862 
	GC / MS untargeted
	serum 
	(↑) carbohydrates, glutamine, alanine, isoleucine, leucine, valine, proline, 2-hydroxibutyric acid, 9-hexadecenoic acid, palmitic acid

	Kjellqvist S et al, 2016(43)
	
	Case-control
	155/293
	MS targeted 255 metabolomics
	serum
	(↓) Fatty acid (C18:2, C20:4)

	Lee, Heun-Sik 2016
Metabolomics(44)
	KORA S2
	cross-sectional
	517/924
	LC, MS
	serum
	(↑)C(14:1, 16, 18:1), alanine, glutamate, methionine, tyrosine, valine, PC aa C34:2, C34:4, C36:1, PC ae C36:0
(↓)asparagine, glycine, histidine, Creatinine, Kynurenine, LPC acyl C18:0, C18:2, C20:4, PC ae C30:0,C34:1, C36:2, C36:3, C38:4, C40:4,C42:1, C44:6, SM (OH) C14:1, SM C16:0, 16:0, 18:1

	[bookmark: _Hlk6672901]
	Replication:
KORA S4
	cross-sectional
	126/518
	LC, MS
	serum
	(↑) C16, PC ae C36:0
(↓) Glycine, LPC a C18:2

	Okekunle, A. P et al, 2017(45)
	Second Affiliated
Hospital of Harbin Medical University, China
	Case-control 
	50/50
	UPLC-TQ-MS
	serum
	(↑) glutamic acid, ornithine,
(↓) serine, glycine, asparagine, threonine

	Li, J et al, 2018(46)
	Liaoning Medical University First Affiliated Hospital, China
	Case–control
	1,032/1,522 
	LC-MS/MS, Targeted 
	plasma
	The association between low tyrosine levels and T2DM was not significant
(↑) high level of tyrosine (>46 mol/L)

	Wolak-Dinsmore, J et al, 2018(47)
	Insulin Resistance Atherosclerosis study, U.S 
	Cohort 
	376/1209(IRAS)
67/123(Groningen cohort)
	LC-MS/MS, Targeted (BCAA)
	plasma, serum
	(↑) BCAA (isoleucine, leucine, valine)


T2DM, type 2 diabetes mellitus; (–), no association; (↑), positive association with T2DM; (↓), negative association with T2DM; HB, hydroxybutyrate acid; PL, phospholipids; SFAs, saturated fatty acids; TG, Triglyceride; LDL-C, low density lipoproten-cholesterol; VLDL-C, very low density lipoprotein cholesterol; HDL-C, high density lipoproten-cholesterol; TAG, triacylglycerols; DAG, diacylglycerol.
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Supplementary Table 4. Description of studies included in the meta-analysis
	Reference
	N (DB/normal control),
Follow-up Time
	Metabolites included in meta-analysis

	Wang, T. J et al,2011
Nature Medicine 
	189/189,12 year
	valine, leucine, isoleucine,
tyrosine, phenylalanine

	　
	163/163(Replication in the MDC cohort)
	valine, leucine, isoleucine,
tyrosine, phenylalanine

	　
	201/400(A random cohort sample)
	Combination of BCAAs 

	Wang-Sattler, R.et al 2012, Mol Syst Biol
	91/876, 7 years
(91/91 nested case control)
	glycine, LPC C18:2, C2, isoleucine, leucine, valine, tyrosine

	Cheng, S et al 2012
Circulation
	NA/601, 12 years
	glutamate, glutamine

	　
	NA/409, 12 years
	glutamine

	Floegel, A, et al,2013
Diabetes
	800/2,282, 7 year
	phenylalanine, valine, leucine, isoleucine, glycine, SM C16:1, LPC C18:2 

	Ferrannini, E et al 2013
Diabetes
	151/2549 9.5 year
subgroup (130/412)
	leucine, valine, isoleucine, alanine, glutamate, arginine, glycine

	Forouhi, Nita G et al. 2014
The Lancet Diabetes & Endocrinology
	12132/15164 16 years
	palmitic acid (16:0), myristic acid (14:0), stearic acid (18:0)

	Tillin, T et al 2015
Diabetologia
	227/780(South Asian men), 
113/688(European men),
19 years
	isoleucine, leucine, valine, phenylalanine, tyrosine, alanine, combination of BCAAs 

	Sun, L et al.2016
Diabetes Care
	507/1596 6 years
	acylcarnitines (C0, C4, C5, C8, C10, C12)

	Fall, T et al,2016
Diabetologia
	78/1060 (ULSAM)
70/900 (IVUS)
122/1427 (TwinGene)
	tyrosine, hippuric acid, myristic acid (14:0), stearic acid (18:0), linoleic acid(18:2n-6)  

	Lu, Y. et al,2016
Diabetologia
	197/197, 6 years
	leucine, isoleucine, valine, palmitic acid, stearic acid, oleic acid, ornithine, serine, phosphoserine, proline, serine

	Qiu, G. K et al.2016
International Journal of Epidemiology
	1039/1039 (DFTJ) 4.61 years
520/520 (JSNCD) 7.57 years
	alanine, phenylalanine, tyrosine, glutamate, serine, valine, ornithine, histidine, tryptophan, glutamine, arginine, methionine, lysine, citrulline, asparagine, acylcarnitines (C0, C2, C3, C4, C5, C8, C10, C12, C14, C16)

	Walford, G. A et al. 2016
Diabetes
	427/330 3.2 years
	isoleucine, betaine, serine, tyrosine, valine, phenylalanine, C3 

	Peddinti, G et al,2017
Diabetologia
	146/397 10 year
	isoleucine, valine, glutamate, histidine, glutamine

	Liu, J et al,2017
Metabolomics
	137/1434 11.3 years
	isoleucine, methionine, tyrosine, glycine, betaine

	Ottosson, F et al,2018
 J CLIN ENDOCR METAB
	204/496, 6.1year
	glutamate, isoleucine, ornithine, leucine, lysine, tyrosine, valine, phenylalanine, alanine, proline, asparagine, serine, glutamine, C3, C4, C5

	Lu, Y. H et al,2018
J CLIN ENDOCR META
	160/160, 9 years
	myristic acid (14:0), palmitic acid (16:0), stearic acid (18:0), linoleic acid(18:2n-6)

	Shi, L et al,2018
Diabetologia
	503/503 7 years
Subgroup (187/187 10 years) 
	valine, leucine, isoleucine, tyrosine, tryptophan, alanine, LPC C18:2, citrulline

	Merino Jordi et al,2018
Diabetologia
	95/1055 20 years
	LPC C18:2, taurine






























Supplementary Table 5. Metabolites changed in sensitivity analysis
	Metabolites
	OR (95%CI)
	I2(%)
	P
	Study(n)

	Isoleucine
	1.35(1.27-1.44)
	0.00 
	0.463 
	11 

	Isoleucine*
	1.36(1.27-1.46)
	5.00 
	0.395 
	10 

	Leucine
	1.40(1.28-1.53) 
	23.10 
	0.230 
	10 

	Leucine*
	1.36(1.25-1.49)
	12.20 
	0.333 
	9 

	Valine
	1.26(1.18-1.34) 
	24.60 
	0.188 
	14 

	Valine*
	1.26(1.18-1.35)
	29.70 
	0.147 
	13 

	Tyrosine
	1.35(1.25-1.47) 
	51.10 
	0.014 
	14 

	Tyrosine*
	1.33(1.23-1.43)   
	42.90 
	0.050 
	13 

	Phenylalanine
	1.18(1.07-1.31)
	66.40 
	0.001 
	11 

	Phenylalanine*
	1.21(1.09-1.34)   
	66.30 
	0.002 
	10 

	Ornithine
	1.04(0.90-1.20) 
	82.50 
	0.000 
	6 

	Ornithine*
	1.07(0.86-1.33)  
	79.70 
	0.002 
	4 

	Alanine
	1.26(1.13-1.41) 
	52.60 
	0.061 
	6 

	Alanine*
	1.25(1.10-1.42) 
	58.70 
	0.046 
	5 

	Histidine
	0.91(0.80-1.04)
	79.40 
	<0.001
	7 

	Histidine*
	0.94(0.79-1.12) 
	77.00 
	0.002 
	5 

	Glutamine
	0.85(0.78-0.92)
	59.40 
	0.008 
	10 

	Glutamine*
	0.87(0.80-0.96)  
	46.50 
	0.070 
	8 

	Arginine
	1.06(0.88-1.27) 
	89.40 
	<0.001
	4 

	Arginine*
	0.89(0.72-1.11) 
	77.90 
	0.033 
	2 

	Serine
	0.90(0.83-0.98)
	49.70 
	0.063 
	7 

	Serine*
	0.87(0.78-0.97)
	46.80 
	0.111 
	6 

	Glycine
	0.91(0.75-1.10)
	82.60 
	<0.001
	8 

	Glycine*
	0.95(0.76-1.17) 
	83.80 
	<0.001
	7 

	Methionine
	1.12(0.86-1.46)
	94.80 
	<0.001
	4 

	Methionine*
	1.01(0.91-1.12)  
	0.00 
	0.645 
	2 


*metabolites analyzed in the sensitivity analysis that removing the converting values















Supplementary Table 6. Results of Egger and Begg test
	Metabolites
	P
	Metabolites
	P

	
	Egger
	Begg
	
	Egger    
	Begg

	[bookmark: _Hlk407653641]Isoleucine
	0.046*
	0.161
	Hippuric acid
	0.258
	0.466

	leucine
	0.234
	0.592
	Betaine
	0.528
	1.000

	Valine
	0.076
	0.012*
	Citrulline
	0.773
	1.000

	Phenylalanine
	0.406
	0.350
	Palmitic acid (16:0)
	0.085
	1.000

	Tyrosine
	0.179
	0.189
	Myristic acid (14:0)
	0.047
	0.296

	Isoleucine, Tyrosine, Phenylalanine
	0.138
	0.221
	Stearic acid (18:0)
	0.037*
	0.308

	Glutamine
	0.623
	0.283
	Linoleic acid (18:2n-6)
	0.924
	1.000

	Glycine
	0.317
	0.386
	SM C 16:1
	0.303
	0.296

	Alanine
	0.407
	0.452
	LPC C18:2
	0.505
	0.764

	Arginine
	0.492
	0.734
	C0
	0.191
	0.308

	Glutamate
	0.157
	0.221
	C2
	0.789
	0.462

	Ornithine
	0.411
	0.707
	C3
	0.343
	0.308

	Histidine
	0.320
	0.230
	C4
	0.501
	1.000

	Tryptophan
	0.967
	1.000
	C5
	0.337
	0.734

	Lysine
	0.972
	1.000
	C8
	0.149
	0.296

	Asparagine
	0.103
	0.308
	C10
	0.287
	0.221

	Serine
	0.014*
	0.035
	C12
	0.215
	0.089

	Proline
	0.212
	0.308
	C14
	0.193
	0.296

	Methionine
	0.029*
	1.000
	C16
	0.228
	0.296

	Taurine
	0.086
	0.296
	
	
	


*: P<0.05


















[bookmark: _Hlk10217626]Supplementary Table 7 Predictive Analysis of T2D Performed in Metabolomic Studies
	Study
	AUC/C-index
(Clinical risk factors)
	AUC/C-index
(Clinical factors + metabolites)
	NRI
	IDI

	Wang, T. J et al, 2011(2)
	0.52
age, sex, body mass index, fasting glucose
	0.66
isoleucine, valine, leucine, phenylalanine, tyrosine
	NR
	NR

	Wang-Sattler, R. et al, 2012(5)
	0.742
age, sex, BMI, physical activity, alcohol intake, smoking, systolic BP, HDL,
	0.754 P=0.01
glycine, LPC (18:2) and C2
	NR
	NR

	Ferrannini, E et al, 2013(8)
	0.788
family history of diabetes sex, age, BMI, FPG, 2h-PG,
	0.796
a-HB, L-GPC
	NR
	NR

	Floegel, A et al, 2013(7)
	0.847 (0.832-0.862) 
diet, lifestyle, waist circumference, BMI, age, hypertension, red meat, whole-grain bread, coffee, moderate alcohol, physical activity, former smoker
	0.890 (0.877-0.903) 
hexose, phenylalanine, glycine, SMC16:1, diacyl PC (C32:1, C36:1, C38:3, C40:5), PC ae (C34:3, C40:6, C42:5, C44:4, C44:5), LPC C18:2.
	NR
	NR

	Tillin, T et al, 2015(16)
	European men: 0.732
age, waist and hip ratio, truncal skinfold thickness, Matsuda IR, HDL cholesterol, current smoking
	European men:0.732
isoleucine, phenylalanine, tyrosine
	0.011, P=0.7
	0.732, P=1.0

	　
	　
	European men: 0.731
isoleucine, leucine, valine, phenylalanine, tyrosine
	0.008, P=0.8
	0.731, P=0.8

	　
	South Asian men: 0.738
age, waist and hip ratio, truncal skinfold thickness, Matsuda IR, HDL cholesterol, current smoking
	South Asian men: 0.752
tyrosine
	0.098, P=0.0014
	0.023, P<0.0001

	　
	　
	South Asian men: 0.745
isoleucine, phenylalanine, tyrosine
	-0.005, P =0.9
	0.019, P =0.0007

	　
	　
	South Asian men: 0.743
isoleucine, leucine, valine, phenylalanine, tyrosine
	-0.022, P =0.5
	0.023, P =0.0002

	Zhao, J et al, 2015(15)
	0.763
age, sex, site, BMI, eGFR, HDL, triglycerides, fasting glucose, HOMA-IR
	0.822
PC (22:6/20:4), HPMF, MEIR, LDYR, X-490,2HBP, X-1178
	0.623(0.43, 0.82)
P<10-5
	0.117(0.08, 0.15)
P<10-5

	Qiu, G. K et al, 2016(20)
	DFTJ cohort:0.797
age, gender, BMI, smoking status, 
drinking status, physical activity, systolic blood pressure, serum HDL cholesterol and triglycerides weighted by the inverse of the sampling probability， fasting glucose and family history of T2D
	DFTJ cohort:0.801
alanine, phenylalanine, tyrosine, palmitoyl carnitine 
	0.126
P=1.08E-10
	0.050
P=3.52E-7

	　
	JSNCD cohort:0.777
	0.794
alanine, phenylalanine, tyrosine, palmitoyl carnitine 
	0.116
P= 2.35E-9
	0.540 
P=1.33E-15

	Lu, Y. et al, 2016(19)
	0.769 (baseline HbA1c ≥6.5%)
BMI, smoking status and history of
hypertension 
	0.935
proline, glycerol, aminomalonic acid, LPI (16:1), 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid (CMPF), urea
	NR
	NR

	
	0.729(baseline HbA1c<6.5%)
BMI, smoking status and history of
hypertension
	0.781
proline, glycerol, aminomalonic acid, LPI (16:1), 3-carboxy-4-methyl-5-propyl-2-furanpropionic acid (CMPF), urea
	NR
	NR

	Fall, T et al, 2016(18)
	0.848 (0.793, 0.903)
Framingham diabetes risk model
	0.855(0.800, 0.910)
tyrosine, barogenin, LPC/PC(O-16:1/0:0), PC(O-18:1/0:0)/PC(P-18:0/0:0), LPC (20:2)
	NR
	NR

	Sun, L et al, 2016(17)
	0.73 (0.70–0.76)
age, sex, region, residence, smoking, drinking, physical activity, family history of diabetes, BMI,
fasting glucose, HbA1c, and systolic BP
	0.89 (0.87–0.90)
acylcarnitines selected by elastic net model 
	NR
	NR

	Liu, J et al, 2017(25)
	0.82
age, sex, family history, BMI, waist circumference, hypertension, HDL-C, TG
	0.89 (0.86, 0.92)
combining the ERF, FHS, fasting glucose models and TRFs models
	NR
	NR

	Peddinti, G et al, 2017(24)
	Discovery set
0.71 (0.49, 0.90)
age, sex, BMI, fasting insulin, fasting glucose, family history of type 2 diabetes, waist size, systolic and diastolic BP, TC, HDL-C, TAG
	Discovery set 
0.77 (0.57, 0.93) 
568 metabolites
0.79 (0.59, 0.94) 
mannose, α-HB, X-12063, α-tocopherol, [Hyp3]-BK, X-13435
	NR
	0.33, P = 0.04
0.40, P =0.0025

	　
	vilification set (DESIR study)
0.76 (0.73, 0.80)
sex, age, BMI, fasting insulin level and family history of type 2 diabetes
	vilification set (DESIR study)
0.84 (0.81, 0.87)
glucose, mannose, α-HB and α-tocopherol
	NR
	0.316
P=5.4 × 10−7

	Shi, L et al, 2018(28)
	0.78 (0.76, 0.81)
2 h-PG, FPG, BMI, total cholesterol, triacylglycerols, systolic BP, red and processed meat intake
	0.80 (0.77, 0.83)
DAG (16:0/18:1), LPC (19:1), PC (17:0/18:2), isoleucine, L-tyrosine
	0.52 (0.40, 0.64)
P< 0.05
	0.03(0.02, 0.04) P>0.05

	Suvitaival, T.et al, 2018(29)
	0.500 (0.500, 0.500)
BMI, waist circumference, Systolic BP, diastolic blood pressure, FPG,2h-PG, FPI,2h-PI, HbA1C, TC, Fat mass, serum ALT, Plasma -CRP
	Discovery set:
0.842 (0.829, 0.851) 
LPC (18:2), TG (50:1), TG (54:5), TG (56:4), PC (42:6e)
	NR
	0.359 (0.34, 0.37)
P<0.05

	　
	
	vilification set
0.776 (0.757, 0.785) 
LPC (18:2) TG (50:1), TG (54:5), TG (56:4), PC (42:6e)
	NR
	0.259 (0.22, 0.30)
P<0.05

	Lu, Y. H et al, 2018(27)
	0.74(0.68,0.79)
BMI, history of hypertension, smoking, physical, activity, TG, HDL-C
	0.76 (0.71–0.81)
dihomo-g-linolenic acid
	P<0.001
	P=0.001

	　
	　
	0.77 (0.71–0.83)
LPI (16:1) 
	P=0.002
	P=0.003

	Jordi Merino et al, 2018(30)
	0.81 (0.77, 0.86)
age, sex, Parental history
of diabetes, fasting glucose, BMI, HDL-C, TAG, BP
	0.9(0.87, 0.94) P=1.1 ×10−4
LASSO selected metabolites
	NR
	NR


T2D, type 2 diabetes mellitus; AUC: Area under receiver operating characteristic; NRI: net reclassification improvement; IDI: integrated discrimination improvement; 

Supplementary Table 8 Annotation of metabolites associated with T2D
	Metabolite
	HMDB
	PubChem
	KEGG

	Isoleucine
	HMDB0000172
	6306
	C00407

	Leucine
	HMDB0000687
	6106
	C00123

	Valine
	HMDB0000883
	6287
	C00183

	Phenylalanine
	HMDB0000159
	6140
	C00079

	Tyrosine
	HMDB0000158
	6057
	C00082

	Alanine
	HMDB0000161
	5950
	C00041

	Glycine
	HMDB0000123
	750
	C00037

	Serine
	HMDB0000187
	5951
	C00065

	Glutamine
	HMDB0000641
	5961
	C00064

	Glutamate
	HMDB0000148
	33032
	C00025

	Arginine
	HMDB0000517
	6322
	C00062

	betaine
	HMDB0000043
	247
	C00719

	Linoleic acid
	HMDB0000673
	5280450
	C01595

	Palmitic acid
	HMDB0000220
	985
	C00249

	Valerylcarnitine
	HMDB0013128
	53481619
	

	Palmitoylcarnitine
	HMDB0000222
	11953816
	C02990

	Lysophosphatidylcholine
	HMDB0011128
	24779491
	





Supplementary Table 9 Results of pathway analysis by MetaboAnalyst
	Pathway
	Total
	Hits
	Raw P
	FDR
	Impact

	Alanine, aspartate and glutamate metabolism
	24
	3
	<0.001*
	0.01
	0.441

	Aminoacyl-tRNA biosynthesis
	75
	11
	<0.001*
	<0.001
	0.113

	Nitrogen metabolism
	39
	5
	<0.001*
	<0.001
	0.000

	Valine, leucine and isoleucine biosynthesis
	27
	3
	0.001*
	0.010
	0.040

	D-Glutamine and D-glutamate metabolism
	11
	2
	0.002*
	0.026
	0.139

	Valine, leucine and isoleucine degradation
	40
	3
	0.002*
	0.026
	0.022

	Glycine, serine and threonine metabolism
	48
	3
	0.003*
	0.033
	0.347

	Cyanoamino acid metabolism
	16
	2
	0.004*
	0.041
	0.000

	Thiamine metabolism
	24
	2
	0.009*
	0.082
	0.000

	Arginine and proline metabolism
	77
	3
	0.011*
	0.085
	0.162

	Phenylalanine, tyrosine and tryptophan biosynthesis
	27
	2
	0.012*
	0.085
	0.008

	Methane metabolism
	34
	2
	0.018*
	0.121
	0.018

	Glutathione metabolism
	38
	2
	0.022*
	0.138
	0.011

	Phenylalanine metabolism
	45
	2
	0.031*
	0.176
	0.119

	Fatty acid metabolism
	50
	2
	0.037*
	0.199
	0.03

	Cysteine and methionine metabolism
	56
	2
	0.046*
	0.230
	0.012

	D-Arginine and D-ornithine metabolism
	8
	1
	0.049*
	0.230
	0.000

	Linoleic acid metabolism
	15
	1
	0.090
	0.399
	0.656

	Sulfur metabolism
	18
	1
	0.107
	0.440
	0.000

	Purine metabolism
	92
	2
	0.110
	0.440
	0.000

	Taurine and hypotaurine metabolism
	20
	1
	0.118
	0.449
	0.032

	Selenoamino acid metabolism
	22
	1
	0.129
	0.469
	0.000

	Porphyrin and chlorophyll metabolism
	104
	2
	0.135
	0.469
	0.000

	Sphingolipid metabolism
	25
	1
	0.145
	0.480
	0.000

	Fatty acid elongation in mitochondria
	27
	1
	0.156
	0.480
	0.000

	Pantothenate and CoA biosynthesis
	27
	1
	0.156
	0.480
	0.000

	Propanoate metabolism
	35
	1
	0.198
	0.580
	0.000

	Ubiquinone and other terpenoid-quinone biosynthesis
	36
	1
	0.203
	0.580
	0.000

	Butanoate metabolism
	40
	1
	0.223
	0.615
	0.000

	Histidine metabolism
	44
	1
	0.242
	0.642
	0.001

	Primary bile acid biosynthesis
	47
	1
	0.257
	0.642
	0.008

	Lysine degradation
	47
	1
	0.257
	0.642
	0.000

	Fatty acid biosynthesis
	49
	1
	0.266
	0.645
	0.000

	Pyrimidine metabolism
	60
	1
	0.316
	0.743
	0.000

	Tyrosine metabolism
	76
	1
	0.383
	0.875
	0.047


Total: total number of compounds in the pathway; Hits: the exact number of matches in the uploaded marker data; Raw P is the original p-value obtained by pathway analysis; Impact: values obtained by topological analysis; *: P<0.05.




Supplementary Table 10 Genes associated with metabolites from published GWAS
	Gene
	Metabolites
	Reference

	PRC1
	isoleucine
	Stancáková, Alena.Mol Syst Biol

	KLKB1
	valine
	Kettunen, J.2012.Nat Genet

	F12
	phenylalanine
	Kettunen, J.2012.Nat Genet

	HSD17B6
	phenylalanine
	Draisma, H. H. M.2015.Nat Commun

	PAH
	phenylalanine
	Draisma, H. H. M.2015.Nat Commun

	KCNN3
	tyrosine
	Shin SY.2014. Nat Genet

	SLC16A10
	tyrosine
	Suhre, K.2011.Nature

	SLC6A19
	tyrosine
	Rueedi, R.2017.PLoS Comput Biol

	TAT
	tyrosine
	Shin SY.2014. Nat Genet

	GCKR
	alanine
	Suhre, K.2011.Nature

	PNMT
	alanine
	Rueedi, R.2018.PLoS Comput Biol

	SLC38A4
	alanine
	Kettunen, J.2016.Nat Commun.

	GLS2
	glutamine
	Suhre, K.2011.Nature

	CPS1
	serine
	Suhre, K.2011.Nature

	PHGDH
	serine
	Draisma, H. H. M.2015.Nat Commun

	PSPH
	serine
	Draisma, H. H. M.2016.Nat Commun

	ACADL
	Glycine
	Lee, Heun-Sik. 2017.Metabolomics

	GCK
	Glycine
	Wang-Sattler, R.2012.Mol Syst Biol

	HECTD4
	Glycine
	J Hum Genet.58(6):362-365

	HNF1A
	Glycine
	Wang-Sattler, R.Mol Syst Biol

	IGF1
	Glycine
	Wang-Sattler, R.Mol Syst Biol

	MPZL3
	Glycine
	Am J Physiol Endocrinol Metab

	OAT
	Glycine
	Lee, Heun-Sik. 2017.Metabolomics

	PPARG
	Glycine
	Lee, Heun-Sik. 2018.Metabolomics

	OAS1
	Glycine
	Go MJ. 2013.J Hum Genet

	SLC36A2
	Glycine
	Rueedi, R.2017.PLoS Comput Biol

	TCF7L2
	Glycine
	Wang-Sattler, R.2012. Mol Syst Biol

	EGR4
	Palmitic acid
	Cesar, A. S. M.2018. BMC Genomics

	CPT1A
	Linoleic acid
	Kettunen, J.2012.Nat Genet

	FADS1
	Linoleic acid
	Guan, W.2014.Circ Cardiovasc Genet

	REEP3
	Linoleic acid
	Guan, W.2016.Circ Cardiovasc Genet

	MFSD2A
	LPC C18:2
	Draisma, H. H. M.2015.Nat Commun

	ATP6V1G3
	LPC C18:2
	Lee, Heun-Sik. 2016.Metabolomics

	IRS1
	LPC C18:2
	Wang-Sattler, R.2012. Mol Syst Biol

	IDE
	LPC C18:2
	Wang-Sattler, R.2012. Mol Syst Biol

	RPRD1A
	C16
	Lee, Heun-Sik. 2016.Metabolomics

	PPP4R1 
	C16
	Lee, Heun-Sik. 2016.Metabolomics
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Supplementary Figure 2: Quality assessment of studies. Blue represents completely meeting the criteria of quality assessment, red represents absolutely not completion, green represents part completion, and yellow represents not reported in the study.
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[bookmark: _Hlk2101739]Supplementary Figure 3 Subgroup analysis of the cohort studies.
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Supplementary Figure 4 Subgroup analysis of the nested case-control studies.
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Supplementary Figure 5 Subgroup analysis of studies collecting serum.
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Supplement Figure 6 Subgroup analysis of studies collecting plasm
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Supplement Figure 7 Subgroup analysis of studies in western countries
[image: ] Supplement Figure 8 Subgroup analysis of studies in eastern countries
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