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Supplementary methods
Random Survival Forest
The RSF method computes an ensemble of binary decision trees to construct a RSF model. For each decision trees a random bootstrap sample is drawn that includes on average two thirds of the original data. The remaining one third of the data is excluded and called out-of-bag (OOB) data. To grow a decision tree based on the bootstrap samples, a random node splitting process is applied. The random node splitting process works as follows: At each node a random set of candidate variables is chosen for random node splitting. The number of candidate variables corresponds with the square root of the total number of variables available in the data. Within the candidate variables, the one variable with a split point that maximizes the survival differences between daughter nodes is used for node splitting. As splitting rule, the log-rank statistic can be applied (1, 2). The log-rank statistic maximized the survival differences between daughter nodes by the following formula (1, 2): 

Where L(x,c) is the log rank measure of node separation, c is the splitting point, x the predictor, N is the number of individuals in the parent node, di is the number of deaths at time ti  in the daughter nodes, Yi are the individuals at risk at time ti and i is number of observations.
To calculate the log-rank statistics for each candidate variable several random split points are drawn for the respective candidate variable. The number of random split points that are drawn for each candidate variable, can be pre-defined before computation of a RSF model. This parameter is named nsplit in the RSF package of the statistic software R and was set equal to ten in the present study. The growth of a decision tree is continued until all terminal nodes contain only a minimal number of unique events which prevents further node splits.
Minimal depth measurement
Once a RSF model is computed, it can be assessed how informative a variable is regarding time until event using the so called minimal depth measurement (3). This measurement was described in detail by Ishwaran et al. (3). Briefly, the minimal depth of a respective variable is determined as follows: In each decision tree of a RSF the distance from the root node to the closest node were the respective variable splits first is determined. This procedure is illustrated in Figure S1. The metabolite 5 in Figure S1 splits at a node with a minimal depth of 1 and also of 2. The minimal depth of 1 represents the closest split to the root node and is thus assigned to the variable for this decision tree. The value is recorded for the respective variable and in the following repeated in any further computed decision tree and finally averaged over the whole RSF.

RSF prediction error rate
To determine the prediction accuracy of a RSF model, the RSF prediction error rate can be calculated based on Harrell’s concordance index (C-index) (4). For this purpose, the OOB samples of each decision tree which have not been selected for the respective bootstrap sample are used and dropped down the respective decision tree. According to Harrell’s C-index, the probability is then estimated, that within a randomly selected pair of OOB samples with an event, the OOB sample with the shorter follow-up time has the worst predictive outcome (4, 5). The RSF prediction error rate is conform to 1 - C-index with values between 0 and 1, where a lower RSF prediction error rate correspond to a RSF models with more precise prediction accuracy (4). RSF prediction error rates of 0.5 refer to RSF models which based on chance (4). 

Partial (dependence) plots

Non-linearity between selected metabolites and five-year T2D-free survival was assessed graphically, using partial (dependence) plots. Partial plots represent the effect of each selected variable on predicted event-free survival after accounting for the average effects of the remaining variables of the respective RSF model (2, 6). The computation of partial plots based on an existing RSF model. To generate the partial plot of a respective variable, several new dataset are created. In each new dataset the values of the respective variable are replaced by one constant value (partial value) of the respective variable. The partial value of each new dataset represents always another value of the respective original variable. Now the OOB samples traverse the RSF using first the original data and then the converted data. The difference in predicted event-free survival is recorded and used to draw the partial plots of the respective variable which is thus also adjusted for all other included variables. The computation of partial plots is conducted by an automatically function of the R-package randomForestSRC (7).



R-code of the RSF backward elimination process 
# Data used for the R-code have to include all metabolites to be tested, the covariates, a 
# censoring time variable, and the censoring status.

library(randomForestSRC)
	
covar <- c(“list of covariates”)
count <- number of metabolites
rsf.err <- rep(0,count)				# list to save error rates
rm.var <- rep(0,count)			# list to save removed variables
ntree <- 1000					# number of bootstrap samples
nsplit <- 10					# number of node splits
    
for(k in 1 : count){
	# grow the RSF
rsf.out <- rfsrc(Surv(time, status) ~ ., data = data, ntree = ntree, nsplit = nsplit, 
                forest = T)
	# save error rate of current RSF
	rsf.err[k] <- rsf.out$err.rate[ntree]
	# get list of variables ordered by their minimal depth values
	v.max <- max.subtree(rsf.out)
	d <- sort(round(v.max$order[, 1], 3))
#-------------------------------------------------------------------
# get the metabolite with worst minimal depth value, if a covariate has
# the worst minimal depth value than ignore it and consider only metabolites
	i <- 1
	m <- 0
	while(i > 0){ 
		outvar<-names(d[length(d)-m])
# if outvar is a covariate then look next variable
		i <- length(i <- grep(outvar, covar))
		m <- m + 1
	} 
#-------------------------------------------------------------------
	# save name of removed variable in a list
	rm.var[k]<-outvar
	# delete metabolite with worst minDepth from dataset
	data<-data[,!(names(data) %in% outvar)]
	# remove old RSF to ensure free working memory 
	rm(rsf.out)
}

output<-cbind(rm.var,rsf.err)
# check the output to find the set of metabolites with the lowest RSF prediction error rate
output



Supplementary tables
Table S1: List of analysed serum metabolites in EPIC-Potsdam with labelling of metabolites selected by Random Survival Forest backward elimination or Cox proportional hazards regression. 
	Metabolite
	Biochemical name
	RSF with backward elimination
	Cox Proportional Hazards Regression

	
	
	
	Step 1 a)
	Step 2 b)

	[bookmark: OLE_LINK1]Acylcarnitines

	C0
	DL-Carnitine
	
	
	

	C10
	Decanoyl-L-carnitine
	
	
	

	C10:2
	Decadienyl-L-carnitine
	
	
	

	C14:1
	Tetradecenoyl-L-carnitine
	
	
	

	C14:2
	Tetradecadienyl-L-carnitine
	
	
	

	C16
	Hexadecanoyl-L-carnitine
	+
	
	

	C16:2
	Hexadecadienyl-L-carnitine
	
	
	

	C18
	Octadecanoyl-L-carnitine
	
	
	

	C18:1
	Octadecenoyl-L-carnitine
	
	
	

	C18:2
	Octadecadienyl-L-carnitine
	
	
	

	C2
	Acetyl-L-carnitine
	
	
	

	C3
	Propionyl-L-carnitine
	
	+
	

	C3-DC-M / 
C5-OH
	Methylmalonyl-L-carnitine / Hydroxyvaleryl-L-carnitine
	
	
	

	C5-DC /
C6-OH
	Glutaryl-L-carnitine / Hydroxyhexanoyl-L-carnitine
	
	
	

	C7-DC
	Pimelyl-L-carnitine
	
	
	

	C8:1
	Octenoyl-L-carnitine
	
	
	

	C9
	Nonayl-L-carnitine
	
	
	

	Amino acids

	Arginine
	Arginine
	
	
	

	Glutamine
	Glutamine
	
	
	

	Glycine
	Glycine
	-
	-
	-

	Histidine
	Histidine
	
	
	

	Methionine
	Methionine
	
	
	

	Ornithine
	Ornithine
	
	
	

	Phenylalanine
	Phenylalanine
	
	+
	+

	Proline
	Proline
	
	
	

	Serine
	Serine
	
	
	

	Threonine
	Threonine
	
	
	

	Tryptophan
	Tryptophan
	
	+
	

	Tyrosine
	Tyrosine
	+
	+
	

	Valine
	Valine
	+
	+
	

	xLeu
	Leucine/Isoleucin
	
	+
	

	Glycerophospholipids

	PC aa C28:1
	PC diacyl C28:1
	
	
	

	PC aa C30:0
	PC diacyl C30:0
	
	
	

	PC aa C32:0
	PC diacyl C32:0
	+
	
	

	PC aa C32:1
	PC diacyl C32:1
	
	+
	+

	PC aa C32:2
	PC diacyl C32:2
	
	
	

	PC aa C32:3
	PC diacyl C32:3
	
	
	

	PC aa C34:1
	PC diacyl C34:1
	
	
	

	PC aa C34:2
	PC diacyl C34:2
	
	
	

	PC aa C34:3
	PC diacyl C34:3
	
	
	

	PC aa C34:4
	PC diacyl C34:4
	
	
	

	PC aa C36:0
	PC diacyl C36:0
	
	
	

	PC aa C36:1
	PC diacyl C36:1
	
	+
	+

	PC aa C36:2
	PC diacyl C36:2
	
	
	

	PC aa C36:3
	PC diacyl C36:3
	
	+
	

	PC aa C36:4
	PC diacyl C36:4
	
	
	

	PC aa C36:5
	PC diacyl C36:5
	
	
	

	PC aa C36:6
	PC diacyl C36:6
	
	
	

	PC aa C38:0
	PC diacyl C38:0
	
	
	

	PC aa C38:1
	PC diacyl C38:1
	
	
	

	PC aa C38:3
	PC diacyl C38:3
	+
	+
	+

	PC aa C38:4
	PC diacyl C38:4
	
	
	

	PC aa C38:5
	PC diacyl C38:5
	
	
	

	PC aa C38:6
	PC diacyl C38:6
	
	
	

	PC aa C40:2
	PC diacyl C40:2
	
	
	

	PC aa C40:3
	PC diacyl C40:3
	
	
	

	PC aa C40:4
	PC diacyl C40:4
	
	+
	

	PC aa C40:5
	PC diacyl C40:5
	
	+
	+

	PC aa C40:6
	PC diacyl C40:6
	
	
	

	PC aa C42:0
	PC diacyl C42:0
	-
	-
	

	PC aa C42:1
	PC diacyl C42:1
	-
	-
	

	PC aa C42:2
	PC diacyl C42:2
	
	
	

	PC aa C42:4
	PC diacyl C42:4
	
	
	

	PC aa C42:5
	PC diacyl C42:5
	
	
	

	PC aa C42:6
	PC diacyl C42:6
	
	
	

	PC ae C30:0
	PC acyl alkyl C30:0
	
	
	

	PC ae C30:1
	PC acyl alkyl C30:1
	
	
	

	PC ae C30:2
	PC acyl alkyl C30:2
	
	
	

	PC ae C32:1
	PC acyl alkyl C32:1
	
	-
	

	PC ae C32:2
	PC acyl alkyl C32:2
	
	-
	

	PC ae C34:0
	PC acyl alkyl C34:0
	
	
	

	PC ae C34:1
	PC acyl alkyl C34:1
	
	
	

	PC ae C34:2
	PC acyl alkyl C34:2
	
	-
	

	PC ae C34:3
	PC acyl alkyl C34:3
	-
	-
	-

	PC ae C36:0
	PC acyl alkyl C36:0
	
	
	

	PC ae C36:1
	PC acyl alkyl C36:1
	
	
	

	PC ae C36:2
	PC acyl alkyl C36:2
	
	-
	

	PC ae C36:3
	PC acyl alkyl C36:3
	
	-
	

	PC ae C36:4
	PC acyl alkyl C36:4
	
	
	

	PC ae C36:5
	PC acyl alkyl C36:5
	
	
	

	PC ae C38:0
	PC acyl alkyl C38:0
	
	
	

	PC ae C38:1
	PC acyl alkyl C38:1
	
	
	

	PC ae C38:2
	PC acyl alkyl C38:2
	
	
	

	PC ae C38:3
	PC acyl alkyl C38:3
	
	
	

	PC ae C38:4
	PC acyl alkyl C38:4
	
	
	

	PC ae C38:5
	PC acyl alkyl C38:5
	
	
	

	PC ae C38:6
	PC acyl alkyl C38:6
	
	
	

	PC ae C40:1
	PC acyl alkyl C40:1
	
	
	

	PC ae C40:2
	PC acyl alkyl C40:2
	
	
	

	PC ae C40:3
	PC acyl alkyl C40:3
	
	
	

	PC ae C40:4
	PC acyl alkyl C40:4
	
	
	

	PC ae C40:5
	PC acyl alkyl C40:5
	
	-
	

	PC ae C40:6
	PC acyl alkyl C40:6
	
	- 
	-

	PC ae C42:1
	PC acyl alkyl C42:1
	
	
	

	PC ae C42:2
	PC acyl alkyl C42:2
	
	
	

	PC ae C42:3
	PC acyl alkyl C42:3
	
	-
	

	PC ae C42:4
	PC acyl alkyl C42:4
	-
	-
	

	PC ae C42:5
	PC acyl alkyl C42:5
	-
	-
	-

	PC ae C44:3
	PC acyl alkyl C44:3
	
	
	

	PC ae C44:4
	PC acyl alkyl C44:4
	-
	-
	-

	PC ae C44:5
	PC acyl alkyl C44:5
	-
	-
	-

	PC ae C44:6
	PC acyl alkyl C44:6
	-
	-
	

	lyso-PC a C14:0
	lyso-PC acyl C14:0
	
	
	

	lyso-PC a C16:0
	lyso-PC acyl C16:0
	
	
	

	lyso-PC a C16:1
	lyso-PC acyl C16:1
	
	
	

	lyso-PC a C17:0
	lyso-PC acyl C17:0
	
	-
	

	lyso-PC a C18:0
	lyso-PC acyl C18:0
	
	
	

	lyso-PC a C18:1
	lyso-PC acyl C18:1
	
	
	

	lyso-PC a C18:2
	lyso-PC acyl C18:2
	-
	-
	-

	lyso-PC a C20:3
	lyso-PC acyl C20:3
	
	
	

	lyso-PC a C20:4
	lyso-PC acyl C20:4
	
	
	

	lyso-PC a C28:1
	lyso-PC acyl C28:1
	
	
	

	Sphingolipids

	[bookmark: _GoBack]SM (OH) C14:1
	Hydroxysphingomyelin C14:1
	
	
	

	SM (OH) C16:1
	Hydroxysphingomyelin C16:1
	
	
	

	SM (OH) C22:1
	Hydroxysphingomyelin C22:1
	
	
	

	SM (OH) C22:2
	Hydroxysphingomyelin C22:2
	
	-
	

	SM (OH) C24:1
	Hydroxysphingomyelin C24:1
	
	
	

	SM C16:0
	Sphingomyelin C16:0
	
	
	

	SM C16:1
	Sphingomyelin C16:1
	
	-
	-

	SM C18:0
	Sphingomyelin C18:0
	
	
	

	SM C18:1
	Sphingomyelin C18:1
	
	
	

	SM C20:2
	Sphingomyelin C20:2
	
	
	

	SM C24:0
	Sphingomyelin C24:0
	
	
	

	SM C24:1
	Sphingomyelin C24:1
	
	
	

	SM C26:0
	Sphingomyelin C26:0
	
	
	

	SM C26:1
	Sphingomyelin C26:1
	
	
	

	Hexose*
	Hexose
	+
	+
	+


127 analysed metabolites are listed. Metabolites with a plus symbol were associated with increased and metabolites with a minus symbol with decreased risk of incident T2D. Step a) Each metabolite was tested individually in a Cox proportional hazards regression model. Those metabolites are highlighted that had an uncorrected p-value<0.05 before adjustment for multiple testing. Step b) Metabolites were highlighted that were independently associated with incident T2D risk after a stepwise Cox proportional hazards regression procedure was applied. Data derived from Flögel et al. (8). The RSF backward algorithm and the previously applied Cox proportional hazards regression steps of Floegel et al. were adjusted for  age, sex, BMI, waist circumference, alcohol intake from beverages, smoking, cycling and sports, level of education, coffee intake, red meat intake, whole-grain bread intake, and prevalent hypertension. Abbreviations: a, acyl; aa, diacyl; ae, acyl-alkyl; C, carbon; PC, phosphatidylcholine; RSF, Random survival forest; T2D, type two diabetes.




















Table S2: Summarized findings of other metabolomics investigations for metabolites identified by Random survival forest in EPIC-Potsdam regarding association with incident type 2 diabetes.
	Metabolite
	Metabolic Pathway
	Positive Association to T2D Reported
	Inverse Association to T2D Reported

	AC C16
	Fatty acid metabolism
	-
	-

	Glycine

	Glycine, serine and threonine metabolism
	(9) #
	(10-12)

	Tyrosine

	Tyrosine metabolism

Phenylalanine, tyrosine and tryptophan biosynthesis
	(10, 13, 14)

	(15, 16)

	Valine

	Valine. Leucine and isoleucine degradation

Valine. Leucine and isoleucine biosynthesis
	(10, 11, 13, 14, 17, 18)

	(15, 16)

	PC aa C32:0

	Glycerophospholipid metabolism
	-
	-

	PC aa C38:3 

	Glycerophospholipid metabolism
	(8)
	-

	PC aa C42:0

	Glycerophospholipid metabolism
	-
	-

	PC aa C42:1

	Glycerophospholipid metabolism
	-
	-

	PC ae C34:3 

	Glycerophospholipid metabolism
	-
	-

	PC ae C42:4

	Glycerophospholipid metabolism
	-
	-

	PC ae C42:5

	Glycerophospholipid metabolism
	-
	-

	PC ae C44:4

	Glycerophospholipid metabolism
	-
	-

	PC ae C44:5

	Glycerophospholipid metabolism
	-
	-

	PC ae C44:6

	Glycerophospholipid metabolism
	-
	-

	lyso-PC a C18:2

	Glycerophospholipid metabolism
	(19)

	(12, 20)

	Hexose *

	Sugar
	(21)
	


Numbers in brackets refer to references from studies. # Inaccurate measurement in study (9), metabolite was defined as gylcine and lysine in this study. * Hexose presents sum of C6 – sugars, other studies have examined either glucose or fructose, therefore a direct comparison failed. No literature evidences exist for rows with a minus symbol. Abbreviations: a, acyl; aa, diacyl; ae, acyl-alkyl; C, carbon; PC, phosphatidylcholine; T2D, type two diabetes.


Table S3: RSF-derived error rates for the prediction of incident T2D by serum metabolites and/or covariates in EPIC-Heidelberg
	RSF model
	Prediction error rate
mean (95% CI)

	Covariates and selected metabolites
	0.1804 (0.1800 ; 0.1808)                                                                  

	Only Covariates
	0.2604 (0.2599; 0.2609)

	All metabolites
	0.2663 (0.2657; 0.2669)                                                                 

	Covariates and all metabolites
	0.2341 (0.2335; 0.2347)                                                                 



Table S4: RSF-derived error rates for the prediction of incident T2D by serum metabolites and/or covariates in KORA
	RSF model
	Prediction error rate
mean (95% CI)

	Covariates and selected metabolites
	0.1227 (0.1223;0.1233)

	Only Covariates
	0.2261 (0.2253;0.2269)

	All metabolites
	0.2587 (0.2576;0.2599)

	Covariates and all metabolites
	0.2245 (0.2234;0.2256)




















Table S5: Testing of metabolites for their association with Type 2 Diabetes Risk in EPIC-Heidelberg using univariate Cox regression with subsequent correction for multiple testing. 
	Metabolite
	β-Coefficent (SE)‡
	HR (95% CI)
	P-Value‡
	Corrected P-Value§ StepBonf

	Hexose (1,2,3)
	0.48 (0.12)
	1.61 (1.28, 2.02)
	<.0001
	0.0045

	PC aa C42:0(3)
	-0.6 (0.18)
	0.55 (0.38, 0.79)
	0.0012
	0.1400

	PC aa C42:1(3)
	-0.58 (0.19)
	0.56 (0.39, 0.82)
	0.0025
	0.2957

	lyso-PC a C18:2(1,2,3)
	-0.45 (0.18)
	0.64 (0.45, 0.90)
	0.01
	1

	PC aa C32:1(2)
	0.33 (0.13)
	1.38 (1.08, 1.77)
	0.0101
	1

	Glutamine(2)
	-0.46 (0.19)
	0.63 (0.43, 0.91)
	0.0134
	1

	PC ae C30:2(1)
	-0.54 (0.22)
	0.58 (0.38, 0.90)
	0.0139
	1

	PC aa C38:3(1,2,3)
	0.27 (0.11)
	1.32 (1.05, 1.65)
	0.0164
	1

	PC aa C40:2(1)
	-0.5 (0.21)
	0.61 (0.40, 0.92)
	0.0198
	1

	PC aa C36:1(1,2)
	0.38 (0.16)
	1.46 (1.06, 2.02)
	0.0208
	1

	Serine(1)
	-0.4 (0.18)
	0.67 (0.47, 0.94)
	0.022
	1

	PC ae C40:5
	-0.43 (0.19)
	0.65 (0.44, 0.95)
	0.0263
	1

	PC ae C40:1
	-0.36 (0.16)
	0.70 (0.50, 0.96)
	0.0271
	1

	PC ae C42:1
	-0.37 (0.17)
	0.69 (0.5, 0.96)
	0.0273
	1

	PC ae C42:4(1,3)
	-0.46 (0.21)
	0.63 (0.41, 0.95)
	0.0293
	1

	PC ae C42:3(1)
	-0.36 (0.18)
	0.70 (0.49, 0.98)
	0.0387
	1

	PC ae C40:2
	-0.34 (0.17)
	0.71 (0.51, 0.98)
	0.0394
	1

	PC ae C40:6(2)
	-0.36 (0.18)
	0.70 (0.49, 0.99)
	0.0438
	1

	PC ae C40:4
	-0.37 (0.2)
	0.69 (0.47, 1.02)
	0.062
	1

	PC ae C42:5(2,3)
	-0.34 (0.19)
	0.71 (0.49, 1.02)
	0.0641
	1

	PC aa C40:5(1,2)
	0.21 (0.12)
	1.24 (0.98, 1.56)
	0.0671
	1

	lyso-PC a C17:0
	-0.38 (0.21)
	0.68 (0.45, 1.03)
	0.0675
	1

	PC aa C42:4
	-0.29 (0.16)
	0.75 (0.55, 1.02)
	0.068
	1

	PC ae C40:3(1)
	-0.39 (0.22)
	0.68 (0.44, 1.03)
	0.0698
	1

	PC aa C40:3
	-0.35 (0.2)
	0.70 (0.47, 1.04)
	0.081
	1

	Ornithine
	-0.29 (0.17)
	0.75 (0.54, 1.04)
	0.0843
	1

	PC aa C34:1(1)
	0.26 (0.16)
	1.30 (0.96, 1.76)
	0.0936
	1

	PC aa C32:0(3)
	0.23 (0.14)
	1.26 (0.96, 1.65)
	0.0985
	1

	SM (OH) C14:1
	-0.32 (0.19)
	0.73 (0.50, 1.07)
	0.1038
	1

	PC ae C38:2
	-0.37 (0.23)
	0.69 (0.44, 1.09)
	0.1089
	1

	PC aa C30:0
	0.21 (0.13)
	1.23 (0.95, 1.59)
	0.1184
	1

	Proline
	-0.25 (0.16)
	0.78 (0.57, 1.07)
	0.1185
	1

	PC aa C40:4(1)
	0.18 (0.12)
	1.20 (0.95, 1.51)
	0.123
	1

	lyso-PC a C18:1
	-0.25 (0.17)
	0.78 (0.56, 1.07)
	0.125
	1

	PC aa C34:3
	0.29 (0.19)
	1.34 (0.92, 1.95)
	0.1283
	1

	SM (OH) C22:2
	-0.25 (0.17)
	0.78 (0.56, 1.08)
	0.1344
	1

	PC aa C38:0
	-0.29 (0.2)
	0.75 (0.51, 1.10)
	0.1411
	1

	Met
	-0.26 (0.18)
	0.77 (0.55, 1.09)
	0.1463
	1

	PC ae C36:1
	-0.29 (0.21)
	0.75 (0.50, 1.12)
	0.1557
	1

	SM (OH) C24:1
	-0.2 (0.14)
	0.82 (0.62, 1.08)
	0.1559
	1

	PC ae C44:6(3)
	-0.26 (0.19)
	0.77 (0.53, 1.12)
	0.1704
	1

	PC aa C32:2
	0.17 (0.13)
	1.18 (0.92, 1.53)
	0.1991
	1

	PC ae C34:2(1)
	-0.3 (0.23)
	0.74 (0.47, 1.17)
	0.2003
	1

	Threonine
	-0.2 (0.16)
	0.82 (0.60, 1.12)
	0.2015
	1

	PC ae C32:2
	-0.32 (0.25)
	0.73 (0.45, 1.19)
	0.2039
	1

	Isoleucine
	-0.2 (0.16)
	0.82 (0.61, 1.11)
	0.2042
	1

	Arginine
	-0.19 (0.15)
	0.82 (0.61, 1.11)
	0.2046
	1

	PC ae C34:0
	0.18 (0.14)
	1.20 (0.91, 1.58)
	0.207
	1

	PC aa C36:0
	-0.21 (0.18)
	0.81 (0.57, 1.14)
	0.2265
	1

	PC ae C38:3
	-0.23 (0.19)
	0.80 (0.54, 1.17)
	0.242
	1

	SM (OH) C16:1
	-0.2 (0.18)
	0.82 (0.58, 1.17)
	0.269
	1

	Glycine(3)
	-0.24 (0.22)
	0.78 (0.51, 1.21)
	0.2712
	1

	PC ae C36:2
	-0.24 (0.23)
	0.79 (0.51, 1.23)
	0.29
	1

	PC aa C34:4
	0.14 (0.14)
	1.15 (0.87, 1.53)
	0.3193
	1

	AC C18:0
	-0.15 (0.15)
	0.86 (0.64, 1.17)
	0.3399
	1

	PC aa C42:2
	-0.2 (0.21)
	0.82 (0.54, 1.24)
	0.3414
	1

	SM C24:1
	-0.16 (0.17)
	0.85 (0.61, 1.19)
	0.3497
	1

	AC C7-DC
	-0.14 (0.16)
	0.87 (0.64, 1.17)
	0.3533
	1

	PC ae C36:3(1)
	-0.22 (0.24)
	0.80 (0.50, 1.28)
	0.3575
	1

	AC C16:2
	-0.15 (0.17)
	0.86 (0.62, 1.20)
	0.3648
	1

	AC C2:0
	0.15 (0.16)
	1.16 (0.84, 1.60)
	0.3775
	1

	SM C26:1
	-0.14 (0.16)
	0.87 (0.63, 1.19)
	0.3805
	1

	PC ae C44:5(2,3)
	-0.16 (0.19)
	0.85 (0.58, 1.24)
	0.3929
	1

	Leucine
	-0.13 (0.15)
	0.88 (0.65, 1.18)
	0.4012
	1

	AC C18:1
	-0.12 (0.14)
	0.89 (0.67, 1.17)
	0.4036
	1

	PC ae C38:5
	-0.18 (0.21)
	0.84 (0.55, 1.28)
	0.4094
	1

	AC C9:0
	-0.14 (0.17)
	0.87 (0.62, 1.21)
	0.4114
	1

	Tyrosine(3)
	0.11 (0.13)
	1.11 (0.86, 1.44)
	0.4139
	1

	SM C18:0
	0.14 (0.17)
	1.15 (0.82, 1.60)
	0.4204
	1

	PC ae C38:0
	-0.12 (0.15)
	0.89 (0.66, 1.19)
	0.4235
	1

	lyso-PC a C18:0
	-0.12 (0.15)
	0.89 (0.67, 1.18)
	0.424
	1

	lyso-PC a C20:4
	-0.12 (0.16)
	0.88 (0.65, 1.20)
	0.4354
	1

	AC C16:0(3)
	-0.13 (0.17)
	0.88 (0.63, 1.23)
	0.4465
	1

	PC ae C38:4
	-0.16 (0.21)
	0.85 (0.57, 1.29)
	0.4511
	1

	His
	-0.14 (0.2)
	0.87 (0.59, 1.27)
	0.4658
	1

	PC aa C38:4
	0.1 (0.14)
	1.10 (0.85, 1.44)
	0.4704
	1

	SM C16:1(2)
	-0.15 (0.2)
	0.86 (0.58, 1.29)
	0.4716
	1

	PC ae C34:3(2,3)
	-0.14 (0.2)
	0.87 (0.59, 1.28)
	0.4759
	1

	SM C24:0
	0.11 (0.16)
	1.12 (0.82, 1.54)
	0.4762
	1

	C10:2
	-0.11 (0.16)
	0.90 (0.65, 1.22)
	0.4892
	1

	C14:1
	-0.11 (0.16)
	0.90 (0.65, 1.23)
	0.5014
	1

	PC ae C44:4(2,3)
	-0.12 (0.18)
	0.89 (0.62, 1.26)
	0.5035
	1

	SM C16:0
	-0.11 (0.17)
	0.89 (0.64, 1.25)
	0.5119
	1

	C18:2
	-0.11 (0.17)
	0.90 (0.65, 1.24)
	0.5129
	1

	PC ae C38:6
	-0.13 (0.2)
	0.88 (0.59, 1.30)
	0.5133
	1

	PC ae C30:0
	-0.12 (0.19)
	0.89 (0.61, 1.28)
	0.5135
	1

	PC aa C42:5
	-0.09 (0.14)
	0.92 (0.69, 1.21)
	0.5303
	1

	PC aa C28:1
	-0.1 (0.16)
	0.91 (0.67, 1.23)
	0.5304
	1

	AC C3:0
	-0.1 (0.17)
	0.90 (0.65, 1.25)
	0.5443
	1

	lyso-PC a C16:1
	0.06 (0.11)
	1.06 (0.85, 1.33)
	0.5839
	1

	PC aa C38:5
	0.08 (0.14)
	1.08 (0.82, 1.43)
	0.5849
	1

	AC C10:0
	-0.09 (0.16)
	0.92 (0.67, 1.27)
	0.605
	1

	C5-DC (C6-OH)
	-0.07 (0.15)
	0.93 (0.70, 1.24)
	0.6122
	1

	SM (OH) C22:1
	-0.08 (0.16)
	0.92 (0.68, 1.26)
	0.6193
	1

	lyso-PC a C20:3
	-0.09 (0.18)
	0.92 (0.65, 1.29)
	0.6271
	1

	lyso-PC a C28:1
	-0.08 (0.17)
	0.93 (0.67, 1.29)
	0.647
	1

	PC aa C34:2
	0.06 (0.13)
	1.06 (0.82, 1.38)
	0.6504
	1

	Valine(3)
	-0.06 (0.13)
	0.94 (0.73, 1.22)
	0.6516
	1

	lyso-PC a C16:0
	-0.06 (0.14)
	0.95 (0.72, 1.24)
	0.6881
	1

	PC aa C36:5
	0.06 (0.15)
	1.06 (0.79, 1.44)
	0.692
	1

	AC C0
	-0.08 (0.2)
	0.93 (0.63, 1.36)
	0.7019
	1

	PC aa C36:2
	0.06 (0.17)
	1.06 (0.77, 1.47)
	0.7209
	1

	Tryptophan
	0.05 (0.13)
	1.05 (0.81, 1.36)
	0.7296
	1

	PC ae C42:2(1)
	-0.07 (0.21)
	0.93 (0.62, 1.41)
	0.7358
	1

	C14:2(1)
	-0.05 (0.15)
	0.95 (0.71, 1.28)
	0.749
	1

	PC aa C36:4
	0.04 (0.15)
	1.04 (0.77, 1.41)
	0.7874
	1

	PC ae C36:0
	-0.05 (0.2)
	0.95 (0.64, 1.40)
	0.7963
	1

	PC aa C36:3
	0.04 (0.16)
	1.04 (0.76, 1.42)
	0.819
	1

	Phenylalanine(2)
	-0.03 (0.15)
	0.97 (0.73, 1.29)
	0.823
	1

	PC aa C32:3
	0.04 (0.2)
	1.04 (0.71, 1.54)
	0.8235
	1

	PC aa C40:6
	0.02 (0.13)
	1.02 (0.80, 1.31)
	0.866
	1

	PC ae C44:3
	0.03 (0.18)
	1.03 (0.72, 1.47)
	0.8731
	1

	PC ae C36:4
	-0.02 (0.19)
	0.98 (0.67, 1.43)
	0.9158
	1

	PC aa C36:6
	0.02 (0.15)
	1.02 (0.76, 1.36)
	0.9165
	1

	PC ae C32:1
	0.02 (0.2)
	1.02 (0.68, 1.51)
	0.9338
	1

	PC aa C38:6
	-0.01 (0.14)
	0.99 (0.76, 1.29)
	0.9476
	1

	lyso-PC a C14:0
	0.01 (0.15)
	1.01 (0.75, 1.36)
	0.9545
	1

	PC ae C34:1
	0.01 (0.22)
	1.01 (0.66, 1.55)
	0.9583
	1

	PC aa C42:6
	0 (0.14)
	1 (0.76, 1.32)
	0.9906
	1

	SM C18:1
	0 (0.18)
	1 (0.71, 1.42)
	0.994
	1

	PC ae C36:5
	0 (0.18)
	1 (0.70, 1.43)
	0.9984
	1


The stepwise Cox regression selection was adjusted for age, sex, alcohol intake from beverages (non-consumers; women: >0-6 g/d, 6-12 g/d, >12 g/d; men: >0-12 g/d, 12-24 g/d, >24 g/d), smoking (never, former, current ≤20 cigarettes/d, current >20 cigarettes/d), physical activity (cycling and sports in h/week), education (no degree/vocational training; trade/technical school; university degree), coffee intake (cups/d), red meat intake (g/d), whole grain bread intake (g/d), prevalent hypertension (yes/no), BMI (kg/m²), and waist circumference (cm).  §P-values were corrected to account for multiple testing (n=127) using the Bonferroni-Holm procedure. Number in brackets marked metabolites that were selected: (1) in EPIC-Heidelberg with the RSF backward algorithm, (2) in EPIC-Potsdam with stepwise Cox regression, (3) in EPIC-Potsdam with RSF backward algorithm.
Abbreviations: a, acyl; aa, diacyl; ae, acyl-alkyl; DC, decarboxyl; EPIC, European Prospective Investigation into Cancer and Nutrition; PC, phosphatidylcholine; SE, standard error; SM, sphingomyelin.


Table S6: Testing of metabolites for their association with Type 2 Diabetes Risk in KORA-study using univariate Cox regression with subsequent correction for multiple testing. 
	Metabolite
	β-Coefficent (SE)‡
	HR (95% CI)
	P-Value‡
	Corrected P-Value§ StepBonf

	Hexose(1,2,3)
	0.52 (0.12)
	1.69 (1.34, 2.12)
	<.0001
	0.0009

	PC ae C34:1(1)
	-1.03 (0.27)
	0.36 (0.21, 0.60)
	0.0001
	0.012

	PC ae C42:1
	-0.73 (0.27)
	0.48 (0.28, 0.82)
	0.0073
	0.8305

	PC ae C32:1(1)
	-1.01 (0.38)
	0.37 (0.18, 0.76)
	0.0073
	0.8305

	PC aa C34:1
	-0.72 (0.27)
	0.49 (0.29, 0.84)
	0.0091
	1

	C7 dC
	-0.69 (0.27)
	0.50 (0.30, 0.85)
	0.01
	1

	PC ae C32:2
	-0.95 (0.38)
	0.39 (0.18, 0.81)
	0.0112
	1

	PC ae C36:1
	-0.79 (0.31)
	0.46 (0.25, 0.84)
	0.0113
	1

	Isoleucine(1)
	0.40 (0.16)
	1.49 (1.09, 2.04)
	0.0114
	1

	PC aa C32:1(2)
	-0.74 (0.31)
	0.48 (0.26, 0.88)
	0.0168
	1

	PC aa C28:1
	-0.65 (0.27)
	0.52 (0.31, 0.89)
	0.017
	1

	Leucine
	0.42 (0.18)
	1.52 (1.07, 2.18)
	0.0208
	1

	PC ae C30:0
	-0.77 (0.33)
	0.46 (0.24, 0.89)
	0.0214
	1

	SM (OH) C14:1
	-0.53 (0.25)
	0.59 (0.36, 0.96)
	0.0346
	1

	PC aa C34:3
	-0.64 (0.31)
	0.53 (0.29, 0.96)
	0.0372
	1

	Tryptophan(1)
	0.41 (0.20)
	1.51 (1.02, 2.23)
	0.0387
	1

	SM C16:1(2)
	-0.49 (0.24)
	0.61 (0.39, 0.98)
	0.0389
	1

	PC ae C34:3(2,3)
	-0.68 (0.33)
	0.51 (0.27, 0.97)
	0.0392
	1

	SM (OH) C22:2
	-0.51 (0.25)
	0.6 (0.37, 0.98)
	0.0397
	1

	AC C16:0(3)
	-0.38 (0.19)
	0.68 (0.47, 0.98)
	0.0407
	1

	PC aa C40:5(2)
	-0.48 (0.24)
	0.62 (0.38, 0.99)
	0.0467
	1

	PC ae C34:2
	-0.57 (0.29)
	0.56 (0.32, 1.00)
	0.0502
	1

	PC ae C34:0
	-0.66 (0.34)
	0.52 (0.27, 1.01)
	0.0522
	1

	AC C9:0
	-0.55 (0.28)
	0.58 (0.33, 1.01)
	0.0545
	1

	PC ae C44:3
	-0.39 (0.20)
	0.68 (0.46, 1.01)
	0.058
	1

	PC ae C42:2
	-0.56 (0.30)
	0.57 (0.32, 1.02)
	0.058
	1

	PC ae C40:3
	-0.62 (0.33)
	0.54 (0.28, 1.03)
	0.0607
	1

	PC aa C38:5
	-0.37 (0.20)
	0.69 (0.46, 1.02)
	0.0655
	1

	sm oh C24:1
	-0.44 (0.24)
	0.65 (0.40, 1.04)
	0.072
	1

	PC aa C32:3
	-0.54 (0.30)
	0.58 (0.32, 1.05)
	0.0743
	1

	PC ae C36:0
	-0.57 (0.32)
	0.56 (0.3, 1.06)
	0.0757
	1

	PC ae C36:2
	-0.57 (0.32)
	0.57 (0.30, 1.07)
	0.0779
	1

	PC ae C38:3
	-0.6 (0.34)
	0.55 (0.28, 1.07)
	0.0784
	1

	Tyrosine(1,3)
	0.34 (0.20)
	1.40 (0.95, 2.06)
	0.0845
	1

	AC C14:1
	-0.39 (0.23)
	0.68 (0.43, 1.06)
	0.0889
	1

	Valine(3)
	0.45 (0.27)
	1.57 (0.93, 2.65)
	0.0943
	1

	PC ae C40:2
	-0.43 (0.26)
	0.65 (0.39, 1.09)
	0.1025
	1

	AC C18:1
	-0.38 (0.23)
	0.69 (0.44, 1.08)
	0.1031
	1

	PC aa C36:1(2)
	-0.43 (0.27)
	0.65 (0.38, 1.10)
	0.1081
	1

	lyso-PC a C16:1
	-0.42 (0.26)
	0.65 (0.39, 1.10)
	0.1089
	1

	PC aa C32:0(3)
	-0.40 (0.25)
	0.67 (0.41, 1.10)
	0.1105
	1

	AC C2:0
	-0.39 (0.26)
	0.68 (0.41, 1.12)
	0.1284
	1

	PC aa C30:0
	-0.41 (0.27)
	0.67 (0.39, 1.13)
	0.1331
	1

	PC ae C40:1
	-0.35 (0.24)
	0.70 (0.44, 1.12)
	0.1361
	1

	PC ae C36:3
	-0.51 (0.35)
	0.60 (0.30, 1.19)
	0.1422
	1

	PC aa C34:2
	-0.31 (0.22)
	0.73 (0.48, 1.12)
	0.1524
	1

	SM (OH) C16:1
	-0.31 (0.22)
	0.73 (0.48, 1.13)
	0.1557
	1

	PC aa C36:4
	-0.30 (0.22)
	0.74 (0.48, 1.14)
	0.1698
	1

	PC ae C40:5
	-0.40 (0.29)
	0.67 (0.38, 1.19)
	0.1716
	1

	AC C10:0
	-0.43 (0.32)
	0.65 (0.35, 1.21)
	0.1742
	1

	Glutamine
	-0.27 (0.20)
	0.76 (0.51, 1.13)
	0.1746
	1

	AC C3:0
	-0.31 (0.24)
	0.73 (0.46, 1.17)
	0.1897
	1

	PC aa C36:3(1)
	-0.40 (0.31)
	0.67 (0.36, 1.23)
	0.1952
	1

	PC ae C38:4
	-0.35 (0.27)
	0.70 (0.41, 1.21)
	0.2018
	1

	SM (OH) C22:1
	-0.31 (0.25)
	0.74 (0.45, 1.20)
	0.222
	1

	PC ae C42:3
	-0.35 (0.30)
	0.71 (0.39, 1.27)
	0.2425
	1

	PC aa C34:4
	-0.30 (0.25)
	0.74 (0.45, 1.22)
	0.2431
	1

	SM C16:0
	-0.29 (0.25)
	0.75 (0.46, 1.22)
	0.2453
	1

	PC aa C36:0
	-0.26 (0.23)
	0.77 (0.49, 1.21)
	0.2628
	1

	PC ae C38:0
	-0.29 (0.26)
	0.75 (0.45, 1.25)
	0.2732
	1

	Proline
	0.23 (0.21)
	1.25 (0.84, 1.88)
	0.2741
	1

	PC aa C38:6
	-0.16 (0.14)
	0.86 (0.65, 1.13)
	0.2743
	1

	PC ae C36:4
	-0.37 (0.35)
	0.69 (0.34, 1.38)
	0.2941
	1

	PC aa C40:4
	-0.31 (0.30)
	0.73 (0.41, 1.32)
	0.2989
	1

	AC C0
	-0.20 (0.19)
	0.82 (0.56, 1.20)
	0.3011
	1

	PC ae C40:6(2)
	-0.21 (0.21)
	0.81 (0.54, 1.22)
	0.308
	1

	PC aa C42:4
	-0.28 (0.27)
	0.76 (0.44, 1.30)
	0.3094
	1

	SM C24:1
	-0.22 (0.22)
	0.80 (0.53, 1.23)
	0.3159
	1

	SM C26:1
	-0.24 (0.24)
	0.78 (0.49, 1.26)
	0.3165
	1

	PC ae C38:2
	-0.29 (0.30)
	0.75 (0.41, 1.35)
	0.3362
	1

	PC ae C40:4
	-0.31 (0.33)
	0.73 (0.39, 1.39)
	0.3374
	1

	PC ae C38:6
	-0.20 (0.22)
	0.82 (0.54, 1.25)
	0.3541
	1

	AC C18:0
	-0.26 (0.29)
	0.77 (0.43, 1.36)
	0.3673
	1

	Phenylalanine(2)
	0.18 (0.21)
	1.20 (0.80, 1.81)
	0.3785
	1

	PC ae C44:5(2,3)
	-0.27 (0.30)
	0.77 (0.42, 1.39)
	0.3828
	1

	lyso-PC a C18:1
	-0.29 (0.34)
	0.75 (0.39, 1.45)
	0.3873
	1

	lyso-PC a C18:0
	0.24 (0.3)
	0.67 (0.71, 2.27)
	0.413
	1

	PC ae C36:5
	-0.21 (0.27)
	0.81 (0.48, 1.36)
	0.4236
	1

	PC aa C42:6
	-0.21 (0.27)
	0.81 (0.48, 1.39)
	0.4468
	1

	PC aa C42:5
	0.17 (0.23)
	1.19 (0.76, 1.85)
	0.4485
	1

	lyso-PC a C20:3(1)
	-0.23 (0.33)
	0.79 (0.42, 1.50)
	0.4777
	1

	PC aa C36:6
	-0.15 (0.23)
	0.86 (0.55, 1.33)
	0.4939
	1

	AC C14:2
	-0.15 (0.23)
	0.86 (0.55, 1.35)
	0.522
	1

	SM C20:2
	-0.20 (0.32)
	0.82 (0.44, 1.53)
	0.5357
	1

	PC aa C38:3(2,3)
	-0.15 (0.25)
	0.86 (0.53, 1.39)
	0.5435
	1

	PC aa C40:3
	0.15 (0.24)
	1.16 (0.72, 1.86)
	0.5445
	1

	PC ae C42:5(2,3)
	-0.16 (0.27)
	0.85 (0.50, 1.45)
	0.5472
	1

	PC aa C42:1(3)
	-0.13 (0.25)
	0.87 (0.54, 1.42)
	0.586
	1

	PC aa C42:0(3)
	-0.14 (0.27)
	0.87 (0.51, 1.46)
	0.5921
	1

	Ornithine
	-0.12 (0.23)
	0.89 (0.57, 1.38)
	0.5958
	1

	PC ae C38:5
	-0.17 (0.32)
	0.85 (0.45, 1.59)
	0.605
	1

	Serine
	-0.14 (0.27)
	0.87 (0.51, 1.49)
	0.6194
	1

	PC ae C38:1
	-0.11 (0.23)
	0.90 (0.57, 1.40)
	0.6303
	1

	PC aa C42:2
	-0.13 (0.28)
	0.88 (0.51, 1.54)
	0.6557
	1

	PC aa C32:2
	-0.13 (0.30)
	0.88 (0.49, 1.58)
	0.6642
	1

	PC ae C44:4(2,3)
	-0.11 (0.29)
	0.89 (0.51, 1.57)
	0.6965
	1

	PC ae C42:4(3)
	-0.10 (0.31)
	0.91 (0.50, 1.66)
	0.7497
	1

	SM C18:0
	-0.06 (0.18)
	0.95 (0.66, 1.35)
	0.757
	1

	Threonine
	-0.07 (0.21)
	0.94 (0.61, 1.43)
	0.7571
	1

	PC ae C44:6(1,3)
	-0.09 (0.32)
	0.91 (0.49, 1.69)
	0.7635
	1

	SM C18:1
	-0.06 (0.21)
	0.94 (0.62, 1.43)
	0.7648
	1

	Histidine
	-0.05 (0.17)
	0.95 (0.69, 1.32)
	0.78
	1

	PC aa C36:5
	-0.07 (0.26)
	0.93 (0.56, 1.56)
	0.7871
	1

	PC aa C36:2
	-0.05 (0.21)
	0.95 (0.63, 1.42)
	0.7905
	1

	lyso-PC a C20:4
	0.08 (0.31)
	1.08 (0.58, 1.99)
	0.8089
	1

	Methionine
	0.04 (0.19)
	1.05 (0.71, 1.53)
	0.8174
	1

	PC aa C38:0
	-0.05 (0.22)
	0.95 (0.62, 1.47)
	0.8204
	1

	SM C24:0
	-0.06 (0.28)
	0.94 (0.55, 1.62)
	0.8293
	1

	Glycine(2,3)
	-0.05 (0.32)
	0.95 (0.51, 1.77)
	0.8724
	1

	lyso-PC a C17:0
	-0.05 (0.35)
	0.95 (0.48, 1.88)
	0.887
	1

	lyso-PC a C16:0
	0.04 (0.30)
	1.04 (0.58, 1.86)
	0.8949
	1

	PC aa C40:6
	-0.02 (0.16)
	0.98 (0.72, 1.34)
	0.9123
	1

	AC C18:2
	0.03 (0.23)
	1.03 (0.65, 1.62)
	0.9132
	1

	AC C10:2(1)
	-0.02 (0.25)
	0.98 (0.60, 1.58)
	0.9219
	1

	PC aa C38:4
	-0.02 (0.24)
	0.98 (0.62, 1.55)
	0.926
	1

	PC aa C40:2
	0.01 (0.28)
	1.01 (0.58, 1.76)
	0.9657
	1

	lyso-PC a C18:2(2,3)
	0.01 (0.29)
	1.01 (0.57, 1.79)
	0.9729
	1

	Arginine
	0 (0.24)
	1.00 (0.62, 1.61)
	0.9934
	1


The stepwise Cox regression selection was adjusted for age, sex, alcohol intake from beverages (non-consumers; women: >0-6 g/d, 6-12 g/d, >12 g/d; men: >0-12 g/d, 12-24 g/d, >24 g/d), smoking (never, former, current ≤20 cigarettes/d, current >20 cigarettes/d), physical activity (cycling and sports in h/week), education (no degree/vocational training; trade/technical school; university degree), coffee intake (cups/d), red meat intake (g/d), whole grain bread intake (g/d), prevalent hypertension (yes/no), BMI (kg/m²), and waist circumference (cm).  §P-values were corrected to account for multiple testing (n=127) using the Bonferroni-Holm procedure. Number in brackets marked metabolites that were selected: (1) in KORA with the RSF backward algorithm, (2) in EPIC-Potsdam with stepwise Cox regression, (3) in EPIC-Potsdam with RSF backward algorithm.
Abbreviations: a, acyl; aa, diacyl; ae, acyl-alkyl; DC, decarboxyl; EPIC, European Prospective Investigation into Cancer and Nutrition; PC, phosphatidylcholine; SE, standard error; SM, sphingomyelin. 
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Figure S2: Selected metabolites that are most predictive for incident type 2 diabetes ranked by the minimal depth measurement in the EPIC-Heidelberg study. Metabolites were selected using the random survival forest backward algorithm. Metabolites with lower minimal depth values are more predictive regarding incident type 2 diabetes. Abbreviations: a, acyl; aa, diacyl; ae, acyl-alkyl; PC, phosphatidylcholine; AC, acylcarnitine.


Figure S3: Selected metabolites that are most predictive for incident type 2 diabetes ranked by the minimal depth measurement in the KORA study. Metabolites were selected using the random survival forest backward algorithm. Metabolites with lower minimal depth values are more predictive regarding incident type 2 diabetes. Abbreviations: a, acyl; aa, diacyl; ae, acyl-alkyl; PC, phosphatidylcholine; AC, acylcarnitine.
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