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SUPPLEMENTARY MATERIALS AND METHODS 
 

Sample preparation and UPLC-Orbitrap-MS 

conditions 
 

Recruitment of participants 
 

At study enrollment stage, a designed baseline  
clinical examination of each participant and structured 

interview were performed by trained recruiters. The 
exclusion criteria were acute renal failure, rapidly 
increasing proteinuria or nephrotic syndrome, refractory 

hypertension, serious infections, signs or symptoms of 
other systemic disease, known renal tubular acidosis, 
pregnancy, type 1 diabetes, gestational diabetes, chronic 

liver disease, serious cardiovascular diseases, alcoholics 
or malignancy. For healthy control, they had not 

received any treatment like antibiotics, probiotics and 
hormone therapy in the past two months, did not have 
proteinuria or history of kidney disease and their oral 

glucose tolerance test and other related clinical test are 
in normal levels. All baseline clinical information is 
shown in Supplementary Tables 1 and 2. 
 

Criteria of stages’ classification for participants 
 

Based on the MDRD eGFR values, participants  
were classified into five stages by following criteria: 
Stage 1 (eGFR ≥ 90 ml/min/1.73 m2) which consists  

of Stage 1a (eGFR ≥ 120 mL/min/1.73 m2) and Stage 
1b (eGFR within 90–120 mL/min/1.73 m2); Stage 2, 
60–89 mL/min/1.73 m2; Stage 3, 30–59 mL/min/1.73 

m2; Stage 4, < 30 mL/min/1.73 m2 [1, 2]. 
 

Serum preparation 
 

60 µL serum was deproteinated with 240 µL cold 
methanol containing 0.5 ppm L-tryptophan (indole- 

D5, 98%, Cambridge Isotope Laboratories, Tewksbury, 
MA, USA) and 0.5 ppm cholic acid-2,2,4,4-D4 and 50 

ppm C19:1n9c. They were vortexed for 1 min and stood 
at −20°C overnight for complete deproteination. Then, 
they were centrifuged at 18700 × g for 20 min. 250 µL 

supernatant was collected and dried under nitrogen  
gas and stored at −80°C. The dried supernatant was 
reconstituted with initial UPLC gradient (5% acetonitrile 

in water), vortexed for 30 s and was centrifuged at 
18700 × g for 20 min. The supernatant was transferred 

to a glass insert in an amber HPLC vial prior to UPLC-
Orbitrap-MS analysis or UPLC-QQQ-MS/MS analysis. 
 

Standard solution and quality control sample 

preparation 
 

For targeted metabolites quantitation, standards of 

selected metabolites were purchased from Toronto 
Research Chemicals (North York, Toronto, Canada) and 

Sigma-Aldrich (St. Louis, MO, USA), which were used 

for preparation of standard solutions. Standard solutions 
were gradient diluted into ten levels, respectively 
(Supplementary Table 14). The gradient diluted standard 

solutions were mixed and then dried by TurboVap® 
blowdown evaporator (Biotage Sweden AB, Ystrad 

Mynach, United Kingdom) for later use. 20 µL aliquots 
from each sample of all groups were mixed and aliquoted 
as QC samples. QC samples were injected between every 

six-sample injections to monitor the stability of the 
instruments throughout the UPLC-Orbitrap-MS signal 
acquisition. The order of injection for all samples was 

randomized. Recovery rate of detected metabolites was 
calculated through parallel serum samples spiked with a 

known amount of each metabolite standard at three 
concentration levels. Recovery rate equation: ((Detected 
concentration − endogenous blank sample concentration) 

× 100%)∕spiked concentration. (Supplementary Table 15). 
 
UPLC condition 

 
UPLC-Orbitrap-MS analysis 

3 µL aliquot was injected into a Waters ACQUITY UPLC 
system. UPLC separation was performed on a Waters 
ACQUITY UPLC HSS T3 column (2.1 mm × 100 mm, 

1.8 µm) with HSS T3 guard column (2.1 mm × 5 mm, 1.8 
µm, Waters Corporation, Milford, MA, USA). The 
mobile phase consisted of combinations of A (0.1% 

formic acid in water, v/v) and B (0.1% formic acid in 
acetonitrile, v/v) at a flow rate of 0.3 mL/min with elution 
gradient as follows: 0–1.5 min, 5% B; 2 min, 35% B; 4 

min, 50% B; 8 min, 55% B; 11–14 min, 95% B. A 3-min 
post-run time was set to fully equilibrate the column. 

Column and sample chamber temperature were 40°C and 
4°C respectively. 
 

UPLC-QQQ-MS/MS analysis 

2 µL aliquot was injected into a SHIMADZU  
A30 UPLC system. Chromatographic separation was 

performed on the Luna Omega 1.6 μm Polar C18 
reversed-phase column (Phenomenex, Torrance, CA, 

USA) with Polar C18 security guard column (2.1 mm, 
Phenomenex, Torrance, CA, USA). The mobile phase 
A (0.1% formic acid in ultrapure water, v/v) and 

mobile phase B (100% acetonitrile) were delivered at 
0.3 ml/min. Gradient elution was as follows: 2–60% B  
at 0–3.2 min, 60% maintained at 3.21–3.5 min, 2% B  

at 3.51–5 min to equilibrate the column before a new 
injection. Column and sample chamber temperature 
were 40°C and 4°C respectively. 

 
Mass spectrometry condition 

 
UPLC-Orbitrap-MS analysis 

Mass spectrometry analysis was conducted by a  

Thermo Scientific Orbitrap Fusion Lumos Tribrid  
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mass spectrometer equipped with a heated  
electrospray ionization (H-ESI) interface (Thermo Fisher  

Scientific, Waltham, MA, USA). The mass-spectrometric 
parameters were set as follows: spray voltage, 2300 V 
and 3500 V in ESI negative and positive ionization 

modes respectively; ion transfer tube and vaporizer 
temperature, 300°C. Nitrogen gas was used as the sheath 

gas and the aux gas with a flow rate of 25 and 10 L/min, 
respectively. The analyzer was operated in a data-
dependent acquisition mode, with full MS scans of mass 

range at 90–1000 m/z with detection in the Orbitrap 
(120000 resolution) and with auto gain control targeted at 
20000 count and a maximum injection time at 100 ms. 
 

UPLC-QQQ-MS/MS analysis 

Selected metabolites were detected under positive  
ion multiple reaction monitoring (MRM) mode. Turbo 
ion spray source was set at a source temperature of 

500°C. Ion spray voltage was 5500 V, Ion Source  
Gas1 (GS1) and Ion Source Gas2 (GS2) had a flow of 

50 psi, the curtain gas had a flow of 25 psi, the CAD 
gas setting was ‘medium’, and the declustering potential 
was optimized one by one according to the metabolite. 

Q1/Q3 mass and MRM conditions for each metabolite 
were listed in Supplementary Table 16. 
 

Baseline correction 
 

Batch correction was then performed by smoothing 
through QC samples in sequential injections using cubic 
splines, a very flexible smoother that can catch the 

variations of ion abundances caused by the systematic 
bias in instrumental responses, with a very wide range 

of curve shapes (e.g., linear, nonlinear) (van der Kloet 
et al. 2009) to ([3–5]). The penalty for smoothing spline 
was set to 0.01, which was found to be fitted well to  

the variations (Supplementary Figures 10–84). The ion 
abundance for metabolite i at kth injection after batch 
correction (x′k,i) then becomes 
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where CQC,i was the true concentration of metabolite i in 
QC samples, which served as a scaling factor to map the 

corrected ion abundance rk,i to the corrected raw ion 
abundance (x′k,i). However, it is impossible to obtain the 
true concentration of any metabolite, thus median ion 

abundance of the metabolite in QC samples could be 
used as an estimation of CQC,i. xk,i and fk,i are observed 

and fitted raw ion abundance in sample at kth injection. 
Since results obtained from statistical analysis (e.g., 
Pearson correlation, Student’s t-test) using x′k,I will be 

the same with those using rk,i as the two kinds of ion 
abundance only differ in a constant multiplier CQC,i, rk,i 
was used in subsequent statistical analysis instead of the 

raw ion abundance. 

Random forest of metabolite prediction on DKD 

stage progression in follow up cohort 

 
AUC of variate(s) on prediction DKD stage 
progression were calculated by random forest (RF). 

Stratified random sampling was used between 
progressed and unprogressed group in follow up 
cohort. Samples were split into a training set (70% of 

sample size) for modelling and a testing set (the rest 
30% samples) for prediction. To avoid overfitting, this 

stratified random sampling procedure was repeated 100 
times and the AUC of testing set was calculated 100 
times. Finally, the AUC average and standard deviation 

were executed to exhibit the performance prediction of 
metabolites on DKD stage progression. 
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