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Supplementary Tables

Supplementary Tables 1. Baseline characteristics of training cohort and testing cohort

Al Training Testing Validation
cohort cohort cohort
Parameters (n =796) (n =557) (n = 61) (n=178)
Age, years 63.1+13.2 64.0+12.7 62.21+14.3 60.6 +14.2
Male, No. (%) 367 (46.1%) 259 (46.5%) 28 (45.9%) 80 (44.9%)
Comorbidities
Diabetes, No. (%) 263 (33.0%) 187 (33.6%) 20 (32.8%) 56 (31.5%)
Hypertension, No. (%) 328 (41.2%) 247 (44.3%) 21 (34.4%) 60 (33.7%)
Obesity, No. (%) 537 (67.5%) 406 (72.9%) 35 (57.4%) 96 (53.9%)
Personal habits
Smoking, No. (%) 190 (23.9%) 147 (26.4%) 20 (32.8%) 23 (12.9%)
Alcohol drinking, No. (%) 250 (31.4%) 190 (34.1%) 26 (42.6%) 34 (19.1%)
Anthropometrics
Body mass index, kg/m2 26.3+4.3 26.6 £4.0 26.91t4.9 252146
Systolic BP, mmHg 134.1+£45.1 133.8+17.4 132.7+17.4 135.6 £90.1
Diastolic BP, mmHg 77.21+11.0 77.81+11.1 7761104 75.4110.9
Laboratory
eGFR, mL/min per 1.73 m2 (MDRD)  83.4 (0.4, 171.7) 82.8 (8.6, 171.7) 86.0 (11.9, 145.9) 84.1 (0.4, 157.3)
BUN, mg/dL 15.4 (0.7, 129.0) 15.6 (6.3, 54.6) 15.0 (5.8, 75.4) 14.0 (0.7, 129.0)
Serum creatinine, mg/dL 0.8 (0.4, 100.6) 0.8 (0.4, 6.9) 0.8(0.5,4.7) 0.8 (0.4, 100.6)
Serum albumin, g/dL 4.6 (0.7, 246.4) 4.6 (3.1, 246.4) 4.6 (3.6, 5.3) 45(0.7,5.2)
Cholesterol, mg/dL 188 (4, 377) 187 (92, 377) 191 (99, 279) 189 (4, 313)
Triglycerides, mg/dL 116 (21, 1225) 121 (25, 1225) 119 (35, 409) 99 (21, 530)
hs-CRP, mg/L 1.1(0.1, 73.1) 1.1(0.2, 73.1) 1.0 (0.1, 59.6) 1.3 (0.2, 66.0)
Urine albumin/creatinine ratio, mg/g 9.9 (0.9, 5708.6) 10.4 (1.3, 2085.0) 7.9 (2.1, 3792.1) 6.9 (0.9, 5708.6)
Vitamin D, ug/mL 580.1 (22.3, 3499.0) 572.5 (22.3, 3442.0) 530.9 (114.0, 3374.0) 609.4 (159.6, 3499.0)
iPTH, pmol/L 42.0 (6.0, 199.0) 42.3 (6.0, 199.0) 40.4 (17.4, 99.9) 42.0 (13.7, 195.0)
Serum calcium, mg/dL 9.4 (6.6, 10.5) 9.4 (6.6, 10.5) 9.4 (8.1, 10.2) 9.4 (8.1, 10.4)
Serum phosphate, mg/dL 3.6 (2.1,5.7) 3.6 (2.1,5.7) 3.6(2.8,4.8) 3.6(2.3,5.2)
Insulin, uU/mL 10.4 (0.5, 176.0) 11.0 (1.2, 84.9) 10.3 (0.5, 43.5) 8.2 (1.5, 176.0)
LDL-C / HDL-C, mg/dL 2.2(0.6,5.9) 2.3(0.6,5.9) 2.5(0.8, 4.6) 2.1 (0.6, 4.5)
UreaNU, mg/dL 794.2 (1.6, 1923.3) 829.2 (117.6, 1923.3) 751.7 (152.7, 1546.7) 712.9 (1.6, 1652.0)
Glycated Hemoglobin, % 5.9 (4.5, 106.0) 6.0 (4.5, 14.4) 5.9 (4.8, 11.1) 5.8 (4.7, 106.0)
Glucose, mg/dL 100.0 (67.0, 400.0) 102.0 (69.0, 400.0)  99.0 (82.0, 218.0) 96.0 (67.0, 393.0)
Grouping
Normal control, No. (%) 438 (55.0%) 302 (54.2%) 36 (59.0%) 100 (56.2%)
Diabetes, No. (%) 132 (16.6%) 96 (17.2%) 10 (16.4%) 26 (14.6%)
Non-diabetic CKD, No. (%) 95 (11.9%) 68 (12.2%) 5 (8.2%) 22 (12.4%)
Diabetic kidney disease, No. (%) 131 (16.5%) 91 (16.3%) 10 (16.4%) 30 (16.9%)

The values are expressed as means = SD or median (Min, Max) or n (%). Abbreviations: CKD, chronic
kidney disease; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; hs-C reactive
protein, high-sensitivity C reactive protein; LDL-C / HDL-C, low density lipoprotein-cholesterol / high
density lipoprotein-cholesterol.



Supplemental Table 2. Feature Importance for predicting DM (model 1)

Rank Feature Category Comment
1 Acetylcarnitine Metabolite carnitine
2 Fucose Metabolite hexose
3 Mannose/Inositol | Metabolite Aldohexose
4 Age Clinical
5 Sulfanilamide Metabolite drug
6 Proline Lipidomic Amino acid
7 Insulin Clinical
8 LDL-C-direct- Clinical
9 PCge 34:2 Lipidomic plasmalogen
10 lysoPC 18:0 Lipidomic lyso-phospholipid
11 Serine Lipidomic Amino acid
12 Sarcosine Lipidomic Biogenic amine
13 Valerylcarnitine Lipidomic carnitine
14 Alanine Lipidomic Amino acid
15 PC. 38:6 Lipidomic plasmalogen
16 Aspartate Lipidomic Amino acid

Non Coding Transcript Variant:

17 rs3755899 SNP UGDH-AS1
18 Propionylcarnitine Lipidomic carnitine
19 rs933229 SNP Intron Variant: LOC105373021
20 PCqe 32:2 Lipidomic plasmalogen

Supplemental Table 3. Feature Importance for predicting CKD in DM patients (model 2)

Rank Feature Category Comment
1 Serine Lipidomic Amino acid
2 Resolvin D1 Metabolite
3 Pseudouridine Metabolite
4 Kynurenine Lipidomic Biogenic amine
5 Arabitol Metabolite
6 PC ae C30:0 Lipidomic
7 Symmetric dimethylarginine Lipidomic Biogenic amine
8 rs1868138 SNP ALDH1L1
9 rs184518892 SNP LY6D
10 rs117681509 SNP PCDH9

Supplemental Table 4. Feature Importance for predicting CKD in non-DM patients (model 3)

Rank Feature Category Comment
1 Mannose/Inositol I Metabolite hexose
2 Symmetric dimethylarginine Lipidomic plasmalogen
3 Kynurenine Lipidomic Biogenic amine
4 Mannose/Inositol | Metabolite hexose
5 Uridine Metabolite pyrimidine nucleoside
6 Alanine Metabolite Amino acid
7 Citrulline Lipidomic Amino acid
8 Acetyl neuraminic acid Metabolite Neuraminic acid
9 Cystine Metabolite Amino acid
10 rs898097 SNP Intron Variant: BBGNTL1
11 Asymmetric dimethylarginine Lipidomic Biogenic amine
12 Age Clinical
13 rs11097023 SNP Intron Variant: CDS1
14 Acetylcarnitine Lipidomic carnitine
15 rs2856966 SNP Missense Variant: ADCYAP1
16 Mannitol Metabolite drug
17 Serine Lipidomic Amino acid
18 rs28533579 SNP Intron Variant: FAM53A
19 PCqe 30:2 Lipidomic plasmalogen
20 Butyrylcarnitine Lipidomic carnitine
21 rs12451753 SNP Synonymous Variant: CCDC182
22 Cysteic acid Metabolite taurine metabolism
23 PCqe 36:2 Lipidomic plasmalogen
24 PC.a 36:0 Lipidomic phosphatidylcholine
25 BMI Clinical




Supplementary Table 5. Cross-validation of prediction performance in Model 1

Model Target Sensitivity Specificity PPV NPV Accuracy AUC Cut Point
Extremely Randomized Trees 0.72 0.88 0.75 0.86 0.83 0.89
Logistic Regression 0.76 0.83 0.69 0.87 0.80 0.87
Modell Random Forest DM 0.73 0.86 0.73 0.87 0.82 0.88 0.5
Extreme Gradient Boosting 0.74 0.84 0.70 0.86 0.81 0.88
Support Vector Machine 0.75 0.83 0.69 0.87 0.81 0.88
Supplementary Table 6. Cross-validation of prediction performance in Model 2
Model Target Sensitivity Specificity PPV NPV Accuracy AUC Cut Point
Extremely Randomized Trees 0.64 0.72 0.70 0.67 0.68 0.73
Logistic Regression 0.63 0.81 0.77 0.69 0.72 0.74
Model2 Random Forest CKD 0.69 0.64 0.66 0.67 0.67 0.71 05
Extreme Gradient Boosting 0.64 0.69 0.67 0.66 0.67 0.72
Support Vector Machine 0.67 0.73 0.71 0.69 0.70 0.77
Ensemble (Mean) 0.67 0.73 0.71 0.69 0.70 0.76
Supplementary Table 7. Cross-validation of prediction performance in Model 3
Model Target Sensitivity Specificity PPV NPV Accuracy AUC Cut Point
Extremely Randomized Trees 0.47 0.90 0.50 0.89 0.82 0.76
Logistic Regression 0.59 0.79 0.38 0.9 0.75 0.76
Model3 Random Forest CKD 0.38 0.91 0.48 0.87 0.82 0.77 0.5
Extreme Gradient Boosting 0.42 0.88 0.42 0.88 0.79 0.76
Support Vector Machine 0.55 0.79 0.37 0.89 0.75 0.75




Supplementary Table 8. Performance of the three models on the validation cohort

Model 1 Model Target Sensitivity Specificity PPV NPV Accuracy AUC Cut Point
Training cohort Extremely
(internal 10-folds validation) Randomized Trees DM 0.72 0.88 0.75 0386 0.83 0.89 05
External validation cohort Extrgmely 0.71 0.89 0.75 0.87 0.84 0.91
Randomized Trees
Model 2 Model Target Sensitivity Specificity PPV NPV Accuracy AUC Cut Point
. Training cohor.t . Ensgmble (Mean of 0.67 0.73 071  0.69 0.70 0.76
(internal 10-folds validation) five models) CKD 05
External validation cohort En'SemPle (Mean of 0.67 070 074 062 068 071
five models)
Model 3 Model Target Sensitivity Specificity PPV NPV Accuracy AUC Cut Point
Training cohort Extremely
(internal 10-folds validation) Randomized Trees CKD 0.47 0.90 050 089 0.82 0.76 05
External validation cohort Extremely 0.32 093 050 086 082 078

Randomized Trees




Supplementary Table 9. Expression levels of mRNA of candidate genes

Expression Level of mRNA* (NX)

Model Gene Symbol Gene Name
y kidney pancreas liver adipose  heart others
Model 1 TR Ry AReEE [P O 14.3 9.8 12.9 13.6 15.5 ubiquitous
Feature MTOR
associated with Cleft Lip And Palate Transmembrane Ui
DM CLPTM1L Protein 1-Like Protein 29.4 57.6 56.1 15.8 13.1 ubiquitous
ALDHAL1 Aldehyde Dehydrogenase 1 Family 48.1 10.2 148.7 28.9 81 salivary gland
Member L1 (34.1)
Model 2
Features . . tongue (316.2),
associated with LY6D kﬂyé?np;]e(:,%te FuligE & Rl 0.2 0.2 0.2 0.2 0.2 esophagus
CKD in DM (236.9)
patients
PCDH9  Protocadherin 9 35 2.0 23 45 57  cerebral cortex
(47.0)
EEERTLD P ClENEREECE B d e 2.9 7.6 3.4 3.7 6.2 Ubiquitous
Acetylglucosaminyltransferase Like 1
Model 3 CDS1  CDP-Diacylglycerol Synthase 1 11.9 45 0.6 0.9 0.5 Sma"“'{;‘tgs“”e
Features e
associated with L pons and
CKDinnon-DM ~ ApCyap1 AeViale Syclase Activating 0.6 7.7 0.3 21 10 medulla (33.8),
patients YPEp appendix (16.5)
BgdEER ol SEEUEES S o 07 4.0 12 13 0.5 testis (12.7)

Member A

*NX is a normalized expression value from consensus data by databases HPA, GTEx and FANTOMS. After obtaining consensus expression by calculating TPM (transcripts per million),
the value is obtained after processing through TMM normalized and Pareto scaling. Data source: The Human Protein Atlas https://www.proteinatlas.org.

Supplementary Table 10. Expression levels of protein of candidate genes.

Expression Level of Protein*

Model Gene Symbol Gene Name - - -
kidney  pancreas liver adipose heart others
Model 1 RPTOR '\RA?F%JE\tory-Assouated FITEiEEn Qf High Medium Low Medium Medium Ubiquitous
Feature
; : Cleft Lip And Palate
associated with . . . . .
CLPTM1L Transmembrane Protein 1-Like Medium High Medium N e Stoma_ch,
DM : detected  detected Testis
Protein
Aldehyde Dehydrogenase 1 . . . Cerebellum,
Model 2 ALDH1L1 Family Member L1 High Low High Medium Low Testis
Features . .
cEsoaEEeE Wit LY6D Lymphocyte Antigen 6 Family Not Not Not Not Not Esophagus,
CKD in DM Member D detected  detected detected detected detected Skin
patients PCDH9  Protocadherin 9 - - - - -
UDP-GIcNAc:BetaGal Beta-1,3-N- Not
B3GNTL1 Acetylglucosaminyltransferase Medium Medium Low Medium Testis
- detected
Like 1
Model 3
Features " Not .
CDS1 CDP-Diacylglycerol Synthase 1 Low Low Low Medium  Cerebellum
associated with yigy 4 detected
G 'rt'. notn-DM ADCYAP1 Adenylate Cyclase Activating Not Not Not Not Not Pituitary
RICHES Polypeptide 1 detected detected detected detected detected gland
FAMS3a  -amily With Sequence Similarity 0 i Low Ll Low Low Testis

53 Member A

detected
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Supplementary Figures
Supplementary Figure 1

a Patient datasets b Trans-omics Predictors
Patients (n=618)

- Filter metabolites for DM/CKD by

0.05
T-test (p-value < 13231)

- Predict DM: select 820 metabolites
- Predict CKD: select 384 metabolites

Lipidomic Processing (147)

- Training cohort (557)

- Testing cohort (61)

- GI’OUpi ng: - Filter metabolites for DM/CKD by
T-test (p-value < 0'—05)
- Predict DM: select 83 metabolites
.. . - Predict CKD: select 24 metabolites
* m SNPs Processing (392885)
338 (54.7% 106 (17.2%
( ) ( ) Chi-square (p-value < 005
392885
00 Q0 | ousra
Odds Ratio (OR > 1)
'DKD_| - Predict DM: select 118 SNPs

147
Normal Diabetes  Filter SNPs for DM/CKD by
- Predict CKD: select 49 SNPs

+1000)

CKD DKD

73 (11.8%) 101 (16.3%) Clinical Processing (71)

- Predict DM/CKD: select 9 clinical*

C Machine learning algorithm

Feature Selections for features that have not yet been defined
- Target®:

1.Modell: Predict DM based on Metabolites/SNPs/Clinical

2.Model2: Predict CKD in DM patients based on Metabolites/SNPs
3.Model3: Predict CKD in non-DM patients based on Metabolites/SNPs

- Method: LASSO (shrinkage coefficient), SVM (weighted support vector),
Random Forest (feature importance)
- Aggregate feature importance by three model

Feature Selections for the known definition features

- Modell: select 20 features from Metab. / Lipidomic / SNPs / Clinical (5/83/4/4)
- Model2: select 10 features from Metab. / Lipidomic / SNPs (3/24/3)
- Model3: select 25 features from Metab. / Lipidomic / SNPs (10/24/5)

Model Building

- Random Sample on Train / Test: 90% (557) / 10% (61)

- 10 folds Cross Validation

- Model: Extremely Randomized Trees / Random Forest / Support Vector
Machine / Logistic Regression /Extreme Gradient

Supplementary Figure 1. Study flow chart, machine learning algorithms and their performances in the
three predicting models. (a) (b) Data processing workflows for the integrated analyses of un-target
metabolites, lipidomics (P180-metabolites), SNPs, and clinical data. The metabolites contains 13231 un-
target metabolites and the Lipidomic recruits 147 known metabolites from the P180 kits. # indicates the 9
clinical features selected by Al, namely Age, BMI, Gender, BUN, Insulin, Intact_PTH, LDL_C_direct,
T_Cholesterol, and UreaNU. (c) Machine learning algorithm for the selections of best features and model
building for the three models. *indicates that Age and BMI must be the input features of Model 1, 2, 3 for
feature selections.



Supplementary Figure 2

a Model 1: Feature Number Selection b Model 2: Feature Number Selection
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Supplementary Figure 2. The number of feature selection was determined by AUC and accuracy.
(a) Model 1 (20 features), (b) Model 2 (10 features), and (c) Model 3 (25 features).



Supplementary Figure 3
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Supplementary Figure 3 (continued)

d B3GNTL1*** CDS1*+ e
(rs898097) (rs11097023)
Non DM p value
C
- ; Age - <0.001
46.7% CT /
Mannose
Inositol | I‘ -l <0.001
B3GNTL1 | | 0.0012
—_ FAM53A
CCDC182%* FAM53A** - 0029
(rs12451753) (rs28533579)
Non CDS1 = 0.0065
CCDC182 H o-do71
PcC30:2 L o-doa
0 1 2 3 4 5 6 7 8
Adjusted Odds Ratio (95% Cl)
ADCYAP1***
(rs2856966) Supplementary Figure 3. Selected features for predicting renal dysfunction in

non-DM patients (Model 3). (a)Venn diagram of Al-selected features in model
3. (b) (c) Boxplot of the clinical features(b) and the metabolite features (c) in
Model 3. The statistical analysis with p-values was performed by ANOVA for
significant metabolites in the four groups. The t-test was used for multiple
comparisons within the four groups test. Box plot: Box plot includes a box and
a set of whiskers. The lower line of the box is represented as Q1(25th
percentile). The upper line of the box is represented as Q3(75th percentile).
The middle and bold line in the box is represented as median. In general, the
boundary of the lower and upper whiskers is 1.5 interquartile ranges (IQR, IQR
= Q3 - Q1) below the Q1 and 1.5 IQR above the Q3. The extreme values
outside this boundary are considered as outliers and plotted as black dots. If
all data points are between Q1 - 1.5 x IQR and Q3 +1.5 x IQR, the boundary of
the lower and upper whiskers should be minimum and maximum of the data.
The error bar here means the lower and upper whiskers that we define above.
(d) Pie charts indicating the genotype frequencies of SNPs using SNP datasets
obtained from the subjects. # indicted the signaling of SNP array was lower
than the calling rates. The x2 test was used for comparisons of genotype
frequencies within the four groups. (e) Adjusted odds ratios of factors in
backward logistic regression procedure associated with the occurrence of CKD
in non-DM patients. The Wald test was used to construct 95% confidence
interval (Cl) and test the significance of adjusted odds ratios of risk factors.
The error bar here means the lower bound and upper bound of adjusted odds
ratio of 95% confidence interval. *p <0.05, **p <0.01, ***p < 0.001, ****p <
0.0001. Abbreviations: B3GNTL1, UDP-GIcNAc:BetaGalBeta-1,3-N-
Acetylglucosaminyltransferase like 1; CDS1, CDP-Diacylglycerol synthase 1;
CCDC182, coiled-coil domain containing 182; FAM53A, family with sequence
similarity 53 member A; ADCYAP1, adenylate cyclase activating polypeptide 1.




Supplementary Figure 4

a Random sample to split the data into training set and validation set

Y

Use Lasso method do feature selection and determine the selected number k.
k is the number of features which lasso coefficient is larger than 0

I
v v

Use Support Vector Machine method
do feature selection and selected top
k features which rank by weighted

support vector. |

Use Random Forest method do
feature selection and selected top k
features which rank by importance.

v

Summarize the selected features for each machine learning methods

v
Based on bootstrap procedure, repeat the above process 100 times
v
Summarize the total counts of selected features by three machine learning
methods.

v

Final feature lists ranked by total selected counts

b Bootstrap the process 100 times

| Random sample to split the data into training set and validation set |

LASSO feature selection SVM feature selection RF feature selection
Rank | Feature | Bootstrap Rank | Feature Bootstrap Rank | Feature | Bootstrap

1 X1 1 1 X2 1 1 X2 1

2 X2 1 2 X3 1 2 X3 1

3 X3 1 3 X4 1 3 X5 1

K X101 1 k X87 1 k X65 1

Rank Feature Selection count
1 X2 298
2 X3 295 .
Aggregate feature selection

3 X1 288 By ranking selection count
4 X15 283 Max of selection count =

100(times)*3(method)=300




Supplementary Figure 4 (continued)

C Average ROC
Integrated ROC

Predict Result

Patient_ID Predict Real Test set
Prob. Status Fold
— ID1 0.82 1 1 -
ID2 0.51 1 1 AUC1
1
AUC with ID4 0.24 0 2
6.18 D5 oy - " Mean of AUC
patients AUC2
(integrated 2 _ AUC1+AUC2+--AUC10
10-folds) - 10
1D600 0.67 1 10
ID601 0.52 0 10
AUC10

Supplementary Figure 4. (a) The flow chart of integrating three algorithms' results in
ranking features. (b) Schematic diagram of how to conduct the feature ranking list. (c)
Schematic diagram of the difference between integrated ROC and average ROC.



