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Table S2. Result of estimated coefficients for Facial features for each SC type using LASSO 

Features 
Male   Female 

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́)   𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) 

  𝛽̂0,𝑙𝑎𝑠𝑠𝑜(𝜆́) -0.03  0.01  0.02    -0.21  -0.06  0.27  

AGE 
 

0.00  0.00  
 

0.00  
 

0.00  

FDV_47_52 
       

FDV_47_50 
       

FDV_10_21 
 

0.03  -0.06  
 

-0.08  0.01  
 

FDV_52_50 
 

-0.03  
     

FDV_52_81 
    

0.36  
  

FDV_81_50 
       

FD_43_143_aD 0.07  
    

-0.24  
 

FD_53_153_aD 
     

-0.13  
 

FD_94_194_aD 
 

-0.01  
     

FDH_33_133_aD 
     

-0.18  
 

FHD_33_133_43_143 
 

0.01  -0.41  
    

FDD_53_153_43_143 
       

FDD_94_194_43_143 
       

FHD_33_133_53_153 
  

-0.01  
 

-0.29  
  

FDD_94_194_53_153 
       

FVV_47_52_52_81 
     

0.25  
 

FVV_47_52_52_50 
       

FVV_47_52_81_50 -0.14  0.23  
     

FVV_52_81_81_50 
       

FVD_52_50_53_153_aD 
     

0.07  
 

FVD_52_81_53_153_aD -0.55  
     

0.00  

FVD_81_50_94_194_aD 
    

-0.42  0.15  
 

FA_53_94 
    

0.12  -0.01  
 

FAs_153_194 0.16  
 

-0.39  
 

0.26  -0.25  
 

FA_94_43 
    

0.05  
  

FAs_194_143 -0.02  0.00  
  

0.03  
  

FA_53_94_43 
 

0.16  
     

FA_18_25_43 
  

-0.16  
    

FA_118_125_143 0.10  -0.23  
   

0.19  
 

FA_18_17_43 0.04  
      



FA_118_117_143 0.18  -0.30  
     

FA_17_25_43 
      

-0.13  

FA_117_125_143 
    

-0.03  
  

FA_18_25_94 
    

0.13  
  

FA_18_43_50 -0.15  
    

0.01  
 

FA_18_94_50 
 

0.09  
     

FArea02_aD 0.39  
      

FArea03_aD 
     

0.01  -0.08  

FArea02_03 0.06  
   

-0.29  0.18  
 

FDV_47_10 
    

0.03  -0.07  
 

FDH_18_25 
       

FDH_118_125 
  

-0.05  
    

FDH_18_118 
       

FDH_25_125 
      

-0.18  

FDH_21_121 
 

-0.23  
     

FD_17_26 
     

-0.14  0.03  

FD_117_126 0.19  -0.11  
     

FD_17_25 
 

-0.30  0.04  
    

FD_117_125 
  

-0.14  
 

0.19  
  

FD_18_25 
       

FD_118_125 
    

0.10  
  

FDH_17_26_18_25 
       

FDH_117_126_118_125 
     

0.09  -0.15  

FDH_52_50_18_118 
       

FRE_H01 
  

0.18  
  

0.04  -0.08  

FRE_H02_aD 
       

FRE_H05_aD 
       

FHD_18_118_53_153_a

D  
0.11  

     

FHD_25_125_53_153_a

D     
-0.05  0.02  

 

FDD_17_26_52_81 
 

0.20  
     

FDD_17_26_52_50 
 

0.00  
    

0.10  

FA_18_17_25 
  

-0.06  
  

-0.28  
 

FA_118_117_125 
    

0.04  
 

-0.14  

FAi_25_17 -0.12  
    

0.02  
 



FAis_125_117 -0.05  0.01  
  

-0.03  
 

0.05  

FAis_18_17 
 

-0.30  0.02  
   

-0.09  

FAi_118_117 
       

FAis_18_25 
       

FAi_118_125 
 

-0.20  
     

FDH_36_136 
       

FHD_36_136_53_153_a

D 
0.00  

   
0.00  0.09  

 

FVH_52_81_36_136 0.20  
      

FArea_52_36_136 
  

-0.04  
   

0.00  

FDV_80_50 0.15  
   

0.22  -0.01  
 

FVV_80_50_52_50 
       

FVV_80_50_81_50 -0.18  0.23  
   

-0.06  
 

PD_7_77 0.03  
    

-0.04  
 

PDV_7_9 
 

-0.13  0.10  
  

-0.02  0.07  

PAi_9_7 0.02  
 

-0.04  
   

0.00  

PAi_71_72 
    

0.01  -0.04  
 

PAi_72_73 0.00  0.22  
  

-0.04  0.01  
 

PDV_9_12 0.31  -0.16  
  

0.25  
 

-0.05  

PDH_9_12 
     

-0.28  0.19  

PA_9_12 
  

-0.18  
  

-0.19  0.01  

PA_10_12 -0.32  
 

0.10  
 

-0.15  
 

0.16  

PDH_12_14 
  

-0.26  
 

0.05  
 

-0.21  

PDH_14_21 
     

-0.15  0.05  

PDL_14_12_21 
       

PDV_12_14 
     

0.02  
 

PDV_14_21 
 

-0.07  
     

PDV_12_21 
 

-0.26  
   

0.05  
 

PD_12_21 
       

PArea_12_14_21 
  

-0.06  
    

PAi_14_12 
 

-0.01  
     

PA_14_21 
       

PA_12_14_21 
 

-0.04  0.03  
    

PAi_13_84 0.06  0.00  
  

0.05  
  

PA_87_21   0.00  -0.21        0.02  



𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) represent result of estimated coefficients via LASSO for each SC group, TE, SE, and SY, 

respectively, where 𝜆́ = 𝑒log⁡(𝜆́), chosen from the result of ten-fold cross validation. 

Table S3. Result of estimated coefficients for Voice features for each SC type using LASSO 

Features 
Male   Female 

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́)   𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) 

 𝛽̂0,𝑙𝑎𝑠𝑠𝑜(𝜆́) 0.10  0.02  -0.12    -0.47  0.25  0.22  

AGE 
 

0.00  0.00  
 

0.02  
 

0.00  

sF10 0.11  -0.38  
  

0.17  
 

-0.15  

sF50 -0.46  0.04  
   

0.19  -0.42  

sF90 
  

0.23  
  

0.40  -0.44  

sFHL -0.20  0.20  
   

-0.06  0.08  

sF0 0.17  
 

-0.37  
  

-0.26  0.95  

sFCV 
 

-0.22  0.00  
  

-0.13  0.12  

sDT 
 

-0.01  0.06  
 

0.02  -0.02  
 

sMFCC1 0.11  
 

-0.25  
 

0.04  0.00  
 

sMFCC2 
 

-0.16  0.15  
  

0.21  -0.08  

sMFCC3 
 

0.01  -0.18  
 

-0.15  0.10  
 

sMFCC4 
 

-0.03  0.07  
 

0.02  -0.09  
 

sMFCC5 -0.06  0.17  
  

0.05  -0.08  
 

sMFCC6 
 

0.25  -0.12  
  

-0.03  0.09  

sMFCC7 
 

0.24  -0.23  
 

-0.05  0.19  
 

sMFCC8 0.12  
 

-0.20  
 

0.18  
 

-0.20  

sMFCC9 0.21  -0.16  
  

0.22  -0.08  
 

sMFCC10 
 

-0.20  0.13  
 

0.02  
 

-0.01  

sMFCC11 0.01  -0.18  
  

-0.12  0.04  
 

sMFCC12 
 

-0.11  
  

-0.13  
 

0.11  

sHNR35 
 

0.01  -0.18  
  

-0.02  0.10  

sCPP 0.00    0.08      0.01  -0.06  

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) represent result of estimated coefficients via LASSO for each SC group, TE, SE, and SY, 

respectively, where 𝜆́ = 𝑒log⁡(𝜆́), chosen from the result of ten-fold cross validation. 



Table S4. Result of estimated coefficients for Body shape features for each SC type using 

LASSO 

Features 
Male   Female 

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́)   𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) 

 𝛽̂0,𝑙𝑎𝑠𝑠𝑜(𝜆́) 0.02  0.17  -0.19    -0.26  -0.08  0.34  

AGE 
 

-0.01  0.01  
 

0.01  0.00  
 

HEIGHT -0.14  0.06  
   

0.18  -0.09  

WEIGHT 
       

BMI 
       

FC 1.12  
 

-0.47  
 

-0.10  
 

0.29  

NC -0.52  
 

0.82  
 

0.56  -1.41  
 

AC 
    

0.51  
 

-2.77  

CC 
    

-0.28  
 

1.84  

RC 
       

WC 
    

0.00  
 

-0.07  

HC 
 

-0.56  
     

NC/FC 0.71  
   

0.00  
 

0.18  

AC/FC 0.62  
 

-0.12  
 

0.00  
 

2.07  

CC/FC 
    

-0.30  0.00  
 

RC/FC 
 

0.15  -0.39  
 

0.00  -0.17  
 

WC/FC 
    

0.53  
 

-0.13  

HC/FC 0.21  
    

0.76  -1.10  

AC/NC 
      

-2.45  

CC/NC -0.22  
 

0.10  
 

1.04  -0.41  
 

RC/NC 
    

-1.02  
  

WC/NC -0.19  
 

0.15  
 

-0.76  
 

1.58  

HC/NC 
 

-0.02  
   

-1.59  0.87  

CC/AC -0.25  
 

0.19  
 

1.44  -0.17  
 

RC/AC 
     

2.25  -0.19  

WC/AC 
     

2.64  -0.55  

HC/AC 1.03  
 

-0.02  
 

0.33  -1.95  
 

RC/CC -0.64  0.18  
   

0.82  -0.26  

WC/CC 1.23  
 

-0.83  
 

1.12  -1.80  
 

HC/CC -0.75  
 

1.07  
  

-0.95  0.04  

WC/RC -0.70  
 

0.03  
 

-1.01  0.33  
 

HC/RC -0.01  0.99  
   

3.54  -0.70  

HC/WC     -0.76    -1.03  0.51    

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) represent result of estimated coefficients via LASSO for each SC group, TE, SE, and SY, 

respectively, where 𝜆́ = 𝑒log⁡(𝜆́), chosen from the result of ten-fold cross validation. 



Table S5. Result of estimated coefficients for Questionnaire features for each SC type using 

LASSO 

Features 
Male   Female 

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́)   𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) 

 𝛽̂0,𝑙𝑎𝑠𝑠𝑜(𝜆́) 0.20  -0.27  0.07    0.34  -0.26  -0.08  

Q_1_1 
 

-0.24  
   

-0.28  
 

Q_1_2 
       

Q_1_3 
 

0.26  
   

0.23  
 

Q_2_1 -0.66  
 

0.26  
 

-0.36  
 

0.09  

Q_2_2 
       

Q_2_3 
       

Q_3_1 
     

-0.29  
 

Q_3_2 
       

Q_3_3 
      

-0.05  

Q_4_1 
       

Q_4_2 
       

Q_4_3 
      

-0.02  

Q_5_1 
 

-0.02  0.07  
    

Q_5_2 
       

Q_5_3 
      

-0.01  

Q_6_1 
 

-0.28  
     

Q_6_2 
       

Q_6_3 
 

0.28  
   

0.11  -0.21  

Q_7_1 
 

-0.15  
  

-0.15  
  

Q_7_2 
       

Q_7_3 
       

Q_8_1 
 

-0.10  
  

0.03  
  

Q_8_2 
      

0.04  

Q_8_3 
     

0.14  
 

Q_9_1 
      

0.08  

Q_9_2 
       

Q_9_3 
    

0.06  
 

-0.07  

Q_10_1 
       

Q_10_2 
  

-0.21  
  

-0.07  
 

Q_10_3 
       

Q_11_1 
 

-0.12  0.00  
  

-0.23  
 

Q_11_2 
      

0.00  

Q_11_3 
       

Q_12_1 
       

Q_12_2 
       



Q_12_3 
 

0.04  
   

0.02  
 

Q_13_1 
    

0.22  -0.17  
 

Q_13_2 
       

Q_13_3 
       

Q_13_4 
    

0.22  -0.19  
 

Q_14_1 0.06  
   

0.17  -0.11  
 

Q_14_2 
       

Q_14_3 
    

-0.19  
  

Q_15_1 
     

-0.13  
 

Q_15_2 
     

0.21  
 

Q_15_3 
       

Q_16_1 
    

0.20  
  

Q_16_2 0.12  -0.13  
  

0.01  -0.19  
 

Q_16_3 -0.11  
   

-0.03  
  

Q_16_4 
       

Q_17_1 
    

-0.09  
  

Q_17_2 
    

0.03  
 

-0.05  

Q_17_3 
       

Q_18_1 
     

-0.18  
 

Q_18_2 
       

Q_18_3 
     

0.18  
 

Q_19_1 
       

Q_19_2 
       

Q_19_3 
  

-0.04  
    

Q_20_1 
 

-0.19  
  

0.20  -0.24  
 

Q_20_2 
       

Q_20_3 -0.22  0.21  
     

Q_20_4 
    

-0.07  
 

0.09  

Q_21_1 
 

-0.01  
     

Q_21_2 
    

0.02  
  

Q_21_3 
     

0.43  
 

Q_21_4 
       

Q_22_1 
 

-0.09  
  

0.08  -0.23  
 

Q_22_2 -0.18  
    

0.31  
 

Q_22_3 
    

-0.20  
  

Q_23_1 
       

Q_23_2 
       

Q_23_3 
       

Q_23_4 
     

-0.31  
 

Q_24_1 
     

0.05  
 

Q_24_2 
    

0.01  
  



Q_24_3 
       

Q_24_4 
    

-0.25  
 

0.05  

Q_24_5 
       

Q_25_1 
     

-0.03  
 

Q_25_2 
    

0.06  
  

Q_25_3 
      

-0.19  

Q_25_4 
      

0.02  

Q_25_5 
      

-0.30  

Q_25_6 
       

Q_25_7 
       

Q_26_1 
    

-0.04  0.03  
 

Q_26_2 -0.01  0.00  
     

Q_27_1 -0.11  0.17  
     

Q_27_2 0.21  -0.23  
  

0.06  
  

Q_27_3 
       

Q_27_4 
       

Q_28_1 0.26  -0.07  
  

0.16  
  

Q_28_2 
       

Q_28_3 -0.03  0.06  
  

-0.53  
 

0.03  

Q_28_4 
     

0.50  
 

Q_29_1 
       

Q_29_2 
       

Q_29_3 -0.02  
 

0.03  
    

Q_29_4 
       

Q_30_1 
       

Q_30_2 -0.04  
      

Q_30_3 
      

-0.13  

Q_30_4 
       

Q_31_1 
    

0.20  -0.15  
 

Q_31_2 
       

Q_31_3 
       

Q_31_4 
      

0.16  

Q_32_1 
 

0.13  
  

-0.05  0.37  
 

Q_32_2 
       

Q_32_3 
     

-0.15  
 

Q_33_1 
     

-0.39  
 

Q_33_2 
       

Q_33_3 -0.04  
    

0.01  
 

Q_33_4 
    

-0.03  0.15  
 

Q_33_5 
       

Q_33_6 
       



Q_33_7 
    

0.10  -0.03  
 

Q_33_8 
    

-0.03  
 

0.03  

Q_33_9 0.00  
 

0.05  
    

Q_33_10 
     

-0.01  
 

Q_33_11 
       

Q_34_1 
    

0.04  
  

Q_34_2 
 

0.90  
   

0.22  
 

Q_34_3 
    

0.00  -0.19  
 

Q_34_4 
       

Q_34_5 
       

Q_35_1 
  

-0.24  
 

0.04  -0.27  
 

Q_35_2 
       

Q_35_3 
     

-0.21  
 

Q_35_4 
 

-0.14  
    

0.10  

Q_35_5 
      

0.12  

Q_35_6 
       

Q_35_7 
 

-0.14  
  

0.47  
  

Q_35_8 
       

Q_35_9 
    

-0.16  
  

Q_35_10 
       

Q_35_11 
       

Q_35_12             -0.25  

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) represent result of estimated coefficients via LASSO for each SC group, TE, SE, and SY, 

respectively, where 𝜆́ = 𝑒log⁡(𝜆́), chosen from the result of ten-fold cross validation. 

 

  



Table S6. Result of estimated coefficients for Questionnaire continuous features for each SC 

type using OLS 

SC type Features 
Male   Female 

β S.E p   β S.E p 

TE 

Intercept 0.098  0.590  0.999    -0.350  0.429  0.414  

AGE 0.002  0.012  0.884  
 

0.009  0.009  0.282  

𝑄𝑇𝐸 0.648  0.228  0.005  
 

0.785  0.146  0.000  

𝑄𝑆𝐸 -0.183  0.193  0.343  
 

-0.084  0.142  0.556  

𝑄𝑆𝑌 -0.453  0.210  0.031    -0.513  0.149  0.001  

SE 

Intercept -0.600  0.625  0.337    -0.420  0.432  0.330  

AGE -0.003  0.012  0.806  
 

0.001  0.009  0.881  

𝑄𝑇𝐸 -0.146  0.227  0.519  
 

-0.004  0.149  0.979  

𝑄𝑆𝐸 0.933  0.199  0.000  
 

0.913  0.149  0.000  

𝑄𝑆𝑌 -0.501  0.220  0.023    -0.418  0.146  0.004  

Reference category : SY  S.E : standard error of β 

Table S7. Result of estimated coefficients for estimated probability of individual diagnostic 

model for each SC type using LASSO 

Features 
Male   Female 

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́)   𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́) 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) 

 𝛽̂0,𝑙𝑎𝑠𝑠𝑜(𝜆́) 0.38  0.08  -0.46    0.30  -0.39  0.09  

(𝜋𝑖1)1 0.98  
   

1.13  
  

(𝜋𝑖2)1 -0.03  2.42  
   

1.13  
 

(𝜋𝑖3)1 
 

-0.09  2.91  
   

1.55  

(𝜋𝑖1)2 3.04  
 

-0.07  
 

2.27  
  

(𝜋𝑖2)2 -0.61  0.87  
  

-0.47  2.21  
 

(𝜋𝑖3)2 
 

-1.32  0.44  
    

(𝜋𝑖1)3 1.17  -0.20  
  

1.09  
  

(𝜋𝑖2)3 
 

3.09  -0.40  
  

1.75  
 

(𝜋𝑖3)3 -1.42  
 

1.16  
   

2.02  

(𝜋𝑖1)4 
  

-0.65  
 

0.92  
  

(𝜋𝑖2)4 
     

2.06  
 

(𝜋𝑖3)4   -0.44  2.40        2.36  

𝛽̂1,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂2,𝑙𝑎𝑠𝑠𝑜(𝜆́), 𝛽̂3,𝑙𝑎𝑠𝑠𝑜(𝜆́) represent result of estimated coefficients via LASSO for each SC group, TE, SE, and SY, 

respectively, where 𝜆́ = 𝑒log⁡(𝜆́), chosen from the result of ten-fold cross validation. 



 

Subgrouping 

TE vs non TE 

SE vs non SE 

SY vs non SY 

Searching significant 

variables 

(p<0.001) 

Weight assignment 

Coefficient for LASSO model 

𝐶𝑜𝑒𝑓𝑖,𝑘,𝑗 

i = 1,2,3,⋯35, 𝑘 = 1,2,⋯𝑛𝑖 

  j = TE, SE, SY  
𝑛𝑖: 𝑡ℎ𝑒⁡𝑛𝑢𝑚𝑏𝑒𝑟⁡𝑜𝑓⁡ 
𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒⁡𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑒𝑠⁡ 
𝑖𝑛⁡𝑖⁡𝑡ℎ⁡𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛 

Calculating feature variables 

 

TE variable : 𝑄𝑇𝐸 =   𝑄𝑖_𝑘 ∗ 𝐶𝑜𝑒𝑓𝑖,𝑘,𝑇𝐸
𝑛𝑖
𝑘=1

35
𝑖=1  

 

SE variable : 𝑄𝑆𝐸 =   𝑄𝑖_𝑘 ∗ 𝐶𝑜𝑒𝑓𝑖,𝑘,𝑆𝐸
𝑛𝑖
𝑘=1

35
𝑖=1  

 

SY variable : 𝑄𝑆𝑌 =   𝑄𝑖_𝑘 ∗ 𝐶𝑜𝑒𝑓𝑖,𝑘,𝑆𝑌
𝑛𝑖
𝑘=1

35
𝑖=1  

Figure S1. The procedure of generating continuous variables with the response categories 

of the questions in the questionnaire. 


