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Table S1. Calculation formula for each evaluation method.  

Evaluation method Formula 

Accuracy (TP+TN) / (TP+TN+FP+FN) 

Precision TP / (TP+FP) 

Recall TP / (TP+FN) 

F1-score 2*Precision*Recall / (Precision+Recall) 

 

Table S2. The characteristics of patient population in the study. 

Name Category Data type 

Mean (std) /N 

(%) 

 (P25, P75) 

Missing 

(%)  

Management information 

Hospital name  Categorical   0 

Department name  Categorical   0 

Treatment behavior  

Discharge time  Numerical   0 

Critical condition 

Yes 

No 

Categorical 

193259 (35.2%) 

356651 (64.8%) 

 0 

Surgical procedure 

Yes 

No 

Categorical 

430147 (78.3%) 

119763 (21.7%) 

 0 

Surgical category 

0 

1 

2 

Categorical 

208416 (37.9%) 

78637 (14.3%) 

90185 (16.4%) 

 0 
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Table S3. Comparison between the training and test sets in the regional and hospital 

datasets.  

3 

4 

113281 (20.6%) 

59391 (10.8%) 

 

Inpatient stay  Numerical 9.51 (12.11) 

(4.00, 

10.00) 

0 

Hospitalization costs 

Medicine expenses 

(western medicine, 

traditional Chinese 

medicine) 

 Numerical 

3752.37 

(10989.56) 

(614.58, 

3937.84) 

0.04 

Consumables 

expenses 

(examination, 

surgery) 

 Numerical 

3696.46 

(14511.98) 

(53.64, 

1619.01) 

0.07 

Medical services 

expenses 

 Numerical 

8171.33 

(1463.95) 

(5718.96, 

11621.34) 

0 

Health insurance 

overspending amount 

 Numerical 

-1473.30 

(16863.80) 

(-3609.64, 

3172.37) 

0 

Total expenses  Numerical 

15620.16 

(24037.58) 

(6387.18, 

17178.18) 

0.01 
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Table S4. Shapiro-Wilk and Levene’s test P-values for assessing normality and 

homogeneity of variance across feature groups. 

 
Shapiro-Wilk (Levene’s test) 

Feature 
High vs Low High vs No Low vs No 

Region 

TADP 0.24 (0.13) 0.22 (0.30) 0.3 (0.25) 

CCP 0.18 (0.25) 0.27 (0.41) 0.2 (0.37) 

TSP 0.33 (0.08) 0.19 (0.15) 0.26 (0.17) 

IVSP 0.08 (0.19) 0.48 (0.38) 0.34 (0.09) 

MEP 0.21 (0.23) 0.23 (0.63) 0.29 (0.10) 

CEP 0.49 (0.44) 0.07 (0.18) 0.67 (0.55) 

AIS 0.25 (0.07) 0.19 (0.22) 0.42 (0.57) 

MSEP 0.31 (0.67) 0.26 (0.12) 0.32 (0.23) 

DPIs Region Hospital 

 Mean (Std) P_value Mean (Std) P_value 

 Training Test  Training Test  

TADP 0.1 (0.09) 0.1 (0.1) 0.29 0.13 (0.13) 0.14 (0.14) 0.24 

CCP 0.38 (0.33) 0.38 (0.33) 0.57 0.3 (0.27) 0.29 (0.27) 0.50 

TSP 0.78 (0.29) 0.77 (0.29) 0.41 0.76 (0.26) 0.76 (0.26) 0.22 

IVSP 0.14 (0.22) 0.15 (0.23) 0.10 / / / 

MEP 0.26 (0.14) 0.3 (0.15) 0.23 0.3 (0.12) 0.31 (0.12) 0.65 

CEP 0.18 (0.17) 0.18 (0.17) 0.38 0.18 (0.15) 0.19 (0.16) 0.53 

MSEP 0.77 (0.12) 0.77 (0.12) 0.23 0.74 (0.1) 0.69 (0.12) 0.17 

AIS 0.05 (0.05) 0.04 (0.04) 0.35 0.06 (0.04) 0.04 (0.03) 0.31 
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Hospital 

TADP 
0.12 (0.15) 

0.17 (0.37) 0.26 (0.54) 

CCP 0.21 (0.28) 0.25 (0.51) 0.19 (0.14) 

TSP 0.38 (0.36) 0.08 (0.16) 0.42 (0.25) 

MEP 0.24 (0.09) 0.29 (0.07) 0.37 (0.31) 

CEP 0.59 (0.41) 0.38 (0.43) 0.3 (0.27) 

AIS 0.31 (0.35) 0.3 (0.33) 0.32 (0.12) 

MSEP 0.27 (0.26) 0.25 (0.29) 0.28 (0.17) 

 

Table S5. Statistical Power Analysis of Regional DPIs. 

DPI High-risk vs low-risk High-risk vs no-risk Low-risk vs no-risk 

TADP >0.99 0.66 >0.99 

CCP 0.84 >0.99 >0.99 

TSP 0.98 0.97 0.85 

IVSP 0.93 >0.99 >0.99 

MEP >0.99 >0.99 >0.99 

CEP >0.99 0.78 >0.99 

AIS >0.99 >0.99 >0.99 

MSEP >0.99 >0.99 0.98 

 

Table S6. Statistical Power Analysis of Hospital DPIs. 

DPI High-risk vs low-risk High-risk vs no-risk Low-risk vs no-risk 

TADP >0.99 0.78 >0.99 

CCP >0.99 >0.99 >0.99 

TSP 0.98 0.90 >0.99 

MEP >0.99 >0.99 >0.99 
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CEP 0.86 >0.99 >0.99 

AIS >0.99 >0.99 >0.99 

MSEP >0.99 >0.99 >0.99 

 

(A) 

 

(B) 
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Figure S1. Spearman correlation analysis of the regional-level and hospital-level DPIs. 

(A)                                                                  (B) 

 

Figure S2. Confusion matrices for LightGBM models at regional (A) and hospital (B) 

levels. 

(A)                                                                 (B) 

 

Figure S3. Calibration curvs for high-risk class predictions in regional and hospital 

LightGBM models. 
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