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Table 1. Basic characteristics of the study’s subjects
	
	Total
(n = 9,274)
	Hospital-acquired SSI
	P-value

	
	
	Positive
(n = 205)
	Negative
(n = 9,069)
	

	Demographics
	
	
	
	

	 Age, median (IQR)
	76 (19.0)
	68 (22.0)
	76 (20.0)
	<.0001

	 Age, n (%)
	
	
	
	<.0001

	    Pediatrics (1-18 years)
	342 (3.7)
	6 (2.9)
	336 (3.7)
	

	    Adults (19-64 years)
	2,085 (22.5)
	81 (39.5)
	2,004 (22)
	

	    Elderly (≥ 65 years)
	
	
	
	

	       65-74 years
	1,941 (20.9)
	43 (21)
	1,898 (20.9)
	

	       75-84 years
	2,920 (31.5)
	48 (23.4)
	2,872 (31.7)
	

	        ≥ 85 years
	1,986 (21.4)
	27 (13.2)
	1,959 (21.6)
	

	 Gender, n (%)
	
	
	
	0.04

	     Male
	5,284 (57)
	131 (64)
	5,153 (56.8)
	

	Comorbidities, n (%)
	
	
	
	

	  Severity of illness: 
  Charlson score, median (IQR)
	5 (3.0)
	6 (3.0)
	5 (3.0)
	0.64

	 Related medical history, n (%)
	
	
	
	

	     Diabetes mellitus
	2,202 (23.8)
	46 (22.7)
	2,156 (23.8)
	0.66

	     Obesity 
	557 (6)
	14 (6.8)
	543 (6)
	0.62

	     Hypertension
	6,099 (65.8)
	112 (54.6)
	5,987 (66)
	0.0007

	     Cancer
	584 (6.3)
	18 (8.8)
	566 (6.2)
	0.14

	     Renal failure
	2,569 (27.7)
	95 (46.3)
	2,474 (27.3)
	<.0001

	     Chronic pulmonary disease
	2,488 (26.8)
	50 (24.4)
	2,438 (26.9)
	0.43

	     Transplant
	207 (2.2)
	2 (1)
	205 (2.3)
	0.33

	     Postoperative hematoma
	346 (3.7)
	26 (12.7)
	320 (3.5)
	<.0001

	Environmental factors
	
	
	
	

	 Procedure related factor, n (%)
	
	
	
	

	     Central venous catheterization: 
     invasive procedure
	3,557 (38.4)
	147 (71.7)
	3,410 (37.6)
	<.0001

	 Admission source, n (%) †
	
	
	
	0.48

	    Non-healthcare facility
	6,660 (72.3)
	136 (68.7)
	6,524 (72.4)
	

	    Healthcare facility
	2,546 (27.6)
	62 (31.3)
	2,484 (27.6)
	

	 Socioeconomic status:  
 Health insurance, n (%)
	
	
	
	0.0028

	   Commercial
	1,645 (17.8)
	35 (17.1)
	1,610 (17.8)
	

	   Medicaid
	709 (7.7)
	29 (14.2)
	680 (7.5)
	

	   Medicare
	6,832 (73.8)
	141 (68.8)
	6,691 (73.9)
	

	 Hospitalization related factors
	
	
	
	

	   Pre-hospitalization within 
   6 months, n (%)
	7,639 (82.4)
	176 (85.9)
	7,463 (82.3)
	0.19

	   Length of hospitalization, 
   mean (SD)
	10.82 (16.2)
	13.9 (20.7)
	10.76 (16.1)
	0.02

	   ICU stay, n (%)
	4,389 (47.3)
	125 (61)
	4,264 (47)
	<.0001

	 Healthcare provider-related factor
	
	
	
	

	· Understaffing experienced (yes/no), n (%)
	
	
	
	

	· RN staffing
	3,797 (47.1)
	73 (46.5)
	3,724 (47.1)
	0.89

	· Nursing support staff
	3,712 (46)
	67 (42.7)
	3,645 (46.1)
	0.4

	· Total days of understaffing experienced, mean (SD) ‡
	
	
	
	

	· RN staffing
	3.08 (2.8)
	3.74 (4)
	3.07 (2.6)
	0.16

	· Nursing support staff 
	3.06 (2.8)
	3.2 (3.4)
	3.06 (2.8)
	0.68


† Admission source: Non-healthcare facilities include clinic referrals and admission from non-health care facilities including from home; Healthcare facility refers to transfer from another hospital, ambulatory surgery center, hospice, skilled nursing or an intermediate care facility.
‡ Total days of understaffing is reported only for the patients who experienced understaffing
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Table 2. Result of logistic regression analysis of risk factors for surgical site infection (n = 9,274)
	
	Bivariable logistic regression
	Multivariable logistic regression

	
	OR (95% CI)
	p-value
	AOR (95% CI)
	p-value

	Demographics
	
	
	
	

	 Age, median (SD)
	0.99 (0.98-0.99)
	<.0001
	0.98 (0.97-0.99)
	<.0001

	 Age, n (%)
	
	
	
	

	    Pediatrics (1-18 years)
	reference
	
	n/a
	

	    Adults (19-64 years)
	2.27 (0.98-5.23)
	0.06
	
	

	    Elderly (≥ 65 years)
	
	
	
	

	       65-74 years
	1.27 (0.54-3.01)
	0.59
	
	

	       75-84 years
	0.94 (0.4-2.2)
	0.88
	
	

	        ≥ 85 years
	0.77 (0.32-1.89)
	0.57
	
	

	 Gender, n (%)
	
	
	
	

	     Male (reference=female)
	1.35 (1.01-1.8)
	0.04
	1.29 (0.92-1.79)
	0.14

	Comorbidities, n (%)
	
	
	
	

	 Related medical history, n (%)
	
	
	
	

	     Hypertension
	0.62 (0.47-0.82)
	<.001
	0.66 (0.46-0.95)
	0.026

	     Renal failure
	2.3 (1.74-3.04)
	<.0001
	2.25 (1.58-3.21)
	<.0001

	     Postoperative hematoma
	3.97 (2.59-6.08)
	<.0001
	3.84 (2.38-6.21)
	<.0001

	Environmental factors
	
	
	
	

	 Procedure related factors, n (%)
	
	
	
	

	     Central venous catheterization: 
     invasive procedure
	4.21 (3.1-5.72)
	<.0001
	4.0 (2.69-5.94)
	<.0001

	 Socioeconomic status:  
 Health insurance, n (%)
	
	
	
	

	   Commercial
	reference
	
	reference
	

	   Medicaid
	1.96 (1.19-3.24)
	<.001
	1.44 (0.79-2.63)
	0.24

	   Medicare
	0.97 (0.67-1.41)
	0.87
	1.58 (0.92-2.69)
	0.09

	   Other
	<.001
	0.98
	<.001
	0.98

	 Hospitalization related factors
	
	
	
	

	   Length of hospitalization, 
   mean (SD)
	1.008 (1.001-1.015)
	0.018
	0.99 (0.98-1.00)
	0.07

	   ICU stay, n (%)
	1.76 (1.33-2.34)
	<.0001
	0.61 (0.42-0.9)
	0.01


Note: OR: odds ratio, AOR: adjusted odds ratio


Table 3. Performance evaluation of three machine-learning algorithms
	Running dataset
	Machine-learning algorithms
	Sensitivity
	Specificity
	PPV
	NPV
	Accuracy
	AUC

	1st
	LR
	0.135
	0.98
	0.123
	0.982
	0.963
	0.803

	
	DT
	0.024
	0.998
	0.250
	0.978
	0.977
	0.511

	
	SVM
	0.5
	0.981
	0.358
	0.989
	0.971
	0.583

	2nd
	LR
	0.175
	0.981
	0.162
	0.983
	0.965
	0.658

	
	DT
	0.049
	0.996
	0.207
	0.978
	0.974
	0.498

	
	SVM
	0.357
	0.98
	0.274
	0.987
	0.968
	0.558

	3rd
	LR
	0.195
	0.982
	0.181
	0.983
	0.966
	0.728

	
	DT
	0.073
	0.997
	0.315
	0.979
	0.973
	0.535

	
	SVM
	0.421
	0.982
	0.326
	0.988
	0.971
	0.595

	4th
	LR
	0.152
	0.981
	0.143
	0.983
	0.965
	0.72

	
	DT
	0.024
	0.998
	0.200
	0.978
	0.976
	0.511

	
	SVM
	0.286
	0.981
	0.236
	0.985
	0.967
	0.569

	5th
	LR
	0.128
	0.981
	0.12
	0.982
	0.963
	0.737

	
	DT
	0.024
	0.999
	0.333
	0.978
	0.977
	0.512

	
	SVM
	0.625
	0.983
	0.433
	0.992
	0.976
	0.62

	Overall
	LR
	0.157
	0.981
	0.146
	0.983
	0.964
	0.729

	
	DT
	0.039
	0.998
	0.261
	0.983
	0.964
	0.513

	
	SVM
	0.438
	0.981
	0.325
	0.988
	0.971
	0.585


Note: LR: logistic regression; DT: decision tree; SVM: support vector machine; PPV: positive predictive value; NPV: negative predictive value; AUC: area under the curve


