Supplemental Digital Content 4. Full model coefficients from multivariable models depicted in Table 3 for hip arthroplasties; ORs for binary variables, for
continuous outcomes exponentiated coefficients from the log model depicting % change compared to reference.

Total Oral D1+ Oral
Morphine DO Oral Morphine D1 Oral Morphine Morphine Length of Hospital Cost of
Equivalents** Equivalents** Equivalents** Equivalents** Stay** Hospitalization**

e 95%Cl  change  95%Cl  change  95%Cl  ehange  95%Cl  change  95%Cl  ehange  95%Cl
Age* -1.39 -142 -135 -08 -093 -08 -190 -195 -18 -151 -157 -145 050 047 052 000 -0.03 0.02
Sex
Female 016 -046 077 -194 263 -125 420 -497 342 521 410 634 627 583 671 -004 -050 043
Male [ref] - - - - - - - - - - - - - - - - - -
Race
White [ref] - - - - - - - - - - - - - - - - - -
Black 237 112 364 -146 -2.83 -008 -175 -330 -017 933 710 1159 893 803 983 200 106 295
Hispanic 249 658 177 -466 -926 017 052 521 660 -1.91 -844 509 48 18 787 203 -120 537
Other -351 -460 -240 -171 -299 -041 -115 -2.64 038 246 -434 054 184 107 262 002 -084 088
Insurance Type
Commercial [ref] - - - - - - - - - - - - - - - - - -
Medicaid 11.33 945 1324 402 204 604 943 709 1183 2218 1879 2566 1062 936 1188 273 142 405
Medicare 38 301 470 190 097 284 280 173 389 687 539 836 410 354 467 022 -039 084
Uninsured 629 261 1010 256 -146 675 671 197 1166 1267 623 1951 806 554 10.65 189 -0.79 464
Unknown 513 321 710 261 049 478 400 156 649 1190 840 1551 545 415 677 029 -110 169
Hospital Location
Rural 153 917 1347 -255 1568 1264 339 -7.35 1536 362 -7.20 1571 563 056 1220 11.63 -0.56  25.29
Urban [ref] - - - - - - - - - - - - - - - - - -
Hospital Size
Small (<300 beds) [ref] - - - - - - - - - - - - - - - - - -
Medium (300-499 beds) -1.92 -1159 881 -232 1473 1191 -019 -98 1047 -133 -108 920 230 -327 818 -346 -1339 7.60
Large (=500 beds) 428 920 1977 147 1533 2159 374 932 1870 868 -494 2426 507 247 1319 875 593 2572
Hospital Teaching Status
Non-Teaching -1.23 1048 899 150 -1078 1547 -518 -1389 440 319 1205 656 281 -7.83 248 -208 -1164 852
Teaching [ref] - - - - - - - - - - - - - - - - - -
# of Annual Procedures* 002 -005 001 000 -004 003 -002 -005 001 -003 -006 000 -004 -005 -002 -003 -006 000
Year of Procedure
2006 [ref] = - - = =
2007 -2.93 -4.57 -1.27 -2.39 -4.29 -0.44 -6.16 -8.30 -3.98 -3.90 -6.51 -1.21 -2.76 -3.86 -1.64 1.09 -0.19 2.39
2008 -3.46 -5.09 -1.81 -2.67 -4.56 -0.73 -6.52 -8.64 -4.36 -8.35 -10.85 -5.79 -5.36 -6.44 -4.28 -2.23 -3.47 -0.97
2009 -4.87 -6.43 -3.30 0.54 -1.35 247 -9.37 -11.36 -7.33 -13.74 -16.02 -11.39 -8.74 -9.74 -7.73 -2.78 -3.97 -1.57
2010 -6.04 -7.55 -4.50 2.08 0.18 4.01 -12.32 -14.23 -10.38 -18.95 -21.08 -16.76 -12.22 -13.16 -11.25 -5.11 -6.26 -3.94
2011 -7.37 -8.85 -5.86 2.24 0.35 4.17 -12.10 -14.01 -10.17 -23.35 -25.36 -21.29 -14.89 -15.80 -13.96 -6.34 -7.48 -5.20



2012

2013

2014

2015

2016

General Anesthesia

Neuraxial Anesthesia

Patient Controlled Analgesia
Multimodal Use

Opioids Only [ref]

+ 1 Mode

+ 2 Modes

+ 2+ Modes

Hypertension, Uncomplicated
Hypertension, Complicated
Obesity

Congestive Heart Failure
Valvular Disease

Pulmonary Circulation Disorders
Peripheral Vascular Disorders

Paralysis

Other Neurological Disorders
Chronic Pulmonary Disease
Diabetes, Uncomplicated
Diabetes, Complicated
Hypothyroidism

Renal Failure

Liver Disease

Peptic Ulcer Disease
AIDS/HIV

Lymphoma

Metastatic Cancer

Solid Tumor without Metastasis
Rheumatoid Arthritis
Coagulopathy

Fluid and Electrolyte Disorders
Blood Loss Anemia

Weight Loss

Deficiency Anemia

Alcohol Abuse

-7.07
-8.88
-13.07
-15.43
=187
17.89
-12.33
62.34

-2.14
-6.93
-12.53
3.27
3.04
5.99
5.86
0.14
10.25
1.92

6.19
0.85
7.04
5.09
5159
0.99
1.52
6.52
16.43
5.06
-4.21
16.59
-6.80
-1.82
4.28
6.01
4.35
10.27
3.82
0.45

-8.55
-10.35
-14.48
-16.79
-21.10
16.73
-13.22
60.67

-3.09
-7.90
-13.52
2.61
0.20
5.12
3.83
-1.38
6.50
-0.06

0.77
-1.20
6.13
4.17
2.82
0.12
-1.30
3.39
-5.97
-4.16
-9.10
8.48
-10.59
-3.34
2.17
4.84
1.73
5.29
2.87
-3.17

-5.56
-7.39
-11.65
-14.04
-18.41
19.05
-11.42
64.03

-1.18
-5.96
-11.55
3.94
5.97
6.86
7.94
1.69
14.13
3.93

11.90
2.94
7.95
6.02
8.44
1.87
441
9.75

44.15

15.17
0.94

25.32
-2.85
-0.29
6.44
7.19
7.03

15.49
4.78
4.21

3.86

2.59
-0.13
-0.43
-3.84
27.46
-19.92
94.57

-0.06
-2.16
-5.83
1.70
2.53
2.44
-0.35
0.66
-0.06
-0.14

2.49
-0.18
2.45
2.35
0.94
0.56
-1.64
171
15.80
181
-3.02
3.77
-3.70
-1.61
0.78
0.07
1.19
-3.17
0.72
-2.05

1.94
0.69
-1.98
-2.28
-5.68
26.04
-20.85
92.28

-1.18
-3.32
-7.05
0.95
-0.69
1.50
-2.53
-1.10
-3.94
-2.34

-3.43
-2.49
1.47
1.34
-2.06
-0.42
-4.74
-1.67
-9.07
-8.33
-8.68
-4.42
-8.16
-3.33
-1.54
-1.18
-1.69
-8.13
-0.33
-6.05

5.80
4.53
1.76
1.45
-1.97
28.90
-18.97
96.86

1.07
-0.97
-4.61
2.44
5.85
3.40
1.88
2.44
3.98
212

8.77
2.18
3.44
3.38
4.04
1.56
1.57
5.22
47.49
13.09
2.98
12.66
0.99
0.14
3.15
1.34
4.16
2.07
1.79
2.12

-10.54
-10.97
-13.07
-15.25
-18.88
1.85
-1.51
37.55

-6.89
-12.96
-18.47
3.32
1.78
5.19
2.74
-1.81
401
131

-6.62
-1.55
8.09
5.61
5.77
0.84
0.43
5.80
20.61
6.77
-6.47
18.46
-9.94
-3.15
0.25
2.40
3.62
2.53
3.18
-4.52

-12.47
-12.90
-14.96
-17.08
-20.68
0.55
-2.83
35.66

-8.08
-14.15
-19.67
2.45
-1.86
4.08
0.13
-3.83
-0.67
-1.28

12.93
-4.19
6.91
441
2.18
-0.31
-3.18
1.82
-8.69
-5.12
-12.84
7.56
-14.79
-5.10
-2.44
0.91
0.21
-3.57
1.92
-8.93

-8.58
-9.00
-11.15
-13.38
-17.03
3.16
-0.17
39.46

-5.69
-11.76
-17.25
4.19
5.56
6.31
5.42
0.25
8.91
3.96

0.15
1.15
9.29
6.83
9.49
2.00
4.17
9.93
59.30
20.14
0.37
30.47
-4.81
-1.17
3.01
3.90
7.14
9.01
4.45
0.10

-25.26
-27.49
-30.54
-35.33
-38.11
4.57
-2.19
6.09

-6.82
-12.43
-18.43
3.92
5.57
9.89
20.48
3.30
31.52
6.28

22.83
5.76
12.65
6.92
11.12
1.26
4.17
11.24
9.46
4.75
-0.14
43.98
-9.31
-1.50
14.50
18.47
10.64
44.85
9.39
9.15

-27.22
-29.43
-32.40
-37.09
-39.88
2.83
-3.88
431

-8.29
-13.93
-19.96
2.78
0.73
8.38
16.65
0.61
24.25
2.83

12.57
2.15
11.05
5.35
6.29
-0.23
-0.64
5.86
-22.75
-10.01
-8.59
27.74
-15.49
-4.04
10.62
16.32
6.14
34.33
7.72
2.67

-23.24
-25.52
-28.62
-33.52
-36.29
6.33
-0.48
7.91

-5.33
-10.90
-16.86
5.07

10.65
11.43
24.42
6.05

39.22
9.85

34.03
9.48
14.26
851
16.15
2.76
9.21
16.88
55.08
21.93
9.09
62.30
-2.68
1.09
18.53
20.66
15.33
56.19
11.09
16.04

-17.39
21,11
-25.90
-30.81
-35.06
2.49
-2.17
3.79

-3.64
-7.41
-12.15
1.17
3.94
4.48
20.60
534
29.29
5.58

30.03
13.95
4.61
4.15
10.98
0.82
8.26
3.55
8.44
6.75
331
24.28
5.32
2.56
15.51
21.77
10.05
51.54
7.00
18.05

-18.27
-22.04
-26.71
-31.56
-35.78
1.81
-2.85
3.08

-4.27
-8.05
-12.80
0.74
2.00
391
19.04
4.26
26.33
4.20

25.55
12.39
4.02
3.54
9.02
0.23
6.24
1.49
-6.05
0.37
-0.25
18.41
2.42
1.49
13.93
20.88
8.19
46.92
6.34
15.18

-16.49
-20.32
-25.09
-30.05
-34.33
3.17
-1.50
4.52

-3.01
-6.76
-11.48
1.61
591
5.06
22.18
6.43
32.33
6.98

34.68
15.53
521
4.77
12.99
1.40
10.33
5.64
25.16
13.54
7.01
30.46
8.30
3.63
17.10
22.68
11.94
56.31
7.66
20.99

-9.96
-11.36
-13.61
-13.09
-13.71

2.85
-1.06
-1.06

-0.04
-1.07
-2.09
0.22
1.23
2.36
10.06
2.53
14.37
2.57

11.07
5.38
2.27
1.89
5.38
0.52
391
0.92

10.20
0.17
351

17.64
351
131

13.67
9.62
5.55

28.42
3.70
6.64

-11.05
-12.44
-14.66
-14.14
-14.79
2.08
-1.82
-1.83

-0.77
-1.85
-2.92
-0.26
-0.89
1.73
8.47
1.36
11.44
1.06

6.78
3.77
1.61
1.22
3.29
-0.13
1.73
-1.32
-6.14
-6.52
-0.51
11.43
0.31
0.13
11.93
8.71
3.55
24.02
2.98
3.73

-8.85
-10.26
-12.55
-12.01
-12.63

3.62
-0.29
-0.28

0.70
-0.29
-1.25
0.71
3.39
2.99
11.68
3.72
17.40
4.09

15.53
7.03
2.92
2.57
7.52
1.18
6.14
3.22

29.37
7.33
7.68

24.21
6.80
251

15.43

10.54
7.58

32.96
4.43
9.63



Drug Abuse

Psychoses

Depression

History of Substance Use/Abuse
Pain Conditions

Psychiatric Comorbidities
Opioid Use Disorder

7.62
331
3.34
7.67
12.05
7.41
30.64

3.17
0.95
1.83
6.62
11.09
6.07
21.63

12.27
5.72
4.88
8.74

13.03
8.77

40.31

2.57
0.37
1.67
4.06
7.72
3.05
20.96

-2.21
-2.22
-0.01
291
6.66
1.60
11.57

7.58
3.03
3.39
5.23
8.78
4.53
31.13

7.72
3.88
3.99
11.52
14.67
9.53
33.16

2.14
0.86
2.03
10.12
13.38
7.76
21.70

13.61
7.00
5199

12.94

15.97

11.33

45.72

13.20
6.71
3.28
9.03

16.15

11.94

37.38

5.49
2.69
0.73
7.24
14.45
9.57
22.18

21.47
10.88
5.89
10.85
17.87
14.37
54.47

3.01
8.96
0.35
-0.60
1.73
4.17
6.04

0.12
7.29
-0.64
-1.25
1.14
3.30
1.07

5.97
10.67
1.35
0.06
2.32
5.05
11.25

1.26
3.06
0.64
-0.35
0.07
1.23
1.90

-1.92
1.28
-0.47
-1.09
-0.58
0.28
-3.45

4.54
4.87
1.76
0.39
0.73
2.20
7.55




Respiratory Gastrointestinal CNS Genitourinary Other
Complications Complications Complications Complications Complications

OR 95% CI OR 95% ClI OR 95% ClI OR 95% CI OR 95% CI
Age* 1.02 101 1.02 1.01 101 102 1.09 1.08 1.10 1.04  1.03 1.04 1.02 101 1.02
Sex
Female 1.05  0.96 1.15 1.03 096 111 083 073 0.94 036  0.33 0.38 120 110 1.32
Male [ref] - = = - - - - - - - - - - - -
Race
White [ref] - - - - - - - - - - - - - - -
Black 091 0.76 1.10 0.86 073 101 089 066 1.20 089 0.76 1.04 1.03 0.6 1.25
Hispanic 130  0.80 2.14 1.28 081 201 090 0.36 2.27 0.88  0.48 1.60 115 067 1.97
Other 1.06 091 1.23 0.99 086 113 100 081 1.24 089 0.78 1.02 1.05  0.90 1.23
Insurance Type
Commercial [ref] - - - - - - - - - - - - - - -
Medicaid 112 087 1.44 083 065 106 149 094 237 090 0.70 1.15 073 055 098
Medicare 118  1.05 1.34 1.01 091 112 135 110 1.67 116 1.05 1.28 1.02 091 1.16
Uninsured 120  0.70 2.05 0.79 047 132 144 053 3.96 089 053 1.50 060 031 1.17
Unknown 135 1.03 1.77 1.00 078 127 134 079 2.27 1.00 0.78 1.29 0.89 0.65 1.22
Hospital Location
Rural 1.01 075 1.38 1.06 081 138 127 094 1.71 095 0.70 1.28 1.09 082 1.46
Urban [ref] - - - - - - - - - - - - - - -
Hospital Size
Small (<300 beds) [ref] - - - - - - - - - - - - - - -
Medium (300-499 beds) 083 064 107 102 082 128 094 074 120 103 080 132 095 075 120
Large (=500 beds) 079 057  1.09 090 068 120 099 074 134 094 068 129 092 069 124
Hospital Teaching Status
Non-Teaching 087 068 111 085 069 105 08 070 111 081 064 102 091 0.73 1.14
Teaching [ref] - - - - . - - - - - - - - - -
# of Annual Procedures* 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00
Year of Procedure
2006 [ref] - - - - . - - - - - - - - - -
2007 101 081 1.26 0.94 078 113 110 0.79 153 1.08 087 1.34 095 0.76 1.19
2008 092 073 1.16 0.81 067 099 112 081 1.56 0.99 0.80 1.23 106 085 1.32
2009 096 077 1.20 0.79 065 095 1.02 074 1.41 100 081 1.23 103 083 1.27
2010 1.04 084 1.29 0.73 060 088 1.00 0.73 1.38 121 099 1.48 103 084 1.28
2011 095 076 1.17 0.82 068 098 1.05 0.77 1.44 125 1.02 153 0.99 0.80 1.23
2012 092 074 1.14 0.85 071 1.02 101 074 1.39 131 1.07 1.60 1.03 084 1.28
2013 083 067 1.03 0.80 066 096 086 062 1.19 143 118 1.74 0.87 0.70 1.08
2014 084  0.68 1.05 0.94 079 113 082 0.60 1.14 151 1.24 1.84 0.83  0.67 1.04



2015

2016

General Anesthesia

Neuraxial Anesthesia

Patient Controlled Analgesia
Multimodal Use

Opioids Only [ref]

+ 1 Mode

+ 2 Modes

+ 2+ Modes

Hypertension, Uncomplicated
Hypertension, Complicated
Obesity

Congestive Heart Failure
Valvular Disease

Pulmonary Circulation Disorders
Peripheral Vascular Disorders
Paralysis

Other Neurological Disorders
Chronic Pulmonary Disease
Diabetes, Uncomplicated
Diabetes, Complicated
Hypothyroidism

Renal Failure

Liver Disease

Peptic Ulcer Disease
AIDS/HIV

Lymphoma

Metastatic Cancer

Solid Tumor without Metastasis
Rheumatoid Arthritis
Coagulopathy

Fluid and Electrolyte Disorders
Blood Loss Anemia

Weight Loss

Deficiency Anemia

Alcohol Abuse

Drug Abuse

Psychoses

Depression

0.64
0.52
1.10
0.88
1.06

0.95
0.97
0.81
1.07
0.91
1.57
1.93
1.12
2.72
1.34
1.66
1.18
2.09
1.17
1.41
113
1.45
0.97
0.95
1.94
1.04
1.24
1.21
1.00
1.68
251
1.37
1.82
1.21
111
1.01
1.16
1.09

0.51
0.41
0.97
0.77
0.93

0.84
0.85
0.70
0.98
0.67
1.42
1.65
0.95
2.17
111
0.98
0.93
1.90
1.05
1.10
1.01
1.07
0.67
0.08
0.68
0.55
0.57
0.76
0.82
1.40
2.27
1.04
1.28
1.08
0.74
0.59
0.90
0.91

0.80
0.66
1.26
1.01
1.20

1.07
1.10
0.94
1.18
1.23
1.74
2.26
1.33
3.40
1.62
2.82
1.49
2.29
131
181
1.26
1.96
1.39
11.10
5.54
1.97
271
1.93
1.22
2.03
2.78
1.79
2.59
1.34
1.67
171
1.50
1.30

0.96
0.64
1.04
1.07
1.19

0.84
0.78
0.74
0.96
0.95
1.13
1.07
1.10
1.20
1.17
1.05
0.94
1.14
1.02
1.16
0.99
1.29
1.02
0.75
0.65
0.96
0.84
1.25
091
1.20
2.61
1.33
2.35
1.29
1.10
1.33
1.23
0.82

0.80
0.53
0.93
0.96
1.07

0.76
0.70
0.65
0.89
0.71
1.03
0.89
0.93
0.88
0.96
0.59
0.74
1.04
0.92
0.89
0.90
0.97
0.73
0.07
0.14
0.55
0.39
0.84
0.76
0.98
2.38
1.04
1.74
117
0.74
0.83
0.97
0.69

1.14
0.78
1.16
1.20
1.34

0.94
0.88
0.84
1.04
1.27
1.25
1.30
1.29
1.63
1.42
1.88
1.19
1.26
1.13
1.50
1.10
171
1.44
8.65
3.00
1.69
181
1.87
1.09
1.46
2.86
1.69
3.18
1.42
1.65
2.13
157
0.97

0.82
0.84
1.09
0.96
0.99

1.03
1.05
0.94
1.13
1.08
1.02
1.41
1.10
1.63
1.29
1.82
2.54
1.20
131
1.58
1.02
1.34
1.03
0.90
2.85
1.08
1.14
1.10
1.15
1.39
2.39
1.46
1.67
1.28
177
2.72
2.14
1.24

0.59
0.61
0.92
0.80
0.82

0.86
0.87
0.76
0.98
0.72
0.85
1.14
0.89
1.15
1.01
0.96
2.02
1.03
1.13
1.14
0.88
0.90
0.59
0.03
0.50
0.48
0.38
0.61
0.88
1.07
2.08
1.02
1.08
1.10
1.08
1.48
1.59
0.98

1.13
1.17
1.28
1.15
1.19

1.22
1.26
1.16
1.30
1.62
121
1.76
1.37
231
1.63
3.46
3.18
1.39
152
2.19
1.19
2.00
1.80
28.66
16.16
2.42
3.38
1.99
1.52
1.82
2.75
2.09
2.58
1.48
2.93
5.00
2.87
1.55

1.61
1.60
1.26
0.76
1.08

0.87
0.89
0.79
1.06
1.20
0.94
1.27
1.06
131
1.14
1.91
1.34
1.05
1.06
1.40
1.10
1.18
0.94
0.42
1.03
0.76
1.34
1.03
0.87
1.34
1.89
113
131
1.19
1.48
0.89
1.34
1.01

1.32
131
112
0.67
0.96

0.79
0.79
0.70
0.98
0.93
0.85
1.09
0.92
0.99
0.97
1.26
111
0.96
0.97
113
1.00
0.92
0.68
0.01
0.32
0.44
0.71
0.72
0.72
114
1.72
0.88
0.92
1.08
1.06
0.51
1.07
0.86

1.96
1.96
1.41
0.85
121

0.97
0.99
0.89
1.14
1.54
1.03
1.48
1.22
1.72
1.34
2.90
1.61
1.15
1.16
1.72
121
1.52
1.30
12.83
3.25
1.33
254
1.48
1.05
1.58
2.07
1.45
1.86
1.30
2.06
1.54
1.68
1.18

0.64
0.27
0.93
1.06
1.05

0.97
0.84
0.70
0.92
1.22
1.14
1.73
1.35
1.74
1.27
1.43
1.08
1.01
1.08
131
0.99
0.88
0.86
1.03
1.30
1.05
1.40
0.70
0.90
1.37
2.02
1.35
1.30
1.33
0.99
1.09
1.41
0.80

0.51
0.20
0.81
0.93
0.92

0.86
0.73
0.60
0.83
0.87
1.02
1.43
1.14
1.29
1.02
0.77
0.83
0.90
0.96
0.97
0.88
0.62
0.57
0.09
0.36
0.55
0.61
0.38
0.72
1.09
1.80
1.02
0.83
1.19
0.65
0.66
1.09
0.66

0.81
0.36
1.05
1.22
1.20

1.09
0.96
0.82
1.01
1.70
1.28
2.09
1.60
2.35
1.58
2.66
1.41
1.13
1.22
1.79
1.12
1.24
1.32
11.75
4.77
2.03
3.19
1.29
1.12
1.71
2.27
1.78
2.01
1.49
1.50
1.78
1.82
0.97



History of Substance Use/Abuse 128 112 145 1.00 088 113 144 118 177 090 080 101 174 154 197

Pain Conditions 103 092 116 112 101 124 108 092 127 107 097 118 1.09 097  1.23
Psychiatric Comorbidities 125 106 146 102 089 118 169 138 207 121 106 138 134 114 158
Opioid Use Disorder 116 051  2.65 052 021 132 092 037 230 133 058  3.07 1.03 047 227

*variable entered into model as continuous
**continuous outcomes; exponentiated coefficients from the log model depicting % change compared to reference.
"Other Complications" includes postoperative bradycardia, rash or itching, fall from bed, or "drugs causing adverse effects with therapeutic use"



