Supplemental Digital Content 5. Full model coefficients from multivariable models depicted in Table 3 for knee 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**

% % % % % %

change 95% ClI change 95% ClI change 95% CI change 95% CI change 95% CI change 95% ClI
Age* 159 -162 -1.56 -0.90 -094 -087 -217 221 -214 -1.89 -1.94 -1.85 047 046 049 -002 -004 0.00
Sex
Female 079 -119 -038 -055 -104 -005 -493 551 435 071 005 138 385 358 412 -095 -1.27 -0.62
Male [ref] - - - - - - - - - - - - - - - - - -
Race
White [ref] - - - - - - - - - - - - - - - - - -
Black 094 016 173 -106 -1.99 012 309 -419 -1.97 603 474 734 664 612 717 226 163 290
Hispanic 140 -070 355 -313 561 -059 209 -117 546 359 023 706 207 072 343 074 -094 245
Other 363 -430 295 -216 -300 -132 -289 389 -187 251 -359 -142 187 142 232 084 028 141
Insurance Type
Commercial [ref] - - - - - - - - - - - - - - - - - -
Medicaid 363 240 488 140 -007 290 -014 -187 162 838 635 1045 568 489 649 033 -063 131
Medicare 185 132 239 155 090 220 172 094 252 205 120 291 088 055 122 -056 -0.97 -0.13
Uninsured 173 -150 507 009 -378 411 -120 -579 360 537 009 1093 442 230 658 140 -121 408
Unknown 376 266 48 242 109 376 044 -112 203 784 601 971 399 329 470 -064 -149 023
Hospital Location
Rural 052 939 1151 -151 -1542 1469 -1.07 -1093 987 258 -7.71 1402 329 224 913 1117 -055 24.27
Urban [ref] - - - - - - - - - - - - - - - - - -
Hospital Size
Small (<300 beds) [ref] - - - - - - - - - - - - - - - - - -
Medium (300-499 beds) 240 -11.60 7.76  -407 -1642 1012 -1.19 -1059 920 000 -955 1055 396 -135 955 220 -12.09 8.80
Large (2500 beds) 356 -9.39 1835 008 -1673 2027 244 1043 1715 1038 -354 2630 641 -085 1420 957 -510 26.52
Hospital Teaching Status
Non-Teaching 110 -985 850 141 -1101 1557 -409 -1265 531 -160 -1042 808 -096 -570 402 -210 -11.38 815
Teaching [ref] - - - - - - - - - - - - - - - - - -
# of Annual Procedures* 000 002 002 000 -0.02 003 000 -002 002 000 -002 002 002 -003 -001 -0.02 -004 0.00
Year of Procedure
2006 [ref] - - - - - - - - - - - - - - - - - -
2007 -185 -289 -080 -230 -357 -1.00 -3.67 -523 -209 -251 -412 08 -259 -3.24 -193 119 0.33 2.05
2008 -410 -510 -308 -3.06 -432 -1.78 -668 -818 516 -815 -966 -661 -510 -573 -446 093 -1.76  -0.08
2009 -437 536 -338 003 -124 133 -793 -938 -6.45 1102 -1246 -955 -7.65 -825 -7.04 -0.73 -156 0.0
2010 519  -6.15 -422 144 0.17 273  -1030 -11.70 -8.89 1475 -1612 -1337 -1045 -11.02 -9.87 -163 -243 -0.82

2011 -5.00 -597 -4.03 2.54 1.25 3.85 -9.67 -1107 -825 -1755 -18.88 -16.21  -11.18  -11.75 -1060 -2.51 -3.31 -1.70



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

-4.84
-6.44
-9.61
-12.34
-17.39
12.61
-8.64
58.68

-3.25
-6.91
-10.15
1.32
1.56
3.44
2.83
0.23
14.79
0.63
4.07
-1.45
4.88
2.52
4.48
1.04
1.99
3.60
3.89
8.90
-3.41
1.60
-6.93
-1.90
3.09
6.01
5.94
2.40
3.54
-0.32

-5.81
-7.40
-10.55
-13.25
-18.27
11.91
-9.22
57.66

-3.88
-7.55
-10.81
0.89
-0.19
2.96
1.58
-0.76
12.59
-0.69
0.34
-2.72
4.32
2.03
3.03
0.51
0.20
1.57
-9.87
-6.21
-7.20
-6.25
-9.61
-2.89
1.70
5.26
4.14
-1.60
2.92
-3.41

-3.86
-5.46
-8.66
-11.41
-16.50
13.31
-8.06
59.70

-2.62
-6.27
-9.47
1.76
3.34
3.93
4.10
1.23
17.01
1.96
7.93
-0.17
5.44
3.02
5.96
1.56
3.83
5.68
19.76
26.45
0.53
10.10
-4.17
-0.91
4.50
6.77
.77
6.57
4.16
2.87

1.56
-0.31
-1.56
-2.47
-6.37
22.85
-16.09
96.91

-2.40
-4.56
-5.23
0.98
0.97
2.16
0.44
0.65
-0.67
0.16
2.20
-0.63
1.90
0.59
1.38
0.50
0.08
1.38
3.28
3.93
-1.62
-1.71
-3.40
-0.96
1.22
1.55
3.87
-6.74
0.46
-3.99

0.28
-1.57
-2.82
-3.72
-7.60
21.91
-16.75
95.38

-3.18
-5.37
-6.10
0.45
-1.15
157
-1.06
-0.57
-2.99
-1.45
-2.27
-2.19
1.24
0.00
-0.34
-0.13
-2.08
-1.05
-13.12
-13.32
-6.34
-10.85
-6.80
-2.17
-0.45
0.67
171
-11.21
-0.27
-7.64

2.85

0.97

-0.28
-1.20
-5.12
23.80
-15.43
98.46

-1.60
-3.74
-4.35
151
3.14
2.75
1.96
1.89
1.72
1.79
6.87
0.95
2.56
1.18
3.14
1.14
2.28
3.86
22.78
24.62
3.33
8.36
0.12
0.27
2.92
244
6.08
-2.05
1.19
-0.20

-6.34
-5.54
-1.52
-9.75
-14.10
0.81
1.67
35.16

-7.96
-13.81
-18.54
1.03
0.78
1.63
-0.30
-0.65
-0.37
0.19
-4.94
-3.21
5.58
2.49
431
1.26
0.46
291
17.07
0.77
-8.21
-6.39
-12.14
-3.37
-0.32
3.47
1.95
-4.66
2.87
-2.82

-7.79
-7.01
-8.98
-11.17
-15.48
-0.11
0.71
33.87

-8.86
-14.70
-19.45
0.39
-1.78
0.92
-2.12
-2.14
-3.22
-1.79
-10.03
-5.07
4.76
1.75
2.17
0.48
-2.16
-0.05
-5.22
-18.94
-13.53
-16.86
-15.92
-4.80
-2.34
2.37
-0.63
-10.27
1.95
-7.26

-4.87
-4.04
-6.05
-8.31
-12.70
1.75
2.65
36.45

-7.04
-12.90
-17.63
1.67
3.42
2.34
1.55
0.86
2.56
2.20
0.44
-1.32
6.42
3.22
6.50
2.05
3.15
5.96
44.60
25.27
-2.55
5.39
-8.18
-1.91
1.75
4.57
4.60
131
3.79
1.83

-17.67
-19.50
-22.60
-27.10
-31.14
3.23
-1.85
4.21

-6.36
-10.38
-15.04
0.43
2.86
491
12.13
1.93
51.26
3.42
14.26
0.92
8.54
3.99
9.61
1.36
3.56
6.18
8.65
16.17
-2.79
4.09
-7.18
-2.92
10.29
14.69
9.74
24.28
8.78
7.92

-18.99
-20.82
-23.88
-28.32
-32.33
2.20
-2.85
3.16

-1.32
-11.36
-16.05
-0.27
0.06
4.13
9.97
0.30
46.71
1.23
7.77
-1.17
7.62
3.19
7.20
0.51
0.66
2.89
-13.58
-8.33
-8.81
-8.51
-11.45
-4.47
791
13.41
6.81
16.72
7.76
2.61

-16.31
-18.17
-21.29
-25.87
-29.93
4.27
-0.84
5.26

-5.39
-9.39
-14.02
112
5.74
571
14.34
3.58
55.94
5.64
21.13
3.05
9.46
4.79
12.08
2.20
6.54
9.58
36.60
47.23
3.64
18.41
-2.71
-1.34
12.73
15.99
12.74
32.35
9.81
13.50

-13.63
-16.46
-21.09
=743,
-29.65
1.77
-0.28
3.77

-3.09
-5.72
-9.31
0.73
3.62
3.61
15.64
3.06
44.89
3.76
22.10
8.75
3.34
321
9.61
0.58
6.47
3.59
3.86
7.49
141
13.02
3.66
1.78
11.99
18.41
9.58
43.48
6.75
22.09

-14.19
-17.01
-21.61
-25.61
-30.13
1.36
-0.68
3.35

-3.49
-6.13
-9.73
0.45
2.48
3.30
14.74
2.42
43.13
2.89
19.32
7.86
2.99
2.89
8.64
0.25
5.28
2.30
-5.08
-2.22
-1.13
7.40
1.76
1.13
11.03
17.88
8.39
39.89
6.35
19.69

-13.06
-15.91
-20.57
-24.61
-29.17
2.17
0.12
4.19

-2.69
-5.30
-8.88
1.00
4.76
3.92
16.53
3.71
46.67
4.63
24.96
9.64
3.68
3.52
10.58
091
7.68
4.90
13.64
18.16
4.01
18.92
5.60
243
12.95
18.95
10.77
47.15
7.16
24.56

-5.11
-6.49
-8.90
-6.67
-6.55
2.23
-0.05
0.24

-0.20
-0.59
-1.32
0.24
1.15
2.26
8.26
2.29
19.99
1.87
8.98
3.62
1.58
1.46
4.44
0.39
4.04
1.03
-0.32
6.49
1.75
12.02
5.13
1.44
9.31
8.97
8.03
25.61
4.60
10.20

-5.89
-1.27
-9.66
-7.45
-7.35
171
-0.56
-0.27

-0.73
-1.14
-1.91
-0.11
-0.26
1.87
7.20
1.48
18.14
0.79
5.83
2.55
1.14
1.07
3.27
-0.03
2.55
-0.57
-11.13
-5.56
-1.49
4.97
2.68
0.62
8.12
8.35
6.55
21.64
4.10
7.43

-4.32
-5.71
-8.13
-5.88
-5.74
2.75
0.47
0.76

0.32
-0.04
-0.72
0.59
2.57
2.64
9.34
311
21.86
2.95
12.23
4.71
2.01
1.86
5.63
0.81
554
2.65
11.81
20.07
5.09
19.54
7.63
2.27
10.51
9.60
9.53
29.71
5.10
13.03



Drug Abuse 904 501 1322 456 011 945 913 337 1521 1685 10.00 2414 311 067 560 130 -173 443
Psychoses 019 -159 123 006 -165 18 -090 -294 117 080 -144 309 810 714 907 312 1.95 430
Depression 115 020 210 063 -051 179 214 075 356 -029 -1.78 121 000 -060 059 028  -047  1.04
History of Substance Use/Abuse 496 418 574 430 336 525 668 553 786 418 295 543 004 -051 044 -028 -0.88 0.32
Pain Conditions 939 874 1004 583 507 660 1195 1097 1294 1205 1099 1313 105 066 143 -0.12 -0.60 0.36
Psychiatric Comorbidities 625 539 712 284 18 38 830 701 961 917 775 1062 319 266 372 091 0.25 1.57
Opioid Use Disorder 2397 1693 3143 1255 483 2083 3344 2262 4524 3046 1887 4318 432 052 825 437  -045 943




Respiratory
Complications

Gastrointestinal
Complications

CNS

Complications

Genitourinary
Complications

Other

Complications

OR 95% CI OR 95% ClI OR 95% CI OR 95% CI OR 95% CI
Age* 1.02 102 1.03 1.01 101 1.02 1.08 1.08 1.09 1.04 1.04 1.04 102 102 1.02
Sex
Female 117 111 1.24 1.27 120 134 079 0.73 086 031 030 033 116 1.09 1.23
Male [ref] - = = - - - - - - - - - - - -
Race
White [ref] - - - - - - - - - - - - - - -
Black 0.74  0.66 0.83 0.81 072 090 092 0.77 110 097 087 109 094 083 1.06
Hispanic 1.05 081 1.37 1.00 076 132 074 045 122 098 070 137 100 076 1.32
Other 093 085 1.02 1.05 096 115 1.00 0.87 114  1.02 093 112 106 0.96 1.16
Insurance Type
Commercial [ref] - - - - - - - - - - - - - - -
Medicaid 1.05  0.89 1.24 084 071 1.00 198 151 259 106 087 129 087 072 1.05
Medicare 1.06  0.98 1.14 0.97 091 104 138 1.21 1.58 1.10 102 119 09 089 1.04
Uninsured 097 059 1.58 0.71 043 116 123 0.50 3.07 1.00 061 163 076 044 1.29
Unknown 1.06  0.90 1.25 0.96 083 112 113 0.81 157  0.89 075 106 115 0.98 1.34
Hospital Location
Rural 110 0.86 1.41 1.03 081 131 114 090 1.45 1.10 083 146 105 081 1.36
Urban [ref] - - - - - - - - - - - - - - -
Hospital Size
Small (<300 beds) [ref] - - - - - - - - - - - - - - -
Medium (300-499 beds) 096 077 119 095 077 117 098 080 120 109 085 140 097 077 121
Large (=500 beds) 080 060  1.07 086 065 114 092 071 120 087 062 121 094 070  1.26
Hospital Teaching Status
Non-Teaching 085 0.69 1.04 0.80 066 098 082 0.68 1.00 068 053 085 090 073 1.11
Teaching [ref] - - - - . - - - - - - - - - -
# of Annual Procedures* 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 100 1.00 1.00
Year of Procedure
2006 [ref] - - - - . - - - - - - - - - -
2007 1.00 087 1.14 1.00 088 114 108 0.87 1.33 1.08 0.92 126  1.03 0.89 1.18
2008 087 076 1.00 0.90 079 1.03 105 0.85 1.30 0.97 0.83 113  1.00 0.87 1.15
2009 085 074 0.97 0.91 079 1.04 105 0.85 1.28 0.94 0.81 110 1.05 0.92 1.21
2010 091 0.80 1.04 0.86 075 098 091 0.74 1.11 1.14 0.98 132 1.00 0.87 1.14
2011 086 076 0.98 1.00 088 113 098 0.80 1.20 1.12 0.96 130 098 085 1.13
2012 085 074 0.96 1.05 093 120 0.96 0.78 1.17 131 1.13 151 095 0.82 1.09
2013 083 073 0.95 1.02 089 116 083 0.67 1.02 1.37 1.19 159 087 0.75 1.00
2014 0.73  0.64 0.84 111 098 127 075 0.61 0.93 1.41 1.22 163 087 0.75 1.00



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

0.67
0.53
1.14
0.94
1.06

1.02
1.03
0.94
113
1.12
1.66
2.01
0.97
4.89
1.17
1.36
1.09
1.64
1.15
1.33
1.05
1.25
1.03
0.70
0.47
0.59
1.48
1.02
0.91
1.54
2.62
1.41
2.00
1.32
1.29
1.22
1.53
1.09

0.58
0.46
1.05
0.87
0.98

0.94
0.95
0.85
1.06
0.93
1.57
1.82
0.87
4.37
1.02
0.92
0.93
1.55
1.08
1.16
0.98
1.04
0.82
0.10
0.02
0.32
0.65
0.72
0.80
1.35
2.46
1.19
1.49
1.24
0.95
0.82
1.33
0.98

0.76
0.62
1.24
1.02
1.15

1.10
1.12
1.03
1.20
1.35
1.76
221
1.08
5.46
1.34
1.99
1.26
1.74
1.22
1.52
1.12
151
1.29
5.12
14.04
1.09
3.37
1.46
1.04
1.74
2.79
1.68
2.68
141
1.75
1.81
1.76
121

1.06
0.81
0.98
1.18
1.17

0.92
0.90
0.82
0.95
0.90
1.06
1.15
0.99
1.32
1.10
1.08
0.97
1.04
0.99
1.24
1.00
1.25
1.05
0.74
131
1.00
0.68
111
0.90
1.18
2.39
1.40
2.58
1.32
0.92
0.95
131
0.79

0.93
0.70
0.91
1.09
1.08

0.85
0.83
0.75
0.90
0.74
1.00
1.01
0.88
1.09
0.94
0.70
0.82
0.98
0.93
1.07
0.94
1.02
0.83
0.10
0.18
0.63
0.23
0.79
0.79
1.02
2.24
1.18
1.96
1.24
0.64
0.59
112
0.70

121
0.93
1.06
1.28
1.26

1.00
0.98
0.90
1.01
1.10
1.13
131
1.12
1.59
1.27
1.67
1.14
112
1.05
1.44
1.07
1.52
1.34
5.20
9.55
1.58
2.00
1.55
1.02
1.36
2.55
1.67
3.40
141
1.33
1.52
1.52
0.89

0.66
0.74
1.09
1.02
1.09

0.99
1.01
1.02
1.15
1.27
1.07
1.46
0.99
1.71
1.24
1.69
2.58
1.24
131
1.70
1.05
1.20
1.33
0.14
1.20
0.82
0.90
1.12
0.96
1.35
2.60
1.57
1.84
1.28
2.08
2.29
2.38
1.12

0.53
0.59
0.97
0.91
0.96

0.88
0.89
0.88
1.04
0.97
0.97
1.25
0.85
1.37
1.03
1.05
221
1.13
1.19
1.40
0.95
0.92
0.95
<0.001
0.04
0.40
0.24
0.73
0.80
1.12
2.37
121
1.23
1.16
1.46
1.42
1.98
0.96

0.82
0.92
1.22
1.15
1.23

1.12
1.16
1.18
1.27
1.67
1.18
1.69
1.16
2.14
1.48
2.72
3.00
1.37
1.43
2.06
1.16
1.58
1.86
60.59
35.24
1.65
3.33
1.74
1.17
1.63
2.86
2.02
2.75
1.41
2.98
3.70
2.87
1.30

1.45
1.38
1.22
0.82
1.16

0.87
0.89
0.84
1.05
1.06
1.03
1.25
1.05
1.44
1.00
1.73
1.29
111
1.08
1.49
1.02
1.40
1.10
1.28
1.02
1.20
0.81
0.95
0.97
1.30
1.96
1.39
1.40
1.26
1.10
1.08
1.58
1.02

1.25
1.19
1.13
0.75
1.07

0.80
0.81
0.76
0.99
0.88
0.96
111
0.94
1.20
0.87
121
111
1.04
1.01
1.30
0.95
1.16
0.86
0.25
0.15
0.80
0.30
0.69
0.84
1.15
1.83
1.15
0.97
1.18
0.79
0.67
1.34
0.90

1.68
1.61
1.33
0.89
1.27

0.94
0.97
0.92
1.12
1.29
1.09
1.41
1.18
1.73
1.15
2.48
1.49
1.19
1.14
1.70
1.09
1.69
1.40
6.52
7.15
1.79
2.16
131
111
1.47
2.10
1.69
2.01
1.35
1.53
177
1.86
1.15

0.66
0.28
0.93
1.09
1.12

0.98
0.93
0.82
0.97
1.12
1.14
1.53
1.27
2.25
1.17
1.10
1.07
0.98
1.00
1.27
1.05
0.95
1.09
0.55
0.54
0.87
1.49
0.71
0.95
1.22
1.91
1.40
1.64
1.26
0.75
1.07
1.73
0.90

0.57
0.23
0.86
1.00
1.03

0.90
0.85
0.74
091
091
1.06
1.34
1.13
1.90
1.00
0.68
0.90
091
0.93
1.07
0.98
0.76
0.84
0.05
0.02
0.51
0.60
0.46
0.82
1.04
177
1.16
1.15
1.16
0.52
0.72
1.49
0.79

0.77
0.34
1.02
1.19
1.22

1.07
1.02
0.91
1.03
1.39
1.22
1.74
1.43
2.65
1.37
1.77
1.27
1.05
1.07
1.50
1.13
1.19
1.41
6.14
16.05
1.50
3.69
1.12
1.09
1.43
2.07
1.70
2.33
1.35
1.08
1.59
2.02
1.02



History of Substance Use/Abuse 132 121 144 116 106 128 144 125 167 095 085 105 200 183 218

Pain Conditions 102 094 110 111 104 120 123 110 137 106 097 114 112 103 121
Psychiatric Comorbidities 130 118 143 104 094 115 176 153 201 115 104 128 126 114 140
Opioid Use Disorder 064 033 125 090 043 186 066 031 142 102 048 217 027 011 068

*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"



