eFigure 1. Sample population flow chart
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eTable 1. List of CPT codes1
	Procedure name
	CPT codes

	Total Knee Arthroplasty
	27447

	Total Hip Arthroplasty
	27130

	Laparoscopic Cholecystectomy
	47562, 47563, 47564

	Open Cholecystectomy
	47600, 47605, 47610

	Laparoscopic Appendectomy
	44970, 44979

	Open Appendectomy
	44950, 44960

	Cesarean Section
	59510, 59514, 59515

	Functional Endoscopic Sinus Surgery
	31237, 31240, 31254, 31255, 31256, 31267, 31276, 31287, 31288

	Transurethral Resection of the Prostate
	52601, 52612, 52614

	Simple Mastectomy
	19301, 19302, 19303, 19180


1.	Sun, E. C., Darnall, B. D., Baker, L. C. & Mackey, S. Incidence of and Risk Factors for Chronic Opioid Use Among Opioid-Naive Patients in the Postoperative Period. JAMA Intern. Med. 176, 1286 (2016).


eTable 2. Additional patient characteristics
	Variable
	Patients with stable opioid utilization
N=23,342 (40.9%)
	Patients with decreasing opioid utilization
N=12,347 (21.7%)
	Patients with increasing opioid utilization
N=21,330 (37.4%)

	
	
	
	P-value
	Hedges’ g
	
	P-value
	Hedges’ g

	Year of surgery, N (%)

	2004
	298 (1.3%)
	230 (1.9%)
	<0.001
	-0.049
	487 (2.3%)
	<0.001
	-0.077

	2005
	354 (1.5%)
	237 (1.9%)
	0.005
	-0.032
	567 (2.7%)
	<0.001
	-0.080

	2006
	422 (1.8%)
	364 (2.9%)
	<0.001
	-0.078
	722 (3.4%)
	<0.001
	-0.100

	2007
	713 (3.1%)
	450 (3.6%)
	0.003
	-0.033
	920 (4.3%)
	<0.001
	-0.067

	2008
	892 (3.8%)
	568 (4.6%)
	<0.001
	-0.039
	1,208 (5.7%)
	<0.001
	-0.087

	2009
	1,176 (5.0%)
	718 (5.8%)
	0.002
	-0.035
	1,371 (6.4%)
	<0.001
	-0.060

	2010
	1,422 (6.1%)
	847 (6.9%)
	0.005
	-0.031
	1,523 (7.1%)
	<0.001
	-0.042

	2011
	1,651 (7.0%)
	922 (7.5%)
	0.169
	-0.015
	1,748 (8.2%)
	<0.001
	-0.042

	2012
	2,037 (8.7%)
	1,098 (8.9%)
	0.631
	-0.006
	1,950 (9.1%)
	0.124
	-0.015

	2013
	1,916 (8.2%)
	1,069 (8.7%)
	0.143
	-0.016
	1,745 (8.2%)
	0.916
	0.001

	2014
	2,010 (8.6%)
	1,048 (8.5%)
	0.696
	0.004
	1,803 (8.5%)
	0.550
	0.006

	2015
	2,184 (9.4%)
	1,151 (9.3%)
	0.919
	0.001
	1,821 (8.5%)
	0.002
	0.029

	2016
	2,633 (11.3%)
	1,148 (9.3%)
	<0.001
	0.064
	1,943 (9.1%)
	<0.001
	0.072

	2017
	3,513 (15.1%)
	1,549 (12.5%)
	<0.001
	0.072
	2,337 (11.0%)
	<0.001
	0.122

	2018
	2,121 (9.1%)
	948 (7.7%)
	<0.001
	0.050
	1,185 (5.6%)
	<0.001
	0.135

	Comorbidities, N (%)

	Congestive heart failure
	4,112 (17.6%)
	2,143 (17.4%)
	0.531
	0.007
	3,423 (16.0%)
	<0.001
	0.042

	Cardiac arrhythmias
	8,201 (35.1%)
	4,345 (35.2%)
	0.907
	-0.001
	7,112 (33.3%)
	<0.001
	0.038

	Valvular disease
	5,214 (22.3%)
	2,771 (22.4%)
	0.814
	-0.003
	4,497 (21.1%)
	0.001
	0.030

	Pulmonary circulation disorders
	1,947 (8.3%)
	1,096 (8.9%)
	0.087
	-0.019
	1,617 (7.6%)
	0.003
	0.028

	Peripheral vascular disorders
	6,364 (27.3%)
	3,223 (26.1%)
	0.018
	0.026
	5,152 (24.2%)
	<0.001
	0.071

	Hypertension, uncomplicated
	19,400 (83.1%)
	9,751 (79.0%)
	<0.001
	0.107
	16,981 (79.6%)
	<0.001
	0.090

	Hypertension, complicated
	5,150 (22.1%)
	2,700 (21.9%)
	0.677
	0.005
	4,376 (20.5%)
	<0.001
	0.038

	Paralysis
	641 (2.7%)
	361 (2.9%)
	0.333
	-0.011
	482 (2.3%)
	0.001
	0.031

	Other neurological disorders
	3,149 (13.5%)
	1,809 (14.7%)
	0.003
	-0.034
	2,608 (12.2%)
	<0.001
	0.038

	Chronic pulmonary disease
	11,432 (49.0%)
	5,867 (47.5%)
	0.009
	0.029
	9,625 (45.1%)
	<0.001
	0.077

	Diabetes, uncomplicated
	8,718 (37.3%)
	4,505 (36.5%)
	0.108
	0.018
	7,419 (34.8%)
	<0.001
	0.053

	Diabetes, complicated
	4,745 (20.3%)
	2,407 (19.5%)
	0.062
	0.021
	3,698 (17.3%)
	<0.001
	0.076

	Hypothyroidism
	7,702 (33.0%)
	4,234 (34.3%)
	0.014
	-0.027
	6,650 (31.1%)
	<0.001
	0.039

	Renal failure
	4,515 (19.3%)
	2,339 (18.9%)
	0.367
	0.010
	3,767 (17.7%)
	<0.001
	0.043

	Liver disease
	4,789 (20.5%)
	2,555 (20.7%)
	0.702
	-0.004
	4,004 (18.8%)
	0.003
	0.044

	Peptic ulcer disease
	1,511 (6.5%)
	850 (6.9%)]
	0.136
	-0.017
	1,464 (6.9%)
	0.098
	-0.016

	AIDS/HIV
	85 (0.4%)
	65 (0.5%)
	0.024
	-0.025
	95 (0.4%)
	0.176
	-0.013

	Lymphoma
	387 (1.7%)
	213 (1.7%)
	0.637
	-0.005
	338 (1.6%)
	0.540
	0.006

	Metastatic cancer
	711 (3.0%)
	398 (3.2%)
	0.357
	-0.010
	679 (3.2%)
	0.404
	-0.008

	Solid tumor without metastases
	4,028 (17.3%)
	2,095 (17.0%)
	0.495
	0.008
	3,376 (15.8%)
	<0.001
	0.038

	Rheumatoid arthritis/collagen vascular diseases
	6,663 (28.5%)
	3,534 (28.6%)
	0.871
	-0.002
	5,521 (25.9%)
	<0.001
	0.060

	Coagulopathy
	2,192 (9.4%)
	1,265 (10.2%)
	0.010
	-0.029
	1,820 (8.5%)
	0.002
	0.030

	Obesity
	9,326 (40.0%)
	4,825 (39.1%)
	0.104
	0.018
	8,143 (38.2%)
	<0.001
	0.036

	Weight loss
	3,199 (13.7%)
	1,707 (13.8%)
	0.749
	-0.003
	2,609 (12.2%)
	<0.001
	0.044

	Fluid and electrolyte disorders
	8,496 (36.4%)
	4,612 (37.4%)
	0.076
	-0.020
	7,383 (34.6%)
	<0.001
	0.037

	Blood loss anemia
	1,139 (4.9%)
	659 (5.3%)
	0.064
	-0.021
	1,160 (5.4%)
	0.008
	-0.025

	Deficiency anemia
	4,347 (18.6%)
	2,316 (18.8%)
	0.765
	-0.003
	3,693 (17.3%)
	<0.001
	0.034

	Alcohol abuse
	1,341 (5.7%)
	775 (6.3%)
	0.049
	-0.023
	1,298 (6.1%)
	0.128
	-0.014

	Drug abuse
	4,157 (17.8%)
	2,089 (16.9%)
	0.033
	0.023
	2,752 (12.9%)
	<0.001
	0.136

	Psychoses
	1,367 (5.9%)
	866 (7.0%)
	<0.001
	-0.048
	1,181 (5.5%)
	0.146
	0.014

	Depression
	11,546 (49.5%)
	6,234 (50.5%)
	0.066
	-0.021
	10,009 (46.9%)
	<0.001
	0.051


P-values reflect the comparison between the decreasing or increasing cohort and patients with stable utilization and were computed using Chi-squared and independent samples t-tests for categorical and continuous variables respectively. Hedge’s g measures effect size as a standardized difference between cohorts, with values less than 0.2 representing small differences, values between 0.2 and 0.5 representing moderate differences, and values greater than 0.5 representing large differences.



eTable 3. Additional secondary outcomes
	
	Patients with stable opioid utilization
N=23,342 (40.9%)
	Patients with decreasing opioid utilization
N=12,347 (21.7%)
	Patients with increasing opioid utilization
N=21,330 (37.4%)

	Incidence of surgical site infection, %
	Unadjusted

	
	 2.0%
(1.8 to 2.3%)
	2.4%
(2.1 to 2.7%)
	Odds ratio
	2.2%
(2.0 to 2.5%)
	Odds ratio

	
	
	
	1.19
(0.95 to 1.49)
	P=0.018
	
	1.10
(0.91 to 1.34)
	P=0.132

	
	Adjusted

	
	1.5%
(1.3 to 1.8%)
	1.9%
(1.5 to 2.3%)
	1.27
(1.00 to 1.61)
	P=0.003
	1.7%
(1.4 to 2.0%)
	1.11
(0.89 to 1.37)
	P=0.152

	Incidence of urinary tract infection, %
	Unadjusted

	
	6.2%
(5.7 to 6.6%)
	6.7%
(6.2 to 7.2%)
	Odds ratio
	6.7%
(6.2 to 7.2%)
	Odds ratio

	
	
	
	1.09
(0.96 to 1.25)
	P=0.048
	
	1.09
(0.97 to 1.23)
	P=0.020

	
	Adjusted

	
	4.7%
(4.3 to 5.2%)
	5.0%
(4.5 to 5.7%)
	1.07
(0.92 to 1.24)
	P=0.175
	5.1%
(4.7 to 5.7%)
	1.09
(0.96 to 1.24)
	P=0.046

	Incidence of pneumonia, %
	Unadjusted

	
	3.0%
(2.6 to 3.3%)
	3.2%
(2.9 to 3.6%)
	Odds ratio
	2.7%
(2.4 to 3.1%)
	Odds ratio

	
	
	
	1.09
(0.90 to 1.32)
	P=0.172
	
	0.91
(0.77 to 1.08)
	P=0.108

	
	Adjusted

	
	2.1%
(1.8 to 2.4%)
	2.3%
(1.9 to 2.7%)
	1.10
(0.89 to 1.35)
	P=0.172
	2.1%
(1.8 to 2.4%)
	0.99
(0.82 to 1.20)
	P=0.910

	Incidence of sepsis, %
	Unadjusted

	
	2.2%
(1.9 to 2.5%)
	2.3%
(2.0 to 2.6%)
	Odds ratio
	1.7%
(1.5 to 2.0%)
	Odds ratio

	
	
	
	1.04
(0.83 to 1.30)
	P=0.637
	
	0.78
(0.64 to 0.96)
	P<0.001

	
	Adjusted

	
	Regression model unable to converge

	Incidence of venous thromboembolism, %
	Unadjusted

	
	3.3%
(2.9 to 3.6%)
	3.4%
(3.1 to 3.7%)
	Odds ratio
	3.5%
(3.1 to 3.8%)
	Odds ratio

	
	
	
	1.04
(0.87 to 1.25)
	P=0.505
	
	1.06
(0.91 to 1.24)
	P=0.240

	
	Adjusted

	
	2.3%
(2.0 to 2.6%)
	2.4%
(2.0 to 2.8%)
	Odds ratio
	2.3%
(2.0 to 2.6%)
	Odds ratio

	
	
	
	1.05
(0.86 to 1.29)
	P=0.444
	
	1.00
(0.84 to 1.19)
	P=0.956

	Incidence of myocardial infarction, %
	Unadjusted

	
	0.7%
(0.6 to 0.9%)
	0.5%
(0.3 to 0.7%)
	Odds ratio
	0.5%
(0.4 to 0.7%)
	Odds ratio

	
	
	
	0.68
(0.44 to 1.06)
	P=0.008
	
	0.72
(0.51 to 1.04)
	P=0.007

	
	Adjusted

	
	Regression model unable to converge


Outcomes are reported with both unadjusted and adjusted values. Adjustment modeled outcomes controlling for age, sex, type and year of surgery, and medical comorbidities. Secondary outcomes applied a Bonferroni correction for multiple comparisons. With 18 reported outcomes (4 in Table 2, 6 in eTable 3 in the supplement, and 8 definitions for persistent postoperative utilization shown in Figure 2), the threshold for significance is α = 0.05 / 18 = 0.002. Thus, 99.8% confidence intervals are reported. These secondary outcomes were measured during postoperative days 0-30. 




eTable 4. Sensitivity analysis results

	Sensitivity Analysis
	Patients with stable opioid utilization
	Patients with decreasing opioid utilization
	Patients with increasing opioid utilization

	
	N (%)
	Adjusted incidence of any opioid prescribed in POD 91-365
	Adjusted average daily dose of opioid in POD 91-365 (morphine milligram equivalents)
	N (%)
	Adjusted incidence and odds ratio of any opioid prescribed in POD 91-365
	Adjusted amount and difference of average daily opioid dose in POD 91-365 (morphine milligram equivalents)
	N (%)
	Adjusted incidence and odds ratio of any opioid prescribed in POD 91-365
	Adjusted amount and difference of average daily opioid dose in POD 91-365 (morphine milligram equivalents)

	Results of main analysis

(For reference)
	23,342
(40.9%)
	96.2%
(96.0 to 96.5%)
	46.5
(45.9 to 47.0)
	12,347
(21.7%)
	89.2%
(88.5 to 89.9%)
	46.7
(45.8 to 47.6)
	21,330
(37.4%)
	93.6%
(93.2 to 93.9%)
	44.3
(43.6 to 44.9)

	
	
	
	
	
	0.323
(0.296 to 0.352)
P<0.001
	0.2
(-0.8 to 1.2)
P=0.684
	
	0.57
(0.52 to 0.62)
P<0.001
	-2.2
(-3.1 to -1.3)
P<0.001

	Variation of time boundary to measure a change in preoperative opioid utilization

	30 days before surgery

(Compares preoperative days 31-365 to 30-7)
	18,461
(32.4%)
	96.6%
(96.3 to 96.9)
	46.7
(46.1 to 47.3)
	14,910
(26.2%)
	89.7%
(89.0 to 90.3%)
	46.1
(45.4 to 46.9)
	23,648
(41.5%)
	93.4%
(93.6 to 94.3%)
	44.6
(41.6 to 42.9)

	
	
	
	
	
	0.307
(0.279 to 0.338)
P<0.001
	-0.6
(-1.5 to 0.4)
P=0.279
	
	0.55
(0.50 to 0.60)
P<0.001
	-2.0
(-2.9 to -1.2)
P<0.001

	180 days before surgery

(Compares preoperative days 181-365 to 180-7)
	24,650
(43.2%)
	96.1%
(95.8 to 96.3%)
	46.0
(45.5 to 46.6)
	9,475
(18.2%)
	89.5%
(88.8 to 90.1%)
	46.7
(45.8 to 47.7)
	19,129
(36.7%)
	92.9%
(92.5 to 93.2%)
	44.8
(44.2 to 45.4)

	
	
	
	
	
	0.346
(0.317 to 0.377)
P<0.001
	0.7
(-0.3 to 1.8)
P=0.188
	
	0.53
(0.49 to 0.57)
P<0.001
	-1.2
(-2.1 to -0.4)
P=0.006

	Variation of the amount of change required for cohort assignment

	≥50% change
	37,645
(66.0%)
	95.6%
(95.3 to 95.8%)
	46.2
(45.7 to 46.6)
	6,054
(10.6%)
	83.7%
(82.5 to 84.8%)
	48.3
(47.0 to 49.6)
	13,320
(23.4%)
	92.7%
(92.2 to 93.1%)
	43.2
(42.4 to 44.0)

	
	
	
	
	
	0.239
(0.219 to 0.261)
P<0.001
	2.1
(0.8 to 3.5)
P=0.002
	
	0.59
(0.54 to 0.64)
P<0.001
	-3.0
(-4.0 to -2.1)
P<0.001

	Socioeconomic status

	Additional adjustment for race, household income, and education level (when available)
	18,964
(41.4%)
	96.2%
(96.0 to 96.5%)
	45.9
(45.3 to 46.5)
	9,774
(21.4%)
	89.6%
(88.8 to 90.3%)
	46.0
(45.1 to 47.0)
	17,026
(37.2%)
	93.5%
(93.1 to 93.9%)
	43.2
(42.5 to 43.9)

	
	
	
	
	
	0.335
(0.304 to 0.369)
P<0.001
	0.2
(-0.9 to 1.3)
P=0.764
	
	0.56
(0.51 to 0.62)
P<0.001
	-2.6
(-3.6 to -1.7)
P<0.001

	Surgeon identifier

	Regression clustered by surgeon identifier (when available)
	22,382
(41.0%)
	96.3%
(96.0 to 96.5%)
	46.6
(46.1 to 47.0)
	11,819
(21.6%)
	89.2%
(88.2 to 90.2%)
	46.9
(45.3 to 48.5)
	20,458
(37.4%)
	93.6%
(93.2 to 94.0%)
	44.3
(43.3 to 45.4)

	
	
	
	
	
	0.321
(0.290 to 0.354)
P<0.001
	0.4
(-1.2 to 1.9)
P=0.648
	
	0.57
(0.52 to 0.62)
P<0.001
	-2.2
(-3.6 to -0.9)
P=0.001


Sensitivity analyses which varied the timing and amount to classify a change in preoperative opioid utilization, as well as models with additional adjustments for socioeconomic data (race, household income, and education level) and clustering by surgeon identifier demonstrated robustness of the main results.


