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Appendix A. Study Group Construction

State Selection
Dr. Haffajee and a research assistant with legal training reviewed and analyzed in significant detail state prescription drug monitoring program (PDMP) laws. We examined and built upon a preexisting dataset of PDMP laws from January 1, 1998 through December 31, 2011 compiled by the Robert Wood Johnson Foundation’s Public Health Law Research Program.1 We updated the dataset to include laws from January 1, 2012 through December 2014 and to include certain prescriber-level features important to our analysis. Based on a comprehensive review of the laws and the literature, a binary coding scheme was developed to include the following ten law features important to strength of state PDMP policies for use as a clinical tool (Exhibit A1):

1. PDMP for Prescribers[footnoteRef:2]*: Although the vast majority of operational PDMPs can be accessed by prescribers, some were originally only accessible by law enforcement officials and a handful have maintained such status through the study period.   [2: * Indicates a required PDMP feature for “intervention” states. ] 

2. Use Mandate*: A requirement that prescribers access the PDMP under certain circumstances. 
3. Comprehensive Use Mandate*: Use mandate that specifies objective criteria for checking the PDMP (rather than based on a prescriber’s subjective beliefs), covers at least Schedule II-III drugs, covers a broad array of prescribing contexts (not just methadone clinics or opioid treatment facilities), and requires the PDMP be checked prior to initial prescribing of addictive substances. These comprehensive use mandates also require regular checks for continuous course treatments and at least annually after the initial prescribing, and can include reasonable exemptions (e.g., hospice, five-to-seven day supply or less, emergency situations). Details of the four comprehensive use mandates of study, along with their effective dates, are provided in Exhibit A2. 
4. No Prescriber Immunity for Failure to Check/Use PDMP: Many PDMP laws have broad immunity grants, which protect prescribers from civil and/or criminal liability if they fail to check or use information in the PDMP. These grants, particularly when combined with a use mandate, may relax the impetus prescribers feel to check the database if there is no penalty associated with failure to do so. 
5. Registration Mandate: Requirement that prescribers enroll in (i.e., obtain a login to) the PDMP, or PDMPs that automatically enroll prescribers. 
6. Proactive Reporting Required or Permitted: When a PDMP is permitted or required to proactively identify suspicious prescribing, dispensing, or purchasing and report findings to professional licensing body, prescribers, dispensers, and/or law enforcement officials. (Note: specific trigger requirements are typically left to PDMP discretion rather than proscribed by law. It is thus difficult to differentiate between required and permitted reporting in the laws, so they were collapsed into one category.)
7. Housed in a Health Agency: The PDMP is housed in a Department of Health, Board of Pharmacy, or Professional Licensing Body and thus is designed as a user-facing clinical tool for prescribers, as opposed to within a law enforcement or public safety entity, which is more likely to design the tool to track illegal activity. 
8. Data Frequency at Least Weekly: The PDMP is updated with dispensing information at least weekly, to ensure timely provision of information to prescribers checking the system. 
9. Monitors at Least Schedules II-IV: The PDMP monitors at least controlled substances included in the federal Schedules II-IV (i.e., opioids, benzodiazepines, hypnotics, and stimulants with high to low potential for abuse), as opposed to only Schedules II, II-III, or specific drugs within the Schedules. 
10. Delegate Access: The PDMP allows access to or receipt of database information by agents or delegates designated by prescribers. 
“Robust PDMPs” exhibited 8 or more of the above 10 features. We also required that robust PDMPs include 3 specific PDMP features out of the 10: access for prescribers, a use mandate, and a comprehensive use mandate. We separately coded use mandates from comprehensive use mandates because although many states have limited use mandates (e.g., those that require a prescriber to check the system when they subjectively identify a need), a mere handful require checks under a comprehensive set of circumstances—i.e., before initially prescribing opioids and regularly thereafter for longer-term treatments, with limited exceptions (Exhibit A2). States with comprehensive use mandates (e.g., Kentucky, Tennessee, New Mexico, New York) document that PDMP queries increased while opioid prescribing and doctor shopping decreased after implementation of this feature (Exhibit A2).2-5 Moreover, recent studies suggest that use mandates may be important to PDMP effectiveness, but typically have not differentiated use mandates based on their comprehensiveness.6-11 

Other features that were considered for inclusion in our robustness metrics but ultimately excluded because they lacked heterogeneity across states or were of limited or uncertain impact or documentation included: 
a. Interoperability of PDMPs and Medical Records: Interoperability between PDMPs and electronic medical records is a goal among advocates of these programs, to increase the ease of use and access to the information by clinicians. However, the technology to support these initiatives was still in its infancy for the period of study, and its implementation faces privacy hurdles. Moreover, information about actual interoperability (as opposed to permission to make systems interoperable) is unreliable. 
b. Interstate Sharing of Data: Many PDMPs authorize interstate sharing of data – either by prescribers obtaining separate logins for other states, or linking of databases (similar to interoperability above). The operationalization of this feature was not reliably reported in a centralized way for the period of study, however. 
c. Prescriber Education to Access PDMP: Most PDMP laws do not include a provision that either requires prescribers to be educated on using the PDMP or on controlled substance prescribing in order to access PDMP data. Thus this feature was not included in the analysis. 
Based on these requirements, the following states were identified as “intervention states” of study with robust PDMPs implemented by the end of 2013 (to allow for sufficient follow-up observations): Kentucky, New Mexico, Tennessee, New York, Vermont, and West Virginia. Vermont and West Virginia were excluded from the study due to inadequate sample sizes for estimation purposes, which left four intervention states of study. 

We selected as comparison jurisdictions neighboring states with 5 or fewer of the 10 robust PDMP features, and not including a comprehensive use mandate. Comparison states also had comparable levels at the start of the study period (i.e., no more than twice or half the magnitude of the intervention states) and parallel trends (at the p<0.05 level) in at least one of the main outcomes of interest with their respective intervention states during the pre-implementation period. Comparison states included: Missouri (for Kentucky), Texas (for New Mexico), Georgia (for Tennessee), and New Jersey (for New York) (Exhibit A1). A map of the sets of intervention and comparator states is shown in Exhibit 3A.

Study Population and Setting
We used Optum data (OptumInsight, Eden Prairie, MN), which includes de-identified inpatient, outpatient, and pharmacy claims from a large national health insurer with membership in all 50 states. These data are representative of commercial claims in the U.S. and have been used to document trends in opioid dispensing and overdose events.12,13 Dispensing data served as a proxy for prescribing.

[bookmark: _GoBack]From the 8 states of study, we included adults aged 18 to 64 years enrolled between January 1, 2010 and December 31, 2014. The start date of January 1, 2010 for the study provided at least two years of pre-implementation data points and allowed us to evaluate seasonal variation.14 Two national interventions associated with decreases in opioid-related overdoses and prescribing occurred during the pre-implementation period (Q4/2010): reformulation of OxyContin to a tamper-resistant extended-release form and withdrawal of propoxyphene from the market.13 Because rates in outcomes of interest following these interventions declined similarly between comparator states following these national interventions and well before our state PDMP implementation periods, we included the 2010 data in our analysis (Exhibits 1-2).

Measures
From First Databank (San Francisco, California) drug summary tables we identified National Drug Codes for opiate agonists and opioid partial agonists with American Hospital Formulary Service Classifications 28080800 and 28081200, respectively. We included the following opioids when calculating all outcomes: codeine, dihydrocodeine, meperidine, morphine, oxycodone, hydrocodone, hydromorphone, fentanyl, oxymorphone, propoxyphene, methadone, tramadol, levorphanol, and buprenorphine transdermal. We excluded approximately 2.1% of opioid claims with erroneous or missing data (e.g., negative quantities or days supply of opioids dispensed). We calculated morphine equivalent dosages (MEDs) using established conversion factors that take into account differences in molecules, strength, and quantity of doses dispensed.15  

Covariates
To generate proxy measures of socioeconomic status, we used previously validated categorical variables of Census block group poverty level (below-poverty-levels of <5%, 5-9.9%, 10-19.9%, and ≥20%) and education level (below-high-school education levels of <15%, 15-24.9%, 25-39.9%. and ≥40%) derived from 2000 US Census reports16-18 We used a combination of 2000 US Census16 neighborhood characteristics and surname analysis to characterize members as white, black, Hispanic, Asian, or of mixed race/ethnicity, a validated approach with high positive predictive value.19 This approach comprised first classifying individuals as residing in white, black, or Hispanic neighborhoods based on living in neighborhoods with 75% of more persons of the given race/ethnicity.  In addition, we assigned Census blocks with 75% or more persons of both Hispanic ethnicity and black race to the Hispanic category. We classified members from Census black groups that did not fall into one of the three race/ethnicity categories as living in mixed race/ethnicity neighborhoods. We then used a variable based on surname analysis to identify Hispanic and Asian individuals; this classification superseded the neighborhood-based measure. We therefore classified members as Hispanic if they lived in a predominantly Hispanic neighborhood or had a Hispanic surname. 

Statistical Analyses
Before implementing the segmented regression models to generate policy effect estimates, we used marginal effects methods20 to calculate adjusted outcome rates in each set of state comparators in order to control for differences in individual characteristics during the course of the study and between state comparator sets. These marginal effects methods models failed to converge when we ran state-to-state comparator models at a monthly time resolution and when we pooled all intervention state versus all comparison state models at a quarterly or monthly time resolution. Thus, we chose to analyze outcomes at a quarterly resolution in state-to-state comparisons, which provided adequate pre-implementation (at least 10) and post-implementation (at least 5) quarterly intervals for each set of comparators and allowed us to assess heterogeneity in robust PDMP effects across states. 

We defined the “implementation quarter(s)” as the quarter(s) when intervention states met or surpassed our criteria for a robust PDMP. All states met these requirements in a single quarter, except for Tennessee, for which we defined two “implementation quarters” because it exceeded the features threshold one quarter before comprehensive use mandate implementation. The pre-implementation and post-implementation timeframes for each state comparator set were defined relative to the intervention state’s implementation quarter(s).   

We used generalized estimating equations (GEEs) with a binomial distribution and a logit link function with robust variance estimators to model whether individuals filled opioid prescriptions (and later multiplied these adjusted outcome rates by 100 to analyze the percent of enrollees filling opioid prescriptions), adjusting for age, gender, race/ethnicity, education-level, and poverty-level. We adjusted MEDs dispensed per enrollee per quarter using the same model, except we used GEEs with a negative binomial distribution and a log link function with robust variance estimators. We used exchangeable correlation structures for all adjustment models to account for potential autocorrelation between observations within individuals. 
 
The GEE took the following form: 

f(E Yit)= β0 + β1*timei + β2*Ti + β3*Ti * timei + β4Xi 
Where: 
i =individual identifier
Yit = dependent variable for individual at time t (e.g., MED dispensed/enrollee)
Ti = indicator variable for treatment (intervention vs. comparison state)
timei = count variable for time (in quarters)
Xi= a vector of individual characteristics
f = link function

Once these quarterly outcome rates were adjusted, we applied segmented regression14 analyses to evaluate the effects of robust PDMPs in intervention states on outcomes of interest. We excluded the quarter(s) of implementation, defined as the quarter(s) when intervention states met or surpassed the required threshold that they exhibit at least 8 of the 10 robust PDMP features, including the 3 required features. Thus, the pre-implementation and post-implementation timeframes varied by state comparator sets based on implementation quarter(s). Although we did not explicitly incorporate anticipation or lag effects into our models, attributing implementation to a quarter (or two) rather than the particular date of implementation allowed for some flexibility around the phase-in period. 

We modeled a single series of points (comprising the difference in outcomes between intervention and comparison states in a given quarter) separately for each of the state comparator sets, and used linear models to quantify the robust PDMP effects on each outcome. We used a stepwise approach to test and control for autocorrelation, with an initial order of 4 (correlation within 1 year at a quarterly resolution). We used regression results to estimate the absolute effects at the end of the study period using multivariate delta methods.19 The segmented regression model for each outcome is as follows: 
	
Yt = 	β0 + β1*timet + β2*interventiont + β3*time_after_intt + et
Where: 
t  		= quarter identifier
Yt 		= difference in dependent variable for intervention group minus comparison group 
timet 		= continuous variable indicating time in quarters at time t from robust PDMP 
implementation 
interventiont	= indicator variable for time t occurring before (intervention=0) or after 
(intervention=1) robust PDMP implementation
time_after_intt	= continuous variable counting number of quarters after robust PDMP 
implementation at time t, coded 0 before robust PDMP implementation
and (t – quarter since robust PDMP implementation) after robust PDMP implementation

The study was approved by the institutional review boards at Harvard Pilgrim Health Care Institute, Harvard University, and University of Michigan.

Results
We compared characteristics in each state comparator set at three study time points: 12 months pre-implementation, 1 month pre-implementation, and 12 months post-implementation (Exhibits A4-A7). The cohort sample sizes ranged from 36,000-927,000 enrollees over these time points. Enrollment and demographic composition within each state remained quite consistent over time, except in Georgia where a post-implementation enrollment drop-off accompanied several demographic shifts (Exhibit A6). 

We graphed the interrupted time series trends for the primary outcomes of interests—mean MED dispensed per enrollee per quarter (Exhibits 1-4 of the main paper) and the percentage of enrollees filling opioid prescriptions (Exhibit A8)—for each comparator set. Although pre-implementation trends were parallel for most primary outcomes, pre-implementation levels were typically significantly higher in intervention states, with ratios of main outcome rates (intervention: comparison) in Q1/2010 ranging from 0.90 to 1.1.6 for the proportion filling opioids and from 0.76 to 1.66 for the mean MED dispensed per enrollee. Differences between comparator states in levels and slopes at baseline and in the quarter after robust PDMP implementation states are reported in Exhibit A9 and discussed in the main paper. As demonstrated in Exhibit A9, the absolute difference in the MED outcome between each intervention and its comparator by the fourth quarter of 2014 was statistically significant. In Kentucky, the outcome of 



Appendix B. Sensitivity Analyses

We conducted sensitivity analyses in order to (a) assess whether measures of opioid prescribing and dispensing among enrollees with any opioid receipt and/or long-term opioid receipt were affected by robust PDMP implementation, (b) rule out the possibility that patients entering or leaving the study population biased our results, and (c) rule out the possibility that the selection of comparison states drove results. We conducted all sensitivity analyses on closed cohorts of patients continuously enrolled from at least 1 year pre- to 1 year post-implementation quarter(s) of robust PDMPs the respective sets of study states. As presented in the main paper, we defined the “any opioid receipt” cohort to include those enrollees with at least 1 opioid fill during the period from 1 year pre- to 1 year post-robust PDMP implementation.9 We also defined the “chronic non-cancer-related opioid receipt” cohort to include those enrollees with opioid fills in each of the baseline quarters of the pre-implementation year without a non-benign cancer diagnosis in that same year.22 We excluded patients with a diagnosis of cancer (except a diagnosis of benign cancer) during the baseline year based on ICD-9-CM diagnosis codes (140.X-165.X, 170.X-176.X, 179.X-208.X, 209.0-209.3, or V10.X[except V10.83]). Members’ continuous enrollment in these cohorts also allowed us to apply an Adjusted Clinical Groups (ACG) algorithm23-24 to enrollees’ pre-implementation year to estimate and adjust for comorbidity.

For both the any opioid receipt and chronic non-cancer-related opioid receipt cohorts, we modeled number of opioid fills per enrollee and mean MED dispensed per enrollee for the same four sets of intervention and comparison states as in the main analysis using difference-in-differences analyses. We also modeled the following outcomes to assess potentially “high-risk opioid prescribing measures”: percent of enrollees filling an average daily MED ≥ 100, and number of quarters when 3 or more doctors or 3 or more pharmacies were used to fill opioid prescriptions—measures of opioid “shopping” that, when high, are associated with higher risk of opioid-related overdose deaths.25-29 Results for the cohort with any opioid receipt are included in the main paper and also replicated in the appendix for ease of comparison purposes (Exhibits A10-A13). We also modeled all outcomes in both the any opioid receipt and chronic non-cancer-related opioid receipt cohorts using an alternative comparison state for each intervention state, to assess whether selection of the comparator drove results (Exhibits A10-A13). The alternative comparison states neighbored the intervention states and had PDMPs of reasonable strength, although still did not meet the robustness criteria—notably by lacking a comprehensive use mandate or a registration mandate (except for Connecticut). Thus, these sensitivity tests also sought to assess whether the addition of superior PDMP features like mandates make these programs more effective, as measured by our outcomes of interest, than those lacking such features.  

We hypothesized that that reductions in the outcomes of interest would be greater in magnitude for a continuously enrolled cohort of those with any opioid receipt, as compared to the open cohort studied in our main analysis, because utilization of those using opioids is more likely affected by robust PDMPs intended to curb potentially high risk opioid prescribing. We expected to see the largest reductions in opioid prescribing and dispensing, particularly among potentially risk high opioid utilization measures, among chronic non-cancer-related opioid receipt enrollees, because comprehensive use mandates typically require checks for patients continuously using opioids (Exhibit A2).

We used a difference-in-differences approach to analyze our before-after with comparison group design for these continuously enrolled cohorts of those with any opioid receipt and long-term opioid receipt. We used GEEs with a negative binomial distribution and a log link with robust variance estimators to model the number of opioid fills, mean MED dispensed, number of quarters when 3 or more doctors were used to fill opioid prescriptions, and number of quarters when 3 or more pharmacies were used to fill opioid prescriptions. We used GEEs with a binomial distribution and a logit link function with robust variance estimators to model the proportion of individuals with daily MEDs greater than 100 (and then multiply estimates by 100 to reflect the percent). All models adjusted for age, gender, race/ethnicity, education-level, poverty-level, and ACG score. The GEE difference-in-differences models took the following form: 

f(E Yit)= β0 + β1*Ti + β2*postt + β3*Ti * postt + β4Xi + eit

Where: 
i 	= individual identifier
t 	= year identifier
Yit 	= dependent variable for individual at time t (e.g., number of opioid fills/enrollee)
Ti 	= indicator variable for intervention vs. comparison state
postt	 = indicator variable for  pre- or post-robust PDMP implementation
Xi	= a vector of individual characteristics
f = link function

The term of interest in the GEE model was a coefficient (β3) of the interaction between the indicators of intervention versus comparison state (Ti) and the pre- or post-robust PDMP implementation period (postt). We used marginal effects methods20 to calculate adjusted outcome rates, and absolute and relative difference-in-differences before and after robust PDMP implementation.

Exhibit A10 through Exhibit A13 show the difference-in-differences estimates for opioid utilization among the enrollees with any opioid receipt and chronic non-cancer-related opioid receipt in each of the sets of comparator states. We display estimates for the pre-implementation and post-implementation years across all outcomes. The directions and magnitude of effects were generally consistent with those observed in the main analysis, where relative declines in the proportion of enrollees filling opioids and mean MED dispensed per enrollee in Kentucky were greatest. This suggests, in broad strokes, that our main results were not highly sensitive to the non-continuous enrollment of study members or other methodological features of analysis, including selection of the state comparator.

We expected that our definition of chronic non-cancer-related opioid receipt based on regular opioid fills at baseline would introduce regression to the mean in outcomes after robust PDMP implementation. Regression to the mean refers to the tendency of an estimated population rate that is selected to be closer to one extreme on its first measurement(s) to naturally return towards the population’s underlying mean rate over time; for example, the 10% of patients with the highest spending in a given year will not all be such high spenders in the following year. Although we selected a population with extreme values in opioid fills (correlated with other opioid outcomes) for the baseline that then regressed back to the population average in the years following robust implementation, this regression would be expected to be the same for both intervention and comparison states and should therefore be differenced out in a difference-in-differences analysis, and not bias effect estimates.  

Exhibit A10 shows the difference-in-differences results for opioid prescribing and fills among enrollees with any opioid receipt and those with chronic non-cancer-related opioid receipt in Kentucky as compared to Missouri and Indiana, respectively. Relative to those in Missouri, enrollees with any opioid receipt in Kentucky experienced statistically significant declines (at the p<0.001 level) in mean number of opioid fills of 0.39 (relative reduction of 16.15%), mean MED dispensed of 857.61 (relative reduction of 18.33%), and mean number of quarters opioid prescriptions were filled with ≥ 3 doctors (40.44% relative reduction) or ≥ 3 pharmacies (38.06% relative reduction). Also, the percent of enrollees with daily MEDs ≥ 100 was significant at the p<0.05 level, or a reduction of 0.2% (20.42% relative reduction). Enrollees with chronic non-cancer-related opioid receipt in Kentucky generally exhibited similar estimates for these outcomes, in terms of significance, except that the absolute magnitude of estimates was greater and the relative reductions were smaller. When substituting Indiana for Missouri as the comparison state, Kentucky’s outcomes exhibited very similar patterns. Reductions in outcomes were, however, generally smaller in magnitude for the enrollees with chronic non-cancer-related opioid receipt than for that analogous cohort when Kentucky was compared to Missouri. This is perhaps because Indiana has a PDMP of reasonable strength (although it lacked a use or registration mandate during this study period) while Missouri has none (Exhibit A1). 

Exhibit A11 shows the difference-in-differences results for opioid prescribing and fills among enrollees with any opioid receipt and long-term opioid receipt in New Mexico as compared to Texas and Arizona, respectively.  Relative to those with any opioid receipt in Texas, those in New Mexico exhibited statistically significant reductions in both mean prescribing outcomes: 0.14 (-0.22, -0.05) less opioid fills, on average, or a relative reduction of 6.79% (-10.16%, -3.42%); and a relative reduction of 10.72% (-17.83%, -3.62%) in mean MED dispensed per enrollee. This mirrors the reduction in level in the percent of enrollees filling opioids and in the trend in mean MED dispensings in the main analysis. Enrollees with chronic non-cancer-related opioid receipt in New Mexico relative to Texas did not exhibit significant changes, perhaps in part because the sample size for this cohort was much smaller than that for the cohort with any opioid receipt, thereby providing less power to detect changes. New Mexico’s robust PDMP effects relative to Texas parallel those detected when we compared the state to the alternative comparator, Arizona, suggesting that the choice of comparator did not drive results. 

Exhibit A12 shows the difference-in-differences results for opioid prescribing and fills among enrollees with any opioid receipt and those with long-term opioid receipt in Tennessee as compared to Georgia and South Carolina, respectively. Similar to the main analysis, enrollees with any opioid receipt in Tennessee, as compared to Georgia, exhibited significant reductions in the mean number of opioid fills and the mean MED per enrollee after robust PDMP implementation, or reductions of 0.11 (-0.17,-0.06) (relative: -5.23%) and 446.60 (-850.68, -42.53) (relative: -10.43%). The significance of the mean MED reduction is echoed in the chronic non-cancer-related opioid receipt cohort, except that the magnitude of the effect is greater while the relative reduction is less (-7.83%). The significance of these outcomes parallel those of significance when we substituted South Carolina as the comparison state. However, when South Carolina is the comparator, Tennessee also exhibits highly significant declines in the percent of enrollees filling daily MEDs ≥100: a decline of 0.29% (-0.46, -0.14) (relative: -28.89%) among the cohort with any opioid receipt and 3.56% (-5.50%, -1.62%) (relative: 25.27%) among those with chronic non-cancer-related opioid receipt. On a whole, results suggest that selection of the comparator jurisdiction was not driving opioid prescribing results and that the addition of superior PDMP features, like comprehensive use mandates and registration mandates, do associate with reductions in our selected outcomes. 

Finally, Exhibit A13 shows the difference-in-differences results for opioid prescribing and fills among the cohorts of those with any opioid receipt and those with long-term opioid receipt in New York as compared to New Jersey and Connecticut, respectively. When compared to New Jersey, New York exhibits significant reductions in mean opioid fills and mean MED prescribed per enrollee in both the any opioid receipt and chronic non-cancer-related opioid receipt cohorts. But these reductions are small in magnitude—similar to the main analysis. In the New York-Connecticut comparison, however, the number of quarters (in a year) when enrollees are filling opioids with ≥ 3 prescribers significantly declines in both among the any opioid receipt cohort (absolute: -0.11; relative -28.28%) and the long-term opioid receipt cohort (absolute: -0.14; relative: -35.43%). 
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Exhibit A1. PDMP Features through 2014 and Robustness Determination
	State
	PDMP for Prescribers
(eff. date)
	Use Mandate (eff. date)
	Compre-hensive Use Mandate
(eff. date)
	Registra-tion Mandate (eff. date)
	Proactive Reporting 
(eff. date)
	No Prescriber Immunity
(eff. date) 
	Data Updates at Least Weekly (eff. date)
	Housed in Health Agency 
(eff. date)
	Monitors Schedule II-IV 
(eff. date)
	

Delegates
(eff. date)
	Total

	States of Study

	     Intervention States

	KY
	1
(7/15/98)
	1
(7/20/12)
	1
(7/20/12)
	1 
(7/20/12)
	1
(7/13/04)
	1
	1
(7/31/09)
	1
(7/15/98)
	1
(7/15/98)
	1
(7/20/12)
	10

	NM
	1
(7/15/04)
	1
(9/28/12)
	1
(9/28/12)
	1
(8/31/12)
	1
(7/15/04)
	1
	1
(6/11/11)
	1
(7/15/04)
	1
(7/15/04)
	1
(6/11/11)
	10

	TN 
	1
(1/1/03)
	1 
(3/26/12)
	1 
(4/1/13)
	1 
(1/1/13)
	1
(7/1/11)
	0
(1/1/03)
	1
(1/1/13)
	1
(1/1/03)
	1
(1/1/03)
	1
(5/10/12)
	9

	NY
	1
(5/1/01)
	1
(8/27/13)
	1
(8/27/13)
	0
	1
(8/27/13)
	0
(8/27/13)
	1
(8/21/13)
	1
(5/1/01)
	1
(5/1/01)
	1
(8/27/13)
	8

	     Comparison States

	MO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	TX
	1
(9/1/81)
	0
	0
	0
	0
	1
	1
(9/1/11)
	0
	1
(9/1/08)
	1
(5/20/03)
	5

	GA
	1
(7/1/11)
	0
	0
	0
	0
	0
(7/11/11)
	1
(7/11/11)
	0
	1
(7/11/11)
	0
	3

	NJ
	1
(8/1/09)
	0
	0
	0
	1
(8/1/09)
	1
	0
	0
	1
(8/1/09)
	0
	4

	     Alternative Comparison States

	IN
	1
(7/1/07)
	1
(7/1/14)
	0
	0
	1
(7/1/07)
	1
(7/1/07)
	1
(7/1/07)
	1
(1/1/98)
	1
(3/15/00)
	1
(7/1/07)
	8

	AZ
	1
(9/19/07)
	0
	0
	0
	1
(9/19/07)
	0
(9/19/07)
	1
(9/19/07)
	1
(9/19/07)
	1
(9/19/07)
	1
(7/24/14)
	6

	SC
	1
(6/14/06)
	0
	0
	0
	1
(6/14/06)
	0
(6/14/06)
	1
(6/6/14)
	1
(6/14/06)
	1
(6/14/06)
	1
(6/6/14)
	7

	CT
	1
(10/1/06)
	0
	0
	1
(6/21/13)
	1
(8/1/07)
	1
	1
(6/21/13)
	0
	1
(10/1/06)
	0
	6


Exhibit A1. PDMP Features through 2014 and Robustness Determination (continued)

	State
	PDMP for Prescribers
(eff. date)
	Use Mandate (eff. date)
	Compre-hensive Use Mandate
(eff. date)
	Registra-tion Mandate (eff. date)
	Proactive Reporting 
(eff. date)
	No Prescriber Immunity
(eff. date) 
	Data Updates at Least Weekly (eff. date)
	Housed in Health Agency 
(eff. date)
	Monitors Schedule II-IV 
(eff. date)
	

Delegates 
(eff. date)
	Total

	States Not Included in Study

	AK
	1 
(9/7/08)
	0
	0
	0
	1
(9/7/08)
	0
(9/7/08)
	0
	1
(9/7/08)
	1
(9/7/08)
	0
	4

	AL
	1
(8/1/04)
	0
	0
	0
	0
	1
	1
(3/24/06)
	1
(8/1/04)
	1
(8/1/04)
	1
(11/24/14)
	6

	AR
	1
(3/1/13)
	0
	0
	0
	1
(3/1/13)
	1
	1
(3/1/13)
	1
(3/1/13)
	1
(3/1/13)
	0
	6

	CA
	1 
(1/1/03)
	0
	0
	1
(1/1/03)
	1
(1/1/04)
	1
	1
(1/1/07)
	0
	1 
(1/1/07) 
	0
	6

	CO
	1
(6/3/05)
	0
	0
	0
	1
(7/1/12)
	1
	1
(7/1/12)
	1
	1
(6/3/05)
	0
	6

	DE
	1
(3/1/12)
	1
(3/1/12)
	0
	1
(1/1/14)
	1
(3/1/12)
	0
(3/1/12)
	1
(3/1/12)
	0
	1
(3/1/12)
	1
(1/1/11)
	7

	FL
	1
(7/1/09)
	0
	0
	0
	1 
(10/1/10)
	0
(7/1/09)
	1
(7/6/11)
	1
(7/1/09)
	1
(7/1/09)
	0
	5

	HI
	1
(1/1/98)
	0
	0
	0
	1
(1/1/98)
	1
	1
(1/1/98)
	0
	0
	0
	4

	IA
	1
(5/31/06)
	0
	0
	0
	0
	0
(5/31/06)
	1
(8/5/09)
	1
(5/31/06)
	1
(5/31/06)
	1
(5/31/06)
	5

	ID
	1
(4/4/00)
	0
	0
	0
	1
(4/4/00)
	0
	1
(4/7/11)
	1
(4/4/00)
	1
(4/4/00)
	0
	5

	IL
	1
(4/1/00)
	0
	0
	0
	0
	0
(12/9/09)
	1
(1/1/08)
	1
(4/1/00)
	1
(12/9/09)
	0
	4

	KS
	1
(7/1/08)
	0
	0
	0
	0
	0
(7/1/08)
	1
(10/15/10)
	1
(7/1/08)
	1
(7/1/08)
	0
	4


Exhibit A1. PDMP Features through 2014 and Robustness Determination (continued)
	State
	PDMP for Prescribers
(eff. date)
	Use Mandate (eff. date)
	Compre-hensive Use Mandate
(eff. date)
	Registra-tion Mandate (eff. date)
	Proactive Reporting 
(eff. date)
	No Prescriber Immunity
(eff. date) 
	Data Updates at Least Weekly
 (eff. date)
	Housed in Health Agency 
(eff. date)
	Monitors Schedule II-IV 
(eff. date)
	

Delegates 
(eff. date)
	Total

	LA
	1
(7/1/06)
	1
(6/22/10)
	0
	0
	1
(7/1/06)
	0
(8/15/09)
	1
(6/22/10)
	1
(7/1/06)
	1
(7/1/06)
	1
(8/1/13)
	7

	ME
	1
(9/13/03)
	0
	0
	1
(1/1/14)
	1
(9/13/03)
	1
	1
(6/9/10)
	1
(9/13/03)
	1
(9/13/03)
	0
	7

	MD
	1
(10/1/11)
	0
	0
	0
	1
(1/7/13)
	0
(1/7/13)
	1
(1/7/13)
	1
(10/1/11)
	1
(10/1/11)
	1
(10/1/11)
	6

	MA
	1
(1/1/98)
	1
(12/5/14)
	1
(12/5/14)
	1
(1/1/13)
	1
(9/3/10)
	1
	1
(9/3/10)
	1
(1/1/98)
	1
(9/3/10)
	1
(12/5/14)
	10

	MI
	1
(1/3/02)
	0
	0
	0
	0
	1
	1
(12/12/13)
	1
(7/20/11)
	1
(1/3/02)
	0
	5

	MN
	1
(7/1/07)
	1
(8/1/13)
	0
	0
	1
(8/1/13)
	0
(7/1/07)
	1
(8/1/13)
	1
(7/1/07)
	1
(7/1/07)
	1
(7/1/10)
	7

	MS
	1
(6/30/06)
	1
(8/16/12)
	0
	1
(8/16/12)
	1
(6/3/12)
	1
	1
(6/3/12)
	1
(6/30/06)
	1
(6/30/06)
	0
	8

	MT
	1
(7/1/11)
	0
	0
	0
	1
(7/1/11)
	0
(7/1/11)
	1
(3/9/12)
	1
(7/1/11)
	1
(7/1/11)
	0
	5

	NE
	1
(8/27/11)
	0
	0
	0
	0
	0
	1
(8/27/11)
	1
(8/27/11)
	1
(8/27/11)
	0
	4

	NV
	1
(1/1/98)
	1
(10/1/07)
	0
	0
	1
(1/1/98)
	0
(10/1/11)
	1
(10/31/07)
	1
(1/1/98)
	1
(1/1/98)
	0
	6

	NH
	1
(6/12/12)
	0
	0
	0
	1
(6/12/12)
	0
(6/12/12)
	1
(6/12/12)
	1
(6/12/12)
	1
(6/12/12)
	0
	6

	NC
	1
(1/1/06)
	0
	0
	0
	1
(1/1/06)
	0
(6/19/13)
	1
(1/2/10)
	1
(1/1/06)
	1
(1/1/06)
	1
(6/19/13)
	6

	ND
	1
(4/5/07)
	1
(4/1/14)
	0
	0
	1
(4/5/07)
	0
(4/5/07)
	1
(4/5/07)
	1
(4/5/07)
	1
(4/5/07)
	0
	6

	OH
	1
(5/18/05)
	1
(11/30/11)
	0
	0

	1
(5/20/11)
	0
(5/20/11)
	1
(10/27/11)
	1
(5/18/05)
	1
(8/19/05)
	1
(3/13/13)
	7


Exhibit A1. PDMP Features through 2014 and Robustness Determination (continued)
	State
	PDMP for Prescribers
(eff. date)
	Use Mandate (eff. date)
	Compre-hensive Use Mandate
(eff. date)
	Registra-tion Mandate (eff. date)
	Proactive Reporting 
(eff. date)
	No Prescriber Immunity
(eff. date) 
	Data Updates at Least Weekly
 (eff. date)
	Housed in Health Agency 
(eff. date)
	Monitors Schedule II-IV 
(eff. date)
	

Delegates 
(eff. date)
	Total

	OK 
	1
(5/15/90)
	1 
(11/1/10)
	0
	0
	1
(11/1/13)
	0
(7/1/09)
	1
(7/1/09)
	0
	1
(5/12/04)
	0
	5

	OR
	1
(7/23/09)
	0
	0
	0
	0
	0
(7/1/10)
	1
(7/1/10)
	1
(7/23/09)
	1
(7/23/09)
	1
(8/5/11)
	5

	PA 
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	RI
	1
(5/9/10)
	1
(5/9/10)
	0
	1
(5/27/14)
	1
(1/1/98)
	1
	1
(7/17/14)
	1
(1/1/98)
	1
(6/24/13)
	1
(6/1/14)
	9

	SD
	1
(7/1/10)
	0
	0
	0
	1
(7/1/10)
	0
(7/1/10)
	1
(7/1/10)
	1
(7/1/10)
	1
(7/1/10)
	0
	5

	UT
	1
(1/1/95)
	0
	0
	1
(9/30/10)
	0
	0
	1
(5/12/09)
	1
(1/1/98)
	1
(1/1/98)
	1
(5/12/09)
	6

	VT
	1
(7/1/06)
	1
(5/8/12)
	1
(10/1/13)
	1
(11/15/13)
	1
(7/1/06)
	0
(7/1/06)
	1
(7/1/08)
	1
(7/1/06)
	1
(7/1/06)
	1
(7/1/13)
	10

	VA
	1
(4/1/03)
	1
(12/7/11)
	0
	0
	1
(7/1/05)
	0
(4/1/03)
	1
(10/1/10)
	1
(4/1/03)
	1
(7/1/05)
	1
(3/16/09)
	7

	WA
	1
(7/22/07)
	1
(7/1/13)
	0
	0
	0
	0
(7/22/07)
	1
(8/27/11)
	1
(7/22/07)
	1
(7/22/07)
	1
(8/27/11)
	6

	WV
	1
(9/1/02)
	1
(5/16/13)
	1
(5/16/13)
	1
(5/16/13)
	1
(6/8/12)
	0
(1/1/98)
	1
(9/1/02)
	1
(1/1/98)
	1
(9/1/02)
	1
(6/8/12)
	9

	WI
	1
(4/1/13)
	0
	0
	0
	1
(4/1/13)
	0
(4/1/13)
	1
(4/1/13)
	1
(4/1/13)
	1
(4/1/13)
	1
(4/1/13)
	7

	WY
	1
(7/1/03)
	0
	0
	0
	1
(7/1/03)
	0
(7/1/03)
	1
(7/1/09)
	1
(7/1/03)
	1
(7/1/03)
	0
	5



Exhibit A2. PDMP Comprehensive Use Mandates and Their Reported Potential Effects2-3,30-33

	State 
(eff. date of  mandate)
	Circumstances that Require a PDMP Check
	Penalties for Failure to Check
	Reported Effect 

	Kentuckya 
(Jun. 20, 2012)


	· Upon initial prescribing or dispensing of any Schedule II substance or Schedule III substance containing hydrocodone
· Every 3 months after the initial prescription for courses of treatment that last beyond 3 months for that patient 
· Before prescribing refills or any additional Schedule II substances or Schedule III substances containing hydrocodone to that patient

Prescribing exceptions: 
· issued during an emergency or following surgery 
· patients in hospitals or long-term care facilities
· cancer and end-of-life treatments
· single dose treatments to relieve symptoms from a procedure 
	Disciplinary sanctions by licensing board


	· Number of PDMP queries rose as follows:
· Pre-mandate: 802,131 in 2011 and ~2.67 million in 2012 
· Post-mandate: ~4.55 million in 2013, ~5.00 million in 2014, and ~5.50 million in 2015. 
· Overall controlled substance dispensing declined from ~7.4 million doses in the year before to ~6.8 million in the year after the mandate 

	
New Mexicob
(Sept. 28, 2012)
	· Upon initial prescribing or administering any Schedule II-IV for new patients 
· Every 6 months after the initial prescription during continuous use of opioids for an established patient. 
	None
	· Number of PDMP queries post-mandate increased from ~34,000/month in Jan. 2013 to 60,000 per month in Jan 2014 to 110,000/month in Jan. 2015.  (Pre-mandate figures not available.)


† Kentucky and Tennessee also implemented, in the same timeframe, PDMP registration mandates, to which they ascribe significant increases in registered users. Kentucky’s registration mandate took effect the same date as the use mandate on Jun. 7, 2012. Tennessee’s enrollment mandate took effect on Jan. 1, 2013.
††New Mexico also requires that prescribers undergo training on how to use the PDMP as of Aug. 31, 2012. 



Exhibit A2. PDMP Comprehensive Use Mandates and Their Reported Potential Effects (continued) 2-3,28-31

	State 
(eff. date of  mandate)
	Circumstances that Require a PDMP Check
	Penalties for Failure to Check
	Reported Effect 

	Tennesseea 
(Apr. 1, 2013)


	· Upon initial prescribing of opioids and benzodiazepines for more than 7 days 
· Every 12 months after the initial prescription when prescribed controlled substance remains part of the treatment for that patient

Prescribing exceptions: 
· hospice patients
· issued following surgery (non-refillable)
· 7-day supply or less 
· patients in inpatient or residential settings 
	Disciplinary sanctions by licensing board


	· Number of PDMP queries rose from 124,000/month in 2011 and 155,000/month in 2012 (pre-mandate) to 415,000/month in 2013 (post-mandate)
· Number of opioid prescriptions fell from 1.6 million to 1.5 million and morphine milligram equivalents dispensed dropped 6% from August 2012 to July 2013
· Number of individuals prescribed to by ≥ 5 prescribers and filling at ≥ 5 pharmacies in a 3-month period fell 36% from August–October 2012 to May–July 2013

	New York 
(Aug. 27, 2013)


	· Prior to prescribing or dispensing any Schedule II-IV substance

Prescribing exceptions: 
· practitioner-administered controlled substances
· issued in emergency department (5-day supply or less)
· hospice patients
· when it is not reasonably practicable to access the registry in a timely manner or registry consultation would adversely impact a patient’s medical condition
	Fine up to $2,000, up to 1 year in jail, and/or professional misconduct charges that can result in permanent revocation of license  


	· Number of PDMP queries rose from 11,000/month in the 3.5 years pre-mandate to 42,300/day in the 6 months post-mandate
· Number of individuals prescribed to by ≥ 5 prescribers and filling at ≥ 5 pharmacies in a 3-month period fell by 75%, and number of opioid prescriptions and individuals with opioid prescriptions fell by 9.5% from the fourth quarter 2012 to the fourth quarter 2013 (post-mandate)


a Kentucky and Tennessee also implemented, in the same timeframe, PDMP registration mandates, to which they ascribe significant increases in registered users. Kentucky’s registration mandate took effect the same date as the use mandate on Jun. 7, 2012. Tennessee’s enrollment mandate took effect on Jan. 1, 2013.
b New Mexico also requires that prescribers undergo training on how to use the PDMP as of Aug. 31, 2012. 






Exhibit A3. Map of Intervention States (Pink) and Comparison States (Blue)
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Exhibit A4. Unadjusted Characteristics of Open Cohort Members: Kentucky (Intervention State) vs. Missouri (Comparison State) 
	Characteristic
	No. Thousands (%)

	
	12 Mos. Pre-Robust PDMP
	1 Mo. Pre-Robust PDMP
	12 Mos. Post-Robust PDMP

	
	KY
	MO
	KY
	MO
	KY
	MO

	No. of members
	67.9
	243.0
	67.0
	247.3
	69.0
	234.8

	Male sex 
	34.7(51.0)
	115.3(47.5)
	34.5(51.4)
	117.8(47.7)
	35.4(51.3)
	113.5(48.4)

	Age, y
	
	
	
	
	
	

	18-24
	8.9(13.0)
	33.4(13.8)
	8.9(13.2)
	34.8(14.1)
	9.3(13.5)
	33.1(14.1)

	25-34
	14.3(21.0)
	49.9(20.6)
	13.8(20.6)
	50.9(20.6)
	14.4(20.9)
	49.1(20.9)

	35-44
	16.0(23.6)
	51.6(21.2)
	15.5(23.2)
	52.7(21.3)
	15.8(22.8)
	49.3(21.0)

	45-54
	16.9(25.0)
	59.7(24.6)
	16.5(24.7)
	59.2(24.0)
	16.8(24.3)
	55.2(23.5)

	55-64
	11.8(17.4)
	48.3(19.9)
	12.3(18.4)
	49.6(20.1)
	12.7(18.5)
	48.1(20.5)

	Race/ethnicity,a 
	
	
	
	
	
	

	Hispanic
	1.2(1.8)
	5.0(2.1)
	1.3(1.9)
	5.2(2.1)
	1.1(1.5)
	4.3(1.9)

	Asian
	1.3(1.9)
	5.2(2.2)
	1.3(2.0)
	5.3(2.1)
	1.1(1.6)
	4.3(1.8)

	Black neighborhood 
	0.5(0.8)
	7.3(3.0)
	0.6(0.8)
	7.3(3.0)
	0.6(0.9)
	7.2(3.1)

	Mixed neighborhood
	3.4(5.0)
	20.5(8.5)
	3.5(5.3)
	20.7(8.5)
	3.8(5.5)
	20.0(8.6)

	White neighborhood
	61.3(90.5)
	203.2(84.2)
	60.1(90.0)
	206.8(84.3)
	62.2(90.5)
	197.0(84.6)

	Neighborhood education,b 
	
	
	
	
	
	

	High 
	28.4(41.9)
	135.1(56.0)
	27.6(41.4)
	137.4(56.0)
	29.2(42.5)
	127.1(54.6)

	High-middle
	16.5(24.4)
	64.6(26.8)
	16.8(25.2)
	65.4(26.6)
	16.9(24.5)
	64.1(27.5)

	Low-middle
	17.5(25.6)
	35.7(14.8)
	17.0(25.5)
	36.3(14.8)
	17.3(25.1)
	35.3(15.2)

	Low
	5.3(7.8)
	5.9(2.4)
	5.4(8.0)
	6.4(2.6)
	5.4(7.9)
	6.3(2.7)

	Neighborhood poverty,c 
	
	
	
	
	
	

	Low
	23.4(34.7)
	113.0(46.9)
	22.8(34.2)
	114.4(46.6)
	23.7(34.5)
	106.0(45.5)

	Low-middle
	16.3(24.1)
	59.4(24.6)
	16.3(24.4)
	60.2(24.5)
	16.9(24.6)
	57.4(24.7)

	High-middle
	17.0(25.1)
	47.6(19.7)
	16.5(24.8)
	48.8(19.9)
	17.1(24.8)
	47.4(20.4)

	High
	10.9(16.2)
	21.2(8.8)
	11.1(16.6)
	22.0(9.0)
	11.0(16.0)
	22.0(9.5)

	
	Mean (SD)

	Age, y
	41.0(12.7)
	41.3(13.2)
	41.1(12.8)
	41.2(13.2)
	41.0(12.9)
	41.2(13.3)

	Enrollment span, mos.
	42.0(24.9)
	47.1(25.5)
	41.0(24.8)
	45.8(25.5)
	38.0(24.7)
	43.4(26.0)


Abbreviations: PDMP, prescription drug monitoring program.
a Race/ethnicity was derived from a combination of geocoded census-block group level race from the 2000 US Census and surname analysis to identify Asian and Hispanic individuals. Mixed neighborhoods are those that do not meet a 75% threshold for white, black or Hispanic.
b Neighborhood education based on geocoded census-block group level data from the 2000 US Census. High denotes neighborhoods with <15% of the population with less than a high school education, high-middle 15%-24.9%, low-middle 25%-39.9%, and low ≥40%.
c Neighborhood poverty based on geocoded census-block group level data from 2000 US Census. Low denotes neighborhoods with <5% living below poverty level, high-middle 5%-9.9%, low-middle 10%-19.9%, and high ≥20%. 

Exhibit A5. Unadjusted Characteristics of Open Cohort Members: New Mexico (Intervention State) vs. Texas (Comparison State) 
	Characteristic
	No. Thousands (%)

	
	12 Mos. Pre-Robust PDMP
	1 Mo. Pre-Robust PDMP
	12 Mos. Post-Robust PDMP

	
	NM
	TX
	NM
	TX
	NM
	TX

	No. of members
	38.2
	926.8
	36.1
	867.5
	36.1
	860.0

	Male sex 
	18.9(50.0)
	470.4(50.8)
	18.1(50.1)
	446.2(51.4)
	18.2(50.4)
	442.4(51.4)

	Age, y
	
	
	
	
	
	

	18-24
	5.1(13.3)
	126.4(13.6)
	5.0(13.8)
	120.2(13.9)
	5.1(14.2)
	121.1(14.1)

	25-34
	8.6(23.2)
	208.5(22.5)
	8.3(23.1)
	199.1(23.0)
	8.4(23.3)
	198.5(23.1)

	35-44
	8.3(21.7)
	224.5(24.2)
	7.9(21.9)
	210.5(24.3)
	7.9(21.9)
	206.7(24.0)

	45-54
	8.8(23.0)
	218.7(23.6)
	8.2(22.6)
	199.9(23.0)
	7.9(22.0)
	198.9(22.7)

	55-64
	7.2(18.8)
	148.7(16.1)
	6.7(18.6)
	137.9(15.9)
	6.7(18.7)
	138.8(16.1)

	Race/ethnicity,a 
	
	
	
	
	
	

	Hispanic
	16.5(43.6)
	222.3(24.1)
	15.2(42.6)
	211.3(24.6)
	13.3(37.2)
	184.4(21.6)

	Asian
	0.8(2.0)
	40.0(4.3)
	0.7(2.0)
	38.6(4.5)
	0.6(1.7)
	31.9(3.7)

	Black neighborhood 
	0.0(0.1)
	11.0(1.2)
	0.0(0.1)
	8.3(1.0)
	0.0(0.1)
	8.7(1.0)

	Mixed neighborhood
	7.5(19.9)
	170.3(18.5)
	7.4(20.8)
	155.0(18.0)
	8.6(24.1)
	173.4(20.4)

	White neighborhood
	13.0(34.4)
	477.8(51.9)
	12.3(34.5)
	447.6(52.0)
	13.1(36.9)
	453.5(53.2)

	Neighborhood education,b 
	
	
	
	
	
	

	High 
	21.0(55.6)
	541.3(58.7)
	19.9(55.9)
	507.7(59.0)
	19.7(55.4)
	500.3(58.7)

	High-middle
	8.0(21.2)
	169.9(18.4)
	7.6(21.3)
	157.7(18.3)
	7.7(21.6)
	155.5(18.2)

	Low-middle
	6.5(17.2)
	126.2(13.7)
	5.9(16.5)
	117.3(13.6)
	5.9(16.7)
	116.4(13.7)

	Low
	2.3(6.1)
	84.7(9.2)
	2.3(6.4)
	78.5(9.1)
	2.3(6.4)
	80.9(9.5)

	Neighborhood poverty,c 
	
	
	
	
	
	

	       Low
	9.4(24.8)
	413.8(44.9)
	8.9(24.9)
	386.6(44.9)
	8.7(24.4)
	380.4(44.6)

	Low-middle
	8.2(24.5)
	209.1(22.7)
	8.7(24.4)
	194.4(22.6)
	8.7(24.3)
	191.1(22.4)

	High-middle
	11.7(31.1)
	191.9(20.8)
	11.1(31.3)
	178.7(20.8)
	11.3(31.8)
	176.8(20.7)

	High
	7.4(19.7)
	107.2(11.9)
	6.9(19.4)
	101.5(11.8)
	6.9(19.5)
	104.8(12.3)

	
	Mean (SD)

	Age, y
	40.7(13.0)
	40.2(12.6)
	40.6(13.1)
	40.1(12.6)
	40.4(13.1)
	40.0(12.7)

	Enrollment span, mos.
	48.3(26.3)
	44.9(25.8)
	48.5(26.3)
	44.6(26.1)
	45.1(27.4)
	41.6(26.6)


Abbreviations: PDMP, prescription drug monitoring program.
a Race/ethnicity was derived from a combination of geocoded census-block group level race from the 2000 US Census and surname analysis to identify Asian and Hispanic individuals. Mixed neighborhoods are those that do not meet a 75% threshold for white, black or Hispanic.
b Neighborhood education based on geocoded census-block group level data from the 2000 US Census. High denotes neighborhoods with <15% of the population with less than a high school education, high-middle 15%-24.9%, low-middle 25%-39.9%, and low ≥40%.
c Neighborhood poverty based on geocoded census-block group level data from 2000 US Census. Low denotes neighborhoods with <5% living below poverty level, high-middle 5%-9.9%, low-middle 10%-19.9%, and high ≥20%. 


Exhibit A6. Unadjusted Characteristics of Open Cohort Members: Tennessee (Intervention State) vs. Georgia (Comparison State) 
	Characteristic
	No. Thousands (%)

	
	12 Mos. Pre-Robust PDMP
	1 Mo. Pre-Robust PDMP
	12 Mos. Post-Robust PDMP

	
	TN
	GA
	TN
	GA
	TN
	GA

	No. of members
	111.4
	634.7
	111.6
	627.9
	116.2
	303.6

	Male sex 
	55.1(49.4)
	279.7(44.1)
	55.0(49.3)
	276.4(44.0)
	57.7(49.7)
	160.9(53.0)

	Age, y
	
	
	
	
	
	

	18-24
	14.3(12.9)
	90.1(14.2)
	14.9(13.3)
	90.6(14.4)
	15.9(13.7)
	39.5(13.0)

	25-34
	22.8(20.5)
	106.1(16.7)
	23.2(20.8)
	105.5(16.8)
	24.9(21.5)
	72.2(23.8)

	35-44
	25.4(22.8)
	141.0(22.2)
	25.3(22.7)
	139.5(22.2)
	25.8(22.2)
	75.4(24.8)

	45-54
	27.3(24.5)
	152.9(24.1)
	27.2(24.3)
	150.3(23.9)
	27.7(23.9)
	70.9(23.4)

	55-64
	21.7(19.4)
	144.6(22.8)
	21.1(18.9)
	142.0(22.6)
	21.8(18.8)
	45.6(15.0)

	Race/ethnicity,a 
	
	
	
	
	
	

	Hispanic
	3.7(3.4)
	20.4(3.2)
	3.7(3.4)
	22.2(3.6)
	2.8(2.5)
	11.0(3.6)

	Asian
	2.9(2.6)
	17.7(2.8)
	2.9(2.6)
	18.3(2.9)
	1.8(1.6)
	9.2(3.1)

	Black neighborhood 
	4.1(3.7)
	44.7(7.1)
	4.2(3.8)
	43.4(6.9)
	5.1(4.5)
	16.4(5.4)

	Mixed neighborhood
	14.6(13.3)
	161.3(25.5)
	14.6(13.3)
	156.5(25.0)
	16.8(14.6)
	62.3(20.6)

	White neighborhood
	84.8(77.0)
	389.1(61.4)
	84.8(77.0)
	385.8(61.6)
	88.1(76.8)
	203.2(67.3)

	Neighborhood education,b 
	
	
	
	
	
	

	High 
	49.9(45.3)
	294.2(46.5)
	50.2(45.6)
	299.3(47.8)
	51.5(44.9)
	194.4(64.3)

	High-middle
	26.2(23.8)
	151.1(23.9)
	26.6(24.1)
	146.3(23.4)
	27.8(24.3)
	54.3(18.0)

	Low-middle
	27.0(24.5)
	151.4(23.9)
	26.7(24.2)
	145.7(23.3)
	28.2(24.5)
	42.4(14.0)

	Low
	7.0(6.3)
	36.6(5.8)
	6.7(6.1)
	35.1(5.6)
	7.3(6.3)
	11.1(3.7)

	Neighborhood poverty,c 
	
	
	
	
	
	

	      Low
	39.0(35.5)
	233.2(36.8)
	39.4(35.8)
	227.5(36.3)
	40.7(35.5)
	109.2(36.1)

	Low-middle
	30.5(27.7)
	175.0(27.6)
	30.2(27.5)
	181.8(29.0)
	31.2(27.3)
	123.5(40.9)

	High-middle
	29.4(26.7)
	153.4(24.2)
	29.4(26.7)
	148.1(23.6)
	30.5(26.7)
	48.6(16.1)

	High
	11.2(10.2)
	71.8(11.3)
	11.1(10.1)
	69.0(11.0)
	12.2(10.7)
	21.0(6.9)

	
	Mean (SD)

	Age, y
	41.4(12.9)
	42.2(13.4)
	41.2(12.9)
	42.1(13.4)
	40.9(13.0)
	40.0(12.4)

	Enrollment span, mos.
	44.0(23.9)
	50.4(20.9)
	43.0(24.1)
	50.1(20.9)
	34.3(25.7)
	35.5(26.0)


Abbreviations: PDMP, prescription drug monitoring program.
a Race/ethnicity was derived from a combination of geocoded census-block group level race from the 2000 US Census and surname analysis to identify Asian and Hispanic individuals. Mixed neighborhoods are those that do not meet a 75% threshold for white, black or Hispanic.
b Neighborhood education based on geocoded census-block group level data from the 2000 US Census. High denotes neighborhoods with <15% of the population with less than a high school education, high-middle 15%-24.9%, low-middle 25%-39.9%, and low ≥40%.
c Neighborhood poverty based on geocoded census-block group level data from 2000 US Census. Low denotes neighborhoods with <5% living below poverty level, high-middle 5%-9.9%, low-middle 10%-19.9%, and high ≥20%. 


Exhibit A7. Unadjusted Characteristics of Open Cohort Members: New York (Intervention State) vs. New Jersey (Comparison State) 
	Characteristic
	No. Thousands(%)

	
	12 Mos. Pre-Robust PDMP
	1 Mo. Pre-Robust PDMP 
	12 Mos. Post-Robust PDMP

	
	NY
	NJ
	NY
	NJ
	NY
	NJ

	No. of members
	258.3
	149.4
	258.9
	149.8
	244.3
	148.6

	Male sex 
	127.1(49.2)
	75.6(50.6)
	127.5(49.3)
	75.5(50.4)
	121.5(49.8)
	75.3(50.7)

	Age, y
	
	
	
	
	
	

	18-24
	31.9(12.4))
	19.7(13.2)
	31.1(12.0)
	20.1(13.4)
	28.2(11.6)
	20.0(13.5)

	25-34
	71.7(27.8)
	36.0(24.1)
	72.3(27.9)
	34.9(23.3)
	69.7(28.5)
	35.0(23.5)

	35-44
	64.8(25.1)
	37.9(25.4)
	64.7(25.0)
	37.2(24.9)
	60.8(24.9)
	36.1(24.3)

	45-54
	54.5(21.1)
	35.8(23.3)
	54.5(21.1)
	35.6(23.8)
	51.4(21.1)
	35.1(23.6)

	55-64
	35.4(13.7)
	21.0(14.1)
	36.2(14.0)
	21.9(14.6)
	34.1(14.0)
	22.5(15.2)

	Race/ethnicity,a 
	
	
	
	
	
	

	Hispanic
	32.2(12.6)
	19.5(13.2)
	27.7(10.8)
	16.8(11.3)
	22.5(9.4)
	14.2(9.7)

	Asian
	22.3(8.8)
	21.3(14.4)
	18.6(7.3)
	16.6(11.2)
	14.1(5.9)
	12.9(8.8)

	Black neighborhood 
	9.9(3.9)
	3.1(2.1)
	10.4(4.1)
	3.1(2.1)
	11.0(4.6)
	3.2(2.2)

	Mixed neighborhood
	44.1(17.3)
	23.1(15.6)
	48.8(19.2)
	26.9(18.2)
	53.9(22.4)
	30.5(20.8)

	White neighborhood
	146.2(57.4)
	80.9(54.7)
	149.6(58.6)
	84.8(57.2)
	138.9(57.8)
	86.0(58.6)

	Neighborhood education,b 
	
	
	
	
	
	

	High 
	149.6(58.7)
	99.4(67.2)
	149.8(58.7)
	99.6(67.2)
	137.4(57.1)
	98.2(66.8)

	High-middle
	54.5(21.4)
	28.0(18.9)
	54.3(21.3)
	28.2(19.1)
	50.8(21.1)
	28.2(19.2)

	Low-middle
	34.0(13.3)
	15.1(10.2)
	33.9(13.3)
	14.9(10.0)
	34.0(14.1)
	15.1(10.2)

	Low
	16.9(6.6)
	5.5(3.7)
	17.4(6.8)
	5.5(3.7)
	18.6(7.7)
	5.4(3.7)

	Neighborhood poverty,c 
	
	
	
	
	
	

	      Low
	103.9(40.8)
	88.6(59.9)
	103.8(40.6)
	89.2(60.2)
	92.5(38.4)
	88.2(60.1)

	Low-middle
	66.9(26.3)
	32.6(22.1)
	66.5(26.0)
	32.5(21.9)
	61.9(25.7)
	32.2(21.9)

	High-middle
	48.2(18.9)
	18.3(12.4)
	48.4(18.9)
	18.1(12.2)
	47.4(19.7)
	18.1(12.3)

	High
	35.9(14.1)
	8.5(5.7)
	36.8(14.4)
	8.4(5.7)
	38.8(16.1)
	8.3(5.7)

	
	Mean(SD)

	Age, y
	39.2(12.2)
	39.7(12.3)
	39.3(12.2)
	39.9(12.4)
	39.3(12.1)
	40.0(12.5)

	Enrollment span, mos.
	46.4(22.5)
	45.8(22.6)
	43.8(23.5)
	42.8(23.7)
	37.0(26.3)
	37.0(26.1)


Abbreviations: PDMP, prescription drug monitoring program.
a Race/ethnicity was derived from a combination of geocoded census-block group level race from the 2000 US Census and surname analysis to identify Asian and Hispanic individuals. Mixed neighborhoods are those that do not meet a 75% threshold for white, black or Hispanic.
b Neighborhood education based on geocoded census-block group level data from the 2000 US Census. High denotes neighborhoods with <15% of the population with less than a high school education, high-middle 15%-24.9%, low-middle 25%-39.9%, and low ≥40%.
c Neighborhood poverty based on geocoded census-block group level data from 2000 US Census. Low denotes neighborhoods with <5% living below poverty level, high-middle 5%-9.9%, low-middle 10%-19.9%, and high ≥20%. 





Exhibit A8. Percentage of Individuals Filling Opioid Prescriptions per Quarter, 2010-2014
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Abbreviations: PDMP, prescription drug monitoring program.
A fitted regression line shows the difference between adjusted intervention state (red) and comparison state (blue) quarterly values in the baseline period, and continues as a predicted regression line in the follow-up period, after robust PDMP implementation in the intervention state. We calculated regression lines using population-level interrupted time series linear models, after adjusting for individual age, gender, race/ethnicity, education-level, and poverty-level at each quarter using the STATA margins command. 
A vertical bar shows when two national interventions associated with decreases in opioid-related overdoses and prescribing occurred during Q4/2010: reformulation of OxyContin to a tamper-resistant extended-release form and withdrawal of propoxyphene from the market (Appendix A). 








































	Exhibit A9. Effect of Robust PDMPs on Opioid Prescribing Outcomes in Open Cohort, 2010-2014a

	
	Difference Between Intervention and Comparison States

	Comparator States
	Outcomes
	Variable
	Pre-Implementation
	Policy Effect Pre- to Post-Implementation
	Absolute in Q4, 2014, % 
(95% CI)

	[bookmark: _Hlk494460693]a) Kentucky  
	% Enrollees Filling 
	Level 
	1.24***
	-1.30***
	-1.56

	vs.
	Opioid Rx per Q
	Trend
	— 
	-0.03
	(-1.77,-1.34)

	Missouri
	Mean MED Dispensed 
	Level
	26.07***
	-31.60***
	-77.13

	
	per Enrollee per Q
	Trend
	2.29***
	-5.06***
	(-84.03,-70.23)

	b)     New 
	% Enrollees Filling 
	Level 
	0.28*
	-0.40
	-0.40

	       Mexico
	Opioid Rx per Q
	Trend
	-0.03
	— 
	(-0.85,0.05)

	          vs.
	Mean MED Dispensed 
	Level
	77.86***
	10.08
	-56.84

	        Texas
	per Enrollee per Q
	Trend
	1.29
	-7.44***
	(-81.47,-32.21)

	c) Tennessee  
	% Enrollees Filling 
	Level 
	1.36***
	-0.81***
	-0.10

	 vs.
	Opioid Rx per Q
	Trend
	0.04*
	0.12**
	(-0.40,0.20)

	 Georgia
	Mean MED Dispensed
	Level
	67.89***
	-27.14***
	-37.52

	
	per Enrollee per Q
	Trend
	1.44***
	-1.73†
	(-47.66,-27.39)

	d) New York
	% Enrollees Filling 
	Level 
	-0.65***
	-0.33***
	-0.12

	vs.
	Opioid Rx per Q
	Trend
	— 
	0.04*
	(-0.22,-0.01)

	New Jersey
	Mean MED Dispensed
	Level
	-26.53***
	-5.57**
	-5.57

	
	per Enrollee per Q
	Trend
	— 
	— 
	(-9.18,-1.96)

	Abbreviations: PDMP, prescription drug monitoring program; MED, morphine equivalent dosage in milligrams; Q, quarter; Rx, prescriptions. 
a Segmented time-series regression models adjusted for baseline trend, and changes in trend and level; we eliminated any of these predictors if they were non-significant at the p<0.2 level. Policy effect on level is defined as the difference between predicted differences just before and just after implementation quarter(s) (post−pre) from the respective trended regressions. We used generalized estimating equations models to generate population outcome rates in state comparators, adjusted for age, gender, race/ethnicity, education-level, and poverty-level, before implementing the segmented time-series regression models.
†p<0.1           * p<0.05        ** p<0.01         *** p<0.001




	Exhibit A10. Opioid Prescribing Outcomes among Continuous Enrollees who Received Opioids in Kentucky (Intervention State) and Comparison States (Sensitivity)a

	
	Exposure Group
	Comparison Group
	Mean Change From Baseline to Follow-up, 
Intervention Group vs Comparison Group

	
	
	
	Absolute
	Relative, %

	
	Pre
	Post
	Pre
	Post
	Est
	(95% CI)
	Est
	(95% CI)

	a) KY vs. MO 

	          Any Opioid Receipt∞ (n=55,654)

	Mean Number of Opioid Fills per Enrollee
	2.37
	2.12
	2.11
	2.26
	-0.39
	(-0.46, 
	-0.32)***
	-16.15
	(-18.71, 
	-13.60)***

	Mean MED Dispensed per Enrollee
	4177.08
	4024.61
	3922.43
	4627.56
	-857.61
	(-1143.93,
	-571.28)***
	-18.33
	(-23.53,
	-13.13)***

	Percent of Enrollees with Daily MED≥100
	0.94
	0.83
	0.78
	0.87
	-0.20
	(-0.32, 
	-0.07)*
	-20.42
	(-32.03, 
	-8.80)**

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.04
	0.03
	0.03
	0.04
	-0.02
	(-0.02, 
	-0.01)***
	-40.44
	(-50.36, 
	-30.54)***

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.02 
	0.01
	0.02
	0.02
	-0.01
	(-0.01, 
	-0.00)***
	-38.06
	(-52.72, 
	-23.39)***

	          Chronic Non-Cancer-Related Opioid Receipt (n=7,254)

	Mean Number of Opioid Fills per Enrollee
	13.50
	11.02
	14.12
	12.79
	-1.16
	(-1.60, 
	-0.72)***
	-9.92
	(-13.19, 
	-6.66)***

	Mean MED Dispensed per Enrollee
	15520.1
	14213.0
	17939.0
	18939.7
	-2307.9
	(-3198.1,
	-1417.6)***
	-13.26
	(-18.03,
	-8.49)***

	Percent of Enrollees with Daily MED≥100
	9.94
	8.99
	11.09
	11.57
	-1.43
	(-2.88, 
	-0.00)†
	-13.32
	(-26.05, 
	-0.60)*

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.20
	0.11
	0.23
	0.20
	-0.06
	(-0.11, 
	-0.02)**
	-37.82
	(-55.07, 
	-20.58)***

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.14 
	0.08
	0.20
	0.18
	-0.04
	(-0.08, 
	-0.00)†
	-32.67
	(-54.36, 
	-10.98)**

	b) KY vs. IN  
	
	
	
	
	
	
	
	
	
	

	          Any Opioid Receipt (n=34,453)

	Mean Number of Opioid Fills per Enrollee
	2.32
	2.09
	2.57
	2.72
	-0.38
	(-0.45, 
	-0.30)***
	-14.74
	(-17.55, 
	-11.93)***

	Mean MED Dispensed per Enrollee
	3152.07
	3048.18
	4583.49
	4882.71
	-403.12
	(-739.55,
	-66.68)*
	-9.22
	(-16.76,
	-1.68)*

	Percent of Enrollees with Daily MED≥100
	0.89
	0.79
	1.10
	1.25
	-0.24
	(-0.39, 
	-0.10)**
	-21.43
	(-33.49, 
	-9.36)**

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.04
	0.02
	0.04
	0.04
	-0.01
	(-0.02, 
	-0.01)***
	-31.47
	(-43.60, 
	-19.34)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.02
	0.01
	0.02
	0.03
	-0.01
	(-0.01, 
	-0.00)***
	-38.91
	(-53.91, 
	-23.91)***

	          Chronic Non-Cancer-Related Opioid Receipt (n=2,782)

	Mean Number of Opioid Fills per Enrollee
	13.49
	11.02
	14.37
	12.69
	-0.79
	(-1.26, 
	-0.32)***
	-7.52
	(-11.08, 
	-3.97)***

	Mean MED Dispensed per Enrollee
	15508.0
	14194.7
	19068.6
	18590.6
	-835.29
	(-2021.71,
	351.12)
	-6.11
	(-12.59,
	0.36)

	Percent of Enrollees with Daily MED≥100
	11.46
	12.67.
	11.46
	12.67
	-0.02
	(-0.04, 
	-0.01)**
	-17.98
	(-30.67, 
	-5.29)**

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.20
	0.18
	0.25
	0.18
	-0.02
	(-0.07, 
	0.02)
	-23.36
	(-45.65, 
	-1.06)*

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.14 
	0.09
	0.18
	0.19
	-0.06
	(-0.11, 
	-0.02)**
	-41.29
	(-60.66, 
	-21.92)***

	Abbreviations: MED, morphine equivalent dosage. 
aAll rates and changes estimated using the Stata margins and/or nlcom commands and adjusted for age, gender, race/ethnicity, education level, poverty level, and Adjusted Clinical Group score. Mean change baseline to follow up is defined as the difference between the year after and the year before quarter of robust PDMP implementation in the intervention versus comparison state.
† p<0.1           * p<0.05        ** p<0.01         *** p<0.001                ∞ Indicates that some results in this cohort are also presented in the main paper.




	Exhibit A11. Opioid Prescribing Outcomes among Continuous Enrollees who Received Opioids in New Mexico (Intervention State) and Comparison States (Sensitivity)a

	
	Exposure Group
	Comparison Group
	Mean Change From Baseline to Follow-up, 
Intervention Group vs Comparison Group

	
	
	
	Absolute
	Relative, %

	
	Pre
	Post
	Pre
	Post
	Est
	(95% CI)
	Est
	(95% CI)

	a) NM vs. TX  

	          Any Opioid Receipt∞ (n=173,860)

	Mean Number of Opioid Fills per Enrollee
	2.35
	2.34
	1.88
	2.00
	-0.14
	(-0.22, 
	-0.05)***
	-6.79
	(-10.16, 
	-3.42)***

	Mean MED Dispensed per Enrollee
	3730.61
	4409.41
	7394.24
	7802.54
	-270.49
	(-860.69,
	319.71)
	-10.72
	(-17.83,
	-3.62)**

	Percent of Enrollees with Daily MED≥100
	1.24
	1.26
	0.55
	0.61
	-0.04
	(-0.24, 
	0.16)
	-8.82
	(-23.78, 
	6.13)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.03
	0.03
	0.04
	0.04
	-0.00
	(-0.01,
	0.01)
	-6.46
	(-22.92, 
	10.00)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.03
	0.03
	0.02
	0.02
	0.00
	(-0.00,
	0.01)
	13.05
	(-10.12, 
	36.30)

	           Chronic Non-Cancer-Related Opioid Receipt (n=8,121)

	Mean Number of Opioid Fills per Enrollee
	15.39
	13.36
	14.56
	12.60
	-0.10
	(-0.69, 
	0.54)
	0.27
	(-4.24, 
	4.78)

	Mean MED Dispensed per Enrollee
	23823.6
	22867.5
	17448.9
	17272.6
	-779.76
	(-2317.28,
	757.75)
	-3.03
	(-9.54,
	3.47)

	Percent of Enrollees with Daily MED≥100
	18.11
	17.76
	10.27
	10.76
	-0.01
	(-0.04, 
	0.02)
	-6.48
	(-20.89, 
	7.94)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.32
	0.24
	0.32
	0.26
	-0.03
	(-0.10, 
	0.05)
	-9.35
	(-33.76, 
	15.07)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.28
	0.30
	0.22
	0.19
	-0.05
	(-0.02, 
	0.12)
	22.29
	(-7.96,
	5.26)

	b) NM vs. AZ  
	
	
	
	
	
	
	
	
	
	

	          Any Opioid Receipt (n=50,911)

	Mean Number of Opioid Fills per Enrollee
	2.36
	2.34
	2.22
	2.34
	-0.13
	(-0.22, 
	-0.05)**
	-5.71
	(-9.23, 
	-21.64)**

	Mean MED Dispensed per Enrollee
	4280.68
	4424.78
	4822.94
	5220.64
	-253.60
	(-611.51,
	104.32)
	-4.51
	(-12.24,
	3.22)

	Percent of Enrollees with Daily MED≥100NC
	1.26
	1.30
	1.36
	1.50
	-0.11
	(-0.33,
	0.10)
	-7.23
	(-22.58,
	8.07)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.04
	0.04
	0.05
	0.05
	-0.00
	(-0.01, 
	0.01)
	-0.03
	(-18.20, 
	18.14)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.03 
	0.03
	0.03
	0.03
	-0.00
	(-0.01, 
	0.01)
	0.21
	(-21.09, 
	21.50)

	           Chronic Non-Cancer-Related Opioid Receipt (n=3,245)

	Mean Number of Opioid Fills per Enrollee
	14.90
	12.91
	15.36
	13.71
	-0.34
	(-0.97, 
	-0.28)
	-2.95
	(-7.49, 
	1.60)

	Mean MED Dispensed per Enrollee
	23367.8
	22444.1
	28488.7
	28634.5
	-1069.44
	(-2873.15,
	734.27)
	-4.44
	(-11.38,
	2.50)

	Percent of Enrollees with Daily MED≥100NC
	16.36
	16.17
	18.55
	19.62
	-0.01
	(-0.04, 
	0.01)
	-6.57
	(-21.50, 
	8.37)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/EnrolleeNC 
	0.29
	0.22
	0.38
	0.34
	-0.03
	(-0.11, 
	0.04)
	-16.28
	(-39.48, 
	6.91)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/EnrolleeNC
	0.25 
	0.27
	0.30
	0.33
	-0.02
	(-0.09, 
	0.05)
	-5.82
	(-29.77, 
	18.12)

	Abbreviations: MED, morphine equivalent dosage, NC, nonconvergence.
aAll rates and changes estimated using the Stata margins and/or nlcom commands and adjusted for age, gender, race/ethnicity, education level, poverty level, and Adjusted Clinical Group score. Mean change baseline to follow up is defined as the difference between the year after and the year before quarter of robust PDMP implementation in the intervention versus comparison state.
† p<0.1           * p<0.05        ** p<0.01         *** p<0.001                ∞ Indicates that some results in this cohort are also presented in the main paper.




	Exhibit A12. Opioid Prescribing Outcomes among Continuous Enrollees who Received Opioids in in Tennessee (Intervention State) and Comparison States (Sensitivity)a

	
	Exposure Group
	Comparison Group
	Mean Change From Baseline to Follow-up, 
Intervention Group vs Comparison Group

	
	
	
	Absolute
	Relative, %

	
	Pre
	Post
	Pre
	Post
	Est
	(95% CI)
	Est
	(95% CI)

	a) TN vs. GA  

	          Any Opioid Receipt∞ (n=65,623)

	Mean Number of Opioid Fills per Enrollee
	2.24
	2.19
	1.97
	2.04
	-0.11
	(-0.17, 
	-0.06)***
	-5.23
	(-7.81, 
	-2.79)***

	Mean MED Dispensed per Enrollee
	5898.35
	6019.51
	4071.84
	4639.61
	-446.60
	(-850.68,
	-42.53)*
	-10.43
	(-16.93,
	-3.93)**

	Percent of Enrollees with Daily MED≥100
	1.03
	1.01
	0.69
	0.74
	-0.07
	(-0.18, 
	0.04)
	-8.76
	(-19.92, 
	2.40)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.04
	0.04
	0.04
	0.04
	-0.00
	(-0.01, 
	0.00)
	-2.85
	(-14.53, 
	8.83)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.02 
	0.02
	0.02
	0.02
	0.00
	(-0.00, 
	0.01)
	8.72
	(-10.45, 
	27.90)

	          Chronic Non-Cancer-Related Opioid Receipt (n=3,625)

	Mean Number of Opioid Fills per Enrollee
	14.61
	12.32
	14.32
	12.05
	0.01
	(-0.44, 
	-0.47)
	-0.26
	(-3.83, 
	3.32)

	Mean MED Dispensed per Enrollee
	21089.5
	18584.2
	18148.0
	17363.9
	-1721.2
	(-3070.79,
	-371.68)*
	-7.90
	(-14.25,
	-1.55)*

	Percent of Enrollees with Daily MED≥100
	14.59
	13.55
	11.82
	11.79
	-1.02
	(-2.56, 
	0.52)
	-6.94
	(-17.90, 
	4.01)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.33
	0.26
	0.39
	0.27
	0.04
	(-0.01, 
	0.10)
	11.61
	(-8.63, 
	31.85)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.22 
	0.17
	0.27
	0.20
	0.03
	(-0.02, 
	0.08)
	8.88
	(-16.36, 
	34.13)

	b) TN vs. SC  
	
	
	
	
	
	
	
	
	
	

	          Any Opioid Receipt (n=28,820)

	Mean Number of Opioid Fills per Enrollee
	2.32
	2.26
	2.27
	2.33
	-0.12
	(-0.21, 
	-0.03)**
	-5.02
	(-8.67, 
	-1.38)**

	Mean MED Dispensed per Enrollee
	4861.38
	4944.45
	4559.06
	5284.04
	-641.90
	(-1078.53,
	-205.26)**
	-12.25
	(-19.76,
	-4.74)***

	Percent of Enrollees with Daily MED≥100
	1.10
	1.07
	0.72
	0.99
	-0.29
	(-0.46, 
	-0.14)***
	-28.89
	(-41.46, 
	-16.32)***

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.05
	0.04
	0.05
	0.05
	-0.00
	(-0.01, 
	0.01)
	-0.26
	(-16.75, 
	16.24)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.02
	0.02
	0.03
	0.02
	0.00
	(-0.00,
	0.01)
	11.97
	(-15.44, 
	39.38)

	          Chronic Non-Cancer-Related Opioid Receipt (n=1,955)

	Mean Number of Opioid Fills per Enrollee
	14.26
	11.99
	13.79
	11.85
	-0.33
	(-0.98, 
	0.33)
	-2.14
	(-7.30, 
	3.02)

	Mean MED Dispensed per Enrollee
	20722.7
	18355.6
	18117.5
	18860.8
	-3110.4
	(-4585.45,
	-1635.27)***
	-14.91
	(-21.33,
	-8.49)***

	Percent of Enrollees with Daily MED≥100
	13.86
	12.83
	10.61
	13.14
	-3.56
	(-5.50,
	-1.62)***
	-25.27
	(-37.27, 
	-13.27)***

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.32
	0.25
	0.34
	0.27
	-0.00
	(-0.08, 
	0.07)
	-1.93
	(-26.62, 
	22.76)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.21 
	0.17
	0.26
	0.18
	0.04
	(-0.03, 
	0.11)
	14.78
	(-22.90, 
	52.45)

	Abbreviations: MED, morphine equivalent dosage. 
aAll rates and changes estimated using the Stata margins and/or nlcom commands and adjusted for age, gender, race/ethnicity, education level, poverty level, and Adjusted Clinical Group score. Mean change baseline to follow up is defined as the difference between the year after and the year before quarter of robust PDMP implementation in the intervention versus comparison state.
† p<0.1           * p<0.05        ** p<0.01         *** p<0.001                ∞ Indicates that some results in this cohort are also presented in the main paper.

	Exhibit A13. Opioid Prescribing Outcomes among Continuous Enrollees who Received Opioids in New York (Intervention State) and Comparison States (Sensitivity)a

	
	Exposure Group
	Comparison Group
	Mean Change From Baseline to Follow-up, 
Intervention Group vs Comparison Group

	
	
	
	Absolute
	Relative, %

	
	Pre
	Post
	Pre
	Post
	Est
	(95% CI)
	Est
	(95% CI)

	a) NY vs. NJ  

	          Any Opioid Receipt∞ (n=50,358)

	Mean Number of Opioid Fills per Enrollee
	1.37
	1.33
	1.56
	1.56
	-0.04
	(-0.09, 
	0.01)†
	-2.93
	(-6.00, 
	0.14)†

	Mean MED Dispensed per Enrollee
	1822.53
	1869.61
	1904.50
	2183.92
	-232.35
	(-406.63,
	-58.07)*
	-10.54
	(-18.42,
	-2.67)*

	Percent of Enrollees with Daily MED≥100
	0.64
	0.70
	0.78
	0.87
	-0.03
	(-0.14, 
	0.09)
	-1.43
	(-15.95, 
	13.09)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.03
	0.02
	0.03
	0.03
	-0.00
	(-0.01, 
	0.00)
	-8.56
	(-23.03, 
	5.91)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.01 
	0.01
	0.02
	0.01
	0.00
	(-0.00, 
	0.01)
	14.81
	(-10.06, 
	39.68)

	          Chronic Non-Cancer-Related Opioid Receipt (n=1,592)

	Mean Number of Opioid Fills per Enrollee
	14.01
	11.38
	15.60
	13.22
	-0.25
	(-0.96, 
	0.46)
	-4.14
	(-9.34, 
	0.01)

	Mean MED Dispensed per Enrollee
	28686.7
	26216.5
	27918.7
	28520.5
	-3072.00
	(-5173.66,
	-970.35)**
	-10.54
	(-17.24,
	-3.84)**

	Percent of Enrollees with Daily MED≥100
	18.48
	18.02
	18.76
	18.94
	-0.64
	(-3.26, 
	1.99)
	-3.40
	(-17.04, 
	10.24)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.38
	0.26
	0.35
	0.25
	-0.02
	(-0.10, 
	0.05)
	-5.80
	(-30.02, 
	18.41)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.28
	0.21
	0.28
	0.21
	-0.00
	(-0.08, 
	0.07)
	-1.33
	(-30.76, 
	28.09)

	b) NY vs. CT  
	
	
	
	
	
	
	
	
	
	

	          Any Opioid Receipt (n=36,768)

	Mean Number of Opioid Fills per Enrollee
	1.38
	1.34
	1.70
	1.72
	-0.06
	(-0.13, 
	0.01)
	-3.89
	(-8.11, 
	0.32)†

	Mean MED Dispensed per Enrollee
	1877.78
	1946.61
	2785.06
	2764.12
	89.77
	(-195.75,
	375.28)
	4.45
	(-7.21,
	16.12)

	Percent of Enrollees with Daily MED≥100
	0.65
	0.71
	1.05
	1.03
	0.08
	(-0.08, 
	0.22)
	11.03
	(-6.78, 
	28.86)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.03
	0.02
	0.03
	0.04
	-0.11
	(-0.02, 
	-0.00)***
	-28.28
	(-42.94, 
	-13.62)***

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.01
	0.01
	0.02
	0.02
	-0.00
	(-0.01, 
	0.00)
	-3.94
	(-32.14, 
	24.25)

	          Chronic Non-Cancer-Related Opioid Receipt (n=1,184)

	Mean Number of Opioid Fills per Enrollee
	14.01
	11.35
	16.51
	14.64
	-0.79
	(-1.67, 
	-0.08)†
	-8.67
	(-14.38, 
	-2.96)*

	Mean MED Dispensed per Enrollee
	28649.2
	26213.5
	37562.1
	34736.3
	390.09
	(-3519.36,
	4299.54)
	-1.06
	(-12.23,
	10.11)

	Percent of Enrollees with Daily MED≥100
	18.33
	17.86
	22.35
	21.21
	0.67
	(-2.20, 
	3.54)
	2.66
	(-11.90, 
	17.21)

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Doctors/Enrollee
	0.38
	0.26
	0.34
	0.36
	-0.14
	(-0.24, 
	-0.03)**
	-35.43
	(-55.44, 
	-15.42)***

	Mean Quarters Opioid Prescriptions Filled with ≥ 3 Pharmacies/Enrollee
	0.28
	0.21
	0.32
	0.23
	0.02
	(-0.08, 
	0.11)
	2.84
	(-36.10, 
	41.79)

	Abbreviations: MED, morphine equivalent dosage. 
aAll rates and changes estimated using the Stata margins and/or nlcom commands and adjusted for age, gender, race/ethnicity, education level, poverty level, and Adjusted Clinical Group score. Mean change baseline to follow up is defined as the difference between the year after and the year before quarter of robust PDMP implementation in the intervention versus comparison state.
† p<0.1           * p<0.05        ** p<0.01         *** p<0.001                ∞ Indicates that some results in this cohort are also presented in the main paper.
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