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Supplementary Appendix: Search Strategy

We conducted a systematic search using the following four databases: CINAHL, Medline, PsycInfo, and Scopus. The search was limited to the English language and articles published since 2013. The last search was conducted May 10, 2018. Animal studies and letters, editorials, and comments were excluded using the following exclusion criteria: (NOT Exp animals/ NOT exp humans/ NOT (letter OR editorial OR comment).pt). Once duplicates were removed, a total of 11,312 unique abstracts were screened by the authors. Below are the search strategies and results for each of the databases.

CINAHL: 1,844 results for (((MH “Analgesics, Opioid”+) OR (MH “Opiate Alkaloids”+) OR (MH “substance-related disorders”/PC) OR (analgesic* OR opioid* OR opiate* OR painkiller* OR “pain killer*” OR oxycodone OR oxycontin OR heroin OR fentanyl OR “pain reliever*” OR “prescription drug*” OR “controlled substance*”)) AND ((MH “Drug Overdose”) OR (overdose* OR over-dose* OR fatal* OR death* OR mortal* OR abuse* OR misuse* OR “recreational use*” OR “drug use*” OR “prescription rate*” OR prescribing OR safety))) OR (MH “Opioid-Related Disorders”+) AND (prevention OR intervention* OR program* OR policy OR policies OR ((prescribing OR prescription*) N2 (limit* OR regulat* OR guideline* OR rate* OR change* OR quality)) OR strategy OR strategies OR strategic OR legislation OR law* OR education OR campaign* OR promotion* OR detailing OR naloxon* OR narcan OR narcanti OR nalone OR “medical marijuana” OR “peer review” OR “peer feedback” OR “health service*”)

Medline: 6,396 results for ((Exp Analgesics, Opioid/ OR exp Opiate Alkaloids/ OR *substance-related disorders/pc OR (analgesic* OR opioid* OR opiate* OR painkiller* OR pain killer* OR oxycodone OR oxycontin OR heroin OR fentanyl OR pain reliever* OR prescription drug* OR controlled substance*).ti,ab.) AND (Drug Overdose/ OR (overdose* OR over-dose* OR fatal* OR death* OR mortal* OR abuse* OR misuse* OR recreational use* OR drug use* OR prescription rate* OR prescribing OR safety).ti,ab.)) OR exp Opioid-Related Disorders/ AND Pc.fs OR (prevention OR intervention* OR program* OR policy OR policies OR ((prescribing OR prescription*) ADJ2 (limit* OR regulat* OR guideline* OR rate* OR change* OR quality)) OR strategy OR strategies OR strategic OR legislation OR law* OR education OR campaign* OR promotion* OR detailing OR naloxon* OR narcan OR narcanti OR nalone OR medical marijuana OR peer review OR peer feedback OR health service*).ti,ab,kw,sh.

PsycInfo: 4,647 results for ((Exp Analgesic Drugs/ OR exp Opiates/ OR *Drug Abuse/ OR (analgesic* OR opioid* OR opiate* OR painkiller* OR pain killer* OR oxycodone OR oxycontin OR heroin OR fentanyl OR pain reliever* OR prescription drug* OR controlled substance*).ti,ab.) AND (Drug Overdose/ OR (overdose* OR over-dose* OR fatal* OR death* OR mortal* OR abuse* OR misuse* OR recreational use* OR drug use* OR prescription rate* OR prescribing OR safety).ti,ab.)) AND (prevention OR intervention* OR program* OR policy OR policies OR ((prescribing OR prescription*) ADJ2 (limit* OR regulat* OR guideline* OR rate* OR change* OR quality)) OR strategy OR strategies OR strategic OR legislation OR law* OR education OR campaign* OR promotion* OR detailing OR naloxon* OR narcan OR narcanti OR nalone OR medical marijuana OR peer review OR peer feedback OR health service*).ti,ab,sh.

Scopus: 2,643 results for TITLE-ABS-KEY(analgesic* OR opioid* OR opiate* OR painkiller* OR “pain killer*” OR oxycodone OR oxycontin OR heroin OR fentanyl OR “pain reliever*” OR “prescription drug*” OR “controlled substance*”) AND TITLE-ABS-KEY(overdose* OR over-dose* OR fatal* OR death* OR mortal* OR abuse* OR misuse* OR “recreational use*” OR “drug use*” OR “prescription rate*” OR prescribing OR safety) AND TITLE-ABS-KEY(prevention OR intervention* OR program* OR policy OR policies OR (prescription* W/2 limit*) OR (prescription* W/2 regulat*) OR (prescription* W/2 guideline*) OR (prescription* W/2 rate*) OR (prescription* W/2 change*) OR (prescription* W/2 quality) OR (prescribing W/2 limit*) OR (prescribing W/2 regulat*) OR (prescribing W/2 guideline*) OR (prescribing W/2 rate*) OR (prescribing W/2 change*) OR (prescribing W/2 quality) OR strategy OR strategies OR strategic OR legislation OR law* OR education OR campaign* OR promotion* OR detailing OR naloxon* OR narcan OR narcanti OR nalone OR “medical marijuana” OR “peer review” OR “peer feedback” OR “health service*”)


Supplemental Table 1. Opioid-Related State Legislation/Regulation

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	State Legislation/Regulation (other than Prescription Drug Monitoring Program; PDMP as primary focus) (N=14) – Overall low quality of evidence; moderate quality when limited to pain clinic legislation + PDMP

	Al Achkar et al., 2018 
	State emergency prescribing rules (mental health assessment, PDMP review, drug screens, controlled-substance agreements) 
	Time Series
	Provider behavior
	There was a significant decrease in the morphine equivalent dose of opioids dispensed after policy implementation. The effect of the policy was nearly 10 times larger in the 0-20 population compared to those 60 and over.

	Banta-Green et al., 2011
	Good Samaritan legislation
	Non-comparative study
	Patient behavior
	Of the 355 clients surveyed at a syringe exchange program, 88% reported that they were more likely to call 911 during a future overdose now that they know about the law.

	Chang et al., 2016*
	Pain clinic laws plus PDMP 
	Time Series with concurrent comparison group
	Provider behavior
	After the Florida policy implementation, high-risk providers had a significant decrease in opioid patients, opioid prescriptions, and morphine equivalent dose prescribed. The prescribing behavior of low-risk providers did not change.

	Cotet and Benjamin, 2013*
	Physical examination before drug prescribing
	Time Series with concurrent comparison group
	Health outcomes
	The policy is associated with a 6.7% decrease in injury mortality (2.5 fewer deaths per 100,000) but is also associated with a 1% increase in mortality from disease (8.5 more deaths per 100,000).

	Dowell et al., 2016*
	Mandatory PDMP review plus pain clinic legislation
	Time Series with concurrent comparison group
	Provider behavior,
Health outcomes
	The combined implementation of both policies was associated with a significant decrease in opioid prescribing (8%) and prescription opioid overdose deaths (12%). 

	Johnson et al., 2014
	Pain clinic legislation with and other state policy changes (PDMP)
	Time Series
	Provider behavior,
Health outcomes
	After policy changes in Florida, opioid overdose death rates decreased by 27% (from 13.6 to 9.9 per 100,000). However, heroin overdose death rates increased by 122.4% (from 0.3 to 0.6 per 100,000).

	Kennedy-Hendricks et al., 2016*
	Pain clinic legislation
	Time Series with concurrent comparison group
	Health outcomes
	After policy changes, Florida’s opioid overdose-related mortality rates were significantly lower than anticipated based on trends in the control state of North Carolina. Florida’s legislation was associated with 1,029 lives saved from prescription opioid overdose during a 34-month period.

	Lyapustina, et al., 2015
	Pain clinic legislation
	Time Series
	Provide behavior
	Legislation in Texas was associated with a significant decrease in opioid volume, number of opioid prescriptions (-12,200 prescriptions per month), and opioid pills dispensed (-714,000 pills per month).

	McClellan et al., 2018
	Naloxone access and Good Samaritan legislation
	Cross Sectional
	Health outcomes
	States with naloxone access laws had a significantly lower (14%) incidence of overdose mortality. States with Good Samaritan laws also had significantly lower (15%) incidence of overdose mortality. 

	Meara et al., 2016
	Eight state controlled substance regulations (prescribing limits, examinations, PDMPs, pain clinic, etc.)
	Retrospective cohort study
	Provider behavior,
Health outcomes
	Regulations showed no association with the percentage of disabled Medicare beneficiaries filling prescriptions that yield high daily opioid doses or the percentage treated for nonfatal prescription-opioid overdose.

	Penm et al., 2017
	Combination state policies (PDMP, pain clinic regulations, drug take-back programs, and naloxone access)
	Non-comparative study
	Provider behavior, Health outcomes
	There were 81 million fewer doses of opioids dispensed in 2015 in Ohio compared to 2011 (782 million). The proportion of overdose deaths that involve prescription opioids decreased from 45% to 22% during that period.

	Raji et al., 2017
	Pain clinic legislation 
	Time Series
	Provider behavior, Health outcomes
	After enactment, there was a decrease in the percentages of Medicare Part D patients who filled a schedule II or schedule III opioid prescription but the change only lasted 3 months. Over time, there was no association between the legislation and opioid prescribing or opioid-related hospitalizations.

	Rutkow et al., 2015*
	Pain clinic legislation plus PDMP 
	Time Series with concurrent comparison group
	Provider behavior
	The Florida legislation was associated with a significant decrease in opioid volume and MME per transaction. The change in days’ supply was not significant.

	Surratt et al., 2014
	Pain clinic legislation plus PDMP 
	Time Series
	Patient behavior
	There was a significant decrease in diversion rates of oxycodone, methadone, morphine, and Hydrocodone in Florida.


* Included in narrative reviewed within the manuscript. 



Supplemental Table 2. State Prescription Drug Monitoring Programs (PDMPs)

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	PDMP mandatory registration and/or use (N=8) –  Overall moderate quality evidence

	Buchmueller and Carey, 2018
	Mandatory PDMP use
	Time series
	Patient behavior, Prescriber behavior, Health outcomes
	Significant decreases in rate and share of Medicare enrollees filling opioids at 5 or more pharmacies and in patients using opioids with at least 4 new patient visits in states with mandatory use policies compared to those without

	
	
	
	
	Significant decreases in share of patients using opioids with overlapping claims and with more than 7 months’ supply in states with mandatory use policies compared to those without; No significant change in patients obtaining more than 120 MME/day in states with mandatory use policies compared to those without; Significant reduction in outlays for new patient visits in states with mandatory use policies compared to those without

	
	
	
	
	No significant change in opioid poisoning (overdose) incidents in states with mandatory use policies compared to those without

	Deyo et al., 2018 
	PDMP registration 
	Retrospective cohort
	Prescriber behavior, Health outcomes
	PDMP registration in Oregon was not significantly associated with improvements in prescribing outcomes; frequency of PDMP use was associated with decreases in “high-risk opioid prescriptions” compared to infrequent users

	
	
	
	
	PDMP registration not significantly associated with overdose events in patients

	Lin et al., 2018
	PDMP existence and use requirements
	Cross-sectional
	Prescriber behavior
	Using national data, PDMP implementation status and requirement levels not associated with changes in physician opioid prescribing for non-cancer chronic pain treatment; patients with Medicare coverage were more likely to be prescribed opioid analgesics than those with private health insurance and Hispanic patients were less likely to be prescribed opioid analgesics than non-Hispanic white patients

	Pardo 2016* 


	PDMP strength (including mandatory registration and use)
	Time series with concurrent comparison groups
	Health outcomes
	Increased PDMP strength associated with significant reduction in opioid analgesic related overdose deaths; states with PDMPs in the third quartile of strength were associated with largest significant reduction in opioid analgesic related overdose deaths rates

	Rasubala et al., 2015 
	Mandatory PDMP use 
	Cross-sectional
	Prescriber behavior
	Significant reduction in odds of being prescribed opioids and number of opioid prescriptions (hydrocodone, codeine, and oxycodone) in a dental urgent care center after mandatory PDMP review policy compared to before; non-significant increase in prescriptions for ibuprofen

	Ringwalt et al., 2015(a) 
	Non-mandated PDMP registration and/ use 
	Non-comparative
	Prescriber behavior
	PDMP registration or use was not associated with a significant decline in controlled substance or opioid prescriptions filled in North Carolina

	Wen et al., 2017 
	Mandated PDMP registration or use 
	Retrospective cohort
	Prescriber behavior
	Significant decrease in average predicted numbers of, and in spending on, schedule II opioid prescriptions among states with either mandatory registration or use compared to states with neither among Medicaid beneficiaries among states with either mandatory registration or use compared to states with neither; Significant decrease in average predicted numbers of schedule II opioid prescriptions among states with mandatory registration compared to states without; Significant decrease in average predicted numbers of schedule II opioid prescriptions among states with both mandatory registration and use compared to states without both

	Yarbrough 2018 *
	Mandatory PDMP use 
	Time series with concurrent comparison groups
	Prescriber behavior
	Significant decrease in days’ supply among Medicare Part D enrollees for select opioids (oxycodone and hydrocodone) and opioids overall among states with mandated use compared to those without

	PDMP existence (N=18) –  Overall moderate quality evidence

	Bao et al., 2016 *
	PDMP existence
	Time series with concurrent comparison group
	Prescriber behavior
	Significant decrease in schedule II opioid prescribing, non-significant decreases in opioids of any kind and pain medication overall, and non-significant increase in non-opioid analgesics in states with PDMPs compared to those without

	Brady et al., 2014*
	PDMP existence
	Time series with concurrent comparison group
	Prescriber behavior
	No significant difference in MME per capita dispensed with PDMP compared to those without; states in which the PDMP were governed by the state health department dispensed significantly fewer MMEs per capita that states without PDMPs

	Curtis et al., 2006
	PDMP existence 
	Cross-sectional
	Prescriber behavior
	Significant reduction in expected claims from a large pharmacy benefit manager for Schedule II opioid analgesics in states with PDMP compared to those without

	Delcher et al., 2015 
	PDMP existence
	Time series
	Health outcomes
	Significant decrease in oxycodone-involved mortality after implementation of PDMP in Florida compared to before; mean PDMP query rate was significantly associated with decreases in mortality; No significant association between PDMP and deaths from non-oxycodone opioids or heroin

	Li et al., 2014 
	PDMP existence
	Retrospective cohort
	Health outcomes
	Significant increase in drug overdose mortality among states with PDMPs compared to those without; largest differences in states with no mandatory use policies; variation across states will some illustrating significant increases while others illustrating significant decreases

	Maughan et al., 2015 
	PDMP existence
	Retrospective cohort
	Health outcomes
	No significant change in emergency department visits involving opioid analgesics in 11 metro areas; no significant change in emergency department visits involving opioid analgesics in any of the particular age groups examined, in emergency department visits involving opioid analgesic misuse, in emergency department visits involving controlled substance Schedule II opioids, nor emergency department visits involving Schedule II opioid misuse

	Moyo et al., 2017 *
	PDMP existence
	Time series with concurrent comparison groups
	Prescriber behavior
	Significant decreases in levels of total opioid volume among Medicare enrollees in PDMP states compared to those without; No significant change in mean MME or opioid prescriptions

	Nam et al., 2017 *
	PDMP existence
	Time series with concurrent comparison groups
	Health outcomes
	No significant change in overall drug overdose mortality in states with PDMPs compared to those without; No significant change in prescription opioid overdose mortality in states with PDMPs compared to those without; Increased, though not significant, mortality rates for most subcategories of drug overdose in states with PDMPs compared to those without; Significantly higher mortality rates from legal narcotics, illicit drugs, and other/unspecified drugs in states with PDMPs established for five or more years

	Patrick et al., 2016 *
	PDMP existence
	Time series with concurrent comparison group
	Health outcomes
	Significantly lower opioid-related death rate in states with a PDMP compared to those without, even when controlling for other factors (e.g. educational attainment, unemployment rate); Robust PDMPs (i.e. greater numbers of drugs with abuse potential monitored and data updated at least weekly) had significantly greater reductions in deaths

	Paulozzi et al., 2011*
	PDMP existence
	Time series with concurrent comparison group
	Prescriber behavior, Health outcomes
	No significant differences in either mean drug overdose and opioid-related overdose mortality rate among states with PDMPs compared to those without

	
	
	
	
	No significant differences in mean MME rates among states with PDMPs compared to those without

	Ranapurwala et al., 2018
	PDMP existence in Iowa
	Time series
	Prescribing behavior
	Decreases in opioid prescription rates, MME per day, and MME per prescriptions after PDMP implementation; continued increases in opioid days’ supply; patients aged 50 years and females received higher doses and experienced the greatest declines post-implementation

	Reifler et al., 2012*
	PDMP existence
	Time series with concurrent comparison group
	Health outcomes
	Significantly lower increase in poison center intentional exposures in states with PDMP in place compared to those without; Non-significant decrease in opioid treatment admissions in states with a PDMP compared to those without

	Reisman et al., 2009*
	PDMP existence
	Time series with concurrent comparison group
	Prescriber behavior
	Significantly lower oxycodone shipments in states with PDMPs compared to those without

	
	
	
	Health outcomes
	Patient admitted to inpatient drug abuse rehabilitation in a PDMP state was less likely to be admitted for prescription drug abuse than a patient admitted in a non-PDMP state, though this relationship was not significant

	Sigler et al., 1984
	Triplicate prescribing program (TPP) in Texas
	Time series
	Prescriber behavior
	Decrease in Schedule II prescriptions at single hospital after implementation of TPP compared to before, though this relationship was not statistically tested; Increase in Schedule III prescriptions after implementation of TPP compared to before, though this relationship was not statistically tested

	Simeone and Holland, 2006*
	PDMP existence
	Time series with concurrent comparison group
	Prescriber behavior, Health outcomes
	Significant reduction in the per capita supply Schedule II opioid prescribing in states with PDMPs compared to those without


	
	
	
	
	Significant decrease in substance abuse treatment admissions in states with PDMPs compared to those without

	Simoni-Wastila and Qian, 2012
	PDMP existence
	Cross-sectional
	Prescriber behavior
	Among older individuals receiving analgesics, significantly lower odds of receiving Schedule II opioid analgesics relative to Schedule V analgesics in states with electronic/electronic and paper PDMPs compared to states without PDMPs; Significantly greater use of Schedule III drugs for adults in states with electronic PDMPs relative to adults in non-PDMP states

	Sun et al., 2018
	Automated PDMP queries within emergency department setting in Washington state
	Before-after
	Prescribing behavior
	Automated prescription drug monitoring program queries were not significantly associated with reductions in the proportion of visits with opioid prescribing, within 1 day of index emergency department visit or prescribed morphine milligram equivalents

	Wastila and Bishop, 1996
	Multiple copy prescription programs (MPPs)
	Cross-sectional
	Prescriber behavior
	Significant decreases in Schedule II drugs among states with MPPs compared to those without; Significant increases in Schedule III drugs among states with MPPs compared to those without


* Included in narrative reviewed within the manuscript. 

Supplemental Table 3. Insurance Strategies

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Insurance Strategies (N=22) –  Overall moderate quality of evidence

	Blake, 1999*
	Lock-in program
	Time Series
	Patient behavior
	There was a significant increase in the number of Medicaid patients receiving prescriptions from a single pharmacy after the lock-in program started. There was also a significant decrease in the utilization of Schedule II narcotics and polypharmacy after intervention implementation.

	Clark et al., 2014*
	Prior authorization for buprenorphine (to treat opioid use disorder)
	Time Series
	Provider behavior, Patient behavior
	After the implementation of a dose-based prior authorization policy for buprenorphine based on dose and prescription length, the percentage of patients using doses above 24 mg per day decreased from 16.5 to 4.1 percent. Relapse rates increased temporarily after the implementation of the policy but returned to pre-policy levels after 3 months. 

	Cochran et al., 2017
	Prior authorization for opioids 
	Retrospective cohort study
	Patient behavior, Health outcomes
	Medicaid enrollees with prior authorization plans that required prior authorization for even one opioid medication had a significantly lower rate of opioid overdose (adjusted rate ratio (ARR), 0.75; 95% CI, 0.59-0.95) and abuse (ARR, 0.93; 95% CI, 0.87-1.00) compared to enrollees with a plan without a prior authorization policy. Medicaid enrollees with prior authorization plans that required prior authorization for a higher number of opioid medications also had a significantly lower rate of opioid abuse (ARR, 0.89; 95% CI, 0.85-0.93) but opioid overdose rates were not significantly different than enrollees with a plan without a prior authorization policy.

	Daubresse et al., 2014*
	Prescriber letters from state health plans addressing high-risk utilization of controlled substances
	Time series with concurrent comparison group
	Provider behavior
	State health plans that sent letters to prescribers with patients that exhibit high-risk utilization had a 30.5% reduction in the number of controlled substances filled compared to a 23.1% reduction in the control group (p=0.01). The difference in the number of prescribers and pharmacies used between the two groups was not significant.

	Dreyer  et al., 2015
	Lock-in program 
	Non-comparative study
	Patient behavior
	There was an increase in the proportion of Medicaid managed care patients who filled opioids only from assigned prescribers after the lock-in program. However, more than half of the patients in the study dropped their coverage and the resulting small sample size did not permit statistical analysis.

	Garcia et al., 2016*
	Comprehensive opioid utilization policy (treatment plans, risk assessments, patient-provider agreements, single pharmacy dispensing, prior authorizations, quantity limits, mail-order ban)
	Time Series
	Provider behavior
	After the implementation of an opioid utilization program in a private insurance program, there was a significant annual decline in the short-acting opioid prescription rate (-6.064%, 95% CI; -6.993 to -5.134) and long-acting opioid prescription rate (-9.105%, 95% CI; -12.095 to -6.115). There was also a significant decrease in the percentage of members with opioid prescriptions of any length     (-6.522, 95% CI; -7.540 to -5.504).

	Garcia et al., 2014*
	Initiative to reduce utilization of long-acting opioids that focused on dose and therapeutic alternatives
	Time Series
	Provider behavior
	After the implementation of the initiative among Medicaid enrollees, there was a significant 17.8% (p <0.0001) decrease in the number of members utilizing long-acting opioids and a significant 4.1% (p < 0.0001) decrease in the overall number of claims for long acting opioids.

	Gernant et al., 2015
	Multidisciplinary controlled substance committee that made prescribing recommendations and educated providers
	Before-after
	Provider behavior, Health outcomes
	The average daily morphine equivalent dose was significantly lower  3 months after the program started compared to baseline. The number of overdose deaths did not change. 

	Gonzalez and Klobasovsky, 2012*
	Provider letters with clinical medication report identifying patients that had received/filled opioid prescriptions from multiple providers/pharmacies
	Randomized controlled trial
	Provider behavior, Patient behavior
	Prescribers in the intervention group received patient-specific information in addition to a general letter about prescribing trends. Patients with prescribers assigned to the intervention group had a significantly greater reduction in the number of opioid prescribers (23.98%), dispensing pharmacies (16.28%), and filled prescriptions (15.25%) compared to patients with prescribers in the control group that only received the general letter.

	Hoffman et al., 2003
	Letters mailed to providers with patients that met the prescription drug overutilization criteria
	Before-After with concurrent comparison group
	Provider behavior
	Compared to the control group, patients with providers in the intervention group had a significantly greater reduction in the number of prescription claims for drugs with a high abuse potential and in the number of different prescribers. The difference in the number of prescription drug claims between the two groups was not significant.

	Keast et al., 2018
	Prior authorization policy for extended-release/long-acting opioids
	Before-after with concurrent comparison group
	Provider behavior, Health outcomes
	Extended release/long acting opioid prescriptions per Medicaid enrollee decreased significantly by 0.16 percentage points (95% CI: -0.29 to -0.04) after the policy which represents a 17.6% relative decline. However, short acting opioid prescriptions per enrollee increased significantly (0.36; 95% CI: 0.22 to 0.50). There were no significant changes in emergency department visits or hospitalizations.

	Mitchell, 2009*
	Pharmacy lock-in program 
	Time Series
	Patient behavior, Health outcomes
	The Medicaid lock-in program led to a significant decrease in narcotic medication use, emergency department visits, and in the use of multiple pharmacies and physicians.

	Morden et al., 2008*
	Prior authorization policies oxycodone prescribing
	Time series with concurrent comparison group
	Provider behavior
	Medicaid prior authorization policies were associated with a non-significant decrease (-19%, 95% CI: -36% to 2%) in oxycodone use. States characterized as having strict prior authorization policies saw a significant decrease (34%) in oxycodone use.

	Naumann et al., 2018
	Lock-in program.
	Prospective cohort study
	Patient behavior
	The Medicaid program did not significantly affect the number of controlled substances dispensed during the lock-in phase but dispensing per person-month did decrease significantly (−0.23; 95% CI: −0.31, −0.15) in the year after the lock-in phase. However, non-Medicaid-reimbursed prescriptions increased significantly during and after the lock-in phase.

	Oregon State University (OSU), 2012*
	Prior authorization policies for long-acting opioids and for methadone doses ≥ 100 MME.
	Time Series
	Provider behavior
	Long-acting opioid use was 32% lower after a Medicaid prior authorization policy was implemented compared to before the implementation. There was also a decrease in the percent of patients taking ≥ 100 MME of methadone after the implementation of the methadone policy.

	Qureshi et al., 2015
	Drug utilization review with patient-specific prescriber letters
	Before-after
	Provider behavior
	Prescribers of patients receiving high-dose opioids and a concurrent opioid, benzodiazepine, or antidepressant prescription were mailed letters. Compared to baseline, there was a 28.1% reduction in the number of patients that met the high-risk opioid use criteria 120 days after the drug utilization review and the mailed letters.

	Riggs et al., 2017
	Short-acting opioid quantity limit (4 tablets per day or 120 for 30 days).
	Before-after
	Patient behavior
	There was a small but significant 3% (p=0.027) decrease in oral morphine equivalents purchased after the implementation of a Medicaid policy that limited short-acting opioid prescription quantities. There were no changes in the proportion of patients using more than 120mg oral morphine equivalents or using long-acting opioids.

	Roberts et al., 2016
	Lock-in program 
	Before-after
	Patient behavior
	After the Medicaid program implementation, the mean number of opioid and benzodiazepine fills per patient decreased significantly by 17% and the number of pharmacies used also decreased significantly by 46%. However, patients were 4 times more likely to circumvent Medicaid for purchasing their prescription after the program was implemented (0.26 fills per person per month to 1.16, p < 0.001).

	Skinner et al., 2016*
	Lock-in program
	Time Series
	Provider behavior,
Patient behavior
	During the Medicaid lock-in program, the odds of having an opioid claim in any given month were 84% lower than before the program (aOR= 0.16, 95% CI: 0.15 to 0.16). The program also significantly decreased the average monthly number of opioid prescriptions by 1.13 (95% CI: -1.16 to -1.11) and the number of pharmacies used by 0.61 (95% CI: -0.62 to -0.60).

	Tannenbaum and Dyer, 1990
	Lock-in program
	Before-After
	Patient behavior
	Monthly dosage of narcotic analgesics decreased significantly (40.8%) after the Medicaid intervention.

	Tran et al., 2017
	Oxycodone utilization review for post-surgery patients
	Before-after
	Provider behavior
	After the implementation of the pharmacist-led intervention, there was a significant decrease in the number of patients being prescribed oxycodone (75.6% to 60.3%, p <0.01). The opioid amount supplied per patient did not change.

	Zarowitz et al., 2005*
	Drug utilization review with provider education by pharmacists 
	Time Series
	Provider outcomes, Patient behavior
	After the first intervention period, polypharmacy events decreased by 67.5% (29.01 to 9.43/1000 patients) and the number of prescriptions per member per month decreased by 52.2% (4.6 to 2.2). After the second intervention period, polypharmacy events decreased by 39% and the number of prescriptions by 11.1%.


* Included in narrative reviewed within the manuscript. 

[bookmark: _GoBack]Supplemental Table 4. Clinical Guideline Implementation

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Guideline Implementation (N = 34 studies) –  Overall low quality evidence

	Anderson, Zlateva, Khatri et al. 2015
	EHR dashboard highlighting health system guideline metrics with feedback reports in primary care
	Before-after
	Provider behavior
	After implementation, significant increase in treatment agreements, urine drug testing, behavioral health visits, and functional assessments; Significant decrease in percentage of patients with opioid prescriptions and patients on long-term therapy.

	Bohnert, Guy, & Losby, 2018*
	CDC Guideline for Prescribing Opioids for Chronic Pain
	Time Series
	Provider behavior
	The overall prescribing rate, rate of high-dosage prescriptions, and overlapping opioid and benzodiazepine prescriptions declined after guideline release, over and above historical decreases. Compared to expectations if pre-guideline trends continued, approximately 14.2 million fewer opioid prescriptions, including 1.3 million high-dosage prescriptions, were filled from March 2016 to December 2017.

	Canada, DiRocco, & Day 2014
	Education and electronic health record clinical decision support based on health system guideline in primary care 
	Before-after
	Provider behavior
	After implementation, significant increase in provider knowledge; significant increase in urine drug testing; significant decrease in number of patients prescribed >2 opioid medications.

	Chen, Hom, Richman et al. 2016
	Health system primary care guideline dissemination through presentations, email, and social marketing
	Before-after
	Provider behavior; Health outcome
	After implementation, significant increase in urine drug testing; No significant differences in visits to referral clinics, emergency department visits, or quantity of opioids prescribed per patient.

	Cochella and Bateman 2011
	Academic detailing on state guideline
	Non-comparative study
	Provider behavior; Health outcome
	After implementation, 14% drop in prescription overdose deaths; Majority of providers reported no longer prescribing long-acting opioids for acute pain or co-prescribing sedatives; Compared to other recommended practices, a smaller percentage of providers reported PDMP checks, lower starting dosages, slower titration, conducting sleep studies, and using patient education tools.

	Corson, Doak, Denneson et al. 2011*
	Education, monitoring, and feedback to providers on guideline implementation in primary care
	Randomized controlled trial
	Provider behavior
	No significant differences in guideline implementation between intervention and control providers; limited use of recommended practices; no association between guideline implementation and patient response to treatment.

	del Portal, Healy, Satz, et al. 2016
	Health system emergency department guideline dissemination through email and hard copy
	Before-after
	Provider behavior
	After implementation, significant decrease in opioid prescribing rate.

	Fox, Li, Stevens et al. 2013
	Health system emergency department guideline
	Before-after
	Provider behavior; Health outcome
	After implementation, significant decrease in opioid prescribing rate (17% reduction); significant decrease in emergency department pain visit rate.

	Franklin et al. 2013
	State guideline
	Non-comparative study
	Provider behavior
	Approximately half to two-thirds of providers (depending on practice affiliation) reported reading or applying the guideline and prescribing opioids to fewer patients than in the past; low percentage of providers reported pharmacist collaborative drug therapy agreement.

	Franklin et al. 2012*
	State guideline
	Time Series
	Provider behavior; Health outcome
	Over time, decline in opioid prescriptions, daily MME, and proportion of patients receiving an opioid prescription and high dose opioid prescription; decline in prescription opioid-related deaths.

	Fulton-Kehoe et al. 2013*
	State guideline
	Time Series
	Health outcome
	Over time, no significant change in emergency department visits for poisoning or adverse effects in patients in the state worker’s compensation system.

	Garg et al. 2013*
	State guideline
	Time Series
	Provider behavior; Patient behavior
	Over time, mean monthly opioid use declined 25%; Fewer number of new opioid initiates became chronic; new initiates had significant reduced likelihood of receiving high dosages of opioids.  

	Gordon et al. 2000
	Quality improvement process based on guideline
	Before-after
	Provider behavior
	Over time, decrease in percentage of patients receiving Meperidine and number of doses administered per month.

	Hill et al., 2018
	Prescribing guidelines and education for post-surgical pain.
	Before-after
	Provider behavior
	Opioid prescribing decreased significantly for each type of surgical operation included in the study and the overall number of opioid pills prescribed decreased by more than half.

	Kattan, Tuazon, Paone et al. 2016
	City guideline and academic detailing campaign in specialties likely to involve outpatient care
	Before-after with concurrent comparison groups
	Provider behavior
	After implementation, significant improvements in knowledge; Compared to comparison areas, significant decreases in high-dose prescribing in intervention areas; no significant differences between areas in change in overall prescribing rate.

	Kilaru, Perrone, Auriemma et al., 2014*
	Narrative versus summary presentation of professional society guideline recommendations
	Randomized controlled trial
	Provider behavior
	Compared to summary presentation, recall was significantly greater for narrative presentation 

	Krebs, Ramsey, Miloshoff et al. 2011
	Veterans Administration/Department of Defense Guideline
	Cross Sectional
	Provider behavior
	Guideline-recommended practices were implemented with a minority of patients.

	McCracken, Boichat, & Eccleston 2012*
	Education on guideline with training on psychological flexibility or pain management skills
	Randomized controlled trial
	Provider behavior
	After intervention, increase in prescribing knowledge; no changes in prescribing practices; no significant differences across conditions in outcomes.

	Meisel, Metlay, Sinnenberg et al. 2016*
	Narrative versus summary presentation of professional society guideline recommendations in a newsletter
	Randomized controlled trial
	Provider behavior
	Compared to summary newsletter format, providers receiving the narrative newsletter format were more likely to visit informational web sites to obtain more information about policy and PDMP enrollment

	Morasco, Duckart, & Dobscha 2011
	Professional society guideline recommendation compliance
	Case Control
	Provider behavior
	Approximately one quarter of patients with substance use disorder received a long acting opioid; 20% of patients on long-term opioid therapy had a substance use disorder; Patients with substance use disorder were more likely to have had a mental health appointment or administered a urine drug screen than patients without substance use disorder; no significant differences in intensive treatment, long-acting opioid receipt, physical therapy, or antidepressant receipt.

	Morse et al. 2012
	State guideline
	Non-comparative study
	Provider behavior
	Less than half of providers reported reading and implementing the guideline in their practice; a minority of providers used urine drug testing, used patient education tools, track pain and function with an assessment tool; a majority used opioid treatment agreements.

	Osborn, Yu, Williams et al. 2016
	State emergency department guideline dissemination through provider education sessions and patient pamphlets
	Before-after
	Provider behavior
	After implementation, there was a significant decrease in patients discharged with an opioid prescription (39% decrease) and number of pills prescribed per prescription (14.8% decrease).

	Paone, Tuazon, Kattan  et al. 2015*
	City guideline and academic detailing campaign in specialties likely to involve outpatient care
	Time Series with concurrent comparison group
	Provider behavior; Health outcome
	Compared to comparison areas, significant decreases in opioid overdose mortality rates in intervention areas; No change in median day supply in intervention areas with increase in comparison areas; Significant decrease in high-dose prescribing in intervention areas compared to increase in comparison areas; decreases in overall prescribing rate in both intervention and comparison areas.

	Patel et al., 2018
	Clinical decision support tool for opioid prescribing at a veterans health administration health care network
	Retrospective Cohort study with time series component
	Provider behavior; Health outcome
	Patients in the intervention group (provider received opioid therapy clinical reminder) had a significantly greater reduction in monthly MME than patients in the control group (11.6 MME difference between groups). Patients in the intervention group had a significantly greater decrease in their risk index for overdose or serious prescription opioid-induced respiratory depression than patients in the control group.

	Porucznik, Johnson, Rolfs et al. 2013
	State guideline combined with academic detailing in select areas
	Non-comparative study
	Provider behavior
	After implementation, moderate percentage of providers report trying alternative treatments before prescribing opioids, conducting urine drug testing, using medication contracts, assessing pain, and discussing risks and benefits of opioids; Low percentage of providers document functional assessment.

	Quanbeck et al., 2018*
	Systems consultation to translate prescribing guidelines for better adoption in clinics 
	Randomized controlled trial
	Provider behavior
	After 6 months, compared to clinics in the control group, clinics in the intervention group had a significantly greater proportion of patients receiving mental health screens, urine drug testing, and signing treatment agreements, and a significantly lower proportion of patients co-prescribed benzodiazepines. After 6 months, there was no statistical difference between the two groups for daily MME or proportion of patients with daily MME over 120 but intervention clinics had a significantly greater reduction in both measures after 12 months.

	Saunders et al., 2015
	Chronic opioid prescribing guideline implemented in an integrated group practice within a large health plan
	Non-randomized trial
	Provider behavior
	Between 2006 and 2012, opioid doses for patients treated by providers in the treatment group decreased 35% from 74.1 MME to 48.3 MME. Patients treated by providers in the control group had a smaller 14% decrease in opioid doses from 88.2 MME to 75.7 MME.

	Sekhon, Aminjavahery, Davis et al. 2013
	Veterans Administration/ Department of Defense guideline
	Non-comparative study
	Provider behavior
	Approximately half of providers reported using treatment agreements; a minority reported using UDT; 10% of patients had an MME > 200.

	Shah et al., 2015
	A pain management protocol for oxycodone controlled release  in a clinic that serves uninsured patients
	Before-after
	Provider behavior
	Three months after the intervention, there was a 75% decrease in the average number of oxycodone controlled release prescriptions prescribed per provider (from 40 to 10 per month). There were no changes in the number of prescriptions for other opioids and patient satisfaction did not change.

	Sullivan, Bauer, Fulton-Kehoe et al. 2016*
	State guideline disseminated through presentations, training, and web posting
	Time Series
	Provider behavior
	Over time, increase in opioid prescriptions; no difference in median MME/day; significant decreases in dose at high MME dosages; increase in short-acting opioids and decrease in long-acting opioids.

	Sun, Lupulescu-Mann, Charlesworth et al. 2017*
	State hospital prescribing mandate
	Time series
	Provider behavior
	After implementation, small decrease in mean number of opioid prescriptions after an emergency department visit; no change in MME. 

	Victor, Alvarez, & Gould 2009
	Professional society guideline compliance
	Case Control
	Provider behavior
	Most long-term use included immediate-release opioids; Use of extended release opioids was more likely with long-term use than short-term use; Specialists more likely to use extended-release opioids for long-term use.

	Von Korff, Dublin, Walker et al. 2016*
	State guideline plus opioid risk reduction initiative in primary care (e.g., care plans, patient education, provider education)
	Time series
	Provider behavior
	After implementation, significant decrease in daily MME, percent of patients receiving high dosages of opioids, and patients receiving excess opioid days supplied, with greater increases in risk reduction initiative practices than contract (control) practices.

	Weiner, Baker, Poon et al. 2017a*
	State emergency department guideline

	Time series
	Provider behavior
	Significant reduction in opioid prescriptions per month (12% reduction), MME per month (17% reduction), and monthly prescriptions greater than 3-day supply (11.5% reduction), with additional declines in outcome trends after implementation. 


* Included in narrative reviewed within the manuscript.


Supplemental Table 5. Provider Education

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Provider Education (N =  32 studies) –  Overall low quality evidence

	Alford, Carney, Brett et al. 2016a*
	Resident education program with objective structured clinical examination
	Before-after with concurrent comparison groups
	Provider behavior
	After education, knowledge increased among residents with lecture only, lecture plus immediate exam, lecture plus delayed exam and control with no group differences; only residents in the immediate exam group had significant improvement in self-reported changes in opioid prescribing but no significant differences between groups.

	Alford, Zisblatt, Ng et al. 2016b
	Risk Evaluation and Mitigation Strategies continuing medical education program
	Before-after
	Provider behavior
	After education, significant increase in knowledge; 86% reported intention to change opioid prescribing behavior; significant improvement in self-reported patient communication and guideline-based care.

	Anderson, Zlateva, Davis et al. 2017*
	Telehealth education in pain management (Project ECHO)
	Before-after with concurrent comparison groups
	Provider behavior
	Compared to control providers, those receiving education significantly increased knowledge and self-efficacy for prescribing, reduced opioid prescribing, and were more likely to use opioid agreements, and make behavioral health and physical therapy referrals; no significant differences in addiction medicine, chiropractic, or acupuncture referrals.

	Ball, Wilson, Ober et al. 2017
	Telehealth education in pain management (Project ECHO)
	Before-after
	Provider behavior
	After education, significant increase in knowledge and confidence in managing pain.

	Berland et al., 2017a *
	Online overdose prevention training for first year medical students
	Before-after with concurrent comparison groups
	Provider behavior
	There was no significant difference in knowledge and attitude between students that received online training and students that received in-person opioid overdose prevention training.

	Cardarelli et al., 2018*
	Interprofessional education on opioid prescribing.
	Before-after with concurrent comparison groups
	Provider behavior
	Providers that received one of the education interventions had a significantly higher knowledge score after the intervention than the control group.

	Crozier, McMillan, Hudson et al. 2010
	Continuing medical education workshop on opioid prescribing
	Non-comparative study

	Provider behavior
	At baseline, only half of providers indicated they would always consider risk factors for misuse or addiction; approximately 20% reported always educating patients about safe storage and disposal or always using opioid treatment contracts; over half indicated never using the PDMP.

	Dewey, Ghulyan, & Swiggart 2016
	Continuing medical education program for referred providers 
	Before-after
	Provider behavior
	After education, significant increase in knowledge; 93% self-reported practice changes, including aligning practice with guidelines, using controlled prescription drugs appropriately, implementing office policies, and referring patients with substance use disorder to treatment. 

	Durham et al., 2017
	Interprofessional education on opioid prescribing practices.
	Before-after
	Provider behavior
	There was a significant improvement in opioid prescribing knowledge after the intervention.

	Elhwairis & Reznich, 2010
	Curriculum for internal medicine residents
	Before-after
	Provider behavior
	Increase in knowledge posttest compared to pretest.

	Frank, Carey, Fagan et al. 2015
	Telehealth education in pain management (Project ECHO)
	Retrospective Cohort study
	Provider behavior
	Consultation after education was significantly associated with prescribing of nonopioid medications and use of physical medicine; no significant differences in use of mental health, substance use disorder, or specialty pain clinics.

	Hoffmann  & Tarzian 2003
	State medical board education efforts
	Before-after
	Provider behavior
	Overall perceptions of limited education efforts, with a focus on documentation, and limited resources; most surveyed reported a perception that complaints and investigations have stayed the same or increased over a 5 year period.

	Jacobson et al., 2018*
	Naloxone training for pharmacy students.
	Non-randomized trial
	Provider behavior
	Six months after the training, there was no significant difference in naloxone and opioid use disorder knowledge between first year pharmacy students that received only a didactic lecture and second year students that received the lecture and a skills-based examination. 

	Katzman, Fore, Bhatt et al., 2016
	Indian Health Service courses in pain management and opioid use disorder (Project ECHO)
	Before-after
	Provider behavior
	After education, significant increase in knowledge, self-efficacy, and attitudes regarding screening for opioid use disorder, naloxone, and nonopioid medications.

	Katzman, Comerci, Boyle et al. 2014
	Telehealth education (Project ECHO) on pain management
	Non-comparative study
	Provider behavior
	Within focus groups, self-reported increases in knowledge and application of principles.

	Kim, Heverling, Cordeiro et al. 2016*
	Internet module for residents on managing an opioid overdose patient
	Before-after with concurrent comparison groups
	Provider behavior
	Compared to residents receiving a textbook, residents receiving internet training significantly improved checklist knowledge. 

	Kohlbeck et al., 2018
	Provider education on opioid prescribing and the state’s PDMP.
	Before-after
	Provider behavior
	After education, there was a significant increase in provider knowledge on opioid abuse and misuse, on comfort using the PDMP, and on its perceived importance for safe prescribing.

	Komaromy, Duhigg, Metcalf et al. 2016
	Telehealth education (Project ECHO) on substance used disorder treatment
	Non-comparative study 
	Provider behavior
	Increase in buprenorphine-waivered physicians over time.

	Kunins, Sohler, Giovanniello et al. 2013
	Buprenorphine education program for primary care residents
	Non-comparative study
	Provider behavior
	After education, 27.5% obtained a buprenorphine waiver and 17.5% prescribed buprenorphine in practice; the majority of patients were retained in treatment at 30 and 90 days.

	Larson et al., 2018
	Academic detailing to increase PDMP use.
	Before-after
	Provider behavior
	83% of the providers that were not using the PDMP began use after the intervention. Providers reported a significant increase in using the PDMP and using urine toxicology screens for patients on long-term opioid therapy.

	Lofwall, Wunsch, Nuzzo et al. 2011
	Continuing medical education on buprenorphine prescribing
	Before-after
	Provider behavior
	After education, significant increase in knowledge; nonsignificant increase in PDMP registration; significant improvement in induction practices; no significant change in referral to counseling (but at high levels); nonsignificant increase in urine drug tests; significant increase in risk mitigation practices.

	Maguire et al., 2018
	Naloxone dispensing education for pharmacy students.
	Non-comparative study
	Provider behavior
	After the intervention, 45% of students responded that the role play component of the training during a simulated patient encounter was the most valuable and 36% responded that the hands-on naloxone training kits were most valuable.

	Michael et al., 2018*
	Educating emergency department physicians on how their prescribing behaviors compare to their peers.
	Randomized controlled trial
	Provider behavior
	Physicians in the intervention group were asked how their prescribing compared to their peers and then were given comparisons. 65% underestimated their own prescribing. Compared to the control group, physicians that received the intervention and underestimated their prescribing had a significantly larger decrease (2.1 prescriptions per 100 patients after 6 months) in prescribing. Physicians that did not underestimate their prescribing did not differ from the control group. 

	Monteiro, Dumenco, Collins et al. 2017
	Educational workshop for health profession students
	Before-after
	Provider behavior
	After education, significant increase in knowledge.

	Ruff, Alford, Butler et al. 2017
	Educational session, skill application, and debriefing for internal medicine residents
	Before-after
	Provider behavior
	After intervention, significant increase in perceived skills in managing patients and ability to identify patient resources; no difference in use of safe opioid prescribing strategies (e.g., pill counts, urine drug tests, PDMP checks).

	Stanek, Renslow, & Kalliainen 2015
	Educational assistance device for providers prescribing opioids for hand surgery
	Before-after
	Provider behavior
	Significant decrease in opioid prescribing for some types of procedures. 

	Sullivan, Gaster, Russo et al. 2010*
	Web-based training about opioid therapy for chronic pain for internal medicine residents
	Randomized controlled trial
	Provider behavior
	Compared to residents provided a guideline, residents receiving web-based training had a greater increase in knowledge and self-rated competence of patient management. 

	Taylor et al., 2018*
	Opioid overdose and naloxone training for internal medicine residents.
	Before-after with concurrent comparison groups
	Provider behavior
	In the intervention group, naloxone prescribing rates significantly increased from 420 to 1,270 per 100,000 inpatient discharges and from 0 to 370 per 100,000 ambulatory visits. During that same period, prescribing rates in the control group did not change for inpatient discharges and the increase was significantly lower than in the intervention group for ambulatory visits (30 to 180 per 100,000). 

	Ury , Rahn, Tolentino et al. 2002*
	Pain management and palliative care curriculum
	Before-after with concurrent comparison group
	Provider behavior
	Significant decrease in likelihood of receiving meperidine; significant increase in odds of receiving bowel medication or non-steroidal anti-inflammatory drug.

	Winograd et al., 2017
	Naloxone education for providers in a Veterans Administration setting.
	Before-after
	Provider behavior
	Compared to the 10 months prior to the training, naloxone prescriptions increased by 331% in the 10 months following the training.

	Young, Alfred, Davignon et al. 2012
	Distribution of guide on responsible opioid use
	Non-comparative study
	Provider behavior
	One-third of providers reported an intent to make practice changes while 80% indicated the book was a useful educational tool.

	Zisblatt, Hayes, Lazure et al. 2017*
	Education program and train- the-trainer workshop
	Before-after with concurrent comparison groups
	Provider behavior
	High percentage of average correct responses, intention and self-reported practice change, and confidence in guideline-concordant prescribing; no significant differences between participants in expert-led groups and trainer-led groups.


* Included in narrative reviewed within the manuscript. Supplemental 
Table 6. Clinical Health System Interventions

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Clinical Health System Interventions (N = 33) – Overall moderate  quality evidence

	Andrews, Bridgeman, Dalal et al., 2013
	Pharmacist-driven pain management service in a hospital for inpatient patients with SUDs
	Non-comparative study
	Patient behavior
	After a 3-month pilot period, reductions in intermittent intravenous opioid use (25% reduction in morphine and 42% reduction in hydromorphone use).

	Becker, Edmond, Cervone et al. 2017
	Multidisciplinary care team clinic approach to pain management
	Non-comparative study
	Provider behavior
	Average MME at discharge was lower than at intake; Majority of patients decreased or stabilized opioid dosage by discharge; 91% received urine drug tests.

	Bernstein, Bernstein, Tassiopoulos et al. 2005*
	Brief motivational interviewing in outpatient clinics 
	Randomized controlled trial
	Patient behavior
	Compared to control patients, intervention patients were more likely to be abstinent for heroin alone and heroin with cocaine; no significant differences in opiate levels in hair testing. 

	Bohnert, Bonar, Cunningham et al., 2016*
	Motivational interviewing plus educational enhanced usual care in the emergency department for patients reporting prescription opioid misuse
	Randomized controlled trial
	Patient behavior
	Compared to enhanced usual care, intervention patients reported significantly greater reduction in overdose risk behaviors (40.5% vs. 14.7% decrease) and nonmedical use of prescription opioids (50.0% vs 39.5% decrease), and increases in intention to reduce or avoid using substances; no differences in knowledge outcomes observed.

	Coffin, Santos, Matheson et al. 2017*
	Motivational interviewing in a public health naloxone education and distribution program for those with opioid use disorder and previous overdose
	Randomized controlled trial
	Health outcome; Patient behavior
	Compared to treatment as usual, intervention participants had a significant decrease in number of overdose events; there were no significant differences in secondary outcomes (e.g., days of no opioid use, engagement in treatment, carrying naloxone).

	Cox et al., 2018
	Pre-visit pharmacist review of high-risk patients in a family medicine clinic
	Before-after
	Prescriber behavior; Health outcomes
	After the intervention, MMEs per day significantly decreased by 14%. Changes in pain scores were not statistically significant.

	Dunn, Yepez-Laubach, Nuzzo et al., 2017*
	Overdose education for patients in a detoxification program
	Randomized controlled trial
	Patient behavior
	Knowledge increased after intervention delivery, particularly about overdose response, and patients reported significant reductions in using opioids alone; findings were similar for patients receiving information by computer, computer with knowledge check, or pamphlet 

	Gelberg, Anderson, Abdelmonem et al. 2015*
	Multi-component primary care brief intervention for reducing risky drug use among patients identified by screening
	Randomized controlled trial
	Patient behavior
	Compared to usual care, intervention patients reported using illicit drugs for significantly fewer days, particularly those with higher frequency use at baseline.

	Gryczynski, Mitchell, Gonzales et al., 2015*
	Brief intervention in primary care for patients with illicit drug use
	Randomized controlled trial
	Patient behavior
	No significant reductions in drug-positive hair tests after intervention; Significant reductions in self-report opioid/amphetamine/sedative use after intervention, with no differences between patients receiving intervention from behavioral health counselors compared to computer-based intervention

	Guarino, Acosta, Marsch et al. 2016*
	Mobile psychosocial intervention to reduce problematic drug use among patients in methadone maintenance treatment
	Randomized controlled trial
	Patient behavior
	Compared to participants receiving standard treatment, participants receiving access to the mobile app were significantly more likely to be retained in treatment (84% vs 56%), and were opioid abstinent for a greater number of study weeks (not statistically significant). 

	Gugelmann, Shofer, Meisel et al. 2013*
	Electronic health record clinical decision support with provider education and in the emergency department
	Time series
	Provider behavior
	After implementation, significant decrease in orders for opioid discharge packs.

	Jacobs, Son, Tat et al. 2016
	Pharmacist-led telephone risk assessment and communication with primary care providers
	Before-after
	Provider behavior
	Providers accepted 92.4% of pharmacists’ recommendations, including decreasing MME, discontinuing opioid therapy, delaying a renewal, opioid rotation, etc. ; significant increase in risk mitigation strategies (e.g., informed consent, PDMP checks, urine drug testing)

	Kim, Bernstein, Cheng et al. 2016*
	Brief interview, motivational interviewing, and referral to treatment in primary care for substance use disorder
	Randomized controlled trial
	Patient behavior
	No significant difference in treatment receipt among brief interview and control patients; motivational interview patients had counterintuitively lower odds of treatment receipt compared to control patients

	Lin, Bohnert, Kerns, et al. 2017*
	Veterans Health Administration Opioid Safety Initiative including audit and feedback on prescribing
	Time series
	Provider behavior
	Significant decrease in percentage of patients receiving high opioid dosages (16% reduction for > 100 MME and 24% reduction for > 200 MME) and concurrent benzodiazepines (21% reduction).

	Losby et al., 2017
	Prescribing and dispensing policies and clinical coordination through electronic health record integration
	Before-after
	Provider behavior
	Statistical testing was not conducted but after the interventions, there was a reduction in: high dose opioid prescriptions (30%), prescriptions with greater than 200 pills (98%), benzodiazepines/carisoprodol and opioid co-prescribing (90%), and prescribing of long acting/extended release opioids (72%).

	McAllister et al., 2015
	Provision of PDMP data to emergency department physicians by pharmacists
	Before-after
	Provider behavior
	Compared to before intervention, no significant difference in average number of controlled substances per patient prescribed by emergency department physicians after the intervention was implemented.

	McCarthy, Wolf, McConnell et al. 2015*
	Patient educational intervention in the emergency department on risks of prescription opioids
	Randomized controlled trial
	Patient behavior
	Compared to control patients, intervention patients had significantly better knowledge of precautions and side effects, and were less likely to report driving after taking medication; No significant differences in knowledge about addiction or alcohol risks.

	Mehl-Madrona, Mainguy, & Plummer 2016*
	Patient education on nonpharmacologic pain treatment in group medical visits
	Non-randomized trial
	Patient behavior
	Patients retained in group sessions significantly reduced or discontinued opioid use compared to patients in treatment as usual; Also experienced significant reductions in pain ratings and significant improvement in pain symptoms and quality of life

	Neven, Paulozzi, Howell et al. 2016*
	Emergency department care coordination program
	Randomized controlled trial
	Provider behavior; Health outcome
	Compared to patients in the control condition, patients receiving care coordination had fewer emergency department visits (34% decrease) and were less likely to receive an opioid prescription from the emergency department (80% decrease); also had lower MME, and fewer number of pills, prescriptions, and prescribers.

	Ondersma, Svikis, Thacker et al. 2014*
	Computer-delivered screening and brief intervention for postpartum drug use
	Randomized controlled trial
	Patient behavior
	No significant differences between intervention and control patients in opioid use.

	Prabhu, McQuaid-Hanson, Hopp et al. 2017
	Shared decision making decision aid to guide opioid prescribing after cesarean delivery
	Non-comparative study
	Provider behavior
	For patients participating in shared decision making, half as many opioid tablets were prescribed after surgery compared to the institutional standard prescription.

	Ringwalt, Shanahan, Wodarski et al. 2015b*
	Emergency department electronic health record alert and letters sent to providers and patients to discourage emergency department opioid prescribing for chronic pain
	Randomized controlled trial
	Provider behavior; Health outcome
	Compared to control patients, intervention patients made significantly fewer hospital visits and received fewer prescribed opioids from emergency department clinicians.

	Santistevan et al., 2018
	Removal of a prepopulated, default opioid quantity in emergency department electronic order system. 
	Before-after
	Provider behavior
	After the default of 20 opioid tablets was removed from the order system, the median number of opioid tablets per prescription significantly decreased from 20 to 15 tablets.  

	Saitz, Palfai, Cheng et al. 2014*
	Brief counseling intervention in primary care
	Randomized controlled trial
	Patient behavior
	No significant differences between intervention and control patients in number of days of opioid use. 

	Schwartz, Gryczynski, Mtichell et al. 2014*
	Computer vs. in-person brief intervention for drug misuse in health centers
	Randomized controlled trial
	Patient behavior
	No significant differences between patients receiving computer versus in-person brief intervention in opioid use.

	Stewart, Zborovancik, & Stiely 2017
	Integrated pharmacy department services for dental opioid orders
	Before-after
	Provider behavior
	Rates of opioid prescription were significantly lower when pharmacists were available for consultation (partial integration) and full collaboration with dentists in prescribing decisions (full integration) compared to no integration.

	Turner, Saunders, Shortreed et al. 2013
	Opioid risk reduction initiative including urine drug testing guidelines in primary care
	Before-after
	Provider behavior
	Significant increase in urine drug tests after initiative implementation.

	Weimer, Hartung, Ahmed et al. 2016*
	Opioid dosing limitation policy in combination with education in primary care
	Time Series
	Provider behavior
	Significant reduction in average MME/day after intervention; 32% of patients discontinued opioid therapy for pain and received ongoing care; no significant differences in pain or quality of life after intervention.

	Wiedemer, Harden, Arndt et al. 2007
	Structured opioid renewal program for chronic pain in Veterans Administration primary care
	Non-comparative study
	Provider behavior; Patient behavior
	Almost half of the patients referred to the clinic due to aberrant behaviors adhered to the opioid treatment agreement and resolved their behaviors; among those referred for complex management, patients adhered to the opioid treatment agreement; increase in provider use of treatment agreements and urine drug tests; decrease in service utilization among patients. 

	Weiner et al., 2013
	Emergency department provider review of PDMP data
	Before-after
	Provider behavior
	Small changes in in opioid prescribing compared to original plan before PDMP check, with a net small increase in number of prescriptions administered.

	Westanmo, Marshall, Jones et al. 2015
	Veterans Health Administration Opioid Safety Initiative in primary care
	Before-after
	Provider behavior
	Decrease in number of patients receiving at least one opioid prescription (13.8%) and decrease in mean opioid dosage (47%) during implementation.

	Young et al., 2017
	Unsolicited reports of PDMP data on multiple provider episodes to prescribers 
	Before-after with concurrent comparison group
	Provider behavior; Patient behavior
	Compared to controls, for providers receiving PDMP reports, there was a significant decrease in the number of prescribers visited and number of pharmacies used by patients, dosage units, total days’ supply, total MME, and average daily MME. 

	Zaman et al., 2018
	Individualized taper and safety recommendations were sent to providers with patients co-prescribed opioids and benzodiazepines in a Veterans Administration health care system
	Prospective Cohort study
	Provider behavior
	The number of patients with co-prescriptions was significantly lower (OR = 0.53) six months after the intervention. At the 6-month follow-up, mean opioid and benzodiazepine doses were significantly lower than at baseline. The proportion of patients prescribed more than 100 MME was also significantly lower 6 months after the intervention (OR = 0.59). Opioid overdose education and naloxone distribution significantly increased from baseline to the end of the study (OR = 23.4). 


* Included in narrative reviewed within the manuscript.


Supplemental Table 7 Naloxone Education and Distribution

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Naloxone Education and Distribution (N = 65) Overall low quality of evidence

	Akers et al., 2017
	Pharmacy-based take-home naloxone
	Non-comparative study
	Provider behavior, Health outcomes
	20 successful overdose rescues from 99 kits provided by one pharmacy (20.2% rescue rate).

	Ashrafioun, et al., 2016
	Overdose prevention training for patients, providers, and friends/family members
	Before-after with concurrent comparison groups
	Patient behavior
	Significant increase in knowledge of opioid overdose and confidence to recognize and respond with naloxone administration.

	Bachhuber et al., 2015*
	Targeted messaging to increase public support for naloxone
	Randomized controlled trial
	Patient behavior
	Greater support for naloxone with either message containing factual information about it or sympathetic narrative about overdose death; receiving both factual information and sympathetic narrative was most associated with likelihood to support all naloxone policies.

	Bachyrycz et al., 2017
	Naloxone rescue kit prescriptions by pharmacists who received prescriptive authority certification
	Non-comparative study
	Provider behavior
	In New Mexico, naloxone rescue kit prescriptions were typically first-time prescriptions provided at the patient’s request or because of a high-dose opioid prescription.

	Bagley et al., 2015
	Overdose education and naloxone rescue kits for family members of opioid users
	Non-comparative study 
	Patient behavior
	Trainees were more likely than attendees not trained to be parents of a child misusing opioids, provide financial support to child misusing opioids, or to have witnessed an overdose.

	Banta-Green et al., 2018*
	Overdose education, brief counseling, and naloxone prescription for patients at elevated risk for an overdose, after emergency department care 
	Randomized controlled trial
	Patient behavior, Health outcomes
	After the intervention, healthcare utilization and overdose events between the control group and the intervention group did not differ significantly. Time to first overdose event was also not significantly different between the two groups.

	Behar et al., 2015
	Brief overdose education prior to naloxone distribution at community distribution programs
	Before-after with concurrent comparison groups
	Patient behavior
	First-time naloxone recipients and those seeking refills in San Francisco had sufficient knowledge of overdose and methods for reversal and could correctly identify overdose cases.

	Behar et al., 2017
	Academic detailing for naloxone prescribing among primary care providers
	Before-after 
	Provider behavior
	Providers in San Francisco who received the academic detailing had a significantly greater increase in naloxone prescriptions compared to those who did not receive the intervention.

	Bennett et al., 2018
	Naloxone training and education program for persons using opioids and bystanders
	Non-comparative study
	Patient behavior
	Between 11% and 23% of persons using opioids returned to get a naloxone refill within a year after training. 

	Bennett et al., 2011
	Overdose prevention training with naloxone prescription for persons using opioids 
	Non-comparative study
	Patient behavior, Health outcomes
	Out of the 426 participants, 89 reported administering naloxone for a total of 249 overdose episodes. Participants reported that 96% of these overdoses were reversed.

	Berland et al., 2017b
	Overdose prevention training for first-year medical students
	Before-after
	Provider behavior
	Integrating opioid overdose prevention, including naloxone, within basic lifesaving trainings, resulted in statistically significant improvements in knowledge about and preparedness to respond to opioid overdoses. There was no statistically significant change in attitudes toward patients with substance use disorders.

	Bounthavong et al., 2017*
	Academic detailing on naloxone prescribing in the Veterans Health Administration
	Retrospective cohort study
	Provider behavior
	Providers within the Veterans Health Administration system who had at least one academic detailing session were more likely to prescribe naloxone and these statistically significant differences were maintained after two years.

	Cercone Heavey et al., 2018a 
	Community programs for overdose education and naloxone distribution
	Before-after
	Patient behavior
	Knowledge of overdose prevention scores significantly increased by 23.1% after the intervention.

	Cercone Heavey et al., 2018b
	Naloxone administration by police and firefighters
	Non-comparative study
	Provider behavior, Health outcomes
	Of the 800 overdose reversal attempts, 81.6% (653) were successful. Only 6.3% were unsuccessful and survival was unknown in the rest of the cases.

	Chang et al., 2017
	Provision of intranasal naloxone rescue kits
	Cross sectional study 
	Patient behavior
	Outpatients were more likely to accept naloxone kits compared to inpatients at a Veterans Administration facility.

	Coffin et al., 2016*
	Naloxone co-prescribing with opioids
	Retrospective cohort study
	Provider behavior, Health outcomes
	Higher doses of opioids were more likely to receive co-prescriptions for naloxone. Receipt of naloxone was statistically associated with fewer ER visits in the following 6 months and 1 year.

	Devries et al., 2017
	Naloxone prescribing and education program for health care professionals in a health system
	Before-after
	Provider behavior
	Large, though statistically untested, increase in the number of naloxone prescriptions after program implementation. Program includes naloxone guidelines, education, and medical record alerts.

	Dion, 2016
	Naloxone education for nursing students
	Before-after
	Provider behavior
	Significant increase in student knowledge of naloxone use after intervention.

	Doe-Simkins et al., 2014*
	Overdose education and naloxone distribution for those misusing substances
	Retrospective cohort study
	Patient behavior, Health outcomes
	There was no significant difference in the naloxone administration rate of success between patients that received the intervention and those that did not. 

	Doe-Simkins et al., 2009
	Naloxone education and distribution for persons using drugs by trained nonmedical needle exchange staff
	Non-comparative study
	Provider behavior, Health outcomes
	Among the 385 participants, 50 reported a total of 74 overdose reversals.

	Doyon et al., 2016
	Bystander naloxone administration and incorporation of poison center into program
	Non-comparative study
	Health outcomes
	75.6% rate of reversal of opioid overdose when naloxone administered by bystanders.

	Drainoni et al., 2016
	Standing order for nasal naloxone in a safety net hospital 
	Non-comparative study
	Provider behavior
	Despite acceptance of the policy by emergency department providers, uptake (i.e. dispensing of nasal naloxone to those at risk) was low.

	Enteen et al., 2010
	DOPE Project: Naloxone training and prescription for persons injecting drugs 
	Non-comparative study
	Patient behavior, Health outcomes
	Of the 1,942 individuals that received the intervention, 11% reported using naloxone during an overdose event. Of the related 399 overdose events, 89% were reversed.

	Galea et al., 2006
	Overdose prevention training and naloxone distribution to persons injecting drugs within a syringe exchange program
	Non-comparative study
	Patient behavior, Health outcomes
	Of the 22 participants that were followed-up, 11 reported witnessing a total of 26 overdoses. Naloxone was administered 10 times (each administration led to a reversal).  

	Gatewood, et al., 2016
	Perceived barriers for the prescribing of naloxone to friends/family of persons misusing opioids
	Non-comparative study
	Provider behavior
	Barriers related to naloxone, to the provider, and to the patient prevented uptake of third-party prescribing

	Goldberg et al., 2018
	Naloxone stations in public spaces for bystander use
	Non-comparative study
	Patient behavior
	In a simulated overdose scenario, the time required to get naloxone from the nearby station and to administer it was 131 seconds less than the average emergency medical services response time in the community.

	Green et al., 2008*
	Naloxone training and distribution for persons misusing drugs
	Prospective cohort study
	Patient behavior
	Patients in the intervention group had significantly greater knowledge of opioid overdose symptoms and in recognizing when naloxone was indicated then patients in the control group.

	Gulec et al., 2018
	Naloxone administration by basic life support emergency medical services providers
	Cross Sectional 
	Provider behavior, Health outcomes
	There was no significant difference between basic life support providers and advanced life support providers in Glasgow Coma Scale and respiratory rate improvements following naloxone administration. There was also no difference between the two groups in identifying the appropriate patients.

	Heller and Stancliff, 2007
	Overdose prevention education and naloxone distribution for persons using drugs by medical providers
	Non-comparative study
	Health outcomes
	Among the 754 intervention participants, there were 25 overdose reversals within the first six months. After 18 months, there were 162 reversal reported from 1,800 participants.

	Huhn et al., 2018*
	Computer-based overdose education for patients prescribed opioids
	Randomized controlled trial
	Patient behavior
	Opioid overdose knowledge was significantly higher after education in both intervention groups (presentation only and presentation + questions). There was no difference in knowledge gain between the intervention groups.

	Jones et al., 2014
	Brief bystander education among persons using heroin 
	Before-after with concurrent comparison group
	Patient behavior
	Education statistically improved participants’ ability to identify opioid overdose and scenarios where naloxone administration was warranted.

	Kidorf et al., 2013*
	Community syringe exchange program with naloxone distribution
	Time series
	Patient behavior
	Individuals enrolled in a syringe services program with naloxone education and distribution reported fewer days of heroin and fewer days of cocaine use compared to baseline.

	Kitch and Portela, 2016
	Naloxone administration training for law enforcement
	Non-comparative study
	Provider behavior
	Training of law enforcement and first responders to administer naloxone is feasible and can be successful in reversing overdoses.

	Kobayashi et al., 2017
	Layperson naloxone administration training
	Non-comparative study
	Patient behavior
	Recently released prisoners were training in using intranasal naloxone. 94.1% of individuals trained provided beneficial naloxone resuscitation actions during simulations at 1-month follow-up.

	Lankenau et al., 2013
	Overdose prevention education and naloxone distribution to persons injecting drugs
	Non-comparative study
	Patient behavior
	Half of participants administered naloxone in a subsequent witnessed overdose event.

	Lewis et al., 2016
	Overdose education and naloxone distribution to friends and family of persons misusing opioids
	Before-after
	Provider behavior, Patient behavior, health outcomes
	250 free naloxone kits were distributed and 3 overdose reversals were reported during 8-month program pilot. Overdose prevention knowledge increased significantly after training.

	Lott and Rhodes, 2016
	Naloxone education in a substance use disorder treatment program
	Before-after 
	Patient behavior
	Knowledge of overdose signs and naloxone use significantly increased after intervention and was maintained at 3-month follow-up. 

	Maldjian, Siegler, and Kunins, 2016
	Overdose prevention training for laypersons
	Non-comparative study
	Patient behavior
	Training for naloxone use produced insufficient recall of rescue actions, though modest recall of which types of overdoses naloxone is effective against.

	Maxwell et al., 2006
	Overdose prevention education and naloxone prescription for persons using heroin
	Non-comparative study
	Provider behavior, Health outcomes
	Over 3,500 vials of naloxone were prescribed over the life of the program and there were 319 reports of overdose reversal.

	Morton et al., 2017
	Pharmacy-based statewide naloxone standing order for anyone at risk for an overdose or anyone who might be in a position to assist 
	Non-comparative study
	Provider behavior
	Increase, though not statistically tested, in claims for naloxone after implementation of pharmacist standing order in New Mexico.

	Papp and Schrock, 2017*
	Naloxone distribution after heroin overdose treated in the emergency department
	Retrospective cohort study
	Provider behavior, Health outcomes
	After the initial heroin overdose, 71% (208) of patients received naloxone. There were 7 subsequent overdose deaths and there was no significant difference in the incidence of deaths between patients that received naloxone and those that did not.

	Pauly et al., 2018
	Pharmacist-led overdose education and naloxone distribution at Veterans Administration Medical Center
	Non-comparative study
	Provider behavior
	A total of 243 patients were referred to the intervention but only 71 received the education and 69 were provided a naloxone kit.

	Piper et al., 2008
	Overdose prevention education and naloxone prescription for persons injecting drugs
	Non-comparative study
	Patient behavior
	Out of the 122 trained participants, naloxone was subsequently used 82 times and 82.2% of participants responded that they felt comfortable or very comfortable administering naloxone if necessary.

	Piper et al., 2007
	Overdose prevention education and naloxone prescription for persons injecting drugs
	Non-comparative study
	Patient behavior
	Over 1,000 participants trained over a one year period.

	Purviance et al., 2017
	Naloxone training for law enforcement
	Before-after
	Provider behavior
	After the training, there was a significant increase in reported competency and readiness to administer naloxone based on the Opioid Overdose Attitudes Scale.

	Rando et al., 2015
	Naloxone administration by law enforcement
	Before-after
	Health outcome
	Opioid overdose deaths decreased each quarter after implementation of police naloxone program.

	Rowe et al., 2015
	Community-based naloxone distribution
	Case Control study
	Patient behavior 
	Those having witnessed or experienced a prior overdose and those who reported using heroin or methamphetamine reported a greater number of reversals than those who did not.

	Rowe et al., 2016
	Community-level naloxone distribution sites
	Non-comparative study
	Health outcome
	
Greater distance to the nearest site distributing naloxone was associated with fewer naloxone reversals; there were no significant associations between distance and fatal overdose.

	Saucier et al., 2016
	Naloxone training for law enforcement
	Before-after
	Provider behavior
	After training, officers had statistically significant increases in self-efficacy, overdose identification knowledge, naloxone administration knowledge, Good Samaritan law awareness, and anticipated behaviors in response to future observed overdose.

	Seal et al., 2005
	Overdose prevention education and naloxone distribution for persons injecting drugs
	Before-after
	Patient behavior
	Six months after the intervention, knowledge of heroin overdose management had increased significantly and heroin use had decreased significantly. 

	Siegler et al., 2017
	Overdose prevention training and naloxone distribution for persons misusing opioids
	Non-comparative study
	Patient behavior
	There were 312 witnessed overdoses from 128 participants and naloxone was administered in 241 events (60% of naloxone administrations were by study participants. 

	Simmons et al., 2018
	Online overdose prevention training for laypeople
	Before-after
	Patient behavior
	After the training, 89% of participants felt they had the required knowledge and skills to intervene successfully during an overdose compared to 20.3% before the intervention (z= −17.2, p < .001).

	Simmons et al., 2016
	Web-based naloxone training for first responders
	Non-comparative study
	Provider behavior
	Web-based naloxone education was found to be feasible and acceptable to first responders. Retention of knowledge was not measured.

	Sherman et al., 2009
	Overdose prevention education and naloxone distribution
	Non-comparative study
	Patient behavior
	Over half of intervention participants referred others to the program.

	Spelman et al., 2017*
	Overdose education and naloxone distribution during group primary care visits
	Non-randomized trial
	Provider behavior
	Compared to patients in the control group, patients in the intervention group that received group education received significantly more naloxone prescriptions.

	Takeda et al., 2016
	Naloxone co-prescribing for chronic pain patients
	Non-comparative study
	Provider behavior
	All enrollees (164) were provided naloxone rescue kits.

	Tobin et al., 2009
	Overdose prevention education and naloxone distribution for persons injecting drugs
	Before-after
	Patient behavior
	Out of 85 participants, 19 reported administering naloxone in the following 6 months and knowledge about naloxone increased after the training.

	Wagner et al., 2010
	Overdose prevention education and naloxone distribution for persons injecting drugs
	Before-after
	Patient behavior
	Knowledge about overdose prevention and naloxone use was significantly higher 3 months after the intervention compared to baseline.

	Walley et al., 2013a
	Naloxone distribution and overdose education for persons misusing methadone 
	Non-comparative study
	Provider behavior, Health outcomes
	During the study period (2008-2010), 1553 individuals received rescue kits and 92 rescues were reported.

	Walley et al., 2013b*
	Community-level overdose education and naloxone distribution  programs
	Time series with concurrent comparison group
	Health outcomes
	Overdose death rates were statistically reduced in communities with overdose education and naloxone distribution programs.

	Weiner et al., 2017b
	Naloxone administration from emergency medical services 
	Non-comparative study
	Health outcomes
	Out of all emergency medical services naloxone administrations, 6.5% of patients died the same day and 9.3% died within the following year.

	Wheeler et al., 2012
	Community-based naloxone distribution programs
	Non-comparative study
	Provider behavior, Health outcomes
	Community-based naloxone distribution programs (48 overarching programs representing 188 local programs) surveyed reported training and distributing naloxone to over 53,000 persons and receiving reports of over 10,000 reversals.

	Whittington et al., 2018
	One-on-one care management for chronic pain patients with a registered nurse
	Non-comparative study
	Patient behavior
	After the intervention, naloxone procurement significantly increase by 288%. Overall, 31 participants (20.2%) procured naloxone after the intervention.

	Winstanley et al., 2016
	Opioid overdose prevention programs in Ohio
	Non-comparative study
	Provider behavior, Health outcomes
	Programs distributed almost 2,000 kits between 2012 and 2014 in Ohio, with 149 overdose reversals. Reported barriers to implementation include stigma, cost, staffing, legal, regulatory, and client-related problems.

	Yokell et al., 2011
	Overdose prevention education and naloxone distribution program
	Non-comparative study
	Patient behavior
	120 participants were trained in overdose prevention.


* Included in narrative reviewed within the manuscript.


Supplemental Table 8. Safe Storage and Disposal

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Safe Storage and Disposal (N=13) – Overall low quality of evidence

	De La Cruz et al., 2017*
	Patient education program in a cancer outpatient clinic 
	Non-randomized trial
	Patient behavior
	Compared to the control group, patients in the intervention group had significantly greater knowledge of proper disposal methods (76% vs. 28%) and were significantly less likely to practice unsafe use of opioids (18% vs. 25%). Intervention participants were significantly less likely to lend or borrow pills from others (3% compared to 8%), and significantly less likely to consume more than prescribed and save unused medication. Intervention participants were also significantly more likely to report storing opioids in a safe place. 

	Egan et al., 2017
	Take-back events and permanent drug donation boxes 
	Non-comparative study
	Patient  behavior
	The bi-annual take-back events and the permanent donation boxes collected 0.3% of the total annual controlled medications dispensed in the counties involved in the study and 39.9% of controlled substances collected were opioids.

	Gray et al., 2015
	Permanent drug donation boxes
	Non-comparative study
	Patient behavior
	Rural communities donated to permanent disposal boxes at a higher rate per capita than communities with more than 10,000 residents.

	Gray and Hagemeier, 2012
	Drug Enforcement Administration -sanctioned drug take-back events 
	Non-comparative study
	Patient behavior
	Over 11 take-back events in rural Appalachia, 9.3% of all prescription medications collected were controlled substances. Around 14% of donors listed their concern for accidental overdose as a motivating factor for donating.

	Jaramillo-Stametz et al., 2017
	Drug take-back events across six states
	Non-comparative study
	Patient behavior
	Opioids accounted for 66% of all controlled prescription medication collected during the study. Of the controlled substances collected, more than 50% of the quantities prescribed remained unused. 

	Hasak et al., 2018*
	Educational brochure 
	Before-after with concurrent comparison group
	Patient behavior
	The proportion of patients who disposed their unused opioids after surgery increased significantly after the brochure was distributed (from 11% to 22%). 

	Johnson et al., 2011+
	State-wide communication campaign on prescription pain medication safety
	Before-after
	Patient behavior
	After the media education campaign, respondents were significantly more likely to dispose unused medications at a drop box or collection event and significantly less likely to take medication that was not prescribed to them.

	Ma et al., 2014
	Drug take-back program
	Non-comparative study
	Patient behavior
	About 10% of collected medications in Hawaii were controlled substances.

	Maughan et al., 2016*
	Behavioral intervention for patients undergoing surgical tooth extraction that consisted of informing patient of a pharmacy-based opioid disposal program
	Randomized controlled trial
	Patient behavior
	Compared to the control group, patients in the intervention group were more likely to have disposed or have had the intent to dispose unused opioids (52% vs. 30%), although the difference was not significant.  

	McCauley et al., 2013
	Brief, web-based educational intervention 
	Before-after
	Patient behavior
	Knowledge regarding safe use of prescription opioids increased significantly after the intervention. There was also a significant decrease in the likelihood of participants lending or borrowing pills and keeping unused pills.

	Welham et al., 2015
	Local take-back program
	Non-comparative study
	Patient behavior
	More than 60% of the opioid prescriptions dispensed were unused and the number of days supplied was the greatest predictor of the quantity remaining at disposal.

	Yanovitzky, 2017
	State-wide drug take-back and disposal social marketing campaign (American Medicine Chest Challenge).
	Cross Sectional
	Patient behavior
	Between 50% and 60% of all adults in the state were exposed to the campaign each year. Campaign exposure increased the probability of drug disposal at a collection site by 32%. About 30% of adults responded that the information from the campaign influenced them to safely dispose their unused medicine. 

	Yanovitzky, 2016
	State-wide drug take-back and disposal social marketing campaign (American Medicine Chest Challenge)
	Cross Sectional
	Patient behavior
	After controlling for confounders, campaign exposure was a significant predictor of disposing unused medicine at a collection site (OR=2.14) which was promoted through the campaign.


* Included in narrative reviewed within the manuscript.
+ Also included in the public education intervention category.


Supplemental Table 9. Public Education

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Public Education Interventions  (N = 8) – Overall moderate quality of evidence

	Chakravarthy et al., 2018*
	Video-based education intervention on safe opioid use and discharge instructions in emergency department
	Randomized controlled trial
	Patient behavior
	Compared to patients in the control group who received verbal instructions and an information sheet, patients in the intervention group recalled significantly more information about safe opioid usage and disposal.

	Crowley, Jones, Coffman et al., 2014*
	Universal school and family-based preventive interventions focusing on reducing risk for substance misuse and promoting protective factors (refusal skills, parental monitoring)
	Randomized controlled trial
	Patient  behavior
	Compared to control youth, those participating in the Life Skills Training program, Life Skills and Strengthening Families Program (SFP): 10-14, or All Stars and SFP: 10-14 were significantly less likely to use prescription opioids for nonmedical purposes; no significant reductions were found for those participating in All Stars and Project Alert alone

	Fang & Schinke, 2013*
	Online substance abuse prevention for mothers and daughters focused on strengthening relationships and increasing resilience to substance use
	Randomized controlled trial
	Patient behavior
	Compared to controls, those participating in the intervention had significantly lower intentions to use substances and reported fewer instances of prescription drug misuse

	Guarino et al., 2018*
	Web-based behavioral intervention for chronic pain patients with a history of opioid misuse. 
	Randomized controlled trial
	Patient behavior, Health outcomes
	During the 12-week intervention and at the 3-month follow-up, patients in the in intervention group had a significantly greater reduction in aberrant drug-related behavior and emergency department visits related to pain compared to the control group that received only treatment as usual (typically consisting of only opioid therapy). Both groups saw reductions in pain severity but there were no differences between the two groups. 

	Johnson, Porucznik, & Anderson et al., 2011*+
	Statewide media campaign on safe use of prescription pain medications and proper disposal, including TV spots, radio spots, posters, patient information cards, online advertising, bookmarks, news releases, and media advisories; Combined with rollout of prescribing guideline for providers
	Before/After
	Patient behavior; Health outcomes
	Approximately half of respondents indicated they were less likely to share prescription medications and take prescription medications not prescribed to them; approximately 1 in 5 reported disposing of leftover medications as a result of the media messages; 14% one-year reduction in unintentional opioid-related drug overdose deaths 

	Klisch, Bowling, Miller et al., 2013*
	Forensic science games that address drug and alcohol abuse and incorporate science standards, for inclusion in school science curricula  
	Before/After
	Patient behavior
	Compared to pretest, student attitudes became significantly more negative toward prescription drug abuse posttest

	Spoth, Trudeau, Shin et al., 2013*
	Universal school and family-based preventive interventions focusing on reducing risk for substance misuse and promoting protective factors (refusal skills, parental monitoring)
	Group randomized controlled trial
	Patient behavior
	Compared to control youth, those participating in the Iowa Strengthening Families Program: for Parents and Youth 10-14 (SFP 10-14); SFP 10-14 plus Life Skills training; SFP 10-14 plus Project Alert; or SFP 10-14 plus All Stars showed significant reductions in prescription opioid misuse and lifetime prescription drug misuse 

	Syed et al., 2018*
	Preoperative education on safe opioid use.
	Randomized controlled trial
	Patient behavior
	Compared to the control group, patients in the intervention group were 2.2 times more likely to have discontinued opioids by the 3-month follow-up (p=0.03). Opioid use was significantly lower in the intervention group at the 6-week (33%) and 3-month (42%) follow-ups compared to the control group. 


* Included in narrative reviewed within the manuscript.
+ Also included in the safe storage and disposal intervention category.



Supplemental Table 10. Community Coalitions
	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Coalition interventions (N=3) – Very Low quality of evidence 

	Albert et al., 2011*
	Project Lazarus is a community-based overdose prevention program with 5 components, including community activation and coalition building
	Before-after
	Provider behavior; Health outcomes
	The overdose death rate in the county decreased from 46.6 in 2009 to 29.0 per 100,000 in 2010. Additionally, in 2008, 82% of overdose decedents had received an opioid prescription that was implicated in their overdose, compared to 10% in 2010. It is important to note that this intervention included many components that were not independently evaluated and that prevention interventions coordinated by Project Lazarus started at different times between 2000 and 2011.

	Alexandridis et al., 2017*
	Evaluation of Project Lazarus and seven of its strategies aimed at preventing overdoses
	Time series with concurrent comparison group
	Health outcomes
	Components of Project Lazarus were associated with different effects across key outcomes, both in the short- and long-term. In the short-term, healthcare provider education and policies to limit emergency department prescribing were associated with lower mortality, but emergency department policies were associated with higher emergency department visits. In the long-term, programs for patients with pain were associated with lower mortality rates, naloxone policies and expansion of medication-assisted treatment were associated with lower emergency department visits (but for treatment, this effect stabilized), and diversion control was associated with increases in emergency department visits. 

	Brason et al., 2013*
	Project Lazarus is a community-based overdose prevention program that includes public awareness, coalition action, and data evaluation
	Non-comparative study
	Health outcomes
	After the implementation of Project Lazarus, fatal overdose rates and emergency department visits related to substance abuse decreased, and treatment for overdose became more accessible. However, the effects of Project Lazarus were not evaluated independently from other state-level interventions and statistical significance was not measured.


* Included in narrative reviewed within the manuscript.

Supplemental Table 11. Public Safety/Public Health Collaboration

	Authors
	Intervention Description
	Design
	Outcome Type
	Findings

	Public Safety/Public Health Collaboration (N=2) – Very low quality of evidence 

	Dahlem et al., 2017*
	Naloxone training for law enforcement officers with referral to substance use disorder treatment program component. 
	Before-after
	Patient behavior and Provider behavior
	Six of the thirty-one patients who received naloxone from an officer who received the training sought treatment referral. Post-intervention test scores showed that officers had a significant increase in opioid overdose knowledge.

	Schiff et al., 2017*
	Police-led addiction treatment referral program in Massachusetts.
	Before-after
	Patient behavior
	Program participants were more likely to report drug abstinence compared to individuals who did not participate (40.9% v. 26.0%) at the mean follow-up time of 6.7 months, although this finding was not statistically significant (p=0.06).


* Included in narrative reviewed within the manuscript.
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