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Abstract

To address the opioid overdose epidemic in the United States, states have implemented policies to 

reduce inappropriate opioid prescribing. These policies could affect the coincident heroin overdose 

epidemic by either driving the substitution of heroin for opioids or reducing simultaneous use of 

both substances. We used IMS Health’s National Prescription Audit and government mortality 

data to examine the effect of these policies on opioid prescribing and on prescription opioid and 

heroin overdose death rates in the United States during 2006–13. The analysis revealed that 

combined implementation of mandated provider review of state-run prescription drug monitoring 

program data and pain clinic laws reduced opioid amounts prescribed by 8 percent and 

prescription opioid overdose death rates by 12 percent. We also observed relatively large but 

statistically insignificant reductions in heroin overdose death rates after implementation of these 

policies. This combination of policies was effective, but broader approaches to address these 

coincident epidemics are needed.

In 2014, overdose deaths related to prescription opioids and heroin claimed the lives of more 

than 28,000 people in the United States, accounting for the majority of total drug poisoning 

deaths.1 Prescription opioid–related overdose deaths increased dramatically after 1999, 

nearly quadrupling over the next decade.2 These overdose deaths paralleled a quadrupling of 

the amount of opioids prescribed,3 as professional pain management societies called for and 

state regulations encouraged more liberal use of opioids for chronic, noncancer pain.4 

Heroin overdose deaths also increased, more than tripling between 2010 and 2014.1
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We found no evidence to support the assertion that policies to curb opioid prescribing are leading to heroin overdoses.
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In response, many states have enacted policies to control inappropriate opioid prescribing 

and thereby reduce overdose deaths. A growing body of recent scientific evidence suggests 

that state-level policies—such as mandatory provider use of prescription drug monitoring 

programs (PDMPs)—might reduce prescribing practices that increase overdose risk.5 These 

programs consist of state-based electronic databases that collect data on controlled 

prescription drugs dispensed by pharmacies and, in some states, by dispensing physicians. 

They contain information about patients’ controlled substance prescription history that can 

help providers identify risk factors for opioid-related fatal overdose, such as receipt of 

opioids from multiple sources and total prescribed opioid dosage.6 However, in states 

without policies requiring review of PDMP data, providers use the data infrequently.7 Al 

though laws mandating provider review of these data do not guarantee that all prescribers 

will comply, dramatic increases in providers’ use of them have been demonstrated following 

implementation of these laws. For example, in Kentucky, where mandated PDMP use was 

implemented in July 2012, the number of provider requests for patients’ prescription history 

reports increased from 811,000 in 2011 to nearly4.6 million in 2013.5

In some states, certain pain clinics have provided opioids and other controlled prescriptions 

to patients in large quantities and without medical evaluation or justification. Pain clinic 

laws attempt to decrease inappropriate prescribing through requirements such as registration 

of pain clinics with the state, physician ownership of the clinics, prescribing restrictions, and 

record-keeping requirements.

It is possible that mandated use of PDMP data and pain clinic laws reduce the frequency 

with which opioids are prescribed or, more specifically, reduce dosages or amounts of 

opioids prescribed to individuals at risk for overdose and, in turn, reduce overdose deaths. At 

the same time, publications in mainstream media8–10 and in the scientific literature11,12 have 

advanced the idea that opioid prescribing policies have unintentionally driven demand for 

heroin (a drug with similar effects) as people search for “a cheaper, more accessible high.”10

To implement effective prevention strategies, many of which are implemented at the state 

level, it is important to understand whether and how opioid prescribing policies affect 

prescribing and overdose deaths. To this end, we examined whether opioid prescribing 

policies had the intended positive impact on prescribing and prescription drug overdose 

deaths and whether they unintentionally created harms by increasing heroin overdose deaths.

Study Data And Methods

We performed a difference-in-differences analysis of state-level data with intervention and 

comparison states, a method widely used to identify the impact of policies.13,14 We used 

eight-year (2006–13) state-level panel data for states that implemented opioid prescribing 

policies and comparison states that did not implement these policies during this time period.

STATE-LEVEL OPIOID PRESCRIBING POLICIES

Theories that opioid prescribing policies reduce prescription opioid–related deaths or 

inadvertently increase heroin demand and overdose deaths rely on reduced prescription 

opioid access as an explanatory mechanism. Thus, we focused on state-level policies that 
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could affect opioid prescribing and supply. These policies are laws and regulations requiring 

providers to follow opioid prescribing guidelines,15 pain clinic laws (which govern the 

ownership, operation, and practices of clinics providing pain management services where 

practitioners prescribe opioids or other controlled substances to a large proportion of 

patients),16 and mandated provider review of information from prescription drug monitoring 

programs before prescribing opioids. We excluded Good Samaritan laws, which are policies 

intended to increase access to naloxone for opioid overdose reversal, and drug take-back 

programs because they are not known to affect opioids available for abuse and diversion.17 

We reviewed multiple sources for information on state-level opioid-related laws and 

regulations and timing of implementation from Westlaw, reports from the National Alliance 

for Model State Drug Laws,18 and reports from the PDMP Center of Excellence at Brandeis 

University.5

DRUG OVERDOSE DEATHS

We used National Vital Statistics System Multiple Cause of Death mortality files from the 

National Center for Health Statistics, Centers for Disease Control and Prevention, to obtain 

the number of heroinand prescription opioid–related overdose deaths, overdose deaths 

related to unspecified narcotics, overdose deaths related to unspecified drugs, and “pending” 

deaths (for which the cause or manner of death could not be determined by the close of the 

time for filing) for each state during the period 2006–13.19 See additional details in the 

online Appendix.20

OPIOID PRESCRIBING

We used IMS Health’s National Prescription Audit to obtain information on prescribed 

opioids dispensed between 2006 and 2013. The National Prescription Audit provided 

estimates of prescriptions for each state based on a representative sample of approximately 

57,000 retail pharmacies that dispense nearly 80 percent of all prescriptions in the United 

States, including opioids paid by commercial insurance, Medicaid, Medicare, and cash.21

State-specific annual opioid prescribing rates were calculated as milligrams prescribed in 

morphine milligram equivalents (MMEs) per state resident per year. Additional details about 

this calculation appear in the Appendix.20

STATES IMPLEMENTING POLICIES AND COMPARISON STATES

We included thirty-eight states and the District of Columbia in the final analysis. States were 

excluded because of concerns about the reliability of death rates based on very low numbers 

of heroin deaths (ten states)22 or marked reduction in reporting drug-specific overdose 

deaths to the National Center for Health Statistics during the period (New Mexico). We 

excluded Washington State because of its unique mandate to follow prescribing guidelines; 

this would have introduced complexity in identifying controls and calculating inferences 

statistics in difference-in-differences analyses.23

Of the thirty-eight states in our analysis, seven states implemented pain clinic laws between 

2006 and 2013 (see Appendix Exhibit A1).20 Of these seven, four mandated provider review 

of PDMP data at or about the same time as their pain clinic laws took effect.
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STATISTICAL ANALYSIS

We modeled the effect of mandatory provider review of PDMP data and pain clinic laws on 

state-level MMEs per population and on heroin, prescription opioid, and combined drug 

overdose death rates using a two-way fixed effects approach. The two-way fixed effects 

model includes both state and year fixed effects and is a generalized approach to difference-

in-differences modeling.24 These models included relevant time varying covariates, which 

are described in detail below.

Two categories of intervention states—those implementing both mandated provider review 

of PDMP data and pain clinic laws and those implementing pain clinic laws alone—were 

modeled separately. Because every state implementing mandated provider review of PDMP 

data implemented pain clinic laws at a similar point in time, we were unable to model the 

effects of mandated provider review of PDMP data alone. The start of the policy period was 

defined as the year in which the policy was implemented, if within the first half of a calendar 

year, or as the year following policy implementation, if implemented during the second half 

of a calendar year. We controlled for state-level time-varying factors that might affect heroin 

and prescription opioid overdose deaths, including opioid prescribing rates, pending death 

rates, and totals of unspecified narcotic and unspecified drug overdose death rates. We 

included state-specific linear time trends to account for unobserved state-level factors that 

evolve over time.

In addition, states experiencing increased overdose rates may have taken steps to expand 

access to medication-assisted treatment with opioid agonists for opioid use disorder, which 

could reduce opioid overdose rates. Therefore, we conducted a sensitivity analysis including 

estimates for state-level per population buprenorphine treatment capacity. See additional 

details in the Appendix.20

We conducted all analyses using Stata/SE software, version 13.1.

LIMITATIONS

Our findings were subject to several limitations. First, we did not examine state laws or 

regulations requiring providers to follow opioid prescribing guidelines because we found 

only one state implementing such rules.

Second, some authors have posited an association between the reformulation of OxyContin 

to include tamper-resistant features and increases in heroin use.25 However, it is difficult to 

assess the independent effect of this change given that the reformulation of OxyContin 

affected all states at the same time (late 2010). Given that this change was a common effect 

to all states in the analysis, it did not bias our difference-in-differences estimates of the other 

policy impacts.

Third, the IMS Health data do not adequately capture opioids dispensed directly by 

providers, including those in pain clinics, so findings regarding the effect of pain clinic laws 

on opioid prescribing should be interpreted with particular caution. However, this limitation 

would not affect our ability to detect a difference in the more distal outcome of overdose 

deaths in states implementing pain clinic laws.
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Fourth, estimates of buprenorphine treatment capacity might underrepresent the overall 

capacity for medication-assisted treatment with opioid agonists because methadone is not 

included. However, potential methadone capacity based on number of operating opioid 

treatment programs remained relatively stable during the study period compared with 

substantial changes in potential buprenorphine treatment capacity.26

Fifth, because most opioid-related policy interventions were implemented relatively recently, 

we were able to include only limited postintervention time, which could have reduced our 

ability to identify long-term intended and unintended effects of these polices. For example, 

reducing exposure to prescription opioids could reduce subsequent heroin use at a later 

point, but there was insufficient postintervention time in our analysis to observe this effect.

Sixth, the absence of an overall association between opioid prescribing policies and mean 

heroin overdose rates does not rule out the possibility that some people used heroin because 

of decreased availability of opioids after opioid prescribing policies took effect.

Several factors might have affected prescription opioid and heroin overdose death reporting 

in states over time. A substantial proportion of drug overdose death reports do not include 

the specific drug or drugs involved in the overdose (25 percent in 2008–10),27 and this 

proportion varies widely by state. Unknown factors, such as funding available for drug 

overdose surveillance, might also have affected drug-specific reporting. To some extent, 

these factors were controlled for in our analysis using state fixed effects and statespecific 

time trends and by including unspecified drug overdose deaths and pending investigation 

deaths in the models.

Eleven states were excluded because of limitations in available drug overdose data. It is 

difficult to speculate how the results would have differed if we had included all states. Policy 

effects would be muted in at least ten of these states with relatively small numbers of deaths. 

The effect of including New Mexico is unclear, since it was excluded because of 

inconsistency in measurement of the key outcomes over time.

It is possible that variation in drug-specific reporting was related to implementation of 

opioid prescribing policies. Specifically, increased concern about overdose deaths in some 

states might have led to both policy development and to increased vigilance in identifying 

heroin and prescription opioid overdose deaths through surveillance. This could lead to 

artificial increases in heroin-related, prescription opioid–related, and combined drug 

overdose death rates associated with prescription opioid policies, which would bias findings 

of decreased overdose deaths associated with policies toward the null.

Study Results

TRENDS IN OPIOID PRESCRIBING

Overall, opioid prescribing rates paralleled opioid overdose death rates during 2006–13. On 

average across all states, prescribing rates per state resident increased from 660 MMEs in 

2006 to 849 MMEs in 2010 (a 28.5 percent increase) and decreased after 2010 (data not 

shown). The prescribing rate declined to 781 MMEs in 2013, an 8 percent decrease 
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compared to 2010 (data not shown). Throughout the study period, prescribing rates were 

highest among states that ultimately implemented both mandatory prescription drug 

management program review and pain clinic laws (Exhibit 1). Prescribing rates declined 

more sharply from 2010 to 2013 in states implementing both policies (10.6 percent 

decrease) and in those implementing pain clinic laws only (26.9 percent decrease) than in 

states not implementing either policy (5.5 percent decrease).

TRENDS FOR OPIOID, HEROIN, AND COMBINED DRUG OVERDOSE DEATHS

Overall prescription opioid overdose death rates increased beginning in 2006 and reached a 

peak in 2011 at 5.40 per 100,000 residents. These rates decreased for the first time in 2012 

to 5.05 per 100,000 and stayed at about that level with a rate of 5.09 per 100,000 in 2013 

(data not shown). Prescription opioid overdose death rates were substantially higher in states 

that ultimately implemented both pain clinic laws and mandatory PDMP review than in 

comparison states or in states implementing pain clinic laws only (Exhibit 2). Prescription 

opioid–related overdose death rates decreased more sharply in both categories of 

intervention states than in comparison states.

Heroin overdose death rates increased among all states during 2006–13 (from 0.72 to 2.69 

per 100,000 residents). In 2006, heroin overdose death rates were similar in states that did 

and did not implement opioid prescribing policies. Death rates increased in all categories of 

states beginning in 2008. Compared with states not implementing either type of prescription 

opioid policy, heroin overdose death rates increased less sharply in states that ultimately 

implemented pain clinic laws only and more sharply in states that ultimately implemented 

both mandatory PDMP review and pain clinic laws (Exhibit 2).

Combined drug overdose death rates predominantly reflected trends in opioid-related 

overdose death rates (Exhibit 2).

EFFECTS OF POLICIES ON OPIOID PRESCRIBING AND OPIOID-RELATED OVERDOSE 
DEATH RATES

The implementation of combined policies mandating PDMP use and pain clinic laws 

reduced the prescribing rates by 80.1 MMEs per state resident. Implementation of pain clinic 

laws alone did not significantly reduce opioid prescribing rates (Exhibit 3). Among states 

implementing both mandatory PDMP use and pain clinic laws, policy implementation was 

significantly associated with a reduction in the prescription opioid overdose death rate of 1.2 

per 100,000 residents. Pain clinic laws alone did not have a significant effect on these rates, 

but there was a significant positive association between opioid MME prescribing rates and 

opioid overdose death rates (Exhibit 3).

EFFECTS OF POLICIES ON HEROIN OVERDOSE DEATH RATES

Neither combined PDMP and pain clinic laws nor pain clinic laws alone were associated 

with statistically significant reductions in heroin death rates. Opioid prescribing rates were 

also not significantly associated with heroin overdose death rates (Exhibit 3).
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EFFECT ON COMBINED DRUG OVERDOSE DEATH RATES

Among states implementing both mandatory PDMP use and pain clinic laws, policy 

implementation was significantly associated with a reduction in the combined drug overdose 

death rate of −1.1 per 100,000 residents. There were also significant positive associations 

between MME prescribing rates and combined drug overdose death rates (Exhibit 3).

SENSITIVITY ANALYSIS: EFFECTS OF BUPRENORPHINE TREATMENT CAPACITY

Estimated buprenorphine treatment capacity per 10,000 population increased during the 

study period, with greater increases in states implementing mandatory PDMP review and 

pain clinic laws (from 0.81 to 10.18) than in states implementing pain clinic laws alone 

(from 1.26 to 5.25) or comparison states (from 1.74 to 6.06).20 However, the addition of 

estimated buprenorphine treatment capacity to the models did not result in significant 

changes in effects of opioid prescribing policies on overdose death rates. See additional 

details in the Appendix.20

Discussion

Our results suggest that some opioid prescribing policies had intended effects on opioid 

prescribing and overdose death rates. We found that mandated review of prescription drug 

monitoring program data combined with pain clinic laws was significantly associated with 

both decreased amounts of opioids prescribed and with decreased prescription opioid 

overdose deaths. However, mandated PDMP review was adopted only in states that also 

adopted pain clinic laws at or around the same time. Thus, it is not possible to clearly 

determine whether the combined implementation of the policies or mandated PDMP review 

drove the observed changes, although pain clinic laws alone appear to have a smaller, if any, 

effect on overdose deaths. Previous analyses have found that mandated PDMP review was 

associated with modest reductions in opioid prescriptions and more substantial decreases in 

opioids prescribed to patients receiving opioids from multiple prescribers.5

We found no evidence to support the assertion that policies to curb opioid prescribing are 

leading to heroin overdoses. Heroin overdose death rates increased during 2006–13 in states 

with and without prescription opioid policies, and they increased at a faster rate in states 

ultimately implementing both pain clinic laws and mandatory PDMP checks than in 

comparison states or in states implementing pain clinic laws alone. However, greater 

increases in heroin deaths in these states were evident by 2009, before the policies intended 

to reduce opioid prescribing took effect. If anything, the timing of the trends suggests that 

states implementing stronger combinations of opioid prescribing policies could have been 

doing so to address overdose deaths. When we analyzed these trends more rigorously in a 

regression framework, the estimated effects of pain clinic laws and combined polices were 

not statistically significant. In fact, these estimates suggest that the policies might actually 

reduce heroin overdose deaths.

Prior prescription opioid misuse is an important risk factor for heroin use.28–31 Opioid 

prescribing is associated with opioid use and misuse, which are in turn associated with 

prescription opioid overdose and with heroin use and overdose. Thus, our results that 
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showed a reduction in MMEs prescribed support the statistically insignificant association 

between these policies and reduced heroin overdose death rates.

Policy Implications

Mandated PDMP use and pain clinic laws may prevent opioid overdose deaths by reducing 

opioid use and abuse among people who have not previously used opioids. These policies 

may also reduce access to harmful amounts of prescribed opioids among patients at risk for 

overdose. In addition, these policies may reduce the number of people initiating heroin use 

in the longer term by reducing the number of people exposed to opioids both for use as 

prescribed and for nonmedical use. Our findings suggest that even though the existence of a 

PDMP might not prevent prescription opioid-related overdose deaths,32 providers’ routine 

use of PDMP data associated with mandated review could prevent prescription opioid–

related overdose deaths. In addition, pain clinic laws could be effective in preventing 

prescription opioid–related overdose deaths, particularly in combination with mandated 

PDMP review and in jurisdictions where substantial proportions of opioids dispensed are 

prescribed in pain clinics. For example, in Florida, where it was reported that 98 of the 100 

physicians dispensing the nation’s highest quantities of oxycodone from their offices 

practiced in 2010, deaths related to oxycodone were estimated to have decreased by 52 

percent from 2010 to 2012 following the implementation of pain clinic laws.16

Consistent with a previously published analysis of data in one state,33 we did not find any 

evidence to support the concern that these opioid prescribing policies result in increased 

heroin-related overdose deaths. However, additional factors, including increased heroin 

supply, a population already widely exposed to prescription opioids, and increased mixing of 

highly potent illicitly manufactured fentanyl with heroin,34 are likely to continue to pose 

daunting challenges to the prevention of heroin overdose deaths. Along with the primary 

prevention approaches examined in this article, coordinated secondary and tertiary 

prevention approaches will likely be required to prevent overdose among people already 

dependent on prescription opioids or heroin. These might include making naloxone more 

available for overdose prevention,35 identifying people who are dependent on opioids or 

heroin, making effective opioid use disorder treatment services more widely available,36 and 

motivating individuals to seek effective treatment for opioid use disorder.37

Conclusion

Despite the potential link, our findings do not support the hypothesis that policies related to 

opioid prescribing were associated with increased heroin deaths during 2006–13. They 

suggest that other factors might be at play, potentially including widespread population 

exposure to prescription opioids as a result of increased opioid prescribing since 1999,3 and 

increased heroin supply, affordability, and purity since 2010.38,39 It is encouraging that 

policies intended to reduce inappropriate prescribing of opioids appear to be associated with 

reductions in opioid-related overdose deaths. ▪

Preliminary findings were presented at the National Rx Drug Abuse and Heroin Summit, in 

Atlanta, Georgia, March 30, 2016. The authors thank Noah Aleshire for assistance in 
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identifying state legislation and Aleta Christensen for editorial assistance. The conclusions 

in this article are those of the authors and do not necessarily represent the official position of 

the Centers for Disease Control and Prevention.
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Exhibit 1. 
Opioid prescribing rates by state policy category SOURCES IMS Health’s National 

Prescription Audit, 2006–13; state populations obtained from CDC WONDER (Wide-

ranging Online Data for Epidemiologic Research), 2006–13. NOTES MME is morphine 

milligram equivalent. PDMP is prescription drug monitoring program.
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Exhibit 2. 
Drug overdose death rates by state policy category SOURCES National Vital Statistics 

System Multiple Cause of Death mortality files, 2006–13, from the National Center for 

Health Statistics; state populations obtained from CDC WONDER (Wide-ranging Online 

Data for Epidemiologic Research), 2006–13. NOTE PDMP is prescription drug monitoring 

program. aCombined drugs include prescription opioids, heroin, and unspecified drugs.
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