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Abstract

Objective: To estimate health outcomes of policies to mitigate the opioid epidemic.

Methods: Dynamic compartmental modeling of US adults, in various pain, opioid use, and 

opioid addiction health states, to project addiction-related deaths, life years (LYs), and quality-

adjusted life years (QALYs) from 2016-2025 for 11 policy responses to the opioid epidemic.

Results: Over five years, increasing naloxone availability, promoting needle exchange, 

expanding medication-assisted addiction treatment, and increasing psychosocial treatment 

increased LYs and QALYs and reduced deaths. Other policies reduced opioid prescription supply 

and related deaths but led some addicted prescription users to switch to heroin use, which 

increased heroin-related deaths. Over a longer horizon, some such policies may avert enough new 

addiction to outweigh the harms. No single policy is likely to substantially reduce deaths over five 

to ten years.

Conclusions: Policies focused on services for addicted people improve population health 

without harming any groups. Policies that reduce the prescription opioid supply may increase 

heroin use and reduce quality of life in the short term, but in the long term could generate positive 

health benefits. A portfolio of interventions will be needed for eventual mitigation.

INTRODUCTION

An estimated 64,000 Americans died from drug overdose in 2016, mostly from opioids.1 

Once focused on post-surgery, traumatic injury, and terminal illness, opioid prescribing in 

recent decades broadened to treatment of chronic non-cancer pain2,3 including for conditions 

for which opioids have no evidence of benefit.4 Increased prescribing has produced 

iatrogenic opioid use disorder (addiction) in some patients and large-scale diversion of 

opioids to others for whom they were not intended.5,6 People addicted to prescription 

opioids may overdose from them or may transition to cheaper illicit opioids – notably heroin 

– as tolerance increases and users’ need for opioids exceeds what can be garnered from the 

health care system.7
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Efforts are underway to stem the opioid epidemic.8 Many initiatives curb prescribing rates, 

thereby reducing the risk of iatrogenic addiction and decreasing the likelihood that 

individuals can acquire opioid pain relievers through diversion or falsely acquired 

prescriptions. These policies include prescription drug monitoring programs (PMPs) and 

practice guidelines recommending more judicious prescribing. Other policies focus on 

reducing the potential for misuse of, or harm from, prescription opioids, including tamper-

resistant reformulations, expanded access to the overdose rescue medication naloxone, and 

medication-assisted treatment (MAT).

Limiting the supply of prescription opioids is likely to generate both positive and negative 

health effects. Reduced opioid prescribing could simultaneously reduce opioid addiction 

incidence while decreasing the quality of pain management for patients with legitimate need.
9 Experts debate whether the rise in heroin deaths that began in 2010 was driven in part by 

the imposition of greater controls on prescription opioids.7,10,11 Reduction in the 

prescription opioid pill supply could spur some currently addicted individuals to seek 

addiction treatment but incite others to transition to illicit opioids, including heroin. Such a 

reduction could generate net harm in the short term by diverting some currently addicted 

individuals to heroin, but net benefit in the long term by reducing the number of people who 

become opioid addicted (i.e., addiction that would occur if the supply of opioids is not 

reduced).

Modeling is a powerful tool to estimate the effects of public policy options. This study 

models the short- and long-term impact of a range of potential responses to the opioid 

epidemic.

METHODS

Model

We aimed to project the impact of policies that affect the opioid supply and sequelae of 

addiction. We developed a dynamic compartmental model, dividing the population into 

compartments which individuals flow between according to parameters that describe the 

dynamics of opioid prescribing and addiction. This is common for evaluating the spread of 

contagious disease12,13 and appropriate for modeling the opioid epidemic because it allows 

for dynamic modeling of addiction incidence to reflect the changing number of prescription 

holders.

Figure 1 illustrates our model. Arrows indicate possible transitions between compartments. 

For example, a “chronic pain, nonuser [of opioids]” may be prescribed opioids and transition 

to the “chronic pain with Rx” compartment. He may become addicted and transition to the 

“chronic pain SOUD with Rx” compartment. If he is later unable to continue getting opioids 

prescribed, he transitions to the “SOUD without Rx” compartment. Compartments 

representing addiction incur elevated mortality risk, so individuals therein transition to 

“dead” at higher rates. However, implementing a policy that, for example, increases 

naloxone availability would dampen this effect, slowing such transition.
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We estimated model parameter values (e.g., prescribing rates, mortality rates) dictating rates 

of flow between compartments based on published literature, expert opinion, and model 

calibration (Appendix Table 1). Because many values are highly uncertain, we created ten 

base case models, each with a different set of parameter values that produce plausible status 

quo results (Supplemental Methods S1.6, Appendix Table 3). We simulated the period 

2016-2025 with calculations in monthly increments. We measured life years (LYs), quality-

adjusted life years (QALYs), prescription opioid and heroin addiction-related deaths, and 

addiction prevalence and incidence.

We segmented the US population aged 12 and older according to pain status (acute pain, 

chronic pain, and pain-free), opioid use status (no use, use with a prescription, and use 

without a prescription), and addiction status. We defined individuals with addiction as those 

meeting DSM-5 criteria for severe substance use disorder.14 The addiction statuses include: 

severe [prescription] opioid use disorder (SOUD); severe heroin use disorder (SHUD), 

including simultaneous use of pills; enrollment in MAT for SOUD or SHUD; and non-

addicted.

We estimated acute pain prevalence from inpatient15 and outpatient surgery16 rates and 

emergency department visits for trauma,17,18 adjusted to account only for moderate to severe 

pain, based on a post-operative pain survey.19 We assumed acute pain lasts for up to one 

month, after which the pain either becomes chronic or the individual heals and returns to the 

pain-free state. We estimated chronic pain prevalence using published data20–22, adjusted to 

account only for moderate to severe pain23 and tuned our estimated rates of chronic pain 

incidence and resolution to achieve constant prevalence over the time horizon.

Some individuals with acute pain receive a short-term prescription for opioid analgesics;
24,25 if the pain becomes chronic, some may begin opioid treatment for chronic pain. We 

assumed a 4.6% annual decline in opioid prescribing from 2012-2015,26 and a constant 

prescribing level from 2016-2025. We accounted for the possibility that individuals with 

SOUD may also be prescribed opioids.

We used RAND Corporation’s estimate of chronic heroin users as a proxy for SHUD 

prevalence27 and assumed 80% of individuals with SHUD first misused prescription opioids.
28 We included only these heroin users in our model. We estimated SOUD prevalence based 

on reported death rates,29 adjusted for underreporting,30 and our approximation for overdose 

risk.

We modeled SOUD incidence among the pained population prescribed opioids (iatrogenic 

addiction) as a constant proportion of users. We modeled SOUD incidence caused by 

diversion of pills to “pain-free nonusers” with a Susceptible-Infected epidemic model in 

which “pain-free nonusers” are the “susceptible” population and prescription holders are the 

“infected” population. Interaction between these groups leads to drug diversion and results 

in some “pain-free nonusers” becoming addicted to opioids. Pills may also be diverted to the 

“SOUD without prescription” population. We assumed these individuals must acquire pills 

through diversion to sustain their addiction; if too few pills are available for diversion, some 

of these individuals will escalate to SHUD, enter MAT, or cease opioid use through other 
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means (e.g., psychosocial treatment). Additionally, we assumed some individuals with 

SOUD escalate to SHUD regardless of the pill supply.

We did not explicitly model the complex and often relapsing nature of recovery from 

substance use disorder,31 but instead assumed that each month, some fraction of addicted 

individuals cease opioid use and that individuals with SHUD are less likely to desist than 

those with SOUD. MAT has been proven the most effective available treatment (more than 

purely psychosocial treatment) for reducing illicit opioid use and mortality.32 We modeled 

the potential for individuals with SOUD and SHUD to enroll in MAT; for those not enrolled 

in MAT, we assumed psychosocial addiction treatment increases their rate of desistance, but 

to a lesser extent.

We assumed higher overdose mortality risk for individuals with SHUD than with SOUD, 

and that MAT lowers mortality risk.32 Individuals with SHUD incur additional mortality risk 

due to infection from injection drug use (primarily HIV and HCV).33

To calculate QALYs, we associated acute and chronic pain with quality-of-life decrements.34 

We assumed that, for acute pain only, opioid analgesics mitigate that decrement.35 No clear 

evidence supports an average utility benefit for the treatment of chronic pain with opioids;
36–38 we tested other assumptions in sensitivity analysis. We assigned utility decrements for 

SOUD and SHUD,39–41 and assumed that MAT mitigates these losses.42

Interventions

We considered 11 interventions (Appendix Table 2, Supplemental Methods S1.9). Some are 

directed mainly at preventing new instances of SOUD: reduced opioid prescribing rates for 

acute pain, transitioning pain, and chronic pain; rescheduling opioids under the Controlled 

Substances Act, causing reduced likelihood of prescriptions getting refilled; expanding 

excess opioid disposal programs to reduce drug diversion; tamper-resistant/abuse-deterrent 

opioid reformulation. Other interventions aim to treat or mitigate the impact of current cases 

of addiction: expanding MAT availability to increase enrollment; increasing psychosocial 

treatment availability to increase desistance rates; increasing naloxone availability to reduce 

overdose death rates; expanding needle exchange programs to reduce infection mortality 

among heroin users. A final policy, enhancing PMPs (e.g., improving provider access, 

mandating use) supports appropriate prescribing for all patients and helps identify patients 

who are misusing drugs, reducing the likelihood of refills and prescribing to SOUD 

individuals and slightly reducing prescribing in general. Appendix Table 2 describes the 

assumed magnitude and effect of each intervention on model parameters in our base 

analyses. These values are hypothetical but designed to be sufficiently plausible to help 

develop intuitive understanding of the consequences of different interventions.

Analyses

We evaluated the five- and ten-year impact of interventions on each outcome measure 

(relative to the status quo with no incremental interventions) for each base case. At the end 

of the modeled time horizon, additional Markov models captured the future LYs and QALYs 

accruing to individuals still alive in the model. Threshold analysis determined the effect 
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magnitude required to reduce opioid-related deaths by 10% over the modeled time horizons. 

We performed sensitivity analyses on key model parameters.

RESULTS

Without intervention, we would expect 235,000 opioid-related deaths (85,000 from 

prescription opioids and 150,000 from heroin) from 2016-2020; and 510,000 opioid-related 

deaths (170,000 from prescription opioids and 340,000 from heroin) from 2016-2025 

(Appendix Tables 4–5, Appendix Figures 1–10). This is the “status quo.” Our model projects 

how these trajectories would change under various interventions.

Five-Year Analysis

Table 1 and Appendix Table 6 show projected outcomes of each intervention over five years, 

compared to the status quo. Notably, none of the policies substantially reduces opioid-

related deaths. Increasing naloxone availability resulted in the greatest number of addiction 

deaths averted among the 11 interventions, representing a 4% reduction.

Naloxone availability, needle exchange, MAT, and psychosocial treatment policies generate 

gains in LYs and QALYs and reduce deaths, without harming any group. Reduced 

prescribing for transitioning pain and excess opioid disposal increase LYs and QALYs and 

decrease total addiction deaths; however, the mitigation in deaths from prescription opioids 

is partially offset by increased heroin-related deaths. Tamper-resistant drug reformulation 

increased total addiction deaths because heroin-related deaths increased to a greater extent 

than prescription opioid deaths decreased. However, LYs and QALYs increased because 

many individuals avoided addiction. Reduced acute pain prescribing has effects similar to 

reduced transitioning pain prescribing; however, undertreatment of pain causes a QALY 

loss. Reduced chronic pain prescribing, drug rescheduling, and PMPs reduce deaths from 

prescription opioid use, but increase heroin deaths, yielding a net increase in addiction-

related deaths. Drug rescheduling and reduced prescribing for chronic pain reduce total LYs 

but the net impact on QALYs, paradoxically, is positive: enough people avert SOUD and 

ultimately live in substantially higher-utility health states (e.g., “pain-free nonuser”) to 

counterbalance the much larger number who transition to SHUD (a health state only slightly 

worse than SOUD) and the relatively small number of people who die.

Ten-Year Analysis

We projected the effect of each policy over ten years (Table 2, Appendix Table 8). Addiction 

deaths avoided under the naloxone availability and needle exchange policies grow 

approximately proportionally to the time horizon. However, some policies – reduced 

prescribing for acute pain, reduced prescribing for transitioning pain, excess opioid disposal, 

psychosocial treatment, and MAT – avert significantly more deaths over ten years than 

would be proportionally expected compared to five. Furthermore, over ten years, reduced 

acute pain prescribing decreases deaths from heroin use and drug reformulation decreases 

total addiction deaths, despite increasing deaths over five years. Reduced chronic pain 

prescribing and drug rescheduling still increase total addiction deaths and the PMP policy 

results in disproportionally more deaths over ten years compared to five. However, total LYs 
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increase under reduced chronic pain prescribing, despite decreasing relative to the status quo 

over a five-year horizon.

Figure 2 shows monthly SOUD and SHUD incidence, prevalence, and related deaths over 

ten years for the reduced chronic pain prescribing policy (Appendix Figures 11–12 show 

results for all policies and base cases). This policy reduces iatrogenic addiction incidence, 

which reduces SOUD prevalence over time. Heroin use immediately increases because some 

“doctor shoppers” are no longer able to obtain a prescription, and additionally spikes one 

year after policy initiation when some addicted individuals who can no longer obtain 

diverted pills switch to heroin (we assumed a one-year lag before the reduction in pills 

prescribed would reduce the quantity being diverted), but then declines gradually as 

iatrogenic addiction to prescription opioids decreases. By 2023, SHUD prevalence under this 

policy is projected to decline. SOUD and SHUD deaths mirror the prevalence trajectories 

and by 2026, monthly opioid addiction-related deaths are less than under the status quo.

Threshold Analysis

We determined intervention magnitudes needed to reduce addiction-related deaths by 10% 

over five years (Appendix Table 10). Only the naloxone availability, needle exchange, MAT, 

and psychosocial treatment policies had the potential to do so. Naloxone availability would 

need to reduce overdose death risk by 12% compared to the status quo, a possibly achievable 

level. Needle exchange would need to reduce infection mortality associated with drug 

injection by 88%, a level that is likely unrealistic.43 MAT expansion would need to increase 

likelihood of enrollment in MAT by 144% compared to the status quo (approximately 10% 

of individuals with SOUD and SHUD would have to enter MAT each month) – a level that is 

probably not achievable. Psychosocial treatment would need to increase likelihood of 

desistance (outside of MAT) by 134%, which is equivalent to approximately 1% of 

individuals who receive such treatment desisting from opioid use each month. Under these 

alternative policy implementations, LYs gained ranged from 0.02% (for increased naloxone 

availability and needle exchange) to 0.04% (for psychosocial treatment) and QALYs gained 

ranged from 0.02% (for increased naloxone availability and needle exchange) to 0.07% (for 

psychosocial treatment). Over ten years (Appendix Table 11), drug reformulation could also 

reduce opioid deaths by 10%, but only under unrealistic effect levels. Notably, our model 

suggests that over five years even the mildest implementation of the drug rescheduling 

policy would increase addiction deaths, but over ten years the policy would reduce addiction 

deaths if aggressively implemented (Appendix Figure 13).

Portfolios of Interventions

We examined the effects of combining policies (Supplemental Results S2.4, Appendix 

Tables 7 and 9), focusing on pairing interventions that prevent the spread of SOUD with 

those that treat or mitigate its effects. The results of these combinations were nearly additive. 

For example, over five years, we expect 13,800 addiction deaths relative to the status quo if 

drug rescheduling and increased naloxone availability are implemented together, compared 

to 24,500 additional deaths and 10,200 fewer deaths if each intervention were implemented 

alone. Combining interventions can increase health benefits. For example, our model 

projects that combining the reduced acute, transitioning, and chronic pain prescribing, 

Pitt et al. Page 6

Am J Public Health. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



excess opioid disposal, MAT, needle exchange, naloxone availability, and psychosocial 

treatment interventions would reduce ten-year addiction deaths by 59,000 (11%) and 

increase LYs and QALYs by 0.05% and 0.07%, respectively.

Sensitivity Analyses

We examined the impact of several policies under alternative parameter assumptions and 

found substantial variation in effects (Appendix Figures 14–19). A key parameter 

influencing the effects of policies that reduce the opioid pill supply is the likelihood of 

escalation from SOUD to SHUD: for example, if the likelihood of escalation is 25% lower 

than we assumed, then by 2022 annual addiction deaths for the drug rescheduling policy 

(Appendix Figure 14d) would be lower than the status quo; and if the likelihood is 50% 

lower than we assumed, an immediate and sustained reduction in total opioid deaths would 

occur. If the overdose mortality risk for individuals with SOUD is 25% greater than we 

assumed, the drug reformulation policy would reduce total opioid deaths over five years 

(Appendix Figure 16f).

DISCUSSION

We modeled the projected impact of a range of policies aimed at curbing opioid addiction 

and reducing addiction deaths. We found that policies that expand addiction treatment or 

directly mitigate harmful effects of addiction (e.g., overdose, infection) are immediately and 

uniformly beneficial, with no negative impact on LYs, QALYs, or addiction deaths. Policies 

that reduce the prescription opioid supply may generate both benefits and harms (at least in 

the short term); such policies decrease addiction-related deaths from prescription pill use but 

may increase heroin-related deaths as some people with SOUD turn to cheaper, more 

dangerous heroin. For some policies and time horizons, the increase in heroin-related deaths 

may exceed the reduction in opioid pill-related addiction deaths, despite overall gains in 

quality of life.

Although PMPs reduce prescription opioid deaths,44 our model suggests that the detrimental 

effect on heroin use and resulting deaths may outweigh this benefit for the period of time 

modelled here. For other prescription-focused policies, such as reduced opioid prescribing 

for acute pain, addiction-related deaths are averted, but total QALYs decrease due to 

undertreatment of pain for individuals who can benefit from opioid analgesics. In cases 

where an intervention averts deaths for some individuals but reduces QALYs for the general 

population, or increases overall QALYs while increasing deaths in a subpopulation, policy 

makers face difficult value judgments on the best course of action, reflecting the reality that 

policy making cannot be driven solely by research evidence.45

Though there is substantial uncertainty regarding the likely magnitude of various policies, 

our threshold analysis suggests that no single policy is likely to have a large enough impact 

to substantially reduce addiction-related deaths over five or even ten years. Moreover, 

strategies that focus solely on mitigating immediate impacts of addiction will not address the 

root of the problem. Instead, to effectively combat the epidemic, a portfolio of interventions 

is likely needed to prevent iatrogenic addiction, prevent addiction from drug diversion, treat 

addiction, and mitigate its effects. A key example is policies that result in an addicted person 
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being offered treatment when denied an inappropriate opioid prescription (e.g., because a 

PMP flagged them), rather than the individual being cast out of the clinical relationship, 

which could lead them to transition to heroin use.

Furthermore, although some policies provide more benefit than others in the short term, a 

longer-term perspective is useful: as policies gradually reduce prescription opioid use, 

incidence of heroin initiation stemming from opioid pill use and addiction will eventually 

decline. Thus, for example, although our base case analysis found that reduced chronic pain 

prescribing did not reduce addiction-related deaths over five or ten years, it reduces 

incidence of opioid addiction and would eventually reduce deaths.

Our analysis has several limitations. First, the drivers behind the opioid epidemic are 

dynamic, nonlinear, and uncertain. Although we tested the impact of each policy on multiple 

potential models of the current state, the epidemic continues to change and may be 

substantially different in just five years. For example, the increasing prevalence of fentanyl 

makes heroin use far more deadly.46 Furthermore, given limited published studies of opioid 

use disorder, we had to make many assumptions about transition probabilities and policy 

effect sizes and solicit expert opinions from scientists and clinicians. Second, substance use 

disorder is a complex disease with varying degrees of severity and high relapse and 

recurrence rates.31 Our model is a simplification of the phenomenon, intended to capture 

only enough detail to inform key high-level policy questions. Third, our model only 

accounts for the portion of the opioid epidemic that directly results from prescription pill 

use; we do not account for the approximately 20% of heroin users whose addiction did not 

originate with opioid prescription pills.28 Thus, for example, we did not account for possible 

increased heroin initiation when heroin markets emerge in areas with significant levels of 

prescription opioid use and addiction.47 Interventions that prevent heroin use would appear 

more attractive if this second-order effect were included. Fourth, our model does not capture 

every benefit of interventions. For example, we did not model the benefit of PMPs in helping 

identify potentially dangerous combinations of medications prescribed to patients; reduced 

transmission of HIV and HCV stemming from reduced intravenous heroin use; nor deaths 

due to drug-related homicide or suicide. Finally, though we modeled the US population on 

average to gain high-level policy insights, different geographical regions, age groups, races, 

and genders will experience different severities and drivers of opioid-related problems.

PUBLIC HEALTH IMPLICATIONS

Our results suggest that some policy responses to the opioid epidemic may reduce 

prescription opioid misuse but increase heroin use, blunting or even eliminating any public 

health benefit in the short term (e.g., the next five years) but yielding net positive health 

benefits in the longer term. Policies that focus on services for currently addicted people 

provide health benefits immediately without causing harm. However, no epidemic has ever 

been averted solely by treating single affected cases. Instead, portfolios of policies will 

likely be required, including those that prevent addiction, treat addiction, and mitigate its 

effects. Our analysis provides insights into important questions about the potential impact of 

targeted efforts to combat the opioid crisis. Before investment is made, further data will be 

needed to tailor a model and parameters to specific settings and behavior patterns.
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Figure 1. Model schematic.
Compartmental model of health states within the population and the flows between states. 

MAT, medication-assisted treatment; Rx, prescription; SHUD, severe heroin use disorder; 

SOUD, severe [prescription] opioid use disorder.
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Figure 2. Effects of reduced prescribing for chronic pain.
Mean effects of the reduced prescribing for chronic pain policy on monthly incidence (top), 

prevalence and deaths (bottom), relative to without intervention, of/from severe 

[prescription] opioid use disorder (SOUD) and severe heroin use disorder (SHUD).
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Table 1.
Effects of Individual Interventions over Five Years

Mean Change
a
 Compared to the Status Quo

Intervention

Discounted Net 

Present LYs
b
 in 

Thousands (%)

Discounted Net 

Present QALYs
b 

in Thousands (%) Pill Deaths (%) Heroin Deaths (%)
Total Opioid 
Deaths (%)

Acute Pain Prescribing 240 (0.004%) −770 (−0.013%) −2,000 (−2.3%) 100 (0.0%) −1,900 (−0.8%)

Prescribing for 
Transitioning Pain 30 (0.001%) 90 (0.002%) −800 (−1.0%) 700 (0.4%) −200 (−0.1%)

Chronic Pain Prescribing −90 (−0.002%) 320 (0.005%) −8,300 (−9.7%) 10,600 (6.9%) 2,300 (1.0%)

Drug Rescheduling −1,330 (−0.021%) 110 (0.002%) −45,500 (−53.3%) 70,000 (45.6%) 24,500 (10.3%)

PMP −1,260 (−0.020%) −880 (−0.014%) −19,100 (−22.4%) 34,400 (22.4%) 15,300 (6.4%)

Drug Reformulation 150 (0.002%) 1,060 (0.017%) −15,600 (−18.3%) 16,900 (11.0%) 1,300 (0.5%)

Excess Opioid Disposal 80 (0.001%) 270 (0.004%) −2,800 (−3.3%) 2,500 (1.7%) −300 (−0.1%)

Naloxone Availability 640 (0.010%) 530 (0.009%) −4,200 (−4.9%) −6,000 (−3.9%) −10,200 (−4.3%)

Needle Exchange 160 (0.003%) 130 (0.002%) 0 (0.0%) −2,700 (−1.8%) −2,700 (−1.1%)

MAT 390 (0.006%) 670 (0.011%) −900 (−1.1%) −4,000 (−2.6%) −4,900 (−2.1%)

Psychosocial Treatment 220 (0.004%) 340 (0.005%) −600 (−0.7%) −1,300 (−0.9%) −1,900 (−0.8%)

Abbreviations: MAT = medication-assisted treatment ; PMP = prescription monitoring program

a
Ranges over the ten base cases are shown in Appendix Table 6.

b
Discounted to 2016.
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Table 2.
Effects of Individual Interventions over Ten Years

Mean Change
a
 Compared to the Status Quo

Intervention

Discounted Net 

Present LYs
b
 in 

Thousands (%)

Discounted Net 

Present QALYs
b 

in Thousands (%) Pill Deaths (%) Heroin Deaths (%)
Total Opioid 
Deaths (%)

Acute Pain Prescribing 500 (0.007%) −450 (−0.007%) −6,100 (−3.6%) −1,900 (−0.6%) −8,000 (−1.6%)

Prescribing for 
Transitioning Pain 80 (0.001%) 180 (0.003%) −2,600 (−1.5%) 1,500 (0.5%) −1,000 (−0.2%)

Chronic Pain Prescribing 40 (0.001%) 670 (0.010%) −24,400 (−14.2%) 28,200 (8.2%) 3,800 (0.7%)

Drug Rescheduling −920 (−0.014%) 990 (0.015%) −103,800 (−60.7%) 146,600 (42.8%) 42,800 (8.3%)

PMP −1,780 (−0.027%) −1,450 (−0.022%) −47,800 (−28.0%) 90,200 (26.3%) 42,300 (8.2%)

Drug Reformulation 650 (0.010%) 2,000 (0.030%) −43,300 (−25.3%) 39,400 (11.5%) −3,900 (−0.8%)

Excess Opioid Disposal 210 (0.003%) 510 (0.008%) −7,900 (−4.6%) 5,500 (1.6%) −2,400 (−0.5%)

Naloxone Availability 790 (0.012%) 670 (0.010%) −8,400 (−4.9%) −12,700 (−3.7%) −21,200 (−4.1%)

Needle Exchange 210 (0.003%) 180 (0.003%) 0 (0.0%) −5,900 (−1.7%) −5,900 (−1.1%)

MAT 560 (0.008%) 940 (0.014%) −2,900 (−1.7%) −9,600 (−2.8%) −12,500 (−2.4%)

Psychosocial Treatment 440 (0.007%) 650 (0.010%) −1,600 (−0.9%) −6,000 (−1.7%) −7,500 (−1.5%)

Abbreviations: MAT = medication-assisted treatment; PMP = prescription monitoring program

a
Ranges over the ten base cases are shown in Appendix Table 8.

b
Discounted to 2016.
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