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Findings: Under the status quo, our model predicts that approximately 547,000 opioid-related deaths
will occur from 2020 to 2024 (range 441,000 - 613,000), rising to 1,220,000 (range 996,000 - 1,383,000)
by 2029. Expanding naloxone availability by 30% had the largest effect, averting 25% of opioid deaths.
Pharmacotherapy, syringe exchange, psychosocial treatment, and PMPs are uniformly beneficial, reducing
opioid-related deaths while leading to gains in life years and QALYs. Reduced prescribing and increasing
excess opioid disposal programs would reduce total deaths, but would lead to more heroin deaths in the
short term. Drug rescheduling would increase total deaths over five years as some opioid users escalate
to heroin, but decrease deaths over ten years. Combined interventions would lead to greater increases in
life years, QALYs, and deaths averted, although in many cases the results are subadditive.

Interpretation: Expanded health services for individuals with opioid use disorder combined with PMPs
and reduced opioid prescribing would moderately lessen the severity of the opioid crisis over the next
decade. Tragically, even with improved public policies, significant morbidity and mortality is inevitable.
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Implications of all the available evidence

Expanded health services for individuals with opioid use
disorder combined with prescription monitoring programs
and reduced opioid prescribing would moderately lessen the
severity of the opioid crisis over the next decade. Tragically,
even with improved public policies, significant morbidity and
mortality is inevitable.

1. Background

The quadrupling of U.S. opioid prescribing that began in the
mid 1990s [1] initiated an epidemic of opioid misuse and use dis-
order that has since expanded to include illicitly sourced heroin
and fentanyl [2]. Opioids were the major driver of the estimated
71,000 drug overdose deaths in 2019, and a cause of signifi-
cant morbidity and lost productivity [3-5]. Opioid overdoses in-
creased significantly in 2020, exacerbated by COVID-19 [6-11]. The
Stanford-Lancet Commission on the North American Opioid Cri-
sis was launched in 2020 to formulate evidence-informed recom-
mendations for reducing opioid-related morbidity and mortality in
the US. and Canada. The Commission is using dynamic models
such as we present here to project the impacts of possible policy
options.

The policies examined here have all been proposed in influen-
tial circles and/or to some extent implemented. All have at least
some evidence of impact [12-14]. For example, policies aimed at
returning U.S. opioid prescribing to levels seen in other devel-
oped countries [15] began around 2011. Although prescriptions
remain well above historical and international norms, they de-
creased by 12.4% between 2017 and 2018 alone [16]. Expanding
access to the overdose reversal drug naloxone, mandating pre-
scriber enrollment and use of prescription monitoring programs,
expanding access to pharmacotherapy (e.g., buprenorphine, nal-
trexone) and psychosocial treatment for individuals with opioid
use disorder, and augmenting syringe exchange programs have
also attracted significant policy attention and are therefore wor-
thy of evaluation. Though less prominent in the policy conver-
sation, we also evaluate the potential impact of reformulating
more opioids with tamper-resistant features, expanding programs
for excess opioid disposal, and more tightly scheduling opioid
medications.

In this paper we extend and update with new data a previously
developed model [17] to assess the effectiveness of interventions
for controlling the U.S. opioid epidemic. The original model, on
which two of the present authors collaborated, modelled the years
2016 to 2025, and found that 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. The analysis also found that expanded health services for
people with opioid use disorder reduced mortality in the short
and long term, and that a portfolio of interventions had greater
life-saving potential than any single policy. The analysis presented
here models the years 2020 to 2029, is updated in light of new
evidence, and takes into account two critical developments which
occurred after our initial model was published: COVID-19, which
has been associated with increased overdose deaths and interrup-
tions in treatment for opioid use disorder [6-11], and the spread
of deadly synthetic opioids (e.g., fentanyl) from east of the Mis-
sissippi River to the rest of the U.S. [18]. For each policy alone
and in combinations, we project life years, quality-adjusted life
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years (QALYs), and overdose deaths, over a five- and ten-year time
horizon.

2. Methods
2.1. Dynamic Model

We extend a previously developed dynamic compartmental
model of opioid prescribing and opioid use disorder in the U.S.
adult population [17]. Figure 1 shows a schematic of the updated
model. The model includes three pain states (no pain, acute pain
(defined as the first month of pain), and chronic pain (defined as
pain lasting longer than one month), three opioid use states (no
use, use with a prescription, and use without a prescription), and
three use disorder states (no use disorder, severe opioid use dis-
order (SOUD), and severe heroin use disorder (SHUD)). Additional
states reflect pharmacotherapy (e.g., methadone maintenance) for
individuals with SOUD and SHUD. We distinguish individuals with
SHUD from those with SOUD to reflect the former’s greater mor-
bidity and mortality risk, stemming from higher fentanyl exposure
and rates of injection use.

The model is simulated on a monthly basis. In any month, in-
dividuals can begin opioid use, either with or without a prescrip-
tion, and can begin heroin use. The influence of synthetic opioids
such as fentanyl is reflected in the mortality rates we assumed.
The model assumes that the rate at which pain-free individuals
begin opioid use without a prescription is a function of the num-
ber of individuals with prescriptions multiplied by the number of
individuals without a prescription (similar to a contagion model).
Individuals who use opioids can develop opioid use disorder, and
individuals with SOUD and SHUD can enter treatment. Individu-
als with prescriptions may or may not receive a prescription re-
newal at the end of a given month. At the end of a month with
acute pain, an individual may be pain free, or may progress to
chronic pain, with or without a prescription. When an individual
with acute pain transitions to chronic pain and receives a new pre-
scription, we refer to that as a prescription for transitioning pain.
The model assumes that some opioid use is through diverted pills,
and that the supply of diverted pills is linearly related to the num-
ber of prescriptions in the previous year. Deaths can occur in all
health states.

2.2. Model Instantiation

We instantiated the model for the U.S. adult population age 12
and older. Table 1 shows parameter values; sources are provided
in Table S1. Compared to the prior analysis [17], mortality rates
are higher, reflecting two distinct phenomena. First, the increase
in fentanyl and other synthetic opioids has made opioid use more
dangerous [8] and, second, COVID-19 has caused widespread emo-
tional strain while making it harder for individuals to enter and
to stay in treatment [6,10,11]. Additionally, unlike the prior anal-
ysis, the current model allows for development of SHUD in some
individuals who do not have prior SOUD. This reflects the reality
that even though heroin markets expanded to provide opioids to
people with SOUD, once in place they increased the opportunity
for individuals to begin their opioid use with heroin [19]. We as-
sumed that, with no incremental intervention, treatment availabil-
ity would return to pre-COVID levels by June 2022. Because of sig-
nificant uncertainty in the data regarding opioid use disorder and
treatment, we created ten base case parameter sets (Table 2). Each
base case was created by changing a single parameter that had
significant uncertainty (e.g., mortality from heroin use) and then
adjusting other relevant model parameters so that the model pro-
jected a plausible future trajectory for the opioid epidemic (Sup-
plemental Figure S1).
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Figure 1. Model schematic. Blue shading indicates no opioid use disorder. Red shading indicates opioid use disorder (either SOUD or SHUD). Yellow border indicates pre-
scription holders. Rx = prescription; SHUD = severe heroin use disorder; SOUD = severe opioid use disorder.

Table 1

Parameter values'
Parameter Value?
Demographic data
Total population size, age 12+ 276,077,200
Chronic pain prevalence (moderate to severe) 8.6%
Acute pain prevalence (moderate to severe) 2.5%
Severe opioid use disorder prevalence 0.49%
Severe heroin use disorder prevalence 0.36%
Rate of maturation into the population, people/month 234,167
Pain natural history
Acute pain incidence for pain-free nonusers, %/month 2.5%
Chronic pain incidence for pain-free nonusers, %/month 0.30%
Chronic pain subsidence, %/month 8%
Probability that acute pain persists without opioid prescription 15.0%
Probability that acute pain persists with opioid prescription 14.7%
Percent of 12+ population with chronic pain of any severity 43%
Percent of chronic pain population with moderate to severe pain 20%
Percent of 12+ population getting surgery or ED trauma visit 4%
Percent of surgeries resulting in moderate to severe pain 61%
Percent of prescription-holding SOUD population who suffer from chronic pain 65%
Percent of SOUD without Rx and SHUD populations who have with chronic pain 45%
Risk ratio for chronic pain developing during acute pain treatment with vs. without opioids 0.98
Prescribing behavior
Percent of acute pain patients prescribed opioids 38%
Probability of continued use of opioids for pain that persists from acute 50%
Percent of total population prescribed opioids for chronic pain 4%
Probability of chronic pain sufferer being prescribed opioids, %/month 7.6%
Probability of SOUD individual being prescribed opioids, %/month 7.6%
Probability of opioid prescription renewal for chronic pain patients without SOUD, %/month 97%
Probability of opioid prescription renewal for individuals with SOUD, %/month 94%
Estimated annual decline in opioid prescriptions from 2018-2019 8.9%

(continued on next page)
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Table 1 (continued)

The Lancet Regional Health - Americas 3 (2021) 100031

Parameter Value?
Probability of individuals with iatrogenic SOUD continuing use of opioids after acute pain treatment 50%
Probability that chronic pain opioid user without SOUD wants to get prescription renewed, %/month 99%
Probability that an opioid user is able to get renewal for chronic pain prescription if they choose, %/month 98%
Use Disorder

Probability of developing SHUD for non-opioid users with no pain 0.002%
Probability of iatrogenic SOUD with opioid prescription, %/month 0.20%
Probability of a non-medical user developing SOUD from diverted pills, %/month 7%
Baseline rate of escalation to SHUD from SOUD without Rx, %/month 4%

Probability of escalation to SHUD if there are not diverted pills for SOUD without Rx

SOUD prevalence among population with opioid prescription for chronic pain

75%-60%
7%

Percent of SHUD population who escalated from SOUD 80%
Number of pain-free nonusers a prescription holder diverts opioids to, #/month 0.01
Proportionality factory relating SOUD without Rx population able to be sustained by diverted pills to lagged 0.02

number of prescription holders
Treatment and desistance
Percent of SOUD population enrolled in pharmacotherapy
Percent of SHUD population enrolled in pharmacotherapy
Rate of SOUD with Rx enrollment in pharmacotherapy, %/month
Rate of SOUD without Rx enrollment in pharmacotherapy, %/month
Rate of SHUD enrollment in pharmacotherapy, %/month
Rate of drop out from pharmacotherapy for SOUD, %/month
Rate of drop out from pharmacotherapy for SHUD, %/month
Rate of desistance from SOUD in pharmacotherapy, %/month
Baseline rate of desistance from SOUD without pharmacotherapy, %/month
Rate of desistance from SHUD in pharmacotherapy, %/month
Rate of desistance from SHUD not in pharmacotherapy, %/month

Probability of enrollment in pharmacotherapy if there are not diverted pills for SOUD without Rx

Probability of desistance if there are not diverted pills for SOUD without Rx
Mortality

13%-26%
16%-32%
0.5%-1%
2%-4%
2%-4%
5%

14%
1.0%
0.5%
0.5%
0.25%
15%-30%
10%

Mortality rate for the general population, %/month 0.07%
Mortality rate for SOUD not in pharmacotherapy %/month 0.23%
Mortality rate for SHUD not in pharmacotherapy %/month 0.54%
Mortality rate for SOUD in pharmacotherapy %/month 0.13%
Mortality rate for SHUD in pharmacotherapy %/month 0.30%
Overdose mortality for person with SHUD, not in pharmacotherapy, %/month 0.43%
Overdose mortality for person with SOUD, not in pharmacotherapy, %/month 0.15%
Infection-related mortality for person with SHUD, not in pharmacotherapy, %/month 0.03%
1-month relative risk of use disorder-related mortality in vs. out of pharmacotherapy for person with 0.50
severe use disorder
Utility values
Pain-free nonuser 1
Chronic pain nonuser 0.85
Acute pain nonuser 0.88
Acute pain with Rx 0.94
Chronic pain with Rx 0.85
SOUD not in pharmacotherapy 0.83
SOUD in pharmacotherapy 0.92
SHUD not in pharmacotherapy 0.80
SHUD in pharmacotherapy 0.90
Dead 0

Abbreviations: Rx = prescription; SHUD = severe heroin use disorder; SOUD = severe opioid use disorder

1 Sources for all parameter values are provided in the Supplement.

2 Where a range is shown for a value, the parameter takes on the first value from January 2020 to December 2020, then the value changes linearly from the first value to
the second value over the time period January 2021 to June 2022, and then the parameter has the second value over the remainder of the modeled time horizon.

2.3. Interventions

We considered the following interventions (Table 3): reduced
opioid prescribing for acute pain, transitioning pain (pain that per-
sists at the end of the first month of acute pain), and chronic
pain (three separate interventions); drug rescheduling; prescription
monitoring programs (PMPs); drug reformulation; excess opioid
disposal; naloxone availability; syringe exchange; pharmacotherapy
for opioid use disorder; and psychosocial treatment for opioid use
disorder.

Opioid prescribing in the U.S. decreased by 26.0% from 2015 to
2018 [20]. We assumed that prescribing reduction policies would
further reduce prescriptions for each type of pain by 10%, which
is feasible given that U.S. per capita prescribing is still more than
double that of a generation ago.

Drug rescheduling involves moving opioids to more restrictive
schedules, as for example was done when hydrocodone combina-
tion analgesics were moved from Schedule III to Schedule II [21].
We assumed that further opioid drug rescheduling would lead to a
10% reduction in prescription renewals [17].

PMPs allow prescribers and pharmacists to see whether a pa-
tient has multiple prescriptions from other providers, reducing the
likelihood of dangerous combinations (e.g., opioids and benzodi-
azepines) and increasing the chance of detecting “doctor shopping”
[22]. Since our original model was published, many states began
mandating that prescribers enroll in and use PMPs (e.g., when
writing a new opioid prescription), which we assumed would de-
crease prescriptions for acute, transitioning, and chronic pain by
varying amounts, with an average decrease of approximately 8%
[23].
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Table 2
Base cases
Base Case Brief Description Details
1 Reference case Values as described in Table 1
2 Decreased chance of heroin death 25% less likely for individual with SHUD to have overdose or
infection death
3 Increased chance of prescription opioid death 25% more likely for individual with SOUD to have overdose death
4 Reduced probability of turning to heroin if there are not enough pills 50% lower chance of individual with SOUD without access to
to divert prescription turning to heroin; increased chance of enrolling in
pharmacotherapy
5 Reduced pharmacotherapy effectiveness No mortality benefit from pharmacotherapy and chance of recovery
in pharmacotherapy is reduced by half
6 Increased chance of individuals with SOUD having a prescription (at 25% more individuals with SOUD have a prescription (at start of time
start of time horizon) horizon)
7 Decreased chance of iatrogenic SOUD Likelihood of iatrogenic SOUD is 35% lower
8 Increased chance of starting heroin from no pain non-use-disorder 50% more likely to start heroin from no pain non-use-disorder state
state
9 Decreased chance of escalating from SOUD to SHUD regardless of pill 75% less likely to escalate to heroin usage regardless of pill supply
supply
10 Increased likelihood of diverting opioid prescription to pain-free 2x as likely for a prescription holder to divert pills to a pain-free
nonuser nonuser

Abbreviations: SHUD = severe heroin use disorder; SOUD = severe opioid use disorder

Table 3
Interventions considered

Intervention Assumed Magnitude

Reduced Prescribing for Acute Pain
Reduced Prescribing for Transitioning Pain
Reduced Prescribing for Chronic Pain
Drug Rescheduling

Prescription Monitoring Program (PMP)

10% reduction in incidence of prescribing opioids for acute pain

10% reduction in incidence of prescribing opioids for acute pain that transitions to chronic
10% reduction in incidence of prescribing opioids for chronic pain

10% reduction in chance of getting prescription renewed

15% reduction in incidence of prescribing opioids for acute pain

5% reduction in incidence of prescribing opioids for transitioning pain
5% reduction in incidence of prescribing opioids for chronic pain

Drug Reformulation

2.25% reduction in iatrogenic use disorder

2.25% reduction in chance of use disorder via diversion for pain-free non-users
2.25% reduction in pill-seeking for individuals with SOUD without Rx

Excess Opioid Disposal - Policy 1 10% reduction in diversion to pain-free non-users
10% reduction in number of individuals with SOUD without Rx able to be sustained by non-SOUD Rx holders
Excess Opioid Disposal - Policy 2 15% reduction in diversion to pain-free non-users

15% reduction in number of individuals with SOUD without Rx able to be sustained by non-SOUD Rx holders

Naloxone Availability - Policy 1

5% reduction in overdose mortality

Naloxone Availability - Policy 2 15% reduction in overdose mortality

Naloxone Availability - Policy 3 30% reduction in overdose mortality
Pharmacotherapy 25% increased likelihood of entering pharmacotherapy
Psychosocial Treatment 10% increased likelihood of desistance

Syringe Exchange 10% reduction in infection mortality

Abbreviations: Rx = prescription; SOUD = severe opioid use disorder

Drug reformulation is intended to reduce misuse of opioid med-
ication (e.g., by making pills more difficult to crush for inhalation
or injection). We estimated that 5% of current prescriptions have
tamper-resistant formulation properties [24] and that such formu-
lations lead to a 45% reduction in misuse [25]. We assumed that
an additional 5% of prescriptions could have tamper-resistant for-
mulations. Combined with an estimated 45% reduction in misuse,
this leads to 2.25% reduction in iatrogenic use disorder as well as
in the chance of developing SOUD via diversion for pain-free non-
users and the rate of pill seeking by individuals with SOUD and no
prescription.

Excess opioid disposal initiatives comprise “prescription take
back days” and secure dropoff sites at pharmacies and clinics. We
considered two potential levels of impact, either a 10% or 15% re-
duction in the supply of pills available for diversion, based on a
study of patients who received opioid prescriptions after surgery
and education about opioid disposal [26].

The opioid antagonist naloxone will typically reverse the acute
effects of opioids (e.g., stopped respiration). We considered three
different levels of naloxone availability, leading to a 5%, 15%, or 30%
reduction in overdose mortality, based on two nationwide studies
[27,28].

Pharmacotherapy involves medications such as methadone,
buprenorphine, and naltrexone [29]. We estimated that 13% of in-
dividuals with SOUD and 16% of individuals with SHUD currently
receive pharmacotherapy, with these numbers increasing to 26%
and 32%, respectively, by June 2022 [16,30,31]. We assumed that
pharmacotherapy could be scaled up so that individuals with SOUD
and SHUD have a 25% increased likelihood of entering pharma-
cotherapy.

Psychosocial treatment comprises talk therapies (e.g., cognitive-
behavioral therapy) and related services (e.g., job counselling). We
assumed that expanded access to psychosocial treatment would in-
crease the likelihood of desistance by 10%.

Syringe exchange programs reduce the chance of transmit-
ting infections such as HIV and hepatitis C via shared injection
equipment. We assumed that syringe exchange programs could be
scaled up to a level that would reduce infection-related mortality
among people who inject drugs by 10%.

2.4. Outcomes

For each intervention or intervention combination we assessed
opioid-related deaths, life years, and QALYs for all ten base cases,
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discounted to the present at 3% [32]. We measured all life years
and QALYs for all individuals alive in the model during the mod-
eled time horizon as well as future lifetime life years and QALYs
for all individuals alive in the model at the end of the time hori-
zon. We report the mean and range for all outcomes over the ten
base cases.

2.5. Sensitivity Analysis

All analyses were performed over the ten base cases, which
themselves constitute a form of sensitivity analysis. We performed
additional one-way sensitivity analyses on heroin overdose mortal-
ity, opioid pill overdose mortality, rate of escalation to heroin, level
of opioid pill diversion to non-users, quality multipliers for chronic
pain with opioid prescription, and probability that individuals with
SOUD start pharmacotherapy.

2.6. Role of the Funding Source

The funders had no role in the study design; in the collection,
analysis, and interpretation of data; in the writing of the report;
nor in the decision to submit the paper for publication.

3. Results

With no additional intervention, our model predicts that ap-
proximately 547,000 opioid-related deaths will occur from 2020 to
2024 (range 441,000 - 613,000), rising to 1,220,000 (range 996,000
- 1,383,000) by 2029 (Table S2). These totals reflect a projected
baseline increase in the number of individuals with SHUD and the
increased mortality associated with illicit opioid use due to fen-
tanyl and other synthetic opioids (Figures S1).

Our analysis assumes that the impact of COVID-19 on treatment
availability ends in June 2022. We estimated the overall impact
of COVID-19 on deaths by comparing total opioid-related deaths
from 2020 until the end of 2022 with and without our assump-
tion about COVID-19 limiting treatment availability. From this anal-
ysis, we estimate that COVID-19 will lead to approximately 15,400
more opioid-related deaths (5.2%) than would have occurred
otherwise.

3.1. Base Case Analysis

3.1.1. Single Interventions

Table 4 and Table S3 show the five- and ten-year outcomes for
all interventions, considered singly. Expanding naloxone availabil-
ity, pharmacotherapy, psychosocial treatment, syringe exchange,
and PMPs are beneficial in both the short and long term, reduc-
ing opioid-related deaths while leading to gains in life years and
QALYs.

Naloxone directly reduces deaths by reversing overdose. Nalox-
one expansion by 5% would prevent approximately 23,500 deaths
over five years (a 4.3% reduction in deaths); with 15% and 30% ex-
pansion, this number rises to 71,000 (13.0% reduction) and 144,000
(26.3% reduction), respectively. The number of deaths averted is
approximately linear in the level of expansion. Over ten years,
these numbers are approximately doubled.

Pharmacotherapy expansion would have a small impact on life
years and QALYs, and a larger impact on deaths. Over five years,
pharmacotherapy would increase life years by 0.010% and QALYs
by 0.012%; over ten years, these values are 0.014% and 0.017%,
respectively. Pharmacotherapy would avert 10,200 opioid-related
deaths over five years (1.9% reduction) and 28,000 deaths over
ten years (2.3% reduction). Although the total number of deaths
decreases, the number of deaths involving opioid pills increases
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slightly. This is because pharmacotherapy reduces the rate of es-
calation to heroin use, leading to a larger number of pill-using
individuals with SOUD than would occur if individuals escalated
to SHUD. Although some treated individuals recover and leave the
SOUD state, other treated individuals who would have escalated to
heroin remain in the SOUD state, and the net number of individ-
uals in the SOUD state is slightly higher when there is increased
pharmacotherapy.

Psychosocial treatment expansion is similarly beneficial, slightly
increasing life years and QALYs (0.005% and 0.006%, respectively
over five years and 0.010% and 0.011% over ten years) and avert-
ing a small number of opioid-related deaths. Over five years,
4,000 deaths would be averted (0.7% reduction), with the majority
(3,600) among individuals with SHUD; over ten years, these values
rise to 14,400 (1.2% reduction) with 13,600 of these among indi-
viduals with SHUD.

Syringe exchange would also have a positive but small impact,
averting approximately 2,800 deaths over five years (0.5% reduc-
tion) and 5,900 deaths over ten years (0.5% reduction). The impact
is small because syringe exchange indirectly reduces deaths by re-
ducing the spread of infections such as HIV and hepatitis C that
lead to morbidity and mortality.

Mandating PMP use also has a small but positive impact. The
total number of opioid deaths decreases over both five and ten
years (by 0.8% and 1.7%, respectively), while life years and QALYs
increase over both five and ten years (by 0.008% and 0.001%, re-
spectively, over five years, and by 0.016% and 0.011%, respectively,
over ten years).

The above interventions have positive effects. Other interven-
tions have mixed effects.

Reduced prescribing for acute pain leads to a gain in life years
(0.004% over five years and 0.007% cumulatively over ten years)
but a reduction in QALYs (0.001% over five years) because some
individuals with acute pain no longer receive pain relief from opi-
oids. However, over ten years, QALYs slightly increase by 0.003%.
Reducing acute pain prescribing has a modest effect on reducing
deaths (0.4% over five years and 0.8% over ten years). Reduced
prescribing for transitioning pain and chronic pain lead to slight
increases in both life years and QALYs, with the effect greater
for chronic pain prescribing because of the larger number of pre-
scriptions for chronic pain. Reduced prescribing for transitioning
pain slightly lowers deaths (0.1% over five years and 0.2% over
ten years). Reduced prescribing for chronic pain increases heroin
deaths over five years (0.5% increase), but reduces total deaths
(0.2% decrease). The short-term increase in heroin deaths occurs
when some individuals who cannot access opioid pills escalate
to heroin, which is more deadly, particularly when it also in-
cludes fentanyl. In the longer term, however, reduced prescrib-
ing for chronic pain reduces both pill deaths (5.2% reduction) and
heroin deaths (0.1% reduction), with a decrease in total deaths of
0.8%.

Excess opioid disposal has effects similar to that of reduced
chronic pain prescribing, and for similar reasons. Heroin deaths in-
crease over five years (by 0.4% and 0.6% for a 10% and 15% expan-
sion, respectively) but decrease over ten years (by 0.1% for both
levels of expansion). Total deaths decrease over five and ten years
(by 0.2% and 0.3% for a 10% and 15% expansion, respectively, over
five years, and by 0.7% and 1.0% over ten years), and both life years
and QALYs are gained in the short term and long term.

For drug rescheduling, deaths increase over five years (by 2.0%)
due to increases in heroin deaths. This occurs because some indi-
viduals switch to heroin, creating more deaths in the short term.
Although heroin deaths increase over ten years, the total number
of opioid deaths decreases (by 3.1%), because the total number of
individuals with use disorder is smaller. Both life years and QALYs
are gained in the short term and long term.
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Table 4
Results for single interventions: difference from the status quo®
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a. Results for single interventions over five years

Policy Discounted Net Discounted Net

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

Present LYs in
Thousands (%)

Present QALYs in
Thousands (%)

Acute Pain Prescribing
Prescribing for Transitioning

Pain

Chronic Pain Prescribing

Drug Rescheduling
PMP
Drug Reformulation

Excess Opioid Disposal 10%
Excess Opioid Disposal 15%
Naloxone Availability 5%
Naloxone Availability 15%
Naloxone Availability 30%

Pharmacotherapy

Psychosocial Treatment

Syringe Exchange

240 (0.004%)
50 (0.001%)

250 (0.004%)
1,000 (0.016%)
520 (0.008%)
190 (0.003%)
210 (0.003%)
320 (0.005%)
970 (0.015%)
3,030 (0.048%)
6,440 (0.102%)
630 (0.010%)
340 (0.005%)
110 (0.002%)

-80 (-0.001%)
70 (0.001%)

360 (0.006%)
1,780 (0.029%)
90 (0.001%)
250 (0.004%)
310 (0.005%)
470 (0.008%)
810 (0.013%)
2,520 (0.040%)
5,350 (0.086%)
730 (0.012%)
390 (0.006%)
90 (0.001%)

-1,100 (-1.2%)
-600 (-0.6%)

-3,500 (-3.9%)
-38,300 (-42.5%)
-3,600 (-4.0%)
-1,700 (-1.8%)*
-3,100 (-3.4%)
-4,600 (-5.1%)
-4,400 (-4.9%)
-13,300 (-14.8%)
-26,800 (-29.7%)
400 (0.4%)
-400 (-0.4%)

0 (0.0%)

-1,300 (-0.3%)
200 (0.0%)

2,300 (0.5%)
49,200 (10.8%)
-700 (-0.1%)
100 (0.0%)
2,000 (0.4%)
3,000 (0.6%)
-19,000 (-4.2%)
-57,700 (-12.6%)
117,200 (-25.7%)
-10,600 (-2.3%)
-3,600 (-0.8%)
-2,800 (-0.6%)

-2,400 (-0.4%)
-300 (-0.1%)
-1,200 (-0.2%)
10,900 (2.0%)
-4,300 (-0.8%)
-1,600 (-0.3%)
-1,100 (-0.2%)
-1,700 (-0.3%)
-23,500 (-4.3%)
-71,000 (-13.0%)
-144,000 (-26.3%)
-10,200 (-1.9%)
-4,000 (-0.7%)
-2,800 (-0.5%)

b. Results for single interventions over ten years

Acute Pain Prescribing
Prescribing for Transitioning

Pain

Chronic Pain Prescribing

Drug Rescheduling
PMP
Drug Reformulation

Excess Opioid Disposal 10%
Excess Opioid Disposal 15%
Naloxone Availability 5%
Naloxone Availability 15%
Naloxone Availability 30%

Pharmacotherapy

Psychosocial Treatment

Syringe Exchange

490 (0.007%)
120 (0.002%)

620 (0.009%)
3,220 (0.048%)
1,100 (0.016%)
400 (0.006%)
480 (0.007%)
720 (0.011%)
1,300 (0.019%)
4,060 (0.060%)
8,630 (0.128%)
970 (0.014%)
660 (0.010%)
150 (0.002%)

180 (0.003%)
150 (0.002%)

790 (0.012%)
4,430 (0.067%)
740 (0.011%)
490 (0.007%)
630 (0.009%)
940 (0.014%)
1,100 (0.016%)
3,410 (0.051%)
7,250 (0.109%)
1,130 (0.017%)
760 (0.011%)
130 (0.002%)

-3,000 (-1.7%)
-1,500 (-0.8%)

-8,900 (-5.2%)
-80,400 (-46.8%)
-9,500 (-5.5%)
-3,900 (-2.3%)
-7,400 (-4.3%)
-11,100 (-6.4%)
-8,400 (-4.9%)
-25,400 (-14.8%)
-50,900 (-29.6%)
1,200 (0.7%)
-800 (-0.5%)

0 (0.0%)

-7,000 (-0.7%)
-700 (-0.1%)

-1,200 (-0.1%)
43,100 (4.1%)
11,400 (-1.1%)
-3,700 (-0.4%)
-700 (-0.1%)
-1,000 (-0.1%)
-39,900 (-3.8%)
122,000 (-11.6%)
-251,100 (-24.0%)
-29,200 (-2.8%)
-13,600 (-1.3%)
-5,900 (-0.6%)

-9,900 (-0.8%)
-2,100 (-0.2%)

-10,100 (-0.8%)
-37,300 (-3.1%)
-20,800 (-1.7%)
-7,600 (-0.6%)
-8,100 (-0.7%)
-12,100 (-1.0%)
-48,300 (-4.0%)
-147,300 (-12.1%)
-301,900 (-24.8%)
-28,000 (-2.3%)
-14,400 (-1.2%)
-5,900 (-0.5%)

Abbreviations: LY = life year; PMP = prescription monitoring program; QALY = quality-adjusted life year
3 Life years and QALYs are rounded to the nearest 10,000. Deaths are rounded to the nearest 100.

Tamper-resistant drug reformulation leads to very small in-
creases in life years and QALYs (0.003% and 0.004% over five
years, respectively, and 0.006% and 0.007% over ten years) and a
small decrease in total deaths (0.3% over five years and 0.6% over
ten years). Significant numbers of prescription opioid deaths are
averted, which is partially offset by a smaller increase in the num-
ber of heroin deaths in the short term. This is because drug refor-
mulation decreases the supply of opioid pills easily converted to
more potent routes of administration, thereby causing some indi-
viduals to escalate to heroin use.

3.1.2. Combined Interventions

Table 5 shows results for combinations of interventions. The
greatest impact was achieved with 30% naloxone expansion com-
bined with either reductions in all prescribing or with PMPs, lead-
ing to approximately 0.1% gains in life years and QALYs and ap-
proximately 27% reductions in opioid deaths over five and ten
years.

If all prescribing were reduced by 10%, a modest impact would
be achieved over five years: pill deaths would decrease by 5.7%
whereas heroin deaths would increase by 0.3%, leading to a net
3,900 fewer deaths (0.7% reduction). Over ten years, more ben-
efits would accrue, with 22,200 deaths averted (1.8% reduction).
Over both time horizons, life years and QALYs increase very
slightly. Benefits increase significantly when reductions in pre-
scribing are combined variously with naloxone, syringe exchange,
pharmacotherapy, and psychosocial treatment. If prescribing re-
ductions are combined with 30% naloxone expansion, approxi-

mately 27% of opioid deaths are averted over both five and ten
years, and life years and QALYs increase by approximately 0.1%.
Even with 5% naloxone expansion, if prescribing reductions are
also combined with drug reformulation, pharmacotherapy, and sy-
ringe exchange, 8.1% of deaths (44,600) could be averted over
five years, and 9.9% of deaths (120,900) could be averted over
ten years. Reductions in prescribing combined with syringe ex-
change, pharmacotherapy, or psychosocial treatment alone would
have only a modest impact, increasing life years and QALYs by less
than 0.1% and decreasing deaths by 1.2%-4.0% over five and ten
years.

When PMP is combined with naloxone, syringe exchange, phar-
macotherapy, or psychosocial treatment, effects are similar to those
for reduced prescribing when combined with these interventions:
the greatest benefit occurs when PMP is combined with 30% nalox-
one expansion.

When drug rescheduling is combined with syringe exchange,
pharmacotherapy, or psychosocial treatment, total deaths increase
over five years due to increases in heroin deaths but decrease over
ten years.

In many cases, intervention combinations are less than additive.
For example, when pharmacotherapy is combined with reductions
in prescribing, drug rescheduling, or PMP, the number of life years
and QALYs gained is slightly lower than the sum from the indi-
vidual interventions and the number of deaths averted is slightly
lower. This is because the same death and morbidity cannot be
prevented twice.

Synergies occurred when syringe exchange was combined with
reductions in prescribing or drug rescheduling: the number of life
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Table 5

Results for combined interventions: difference from the status quo* a. Results for combined interventions over five years b. Results for combined interventions over ten years
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Policy

Discounted Net
Present LYs in
Thousands (%)

Discounted Net
Present QALYs in
Thousands (%)

Pill Deaths (%)

Heroin Deaths (%)

Total Opioid Deaths
(%)

All Prescribing®

All Prescribing + Naloxone 5%

All Prescribing + Naloxone 15%

All Prescribing + Naloxone 30%

All Prescribing + SEP

All Prescribing + Pharmacotherapy

All Prescribing + PT

All Prescribing + Drug Reformulation + Phar-
macotherapy + SEP + Naloxone
5% + PT

Drug Rescheduling + Naloxone 5%

Drug Rescheduling + Naloxone 15%

Drug Rescheduling + Naloxone 30%

Drug Rescheduling + SEP

Drug Rescheduling + Pharmacotherapy

Drug Rescheduling + PT

PMP + Naloxone 5%

PMP + Naloxone 15%

PMP + Naloxone 30%

PMP + SEP

PMP + Pharmacotherapy

PMP + PT

All Prescribing?

All Prescribing + Naloxone 5%

All Prescribing + Naloxone 15%

All Prescribing + Naloxone 30%

All Prescribing + SEP

All Prescribing + Pharmacotherapy

All Prescribing + PT

All Prescribing + Drug Reformulation + Phar-
macotherapy + SEP + Naloxone
5% + PT

Drug Rescheduling + Naloxone 5%

Drug Rescheduling + Naloxone 15%

Drug Rescheduling + Naloxone 30%

Drug Rescheduling + SEP

Drug Rescheduling + Pharmacotherapy

Drug Rescheduling + PT

PMP + Naloxone 5%

PMP + Naloxone 15%

PMP + Naloxone 30%

PMP + SEP

PMP + Pharmacotherapy

PMP + PT

550 (0.009%)
1,500 (0.024%)
3,510 (0.056%)
6,860 (0.108%)
660 (0.010%)
1,160 (0.018%)
890 (0.014%)
2,690 (0.043%)

1,910 (0.030%)
3,840 (0.061%)
7,060 (0.112%)
1,110 (0.018%)
1,580 (0.025%)
1,300 (0.021%)
1,470 (0.023%)
3,480 (0.055%)
6,830 (0.108%)
620 (0.010%)

1,130 (0.018%)
850 (0.013%)

1,230 (0.018%)
2,490 (0.037%)
5,160 (0.076%)
9,600 (0.142%)
1,380 (0.020%)
2,160 (0.032%)
1,870 (0.028%)
4,490 (0.067%)

4,400 (0.065%)

6,900 (0.102%)

11,060 (0.164%)
3,370 (0.050%)

4,080 (0.060%)
3,780 (0.056%)
2,360 (0.035%)
5,040 (0.075%)
9,500 (0.141%)
1,240 (0.018%)
2,040 (0.030%)
1,740 (0.026%)

350 (0.006%)
1,140 (0.018%)
2,820 (0.045%)
5,590 (0.090%)
440 (0.007%)
1,060 (0.017%)
730 (0.012%)
2,520 (0.040%)

2,540 (0.041%)
4,140 (0.067%)
6,810 (0.109%)
1,880 (0.030%)
2,450 (0.039%)
2,120 (0.034%)
880 (0.014%)

2,560 (0.041%)
5,340 (0.086%)
180 (0.003%)

800 (0.013%)

470 (0.008%)

1,130 (0.017%)
2,190 (0.033%)
4,440 (0.067%)
8,160 (0.123%)
1,250 (0.019%)
2,220 (0.033%)
1,860 (0.028%)
4,510 (0.068%)

5,420 (0.081%)
7,520 (0.113%)
11,010 (0.166%)
4,550 (0.068%)
5,410 (0.081%)
5,060 (0.076%)
1,800 (0.027%)
4,060 (0.061%)
7,800 (0.117%)
860 (0.013%)
1,830 (0.028%)
1,470 (0.022%)

-5,100 (-5.7%)
-9,300 (-10.3%)
-17,700 (-19.6%)
-30,300 (-33.6%)
-5,100 (-5.7%)
-4,700 (-5.3%)
-5,400 (-6.0%)
-10,700 (-11.8%)

-40,900 (-45.3%)
-46,000 (-51.0%)
-53,800 (-59.6%)
-38,300 (-42.5%)
-37,600 (-41.7%)
-38,400 (-42.6%)
-7,900 (-8.8%)
-16,400 (-18.2%)
-29,300 (-32.5%)
-3,600 (-4.0%)
-3,300 (-3.6%)
-4,000 (-4.4%)
13,200 (-7.7%)
-20,900 (-12.2%)
-36,600 (-21.3%)
-60,100 (-35.0%)
-13,200 (-7.7%)
-12,000 (-7.0%)
-13,900 (-8.1%)
-23,800 (-13.9%)

-84,900 (-49.4%)
-94,000 (-54.7%)
-107,600 (-62.6%)
-80,400 (-46.8%)
-78,600 (-45.7%)
-80,600 (-46.9%)
-17,400 (-10.1%)
-33,400 (-19.4%)
-57,500 (-33.5%)
-9,500 (-5.5%)
-8,300 (-4.8%)
-10,200 (-6.0%)

1,200 (0.3%)
-17,900 (-3.9%)
-56,600 (-12.4%)
-116,400 (-25.5%)
-1,600 (-0.4%)
-9,200 (-2.0%)
-2,400 (-0.5%)
-33,900 (-7.4%)

28,100 (6.2%)
-14,800 (-3.2%)
-80,800 (-17.7%)
46,100 (10.1%)
38,300 (8.4%)
45,600 (10.0%)
-19,700 (-4.3%)
-58,200 (-12.8%)
-117,700 (-25.8%)
-3,500 (-0.8%)
11,100 (-2.4%)
-4,200 (-0.9%)
-9,100 (-0.9%)
-48,600 (-4.6%)
-130,000 (-12.4%)
-257,900 (-24.6%)
-15,000 (-1.4%)
-37,400 (-3.6%)
-22,400 (-2.1%)
-97,100 (-9.3%)

1,600 (0.1%)
-84,000 (-8.0%)
-218,500 (-20.9%)
37,000 (3.5%)
15,400 (1.5%)
30,800 (2.9%)
-50,800 (-4.8%)
-132,000 (-12.6%)
-259,600 (-24.8%)
-17,200 (-1.6%)
-39,800 (-3.8%)
-24,700 (-2.4%)

-3,900 (-0.7%)
-27,200 (-5.0%)
-74,300 (-13.6%)
-146,700 (-26.8%)
-6,700 (-1.2%)
-14,000 (-2.6%)
-7,800 (-1.4%)
-44,600 (-8.1%)

-12,800 (-2.3%)
-60,800 (-11.1%)
134,500 (-24.6%)
7,800 (1.4%)

700 (0.1%)

7,200 (1.3%)
-27,500 (-5.0%)
-74,700 (-13.7%)
-147,000 (-26.9%)
-7,100 (-1.3%)
-14,300 (-2.6%)
-8,200 (-1.5%)
-22,200 (-1.8%)
-69,600 (-5.7%)
-166,500 (-13.7%)
-318,100 (-26.1%)
-28,100 (-2.3%)
-49,400 (-4.0%)
-36,300 (-3.0%)
-120,900 (-9.9%)

-83,400 (-6.8%)
-178,000 (-14.6%)
-326,100 (-26.7%)
-43,400 (-3.6%)
-63,200 (-5.2%)
-49,800 (-4.1%)
-68,300 (-5.6%)
-165,400 (-13.6%)
-317,200 (-26.0%)
-26,700 (-2.2%)
-48,100 (-3.9%)
-35,000 (-2.9%)

Abbreviations: LY = life year; PMP = prescription monitoring program; PT = psychosocial treatment; QALY = quality-adjusted life year; SEP = syringe exchange program

4 Life years and QALYs are rounded to the nearest 1000. Deaths are rounded to the nearest 100.

5 Reductions in prescribing for acute, transitioning, and chronic pain

years, QALYs, and opioid-related deaths for the combined interven-
tions over five years were all higher than the sum of these values
for the single interventions. This synergy occurs because, for in-
dividuals who escalate to heroin due to reductions in prescribing
or drug rescheduling, syringe exchange reduces injection-related
deaths, allowing those individuals to live longer and gain life years
and QALYs.

3.2. Sensitivity Analyses

In one-way sensitivity analyses (Table S4), results were particu-
larly sensitive to the probability of diversion of pills to non-users.
If diversion of pills to non-users is 50% lower than in the base case
analyses, reductions in prescribing, drug rescheduling, PMPs, drug
reformulation, and excess opioid disposal lead to more deaths than
in the base case analyses. This is because more individuals escalate
to heroin when fewer pills are available for diversion. If the prob-
ability of escalation to heroin is 25% lower than in the base case
analyses, then reduced chronic pain prescribing and excess opioid
disposal both avert more deaths over five and ten years, whereas

drug rescheduling leads to a smaller increase in deaths over five
years than in the base case analyses (0.6% vs. 2.0%), and leads to
3.9% of deaths averted over ten years.

4. Discussion

Our analyses show that reduced opioid prescribing combined
with PMPs and expanded health services for individuals with opi-
oid use disorder would moderately lessen the severity of the opi-
oid crisis over the next decade. Expansion of naloxone availabil-
ity had the largest effect: with 30% expansion, approximately 25%
of opioid deaths would be averted. Pharmacotherapy, syringe ex-
change, psychosocial treatment, and PMPs are beneficial across
time horizons and outcomes, reducing opioid-related deaths while
leading to gains in life years and QALYs. Tamper-resistant re-
formulation was also beneficial, though the effect was smaller.
Reduced prescribing and increasing excess opioid disposal pro-
grams would reduce lives lost at five and ten years. Reschedul-
ing drugs would lead to increases in total deaths over five years
as some individuals escalate to heroin, but decreases in deaths
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over ten years. Combined interventions would lead to greater in-
creases in life years, QALYs, and deaths averted. In many cases,
the results of combined interventions are subadditive because in-
terventions compete with each other for resources and because
success of some interventions (e.g., pharmacotherapy) lowers the
need for others (e.g., syringe exchange). Sadly, significant mor-
bidity and mortality occur even if significant policy change is
assumed.

Some policies have modest or even negative effects in the short
term and a positive effect in the longer term. For example, restric-
tions on opioid prescribing can lead to some pill-addicted individ-
uals switching to more dangerous illicit opioids. In the first few
years, this effect can nearly outweigh decreases in prescription pill
deaths. However, the balance shifts over time to the policy be-
ing clearly welfare-maximizing because the pool of previously ad-
dicted potential switchers grows smaller while the pool of individ-
uals without opioid use disorder who avoid pill addiction grows
larger.

One might ask why the U.S. would even consider implement-
ing prescription restricting policies when policies such as syringe
exchange and pharmacotherapy expansion can reduce years of life
lost immediately and consistently [33]. Epidemics do not generally
fade via a public health strategy with no preventive component.
Over time, more judicious opioid prescribing is necessary so that
fewer individuals develop opioid use disorder in the first place. The
most recent UN data shows that while U.S. per capita opioid pre-
scribing has declined by about one third since its peak, it still is
the highest in the world and out of step with developed world
norms (e.g., more than four-fold that of Italy and France, which
have comparable levels of population pain) [34].

Several differences in the findings here versus our prior analy-
sis [17] merit comment. Policies restricting opioid prescribing now
appear more beneficial in terms of lives saved. This is because the
current model focuses on a later period of time in which popula-
tion transitions from opioid pill to illicit opioid use disorder have
partially occurred already. PMPs produced a much more positive
result in this model in part due to this same effect, and also be-
cause enrolling in and using PMPs is becoming mandatory. Recent
research shows that while PMPs per se have little effect, with man-
dates they reduce opioid-related morbidity and mortality [23,35].
As more states adopt these requirements, the benefits of these pro-
grams should continue to expand.

The other major difference in our model is increased prediction
of opioid-related mortality in the age of COVID-19 and synthetic
opioids, which was not foreseeable in our prior model. Both the
virus and the measures taken to stop its spread can increase anxi-
ety, isolation, and difficulty accessing treatment services [6,7,9,11].
All signs are that COVID-19, combined with increased availabil-
ity of synthetic opioids will make 2020 the deadliest year in U.S.
history in terms of overdose mortality [8]. The former challenge
should recede rapidly as vaccines are administered, with positive
side effects on opioid-related morbidity and mortality. The latter
challenge is more enduring: because the profit margin on fentanyl
is so much higher than for heroin, drug traffickers can be expected
to expand its availability in the future [36]. New policies to ad-
dress synthetic drugs are receiving detailed attention within the
Stanford-Lancet Commission’s ongoing work [37] as well as by the
European Monitoring Centre for Drugs and Drug Addiction [38].

Our results are in line with those of other recent studies that
have modeled the impact of interventions on the opioid epidemic,
but with a narrower focus than we have taken. For example, a
study using a dynamic systems model of the U.S. opioid epi-
demic found that interventions targeting prescription opioid mis-
use would have a positive but modest effect on their own [39].
Another modelling study also concluded that no single interven-
tion would significantly reduce overdose deaths and prevalence of
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SOUD, but a combined strategy including reduced prescriptions,
reduction in diverted prescriptions, expanded treatment, and ex-
panded naloxone could have a significant impact [40].

Our analysis has several limitations. We attempted to compen-
sate for weaknesses in data on the opioid epidemic by creating ten
base cases and performing extensive sensitivity analyses. More re-
fined data about the epidemic and potential interventions could
help support more granular estimates of intervention effects. Even
with more refined data, many social, political, economic, and other
factors that we have not captured (e.g., the emergence of other
addictive drugs) could affect the course of the opioid epidemic.
Additionally, our analysis focuses on interventions specifically tar-
geted to opioid use disorder but does not capture potential effects
of broader public policies (e.g., economic, housing, labor and occu-
pational safety, criminal justice [41]) on the opioid epidemic.

Our findings point to routes to save many thousands of lives.
However, it is sobering that even all policies combined cannot pre-
vent substantial further morbidity and mortality. Drug epidemics
have their own momentum once a very large population of in-
dividuals with use disorder is created by an enormous increase
in drug supply, even if that original source of supply is subse-
quently diminished. Thus, although every effort should be made
using the policies studied here to lessen the damage of the epi-
demic, it should never be forgotten that the best public health pol-
icy would have been to have had a stronger regulatory environ-
ment in which profit-seeking companies could never have started
it in the first place [42].

Countries like the U.S. and Canada with a large population of
individuals with opioid use disorder should implement the poli-
cies found effective here (e.g., naloxone distribution) to lessen the
further toll of the crisis on population morbidity and mortality. Ad-
ditionally, policymakers in nations other than the U.S. and Canada
should take strong preventive action now to regulate opioid manu-
facturers in a fashion that prevents a spread of the opioid epidemic
to their countries [15]
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