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M ore than 2 million Americans have an opioid use
disorder (OUD), and in 2016, more than 42 000
Americans died of opioid overdoses.1,2 Although in

the first years of the opioid crisis, most overdose-associated
deaths were caused by misuse of prescription analgesics, heroin
and synthetic opioids (fentanyl and its analogues) currently
account for most of the fatalities, a scenario that reflects the
changing nature of the opioid crisis (Figure 1). We reviewed the
pharmacology of opioids because it is relevant to their rewarding
and analgesic effects that lead to their misuse, the epidemiology
of the crisis and its transformations in the past 2 decades, and the
interventions to treat and prevent OUD that must be imple-
mented to overcome the current crisis and prevent it from
happening again.

Opioid Pharmacology

Opioid drugs—prescription analgesics and illicit drugs—exert their
pharmacologic effects by engaging the endogenous opioid sys-
tem, where they act as agonists at the μ-opioid receptor (MOR). The
agonist action at the MOR is responsible for the rewarding effects
of opioids and analgesia. In the brain, these receptors are highly con-
centrated in regions that are part of the pain and reward networks.
They are also located in regions that regulate emotions, which is why
long-term opioid exposure is frequently associated with depres-
sion and anxiety.4 In addition, MORs are located in brainstem re-
gions that regulate breathing; there, agonists inhibit neuronal fir-
ing, which results in respiratory depression, which is the main cause
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of death from opioid overdoses.5 The various types of
opioid analgesics (morphine, hydrocodone, and oxycodone
hydrochloride), illicit opioids (heroin and fentanyl and its
analogues), and medications to treat OUD (methadone
hydrochloride, buprenorphine, and naltrexone hydrochloride) or to
reverse overdose (naloxone hydrochloride) differ in terms of their
affinities to MOR, their functional effects at the MOR (agonists,
partial agonists, or antagonists), and their selectivity for
MOR compared with that for κ- or Δ-opioid receptors (eTable in the
Supplement).

Physical Dependence on Opioids
Physical dependence on opioids is distinct from addiction,
and although they reflect different neuroadaptation processes,
they are frequently confused because the term dependence is
frequently used to connote addiction. This confusion leads to
misunderstanding by patients and physicians on the appropriate
use of these medications. It has also led to misestimation of the
risk of addiction when opioids are used for the treatment of pain.

Physical dependence manifests with the emergence
of withdrawal symptoms when use of opioids is abruptly
discontinued (or even sometimes when tapered) after long-term
administration. Symptoms include insomnia, cramps, diarrhea,
nausea, vomiting, and body aches, as well as dysphoria, anxiety,
and irritabil ity. The severity of these symptoms varies,
depending on chronicity, the opioid drug in question (symptoms
are stronger for more potent and shorter-acting drugs),
and individual variability.

Al l patients treated with opioids or misusing them
will develop physical dependence, and withdrawal symptoms
usually resolve promptly within a few days but can sometimes
last weeks after use is discontinued. Dependence can lead
to opioid seeking as individuals attempt to avoid withdrawal
sy m p t o m s , c o n t r i b u t i ng t o a d d i c t i o n by p e r p e t u a t i ng
repeated exposures.

Opioid Misuse

Opioids are misused for their analgesic effects and rewarding prop-
erties; people with physical dependence or addiction to opioids may
also misuse opioids to avoid withdrawal symptoms. The use of opi-
oids for their rewarding effects reflects their ability to increase the
activity of dopamine neurons in the ventral tegmental area and to
increase dopamine release in the nucleus accumbens.6 In the con-
text of prescription opioids, misuse refers to use other than as pre-
scribed. When misused for their rewarding effects, prescription opi-
oids are frequently snorted or injected, which leads to faster uptake
in the brain, enhancing their rewarding effects; when misused via
oral administration, opioids tend to be taken at higher doses and/or
in combination with other drugs (eg, alcohol). Although opioid mis-
use does not necessarily result in addiction, opioids are highly ad-
dictive, and the risks increase with repeated use, higher doses, and
when injected. According to the National Comorbidity Survey, the
proportion of users becoming addicted to heroin after using opi-
oids (23%) was higher than for alcohol (15%) and cocaine (17%).7

Opioid Addiction
Addiction is distinct from physical dependence and occurs in a smaller
subset of opioid users, developing much more gradually. The changes
are longer lasting and often require long-term treatment to achieve
recovery. Until recently, it was mistakenly believed that pain pro-
tected against addiction to opioid medications. A study8 assessing
Diagnostic and Statistical Manual of Mental Disorders, 5th Edition
(DSM-5) criteria for OUD in a cohort of patients receiving opioids for
chronic pain found that 28.1% had mild OUD, 9.7% had moderate
OUD, and 3.5% had severe OUD. Multiple factors have been asso-
ciated with vulnerability to opioid addiction (term used here to re-
fer to moderate or severe OUD), including genetics, age at initia-
tion, adverse social environments, and psychiatric comorbidities
(eg, anxiety, depression).

Addiction to opioids (or other drugs) involves molecular pro-
cesses associated with learning, which help consolidate automatic
behaviors in response to the drug and the stimuli associated with
the drug; this is referred to as conditioning. People can become con-
ditioned to opioids because of their rewarding effects or because
of their relief of pain, withdrawal symptoms, or dysphoria. With re-
peated exposures, conditioning is strengthened, energizing the de-
sire and motivation to consume the drug.

Repeated drug exposures also disrupt striatocortical circuits that
are necessary for the proper functioning of the prefrontal cortex,
which is needed for self-regulation. Disruption of these circuits un-
derlies the impulsiveness and compulsivity characteristic of addic-
tion. In addition, disruption of circuits in the extended amygdala that
regulate emotions and stress renders the person with addiction vul-
nerable to dysphoria or depression, anxiety, and irritability.9 These
neurocircuitry changes are mutually reinforcing (Figure 2), contrib-
uting to addiction’s relapsing nature. Changes to the dopaminergic
circuits of the basal ganglia, the extended amygdala, and the pre-
frontal cortex correspond to the sequential stages of binge or in-
toxication, withdrawal, and craving that are characteristic of all sub-
stance use disorders. In people addicted to opioids, these changes

Figure 1. Three Waves of the Increase in Deaths Due to Opioid Overdose
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Wave 1 was from 1990 to 2004, wave 2 from 2005 to 2010, and wave 3 from
2011 to 2016. Data are from the National Vital Statistics System Mortality File.
Adapted from the Centers for Disease Control and Prevention.3
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also persist long after drug use discontinuation, which is why
the treatment of opioid addiction requires continuous care to
achieve recovery.

Opioid Analgesia
Opioids are effective for treating severe acute pain, but their effec-
tiveness in treating chronic pain is less clear.11 Tolerance rapidly de-
velops to their analgesic effects; thus, patients require increasingly
higher doses, thereby increasing the risk of addiction, respiratory
depression, and fatal overdose. Furthermore, opioids can result in
hyperalgesia, exacerbating instead of alleviating pain.12 The opioid
crisis has led to various measures that encourage greater caution in
opioid prescribing, including new Centers for Disease Control and
Prevention guidelines for management of chronic pain.13 Prescrip-
tion drug monitoring programs are intended to reduce “doctor shop-
ping” (receiving prescriptions for controlled substances from sev-
eral physicians) by patients and harmful prescribing by physicians.

Shifting Patterns of Opioid Misuse
The opioid crisis was sparked initially by the overreliance on opi-
oids to treat pain. The overprescription of opioid analgesics facili-
tated their diversion and misuse, while also exposing patients with
chronic pain to the risk of addiction and overdose without neces-
sarily improving their pain conditions.

Beginning in the early 2000s, some of those addicted to pre-
scription opioids (particularly young adults) began transitioning to
heroin because the latter was cheaper and easier to obtain. Three
quarters of treatment-seeking heroin users who had begun their drug

use in the 2000s began with prescription opioids.14 Increased avail-
ability of inexpensive, high-purity heroin has made it easier for new
opioid users to initiate drug use with heroin, possibly in part be-
cause high-quality heroin can be administered through other routes
than injection. Between 2005 and 2015, the percentage of
new opioid users initiating drug use with heroin increased from
8.7% to 33.3%.15

The shift toward heroin use contributed to the escalation of
opioid-associated fatalities, now further exacerbated by adultera-
tion of heroin with fentanyl or fentanyl analogues. As of 2016, fen-
tanyl and other synthetic opioids accounted for more overdose
deaths than prescription opioids or heroin (Figure 1). The high
potency of fentanyl (50 times more potent than heroin) increases
the risk of overdosing; this risk is further exacerbated by its combi-
nation with other drugs and the impossibility of controlling the dose
administered.

Epidemiology of Opioid Misuse and OUD
In 2016, almost 11 million American adults (age �18 years) misused
opioids in the past year, with males (6.4 million [4.9%]) misusing opi-
oids more frequently than females (5.4 million [3.9%]).1 Misuse of
opioids by adolescents remains low, whereas the highest rates of mis-
use are among young adults aged 18 to 25 years. In 2016, a total of
392 000 individuals aged 18 to 25 years (1.1%) had OUD compared
with 153 00 (0.6%) of adolescents and 1 599 000 (0.8%) of adults
26 years and older.1

The rates of fatalities due to OUD and overdose and the types of
opioidstriggeringoverdosesvarymarkedlybystate.In2016,therewere
43.4 opioid overdose fatalities per 100 000 persons in West Virginia
compared with 29.7 in Massachusetts and 5.9 in Arkansas.16 The geo-

Figure 2. Three Stages of the Addiction Cycle and Associated Neural Circuits

intoxication
Binge or

With
dr

aw
al

 o
r

ne
ga

tiv
e a

ffe
ct

Glutamate

Dopamine
Opioid peptides
Corticotropin-releasing
factor
Dynorphin

Incentive salience

Executive function
deficits

Reward deficit and
stress surfeit

Preoccupation or

anticipation

intoxication
Binge or

Opioid peptides
Dopamine

PFC
CeA

BNST

DS

VTAVTA

NAcNAc

Extended
amygdala
Extended
amygdala

Prefrontal
cortex

Prefrontal
cortex

Basal
ganglia
Basal

ganglia
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graphic diversity correlates to a certain extent with socioeconomic fac-
tors, such as poverty. Among those under the poverty level, 5.9% were
reported to have OUD compared with 4.8% of those between 100%
and 199% of the poverty level and 3.9% of those at twice or more than
the poverty level.1 There is also variability among races/ethnicities, with
opioid misuse being most prevalent among non-Hispanic white indi-
viduals (4.6% vs 4.0% among African American individuals and 1.8%
among Asian individuals).1 These prevalence rates are changing, how-
ever, as prescription opioids are being replaced by heroin and synthetic
opioids.

The increase in the exposure to opioids among females has trans-
lated into a 4-fold increase in the number of neonates born with neo-
natal abstinence syndrome between 1999 and 2013 (from 1.5 to 6.0
per 1000 hospital births).17 As in other populations, opioid expo-
sure in pregnant women reflects prescription of opioids for pain man-
agement, medication-assisted treatment for OUD, and opioid mis-
use. On the basis of data through 2007, a total of 23% of pregnant
women enrolled in Medicaid filled an opioid prescription during
pregnancy.18 Although severity of neonatal abstinence syndrome has
been shown to be substantially milder when women are treated with
methadone or buprenorphine, their newborns still require care for
neonatal abstinence syndrome.19

Comorbidity of OUD
Pain is frequently comorbid with OUD, reflecting that opioid
exposure was initially intended to alleviate pain and that hyperal-
gesia is associated with repeated exposure to prescription and
illicit opioids.20 Chronic pain might increase the risk of an OUD in
part by dysregulating the brain’s stress circuitry and by increasing
risk of tolerance to the analgesic effects of opioids. Increased con-
ditioning to high doses of morphine was reported in an animal
model of chronic pain.21

In addition, OUD is highly comorbid with other mental ill-
nesses, especially mood disorders, likely because individuals with
mental illness, particularly a mood disorder, are more apt to be
prescribed an opioid analgesic. A recent article22 reported that
approximately 50% of opioid prescriptions are written for indi-
viduals with a mental illness, even though they represent only
16% of the population. This finding reflected the higher preva-
lence of chronic pain among those with a mood disorder. Even
after controlling for severity and type of pain condition, those
with a mood disorder were more likely to receive a prescription
and to receive a higher opioid dose than those without a mood
disorder. Patients with mood disorders might also be at greater
risk of misusing opioids because of their antidepressant
properties.23,24

Some of the opioid overdose fatalities could also reflect
intentional suicide because suicide risk is higher in patients with
OUD, chronic pain, or a mood disorder.25 Moreover, among
patients with chronic pain and suicidal ideation, 75% reported
that they planned to do so through overdose, and risk of success-
ful suicide was doubled in patients with chronic pain compared
with control individuals without pain.26 A previous report27 tried
to estimate the risk of suicide among veterans with OUD. In
female veterans with OUD, suicide risk was more than 8 times
greater than for those without OUD; in male veterans, the risk

was more than twice that for those without OUD. Estimating the
exact proportion of suicides among fatalities classified as being
due to overdose is difficult, but this incidence might be between
20% and 30%.28

Frequently, OUDs are comorbid with infectious diseases be-
cause injecting drugs increases the risk of blood-transmitted infec-
tions, including HIV infection, hepatitis C virus infection, and endo-
carditis. In 2015, injection drug use accounted for 9.1% of the 39 513
new diagnoses of HIV infection in the United States,29 and the in-
cidence of hepatitis C virus infection increased 2.9-fold from 2010
to 2015.30

Prevention
The misuse of and addiction to prescription analgesics, heroin, and
synthetics (fentanyl and analogues) require universal and targeted
prevention strategies. An important intervention to decrease pre-
scription opioid misuse is reducing inappropriate prescribing. New
federal guidelines and improved physician education in opioid pre-
scribing and pain management are already having an influence on
reducing overprescribing, although prescription rates in the United
States are still high, with prescriptions of 178 billion morphine mil-
ligram equivalents in 2017.31 Prescription drug monitoring pro-
grams have been implemented in all states, although their effec-
tiveness has been mixed depending on their ease of operability and
how they are regulated.

Other strategies include developing new, safer pain medica-
tions and abuse-deterrent formulations (ADFs) of existing opioid
medications. The ADFs contain properties intended to make inten-
tional misuse more difficult or less rewarding, and evidence sug-
gests that they can decrease misuse of that specific formulation.
However, even though ADFs have been clinically available for sev-
eral years, they represent a small percentage of the total opioid pre-
scriptions. The restricted penetration of ADF opioids is likely to re-
flect their higher costs, which limit their reimbursement.32 In some
instances, as was the case for the original oxycodone hydrochlo-
ride formulation, ADFs may encourage a shift to misuse of other opi-
oids or to unexpected routes of administration.33,34 A Risk Evalua-
tion and Mitigation Strategy can be required by the US Food and Drug
Administration for medications with serious safety concerns. The Risk
Evaluation and Mitigation Strategy for opioid medications includes
training in acute and chronic pain management, including pharma-
cologic and nonpharmacologic treatments.35

Strategies that would have an influence on all forms of opioid
misuse involve implementing evidence-based prevention inter-
ventions for substance use disorders in family, school, and/or
community settings. Universal prevention interventions initiated
in childhood and adolescence decrease later drug use, including
prescription opioid misuse.36-38 These interventions share com-
mon elements intended to strengthen protective factors in indi-
viduals and their families, schools, and communities while
decreasing factors associated with risk (Box 1). For children or
adolescents who are at high risk because of adverse social envi-
ronments or psychiatric disorders, tailored interventions can pre-
vent future drug misuse.40

Socioeconomic factors continue to influence the opioid crisis.
Restricted job opportunities, erosion of communities, and loss of
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purpose have been linked to the psychological pain and stress
fueling the demand for opioids.41 Initially, opioid misuse was
mostly concentrated in rural areas and among poor white Ameri-
cans, but as misuse of heroin and synthetics has expanded, it is
now affecting urban areas and minority groups. Thus, strategies
that provide access to education to all citizens and sustainable
work opportunities are long-term interventions for preventing
OUD and associated problems.

Treatment

The strong evidence for the effectiveness of medications for OUD
(frequently also referred to as medication-assisted treatment) has
made medications for OUD the criterion standard of treatment for
OUD. Currently, 3 medications are approved by the US Food and Drug
Administration to treat OUD: methadone (a full agonist at the MOR),
buprenorphine (a partial agonist at the MOR), and extended-
release naltrexone (an antagonist at the MOR). Details on doses, dis-
pensing, and clinical effects for medications for OUD are provided
in Box 2. Medications for OUD are ordinarily given in conjunction with
behavioral treatment, and studies49,50 have generally shown strong
benefits of medications for OUD compared with behavioral treat-
ments alone. Medications for OUD increase social functioning while
reducing illicit opioid use, risk of overdose, transmission of infec-
tious disease, criminality, and treatment retention. Unfortunately,
stigma toward methadone and buprenorphine because of their ago-
nist actions at the MOR has limited their use because of the belief
by many that their use substitutes one addictive drug for another.

Treatment with agonists and partial agonists is pharmacody-
namically distinct from sustaining an addiction to a prescription or
illicit opioid.51 The slow rate of entry of methadone and buprenor-
phine into the brain (Box 2) limits their rewarding effects. This limi-
tation is because drug reward is accentuated when drugs enter the
brain rapidly and have fast-binding properties, which explains why
methadone and buprenorphine, although providing relief from
craving and withdrawal, do not produce the intense euphoria
achieved with heroin or other opioids when they are injected or taken
at high doses. In addition, their slow dissociation and clearance from
MOR prevent emergence of craving and withdrawal symptoms
during treatment. The physiologic stability provided by medica-
tions for OUD facilitates the reentry and integration of patients to
their communities.

Because of their agonist properties, methadone and buprenor-
phine are only available from opioid treatment programs (metha-
done) or from prescribers with a special Drug Abuse Treatment Act
2000 waiver (buprenorphine). Extended-release naltrexone,
because it is an antagonist, can be prescribed by any physician and
presents no abuse liability; because the use of extended-release nal-
trexone for OUD is relatively new and adherence to the immediate-
release naltrexone has historically been a problem, fewer studies47,48

have reported naltrexone’s effectiveness, but evidence is mount-
ing that it may be as effective as buprenorphine for some patients.

Despite their efficacy, medications for OUD are underused. In
2015, between 31% and 37% of patients with OUD in specialty fa-
cilities received medications for OUD.52 A recent study53 in
Massachusetts reported that only 30% of those who survived an opi-
oid overdose received medications for OUD in the year after their
overdose. In addition, when they are prescribed, buprenorphine and
methadone are frequently given at too low a dose and/or for too short
a duration. For example, one study54 reported that nearly half of pa-
tients treated with buprenorphine in opioid treatment facilities re-
ceive 90 or fewer days or continuous treatment.

Expanding access to medications for OUD in primary care and
specialty settings (psychiatrists, pain clinics, emergency depart-
ments, and infectious diseases clinics) will require educating prac-
titioners throughout health care to screen and treat OUD, clearing

Box 1. Risk and Protective Factors for Adolescent
and Young Adult Substance Use

Risk Factors
Individual

Genetic factors

Starting substance use early

Perceiving little risk in substance use

Peers who use substances

Emotional distress or aggressiveness that starts early
and is persistent

Psychiatric disorder

Family
Substance misuse in the family

Family conflict, abuse, or neglect

Parents who favorably view or approve of substance use

School
Poor academic performance

Student does not view school as rewarding or meaningful
and lacks commitment to school

Perception that use of drugs among classmates is high

Poor control over school drug consumption

Community
Lower socioeconomic status

Availability and cost of drugs and alcohol

Community norms favorable toward alcohol and drugs

Protective Factors
Individual

Resiliency

Self-efficacy

Spirituality

Interpersonal skills, including social, emotional, and cognitive
skills

Treatment of psychiatric disorder

Family, school, and community
Attachment to family, school, and community

Meaningful involvement with family, school, or community

Positive behavior is recognized

Norms in the family, school, and community that drug misuse is
not acceptable

Being in a committed relationship or marriage with a partner
who does not misuse drugs

Opportunity for fulfilling extracurricular activities

Adapted and modified from US Department of Health.39
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Box 2. Medications for Opioid Use Disorder

Methadone
Full MOR agonist, typically daily oral doses of 80-160 mg methadone
hydrochloride, used for more than 4 decades

Dispensing mostly limited to licensed opioid treatment programs or
methadone clinics

Reduces cravings and withdrawal symptoms

Does not produce euphoria in opioid-dependent individuals
because MOR binding is slower and longer lasting than that of
heroin or
fentanyl and oral delivery slows its entry into the brain

Normalizes the physiology of the stress-responsive hypothalamic-
pituitary-adrenal axis42

Produces physical dependence and, if use is abruptly discontinued,
results in acute withdrawal; thus, discontinuation of the drug
requires slow tapering to avoid withdrawal

Strong evidence that it reduces illicit opioid use and risk of overdose
and improves other outcomes (a Cochrane review43 in 2009 found
33% fewer opioid-positive drug test results for patients taking
methadone, who were also 4.4 times more likely to stay in treatment
than those not taking medication)

Buprenorphine
Partial MOR agonist

κ-Opioid receptor antagonist

Nociceptin receptor agonist44

IR formulation
Generally taken 3-4 times/wk at daily doses typically between
16 and 24 mg45

Most frequently prescribed as a sublingual film that contains nal-
oxone, which induces withdrawal when drug is injected

ER formulations
A subdermal implant that delivers the equivalent of 8 mg of
buprenorphine was approved in 2016, but use was limited by the
restricted doses it delivers

A once-monthly depot injection was approved in 2017, and
additional once-monthly and once-weekly formulations are cur-
rently being reviewed for FDA approval

Approved to treat OUD in 2002

Dispensing by physicians or nurses who have a Drug Abuse
Treatment Act 2000 waiver

Reduces cravings and withdrawal symptoms

Does not produce euphoria in opioid-dependent patients because
its binding to MOR is slow (slower than for methadone) and (as a
partial agonist) it has less efficacy to stimulate reward

Because buprenorphine is a partial agonist, its use in patients with
OUD with high levels of tolerance might result in acute withdrawal,
in which case treatment with methadone, with its full agonist
effects, might be more beneficial

ER formulations of buprenorphine will facilitate adherence and OUD
management, including for patients living in rural areas

Strong evidence that it reduces illicit opioid use and overdoses and
improves other outcomes (a Swedish study found a 100% failure
rate within 3 mo when treatment with buprenorphine was tapered
after 6 d vs 25% when buprenorphine treatment was maintained
and a 20% mortality rate among those who left treatment)46

Naltrexone
Antagonist at MOR

Antagonist at κ-opioid receptor

IR formulation: 50 mg once daily

ER formulation: 380 mg delivered intramuscularly every 4 wk

IR formulation approved for OUD in 1984 but had poor adherence

ER formulation approved for OUD in 2010, which has facilitated
adherence

Does not require a license or waiver to prescribe

Interferes with the binding of opioid drugs, thus inhibiting their
effects, including reward and analgesia

Patients need to undergo detoxification before initiating naltrexone
treatment to avert withdrawal, which can be challenging, and not all
patients succeed

The evidence is still limited, but studies thus far suggest that the ER
formulation reduces opioid use, and preliminary data suggest it
might prevent overdoses (2 comparative-effectiveness studies47,48

in 2017 found that, after patients were inducted on treatment with
ER naltrexone, it was equally effective as buprenorphine at
promoting abstinence and retaining patients in treatment)

Lofexidine
α-Adrenergic receptor agonist, three 0.18-mg tablets taken orally,
4 times daily at 5- to 6-h intervals

Approved in 2018 as the first FDA medication to treat opioid with-
drawal, although it has been used to treat opioid withdrawal in the
United Kingdom since the 1990s

Dispensing is by physicians

Research is needed to determine whether it might be helpful in
facilitating induction into naltrexone or buprenorphine for patients
with high levels of tolerance and whether it can improve adherence
in patients treated with medications for OUD

Naloxone
Antagonist at MOR

Autoinjection: 2 mg of 0.4 mL of naloxone hydrochloride solution in
a prefilled autoinjector for intramuscular or subcutaneous injection

Nasal spray: 4 mg of naloxone hydrochloride in 0.1 mL for intranasal
administration

Injection: 0.4 mg/mL, available in 2 pack sizes, containing 0.8 mg of
naloxone in 2 mL or 2.0 mg of naloxone hydrochloride in 5 mL

FDA first approved naloxone for overdoses in 1971

The autoinjector was approved in 2014

The intranasal spray was approved in 2015

Increasing access to naloxone is a major component to reverse the
overdose epidemic (in Massachusetts communities where overdose
education and naloxone distribution were implemented, death due
to overdose was reduced 27%-46%)

With the increase in overdoses from fentanyl and other synthetic
opioids, multiple naloxone doses are necessary for reversal
(reversals might fail when opioids are combined with other respira-
tory-depressing drugs, eg, alcohol, benzodiazepines; thus, there is a
need for longer-lasting naloxone formulations or other overdose-
reversal tools)

Abbreviations: ER, extended release; FDA, US Food and Drug Administration;
IR, immediate release; MOR, μ-opioid receptor; OUD, opioid use disorder.
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misconceptions about medications for OUD and how to use them,
and removing infrastructural barriers to their use, including loosen-
ing restrictions on who can prescribe them.55-57

Access to medications for OUD can also be expanded by en-
gaging criminal justice settings. Approximately 60% of inmates in
state and federal prisons have a substance use disorder,58 often an
OUD. Because OUD is mostly untreated during incarceration, in-
mates face a high risk of overdose after release (mortality is 12 times
higher than for the general population within 2 weeks of release).59

Treating inmates with medications for OUD while they are incarcer-
ated or initiating treatment with medications for OUD before in-
mates are released can reduce opioid use, increase treatment en-
gagement, and reduce overdoses.60-62 Another medication
fundamental for reversing opioid overdoses is naloxone, a MOR an-
tagonist with fast-binding dynamics that, when used promptly and

at adequate doses, quickly reverses an opioid overdose (Box 2). In-
creasing access to naloxone is a major strategy for decreasing over-
dose fatalities.63

Research Gaps and Conclusion
More research is needed in pain and OUD to further understand the
neurobiology of these disorders and to help develop more effec-
tive prevention and treatment interventions. The potential thera-
peutic role of marijuana or its extracts in pain treatment should also
be explored because this substance is increasingly available across
the United States and Canada (Box 3).64-67

In the meantime, 4 areas are central to reversing the opioid cri-
sis: (1) improving treatments for pain and improved opioid prescrip-

Box 3. Research Gaps

Pain Neurobiology
Factors underlying the transition from acute to chronic pain

Risk factors for chronic pain (including sex)

Risk factors for addiction when patients with pain are prescribed an
opioid medication

Comorbidity of pain syndromes, mood disorders, and addiction

Pain Treatment
New compounds that target non–opioid pain-modulating systems in
the body, such as the endocannabinoid system

New compounds that target the MOR but in a manner that produces
fewer adverse effects and less misuse liability (eg, biased agonists,
bivalent molecules that concomitantly target μ and galanin or
nociceptin receptors)

Strategies to interfere with signaling of molecules that produce pain,
such as sodium and calcium channel blockers that modulate
excitability of pain fibers

Strategies that block the source of the pain (ie, CGRP)

Nonpharmacologic interventions, such as transcranial magnetic
stimulation, peripheral nerve stimulation, mindfulness, biofeedback,
and others

OUD Neurobiology
Interactions between pain and rewarding effects of opioids

Relevant to the high comorbidity between pain and OUD

Will lead to better ways of preventing OUD in patients with pain

Effects of long-term opioid use on emotion and stress networks
Relevant to the high risk of dysphoria, suicidality, and social
withdrawal in OUD

Neurobiological mechanisms by which adverse social environments
influence vulnerability for OUD

OUD Prevention
Prevention strategies in young adults (who are at highest risk of first
misusing opioids and then developing an OUD)

Prevention strategies in patients with pain treated with opioids

Improved metrics to assess the results of prevention interventions

Strategies to integrate a comprehensive set of evidence-based
prevention and treatment interventions at the community level

Implementation research to increase adoption of effective
prevention interventions

OUD Treatment
New treatment options

Comparative effectiveness of existing treatments

Implementation research to increase medication of OUD use

Effectiveness of medications for OUD with specific populations

Appropriate duration of use of medication for OUD

How to better personalize behavioral treatments to the individual

How to determine when a patient is ready to be tapered off
medication for OUD

Improved assessment of when inpatient treatment is indicated

Biomarkers or other indicators to determine which medication for
OUD is optimal for a given patient

Treatment strategy for individuals who may be misusing opioids but
have yet to develop a moderate to severe OUD

Treatment of adolescents with OUD, including the use of medication
for OUD

What is the best form of medication for OUD to use for pregnant
women (this should include studies to evaluate the benefits from ER
naltrexone)?

Improved metrics to assess outcomes of therapeutic interventions

Marijuana and OUD
A few highly publicized studies64-66 have suggested an association
between the availability of medical marijuana in some states and
lower-than-expected rates of opioid overdoses or opioid
prescriptions in those states, which led to the suggestion that
marijuana, as an alternative pain treatment and/or as an alternative
recreational substance, may lead to less opioid use

However, longitudinal research shows that marijuana use increases
risk for later opioid use, even in people with pain67

Research is needed to clarify the association(s), if any, between
marijuana use and opioid use and misuse at the individual and
population levels

Abbreviations: CGRP, calcitonin gene–related peptide; MOR, μ-opioid receptor;
OUD, opioid use disorder.
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tion practices, (2) expanding access to medications for OUD, (3) ex-
panding availability of naloxone and developing models to link
patients who experience overdose to OUD treatment, and (4) im-
proving prevention focused on the risk factors for opioid misuse and
OUD. Achieving these goals requires reversing stigma attached to
medications for OUD, removing infrastructural barriers to their adop-

tion, and expanding engagement of health care professionals (in-
cluding psychiatrists) and in criminal justice settings in OUD treat-
ment. Against this background, remediation strategies to address
the psychosocial factors that lead people to use opioids and other
drugs are necessary to prevent the emergence of another similar cri-
sis in the future.

ARTICLE INFORMATION

Accepted for Publication: August 21, 2018.

Published Online: December 5, 2018.
doi:10.1001/jamapsychiatry.2018.3126

Author Contributions: Dr Volkow had full access to
all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Concept and design: Volkow, Einstein, Wargo.
Acquisition, analysis, or interpretation of data:
Volkow, Jones.
Drafting of the manuscript: Volkow, Wargo.
Critical revision of the manuscript for important
intellectual content: All authors.
Administrative, technical, or material support:
Wargo

Conflict of Interest Disclosures: None reported.

REFERENCES

1. Center for Behavioral Health Statistics and
Quality. 2016 National Survey on Drug Use and
Health: Detailed Tables. Rockville, MD: Substance
Abuse and Mental Health Services Administration;
2017.

2. Seth P, Scholl L, Rudd RA, Bacon S. Overdose
deaths involving opioids, cocaine, and
psychostimulants—United States, 2015–2016.
MMWR Morb Mortal Wkly Rep. 2018;67(12):349-358.
doi:10.15585/mmwr.mm6712a1

3. Centers for Disease Control and Prevention.
Opioid Epidemic: Understanding the Epidemic.
https://www.cdc.gov/drugoverdose/epidemic
/index.html. Accessed September 14, 018.

4. Wilson MA, Junor L. The role of amygdalar
mu-opioid receptors in anxiety-related responses in
two rat models. Neuropsychopharmacology. 2008;
33(12):2957-2968. doi:10.1038/sj.npp.1301675

5. Imam MZ, Kuo A, Ghassabian S, Smith MT.
Progress in understanding mechanisms of
opioid-induced gastrointestinal adverse effects and
respiratory depression. Neuropharmacology. 2018;
131:238-255. doi:10.1016/j.neuropharm.2017.12.032

6. Kosten TR, George TP. The neurobiology of
opioid dependence: implications for treatment. Sci
Pract Perspect. 2002;1(1):13-20. doi:10.1151/spp021113

7. Anthony JC, et al. Comparative epidemiology of
dependence on tobacco, alcohol, controlled
substances, and inhalants: basic findings from the
National Comorbidity Survey. Exp Clin
Psychopharmacol. 1994;2(3):244-268. doi:10.1037
/1064-1297.2.3.244

8. Boscarino JA, Hoffman SN, Han JJ. Opioid-use
disorder among patients on long-term opioid
therapy: impact of final DSM-5 diagnostic criteria on
prevalence and correlates. Subst Abuse Rehabil.
2015;6:83-91. doi:10.2147/SAR.S85667

9. Koob GF, Volkow ND. Neurocircuitry of
addiction. Neuropsychopharmacology. 2010;35(1):
217-238. doi:10.1038/npp.2009.110

10. Koob GF, Volkow ND. Neurobiology of
addiction: a neurocircuitry analysis. Lancet Psychiatry.
2016;3(8):760-773. doi:10.1016/S2215-0366(16)
00104-8

11. Reuben DB, Alvanzo AA, Ashikaga T, et al.
National Institutes of Health Pathways to
Prevention Workshop: the role of opioids in the
treatment of chronic pain. Ann Intern Med. 2015;162
(4):295-300. doi:10.7326/M14-2775

12. Roeckel LA, Le Coz GM, Gavériaux-Ruff C,
Simonin F. Opioid-induced hyperalgesia: cellular
and molecular mechanisms. Neuroscience. 2016;
338:160-182. doi:10.1016/j.neuroscience.2016.06
.029

13. Dowell D, Haegerich TM, Chou R. CDC Guideline
for Prescribing Opioids for Chronic Pain–United
States, 2016. MMWR Recomm Rep. 2016;65(1):1-49.
doi:10.15585/mmwr.rr6501e1

14. Cicero TJ, Ellis MS, Surratt HL, Kurtz SP. The
changing face of heroin use in the United States:
a retrospective analysis of the past 50 years. JAMA
Psychiatry. 2014;71(7):821-826. doi:10.1001
/jamapsychiatry.2014.366

15. Cicero TJ, Ellis MS, Kasper ZA. Increased use of
heroin as an initiating opioid of abuse. Addict Behav.
2017;74:63-66. doi:10.1016/j.addbeh.2017.05.030

16. National Institute on Drug Abuse. Opioid
summaries by state. https://www.drugabuse.gov
/drugs-abuse/opioids/opioid-summaries-by-state.
Accessed July 9, 2018.

17. Ko JY, Patrick SW, Tong VT, Patel R, Lind JN,
Barfield WD. Incidence of neonatal abstinence
syndrome—28 states, 1999–2013. MMWR Morb
Mortal Wkly Rep. 2016;65(31):799-802. doi:10
.15585/mmwr.mm6531a2

18. Desai RJ, Hernandez-Diaz S, Bateman BT,
Huybrechts KF. Increase in prescription opioid use
during pregnancy among Medicaid-enrolled
women. Obstet Gynecol. 2014;123(5):997-1002.
doi:10.1097/AOG.0000000000000208

19. Fajemirokun-Odudeyi O, Sinha C, Tutty S, et al.
Pregnancy outcome in women who use opiates. Eur
J Obstet Gynecol Reprod Biol. 2006;126(2):170-175.
doi:10.1016/j.ejogrb.2005.08.010

20. Yi P, Pryzbylkowski P. Opioid induced
hyperalgesia. Pain Med. 2015;16(suppl 1):S32-S36.
doi:10.1111/pme.12914

21. Zhang Z, Tao W, Hou Y-Y, Wang W, Lu Y-G, Pan
ZZ. Persistent pain facilitates response to morphine
reward by downregulation of central amygdala
GABAergic function. Neuropsychopharmacology.
2014;39(9):2263-2271. doi:10.1038/npp.2014.77

22. Davis MA, Lin LA, Liu H, Sites BD. Prescription
opioid use among adults with mental health
disorders in the United States. J Am Board Fam Med.
2017;30(4):407-417. doi:10.3122/jabfm.2017.04
.170112

23. Becker WC, Sullivan LE, Tetrault JM, Desai RA,
Fiellin DA. Non-medical use, abuse and dependence
on prescription opioids among U.S. adults:

psychiatric, medical and substance use correlates.
Drug Alcohol Depend. 2008;94(1-3):38-47. doi:10
.1016/j.drugalcdep.2007.09.018

24. Ehrich E, Turncliff R, Du Y, et al. Evaluation of
opioid modulation in major depressive disorder.
Neuropsychopharmacology. 2015;40(6):1448-1455.
doi:10.1038/npp.2014.330

25. Campbell G, Bruno R, Darke S, et al. Prevalence
and correlates of suicidal thoughts and suicide
attempts in people prescribed pharmaceutical
opioids for chronic pain. Clin J Pain. 2016;32(4):
292-301. doi:10.1097/AJP.0000000000000283

26. Cheatle MD. Depression, chronic pain, and
suicide by overdose: on the edge. Pain Med. 2011;12
(suppl 2):S43-S48. doi:10.1111/j.1526-4637.2011.01131
.x

27. Bohnert KM, Ilgen MA, Louzon S, McCarthy JF,
Katz IR. Substance use disorders and the risk of
suicide mortality among men and women in the US
Veterans Health Administration. Addiction. 2017;112
(7):1193-1201. doi:10.1111/add.13774

28. Tadros A, Layman SM, Davis SM, Davidov DM,
Cimino S. Emergency visits for prescription opioid
poisonings. J Emerg Med. 2015;49(6):871-877.
doi:10.1016/j.jemermed.2015.06.035

29. Centers for Disease Control and Prevention.
HIV Surveillance Report, 2015. Vol 27. https://www
.cdc.gov/hiv/pdf/library/reports/surveillance/cdc
-hiv-surveillance-report-2015-vol
-27.pdf. Accessed July 9, 2018.

30. Centers for Disease Control and Prevention.
Surveillance for viral hepatitis–United States, 2015.
https://www.cdc.gov/hepatitis/statistics
/2015surveillance/commentary.htm. Accessed July
9, 2018.

31. US Department of Health and Human Services.
Agency priority goal action plan: Reducing opioid
morbidity and mortality. https://www.performance
.gov/health_and_human_services/FY2018_Q1_HHS
_Reducing_Opioid_Morbidity_and_Mortality.pdf.
Accessed July 9, 2018.

32. Pergolizzi JV Jr, Taylor R Jr, LeQuang JA, Raffa
RB. What’s holding back abuse-deterrent opioid
formulations? considering 12 U.S. stakeholders.
Expert Opin Drug Deliv. 2018;15(6):567-576. doi:10
.1080/17425247.2018.1473374

33. Abuse-deterrent opioids. JAMA. 2018;319(19):
2036-2037. doi:10.1001/jama.2018.4996

34. Broz D, Zibbell J, Foote C, et al. Multiple
injections per injection episode: high-risk injection
practice among people who injected pills during the
2015 HIV outbreak in Indiana. Int J Drug Policy.
2018;52:97-101. doi:10.1016/j.drugpo.2017.12.003

35. US Food and Drug Administration. Risk
Evaluation and Mitigation Strategy (REMS) for
opioid analgesics. https://www.fda.gov/Drugs
/DrugSafety/InformationbyDrugClass/ucm163647
.htm. Accessed August 15, 2018.

36. Spoth R, Trudeau L, Shin C, et al. Longitudinal
effects of universal preventive intervention on

Clinical Review & Education Review Prevention and Treatment of Opioid Misuse and Addiction

E8 JAMA Psychiatry Published online December 5, 2018 (Reprinted) jamapsychiatry.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by Jose Manteigas on 12/06/2018

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2018.3126&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126
https://dx.doi.org/10.15585/mmwr.mm6712a1
https://www.cdc.gov/drugoverdose/epidemic/index.html
https://www.cdc.gov/drugoverdose/epidemic/index.html
https://dx.doi.org/10.1038/sj.npp.1301675
https://dx.doi.org/10.1016/j.neuropharm.2017.12.032
https://dx.doi.org/10.1151/spp021113
https://dx.doi.org/10.1037/1064-1297.2.3.244
https://dx.doi.org/10.1037/1064-1297.2.3.244
https://dx.doi.org/10.2147/SAR.S85667
https://dx.doi.org/10.1038/npp.2009.110
https://dx.doi.org/10.1016/S2215-0366(16)00104-8
https://dx.doi.org/10.1016/S2215-0366(16)00104-8
https://dx.doi.org/10.7326/M14-2775
https://dx.doi.org/10.1016/j.neuroscience.2016.06.029
https://dx.doi.org/10.1016/j.neuroscience.2016.06.029
https://dx.doi.org/10.15585/mmwr.rr6501e1
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2014.366&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2014.366&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126
https://dx.doi.org/10.1016/j.addbeh.2017.05.030
https://www.drugabuse.gov/drugs-abuse/opioids/opioid-summaries-by-state
https://www.drugabuse.gov/drugs-abuse/opioids/opioid-summaries-by-state
https://dx.doi.org/10.15585/mmwr.mm6531a2
https://dx.doi.org/10.15585/mmwr.mm6531a2
https://dx.doi.org/10.1097/AOG.0000000000000208
https://dx.doi.org/10.1016/j.ejogrb.2005.08.010
https://dx.doi.org/10.1111/pme.12914
https://dx.doi.org/10.1038/npp.2014.77
https://dx.doi.org/10.3122/jabfm.2017.04.170112
https://dx.doi.org/10.3122/jabfm.2017.04.170112
https://dx.doi.org/10.1016/j.drugalcdep.2007.09.018
https://dx.doi.org/10.1016/j.drugalcdep.2007.09.018
https://dx.doi.org/10.1038/npp.2014.330
https://dx.doi.org/10.1097/AJP.0000000000000283
https://dx.doi.org/10.1111/j.1526-4637.2011.01131.x
https://dx.doi.org/10.1111/j.1526-4637.2011.01131.x
https://dx.doi.org/10.1111/add.13774
https://dx.doi.org/10.1016/j.jemermed.2015.06.035
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
https://www.cdc.gov/hepatitis/statistics/2015surveillance/commentary.htm
https://www.cdc.gov/hepatitis/statistics/2015surveillance/commentary.htm
https://www.performance.gov/health_and_human_services/FY2018_Q1_HHS_Reducing_Opioid_Morbidity_and_Mortality.pdf
https://www.performance.gov/health_and_human_services/FY2018_Q1_HHS_Reducing_Opioid_Morbidity_and_Mortality.pdf
https://www.performance.gov/health_and_human_services/FY2018_Q1_HHS_Reducing_Opioid_Morbidity_and_Mortality.pdf
https://dx.doi.org/10.1080/17425247.2018.1473374
https://dx.doi.org/10.1080/17425247.2018.1473374
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.4996&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126
https://dx.doi.org/10.1016/j.drugpo.2017.12.003
https://www.fda.gov/Drugs/DrugSafety/InformationbyDrugClass/ucm163647.htm
https://www.fda.gov/Drugs/DrugSafety/InformationbyDrugClass/ucm163647.htm
https://www.fda.gov/Drugs/DrugSafety/InformationbyDrugClass/ucm163647.htm
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126


prescription drug misuse: three RCTs with late
adolescents and young adults. Am J Public Health.
2013;103(4):665-672. doi:10.2105/AJPH.2012
.301209

37. Crowley DM, Jones DE, Coffman DL, Greenberg
MT. Can we build an efficient response to the
prescription drug abuse epidemic? assessing the
cost effectiveness of universal prevention in the
PROSPER trial. Prev Med. 2014;62:71-77. doi:10
.1016/j.ypmed.2014.01.029

38. Spoth R, Redmond C, Shin C, Greenberg M,
Feinberg M, Schainker L. PROSPER
community-university partnership delivery system
effects on substance misuse through 6 1/2 years
past baseline from a cluster randomized controlled
intervention trial. Prev Med. 2013;56(3-4):190-196.
doi:10.1016/j.ypmed.2012.12.013

39. US Department of Health and Human Services.
Facing Addiction in America: The Surgeon General’s
Report on Alcohol, Drugs, and Health. Washington,
DC: US Dept of Health; 2016. https://addiction
.surgeongeneral.gov/. Accessed September 24,
2018.

40. Lochman JE, Wells KC. Effectiveness of the
Coping Power program and of classroom
intervention with aggressive children: outcomes at
a 1-year follow-up. Behav Ther. 2003;34:493-515.
doi:10.1016/S0005-7894(03)80032-1

41. Dasgupta N, Beletsky L, Ciccarone D. Opioid
crisis: no easy fix to its social and economic
determinants. Am J Public Health. 2018;108(2):
182-186. doi:10.2105/AJPH.2017.304187

42. Kreek MJ, Wardlaw SL, Hartman N, et al.
Circadian rhythms and levels of beta-endorphin,
ACTH, and cortisol during chronic methadone
maintenance treatment in humans. Life Sci. 1983;33
(suppl 1):409-411. doi:10.1016/0024-3205(83)
90529-5

43. Mattick RP, Breen C, Kimber J, Davoli M.
Methadone maintenance therapy versus no opioid
replacement therapy for opioid dependence.
Cochrane Database Syst Rev. 2009;(3):CD002209.
doi:10.1002/14651858.CD002209.pub2

44. Khroyan TV, Wu J, Polgar WE, et al. BU08073 a
buprenorphine analogue with partial agonist
activity at μ-receptors in vitro but long-lasting
opioid antagonist activity in vivo in mice. Br J
Pharmacol. 2015;172(2):668-680. doi:10.1111/bph
.12796

45. Jones HE. Practical considerations for the
clinical use of buprenorphine. Sci Pract Perspect.
2004;2(2):4-20. doi:10.1151/spp04224

46. Kakko J, Svanborg KD, Kreek MJ, Heilig M.
1-year retention and social function after
buprenorphine-assisted relapse prevention
treatment for heroin dependence in Sweden:
a randomised, placebo-controlled trial. Lancet.
2003;361(9358):662-668. doi:10.1016/S0140-6736
(03)12600-1

47. Lee JD, Nunes EV Jr, Novo P, et al. Comparative
effectiveness of extended-release naltrexone
versus buprenorphine-naloxone for opioid relapse
prevention (X:BOT): a multicentre, open-label,
randomised controlled trial. Lancet. 2018;391
(10118):309-318. doi:10.1016/S0140-6736
(17)32812-X

48. Tanum L, Solli KK, Latif ZE, et al. The
effectiveness of injectable extended-release
naltrexone vs daily buprenorphine-naloxone for
opioid dependence: a randomized clinical
noninferiority trial. JAMA Psychiatry. 2017;74(12):
1197-1205. doi:10.1001/jamapsychiatry.2017.3206

49. National Institute on Drug Abuse. How
effective are medications to treat opioid use
disorder? https://www.drugabuse.gov/publications
/research-reports/medications-to-treat-opioid
-addiction/efficacy-medications-opioid-use
-disorder. Accessed July 9, 2018.

50. Mattick RP, Breen C, Kimber J, Davoli M.
Buprenorphine maintenance versus placebo or
methadone maintenance for opioid dependence.
Cochrane Database Syst Rev. 2014;(2):CD002207.
doi:10.1002/14651858.CD002207.pub4

51. Cruciani RA, Knotkova H, eds. Handbook of
Methadone Prescribing and Buprenorphine Therapy.
New York, NY: Springer-Verlag; 2013. doi:10.1007
/978-1-4614-6974-2

52. Substance Abuse and Mental Health Services
Administration, Center for Behavioral Health
Statistics and Quality. Treatment Episode Data Set
(TEDS): 2005-2015. National Admissions to
Substance Abuse Treatment Services. BHSIS Series
S-91, HHS Publication No. (SMA) 17-5037. Rockville,
MD: Substance Abuse and Mental Health Services
Administration; 2017.

53. Larochelle MR, Bernson D, Land T, et al.
Medication for opioid use disorder after nonfatal
opioid overdose and association with mortality:
a cohort study. Ann Intern Med. 2018;169(3):137-145.
doi:10.7326/M17-3107

54. Substance Abuse and Mental Health Services
Administration. 2011 Opioid Treatment Program
(OTP) Survey: Data on Substance Abuse Treatment
Facilities with OTPs. BHSIS Series S-65, HHS
Publication No. (SMA) 14-4807. Rockville, MD:
Substance Abuse and Mental Health Services
Administration; 2013. https://www.samhsa.gov/data
/sites/default/files/OTP2011_Web/OTP2011_Web
/OTP2011_Web.pdf

55. Samet JH, Botticelli M, Bharel M. Methadone in
primary care: one small step for congress, one giant
leap for addiction treatment. N Engl J Med. 2018;
379(1):7-8. doi:10.1056/NEJMp1803982

56. Wakeman SE, Barnett ML. Primary care and the
opioid-overdose crisis: buprenorphine myths and
realities. N Engl J Med. 2018;379(1):1-4. doi:10.1056
/NEJMp1802741

57. Saloner B, Stoller KB, Alexander GC. Moving
addiction care to the mainstream: improving the
quality of buprenorphine treatment. N Engl J Med.
2018;379(1):4-6. doi:10.1056/NEJMp1804059

58. Bronson J, Stroop J, Zimmer S, Berzofsky M.
Drug Use, Dependence, and Abuse Among State
Prisoners and Jail Inmates, 2007-2009: Special
Report. Washington, DC: Bureau of Justice Statistics,
US Dept of Justice; 2017.

59. Binswanger IA, Stern MF, Deyo RA, et al.
Release from prison: a high risk of death for former
inmates. N Engl J Med. 2007;356(2):157-165. doi:10
.1056/NEJMsa064115

60. Kinlock TW, Gordon MS, Schwartz RP, O’Grady
K, Fitzgerald TT, Wilson M. A randomized clinical
trial of methadone maintenance for prisoners:
results at 1-month post-release. Drug Alcohol Depend.
2007;91(2-3):220-227. doi:10.1016/j.drugalcdep.2007
.05.022

61. Gordon MS, Kinlock TW, Schwartz RP,
Fitzgerald TT, O’Grady KE, Vocci FJ. A randomized
controlled trial of prison-initiated buprenorphine:
prison outcomes and community treatment entry.
Drug Alcohol Depend. 2014;142:33-40. doi:10.1016/j
.drugalcdep.2014.05.011

62. Zaller N, McKenzie M, Friedmann PD, Green TC,
McGowan S, Rich JD. Initiation of buprenorphine
during incarceration and retention in treatment
upon release. J Subst Abuse Treat. 2013;45(2):
222-226. doi:10.1016/j.jsat.2013.02.005

63. Walley AY, Xuan Z, Hackman HH, et al. Opioid
overdose rates and implementation of overdose
education and nasal naloxone distribution in
Massachusetts: interrupted time series analysis. BMJ.
2013;346:f174. doi:10.1136/bmj.f174

64. Bachhuber MA, Saloner B, Cunningham CO,
Barry CL. Medical cannabis laws and opioid
analgesic overdose mortality in the United States,
1999-2010. JAMA Intern Med. 2014;174(10):
1668-1673. doi:10.1001/jamainternmed.2014.4005

65. Powell D, Pacula RL, Jacobson M. Do Medical
Marijuana Laws Reduce Addictions and Deaths
Related to Pain Killers? NBER Working Paper No
21345. Cambridge, MA: National Bureau of
Economic Research; 2015.

66. Bradford AC, Bradford WD. Medical marijuana
laws reduce prescription medication use in
Medicare Part D. Health Aff (Millwood). 2016;35(7):
1230-1236. doi:10.1377/hlthaff.2015.1661

67. Olfson M, Wall MM, Liu S-M, Blanco C.
Cannabis use and risk of prescription opioid use
disorder in the United States. Am J Psychiatry.
2018;175(1):47-53. doi:10.1176/appi.ajp.2017.17040413

Prevention and Treatment of Opioid Misuse and Addiction Review Clinical Review & Education

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online December 5, 2018 E9

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by Jose Manteigas on 12/06/2018

https://dx.doi.org/10.2105/AJPH.2012.301209
https://dx.doi.org/10.2105/AJPH.2012.301209
https://dx.doi.org/10.1016/j.ypmed.2014.01.029
https://dx.doi.org/10.1016/j.ypmed.2014.01.029
https://dx.doi.org/10.1016/j.ypmed.2012.12.013
https://addiction.surgeongeneral.gov/
https://addiction.surgeongeneral.gov/
https://dx.doi.org/10.1016/S0005-7894(03)80032-1
https://dx.doi.org/10.2105/AJPH.2017.304187
https://dx.doi.org/10.1016/0024-3205(83)90529-5
https://dx.doi.org/10.1016/0024-3205(83)90529-5
https://dx.doi.org/10.1002/14651858.CD002209.pub2
https://dx.doi.org/10.1111/bph.12796
https://dx.doi.org/10.1111/bph.12796
https://dx.doi.org/10.1151/spp04224
https://dx.doi.org/10.1016/S0140-6736(03)12600-1
https://dx.doi.org/10.1016/S0140-6736(03)12600-1
https://dx.doi.org/10.1016/S0140-6736(17)32812-X
https://dx.doi.org/10.1016/S0140-6736(17)32812-X
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2017.3206&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/efficacy-medications-opioid-use-disorder
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/efficacy-medications-opioid-use-disorder
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/efficacy-medications-opioid-use-disorder
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/efficacy-medications-opioid-use-disorder
https://dx.doi.org/10.1002/14651858.CD002207.pub4
https://dx.doi.org/10.1007/978-1-4614-6974-2
https://dx.doi.org/10.1007/978-1-4614-6974-2
https://dx.doi.org/10.7326/M17-3107
https://www.samhsa.gov/data/sites/default/files/OTP2011_Web/OTP2011_Web/OTP2011_Web.pdf
https://www.samhsa.gov/data/sites/default/files/OTP2011_Web/OTP2011_Web/OTP2011_Web.pdf
https://www.samhsa.gov/data/sites/default/files/OTP2011_Web/OTP2011_Web/OTP2011_Web.pdf
https://dx.doi.org/10.1056/NEJMp1803982
https://dx.doi.org/10.1056/NEJMp1802741
https://dx.doi.org/10.1056/NEJMp1802741
https://dx.doi.org/10.1056/NEJMp1804059
https://dx.doi.org/10.1056/NEJMsa064115
https://dx.doi.org/10.1056/NEJMsa064115
https://dx.doi.org/10.1016/j.drugalcdep.2007.05.022
https://dx.doi.org/10.1016/j.drugalcdep.2007.05.022
https://dx.doi.org/10.1016/j.drugalcdep.2014.05.011
https://dx.doi.org/10.1016/j.drugalcdep.2014.05.011
https://dx.doi.org/10.1016/j.jsat.2013.02.005
https://dx.doi.org/10.1136/bmj.f174
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2014.4005&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126
https://dx.doi.org/10.1377/hlthaff.2015.1661
https://dx.doi.org/10.1176/appi.ajp.2017.17040413
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.3126

