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Abstract

The opioid overdose epidemic is typically described as having occurred in 3 waves, with 

morbidity and mortality accruing over time principally from prescription opioids (1999–2010), 

heroin (2011–2013), and illicit fentanyl and other synthetic opioids (2014–present). However, 

the increasing presence of synthetic opioids mixed into the illicit drug supply, including with 

stimulants such as cocaine and methamphetamine, as well as rising stimulant-related deaths, 

reflects the rapidly evolving nature of the overdose epidemic, posing urgent and novel public 

health challenges. We synthesize the evidence underlying these trends, consider key questions 

such as where and how concomitant exposure to fentanyl and stimulants is occurring, and identify 

actions for key stakeholders regarding how these emerging threats, and continued evolution of the 

overdose epidemic, can best be addressed.
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INTRODUCTION

The overdose crisis in the United States has typically been described as an opioid 

overdose epidemic consisting of 3 waves (1), with morbidity and mortality accounted 

for predominantly by prescription opioids (1999–2010), heroin (2010–2013), and illicit 

fentanyl and other synthetic opioids (2014–present). Between 1999 and 2010, the volume 

of prescription opioids distributed in the United States increased 4-fold, corresponding 

with an approximate 4-fold increase in the rate of fatal overdoses involving prescription 

opioids (2). Deaths involving prescription opioids plateaued in 2010–2013, rose modestly 

until 2016–2017, and declined in 2018 (3), attributable to both reduced opioid prescribing 

and other prevention, treatment, and recovery efforts (4). Beginning in 2010, largely as a 

result of increased geographic availability of historically low-cost, high-purity heroin and 

increased demand for opioids, overdose deaths from heroin began to rapidly increase (5, 

6). Then in 2013, coincident with the rapid increase of illicitly made fentanyl and fentanyl 

analogs, including the extremely potent analog carfentanil, in the US drug supply (7), there 

was a near exponential increase in overdose deaths involving fentanyl and other synthetic 

opioids, with the rate of overdose deaths involving these drugs increasing 890%, from 1.0 

per 100,000 person in 2013 to 9.9 in 2018 (3).

Most recently, the United States has experienced increasing rates of overdose deaths from 

concomitant exposure to fentanyl and stimulants, primarily cocaine and methamphetamine, 

as well as rising stimulant overdoses without opioids. In 2018, 14,666 overdose deaths 

involved cocaine, up from 4,944 overdose deaths 5 years earlier in 2013; similarly, overdose 

deaths involving psychostimulants with abuse potential—primarily methamphetamine—

increased from 4,298 in 2014 to 12,676 in 2018 (3). Evidence indicates that opioids, 

especially synthetic opioids, have been involved in many of these deaths, with 74.2% of 

cocaine-related overdose deaths involving opioids and 50.5% of psychostimulant-related 

overdose deaths involving opioids in 2018 (8, 9). These trends reflect the rapid evolution of 

the overdose epidemic, posing urgent and novel public health challenges.

An effective public health response is predicated on an understanding of these trends. 

Some lines of evidence indicate changing illicit drug supplies, potentially exposing an 

unsuspecting population of individuals to lethal doses of opioids. Other lines of evidence 

indicate that substance use patterns are changing, with both a rising concomitant use of 

opioids and stimulants and a rising use of stimulants alone, especially methamphetamine.

In this narrative review, we synthetize available evidence to address 5 key questions:

1. How have morbidity and mortality from opioids and stimulants, including their 

combined use, changed over time?

2. To what degree are changes in the illicit drug supply, such as the mixing of 

synthetic opioids with stimulants, responsible for these trends?

3. Are changes in substance use patterns also contributing to rising morbidity and 

mortality?

4. What challenges do these trends present for the public health response?
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5. What evidence-based public health strategies can best overcome these 

challenges?

To address these key questions, we searched the peer-reviewed literature using PubMed, 

Google Scholar, and Web of Science, using search terms that combined 2 or more 

of the following: “opioids,” “synthetic opioids,” “fentanyl,” “stimulants,” “cocaine,” 

“methamphetamine,” “psychostimulants,” and “overdoses.” We focused on literature 

published since 2010. Team members manually screened search results to identify relevant 

concepts and studies, with iterative searches focused on quantitative or qualitative studies 

that reported on overdose mortality, nonfatal overdose or other morbidity from combined 

fentanyl or synthetic opioid and stimulant exposure, general stimulant use trends as well as 

polysubstance use trends, and analyses of postmortem toxicology or death certificate data. 

We manually screened articles by title and, for selected articles, full text. We also manually 

reviewed the references for each selected article, as well as citations to such articles, and 

we triangulated articles we identified with our own knowledge of the literature as well 

as, in some cases, consultation with local experts. Then, we used a template to organize 

information from articles that included author, year, study design, primary outcome, and 

key findings. Common themes were identified to facilitate the narrative review and evidence 

synthesis.

TRENDS IN MORBIDITY AND MORTALITY FROM OPIOIDS AND 

STIMULANTS

Rising morbidity from stimulants and combined stimulants/opioids: emergency 
department data

Emergency department (ED) visits are a commonly employed measure of substance-related 

morbidity. Using data from the 2006–2016 Nationwide Emergency Department Sample 

(NEDS), Hoots et al. (10) examined trends in ED visits involving cocaine with and 

without opioids, as well as ED visits involving psychostimulants with and without opioids. 

Between 2006 and 2016, ED visit rates involving cocaine with opioids increased (annual 

percentage change) 14.7% per year; ED visit rates involving cocaine without opioids 

increased 11.3% per year from 2006 to 2012 and then remained stable from 2012 to 

2016. For psychostimulants, ED visit rates with opioids increased 49.9% per year from 

2006 to 2011 and then increased 14.0% per year from 2011–2016; ED visit rates involving 

psychostimulants without opioids increased throughout the study period, rising 13.9% per 

year from 2006 to 2016.

Postmortem toxicology testing from the National Vital Statistics System

Multiple studies have also used vital records to describe increasing concomitant exposure 

to opioids, in particular synthetic opioids, and stimulants among overdose decedents in the 

United States (Table 1). For example, in 2017, Jones et al. (11) used National Vital Statistics 

System (NVSS) data to quantify the rate and number of cocaine-involved overdose deaths 

involving opioids between 2000 and 2015. Over the time period examined, cocaine-related 

overdose deaths involving opioids increased significantly from 0.37 to 1.36 per 100,000 
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individuals, whereas cocaine deaths not involving opioids declined from 0.89 to 0.78 per 

100,000 individuals (Table 1).

In a subsequent study, Jones et al. (9) used NVSS data to specifically quantify 

the involvement of synthetic opioids in drug overdose deaths involving cocaine, 

psychostimulants, and other drugs. Among all overdose deaths, synthetic opioid involvement 

increased from 7.8% of deaths in 2010 to 30.5% of deaths in 2016. These increases 

were reflected among deaths involving cocaine, in which 4.0% of cocaine-involved deaths 

involved synthetic opioids in 2010, increasing to 40.3% in 2016 (Table 1). More modest 

increases were observed among deaths involving psychostimulants and synthetic opioids, 

rising from 3.9% in 2010 to 13.8% in 2016.

Kariisa et al. (12) used NVSS data to update these analyses, focusing on overdose 

deaths involving cocaine and psychostimulants between 2016 and 2017. They documented 

continued increases in rates of overdose deaths involving cocaine and psychostimulants, 

both with and without opioids, from 3.2 (2016) to 4.3 (2017) per 100,000 individuals for 

cocaine and 2.4 (2016) to 3.2 (2017) per 100,000 individuals for psychostimulants (Table 

1). Among these deaths, in 2017, 72.2% of cocaine-related and 50.4% of psychostimulant-

related overdose deaths involved an opioid (Table 1). Kariisa et al. (12) also found that the 

likelihood of stimulant use and the type of stimulant used (e.g., cocaine, methamphetamine) 

vary across both different regions and subpopulations in the United States. For example, 

from 2016 to 2017, overdose deaths involving cocaine were highest in the Northeast, while 

overdose deaths involving psychostimulants with abuse potential, such as methamphetamine, 

were highest in the West. Similarly, from 2016 to 2017, overdose deaths involving cocaine 

were most common among non-Hispanic Blacks, and while Whites had the most overdose 

deaths involving psychostimulants, American Indians had the highest rate per 100,000 

persons.

Most recently Hoots et al. (10) reported that rates of overdose deaths involving cocaine 

with opioids decreased 12.0% per year from 2006 to 2010, remained stable from 2010 to 

2014, and increased 46.0% per year from 2014 to 2017 (Table 1); rates without opioids 

decreased 21.2% per year from 2006 to 2009, remained stable from 2009 to 2014, and 

increased 23.6% per year from 2014 to 2017. For psychostimulants, overdose death rates 

with opioids remained stable from 2006 to 2010, increased 28.6% per year from 2010 to 

2015, and increased 50.5% per year from 2015 to 2017 (Table 1); rates without opioids 

remained stable from 2006 to 2008 and increased 22.6% per year from 2008 to 2017. The 

2018 NVSS mortality data indicate that any opioids and synthetic opioids were involved 

in 50.5% and 28.5% of psychostimulant-related overdose deaths, respectively, in 2018; for 

cocaine-related overdose deaths, 74.2% and 59.0% of these deaths involved any opioid and 

synthetic opioids (7).

Postmortem toxicology testing from other vital records systems

Other studies have used regional or statewide vital records to describe fentanyl in stimulant-

involved deaths. For example, from 2015 to 2016, the rate of cocaine-related overdose 

deaths in New York, New York, increased from 5.2 to 10.4 per 100,000 residents, with 

90% of this increase explained by deaths involving cocaine and fentanyl (13). An analysis 
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using Florida’s Medical Examiner toxicology reports from 2016 through 2018 yields similar 

findings; the number of overall cocaine deaths almost doubled from 1,739 in 2016 to 3,027 

in 2017, and the proportion of these deaths involving fentanyl increased from 32.6% in 2016 

to 52.4% in 2017 (14) (Table 1).

In summary, data derived from emergency departments and corroborated by both national 

and regional vital records systems indicate significant increases in morbidity and mortality 

from both stimulants and combined stimulants and opioids between approximately 2006 and 

approximately 2018.

CHANGES IN THE ILLICIT DRUG SUPPLY

Changes in the illicit drug supply, including the proliferation of synthetic opioids, mixing 

of synthetic opioids with stimulants and increased availability of methamphetamine and 

cocaine, raise important questions regarding what is contributing to these changes and, in the 

case of fentanyl being combined with stimulants, whether people who use drugs are aware of 

them. Mortality and drug testing data cannot answer these questions. In some cases, fentanyl 

exposure appears to be unintentional, with individuals mistaking fentanyl for cocaine (15) 

or methamphetamine (16). On a more macro level, unintentional cross-contamination of 

cocaine or psychostimulants with fentanyl or other synthetic opioids by drug suppliers and 

distributors has been suggested as a possible mechanism for exposure (17). Drug-trafficking 

organizations and distributors typically deal with multiple illicit drug types, and the same 

equipment and surfaces could be used for the preparation of different drug products. Given 

fentanyl’s potency, even minute quantities could potentially cause such cross-contamination, 

particularly if dealers are unaware of or indifferent to its dangers. This is particularly true 

for the extremely potent fentanyl analog carfentanil, which has been associated with large 

overdose death outbreaks in multiple states (18-20).

Increasing availability of cocaine and methamphetamine: Drug Enforcement 
Administration data

According to the Drug Enforcement Administration’s (DEA’s) 2019 National Drug Threat 

Assessment, cocaine is increasingly available in the United States. Methamphetamine is also 

readily available throughout the United States, both in the Midwest and West, where it has 

historically been accessible, as well as in areas of the United States that have historically not 

been major methamphetamine markets, particularly the Northeast (17).

Increasing synthetic opioids in cocaine and methamphetamine supplies: drug seizure data

In addition to increased availability of cocaine and methamphetamine, drug seizure data 

also indicate the increasing prevalence of fentanyl in illicit supplies of cocaine and 

methamphetamine (21-23) (Table 2). For example, according to the DEA’s 2019 National 

Drug Threat Assessment, the mixture of cocaine with fentanyl and other synthetic opioids 

remains a significant threat throughout the United States (17). High availability of both 

cocaine and fentanyl is contributing to this trend expanding into new illicit markets, 

including in the Midwest. Since 2013, law enforcement laboratories have submitted reports 

of “speedball” (cocaine and heroin) and “super speedball” (cocaine, heroin, and fentanyl) 
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mixtures to the DEA’s National Forensic Laboratory Information System (NFLIS), with an 

increase from 18 reports from 5 states in 2013 to 2,695 reports from 34 states, Puerto Rico, 

and Washington, DC, in 2017. Throughout 2018, multiple nontraditional cocaine markets, 

those outside the traditional markets on the East Coast and in the Midwest, began reporting 

noteworthy levels of cocaine and fentanyl mixtures. Increasing reports of these mixtures in 

Wisconsin and Maine correlated with a sharp rise in cocaine-involved overdose deaths, both 

with and without fentanyl. However, according to the DEA, the overwhelming majority of 

cocaine, heroin, and fentanyl reports submitted to the NFLIS are not cross-contaminated and 

contain only 1 drug; therefore, most “speedball” and “super speedball” mixtures are thought 

to remain mostly unintentional at the retail-level after the product enters the United States, 

rather than large-scale mixing by drug-trafficking organizations.

Similar to data on cocaine, the DEA also reports rising seizures of methamphetamine mixed 

with fentanyl and other synthetic opioids since 2015 (17). Many of these mixtures have 

methamphetamine as the primary substance, with fentanyl or other synthetic opioids as 

a secondary or tertiary substance in the sample. Although the number of these mixtures 

has increased over 1,342% percent since 2015, as with mixtures of cocaine and fentanyl, 

reports of methamphetamine and fentanyl mixtures represent a small fraction of the total 

methamphetamine reports in the DEA’s NFLIS. For example, in 2017, such combinations 

accounted for approximately 2% of the nearly 300,000 methamphetamine reports in NFLIS, 

which might indicate that these mixtures are the result of unintentional contamination during 

methamphetamine processing and/or packaging for resale by polydrug traffickers rather than 

an intentional combination.

Community-based samples and case series: combined stimulant and fentanyl exposure 
occurrence and awareness

Community-based research and case series provide additional context and insight regarding 

whether combined fentanyl and stimulant exposures are due to intentional mixing, 

unintentional cross-contamination, or intentional concomitant use. It has also been 

well-established that many people knowingly engage in opioid-stimulant polysubstance 

use, including using speedballs (heroin and cocaine) and goofballs (heroin and 

methamphetamine) (24-27). More recent research also indicates that people who use drugs 

often use fentanyl in combination with, or immediately after, the use of stimulants (23, 

28-30).

However, several studies have documented a high degree of uncertainty among people 

who use drugs about the presence of fentanyl in the drug supply (31-35). Among people 

who used drugs and engaged with harm reduction programs in British Columbia, Canada, 

in 2015, 73% of individuals testing positive for fentanyl reported that they had not 

knowingly used fentanyl in the past 3 days (16). Among this sample, most reported 

recent methamphetamine (59% of sample, with 38% of these testing positive for fentanyl), 

crack (32% of the sample, of which 27% tested positive for fentanyl), or powder cocaine 

(27% of the sample, with 25% testing positive for fentanyl) use. Such trends might be 

changing, with increasing awareness of fentanyl exposure among individuals using cocaine 

or psychostimulants (36, 31). For example, a 2018 study of individuals engaging with harm 
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reduction programs in British Columbia found that 60.3% of participants tested positive 

for fentanyl, and among those testing positive, nearly two-thirds (64%) reported knowingly 

having used fentanyl within the past 3 days (37).

Despite these trends, other studies suggest unintentional exposures to fentanyl among 

unsuspecting individuals. In 2016, during a less than 8-hour period, 12 individuals in New 

Haven, Connecticut, presented to the emergency department with symptoms consistent with 

opioid overdose after exposure to white powder that had been marketed to them as cocaine 

(16) (Table 3). While the route of intoxication was unclear, the drug, which was acquired 

from illicit sources, was presumed to have been snorted in most cases. Several other case 

reports describe fentanyl exposure among individuals using powdered or crack cocaine, 

most featuring a cluster of patients presenting urgently with opioid overdose symptoms after 

consuming what was believed to be a stimulant (38-41). At least some of these exposures 

were inadvertent, many were associated with fatalities, and many required repeated or 

continuous naloxone administration to maintain respiratory function, suggesting opioid 

naivety, substantial fentanyl exposure, or both.

In summary, information from federal sources and field surveys of people who use drugs 

suggest increasing accessibility of cocaine and methamphetamine, varied mechanisms 

whereby fentanyl is being combined with them, and varied levels of awareness of individuals 

who use drugs regarding such exposure. While increasing, the direct mixing of fentanyl 

within cocaine or psychostimulant supplies remains uncommon.

CHANGES IN SUBSTANCE USE PATTERNS

Changing substance use patterns, rather than changing drug supplies, might also contribute 

to evolving morbidity and mortality. Between 2015 and 2017, among adults in the United 

States with a heroin use disorder, 22.2% met diagnostic criteria for a cocaine use disorder 

and 19.8% met diagnostic criteria for a methamphetamine use disorder (42). Similarly, 

among adults reporting use of methamphetamine in the past year in 2015–2018, 40.4% 

reported past-year misuse of prescription opioids and 16.9% reported past-year use of 

heroin. In multivariable analysis, controlling for demographic, mental health, and other 

substance use variables, the adjusted odds of reporting past-year methamphetamine use were 

significantly elevated for adults reporting past-year prescription opioid misuse (adjusted 

odds ratio = 2.17, 95% CI: 1.66, 2.84) and past-year heroin use (adjusted odds ratio = 5.10, 

95% CI: 3.63, 7.17) (43).

The prevalence of co-occurring use, in particular use of methamphetamine and opioids, 

also appears to be increasing. For example, among people who inject drugs engaging 

with syringe services programs (SSPs) in King County, Washington, combined heroin and 

methamphetamine injection in the past 3 months increased from 18% in 2009 to 31% in 

2017 among men who have sex with men and from 10% to 53% among those who are not 

men that have sex with men (44) (Table 4). Other studies in sentinel sites have found similar 

trends (45, 21).
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Among people seeking treatment for opioid use disorder from approximately 170 

treatment facilities in the United States, Ellis et al. (27) found that past-month use of 

methamphetamine increased from 18.8% in the second quarter of 2011 to 34.2% in the first 

quarter of 2017 (Table 4). Among the subset using both opioids and methamphetamine, 

79.9% reported using both substances on the same day, with 38.9% reporting at the same 

time, 9.4% reporting using immediately before or immediately after one another, and 31.5% 

reporting on the same day but at different times. The mean number of days of co-occurring 

use was 14.6 days per month in an average month. Primary thematic motivations for co-

occurring use included high-seeking and synergistic effects (51% of respondents), balance 

of effect between the 2 drugs (38.6%), and methamphetamine as a substitute when opioids 

were not available (15.2%). In a subsequent study, the same authors reported that among 

people coming in to treatment for opioid use disorder, past-month use of methamphetamine 

increased from 19.6% in the second half of 2011 to 36.4% in the first half of 2018, whereas 

past-month cocaine use remained stable during the study period: 35.0% in the second half of 

2011 and 33.2% in the first half of 2018 (46).

At the national level, using data from the 2008–2017 Treatment Episode Data Set (TEDS), 

there was a 23.4% annual increase in reported methamphetamine use among individuals 

admitted for heroin use disorder, from 2.1% of treatment admissions in 2008 to 12.4% 

in 2017 (Table 4); methamphetamine use among those admitted for heroin use increased 

among both male and female persons, all age and race/ethnicity groups, and in all US 

census regions (47). A separate study found that reporting any methamphetamine use at 

treatment admission and reporting methamphetamine as the primary substance of use at 

treatment admission increased significantly overall, among most demographic groups, and 

all US census regions between 2008 and 2017 (48). Any methamphetamine use at treatment 

admission increased from 15.1% of drug-related treatment admissions in 2008 to 23.6% 

in 2017, and treatment admissions for methamphetamine as the primary substance of use 

followed a similar pattern. Consistent with the above studies indicating rising co-occurring 

use of opioids and methamphetamine, heroin use increased from 5.3% of methamphetamine-

related treatment admissions in 2008 to 23.6% in 2017 (Table 4), representing a 346% 

increase.

Analyses of urine drug tests also suggest increasing fentanyl exposure among cocaine 

and methamphetamine-positive results. For example, Larue et al. (49) performed a cross-

sectional analysis of urinary drug tests assessed as part of routine clinical care and submitted 

to a laboratory vendor between 2013 and 2018. The laboratories reflected various US health-

care settings and were a convenience sample of 1 million unique patient specimens. Among 

this sample, between 2013 and 2018, nonprescribed fentanyl increased from 0.9% to 17.6% 

among cocaine-positive results and from 0.9% to 7.9% among methamphetamine-positive 

results (Table 5). A follow-up analysis with data through October 2019 on 1,050,000 unique 

patients found that the positivity rate for methamphetamine in urine drug tests increased 

from 1.4% of all urine drug test samples in 2013 to 8.4% in 2019; cocaine positivity 

increased from 4.1% to 4.9%; and the nonprescribed fentanyl positivity rate increased 

from 1.1% to 4.7% (50). Cocaine positivity rates peaked in 2016 and declined thereafter; 

however, positivity rates for methamphetamine and fentanyl continued to increase through 

2019. Among the nonprescribed fentanyl positive tests, positivity rates for co-occurring 
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methamphetamine increased from 2.2% in 2013 to 30.4% in 2019; positivity rates for 

cocaine increased from 5.3% in 2013 to 33.5% in 2019 (Table 5).

In summary, changing substance use patterns are also likely contributing to increasing rates 

of overdose deaths from concomitant exposure to fentanyl and stimulants, as well as rising 

stimulant overdoses without opioids.

PUBLIC HEALTH CHALLENGES

The available data suggests that multiple factors are contributing to the rise in opioid- and 

stimulant-related harms, including expanded availability of stimulants in the illicit drug 

supply, contamination of the stimulant illicit drug supply with fentanyl and other synthetic 

opioids, and changing substance use patterns suggesting that co-occurring use of opioids 

and stimulants is prevalent and increasing, especially for methamphetamine. Encouragingly, 

there appears to be some increasing awareness about fentanyl and other synthetic opioid 

contamination in the illicit drug supply among people who use drugs. Undoubtedly, the 

increasing presence of synthetic opioids in the stimulant drug supply, as well as rising 

stimulant-related harms even in the absence of opioid exposure, pose several urgent and 

novel public health challenges:

• Epidemiology remains poorly defined.

• There are no FDA-approved treatments for stimulant use disorders.

• Combined opioid/stimulant use is associated with higher risk.

• Fentanyl and other synthetic opioids are unusually potent and lethal.

• Some exposures to fentanyl and other synthetic opioids are unintentional.

• People who use stimulants might not be captured through opioid prevention and 

response strategies.

First, significant aspects of the epidemiology remain poorly defined. There is no single 

source of data that can address many of the most pressing questions regarding how and why 

the trends we describe are occurring. Information derived from surveys of treatment-seeking 

individuals, urine toxicology testing, drug seizures, or postmortem toxicology is necessarily 

incomplete. Quantitative and qualitative data gathered from people who use drugs might be 

especially valuable in order to identify knowledge, motivations, and behaviors accounting 

for trends apparent in secondary data sources such as national vital statistics systems or drug 

seizure data.

Second, at least some exposures are occurring unintentionally, and the presence of fentanyl 

or other synthetic opioids in the illicit stimulant supply chains increases the potential for 

the exposure of individuals who are opioid-naive. Such exposures are complicated further 

by the potency, lethality, and quick onset of action of fentanyl and other synthetic opioids, 

and the fact that people who use stimulants are less likely to engage with SSPs and other 

community-based programs offering naloxone and overdose prevention education (25, 51).
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Third, the combined use of stimulants and opioids is associated with increased risk for 

overdose, riskier injection practices, more frequent use, and worse treatment outcomes 

(21, 52, 53). Thus, individuals using both opioids and stimulants represent a particularly 

vulnerable population at high-risk for overdose and infectious disease transmission, among 

other health and social consequences, who would benefit from access to a spectrum of 

integrated health, substance use, mental health, and social services that are lacking in many 

communities (43, 54, 55).

Finally, while there are pharmacologic products under development (56), as well as 

evidence-based behavioral approaches to treat stimulant use disorders (57,58), there are 

no FDA-approved pharmacologic treatments for these disorders. Although evidence-based 

behavioral approaches do exist, such as cognitive behavioral therapy, the community 

reinforcement approach, and contingency management, they have modest effect sizes and 

are most effective when implemented in combination, presenting logistical challenges for 

patients, providers and payers alike (59).

PUBLIC HEALTH REPONSE

The evolving overdose crisis requires an expanded public health response to build upon 

work already underway to address the opioid epidemic. Given important regional differences 

in substance use epidemiology, such a response must be driven by and customized to the 

needs of local communities. While there is longstanding recognition that polysubstance use 

is the norm, rather than the exception, for most individuals with substance use disorders (6), 

the patterns that we describe, in the context of investments to address the opioid overdose 

epidemic, add new relevance and timeliness to these efforts.

Coordinated multiagency response

In settings where fentanyl and other synthetic opioid exposures are occurring among 

unsuspecting individuals, especially those who might be opioid-naive and highly susceptible 

to the respiratory depressive effects of opioids (17, 39), the ability to implement a rapid, 

coordinated-response system among emergency departments, poison control centers, public 

health departments, public safety, and first responders is critical. Such efforts could include 

the rapid notification of law enforcement agencies who might be especially well-equipped to 

identify and eliminate further sources of exposure, equipping first responders with naloxone 

and training them on overdose response involving co-use of stimulants and opioids, and 

rapidly communicating to the drug use community about changes in the illicit drug supply 

so that people who use drugs can take measures to protect themselves.

Workforce preparation

It is also vital that clinicians, first responders, and lay persons likely to respond to an 

overdose are trained on the risks of synthetic opioids and the potential need for multiple 

naloxone doses to reverse opioid exposure (15, 35, 37, 38). Such preparation might be 

especially important to manage unintentional exposures among individuals who are opioid-

naive. Further, overdoses involving stimulants present their own unique challenges due to 

central nervous system stimulation, potentially resulting in dangerous elevations in heart rate 
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and blood pressure, cardiac arrythmias, violent or aggressive behavior, and psychosis (60); 

clinicians and both medical and nonmedical responders should be trained to recognize and 

address stimulant overdose.

Treatment

Despite the absence of FDA-approved pharmacologic treatments for stimulant use disorder, 

as mentioned above, evidence-based treatments for cocaine and methamphetamine addiction 

exist, including cognitive behavioral therapy, the community reinforcement approach, 

and contingency management (61, 62). While each of these represents a psychological 

therapy, their approaches differ, with cognitive behavioral therapy based on an effort to 

modify individuals’ “cognitive distortions” and behaviors to improve the way they feel, 

the community reinforcement approach intended to make abstinence more rewarding than 

continued substance use, and contingency management designed to use tangible incentives 

and rewards to motivate changes in behavior. For individuals with opioid use disorder as 

well, such psychological interventions can be combined with provision of medications for 

opioid use disorder. Assessing the adequacy of insurance coverage and payment policies for 

these behavioral therapies, as well as the availability of well-trained clinicians to provide 

them, is an essential first step in expanding their availability to people with stimulant use 

disorders.

Public safety

Public safety plays an important role in addressing the increasing presence of synthetic 

opioids mixed in the illicit drug supply, as well as rising availability of stimulants. Some 

public safety interventions are natural extensions of best practices that have evolved in 

response to surging opioid-related deaths, such as educating law enforcement officials 

regarding addiction and stigma (63) and equipping and training officers to recognize 

and help individuals in need of effective response and care (e.g., through naloxone 

“leave behind” programs) (64). Implementing and strengthening Good Samaritan laws can 

empower bystanders to seek help without the risk of arrest (65). Moreover, the potential for 

increased highly potent opioid contamination of nonopioid illicit drug supplies underscores 

the importance of public safety investigations into sources of these drug combinations 

along the distribution chain. Disrupting access to highly potent synthetic opioids, such as 

carfentanil and precursor chemicals, among local communities also requires collaboration 

between local, state, and federal public safety officials and a focus on upstream interventions 

by federal agencies in the United States (66).

Harm reduction

The substantial risks for morbidity and mortality among people using opioids and stimulants 

also underscores the importance of advancing harm reduction strategies to mitigate this 

risk. SSPs provide a critical venue to reach individuals who use drugs (67). However, SSPs 

might not engage some individuals at risk of fentanyl or other synthetic opioid exposure, 

who might rarely or never inject drugs. Thus, efforts to expand comprehensive SSPs that 

reach the broadest possible cohort of people who use drugs are needed. Immediate naloxone 

resupply and augmentation for first responders is also critical, as are efforts to accelerate the 

distribution of naloxone to people who use drugs and their friends or family. Fentanyl testing 
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has also been adopted by some jurisdictions as a means to potentially help reduce risk in the 

context of an unpredictable illicit drug supply (68). Overdose prevention sites are another 

harm reduction approach, where people may use previously purchased substances under 

supervision. While established in Canada, Europe, and Australia, personal possession of 

illicit narcotics remains illegal in the United States under the Federal Controlled Substances 

Act, and overdose prevention sites remain unsanctioned (69).

Public health communication

Public education is critical to raise awareness of emerging threats from synthetic opioids 

and stimulants, as well as to serve as one component of multifaceted strategies to positively 

change health behaviors (68). The potential for unintentional exposures to fentanyl and other 

synthetic opioids among unsuspecting individuals who believe they are using stimulants 

such as cocaine or methamphetamine might require rapid public health alerts as part of a 

rapid, coordinated-response system.

Primary prevention

Primary prevention interventions are an essential part of the long-run strategy to address 

rising substance use generally and use of opioids and stimulants specifically; however, they 

are currently underutilized (70). Universal prevention programs that focus on strengthening 

youth social-emotional learning skills and other protective factors and reducing risk 

factors have demonstrated lasting protective effects in reducing substance use, including 

methamphetamine and opioid use (71). Communities could consider implementation of 

these programs as a central component of substance use prevention efforts.

CONCLUSION

The overdose epidemic in the United States is a complex, multifaceted, and dynamic 

phenomenon (72). Although much focus has been given to a 3-wave opioid epidemic, 

characterized by mortality attributable to prescription opioids, heroin, and illicit synthetic 

opioids, the epidemic continues to evolve, most recently with rising stimulant-related 

morbidity and mortality and continued increases in morbidity and mortality related to 

synthetic opioids. These changes pose urgent and novel public health challenges. While 

the causes and consequences of these emerging trends are important to understand, it is 

equally important to consider the context of the broader polysubstance use that is common 

among individuals with substance use disorders (73, 74). There is an urgent need to mobilize 

public health prevention, treatment, and response strategies to address these rising harms, 

and to do so in tandem with efforts already underway to reduce opioid-related morbidity and 

mortality.

Abbreviations:

DEA Drug Enforcement Administration

ED emergency department

NFLIS National Forensic Laboratory Information System
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NVSS National Vital Statistics System

SSP syringe services program

REFERENCES

1. Ciccarone D The triple wave epidemic: supply and demand drivers of the overdose crisis. Int J Drug 
Policy. 2019;71:183–188. [PubMed: 30718120] 

2. Paulozzi LJ, Jones CM, Mack KA, et al. Vital signs: overdoses of prescription opioid pain relievers
—United States, 1999–2008 (reprinted from MMWR, vol 60, pg 1487–1492, 2011). JAMA. 
2011;306(22):2444–2446.

3. Hedegaard H, Miniño AM, Warner M. Drug overdose deaths in the united states, 1999–2018 key 
findings data from the national vital statistics system, mortality. https://www.cdc.gov/nchs/products/
databriefs/db356.htm. Accessed February 14, 2020.

4. Johns Hopkins Bloomberg School of Public Health. The Opioid Epidemic: From 
Evidence to Impact. https://www.jhsph.edu/events/2017/americas-opioid-epidemic/report/2017-
JohnsHopkins-Opioid-digital.pdf. Accessed February 14, 2020.

5. Compton WM, Jones CM, Baldwin GT. Relationship between nonmedical prescription-opioid use 
and heroin use. N Engl J Med. 2016;374(2):154–163. [PubMed: 26760086] 

6. Jones CM, Logan J, Gladden M, et al. Vital signs: demographic and substance use trends among 
heroin users—United States, 2002–2013. MMWR Morb Mortal Wkly Rep. 2015;64(26):719–725. 
[PubMed: 26158353] 

7. Centers for Disease Control and Prevention. CDC health advisory: increases 
in fentanyl drug confiscations and fentanyl-related overdose fatalities. http://
emergency.cdc.gov.proxy1.library.jhu.edu/han/han00384.asp. Accessed April 15, 2020.

8. Centers for Disease Control and Prevention. WONDER database, multiple-cause-of-death file, 
2009–2018. https://wonder.cdc.gov/controller/datarequest/D77. Accessed April 15, 2020.

9. Jones CM, Einstein EB, Compton WM. Changes in synthetic opioid involvement in drug overdose 
deaths in the United States, 2010–2016. JAMA. 2018;319(17):1819–1821. [PubMed: 29715347] 

10. Hoots B, Vivolo-Kantor A, Seth P. The rise in non-fatal and fatal overdoses involving stimulants 
with and without opioids in the United States. Addiction. 2020;115(5):946–958. [PubMed: 
31912625] 

11. Jones CM, Baldwin GT, Compton WM. Recent increases in cocaine-related overdose deaths and 
the role of opioids. Am J Public Health. 2017;107(3):430–432. [PubMed: 28177817] 

12. Kariisa M, Scholl L, Wilson N. Drug overdose deaths involving cocaine and psychostimulants with 
abuse potential—United States, 2003–2017. MMWR Morb Mortal Wkly Rep. 2019;68(17):388–
395. [PubMed: 31048676] 

13. Nolan ML, Shamasunder S, Colon-Berezin C. Increased presence of fentanyl in cocaine-involved 
fatal overdoses: implications for prevention. J Urban Health. 2019;96(1):49–54. [PubMed: 
30635841] 

14. Wang Y, Goldberger BA, Delcher C. Florida Drug-
Related Outcomes and Surveillance Tracking System (FROST). 
https://public.tableau.com/views/FloridaDrug-RelatedOutcomesSurveillanceandTrackingSystem/
Home?:embed=y&:%20display_count=no&:showVizHome=no. Accessed February 15, 2020.

15. Tomassoni AJ, Hawk KF, Jubanyik K, et al. Multiple fentanyl overdoses—New Haven, 
Connecticut, June 23, 2016. MMWR Morb Mortal Wkly Rep. 2017;66(4):107–111. [PubMed: 
28151928] 

16. Amlani A, McKee G, Khamis N, et al. Why the FUSS (Fentanyl Urine Screen Study)? A cross-
sectional survey to characterize an emerging threat to people who use drugs in British Columbia, 
Canada. Harm Reduct J. 2015;12:54. [PubMed: 26577516] 

17. Drug Enforcement Administration. 2019 National Drug Threat Assessment. https://www.dea.gov/
sites/default/files/2020-01/2019-NDTA-final-01-14-2020_Low_Web-DIR-007-20_2019.pdf. 
Accessed February 15, 2020.

Jones et al. Page 13

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/nchs/products/databriefs/db356.htm
https://www.cdc.gov/nchs/products/databriefs/db356.htm
https://www.jhsph.edu/events/2017/americas-opioid-epidemic/report/2017-JohnsHopkins-Opioid-digital.pdf
https://www.jhsph.edu/events/2017/americas-opioid-epidemic/report/2017-JohnsHopkins-Opioid-digital.pdf
http://emergency.cdc.gov.proxy1.library.jhu.edu/han/han00384.asp
http://emergency.cdc.gov.proxy1.library.jhu.edu/han/han00384.asp
https://wonder.cdc.gov/controller/datarequest/D77
https://public.tableau.com/views/FloridaDrug-RelatedOutcomesSurveillanceandTrackingSystem/Home?:embed=y&:%20display_count=no&:showVizHome=no
https://public.tableau.com/views/FloridaDrug-RelatedOutcomesSurveillanceandTrackingSystem/Home?:embed=y&:%20display_count=no&:showVizHome=no
https://www.dea.gov/sites/default/files/2020-01/2019-NDTA-final-01-14-2020_Low_Web-DIR-007-20_2019.pdf
https://www.dea.gov/sites/default/files/2020-01/2019-NDTA-final-01-14-2020_Low_Web-DIR-007-20_2019.pdf


18. Rosenblum D, Unick J, Ciccarone D. The rapidly changing US illicit drug market and the potential 
for an improved early warning system: evidence from Ohio drug crime labs. Drug Alcohol 
Depend. 2020;208:107779. [PubMed: 31931266] 

19. Delcher C, Wang Y, Vega RS, et al. Carfentanil outbreak—Florida, 2016–2017. MMWR Morb 
Mortal Wkly Rep. 2020;69(5):125–129. [PubMed: 32027630] 

20. Wilcoxon RM, Middleton OL, Meyers SE, et al. The elephant in the room: outbreak of carfentanil 
deaths in Minnesota and the importance of multiagency collaboration. Acad Forensic Pathol. 
2018;8(3):729–737. [PubMed: 31240067] 

21. Drug Enforcement Administration. Deadly Contaminated Cocaine Widespread in Florida. https://
www.dea.gov/sites/default/files/2018-07/BUL-039-18.pdf. Accessed December 3, 2020.

22. Drug Enforcement Administration. Cocaine/Fentanyl 
Combination in Pennsylvania. https://www.dea.gov/sites/default/files/
2018-07/BUL-061-18%20Cocaine%20Fentanyl%20Combination%20in%20Pennsylvania%20--
%20UNCLASSIFIED.PDF. Accessed April 7, 2020.

23. Harm Reduction Ohio. Where is fentanyl added to cocaine? Mostly in Ohio. Result: 
3,000 dead. https://www.harmreductionohio.org/where-is-fentanyl-added-to-cocaine-mostly-in-
ohio/. Accessed April 7, 2020.

24. Al-Tayyib A, Koester S, Langegger S. Heroin and methamphetamine injection: an emerging drug 
use pattern. Subst Use Misuse. 2017;52(8):1051–1058. [PubMed: 28323507] 

25. Schneider KE, Park JN, Allen ST. Patterns of polysubstance use and overdose among people who 
inject drugs in Baltimore, Maryland: a latent class analysis. Drug Alcohol Depend. 2019;201:71–
77. [PubMed: 31195347] 

26. Hagan H, Jarlais D, Purchase D. An interview study of participants in the Tacoma, Washington, 
syringe exchange. Addiction. 1993;88(12):1691–1697. [PubMed: 8130708] 

27. Schneider KE, O’Rourke A, White RH. Polysubstance use in rural West Virginia: associations 
between latent classes of drug use, overdose, and take-home naloxone. Int J Drug Policy. 
2020;76:102642. [PubMed: 31918401] 

28. Hartel DM, Schoenbaum EE, Selwyn PA. Patterns of heroin, cocaine and speedball injection 
among Bronx (USA) methadone maintenance patients: 1978–1988. Addict Res Theory. 
1996;3(4):323–340.

29. Ochoa KC, Davidson PJ, Evans JL. Heroin overdose among young injection drug users in San 
Francisco. Drug Alcohol Depend. 2005;80(3):297–302. [PubMed: 15961257] 

30. Ellis MS, Kasper ZA, Cicero TJ. Twin epidemics: the surging rise of methamphetamine use in 
chronic opioid users. Drug Alcohol Depend. 2018;193:14–20. [PubMed: 30326396] 

31. Park JN, Weir BW, Allen ST. Fentanyl-contaminated drugs and non-fatal overdose among people 
who inject drugs in Baltimore. MD Harm Reduction Journal. 2018;15(1):34. [PubMed: 29976195] 

32. Tupper KW, McCrae K, Garber I. Initial results of a drug checking pilot program to detect 
fentanyl adulteration in a Canadian setting. Drug Alcohol Depend. 2018;190:242–245. [PubMed: 
30064061] 

33. Gryczynski J, Nichols H, Schwartz RP. Fentanyl exposure and preferences among individuals 
starting treatment for opioid use disorder. Drug Alcohol Depend. 2019;204:102642.

34. Carroll JJ, Marshall BDL, Rich JD, et al. Exposure to fentanyl-contaminated heroin and overdose 
risk among illicit opioid users in Rhode Island: a mixed methods study. Int J Drug Policy. 
2017;46:136–145. [PubMed: 28578864] 

35. Mars SG, Ondocsin J, Ciccarone D. Sold as heroin: perceptions and use of an evolving drug in 
Baltimore, MD. J Psychoactive Drugs. 2018;50(2):167–176. [PubMed: 29211971] 

36. Daniulaityte R, Carlson RR, Juhasik MP, et al. Street fentanyl use: experiences, preferences, and 
concordance between self-reports and urine toxicology. Int J Drug Policy. 2019;71:3–9. [PubMed: 
31146200] 

37. Karamouzian M, Papamihali K, Graham B, et al. Known fentanyl use among clients of harm 
reduction sites in British Columbia. Canada Int J Drug Policy. 2020;77:102665. [PubMed: 
31962283] 

Jones et al. Page 14

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.dea.gov/sites/default/files/2018-07/BUL-039-18.pdf
https://www.dea.gov/sites/default/files/2018-07/BUL-039-18.pdf
https://www.dea.gov/sites/default/files/2018-07/BUL-061-18%20Cocaine%20Fentanyl%20Combination%20in%20Pennsylvania%20--%20UNCLASSIFIED.PDF
https://www.dea.gov/sites/default/files/2018-07/BUL-061-18%20Cocaine%20Fentanyl%20Combination%20in%20Pennsylvania%20--%20UNCLASSIFIED.PDF
https://www.dea.gov/sites/default/files/2018-07/BUL-061-18%20Cocaine%20Fentanyl%20Combination%20in%20Pennsylvania%20--%20UNCLASSIFIED.PDF
https://www.harmreductionohio.org/where-is-fentanyl-added-to-cocaine-mostly-in-ohio/
https://www.harmreductionohio.org/where-is-fentanyl-added-to-cocaine-mostly-in-ohio/


38. Klar SA, Brodkin E, Gibson E, et al. Furanyl-fentanyl overdose events caused by smoking 
contaminated crack cocaine—British Columbia, Canada, July 15–18, 2016. MMWR Morb Mortal 
Wkly Re.p. 2016;65(37):1015–1016.

39. Drug Enforcement Administration. Cocaine laced with fentanyl leads to multiple deaths, 
overdoses. https://www.dea.gov/press-releases/2018/09/14/cocaine-laced-fentanyl-leads-multiple-
deaths-overdoses. Accessed April 7, 2020.

40. Khatri UG, Viner K, Perrone J. Lethal fentanyl and cocaine intoxication. N Engl J Med. 
2018;379(18):1782. [PubMed: 30380395] 

41. Armenian P, Whitman JD, Badea A, et al. Notes from the field: unintentional fentanyl overdoses 
among persons who thought they were snorting cocaine—Fresno, California, January 7, 2019. 
MMWR Morb Mortal Wkly Rep. 2019;68(31):687–688. [PubMed: 31393864] 

42. Jones CM, McCance-Katz EF. Co-occurring substance use and mental disorders among adults with 
opioid use disorder. Drug Alcohol Depend. 2019;197:78–82. [PubMed: 30784952] 

43. Jones CM, Compton WM, Mustaquim D. Patterns and characteristics of methamphetamine use 
among adults—United States, 2015–2018. MMWR Morb Mortal Wkly Rep. 2020;69(12):317–
323. [PubMed: 32214077] 

44. Glick SN, Burt R, Kummer K, et al. Increasing methamphetamine injection among non-MSM 
who inject drugs in King County. Washington Drug Alcohol Depend. 2018;182:86–92. [PubMed: 
29175463] 

45. Jones CM. Syringe services programs: an examination of legal, policy, and funding barriers in 
the midst of the evolving opioid crisis in the U.S. Int J Drug Policy. 2019;70:22–32. [PubMed: 
31059965] 

46. Cicero TJ, Ellis MS, Kasper ZA. Polysubstance use: a broader understanding of substance use 
during the opioid crisis. AJPH. 2020;110(2):244–250.

47. Jones CM, Underwood N, Compton WM. Increases in methamphetamine use among heroin 
treatment admissions in the United States, 2008–17. Addiction. 2020;115(2):347–353. [PubMed: 
31503384] 

48. Jones CM, Olsen EO, O’Donnell J, et al. Resurgent methamphetamine use at treatment admission 
in the United States, 2008-2017. Am J Public Health. 2020;110(4):509–516. [PubMed: 32078347] 

49. LaRue L, Twillman RK, Dawson E, et al. Rate of fentanyl positivity among urine drug test results 
positive for cocaine or methamphetamine. JAMA. 2019;2(4):e192851.

50. Twillman RK, Dawson E, LaRue L, et al. Evaluation of trends of near-real-time urine 
drug test results for methamphetamine, cocaine, heroin, and fentanyl. JAMA Netw Open. 
2020;3(1):e1918514. [PubMed: 31899527] 

51. Bartholomew TS, Tookes HE, Bullock C, et al. Examining risk behavior and syringe coverage 
among people who inject drugs accessing a syringe services program: a latent class analysis. Int J 
Drug Policy. 2020;78:102716. [PubMed: 32146348] 

52. Tsui JI, Mayfield J, Speaker EC, et al. Association between methamphetamine use and retention 
among patients with opioid use disorders treated with buprenorphine. J Subst Abuse Treat. 
2020;109:80–85. [PubMed: 31810594] 

53. Pilowsky DJ, Wu LT, Burchett B. Co-occurring amphetamine use and associated medical and 
psychiatric comorbidity among opioid-dependent adults: results from the Clinical Trials Network. 
Subst Abuse Rehabil. 2011;2:133–144. [PubMed: 21886430] 

54. Jones CM, Campopiano M, Baldwin G, et al. National and state treatment need and capacity for 
opioid agonist medication-assisted treatment. Am J Public Health. 2015;05(8):e55–e63.

55. Han B, Compton WM, Blanco C, et al. Prevalence, treatment, and unmet treatment needs of US 
adults with mental health and substance use disorders. Health Aff (Millwood). 2017;36(10):1739–
1747. [PubMed: 28971918] 

56. Kreek MJ, LaForge KS, Butelman E. Pharmacotherapy of addictions. Nat Rev Drug Discov. 
2002;1(9):710–726. [PubMed: 12209151] 

57. McGovern MP, Carroll KM. Evidence-based practices for substance use disorders. Psychiatr Clin 
North Am. 2003;26(4):991–1010. [PubMed: 14711132] 

58. Kampman KM. The treatment of cocaine use disorder. Sci Adv. 2019;5(10):eaax1532. [PubMed: 
31663022] 

Jones et al. Page 15

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.dea.gov/press-releases/2018/09/14/cocaine-laced-fentanyl-leads-multiple-deaths-overdoses
https://www.dea.gov/press-releases/2018/09/14/cocaine-laced-fentanyl-leads-multiple-deaths-overdoses


59. De Crescenzo F, Ciabattini M, D’Aló GL, et al. Comparative efficacy and acceptability of 
psychosocial interventions for individuals with cocaine and amphetamine addiction: a systematic 
review and network meta-analysis. PLoS Med. 2018;15(12):e1002715. [PubMed: 30586362] 

60. Barr AM, Panenka WJ, MacEwan GW, et al. The need for speed: an update on methamphetamine 
addiction. J Psychiatry Neurosci. 2006;31(5):301–313. [PubMed: 16951733] 

61. Rawson RA, Huber A, McCann M, et al. A comparison of contingency management and cognitive-
behavioral approaches during methadone maintenance treatment for cocaine dependence. Arch 
Gen Psychiatry. 2002;59(9):817–824. [PubMed: 12215081] 

62. Higgins ST, Sigmon SC, Wong CJ, et al. Community reinforcement therapy for cocaine-dependent 
outpatients. Arch Gen Psychiatry. 2003;60(10):1043–1052. [PubMed: 14557150] 

63. Bloomberg American Health Initiative. Ten Standards of Care: 
Policing and the Opioid Crisis. http://americanhealth.jhu.edu/sites/default/files/inline-files/
PolicingOpioidCrisis_LONG_final_0.pdf. Accessed January 21, 2020.

64. Clifasefi SL, Lonczak HS, Collins SE. Seattle’s Law Enforcement Assisted Diversion (LEAD) 
program: within-subjects changes on housing, employment, and income/benefits outcomes and 
associations with recidivism. Crime Delinq. 2017;63:429–445.

65. Watson DP, Ray B, Robison L, et al. Lay responder naloxone access and good Samaritan law 
compliance: postcard survey results from 20 Indiana counties. Harm Reduct J. 2018;15(1):18. 
[PubMed: 29625609] 

66. Centers for Disease Control and Prevention. Evidence-Based Strategies for Preventing Opioid 
Overdose: What’s Working in the United States An Introduction for Public Heath, Law 
Enforcement, Local Organizations, and Others Striving to Serve Their Community. https://
www.cdc.gov/drugoverdose/pdf/pubs/2018-evidence-based-strategies.pdf. Accessed February 15, 
2020.

67. Hagan H, McGough JP, Thiede H, et al. Reduced injection frequency and increased entry and 
retention in drug treatment associated with needle-exchange participation in Seattle drug injectors. 
J Subst Abuse Treat. 2000;19(3):247–252. [PubMed: 11027894] 

68. Wakefield MA, Loken B, Hornick RC. Use of mass media campaigns to change health behavior. 
The Lancet. 2010;376(9748):1261–1271.

69. Belackova V, Salmon AM, Day CA, et al. Drug consumption rooms: a systematic review of 
evaluation methodologies. Drug Alcohol Rev. 2019;38(4):406–422. [PubMed: 30938025] 

70. Compton WM, Jones CM, Baldwin GT, et al. Targeting youth to prevent later substance 
use disorder: an underutilized response to the U.S. opioid crisis. Am J Public Health. 
2019;109(S3):S185–S189. [PubMed: 31242006] 

71. Spoth R, Redmond C, Shin C, et al. PROSPER delivery of universal preventive interventions 
with young adolescents: long-term effects on emerging adult substance misuse and associated risk 
behaviors. Psychol Med. 2017;47(13):2246–2259. [PubMed: 28399955] 

72. Jalal H, Buchanich JM, Roberts MS, et al. Changing dynamics of the drug overdose epidemic 
in the United States from 1979 through 2016. Science. 2018;361(6408):eaau1184. [PubMed: 
30237320] 

73. Connor JP, Gullo MJ, White A, et al. Polysubstance use: diagnostic challenges, patterns of use and 
health. Curr Opin Psychiatry. 2014;27(4):269–275. [PubMed: 24852056] 

74. Barrett SP, Darredeau C, Pihl RO. Patterns of simultaneous polysubstance use in drug using college 
students. Hum Psychopharmacol. 2006;21(4):255–263. [PubMed: 16783813] 

Jones et al. Page 16

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://americanhealth.jhu.edu/sites/default/files/inline-files/PolicingOpioidCrisis_LONG_final_0.pdf
http://americanhealth.jhu.edu/sites/default/files/inline-files/PolicingOpioidCrisis_LONG_final_0.pdf
https://www.cdc.gov/drugoverdose/pdf/pubs/2018-evidence-based-strategies.pdf
https://www.cdc.gov/drugoverdose/pdf/pubs/2018-evidence-based-strategies.pdf


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jones et al. Page 17

Ta
b

le
 1

.

C
om

bi
ne

d 
Fe

nt
an

yl
 a

nd
 S

tim
ul

an
t E

xp
os

ur
es

 D
er

iv
ed

 F
ro

m
 P

os
tm

or
te

m
 T

ox
ic

ol
og

y 
Te

st
in

g 
in

 th
e 

U
ni

te
d 

St
at

es

F
ir

st
 A

ut
ho

r,
 

Y
ea

r
(R

ef
er

en
ce

 N
o.

)
D

at
a 

So
ur

ce
T

im
e 

P
er

io
d

O
ut

co
m

e
K

ey
 F

in
di

ng
s

Jo
ne

s,
 2

01
7 

(1
1)

N
at

io
na

l V
ita

l S
ta

tis
tic

s 
Sy

st
em

20
00

–2
01

5
R

at
e 

an
d 

nu
m

be
r 

of
 c

oc
ai

ne
-i

nv
ol

ve
d 

ov
er

do
se

 d
ea

th
s 

in
vo

lv
in

g 
na

tu
ra

l o
r 

sy
nt

he
tic

 o
pi

oi
ds

C
oc

ai
ne

-r
el

at
ed

 d
ea

th
s 

in
cr

ea
se

d 
si

gn
if

ic
an

tly
 f

ro
m

 0
.3

7 
(2

00
0)

 to
 1

.3
63

 (
20

15
) 

pe
r 

10
0,

00
0;

 th
os

e 
no

t i
nv

ol
vi

ng
 o

pi
oi

ds
 d

ec
lin

ed
 f

ro
m

 0
.8

9 
to

 0
.7

8 
pe

r 
10

0,
00

0.

Jo
ne

s,
 2

01
8 

(9
)

N
at

io
na

l V
ita

l S
ta

tis
tic

s 
Sy

st
em

20
10

–2
01

6
R

at
e 

an
d 

nu
m

be
r 

of
 s

yn
th

et
ic

 o
pi

oi
d-

in
vo

lv
ed

 o
ve

rd
os

e 
de

at
hs

Sy
nt

he
tic

 o
pi

oi
d 

in
vo

lv
em

en
t i

n 
ov

er
do

se
 d

ea
th

s 
in

vo
lv

in
g 

ill
ic

it 
dr

ug
s 

or
 a

lc
oh

ol
 

in
cr

ea
se

d 
fr

om
 7

.8
%

 (
20

10
) 

to
 3

0.
5%

 (
20

16
);

 s
yn

th
et

ic
 o

pi
oi

d 
in

vo
lv

em
en

t i
n 

ov
er

do
se

 
de

at
hs

 in
vo

lv
in

g 
co

ca
in

e 
ro

se
 f

ro
m

 4
.0

%
 (

20
10

) 
to

 4
0.

3%
 (

20
16

).

K
ar

iis
a,

 2
01

9 
(1

2)
N

at
io

na
l V

ita
l S

ta
tis

tic
s 

Sy
st

em
20

03
–2

01
7

R
at

e 
an

d 
nu

m
be

r 
of

 c
om

bi
ne

d 
co

ca
in

e-
 

an
d 

ps
yc

ho
st

im
ul

an
t-

in
vo

lv
ed

 o
ve

rd
os

e 
de

at
h 

ra
te

s

D
ea

th
 r

at
es

 in
cr

ea
se

d 
34

.4
%

 f
ro

m
 3

.2
 (

20
16

) 
to

 4
.3

 (
20

17
) 

pe
r 

10
0,

00
0.

 I
n 

20
17

, 7
2.

2%
 o

f 
co

ca
in

e 
an

d 
50

.4
%

 o
f 

st
im

ul
an

t d
ea

th
s 

in
vo

lv
ed

 a
n 

op
io

id
.

N
ol

an
, 2

01
9 

(1
3)

N
ew

 Y
or

k 
C

ity
 d

ea
th

 
ce

rt
if

ic
at

es
20

15
–2

01
6

C
on

tr
ib

ut
io

n 
of

 o
pi

oi
ds

 a
nd

 f
en

ta
ny

l 
to

 th
e 

in
cr

ea
se

 in
 c

oc
ai

ne
-i

nv
ol

ve
d 

ov
er

do
se

 in
 N

ew
 Y

or
k 

C
ity

In
cr

ea
se

 in
 d

ea
th

s 
in

vo
lv

in
g 

fe
nt

an
yl

 a
nd

 c
oc

ai
ne

 a
cc

ou
nt

ed
 f

or
 9

0%
 o

f 
th

e 
in

cr
ea

se
 in

 
co

ca
in

e-
re

la
te

d 
m

or
ta

lit
y.

H
oo

ts
, 2

02
0 

(1
0)

H
ea

lth
ca

re
 C

os
t a

nd
 

U
til

iz
at

io
n 

Pr
oj

ec
t’

s 
N

at
io

nw
id

e 
E

m
er

ge
nc

y 
D

ep
ar

tm
en

t S
am

pl
e;

 
N

at
io

na
l V

ita
l S

ta
tis

tic
s 

Sy
st

em

20
06

–2
01

6 
20

06
–2

01
7

T
re

nd
s 

in
 n

on
fa

ta
l a

nd
 f

at
al

 o
ve

rd
os

es
 

in
vo

lv
in

g 
st

im
ul

an
ts

 w
ith

 a
nd

 w
ith

ou
t 

op
io

id
s

E
m

er
ge

nc
y 

de
pa

rt
m

en
t v

is
its

 in
vo

lv
in

g 
co

ca
in

e 
w

ith
 o

pi
oi

ds
 e

xp
er

ie
nc

ed
 a

 1
4.

7%
 A

PC
 

in
cr

ea
se

 f
ro

m
 2

00
6–

20
16

; v
is

its
 in

vo
lv

in
g 

ps
yc

ho
st

im
ul

an
ts

 w
ith

 o
pi

oi
ds

 e
xp

er
ie

nc
ed

 a
 

49
.9

%
 A

PC
 in

cr
ea

se
 f

ro
m

 2
00

6 
to

 2
01

1 
an

d 
th

en
 1

4.
0%

 A
PC

 in
cr

ea
se

 f
ro

m
 2

01
1 

to
 2

01
6.

 
A

m
on

g 
ov

er
do

se
 d

ea
th

s,
 o

ve
rd

os
e 

de
at

hs
 in

vo
lv

in
g 

co
ca

in
e 

an
d 

op
io

id
s 

de
cr

ea
se

d 
12

.0
%

 
pe

r 
ye

ar
 f

ro
m

 2
00

6 
to

 2
01

0,
 r

em
ai

ne
d 

st
ab

le
 f

ro
m

 2
01

0 
to

 2
01

4,
 a

nd
 in

cr
ea

se
d 

46
.0

%
 p

er
 

ye
ar

 f
ro

m
 2

01
4 

to
 2

01
7.

 F
or

 p
sy

ch
os

tim
ul

an
ts

, o
ve

rd
os

e 
de

at
h 

ra
te

s 
w

ith
 o

pi
oi

ds
 r

em
ai

ne
d 

st
ab

le
 f

ro
m

 2
00

6 
to

 2
01

0,
 in

cr
ea

se
d 

28
.6

%
 p

er
 y

ea
r 

fr
om

 2
01

0 
to

 2
01

5,
 a

nd
 in

cr
ea

se
d 

50
.5

%
 p

er
 y

ea
r 

fr
om

 2
01

5 
to

 2
01

7.

W
an

g,
 2

02
0 

(1
4)

Fl
or

id
a 

D
ru

g-
R

el
at

ed
 

O
ut

co
m

es
 S

ur
ve

ill
an

ce
 

an
d 

T
ra

ck
in

g 
Sy

st
em

20
16

–2
01

8
Po

ly
su

bs
ta

nc
e-

in
vo

lv
ed

 d
ea

th
s 

w
ith

 
di

st
in

ct
io

n 
be

tw
ee

n 
“c

o-
in

vo
lv

ed
” 

an
d 

“p
re

se
nt

” 
dr

ug
s

C
oc

ai
ne

-r
el

at
ed

 d
ea

th
s 

in
cr

ea
se

d 
fr

om
 1

,7
39

 (
20

16
) 

to
 3

,0
27

 (
20

17
),

 a
nd

 th
e 

pr
op

or
tio

n 
of

 
th

es
e 

de
at

hs
 in

vo
lv

in
g 

fe
nt

an
yl

 r
os

e 
fr

om
 3

2.
6%

 (
20

16
) 

to
 5

2.
4%

 (
20

17
).

A
bb

re
vi

at
io

n:
 A

PC
, a

nn
ua

l p
er

ce
nt

 c
ha

ng
e.

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jones et al. Page 18

Ta
b

le
 2

.

Se
le

ct
ed

 D
ru

g 
E

nf
or

ce
m

en
t A

dm
in

is
tr

at
io

n 
R

ep
or

ts
, U

ni
te

d 
St

at
es

F
ir

st
 A

ut
ho

r,
 Y

ea
r

(R
ef

er
en

ce
 N

o.
)

D
es

ig
n

P
ri

m
ar

y 
O

ut
co

m
e

K
ey

 F
in

di
ng

s

H
ar

m
 R

ed
uc

tio
n 

O
hi

o,
 

20
19

 (
23

)
Se

ri
al

 c
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 

cr
im

e 
la

bo
ra

to
ry

 d
at

a 
fr

om
 O

hi
o 

B
ur

ea
u 

of
 C

ri
m

in
al

 I
nv

es
tig

at
io

n 
in

 
20

18

A
ss

oc
ia

tio
n 

be
tw

ee
n 

ri
sk

 o
f 

fe
nt

an
yl

 c
on

ta
m

in
at

io
n 

an
d 

si
ze

 o
f 

co
ca

in
e 

pa
ck

ag
e

C
oc

ai
ne

 c
on

fi
sc

at
io

ns
 o

f 
10

0 
g 

or
 m

or
e 

w
er

e 
fr

ee
 o

f 
fe

nt
an

yl
. T

hr
ee

 m
id

si
ze

 p
ac

ka
ge

s 
of

 9
9,

 8
5,

 
an

d 
35

 g
 w

er
e 

po
si

tiv
e 

fo
r 

fe
nt

an
yl

. T
he

 p
re

se
nc

e 
of

 f
en

ta
ny

l c
on

tin
ue

d 
to

 in
cr

ea
se

 a
s 

th
e 

si
ze

 o
f 

pa
ck

ag
e 

de
cr

ea
se

d,
 a

nd
 1

4.
1%

 o
f 

co
ca

in
e 

pa
ck

et
s 

le
ss

 th
an

 o
ne

-t
en

th
 o

f 
a 

gr
am

 c
on

ta
in

ed
 f

en
ta

ny
l.

D
E

A
, N

at
io

na
l D

ru
g 

T
hr

ea
t A

ss
es

sm
en

t, 
20

19
 (

17
)

In
te

gr
at

io
n 

of
 r

ep
or

tin
g 

fr
om

 
la

w
 e

nf
or

ce
m

en
t, 

in
te

lli
ge

nc
e,

 a
nd

 
pu

bl
ic

 h
ea

lth
 a

ge
nc

ie
s

A
ss

es
sm

en
t o

f 
th

re
at

 p
os

ed
 

by
 d

om
es

tic
 a

nd
 in

te
rn

at
io

na
l 

dr
ug

 tr
af

fi
ck

in
g

C
oc

ai
ne

: A
va

ila
bi

lit
y 

is
 in

cr
ea

si
ng

, a
lo

ng
 w

ith
 e

xp
or

t q
ua

lit
y.

 P
ri

ce
 h

as
 s

ee
n 

an
 o

ve
ra

ll 
de

cr
ea

se
 

fr
om

 2
01

2–
20

18
. T

re
at

m
en

t E
pi

so
de

 D
at

a 
Se

t s
ho

w
s 

th
at

 a
dm

is
si

on
s 

fo
r 

tr
ea

tm
en

t h
av

e 
de

cl
in

ed
 

ov
er

 7
8%

. M
et

ha
m

ph
et

am
in

e:
 P

ri
ce

 h
as

 d
ec

re
as

ed
, w

hi
le

 p
ot

en
cy

 h
as

 in
cr

ea
se

d,
 in

di
ca

tin
g 

in
cr

ea
se

d 
av

ai
la

bi
lit

y.

D
E

A
 B

ul
le

tin
, 2

01
8 

(2
1)

A
na

ly
si

s 
of

 s
ei

ze
d 

co
ca

in
e 

in
 

Fl
or

id
a 

fr
om

 2
01

6–
20

17
C

on
ta

m
in

at
io

n 
of

 c
oc

ai
ne

 in
 

Fl
or

id
a

C
oc

ai
ne

 a
nd

 f
en

ta
ny

l c
om

bi
na

tio
n 

fo
un

d 
in

 1
80

 e
xh

ib
its

 o
f 

co
ca

in
e 

in
 F

lo
ri

da
, a

lth
ou

gh
 th

e 
nu

m
be

r 
of

 c
oc

ai
ne

 e
xh

ib
its

 w
ith

ou
t f

en
ta

ny
l w

as
 u

nc
le

ar
. R

ep
or

t a
ls

o 
ci

te
s 

Fl
or

id
a’

s 
M

ed
ic

al
 

E
xa

m
in

er
s 

C
om

m
is

si
on

 a
s 

re
po

rt
in

g 
th

at
 2

,4
99

 o
f 

th
e 

2,
88

2 
st

at
e 

co
ca

in
e 

de
at

hs
 in

vo
lv

ed
 c

oc
ai

ne
 

in
 c

om
bi

na
tio

n 
w

ith
 a

no
th

er
 d

ru
g.

D
E

A
 B

ul
le

tin
, 2

01
8 

(2
2)

A
na

ly
si

s 
of

 s
ei

ze
d 

co
ca

in
e 

in
 

Pe
nn

sy
lv

an
ia

 f
ro

m
 2

01
5–

20
17

C
on

ta
m

in
at

io
n 

of
 c

oc
ai

ne
 in

 
Pe

nn
sy

lv
an

ia
A

na
ly

si
s 

of
 3

0,
91

4 
co

ca
in

e 
ex

hi
bi

ts
. N

ot
ed

 a
 1

12
%

 in
cr

ea
se

 f
ro

m
 2

01
6 

to
 2

01
7 

of
 6

3 
to

 1
34

 
ex

hi
bi

ts
.

A
bb

re
vi

at
io

n:
 D

E
A

, D
ru

g 
E

nf
or

ce
m

en
t A

dm
in

is
tr

at
io

n.

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jones et al. Page 19

Ta
b

le
 3

.

Se
le

ct
ed

 C
as

e 
R

ep
or

ts
 o

f 
C

om
bi

ne
d 

Fe
nt

an
yl

 a
nd

 S
tim

ul
an

t E
xp

os
ur

es
, U

ni
te

d 
St

at
es

L
oc

at
io

n
M

on
th

/Y
ea

r
T

yp
e 

of
St

im
ul

an
t

N
o.

 o
f

O
ve

rd
os

es
T

im
e 

P
er

io
d,

ho
ur

s
F

at
al

it
ie

s
C

on
te

xt

N
ew

 H
av

en
, C

on
ne

ct
ic

ut
Ju

ne
 2

01
6

C
oc

ai
ne

12
8

3
R

ou
te

 o
f 

in
to

xi
ca

tio
n 

un
kn

ow
n;

 m
os

t l
ik

el
y 

in
su

ff
la

tio
n.

 P
ro

du
ct

 f
ou

nd
 to

 b
e 

fe
nt

an
yl

 w
ith

 
tr

ac
e 

co
ca

in
e.

B
ri

tis
h 

C
ol

um
bi

a,
 C

an
ad

a
Ju

ly
 2

01
6

C
ra

ck
 c

oc
ai

ne
43

96
1

Pa
tie

nt
s 

ha
d 

sm
ok

ed
 c

ra
ck

 c
oc

ai
ne

. S
el

ec
t s

am
pl

es
 te

st
ed

 b
y 

th
e 

H
ea

lth
 C

an
ad

a 
D

ru
g 

A
na

ly
si

s 
Se

rv
ic

e 
po

si
tiv

e 
fo

r 
fe

nt
an

yl
.

Sa
n 

D
ie

go
, C

al
if

or
ni

a
Se

pt
em

be
r 

20
18

C
oc

ai
ne

5
48

3
Pa

tie
nt

s 
in

su
ff

la
te

d 
w

ha
t w

as
 b

el
ie

ve
d 

to
 b

e 
co

ca
in

e 
la

ce
d 

w
ith

 f
en

ta
ny

l.

Ph
ila

de
lp

hi
a,

 
Pe

nn
sy

lv
an

ia
20

18
C

oc
ai

ne
18

96
3

Pa
tie

nt
s 

ha
d 

sm
ok

ed
 c

ra
ck

 c
oc

ai
ne

. F
if

te
en

 in
di

vi
du

al
s 

ha
d 

co
nf

ir
m

ed
 f

en
ta

ny
l e

xp
os

ur
e 

an
d 

ab
se

nc
e 

of
 o

th
er

 o
pi

oi
ds

.

Fr
es

no
, C

al
if

or
ni

a
Ja

nu
ar

y 
20

19
C

oc
ai

ne
4

48
1

R
ou

te
 o

f 
in

to
xi

ca
tio

n 
re

po
rt

ed
 a

s 
in

su
ff

la
tio

n.
 T

hr
ee

 b
lo

od
 a

nd
 u

ri
ne

 s
am

pl
es

 p
os

iti
ve

 f
or

 
fe

nt
an

yl
.

C
hi

co
, C

al
if

or
ni

a
Ja

nu
ar

y 
20

19
C

oc
ai

ne
15

24
1

Po
st

m
or

te
m

 te
st

in
g 

co
nf

ir
m

ed
 f

en
ta

ny
l. 

To
xi

co
lo

gy
 r

ep
or

ts
 f

or
 1

4 
ot

he
r 

ca
se

s 
un

av
ai

la
bl

e,
 

th
ou

gh
 in

 c
lo

se
 p

ro
xi

m
ity

 to
 F

re
sn

o 
an

d 
w

ith
 s

im
ila

r 
pr

es
en

ta
tio

ns
.

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jones et al. Page 20

Ta
b

le
 4

.

C
lin

ic
al

 S
tu

di
es

 o
n 

In
cr

ea
si

ng
 M

et
ha

m
ph

et
am

in
e 

U
se

 A
m

on
g 

In
di

vi
du

al
s 

U
si

ng
 O

pi
oi

ds
 a

nd
 O

pi
oi

d 
U

se
 A

m
on

g 
In

di
vi

du
al

s 
U

si
ng

 M
et

ha
m

ph
et

am
in

e,
 

U
ni

te
d 

St
at

es

F
ir

st
 A

ut
ho

r,
 

Y
ea

r
(R

ef
er

en
ce

 N
o.

)
D

es
ig

n 
an

d 
D

at
a

P
op

ul
at

io
n

P
ri

m
ar

y 
O

ut
co

m
e

K
ey

 F
in

di
ng

s

A
l-

Ta
yy

ib
, 2

01
7 

(2
4)

Se
ri

al
 c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 in
di

vi
du

al
s 

re
cr

ui
te

d 
fr

om
 

N
at

io
na

l H
IV

 B
eh

av
io

ra
l 

Su
rv

ei
lla

nc
e 

Sy
st

em

A
ge

d 
18

 y
ea

rs
 o

r 
ol

de
r, 

ha
d 

in
je

ct
ed

 d
ru

gs
 

du
ri

ng
 th

e 
pr

ec
ed

in
g 

12
 m

on
th

s,
 r

es
id

ed
 in

 
D

en
ve

r, 
C

ol
or

ad
o,

 m
et

ro
po

lit
an

 a
re

a

D
if

fe
re

nc
es

 a
m

on
g 

he
ro

in
 

in
je

ct
io

n,
 m

et
ha

m
ph

et
am

in
e 

in
je

ct
io

n,
 a

nd
 c

om
bi

ne
d 

in
je

ct
io

n

R
ep

or
ts

 o
f 

m
et

ha
m

ph
et

am
in

e 
as

 th
e 

m
os

t f
re

qu
en

tly
 in

je
ct

ed
 

dr
ug

 in
cr

ea
se

d 
fr

om
 2

.1
%

 (
20

05
) 

to
 2

9.
6%

 in
 (

20
15

);
 2

96
 

of
 th

e 
59

2 
pa

rt
ic

ip
an

ts
 r

ep
or

te
d 

in
je

ct
in

g 
bo

th
 h

er
oi

n 
an

d 
m

et
ha

m
ph

et
am

in
e 

in
 th

e 
pa

st
 1

2 
m

on
th

s.

C
ic

er
o,

 2
02

0 
(4

6)
Se

ri
al

 c
ro

ss
-s

ec
tio

na
l a

na
ly

si
s 

of
 in

di
vi

du
al

s 
en

te
ri

ng
 

tr
ea

tm
en

t c
en

te
rs

 f
or

 o
pi

oi
d 

us
e 

di
so

rd
er

, 2
01

1–
20

18

In
di

vi
du

al
s 

ad
m

itt
ed

 to
 o

ne
 o

f 
27

0 
su

bs
ta

nc
e 

us
e 

tr
ea

tm
en

t c
en

te
rs

 in
 th

e 
K

ey
 

In
fo

rm
an

t n
et

w
or

k 
be

lo
ng

in
g 

to
 th

e 
Su

rv
ey

 
of

 K
ey

 I
nf

or
m

an
ts

’ 
Pr

og
ra

m
 (

n 
=

 1
5,

74
1)

Te
m

po
ra

l t
re

nd
s 

in
 o

pi
oi

d 
dr

ug
 

us
e,

 n
on

op
io

id
 d

ru
g 

us
e,

 a
nd

 
po

ly
su

bs
ta

nc
e 

us
e

Pr
ev

al
en

ce
 o

f 
m

et
ha

m
ph

et
am

in
e 

us
e 

si
gn

if
ic

an
tly

 in
cr

ea
se

d 
by

 
85

%
. T

he
 a

ve
ra

ge
 n

um
be

r 
of

 u
ni

qu
e,

 n
on

op
io

id
 d

ru
gs

 u
se

d 
in

 
th

e 
pa

st
 m

on
th

 s
ig

ni
fi

ca
nt

ly
 in

cr
ea

se
d 

fo
r 

pe
op

le
 w

ho
 u

se
 h

er
oi

n/
no

np
re

sc
ri

pt
io

n 
fe

nt
an

yl
, f

ro
m

 2
.3

 to
 2

.5
.

E
lli

s,
 2

01
8 

(3
0)

Se
ri

al
 c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 in
di

vi
du

al
s 

en
te

ri
ng

 a
 

su
bs

ta
nc

e 
us

e 
tr

ea
tm

en
t 

pr
og

ra
m

, 2
01

1–
20

17

In
di

vi
du

al
s 

≥1
8 

ye
ar

s 
of

 a
ge

 a
dm

itt
ed

 to
 

su
bs

ta
nc

e 
us

e 
tr

ea
tm

en
t c

en
te

rs
 in

 th
e 

K
ey

 
In

fo
rm

an
t n

et
w

or
k 

be
lo

ng
in

g 
to

 th
e 

Su
rv

ey
 

of
 K

ey
 I

nf
or

m
an

ts
’ 

Pr
og

ra
m

 (
n 

=
 1

3,
52

1)

Pr
ev

al
en

ce
 a

nd
 m

ot
iv

at
io

n 
fo

r 
op

io
id

 a
nd

 m
et

ha
m

ph
et

am
in

e 
us

e

Pe
rc

en
ta

ge
 o

f 
pe

op
le

 w
ho

 u
se

 o
pi

oi
ds

 r
ep

or
tin

g 
m

et
ha

m
ph

et
am

in
e 

us
e 

do
ub

le
d 

fr
om

 1
8.

8%
 (

se
co

nd
 q

ua
rt

er
 

20
11

) 
to

 3
4.

2%
 (

fi
rs

t q
ua

rt
er

 2
01

7)
, w

ith
 in

cr
ea

se
s 

at
tr

ib
ut

ed
 to

 
in

cr
ea

se
d 

co
m

m
un

ity
 a

cc
es

si
bi

lit
y 

as
 w

el
l a

s 
ap

pe
al

 o
f 

hi
gh

 f
ro

m
 

du
al

 u
se

.

G
lic

k,
 2

01
8 

(4
4)

Se
ri

al
 c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 P
W

ID
 in

 K
in

g 
C

ou
nt

y,
 

W
as

hi
ng

to
n,

 2
00

9–
20

17

C
lie

nt
s 

of
 S

ea
ttl

e 
an

d 
K

in
g 

C
ou

nt
y 

N
SE

P 
an

d 
Se

at
tle

-A
re

a 
N

H
B

S 
In

je
ct

io
n 

D
ru

g 
U

se
 

(N
SE

P,
 n

 =
 2

,1
35

, 2
00

9–
20

17
) 

(N
H

B
S,

 n
 =

 
1,

70
9,

 2
00

9–
20

15
)

T
re

nd
s 

in
 m

et
ha

m
ph

et
am

in
e 

us
e 

an
d 

in
je

ct
io

n 
eq

ui
pm

en
t 

sh
ar

in
g 

in
 K

in
g 

C
ou

nt
y 

am
on

g 
M

SM
 a

nd
 n

on
-M

SM
 P

W
ID

Pe
rc

en
ta

ge
 o

f 
pe

op
le

 w
ho

 in
je

ct
 m

et
ha

m
ph

et
am

in
e 

re
po

rt
in

g 
co

m
bi

ne
d 

us
e 

w
ith

 o
pi

oi
ds

 in
cr

ea
se

d 
fr

om
 1

8%
 in

 2
00

9 
to

 3
1%

 
in

 2
01

7 
am

on
g 

M
SM

 a
nd

 f
ro

m
 1

0%
 to

 5
3%

 a
m

on
g 

no
n-

M
SM

.

Jo
ne

s,
 2

01
9 

(4
2)

Se
ri

al
 c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 in
di

vi
du

al
s 

re
sp

on
di

ng
 to

 
th

e 
N

at
io

na
l S

ur
ve

ys
 o

n 
D

ru
g 

U
se

 a
nd

 H
ea

lth
, 2

01
5–

20
18

In
di

vi
du

al
s 

≥1
2 

ye
ar

s 
of

 a
ge

 th
at

 w
er

e 
in

te
rv

ie
w

ed
 in

 p
er

so
n 

ab
ou

t t
he

 u
se

 o
f 

dr
ug

s,
 a

lc
oh

ol
, a

nd
 to

ba
cc

o 
(n

 =
 1

71
,7

66
)

Pr
ev

al
en

ce
 a

nd
 c

ha
ra

ct
er

is
tic

s 
of

 m
et

ha
m

ph
et

am
in

e 
us

e
O

dd
s 

of
 r

ep
or

tin
g 

pa
st

-y
ea

r 
pr

es
cr

ip
tio

n 
op

io
id

 m
is

us
e 

w
er

e 
si

gn
if

ic
an

tly
 e

le
va

te
d 

fo
r 

ad
ul

ts
 r

ep
or

tin
g 

m
et

ha
m

ph
et

am
in

e 
us

e 
(a

O
R

 =
 2

.1
7,

 9
5%

 C
I:

 1
.6

6,
 2

.8
4)

 a
nd

 p
as

t-
ye

ar
 h

er
oi

n 
us

e 
(a

O
R

 
=

 5
.1

0,
 9

5%
 C

I:
 3

.6
3,

 7
.1

7)
.

Jo
ne

s,
 2

02
0 

(4
7)

Se
ri

al
 c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 T
E

D
S,

 2
00

8–
20

17
In

di
vi

du
al

s 
≥1

2 
ye

ar
s 

of
 a

ge
 a

dm
itt

ed
 to

 
su

bs
ta

nc
e 

us
e 

tr
ea

tm
en

t c
en

te
rs

 r
ec

ei
vi

ng
 

fe
de

ra
l f

un
di

ng
 (

n 
=

 1
5,

74
7,

33
4)

T
re

nd
s 

an
d 

ch
ar

ac
te

ri
st

ic
s 

as
so

ci
at

ed
 w

ith
 

m
et

ha
m

ph
et

am
in

e 
us

e 
at

 
tr

ea
tm

en
t a

dm
is

si
on

R
ep

or
ts

 o
f 

sm
ok

in
g 

as
 th

e 
ro

ut
e 

of
 u

se
 o

f 
m

et
ha

m
ph

et
am

in
e 

de
cr

ea
se

d 
to

 5
8.

8%
 o

f 
ad

m
is

si
on

s 
fr

om
 6

7.
3%

. I
nj

ec
tio

n 
w

as
 

re
po

rt
ed

 in
 2

8.
4%

 o
f 

ad
m

is
si

on
s,

 u
p 

fr
om

 1
7.

5%
. R

ep
or

ts
 o

f 
he

ro
in

 u
se

 in
cr

ea
se

d 
fr

om
 5

.3
%

 o
f 

ad
m

is
si

on
s 

to
 2

3.
6%

, a
nd

 
pr

es
cr

ip
tio

n 
op

io
id

s 
in

cr
ea

se
d 

fr
om

 3
.8

%
 to

 8
.3

%
.

Jo
ne

s,
 2

02
0 

(4
8)

Se
ri

al
 c

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 T
E

D
S,

 2
00

8–
20

17
In

di
vi

du
al

s 
≥1

2 
ye

ar
s 

of
 a

ge
 a

dm
itt

ed
 to

 
su

bs
ta

nc
e 

us
e 

tr
ea

tm
en

t c
en

te
rs

 r
ec

ei
vi

ng
 

fe
de

ra
l f

un
di

ng
 (

n 
=

 3
,5

47
,9

77
)

H
er

oi
n 

tr
ea

tm
en

t a
dm

is
si

on
s 

in
vo

lv
in

g 
m

et
ha

m
ph

et
am

in
e

Pe
rc

en
ta

ge
 o

f 
he

ro
in

 tr
ea

tm
en

t a
dm

is
si

on
s 

re
po

rt
in

g 
m

et
ha

m
ph

et
am

in
e 

us
e 

in
cr

ea
se

d 
fr

om
 2

.1
%

 (
20

08
) 

to
 1

2.
4%

 
(2

01
7)

, w
ith

 h
ig

he
st

 p
re

va
le

nc
e 

am
on

g 
in

di
vi

du
al

s 
12

–2
4 

ye
ar

s 
of

 a
ge

.

A
bb

re
vi

at
io

ns
: a

O
R

, a
dj

us
te

d 
od

ds
 r

at
io

; C
I:

 c
on

fi
de

nc
e 

in
te

rv
al

; H
IV

, h
um

an
 im

m
un

od
ef

ic
ie

nc
y 

vi
ru

s;
 M

SM
, m

en
 w

ho
 h

av
e 

se
x 

w
ith

 m
en

; N
H

B
S,

 N
at

io
na

l H
IV

 B
eh

av
io

ra
l S

ur
ve

ill
an

ce
; N

SE
P,

 n
ee

dl
e 

an
d 

sy
ri

ng
e 

ex
ch

an
ge

 p
ro

gr
am

; P
W

ID
, p

eo
pl

e 
w

ho
 in

je
ct

 d
ru

gs
; T

E
D

S,
 T

re
at

m
en

t E
pi

so
de

 D
at

a 
Se

t.

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jones et al. Page 21

Ta
b

le
 5

.

C
lin

ic
al

 S
tu

di
es

 o
n 

Fe
nt

an
yl

/S
tim

ul
an

t E
xp

os
ur

e,
 U

ni
te

d 
St

at
es

F
ir

st
 A

ut
ho

r,
 Y

ea
r

(R
ef

er
en

ce
 N

o.
)

D
es

ig
n

P
op

ul
at

io
n

P
ri

m
ar

y 
O

ut
co

m
e

K
ey

 F
in

di
ng

s

A
m

la
ni

, 2
01

5 
(1

6)
C

ro
ss

-s
ec

tio
na

l a
na

ly
si

s 
of

 
su

rv
ey

s 
of

 d
em

og
ra

ph
ic

s 
an

d 
su

bs
ta

nc
e 

us
ag

e 
an

d 
U

D
T

s

C
lie

nt
s 

at
 h

ar
m

 r
ed

uc
tio

n 
si

te
s 

in
 B

ri
tis

h 
C

ol
um

bi
a,

 C
an

ad
a 

(n
 =

 2
42

)
C

or
re

la
tio

n 
of

 d
em

og
ra

ph
ic

s 
an

d 
su

bs
ta

nc
e 

us
e 

w
ith

 p
os

iti
ve

 
fe

nt
an

yl
 U

D
T

s

C
ry

st
al

 m
et

ha
m

ph
et

am
in

e 
w

as
 m

os
t s

ig
ni

fi
ca

nt
ly

 c
or

re
la

te
d 

w
ith

 p
os

iti
ve

 f
en

ta
ny

l U
D

T
s.

 O
dd

s 
ra

tio
 =

 3
.5

0,
 9

5%
 

co
nf

id
en

ce
 in

te
rv

al
 =

 (
1.

77
, 6

.8
6)

. N
o 

ot
he

r 
va

ri
ab

le
s 

w
er

e 
si

gn
if

ic
an

tly
 c

or
re

la
te

d.

K
ar

am
ou

zi
an

, 2
02

0 
(3

7)
C

ro
ss

 s
ec

tio
na

l a
na

ly
si

s 
of

 
U

D
T

s
C

lie
nt

s 
of

 h
ar

m
 r

ed
uc

tio
n 

si
te

s 
in

 B
ri

tis
h 

C
ol

um
bi

a,
 C

an
ad

a 
(n

 =
 3

03
)

C
om

pa
re

 r
ep

or
ts

 o
f 

kn
ow

n 
or

 
un

kn
ow

n 
fe

nt
an

yl
 u

se
 w

ith
 U

D
T

 
re

su
lts

O
f 

30
3 

cl
ie

nt
s,

 1
17

 (
38

.7
%

) 
re

po
rt

ed
 k

no
w

n 
fe

nt
an

yl
 u

se
, 

66
 (

21
.7

%
) 

ha
d 

un
kn

ow
n 

fe
nt

an
yl

 u
se

, a
nd

 1
20

 (
39

.6
%

) 
ha

d 
no

 r
ec

en
t f

en
ta

ny
l u

se
.

L
aR

ue
, 2

01
9 

(4
9)

Se
ri

al
 c

ro
ss

-s
ec

tio
na

l 
an

al
ys

is
 o

f 
U

D
T

s,
 2

01
3–

20
18

C
on

ve
ni

en
ce

 s
am

pl
e 

of
 te

st
s 

fr
om

 U
S 

he
al

th
-

ca
re

 p
ra

ct
ic

es
 (

20
%

 s
ub

st
an

ce
 u

se
 tr

ea
tm

en
t, 

33
.5

%
 p

ai
n 

m
an

ag
em

en
t, 

23
.7

%
 p

ri
m

ar
y 

ca
re

, 
10

%
 b

eh
av

io
ra

l h
ea

lth
, 6

%
 o

b/
gy

n,
 6

%
 o

th
er

) 
(n

 =
 1

,0
00

,0
00

)

N
on

pr
es

cr
ib

ed
 f

en
ta

ny
l a

m
on

g 
co

ca
in

e-
 o

r 
m

et
ha

m
ph

et
am

in
e-

po
si

tiv
e 

ur
in

al
ys

is
 r

es
ul

ts

N
on

pr
es

cr
ib

ed
 f

en
ta

ny
l i

nc
re

as
ed

 f
ro

m
 0

.9
%

 to
 1

7.
6%

 
am

on
g 

co
ca

in
e-

po
si

tiv
e 

re
su

lts
 a

nd
 f

ro
m

 0
.9

%
 to

 7
.9

%
 

am
on

g 
m

et
ha

m
ph

et
am

in
e-

po
si

tiv
e 

re
su

lts
.

Tw
ill

m
an

, 2
02

0 
(5

0)
Se

ri
al

 c
ro

ss
-s

ec
tio

na
l 

an
al

ys
is

 o
f 

U
D

T
s,

 2
01

3–
20

19

C
on

ve
ni

en
ce

 s
am

pl
e 

of
 te

st
s 

fr
om

 U
S 

he
al

th
-c

ar
e 

pr
ac

tic
es

 (
22

.6
7%

 s
ub

st
an

ce
 u

se
 

tr
ea

tm
en

t, 
33

.2
5%

 p
ai

n 
m

an
ag

em
en

t, 
22

.8
%

 
pr

im
ar

y 
ca

re
, 1

3.
25

%
 b

eh
av

io
ra

l h
ea

lth
, 

1.
76

%
 o

b/
gy

n,
 6

.2
7%

 o
th

er
) 

(n
 =

 1
,0

50
,0

00
).

N
on

pr
es

cr
ib

ed
 f

en
ta

ny
l a

m
on

g 
co

ca
in

e-
 o

r 
m

et
ha

m
ph

et
am

in
e-

po
si

tiv
e 

ur
in

al
ys

is
 r

es
ul

ts

N
on

pr
es

cr
ib

ed
 f

en
ta

ny
l i

nc
re

as
ed

 f
ro

m
 5

.3
%

 to
 3

3.
5%

 
am

on
g 

co
ca

in
e-

po
si

tiv
e 

re
su

lts
 a

nd
 f

ro
m

 2
.2

%
 to

 3
0.

4%
 

am
on

g 
m

et
ha

m
ph

et
am

in
e-

po
si

tiv
e 

re
su

lts
. F

en
ta

ny
l a

m
on

g 
m

et
ha

m
ph

et
am

in
e-

po
si

tiv
e 

re
su

lts
 a

nd
 a

m
on

g 
co

ca
in

e-
po

si
tiv

e 
in

cr
ea

se
d 

si
gn

if
ic

an
tly

 f
ro

m
 2

01
6–

20
19

 (
P 

<
 

0.
00

1)
.

A
bb

re
vi

at
io

ns
: o

b/
gy

n,
 o

bs
te

tr
ic

s/
gy

ne
co

lo
gy

; U
D

T,
 u

ri
na

ry
 d

ru
g 

te
st

.

Epidemiol Rev. Author manuscript; available in PMC 2022 June 15.


	Abstract
	INTRODUCTION
	TRENDS IN MORBIDITY AND MORTALITY FROM OPIOIDS AND STIMULANTS
	Rising morbidity from stimulants and combined stimulants/opioids: emergency department data
	Postmortem toxicology testing from the National Vital Statistics System
	Postmortem toxicology testing from other vital records systems

	CHANGES IN THE ILLICIT DRUG SUPPLY
	Increasing availability of cocaine and methamphetamine: Drug Enforcement Administration data
	Increasing synthetic opioids in cocaine and methamphetamine supplies: drug seizure data
	Community-based samples and case series: combined stimulant and fentanyl exposure occurrence and awareness

	CHANGES IN SUBSTANCE USE PATTERNS
	PUBLIC HEALTH CHALLENGES
	PUBLIC HEALTH REPONSE
	Coordinated multiagency response
	Workforce preparation
	Treatment
	Public safety
	Harm reduction
	Public health communication
	Primary prevention

	CONCLUSION
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

