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Abstract

Methamphetamine use is increasing among people who use opioids (PWUO); however,
factors associated with methamphetamine use among PWUO have not been systematically
examined. We searched five electronic databases, from inception to January 32023, for
primary studies that characterized methamphetamine use and its associated risk factors
among PWUO. We screened 3801 unique studies and included 33 quantitative primary
studies. Two reviewers independently screened, extracted data, and assessed the risk of
bias. Findings were narratively summarized. Eleven studies reported increasing trends of
methamphetamine use among PWUO in the US and Canada. Twenty-eight studies con-
ducted in North America and Asia examined factors associated with methamphetamine use
among PWUO. Methamphetamine use was associated with younger age, residing in rural
areas, lower socioeconomic status, mental and physical illnesses, and engaging in risky
sexual and drug use behaviours. To combat the expanding “twin epidemic” of opioid and
methamphetamine use, scaling up harm reduction interventions, supporting low-threshold
addiction care, and investing in therapeutic options for methamphetamine use disorder is
warranted.
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The drug overdose epidemic remains a significant public health challenge globally, with

opioids being the leading cause of drug-related mortalities worldwide (UNODC, 2022).
Approximately 61.3 million individuals were reported to have used opioids during the
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preceding year on a global scale in 2020 (UNODC, 2022). Meanwhile, methamphetamine
continues to dominate the global supply of amphetamine-type stimulants, and its use has
been increasing worldwide (Stoneberg et al., 2018; UNODC, 2022). Notably, recent stud-
ies have also reported a concerning trend of increasing methamphetamine use among peo-
ple who use opioids (PWUO), leading to the emergence of a “twin epidemic” involving
concurrent use of opioids and methamphetamine (Ellis et al., 2018; Jones et al., 2020a, b;
Strickland et al., 2021; Twillman et al., 2020).

The drug overdose epidemic has a complex history, with drug use patterns varying sig-
nificantly across different regions (Ciccarone, 2019; Dargan & Wood, 2012; Fischer et al.,
2021; Ramachandram et al., 2020). In most settings in North America, the opioid epidemic
has unfolded in three distinct waves. From 1999 to 2010, morbidity and mortality were
primarily attributed to non-medical prescription opioid use. Between 2010 and 2013, the
epidemic was mainly driven by heroin use. More recently, unregulated fentanyl, as well
as other synthetic opioids, account for the majority of opioid-related morbidity and mor-
tality (Ciccarone, 2019; Fischer et al., 2021; Karamouzian et al., 2022a). Furthermore,
the increased production of methamphetamine in Mexico and subsequent transport into
the United States and Canada has led to the high availability of the drug at relatively low
prices, contributing to an elevated methamphetamine use prevalence in these countries
(Brouwer et al., 2006; Onoka et al., 2020; Shukla et al., 2012). In East and South-East
Asia, the transition from opium to heroin as the dominant opioid of use occurred gradu-
ally over several decades, and the emergence of fentanyl and other synthetic opioids has
occurred more recently (Dargan & Wood, 2012; Ramachandram et al., 2020). Moreover,
methamphetamine is widely available, and its use remains a significant public health con-
cern across Asia (McKetin et al., 2008).

Given the rise in methamphetamine use and synthetic drugs contaminating the unregu-
lated drug supply, the nature of the overdose epidemic is evolving and posing new urgent
public health challenges (Palamar et al., 2022; Rhed et al., 2022; Taylor et al., 2021). Studies
from various international settings have observed high and increasing methamphetamine use
prevalence among PWUO (Des Jarlais et al., 2021; EMCDDA, 2021, 2022; Meacham et al.,
2018a; Strickland et al., 2021; Wang et al., 2015). For example, a study using a nationally
representative sample in the US found a significant surge in past-month methamphetamine
use from 9.0% in 2015 to 44.0% in 2019 among individuals reporting past-month heroin use
(Strickland et al., 2021). In Vietnam, data from a community-based survey of more than 2000
people who injected heroin suggested consistently high self-reported past-month metham-
phetamine use (over 40%) from 2016 to 2018 (Des Jarlais et al., 2021). Similarly, in a cohort
of 1984 people who injected drugs in Vancouver, the prevalence of recent methamphetamine
use significantly increased from 19% in 2006 to 36% in 2017 (Bach et al., 2020).

The combined use of opioids and methamphetamine is a substantial cause for concern,
as it can result in serious health consequences, such as an increased risk of overdose, hospi-
talizations, and death (Al-Tayyib et al., 2017; Spencer et al., 2022; Strickland et al., 2021).
The increasing use of methamphetamine has also complicated the opioid use disorders’
(OUD) treatment landscape (Chan et al., 2020; Cui et al., 2023; Frost et al., 2021). Studies
have found that methamphetamine use among people receiving medications for OUD is
associated with higher rates of treatment dropout and poorer treatment outcomes, including
lower rates of abstinence and higher rates of relapse (Chan et al., 2020; Cui et al., 2023;
Frost et al., 2021). Several qualitative studies have identified individual and structural rea-
sons for the rise in methamphetamine use among PWUO (Baker et al., 2020; Corser et al.,
2022; Daniulaityte et al., 2022; Esmaili et al., 2019; Hansen et al., 2021; Ivsins et al., 2022;
Lopez et al., 2021; Palmer et al., 2020; Rhed et al., 2022; Silverstein et al., 2021; Steinberg
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et al., 2022). Other reasons include the increased availability and purity of methampheta-
mine, as well as social and cultural factors, such as peer pressure and the acceptability
of methamphetamine use within specific communities (Baker et al., 2020; Esmaili et al.,
2019; Hansen et al., 2021; Steinberg et al., 2022).

The “twin epidemic” of methamphetamine and opioid use has created complex chal-
lenges for healthcare providers, communities, and policymakers worldwide. To effec-
tively address the escalating risks associated with methamphetamine use among PWUO,
it is crucial to have a comprehensive understanding of the individual and structural factors
influencing this phenomenon (Park et al., 2020). However, the characteristics of metham-
phetamine use among PWUO have not been systematically summarized to draw essential
insights. Therefore, this systematic review aims to comprehensively synthesize the avail-
able quantitative evidence characterizing methamphetamine use among PWUO. The objec-
tives of this review are to characterize: 1) Methamphetamine use trends among PWUO;
and 2) Individual and structural factors associated with methamphetamine use among
PWUO. The insights from this review could contribute to the development of effective pre-
vention, treatment, and harm reduction strategies targeting methamphetamine use among
PWUO.

Methods
Databases and Search Strategy

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist (Page et al., 2021), we conducted a comprehensive search for empiri-
cal peer-reviewed studies or gray literature on the use of methamphetamine among PWUO
from inception to January 3" 2023, across several databases, including MEDLINE, Psy-
cINFO, CINAHL, Embase, and the first 200 records of Google Scholar (Haddaway et al.,
2015). Search terms were combined using appropriate Boolean operators. They included
relevant subject heading terms and keywords for two primary search concepts, adjusted
for use in each database: Opioid use (e.g., opioid OR opiate OR fentanyl OR heroin OR
methadone OR buprenorphine OR hydromorphone) AND methamphetamine use (e.g.,
amphetamine OR methamphetamine). We additionally performed hand searches of the bib-
liographies of relevant published works, relevant conference proceedings, gray literature
databases, and dissertations. Our search strategy was not restricted by publication date or
language. A sample search strategy is included in Table S1. All inclusion criteria and ana-
lytical approaches were established a priori and documented in a PROSPERO protocol
(Registration Number: CRD42022372905).

Inclusion and Exclusion Criteria

Observational studies of any design (e.g., cross-sectional, cohort) and baseline data of
experimental studies prior to interventions were considered for inclusion if they charac-
terized methamphetamine use among PWUO. Additionally, the study population was lim-
ited to individuals who used opioids to a degree defined as “problematic” by the original
study’s definition (Karamouzian et al., 2022a, b). This included: i) Individuals who used
unregulated opioids, such as heroin and fentanyl; ii) Individuals who used prescription opi-
oids for non-medical purposes; iii) Individuals who were diagnosed with OUD as defined
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by the Diagnostic and Statistical Manual of Mental Disorders (DSM) or other validated
diagnostic tools (American Psychiatric Association, 2013); or iv) Individuals who were
seeking or receiving treatment for OUD. We also included studies with mixed populations
of PWUO and people using other substances if they provided separate analyses for par-
ticipants with PWUO. Studies were included if their study outcomes were any frequency
and route of methamphetamine use or initiation during any time interval (e.g., lifetime,
past year, past six months, past month, current). Studies were also included if they used
latent class analysis to study factors associated with a latent methamphetamine and opioid
use class compared to a latent opioid use-only class. Different studies using the same data
source were included if they examined different methamphetamine outcomes or their asso-
ciated covariates. Qualitative research, reviews, expert opinions, and studies that did not
allow for the quantification of measures of associations were excluded.

Screening Process

All records were imported into Covidence (Veritas Health Innovation, Melbourne) and de-
duplicated. Two independent reviewers (ZC and AN) screened the titles and abstracts to
ensure that each study met the criteria for inclusion in the review. Studies that met the
inclusion criteria or were unclear were retained for full-text screening conducted by two
independent reviewers (ZC and AN). When conflicts arose during the screening or data
extraction process, ZC, AN, and a third co-author, MK, resolved them by consensus.

Data Extraction

Data were extracted on study characteristics (e.g., study design, study date, location), par-
ticipant characteristics (e.g., sample size, age, gender, ethnicity/race), outcome character-
istics (e.g., ascertainment, definitions), and the main findings reported. Due to substantial
variation in participants’ characteristics, covariates (i.e., a range of individual and struc-
tural factors in the unadjusted or adjusted analyses), and outcome definitions (i.e., different
frequencies and routes of methamphetamine use during varying time intervals), no meta-
analysis was conducted. Study findings were summarized and presented narratively. The
primary factors associated with methamphetamine use were identified and presented.

Risk of Bias Assessment

We utilized a modified version of the Newcastle-Ottawa Quality Assessment Scale to inde-
pendently assess the risk of bias in the studies included in our review. The tool employs
multiple components to evaluate selection bias, comparability, and outcome assessment
(Wells et al., 2000).

Results
Our search strategy yielded 3801 unique records eligible for inclusion in this study. After
screening the titles and abstracts, 199 were retained for full-text screening. Of those, a total

of 33 studies met our inclusion criteria. Figure 1 provides a PRISMA flow diagram sum-
marizing the article selection process and Table S2 provides the PRISMA checklist.
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Fig. 1 PRISMA flow diagram of the study screening process
Study Overview

An overview of the included studies is presented in Table 1. All included studies were
conducted over the period between 2000 and 2020. Most studies (n = 21) were con-
ducted in North America, with 16 in the US, three in Mexico, and two in Canada. A
total of 9 studies were conducted in East Asia, with three in China, three in Malaysia,
and three in Vietnam and three studies were conducted in West Asia (i.e., Iran).

Overall, 21 were cross-sectional, five were repeated cross-sectional, and seven were
longitudinal cohort studies. Among the 33 studies, 12 characterized trends of metham-
phetamine use over time, and 28 studies examined various factors associated with meth-
amphetamine use. Of the 28 studies, 16 conducted unadjusted comparisons, while the
other 12 studies conducted multivariable models. Out of the total number of studies ana-
lyzed, 14 studies utilized convenience sampling recruitment in clinics, while eight studies
employed a snowball or respondent-driven sampling strategy. Additionally, seven studies
relied on surveillance data, while four studies utilized a nationally representative survey.

Study Participants

Table 2 summarizes the characteristics of study participants in the included studies.
All studies included a sub-population of PWUO, although the inclusion criteria of the
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studies varied greatly and included a wide range of participants, such as patients admit-
ted to emergency departments with an OUD diagnosis, patients receiving methadone
maintenance therapy (MMT), participants with positive urine tests for heroin, or partici-
pants who self-reported regular non-medical use of opioids.

Most studies (n = 30) provided information on the age and sex/gender of their par-
ticipants, with mean or median ages ranging from 30 to 45 years old. One study con-
ducted in the US focused solely on treatment admissions for patients aged 55 years or
older (Choi et al., 2022). The terms sex and gender were often confused; thus, we would
not differentiate the term sex/gender when summarizing the findings. Of the 18 studies
conducted in North America that reported on sex/gender, the proportion of men ranged
from 48.7% to 85.5%. Among the 12 studies conducted in Asia that reported on sex/
gender, two studies in Iran included only women, one study in China included only men,
and nine included predominantly men (86% to 97%). Only 18 studies provided race/
ethnicity information. Of the 14 studies conducted in the US, the proportion of White
participants varied greatly, ranging from 20.4% to 94.2%. Three studies conducted in
Malaysia were predominantly Malay (84% to 96%), while one study conducted in China
reported that over half (58.3%) of the participants were ethnic minorities (i.e., ethnici-
ties besides the dominant Han).

Outcome Operationalization

The operationalization of methamphetamine use varied considerably among the
included studies. Self-reported use was the most common measure (n = 25). Several
studies measured self-reported lifetime use (n = 2), past-year use (n = 4), past six-
month use (n = 7), past three-month use (n = 2), past-month use (n = 8), concurrent
use (n = 1), and methamphetamine dependence based on DSM-IV (n = 1). Using self-
reported substance use indicators, three studies also employed latent class analysis to
classify participants into methamphetamine and/or opioid use classes. In addition, only
five studies used urine drug testing to measure methamphetamine use, while four used
reasons for hospital admissions related to methamphetamine use as outcome indicators.
Moreover, three studies were explicitly conducted on individuals who used metham-
phetamine and reported outcomes included methamphetamine use severity, long dura-
tion of methamphetamine use (i.e., greater than five years), and methamphetamine ini-
tiation after treatment enrollment.

The Trend of Methamphetamine Use Among PWUO

Table 3 summarizes the main findings from studies investigating methamphetamine
use trends among PWUO. All 11 studies included in the analysis were conducted in
the US and Canada. These studies consistently reported a significant upward trend
in methamphetamine use across different periods from 2006 to 2020, pre-dating
the COVID-19 pandemic. Notably, the rate of increase has been particularly rapid
since approximately 2010. Five studies examined the trend of methamphetamine
use among different subgroups. They found that the increase was notably higher
in rural areas, in the Western region (i.e., the Mountain States, including Montana,
Wyoming, Colorado, New Mexico, Idaho, Utah, Arizona and Nevada, as well as the
Pacific States, including Washington, Oregon, California, Alaska and Hawaii), and
among those with ongoing unregulated opioid use (e.g., fentanyl, heroin). Outside

@ Springer
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the North American context, only one study in Vietnam assessed methamphetamine
use longitudinally by looking at use among PWUO before and after COVID-19 but
did not find any significant changes.

Factors Associated with Methamphetamine Use Among PWUO

Table 4 presents the main findings of the studies that investigated factors associated with
methamphetamine use among PWUO.

Demographic Factors

Of the 20 studies conducted among PWUO that examined the association between
methamphetamine use and age, 14 found that younger age was associated with a
higher prevalence of methamphetamine use. In contrast, one study reported meth-
amphetamine use was more prevalent among those aged 26 years or older, and the
remaining five studies reported no significant associations. Out of 20 studies that
examined sex/gender among PWUO, ten found that methamphetamine use was more
prevalent among women/females, while one study reported the opposite, and the
remaining nine studies reported no significant differences. Race/ethnicity was pri-
marily examined in the studies conducted in the US or Canada (n = 12). Of those,
eight studies found that methamphetamine use was more prevalent among White
PWUO, while four reported no significant differences. Only one study in China
examined the association between ethnicity and methamphetamine use and found
that Dai minorities were more likely to use methamphetamine among participants
in MMT clinics (Wang et al. 2015). Additionally, the associations between meth-
amphetamine use and marital status or sexual orientation were only examined in a
few studies. Two out of the seven studies examining marital status found metham-
phetamine use was associated with divorce, while one out of four studies examining
sexual orientation found a significant association between methamphetamine use
and self-identification as non-heterosexual.

Socioeconomic Factors

Several studies examined the association between methamphetamine use and socioeco-
nomic status among PWUO, including employment, income level, education, housing sta-
tus, rurality, and geographic location. Of 15 studies that examined the association between
employment or income and methamphetamine use among PWUQ, six found methampheta-
mine use was associated with unemployment or lower income. In comparison, two studies
(one in Mexico and one in China) found the opposite, and the remaining seven reported
non-significant associations. Among ten studies that examined the association between
education and methamphetamine use, four found that PWUO with less than a high school
education were more likely to use methamphetamine. Seven studies conducted in the US
or Canada reported methamphetamine use among PWUO was associated with unstable
housing status or homelessness, while four studies conducted elsewhere (two in Mexico
and two in Iran) reported non-significant associations. In the US, several studies found that
methamphetamine use prevalence among PWUO was higher in rural areas (n = 3) or the
Western region (n = 2).

@ Springer
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Substance Use Behaviours

Of 14 studies examining injection drug use behaviours among PWUO, ten found that
methamphetamine use was associated with injection drug use, and several studies also
found it was associated with sharing or reusing syringes or other equipment. Furthermore,
several studies found that recent methamphetamine use among PWUO was associated with
a long history of drug use, history of methamphetamine use, recent non-medical stimulant
use (e.g., cocaine) and/or opioid use (e.g., heroin). Most studies conducted among PWUO
examining marijuana or alcohol reported positive associations between the use of meth-
amphetamine and marijuana (4/6) or alcohol (5/8), while only one study reported meth-
amphetamine use was negatively associated with marijuana or alcohol. Four studies exam-
ining the associations between the use of methamphetamine and benzodiazepines among
PWUO reported inconclusive results. Recent methamphetamine use among PWUO was
also associated with a previous or witnessed overdose.

Risk Behaviours and Associated Activities

Out of nine studies examining associations between methamphetamine use and criminal
activity among PWUO, seven found methamphetamine use was associated with drug deal-
ing or a history of arrests or incarceration. Additionally, out of seven studies examining
sexual behaviours among PWUO, five found methamphetamine use was associated with
sex work involvement or engaging in high-risk sexual practices, such as having unprotected
sex with casual partners, having multiple casual sex partners, or sexualized substance use.

Mental and Physical Health Conditions

Overall, methamphetamine use among PWUO was associated with mental and physical
health adversities; however, two studies examining self-rated health status reported non-
significant findings. Nine out of ten studies examining mental health conditions among
PWUO found methamphetamine use was associated with co-occurring mental illnesses,
including anxiety, depression, and mood disorders. Regarding infectious diseases, ten stud-
ies conducted among PWUO were identified, of which two, conducted in Vietnam, found
methamphetamine use was associated with HIV seropositivity and one study in the US
found methamphetamine use was associated with hepatitis B/C seropositivity. Physical ill-
nesses were often used as outcomes rather than covariates when assessing their relation-
ship with methamphetamine use and thus rarely examined in studies that met our inclusion
criteria. Only two studies included in our review examined respiratory and cardiovascu-
lar diseases, among which methamphetamine use was found to be associated with chronic
obstructive pulmonary disease in one study and endocarditis in another.

Participation in Drug Treatment and Harm Reduction Programs

In total, 14 studies conducted among PWUO examined the association between metham-
phetamine use and accessing drug treatment or harm reduction services. Among them,
six studies found that PWUOQO who also use methamphetamine were more likely to have
received drug treatment, with two studies indicating they were also more likely to feel the
need for help, and one study reporting they were more likely to face barriers to treatment.
In contrast, seven studies conducted among PWUO found that receiving drug treatment
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was associated with lower methamphetamine use. Eleven studies specifically focused on
MMT uptake. Of these, five studies found that lower levels of methamphetamine use were
associated with participation in MMT, while three studies found that lower levels of meth-
amphetamine use were associated with longer retention in MMT. The findings regarding
the relationship between methadone dose and methamphetamine use were mixed across
three studies. One study found that days missed on MMT were not significantly associated
with methamphetamine use.

Additionally, three studies examined the association between methamphetamine use and
receiving buprenorphine-based or naltrexone-based treatment. The findings were mixed,
with one study showing a positive association between methamphetamine use and receiv-
ing buprenorphine-based treatment, another study showing a negative association between
methamphetamine use and receiving naltrexone-based treatment, and a third study showing
a positive association between methamphetamine use and ever-receiving naltrexone-based
treatment. Moreover, some individual studies also found that methamphetamine use was
linked to more inpatient/outpatient/residential treatment encounters and initiating metham-
phetamine after initiating treatment. Only two US-based studies specifically investigated
harm reduction services, finding positive associations between methamphetamine use and
accessing syringe exchange programs and possessing a naloxone Kkit.

Risk of Bias Assessment

As presented in Table S3, most studies were of good quality regarding the risk of bias as
evaluated by a modified version of the Newcastle Ottawa Quality Assessment Scale. Most
studies had a sufficient sample size, had comparable participants, and were statistically
sound; however, most suffered from measurement biases in their outcome and exposure
ascertainment, primarily due to self-reported measurements.

Discussion

We systematically reviewed 33 studies that characterized methamphetamine use among
PWUO. Of those, 11 studies characterized an increasing trend of methamphetamine use
in the US and Canada and 28 studies characterized factors associated with methampheta-
mine use among PWUO in North America and Asia. We found individuals who use meth-
amphetamine to be more likely to be younger, reside in rural areas, have lower socioeco-
nomic status, have mental and physical health conditions, and engage in risky behaviours
that increase their risk for sexually transmitted infections and substance use-related harms.
PWUO who use methamphetamine were also more likely to use unregulated opioids and
have a history of other stimulant use practices. Notably, a longer duration of receiving
medications for opioid use disorder (MOUD) was associated with lower levels of metham-
phetamine use.

This review is consistent with an increasing body of evidence highlighting the rise in
the prevalence of methamphetamine use among PWUO in the US and Canada (Ellis et al.,
2018; Jones et al., 2020a; Karamouzian et al., 2023). However, studies explicitly examining
the trend of methamphetamine use among PWUO in settings outside of North America are
limited, despite previous research conducted in Asia and Europe suggesting a rising trend
in methamphetamine use among people who use drugs (Chomchai & Chomchai, 2015;
Kwon & Han, 2018). Meanwhile, overdose fatalities involving both methamphetamine and
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opioids have increased in recent years in both the US and Canada, underscoring the risks
associated with polysubstance use (BC Coroners Service, 2020; National Institute on Drug
Abuse, 2021). Our review also found that research studies conducted in various settings
in North America and Asia have demonstrated an association between the use of meth-
amphetamine and opioids. Qualitative studies found people either use methamphetamine
with opioids (i.e., “goofball”) to achieve a rollercoaster high or use methamphetamine after
opioids to help counteract the sedative effects of opioids (Daniulaityte et al., 2022; Hansen
et al., 2021; Ivsins et al., 2022; Lopez et al., 2021; Palmer et al., 2020; Rhed et al., 2022;
Silverstein et al., 2021; Steinberg et al., 2022). With the increasing presence of more potent
synthetic opioids (e.g., fentanyl) in the unregulated drug supply (BC Coroners Service,
2020; Ellis et al., 2018; Hoopsick & Andrew Yockey, 2023; Karamouzian et al., 2018;
National Institute on Drug Abuse, 2021), individuals may also use methamphetamine as
an overdose prevention strategy and self-medicate with methamphetamine to alleviate
opioid withdrawal symptoms (Baker et al., 2020; Hansen et al., 2021; Ivsins et al., 2022;
Lopez et al., 2021; Palmer et al., 2020; Rhed et al., 2022; Silverstein et al., 2021; Steinberg
et al., 2022). Methamphetamine might also improve work-life functioning or help individu-
als stay awake to avoid violence or robbery, particularly among those who are marginally
housed (Korthuis et al., 2022).

Conversely, some studies examining combined methamphetamine and opioid use, with
measurements including urine test results or fatality data, have captured cases of unin-
tentional opioid exposure among people who use methamphetamine (Daniulaityte et al.,
2019). Indeed, there are indications of increased opioid exposure, particularly fentanyl, due
to the adulterated methamphetamine supply (Dai et al., 2022; Daniulaityte et al., 2023).
For instance, a small-scale study in Montgomery County, Ohio, revealed that 71.9% of the
89 participants who reported past 30-day methamphetamine use tested positive for fenta-
nyl (Daniulaityte et al., 2023). Another study in West Virginia, conducted between 2013
and 2018, found that opioids were detected in 64.7% of methamphetamine-related deaths
(Dai et al., 2022). Moreover, in 2022 Canada, 78% of accidental apparent stimulant toxic-
ity deaths involved an opioid (Government of Canada, 2022). Collectively, intentional and
unintentional combined use of opioids and methamphetamine are concerning as they are
associated with an increased risk of overdose compared to opioid or methamphetamine use
alone (Karamouzian et al., 2022b).

In order to address the harms associated with polysubstance use involving metham-
phetamine among PWUO, it is crucial to ensure the ready availability of harm reduction
supplies. Additionally, harm reduction facilities, including those with a specific focus on
overdose prevention, should be easily accessible to PWUO. (Park et al., 2020). However,
the availability of harm reduction programs and regulations varies widely by region and
jurisdiction (Hammett et al., 2014). For example, naloxone — an opioid antagonist that can
quickly reverse the effects of an opioid overdose (Davis & Carr, 2020) — can be obtained
from pharmacies without a prescription in both US and Canada (Antoniou et al., 2021;
Cohen et al., 2020; Hammett et al., 2014). However, naloxone is only available with a pre-
scription in some other countries, including Mexico, Iran, and Malaysia, and is restricted
in countries, such as China and Vietnam (Hammett et al., 2014; Mehrpour, 2019; Rostami
et al. 2023; Vicknasingam et al., 2015). Canada, and more recently in a small number of
settings in the US, have also implemented supervised consumption sites as a novel service
design to meet the needs of people who use drugs (Kennedy et al., 2017; Kolla et al., 2020;
Pauly et al., 2020; Wallace et al., 2019). Efforts should be directed towards expanding and
widely implementing evidence-informed life-saving harm reduction programs globally.
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These programs play a crucial role in addressing the escalating harms linked to the concur-
rent use of opioids and methamphetamine among PWUO.

Our review also noted that methamphetamine use is concentrated among structur-
ally disadvantaged populations. In the US, the increase in methamphetamine use among
PWUO is particularly significant in rural areas and Western regions (Compton et al., 2020;
Ellis et al., 2018, 2021; Jones et al., 2020b). Qualitative studies conducted in the US have
reported that the availability and affordability of methamphetamine may contribute to the
appeal of methamphetamine as a coping mechanism for some PWUO (Hansen et al., 2021;
Strickland et al., 2019). One reason for the increasing availability of methamphetamine use
in Western regions may include its proximity to the primary methamphetamine production
source in Mexico (Brouwer et al., 2006). The rural nature of many areas in Western regions
may also contribute to the ease of methamphetamine production in clandestine labs (Doni-
jan, 2013). Meanwhile, rural areas may have higher rates of economic stressors compared
to urban areas, including unemployment or poverty (Keyes et al., 2014), which were both
reported to be associated with higher rates of methamphetamine use in different settings
(Danesh & Noroozi, 2019; Jones et al., 2020b; Shearer et al., 2020).

It is essential to note that social and economic inequities are also present in urban areas
(Nijman & Wei 2020; Van Draanen et al., 2020). Unstable housing is generally more preva-
lent in urban areas, as cities tend to have higher housing costs and often have more housing
resources for individuals experiencing homelessness (Sylvestre et al., 2018). People living
on the street may use methamphetamine as a coping strategy to stay alert and avoid hazards
(Fast et al., 2014; Mckenna, 2013). Nevertheless, as the use and possession of metham-
phetamine are illegal in most countries, methamphetamine use was found to be associated
with criminal justice system involvement (Al-Tayyib et al., 2017; Choi et al., 2022; Cui
et al., 2022b; Glick et al., 2021; Meacham et al., 2018b), which may further exacerbate
social and structural discrimination (Redmond et al. 2020). Some countries (e.g., Canada,
Uruguay, and Portugal) have taken steps to decriminalize non-violent drug offences among
people who use drugs (Maynard & Jozaghi, 2021; Vale de Andrade & Carapinha, 2010;
Von Hoffmann, 2016). In response to the rapidly increasing use of methamphetamine and
the ongoing opioid toxicity epidemic, it is imperative to address the specific structural
needs of residents in different regions. This includes initiatives, such as creating employ-
ment opportunities, promoting effective housing policies, and implementing evidence-
based decriminalization strategies for people who use drugs (Austin & Boyd, 2021; Bard-
well et al., 2017; Maynard & Jozaghi, 2021; Van Draanen et al. 2023).

Based on our findings, it became evident that methamphetamine use was more preva-
lent among younger PWUO. Additionally, increased methamphetamine use was associ-
ated with engaging in drug use or sexual behaviours that may pose a risk of transmit-
ting infectious diseases. Younger people may be exposed to methamphetamine through
peer pressure or social networks, as methamphetamine is sometimes marketed as a
party drug and may be perceived as more socially acceptable among younger popula-
tions (Boshears et al., 2011; Russell et al., 2008). The pharmacological effects of meth-
amphetamine work to decrease inhibition and increase sexual desire impulsivity, and
increased engagement in unprotected sex with casual or multiple partners (Corsi &
Booth, 2008; Fast et al., 2014; Forrest et al., 2010; Knight et al., 2019; Melendez-Torres
et al., 2016; Pitpitan et al., 2018; Vearrier et al., 2012). This is particularly concerning
for young PWUO who use methamphetamine, given the significant barriers to access-
ing MOUD among them (Pilarinos et al., 2022). Expanding and designing educational
interventions and harm reduction messaging tailored towards youth, as well as tackling
barriers to accessing MOUD among them could help inform them about the various
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harms associated with concurrent use of opioids and methamphetamine and improve the
treatment and health outcomes for them.

Several studies identified a high prevalence of methamphetamine injecting
practices among PWUO (Cui et al., 2022b; Daniulaityte et al., 2020; Jones et al.,
2020b; Meacham et al., 2015; Meacham et al., 2018a, b). More concerning is that
methamphetamine use was found to be associated with sharing or reusing syringes
(Al-Tayyib et al., 2017; Glick et al., 2021; Meacham et al., 2015, 2018a, b). How-
ever, the majority of studies included in our review did not find a significant asso-
ciation between methamphetamine use and infectious diseases, including sexually
transmitted infections, HIV, or hepatitis B or C among PWUO. Only two studies
conducted in Vietnam found an association between methamphetamine use and
HIV seropositivity. In some resource-limited settings (e.g., Vietnam, China), the
ambiguities and contradictions between laws and policy implementation by street
police present challenges in promoting HIV prevention and harm reduction training
among people who inject drugs (Jardine et al., 2012). A comprehensive preven-
tion and harm reduction package, including facilitated access to sterile needles for
people who inject drugs and engage in polysubstance use practices, is essential to
ensure reduced injection-related harms, and expansion or re-emergence of HIV epi-
demics among them (Des Jarlais et al., 2016).

Among PWUO seeking or receiving MOUD, the findings of the reviewed studies
were inconsistent across different settings, highlighting the complexities and challenges
in providing effective treatment for OUD. On the one hand, several studies showed that
participation in MOUD treatment, especially MMT, and longer duration of treatment
were associated with reduced methamphetamine use (Cui et al., 2022a; El Ibrahimi
et al., 2022; Glick et al., 2018; Jones et al., 2020b; Strickland et al., 2021). In alignment,
a recently published systematic review suggested that people who use methampheta-
mine may have lower receipt of MOUD, retention in MOUD, and opioid abstinence dur-
ing MOUD (Frost et al., 2021). On the other hand, some studies have reported increased
methamphetamine use among individuals who have received MOUD, while they have
also reported facing barriers to treatment or feeling the need for additional help. These
findings suggest that there may be some unsatisfactory experiences with MOUD that
contribute to increased methamphetamine use (Cui et al., 2022a; Meacham et al.,
2018b; Smith et al., 2022). To improve the retention and outcomes of MOUD treat-
ment, it is crucial to ensure timely access to MOUD (Husain et al., 2023; Leece et al.,
2019; Pijl-Zieber et al., 2022; Wakeman & Rich, 2017) and provide patient-centred care
that includes customized medication modalities and dosages (Buresh et al., 2022; Mur-
thy, 2016). In the absence of effective medication treatment for methamphetamine use
disorder, non-medical interventions, such as contingency management targeting meth-
amphetamine use, can be incorporated with MOUD treatment, yet the long-term effec-
tiveness of such non-medical interventions remains unclear (Brown & DeFulio, 2020).
Therefore, there is a pressing need for pharmaceutical trials targeting patients with co-
occurring methamphetamine and OUD to confront this uncontrolled overdose epidemic.
Furthermore, this review also noted that compared to using opioids alone, the use of
methamphetamine and opioids was associated with increased risks of mental (e.g., anxi-
ety, depression, and mood disorders) and physical (e.g., cardiovascular and lung dis-
eases) illnesses, and consequentially more treatment encounters. These encounters can
be used as opportunities to connect individuals to appropriate care and treatment (e.g.,
concurrent mental health and substance use treatment).
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Limitations

Although our study was methodologically rigorous, there are some limitations to
consider, primarily due to the methodological shortcomings of the individual studies
included. First, all studies were conducted in North America and Asia, and all studies
included in our review characterizing methamphetamine use trends prior to COVID-19
were conducted in the US and Canada. This may reflect the geographical popularity of
methamphetamine in these regions, but it limits our findings’ generalizability to other
regions, such as Europe or South America, where methamphetamine use is also spread-
ing (EMCDDA, 2022; Lewis et al., 2021). We came across studies conducted in Europe
concerning related topics; however, they were excluded because they did not meet our
eligibility criteria for reasons, such as not examining trends or factors associated with
methamphetamine use among PWUO (Gabrovec, 2015), or not separating methamphet-
amine from other stimulant use (Makarenko et al., 2018). Second, the heterogeneity in
our study population and outcome indicators, the varying sampling frameworks, and
the assessment of participants’ sociodemographic and behavioural characteristics made
it challenging to make direct comparisons and estimate pooled effect measures. The
extensive heterogeneity in participant characteristics across the original studies restricts
the generalizability of our findings to the entire population of PWUO, including those
who were not included in the settings described in our paper. Third, while COVID-
19 was thought to significantly impact the unregulated drug supply market, only one
study in Vietnam assessed changes in methamphetamine use among PWUO before and
after the pandemic. Further research is needed to evaluate the impact of COVID-19
on methamphetamine and opioid use and their potential interactive contribution to the
chronically high overdose fatalities. Fourth, many of our included studies relied on self-
reported data, which may be subject to recall or social desirability bias. However, prior
research has suggested that self-reported data is generally accurate among people who
use drugs (Darke, 1998). Lastly, all our included studies were observational; thus, we
cannot infer causation between the identified factors and methamphetamine use among
PWUO. Specifically, more than half of our included studies conducted unadjusted
analyses only, and the noted associations were subject to unadjusted, unmeasured,
or unknown confounding. Also, the cross-sectional nature of many studies limits the
ability to establish temporality. However, observational studies can provide important
insights into real-world settings, particularly considering that a portion of the included
studies used nationally representative samples. Nonetheless, most of the studies were
robust, had a large sample size, and were of reasonable quality.

Conclusion

Our systematic review provides a comprehensive overview of the increasing trend of meth-
amphetamine use among PWUO and its associated individual and structural factors. Our
findings emphasize that the prevailing focus on the opioid epidemic must be expanded to
address the growing issue of methamphetamine use, and potentially other drugs, among
PWUO. Future clinical trials should evaluate treatment effects in the context of concurrent
methamphetamine and opioid use, and be further undertaken to identify effective candi-
date medications for stimulant replacement therapy. Policymakers should also consider fur-
ther investments in structural remedies to address the vulnerabilities of PWUO. Findings
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from our study call for the development of a holistic approach that considers prevention,
intervention, and harm reduction strategies aimed at addressing the growing twin epidemic
of methamphetamine and opioid use in North America and beyond.
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