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Abstract

Introduction.—Methamphetamine use is increasing in North America and is associated with
numerous negative health effects and social harms. As drug-related harms are often gendered, this
study sought to examine the differential impacts of gender on the trends, risk factors and health
implications of crystal methamphetamine use among a Canadian cohort of people with high rates
of injection polysubstance use.

Methods.—Data were collected from two prospective cohorts of people who inject drugs in
Vancouver, Canada. We examined trends in reported crystal methamphetamine use from 2006—
2017 using the Cochrane-Armitage test for trend. We used multivariable generalised estimating
equations, stratified by gender, to determine independent risk factors and health outcomes
associated with crystal methamphetamine use.

Results.—/n total, 1984 participants were included in the study, including 694 (35%) women.
The prevalence of reported crystal methamphetamine use within the previous 6 months rose from
19% in 2006 to 36% in 2017, with a rise seen in both genders (P < 0.001). Reported crystal
methamphetamine use was associated with numerous risk behaviours and drug-related harms in
both genders, and in women it was associated with an increase in experiences of sexual violence
(adjusted odds ratio 1.64, 95% confidence interval 1.18, 2.27).

Conclusions.—These findings demonstrate the rising prevalence of reported crystal
methamphetamine use in Vancouver in a cohort with high rates of polysubstance use. This work
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highlights drug and sex-related risk behaviours associated with crystal methamphetamine use for
both genders, and underscores the need to develop strategies to address the growing use of crystal
methamphetamine.
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Introduction

Methamphetamine is the most common illicit synthetic stimulant in the world, and its
prevalence continues to rise in many settings [1]. Recent national survey data from the
United States suggests that just over 5% of the US population has tried methamphetamine at
least once in their lifetime, with past year use estimated at 0.7% [2]. In Australia, rates of
methamphetamine use are among the highest in the world, with 1.4% of the population
reporting use within the past year, and in a recent Australian survey specifically targeting
people who inject drugs, 76% had injected crystal methamphetamine within the previous 6
months [3,4]. Canadian data estimate a prevalence rate of 3.7% lifetime use, with possession
violations for methamphetamine rising 590% between 2010 and 2017, most notably in the
western provinces of British Columbia and Alberta [5,6]. The rising prevalence of
methamphetamine use is concerning not only because of its high addictive potential, but also
because of the myriad of negative health effects and social consequences associated with its
use, including HIV and hepatitis C virus transmission, cardiovascular effects and psychiatric
harms [7]. Additionally, no effective pharmacotherapy currently exists for methamphetamine
use disorder, and current evidence-based treatment strategies are limited to psychosocial
interventions such as cognitive behavioural therapy and contingency management programs
[8]. Taken together, it is unsurprising that hospitalisations and associated healthcare costs
from methamphetamine use have risen sharply over the past decade [9].

Many important sociodemographic, social-structural and geographic variables shape the
prevalence and patterns of illicit substance use. In North American settings,
methamphetamine use in particular is more common in young adults, those of non-Hispanic
white background, those located in the West or mid-West of the United States, and those in
certain subgroups such as men who have sex with men (MSM) [10,11]. The role of gender
specifically has been shown to have important implications for patterns of use, with
methamphetamine use among women being associated with younger age of initiation, more
rapid escalation of patterns of use, more underlying mood disorders and better response to
treatment [12]. Conversely, among men, methamphetamine use is often associated with
older age of initial use, higher rates of polysubstance use and more frequent engagement
with the criminal justice system [12,13]. Since drug use is gendered, with marginalised
women particularly impacted by intersecting factors that shape drug-related harms,
exploring the role of gender may help inform effective service planning and delivery for
individuals who use methamphetamine.

Previous work has shown increasing rates of injection crystal methamphetamine use in
Western Canada, however, to our knowledge, no data have been published describing trends
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beyond the year 2004 [14]. Furthermore, there is a growing appreciation for the impact of
methamphetamine on the overdose crisis in the US and Canada, yet current information on
trends in methamphetamine use among those with polysubstance use is lacking [15]. Given
the significant increases in prevalence seen elsewhere over the past decade, the present study
sought to evaluate the prevalence of crystal methamphetamine use over the past decade
among a cohort of people who inject drugs in Vancouver, Canada. Further, given the
importance of understanding potentially modifiable factors that shape methamphetamine use
and its health impacts, this study also examined risk factors and health outcomes associated
with crystal methamphetamine use over the past decade, with special attention given to the
role of gender. We hypothesized that the prevalence of crystal methamphetamine use is
continuing to rise in both genders, as has been the overall trend in other parts of North
America, with key differences in substance use patterns and experiences of violence between
men and women.

Data for this study were obtained from two ongoing open prospective cohorts: the AIDS
Care Cohort to Evaluate Exposure to Survival Services (ACCESS) and the Vancouver
Injection Drug Users Study (VIDUS). Details for these cohorts have been well described in
previous literature [16]. Briefly, these cohorts are from Vancouver, Canada, have been
running since 1996 and are composed of HIV-positive and HIV-negative participants,
respectively. Criteria for eligibility include being =18 years old, living within the Greater
Vancouver Regional District and providing informed consent. Additionally, participants in
ACCESS have to have used illicit drugs in addition to or other than cannabis (which was
illegal during the study period) in the month prior to enrolment and be HIV-positive, while
those in VIDUS have to have used injection drugs within the month before enrolment and be
HIV-negative. Individuals in VIDUS who experience HIV seroconversion are transitioned to
the ACCESS study. Participants are recruited through street outreach, word of mouth and
self-referral. At the time of entry and on a semi-annual basis thereafter, participants
complete an interviewer-administered questionnaire to elicit information on demographics,
drug use behaviours and other exposures. Study procedures are harmonised to allow for
pooled analysis when appropriate. Blood samples are also drawn to establish HIV and
hepatitis C virus serostatus and to assess disease progression in those with HIV. All
participants are offered referrals to addiction treatment services, and any that test positive for
HIV are referred to an appropriate care provider. Participants are reimbursed with CAN$40
per visit for their time. The cohort studies receive annual ethics approval from the University
of British of Columbia/Providence Health Care research ethics board.

For this study, we used data gathered between December 2006 and June 2017. All study
participants with a history of injection drug use at baseline were included. Our primary
outcome was defined as any reported recent crystal methamphetamine use, defined as any
use within the previous 6 months (yes vs. no). A number of explanatory variables were
selected based on previously established or hypothesized relationships with crystal
methamphetamine use: calendar year of interview, age (per 10 years older), ethnicity (white
vs. non-white), employment (yes vs. no), homelessness (yes vs. no), residence in the
Downtown Eastside (an urban Vancouver neighbourhood with a high concentration of
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substance use; yes vs. no), sex work involvement (yes vs. no), drug dealing (yes vs. no), at
least daily injection heroin use (yes vs. no), at least daily injection cocaine use (yes vs. no),
at least daily non-injection crack use (yes vs. no), methadone maintenance therapy (yes vs.
no), HIV positive (yes vs. no), history of nonfatal overdose (yes vs. no), history of shared
syringes (yes vs. no), history of unprotected vaginal/anal intercourse (yes vs. no), history of
experiencing physical violence (yes vs. no), history of experiencing sexual violence (yes vs.
no), and MSM (in men only, yes vs. no). All behavioural variables referred to activities
within the previous 6 months.

Baseline sample characteristics stratified by reported crystal methamphetamine use within
the previous 6 months were compared using Pearson chi-squared test for categorical
variables and Mann—-Whitney test for continuous variables. Baseline sample characteristics
stratified by gender were also examined among individuals who reported crystal
methamphetamine use within the previous 6 months.

To examine changes in prevalence of crystal methamphetamine use over time, we examined
the proportion of participants reporting the following activities within the previous 6

months: (i) any crystal methamphetamine use; (ii) any intravenous crystal methamphetamine
use; and (iii) at least daily crystal methamphetamine use. These trends were also stratified by
gender and analysed by Cochran-Armitage test for trend.

Next, we used linear regression stratified by gender to evaluate for an association between
yearly frequency of each of our individual variables and calendar year in order to illustrate
changes in the composition of the overall cohort over time.

Finally, generalised estimating equations models, using an exchangeable correlation
structure (assuming that the within subject observations are equally correlated) and the logit
link function, were performed to identify factors independently associated with the primary
outcome of reported crystal methamphetamine use within the previous 6 months, stratified
by gender. Variance inflation factors were used to test for multicollinearity among variables.
The multivariable models were fit using an a priori defined model including all variables that
were found to be significant (< 0.1) in bivariable analyses. All statistical models were
performed using R version 3.5.0 (R Core Team, Vienna, Austria) and all A values were two-
sided and considered significant if £< 0.05.

This study included 2032 participants enrolled between the years of 2006 and 2017 and
followed for an average of 6.9 years per participant (interquartile range 2.2, 9.7). Out of the
sample 35% identified as female gender (/7= 694) and 65% identified as male gender (7=
1290), while 1% of participants (n7 = 20) identified as transgender, two-spirited or other non-
binary persons and were not included in these analyses due to low prevalence in the sample.
A total of 28 participants did not state their gender and were also excluded. The median age
of the 1984 included participants was 41.8 years (interquartile range 34.6, 48.1). The
majority of participants identified as white (58%, 7= 1151) or Indigenous ancestry (31%, n
= 609). At the first available survey, 29% (/7= 582) of participants reported crystal
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methamphetamine use within the previous 6 months. Of those 582 individuals, 188 (32%)
reported daily injection heroin use and 49 (8%) reported daily injection cocaine use at first
available survey. See Appendix S1 for baseline characteristics of the study sample, taken
from each individual participant’s time of entry into the cohort, stratified by reported crystal
methamphetamine use within the previous 6 months.

Crystal methamphetamine use was reported by 52% of all participants (/7= 1030), 51% of
women (7= 355) and 52% of men (7= 675), at some point during the study period. A
comparison of baseline characteristics of 1030 participants who reported any crystal
methamphetamine use during the study period (Table 1) found that men were more likely to
be older, white and employed, and were less likely compared to women to reside in the
Downtown Eastside, to be involved in sex work, to report at least daily injection heroin use,
to report at least daily non-injection crack use, to be on methadone maintenance therapy, to
have unprotected sex or to have experienced sexual violence (all £< 0.05).

Between 2006 and 2017, reported crystal methamphetamine use within the previous 6
months increased in all participants from 19% to 36% (P < 0.001; Figure 1a), in women
from 14% to 36% (P < 0.001), and in men from 22% to 37% (£ < 0.001). Similarly, reported
daily crystal methamphetamine use over the previous 6 months rose in all participants from
1% to 12% % (P < 0.001; Figure 1b), in women from 0% to 11% (P < 0.001), and in men
from 2% to 12% (P < 0.001). Lastly, reported injection crystal methamphetamine use within
the previous 6 months increased in all participants from 18% to 28% (P < 0.001; Figure 1c),
in women from 14% to 27% (P < 0.001), and in men from 20% to 29% (P < 0.001). There
were no significant differences between men and women for any measurement of reported
crystal methamphetamine use over time.

Other sociodemographic factors, drug use patterns and health outcomes in our cohort were
also changing over time. By examining the result of linear regression we saw that, in both
women and men, there was a negative association between calendar year and the proportion
of participants who were white, homeless, living in the Downtown Eastside, dealing drugs,
reporting daily noninjection crack cocaine use and reporting experiences of physical
violence. Conversely, in both genders there was a positive association between calendar year
and the proportion of participants reporting HIV and nonfatal overdose. In women
specifically, there was a negative association between year and sex work involvement, and a
positive association with rates of employment. In men specifically, there was a negative
association between year and rates of reported daily cocaine injection, shared injection
equipment and unprotected sex, and a positive association with sex work involvement (all »P
< 0.05). See Appendix S2 for a complete list of associations between sociodemographic
factors and drug use patterns with calendar year.

In multivariable generalised estimating equations analyses (Table 2), factors independently
associated with reported crystal methamphetamine use in both genders included calendar
year, involvement in sex work, drug dealing, nonfatal overdose, shared syringes, unprotected
sex and having experienced physical violence. In women only, residing in the Downtown
Eastside and having experienced sexual violence were associated with reported crystal
methamphetamine use, while reported at least daily noninjection crack use was negatively
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associated. In men only, homelessness, reported at least daily injection heroin use, reported
at least daily injection cocaine use, being HIV positive and MSM were also positively
associated with reported crystal methamphetamine use, while older age and employment
were negatively associated (all £< 0.05). Variance inflation factor testing showed no
evidence of multicollinearity (variance inflation factor ranging from 1.03-1.33; Appendix
3).

Discussion

In this prospective cohort study of participants with high rates of injection polysubstance use
situated in Vancouver, Canada, we observed a significant rise in the use of crystal
methamphetamine between 2007 and 2018, with over half of our participants reporting its
use at some point during the study period. We found that, in this population, overall
prevalence of reported crystal methamphetamine use was similar between men and women.
Furthermore, we found that many of the harms associated with reported crystal
methamphetamine use were common to both genders, including drug-related exposures such
as drug dealing, sharing syringes and recent non-fatal overdose, as well as sexual risk
exposures, such as sex work and unprotected sex. Experiences of sexual violence, however,
were associated with reported crystal methamphetamine use in women only.

Our observation of steadily increasing rates of reported crystal methamphetamine use is
consistent with many other reports from North America and globally [1,2]. Reliable
estimates of the global burden of methamphetamine use are challenging to obtain, but
reported seizure rates of amphetamine-type substances over the past 5 years have been
steadily rising, and methamphetamine makes up the majority of these seized drugs [1].
Furthermore, rates of amphetamine-related hospitalisations in the US are rising dramatically
[9]. While data from elsewhere in Canada is scarce, within the US other studies involving
people who inject drugs (PWID) suggest comparable increases over time to what we have
described, with the prevalence of methamphetamine use reaching as high as 65% in a cohort
of PWID in Washington State [17,18]. Interestingly, rising rates of the co-injection of
methamphetamine and opioids together may be at least partially responsible for the increase
seen in these specific populations over the past few years, as this appears to be a relatively
new phenomenon [17,18].

The majority of the literature on crystal methamphetamine use, response to treatment and
associated health outcomes has been focused on high-risk subpopulations including MSM,
PWID and youth. There is less of an emphasis on the specific risks and consequences of
crystal methamphetamine use in women, despite the fact that it is well established that
women frequently exhibit different patterns of substance use, different co-morbidities and
different responses to treatment [10]. The existing literature focusing on methamphetamine
use in women does, however, demonstrate some relatively consistent distinctions compared
to men. Unlike most substances, the overall prevalence of methamphetamine use is similar
across genders, though women often begin to use methamphetamine at a younger age and
show a quicker progression to dependence [12,13,19-21]. Women also demonstrate a higher
incidence of psychiatric co-morbidities, more history of physical and/or sexual trauma,
higher levels of unemployment and fewer legal issues [12,19,20,22]. While treatment was
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not a focus of this study, women also frequently demonstrate delayed access to treatment for
methamphetamine use disorder compared to men, though may have better retention and
improved outcomes once engaged [13,22,23].

It is important to interpret our results in the broader context of the population included in
this particular cohort and its changing composition over time. Much of the current published
data describes trends in crystal methamphetamine use in populations with significantly less
polysubstance use than the cohort described in this study. This is particularly true when
referring to women, where overall lower rates of polysubstance use have been described in
those who use methamphetamine as compared to men [12,13]. In contrast, the women in our
population reported higher rates of heroin use and daily noninjection crack use than men did
at entry into the cohort. In this regard, this represents a unique cohort of women, yet the
association between reported crystal methamphetamine use and experiences of sexual
violence is consistent with previous work [20,24]. In particular, one past survey of patients
in treatment for methamphetamine use disorder found that 58% of the women had
experienced lifetime sexual abuse and violence, in contrast to only 16% of men [25].
Another local study of women who engage in sex work found that experiencing physical or
sexual violence was associated with initiation into injection crystal methamphetamine use
[26]. The social-structural factors that produce gendered violence among substance-using
women have been previously explored, and understanding the gendered mechanisms and
contexts that produce vulnerability to sexual violence among women PWID and the
association between methamphetamine use and experiences of sexual violence is imperative
to understanding barriers to health and/or harm reduction services for women who inject
crystal methamphetamine [27-30].

With regards to other stimulants, in both genders there was a significant decrease noted in
rates of reported non-injection crack use seen over time, which may correspond with the
increasing uptake of crystal methamphetamine as the most commonly used form of
stimulant in this population. In men only, however, did we see a comparable decrease in
rates of reported injection cocaine use, despite no differences between genders noted at
baseline. This emphasizes once more the severity of the polysubstance use disorder in our
woman participants. Overdose rates were increasing in both genders over time, though it was
interesting to note that methadone maintenance therapy was also more common in women at
baseline and did not have any significant associations noted with calendar year in either
gender. This is in contrast with the usual trend seen in the literature, where women often
experience decreased access to methadone, and has been explored in detail in a previous
publication from these same cohorts [31].

Our study clearly observed a number of risky behaviours and negative health outcomes
associated with reported crystal methamphetamine use in both genders, including high-risk
HIV behaviours such as syringe sharing and unprotected sex. This adds to a significant body
of literature highlighting the relationship between methamphetamine use, HIV risk and
worse overall HIV outcomes. Indeed, it has been well described that people with a history of
methamphetamine use are at an increased risk of HIV infection through unsafe injection
practices and/or unsafe sex [32,33]. Our results are consistent with previous observations
that methamphetamine use is not only associated with sexual risk behaviours among MSM
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but also in male and female heterosexual encounters [33]. Despite the similarities in risk
behaviours between genders in this sample, however, in men only was reported crystal
methamphetamine use associated with increased rates of HIV, even after controlling for
specific risk factors including MSM. Which factors might explain this association are not
entirely clear, especially given comparable HIV rates between genders at baseline and a
positive association noted between HIV rates and calendar year in both groups.

We also observed an independent relationship between reported crystal methamphetamine
use and the likelihood of non-fatal overdose among both women and men. This relationship
has previously been noted in multiple studies, though it remains unclear whether the effects
of methamphetamine itself are directly responsible for the increased risk, or whether this is a
marker for other risky behaviours that may carry with them a higher risk of overdose, such
as higher frequency of substance use or polysubstance use [17,34-38]. Our analysis did
attempt to adjust for other substances by including variables for at least daily heroin
injection, at least daily cocaine injection, at least daily non-injection crack use and
methadone maintenance therapy, yet the association between reported crystal
methamphetamine use and non-fatal overdose remained significant. This is worth noting in
light of the current opioid overdose crisis in the United States and Canada, especially given
the increasing appreciation for the role of stimulant use in many of these deaths [15]. It
highlights the importance of addressing polysubstance use in our overall response to the
epidemic.

Another association worth highlighting is that, in men only, our data demonstrated a
negative association between employment and rates of reported crystal methamphetamine
use, as well as a positive association between homelessness and reported use. While we
cannot make inferences on the direction of these relationships, similar findings have been
shown with methamphetamine use elsewhere in the past but there were no noted gender
differences [39,40]. At the very least, these findings suggest that in men employment and
housing may represent modifiable risk factors for crystal methamphetamine use.

This study has several limitations that are important to note. First is the observational nature
of the study and while our multivariable model accounts for a number of key confounding
variables, it is not possible to establish causal relationships. Second, though follow-up rates
are generally higher than average in our cohort, given the length of the study period these
data may be subject to attrition bias. Third, we are not able to determine the directionality of
the associations reported above. Fourth, we relied on the self-reporting of sensitive data by
our participants, including information on substance use patterns and sexual practices. We
cannot rule out the presence of a response bias, though self-reporting of similar variables has
previously been shown to be valid for gathering data in comparable studies [41]. Fifth,
recruitment for our cohort is not random, and there is the possibility that our sample is not
generalisable to other PWID or groups of younger PWID. Finally, we have conducted an
analysis using self-reported gender, and did not include participants who identified as
transgender, two-spirit or other non-binary persons due to low counts. Based on previous
literature, this is a population with higher rates of substance use including use of
methamphetamine, and one disproportionately impacted by socio-structural (e.g. gender
norms, criminalisation) and interpersonal factors (e.g. gendered violence) [42-44]. Further
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epidemiological study that goes beyond the use of a gender binary is an important area of
future investigation.

Conclusions

This study observed a significant rise in the prevalence of reported crystal methamphetamine
use in both men and women PWID in two Canadian prospective cohort studies with high
rates of polysubstance use. Women in particular were more likely to report experiences of
sexual violence, while a number of negative health outcomes were associated with its use in
both genders, including the increased likelihoods of non-fatal overdose and both drug-
related and sexual risk factors for HIV. These rising rates of crystal methamphetamine use
among a population with high levels of polysubstance use are consistent with reports of the
increasing role stimulants are playing in the North American overdose crisis, and highlight
some of the particular risk factors and consequences of crystal methamphetamine use in this
population. The need for gender-inclusive health services planning and research for PWID
who use crystal methamphetamine is paramount.
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Trends in reported crystal methamphetamine use over time, stratified by gender. (a) Any
reported crystal methamphetamine use in the previous 6 months (P < 0.001). (b) Daily
reported crystal methamphetamine use in the previous 6 months (P < 0.001). (c) Any
reported injection crystal methamphetamine use in the previous 6 months (P < 0.001).
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