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ABSTRACT

Background and aims Injection drug use patterns are known to change over time, although such long-term changes
have not been well described. We sought to characterize longitudinal trajectories of injection drug use and identify asso-
ciated factors. Design Data were derived from the Vancouver Injection Drug Users Study and AIDS Care Cohort to eval-
uate the Exposure to Survival Services study, two prospective cohorts involving people who inject drugs in Vancouver,
Canada between 1996 and 2017. Growthmixturemodelingwas applied to identify distinct injection drug use trajectories.
Multinomial logistic regression was used to identify baseline factors associated with each trajectory. Setting Canada.

Participants A total of 2057 participants who reported having used illicit drugs via injection in the past 6 months at
the baseline visit were included in the study. The median time since first injection drug use at baseline was 14.8 years
(quartile 1–quartile 3: 6.5–24.3).Measurements Information regarding self-reported injection drug use during the past
6 months was collected at baseline and semi-annually thereafter via interviewer-administered questionnaires.

Findings Participants were followed for a median of 113.4 months (quartile 1–quartile 3: 63.4–161.7). Five trajectories
were identified: persistent high frequency injection (507, 24.6%); high frequency injection with late decrease (374,
18.2%); gradual cessation (662, 32.2%); early cessation with late relapse (227, 11.0%); and early cessation (287,
14.0%). Factors found to be associated with distinct trajectories included: daily heroin injection, binge injection drug
use, age, not being in a stable relationship and year of study enrollment. Conclusions People who used drugs in Vancou-
ver, Canada from 1996 to 2017 appeared to follow five drug use trajectories, ranging from persistent high frequency use to
early cessation. Almost 25% of participants remained high-frequency injectors over the study period.

Keywords Cessation, injection drug use, relapse, growth mixture modeling, latent trajectory groups, longitudinal
studies.
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INTRODUCTION

The impact of injection drug use on the health of individ-
uals and related social harms continues to be significant.
Globally, there are around 13 million people who inject
drugs, of whom approximately 13% are living with HIV
and 67% are seropositive for hepatitis C [1]. People who in-
ject drugs also suffer from high rates of preventablemorbid-
ity and mortality. A recent systematic review including 67
cohorts involving people who inject drugs demonstrated a

pooled crude mortality rate of 2.4 deaths per 100 person-
years, which constitutes approximately 14.7 times the risk
of death among the general population [2]. Untreated sub-
stance dependence also inflicts substantive economic and
social harm on communities, including unemployment,
lost productivity, criminal activity and excessive health-
care costs [3]. Therefore, reducing the prevalence of
injection drug use remains an important public health
challenge, which in turn requires a better understanding
of the natural history of injection drug use.
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Research demonstrates that over the course of a drug
injection career, drug use patterns are rarely stable [4–9].
Multiple studies on drug use trajectories have focused on
short-term (e.g. 6 months) injection drug use cessation
and relapse, and suggested that factors including intensity
of drug injection, frequent non-injection drug use,
polydrug use, alcohol drinking, age at injection initiation,
homelessness, incarceration, illegal income generating ac-
tivities and treatment involvement play an important role
in influencing injection behavior change [5,8,10–12].

However, substance dependence is a chronic relapsing
condition, as a significant portion of people will experience
multiple episodes of cessation of and relapse into active sub-
stance use over their drug-using career [13–15]. Few stud-
ies have provided insight into the factors associated with
longitudinal patterns of injection drug use. Factors indica-
tive of drug of choice and substance use severity (e.g. mixed
heroin and cocaine injection, daily or more frequent injec-
tion, cumulative past use of stimulants), social stability (e.g.
criminality, employment), treatment involvement (e.g.
number of past treatment episodes) and psychological
distress have been found to be predictors of change in
long-term substance use patterns [14,16–19]. Interest-
ingly, factors associated with short-term changes in injec-
tion behavior do not consistently predict long-term
injection trajectories. For instance, numerous studies have
documented that among those who cease use as a result of
formal addiction treatment interventions, high rates of
relapse are typical after treatment discharge [20–23]. Fur-
thermore, for factors that are associated with both short-
and long-term changes in injection behavior, the strength
of the associations often varies. Specifically, a meta-analysis
examined and summarized different types of predictors of
continued drug use during and after treatment for opioid
use disorder, and showed that for various factors (e.g. drug
use history, criminal behavior), the strength of concurrent
and longitudinal associations differs considerably [24].

To date, only a small number of studies have examined
longitudinal trajectories of injection drug use behavior dur-
ing periods of 10 years or greater. Two studies using a sam-
ple of people who use drugs in the AIDS Linked to the
Intravenous Experience (ALIVE) cohort in Baltimore,
United States [13,19] consistently found an overall de-
creasing trend of injection drug use, with a substantial pro-
portion of people stopping injection for extended time-
frames. Another recently published study assessed patterns
of changes in injecting frequency in a European population
and found similar longitudinal patterns [25], but the over-
all decreasing trend was not as strong as in the ALIVE co-
hort. In the face of escalating harmful illicit drug use,
harm-reduction interventions, including needle and sy-
ringe programs [26], supervised consumption facilities
[27] and methadone maintenance therapy [28,29], have
been implemented and scaled-up in British Columbia,

Canada. However, to our knowledge, there exist no studies
that have examined the longitudinal trajectories of injec-
tion drug use in a Canadian setting.

Given that the long-term trajectories of injection drug
use remain understudied, there are limited empirical ex-
aminations of the natural history of injection drug use.
There is, however, considerable practical and scientific im-
portance associated with gaining greater understanding of
longitudinal trajectories of injection drug use which, in
turn, will help provide scientific evidence to guide the de-
velopment of strategies to reduce long-term injection drug
use. Accordingly, this study aims to characterize long-term
injection trajectories and identify factors associated with
different injection drug use trajectories among long-
standing cohorts of people who inject drugs in Vancouver,
Canada.

METHODS

Design and participants

Data were derived from two ongoing open prospective co-
hort studies of people who use drugs in Vancouver: the
Vancouver Injection Drug Users Study (VIDUS) and AIDS
Care Cohort to evaluate Exposure to Survival Services (AC-
CESS). Detailed descriptions of these cohorts have been
published elsewhere [30–32]. In brief, eligibility criteria
for VIDUS includes being HIV-seronegative, at least
18 years of age at enrollment, residing in the Greater Van-
couver area and reporting injecting an illicit drug in the
month prior to enrollment. Eligibility criteria for ACCESS
includes being HIV-seropositive, at least 18 years of age, re-
siding in the Greater Vancouver area, and reporting using
an illicit drug (other than or in addition to cannabis) in
the month prior to enrollment. Recruitment for both co-
horts relies on extensive snowball sampling, self-referral
and street outreach. Individuals in VIDUS who seroconvert
following recruitment are transferred to ACCESS for ongo-
ing follow-up. The baseline and follow-up procedures for
these studies, including the questionnaires, are harmo-
nized to allow for combined analyses of the different
cohorts.

At baseline and semi-annually thereafter, participants
complete an interviewer-administered questionnaire that
elicits a range of data. Nurses also assess participants for
various health conditions and obtain blood samples for
HIVand HCV serological testing, and HIV disease monitor-
ing, as appropriate. Participants receive a $40
(CAD) honorarium for each visit. Both cohorts have re-
ceived approvals from the University of British
Columbia/Providence Health Care Research Ethics Board.

Eligibility criteria for the present study included: com-
pleting at least four follow-up visits between 1 May 1996
and 30 November 2017 to allow for polynomial growth
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curve analysis and reporting having used illicit drugs via
injection in the past 6 months at baseline.

Measures

The main outcome of interest was a time-varying dichoto-
mous variable of self-reported injection drug use during the
past 6 months (yes versus no). This was assessed by asking
the participants: ‘In the last 6 months, when you were
using, which of the following drugs did you inject?’. The
outcome variable was defined as ‘yes’ if participants indi-
cated injecting substances including heroin alone, cocaine
alone, heroin and cocaine, crystal methamphetamine, her-
oin and crystal meth, crack cocaine, fentanyl powder/pills,
benzodiazipines, prescription opioids and any other speci-
fied drugs. We also sought to evaluate whether specific
baseline individual characteristics, substance use behav-
iors and social–structural exposures were associated with
different injection drug use trajectories. We included self-
reported baseline characteristics, including age (per year
decrease), sex (male versus female) and ethnicity (white
versus others). Other socio-demographic factors included:
education attainment (high school completion or higher
versus less than high school); not being in a stable relation-
ship, defined as not being married, common law or having
a regular partner; employment, defined as having a regular
job, temporary job or self-employed; and current housing
status (unstable housing versus stable housing). Unstable
housing was defined as living in a single-room occupancy
hotel, shelter or other transitional housing or living on
the street. Substance use factors were categorized as daily
versus less than daily use, and included: heroin injection;
stimulant (i.e. cocaine or crystal methamphetamine) injec-
tion; speedball injection (i.e. heroin and cocaine in combi-
nation); and prescription opioid injection. Non-injection
drug use included crack cocaine use, cannabis use and al-
cohol use. Binge injection drug use (yes versus no) and
years since injection drug use initiation were also included
as substance use factors. Binge injection drug use was
assessed using the survey question: ‘In the last six months,
did you go on runs or binges (that is, when you injected
drugs more than usual)?’. Factors related to substance
use treatment experience included: opioid agonist therapy
(e.g. methadone maintenance treatment or
buprenorphine/naloxone, yes versus no), any other addic-
tion treatment or services except for opioid agonist therapy
(yes versus no), as well as being unable to access addiction
treatment (yes versus no). Other behavioral risk
factors/outcomes and social–structural exposures were
categorized as yes versus no, and included: being attacked,
assaulted or suffered violence; drug dealing; sex work in-
volvement; incarceration; and non-fatal overdose. All be-
havioral variables referred to the previous 6 months
unless otherwise specified. We also included a variable

asking participants if they have ever been diagnosed with
a mental health issue (yes versus no), calendar year of
study enrollment (per year increase) and study cohort des-
ignation (ACCESS versus VIDUS).

Statistical analysis

To identify the optimal number of groups, we applied
growth mixture modeling (GMM), which is a semi-
parametric, group-based analytical approach [33–35].
The objective of themodel is to discovermeaningful distinc-
tive subpopulationswith homogeneous longitudinal trajec-
tories within the larger heterogeneous population.

The metric of time used for the GMM analysis was time
since study enrollment due to the nature of our dynamic
cohort study design. We started with a single-class latent
growth curve model and continued until a six-class model
was fitted. Linear, quadratic and cubic parameters were
fitted for the time trend for each trajectory group. To avoid
local maximization and ensure successful convergence,
500 random sets of starting values were used for each
model. The models were compared using the following fit
indices: Akaike information criterion (AIC), Bayesian infor-
mation criterion (BIC) and Lo–Mendell–Rubin likelihood
ratio test (LRT) [35,36]. Lower absolute values for the in-
formation criteria indices and significant LRT P-value sug-
gest a better model fit. Averaged posterior probability of
groupmembership and entropywere used to evaluate clas-
sification quality. Furthermore, to ensure interpretability
and usefulness of the latent classes, sample size per latent
class and substantive importance of the trajectory groups
were also considered.

Then, we further evaluated whether or not any of the
baseline individual characteristics, drug use behaviors or
social–structural exposures would predict and help distin-
guish trajectory groups. To do so, we first summarized
and compared the characteristics among trajectory
groups, using Pearson’s χ2 test for categorical variables
and the Kruskal–Wallis test for continuous variables. Next,
we applied the standard three-step method, in which class
membership was merged with the original data and used
as an outcome in a multinomial logistic regression analysis
[36]. We used an a priori-defined backward model selec-
tion procedure based on examination of AIC to fit a multi-
variable model. The multivariable model with the lowest
AIC score was selected as the final model.

As a sensitivity analysis, we defined lost to follow-up as
being alive but not seen within 3 years before the end of
study period. Information on death, including date and un-
derlying causes of death, was obtained through a confiden-
tial data linkage with the British Columbia Vital Statistics
Agency. To assess the extent to which losses to follow-up
and deaths affected the trajectory membership, we
proceeded with the Roy latent dropout pattern-mixture
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modeling [37,38], which can take into account potential
non-ignorable dropout. For individuals who were lost to
follow-up or died, their first missed study visit was treated
as the time of dropout. Additionally, considering partici-
pants with various follow-up times, we conducted a second
sensitivity analysis to examine the injection drug use tra-
jectories among people with at least 10 years’ follow-up
time.

Data manipulations and multinomial regression analy-
sis were conducted using SAS version 9.4 (SAS Institute,
Cary, NC, USA). GMM was applied using the software
Mplus version 8 [39]. All P-values were two-sided.

RESULTS

General characteristics

Between May 1996 and November 2017, a total of 3146
individuals were enrolled into the cohorts. A total of
1089 were excluded from the present study: 236 did not
report having injected drugs at baseline and 853 did not
complete at least four follow-up visits. Compared with par-
ticipants in the analytical sample (n = 2057), those ex-
cluded were younger at enrollment (median
age = 34 years; P< 0.001), having injected drugs for fewer
years (median time since injection drug use initiation:
9.5 years; P < 0.001), but there was no difference by sex
(P = 0.098), ethnicity (P = 0.166) and risk of death
(22.9%, P = 0.487).

Among 2057 included participants, 1309 (63.6%)
were male, 1195 (58.1%) self-reported white ethnicity,
and the median age was 37 years (quartile 1–quartile 3:
30–44). There were 740 participants who had ever been
diagnosed with a mental health issue, and the most com-
monly reported diagnoses included depression (n = 441,
59.6%), anxiety (n = 163, 22.0%), bipolar disorder
(n = 96, 13.0%), post-traumatic stress disorder (n = 90,
12.2%) and attention deficit disorder (n= 62, 8.4%). These
participants contributed 36679 observations with theme-
dian number of months between study visits as 6.0 (quar-
tile 1–quartile 3: 5.7–6.8). The median time of follow-up
per participant was 113.4 months (quartile 1–quartile 3:
63.4–161.7) and the median number of observations per
participant was 16 visits (quartile 1–quartile 3: 9–23).
Throughout the study period, the total number of identified
deaths was 495, including 103 (20.8%) HIV-related
deaths and 97 (19.6%) fatal overdose deaths; 462
(22.5%) participants were identified as lost to follow-up.
Over time, there were 182 deaths and 181 dropouts ob-
served within 5 years of follow-up, 188 deaths and 189
dropouts between the 6th to 10th years of follow-up, 81
deaths and 57 dropouts between the 11th to 15th years
of follow-up and 44 deaths and 35 dropouts after the
15th year. Baseline demographic characteristics,

behavioral factors and follow-up information are shown in
Table 1.

Identify injection drug use trajectories

As shown in Table 2, different model fit statistics were
compared with an increasing number of trajectories. Both
AIC and BIC values continued to decrease, which was ex-
pected given the complexity of longitudinal data derived
from this large sample. However, the reduction was rela-
tively small when comparingmodels with four to six trajec-
tory classes. LRT compared the likelihood of the model
being tested with a model with one fewer class and sug-
gested that the model was no longer improved with six
classes (P = 0.515). Also taking into account the classifica-
tion quality and interpretability, a five-class solution was
chosen. The averaged posterior probability of group mem-
bership for the five-class solution is presented in Supporting
information, Table S1. The trajectories of injection drug
use are visualized in Fig. 1.

After assigning participants to each trajectory class
based on their most likely latent class membership, we
characterized the five classes as: (1) ‘persistent injection’
(n = 507, 24.6%); (2) ‘persistent injection with late cessa-
tion’ (n = 374, 18.2%); (3) ‘gradual cessation’ (n = 662,
32.2%); (4) ‘early cessation with late relapse’ (n = 227,
11.0%); and (5) ‘early cessation’ (287, 14.0%). The proba-
bility of injection drug use among the ‘persistent injection’
group remained high, ranging from 65.1 to 95.3% during
the study period. For the ‘persistent injection with late ces-
sation’ group, the probability of injection stayed relatively
high (> 70.0%) until approximately the 18th year since
baseline, and then showed a decreasing trend. We also ob-
served three trajectory classes which represented distinc-
tive injection cessation and relapse patterns. The
probability of injection for ‘gradual cessation’ group de-
clined steadily to approximately 25.0% during the study
period. As shown in Fig. 1, the probability for the ‘early ces-
sation’ group rapidly dropped to as low as 13.1% at the 6th
year, then stayed below 10.0% after the 14th year and
maintained less than 1.0% from the 16th year. The proba-
bility for the ‘early cessation with late relapse’ group also
declined significantly at an early stage, with the lowest of
7.6% at the 12th year. However, it increased gradually af-
terwards showing a tendency towards relapse.

Baseline predictors of trajectory group membership

The results of bivariable and multivariable multinomial lo-
gistic regression analyses of factors associated with injec-
tion trajectories are presented in Table 3 and Table 4.
Bivariable multinomial logistic regression analyses with
the alternative trajectory group as the reference group
are presented in Supporting information, Tables S2–S5.
In the adjusted model, compared to the ‘early cessation’
group, participants of younger age were more likely to be
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in the ‘persistent injection’ group [adjusted odds ratio
(AOR) = 1.02, 95% confidence interval (CI) = 1.00,
1.04] and the ‘persistent injection with late cessation’
group (AOR= 1.03, 95% CI = 1.01, 1.04). Further, not be-
ing in a stable relationship was positively associated with
being in the ‘persistent injection’ group (AOR = 1.64,
95% CI = 1.18, 2.27), the ‘persistent injection with late
cessation’ group (AOR = 1.59, 95% CI = 1.12, 2.27) and
the ‘gradual cessation’ group (AOR = 1.44, 95%
CI = 1.06, 1.97).

Baseline substance use factors, including at least daily
heroin injection and binge injection drug use, were found
to be predictive of long-term trajectories. Specifically, com-
pared to the ‘early cessation’ group, participants who
injected heroin daily were more likely to be in the ‘persis-
tent injection’ group (AOR = 1.41, 95% CI = 1.03, 1.93)
and the ‘gradual cessation’ group (AOR = 1.36, 95%
CI = 1.01, 1.83). Moreover, participants who engaged in
binge injection drug use at baseline were at 63% increased
odds of being in the ‘persistent injection’ group
(AOR = 1.63, 95% CI = 1.19, 2.22) and 77% increased
odds of being in the ‘gradual cessation’ group (AOR= 1.77,
95% CI = 1.31, 2.40).

Sensitivity analysis results

In sensitivity analysis, the 462 participants who were lost
to follow-up and the 495 participants who died were
treated as dropouts at the time of their first missed study
visit. When applying the Roy latent dropout pattern-
mixture model we found a similar class membership distri-
bution, with 489 (23.8%) participants in the ‘persistent in-
jection’ group, 461 (22.4%) participants in the ‘persistent
injection with late cessation’ group, 555 (27.0%) partici-
pants in the ‘gradual cessation’ group, 211 (10.2%) partic-
ipants in the ‘early cessation with late relapse’ group and
341 (16.6%) participants in the ‘early cessation’ group. Re-
sults regarding class membership and the trajectory plot
comparing to the standard GMM are presented in
Supporting information, Table S6 and Fig. S1.

In the second sensitivity analysis, 974 participants
were identified as having at least 10 years’ follow-up time.
Model fit statistics are presented in Supporting information,
Table S7. As shown in Supporting information, Fig. S2,
with a five-class solution, 433 (44.5%) participants
injected drugs persistently over the study period, with 76
(7.8%) participants in the ‘persistent injection’ group and
357 (36.7%) participants in the ‘persistent injection with
late cessation’ group. Overall, 541 (55.5%) participants
demonstrated different cessation patterns. With the four-
class solution, 502 (51.5%) participants showed relatively
persistent injection trajectories, and 49.5% of the partici-
pants demonstrated early and delayed cessation patterns
(figure not shown).Ta
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DISCUSSION

In the present study, we identified five distinct injection
drug use trajectories among people who inject drugs in
Vancouver, Canada. Given that almost half the study par-
ticipants had injected drugs for 15 years at study enroll-
ment, approximately one-quarter of the participants
remained persistent injectors during the study period,
and only a small portion of participants achieved sustained
cessation by the end of the study period. These trajectories
displayed associations with several individual characteris-
tics and drug use behaviors measured at baseline.

Our findings regarding injection drug use trajectories
are comparable to studies conducted in the United States
[13,19] and the Netherlands [25], in which researchers

also identified five trajectory groups. Further, our findings
are consistent with previous findings indicating that the
majority of participants experienced at least one cessation
and relapse episode (either at early or late follow-up pe-
riods) during the study period. Specifically, three groups
(i.e. ‘early cessation’, ‘early cessation with late relapse’,
‘gradual cessation’) demonstrated different rates of declin-
ing probability of injection. In the ALIVE cohort in the
United States, although 31.9% of the participants were cat-
egorized as persistent injectors, their estimated probability
of injection dropped below 50.0% at the end of the study
period whereas, in our study, the estimated probability of
injection for 24.6% of the participants remained above
65.0% during the study period. This difference could be po-
tentially explained by distinct drug use patterns, cultural

Table 2 Model comparison with an increasing number of trajectories.

Number of Classes 1 2 3 4 5 6

AIC 28579.5 27082.1 26 480.5 26273.1 26108.3 26004.8
BIC 28 607.7 27 138.4 26 565.0 26 385.6 26 249.0 26173.6
LMR LRT P-value 0.00 0.00 0.02 0.01 0.52
Entropy 0.446 0.455 0.446 0.440 0.411
Averaged posterior
probability of group
membership (range)

0.79–0.82 0.59–0.81 0.59–0.76 0.51–0.74 0.47–0.71

Sample size per class based
on the estimated model
(%, range)

45.8–54.2 26.7–41.7 11.9–36.1 13.4–28.0 11.4–22.2

AIC = Akaike information criterion. BIC = Bayesian information criterion. LMR LRT = Lo–Mendell–Rubin likelihood ratio test.

Figure 1 Injection drug use trajectory classes using growth mixture modeling among 2057 people who use injection drugs in Vancouver, British
Columbia, Canada, 1996–2017 [Colour figure can be viewed at wileyonlinelibrary.com]
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settings or other social–structural conditions operating in
the study sites.

The first sensitivity analysis took into account potential
non-ignorable dropout. The trajectory shapes as well as the
interpretation of the latent classes were in line with the pri-
mary findings. Overall, for the Roy model, 46.2% of partic-
ipants showed relatively persistent injection trajectories
(i.e. the ‘persistent injection’ and ‘persistent injection with
late cessation’ groups) over time, which was higher than
the main result of 42.8%. Therefore, the Roy model indi-
cated a slightly worse assessment of the injection drug
use trajectories among the sample compared to the pri-
mary findings. In the second sensitivity analysis, the result
was consistent with the primary findings in that more than
half the entire sample showed a decreasing trend of injec-
tion drug use over time. However, with the restriction on
longer follow-up time, the decreasing rate of injection drug
use among the ‘early cessation’ group was much slower.
For example, in primary analysis, the estimated probability
of injection drug use dropped below 30% around the third
year, whereas in sensitivity analysis, it was around the 6th
year of follow-up. We also observed increased proportions
for the ‘persistent injection with late cessation’, ‘early ces-
sation’ and ‘delayed cessation’ groups. In the primary anal-
ysis, the estimated probability of injection drug use for the
‘gradual cessation’ group appeared to increase slightly
from approximately 25 to 40% at the end of the 3 years
of follow-up. This small increase did not indicate a clear re-
lapsing pattern. Further, we did not observe such an in-
crease in the ‘gradual cessation’ group in the second
sensitivity analysis with the restriction on longer follow-
up time. Therefore, it is possible that the inflation was
due to the small proportion of participants retained at the
end of the study or a potential misclassification bias with
the ‘early cessation with late relapse’ group.

We observed that both age and year of study enrollment
were associated with different injection trajectories. Com-
pared to the ‘early cessation’ group, participants of younger
age were at higher risk of engaging in persistent injection
patterns (i.e. ‘persistent injection’ and ‘persistent injection
with late cessation’). This is consistent with the finding
that older age was associated with 6-month injection ces-
sation in previous studies utilizing ACCESS and VIDUS co-
horts [6,40]. Studies in other settings also demonstrated
that older age increased the likelihood of experiencing
long-term cessation and decreased the risk of relapse
[8,41]. Compared to the ‘persistent injection’ group, partic-
ipants enrolled in more recent years were more likely to be
in the ‘persistent injection with late cessation’ and ‘gradual
cessation’ groups. It is possible that these findings are re-
flective of the continuing implementation and expansion
of various harm reduction strategies in Canada. For in-
stance, beginning in 2000, efforts have been made to
transform the centralized syringe exchange program to a

decentralized, multi-site syringe distribution program
[42]. One study demonstrated a significant increase in
the proportion of people in Vancouver reporting a 6-month
injection drug use cessation during the needle and syringe
expansion period [7]. In 2003, North America’s first legal
supervised injection site opened in Vancouver. Studies have
indicated the potential role of supervised injecting facility
in promoting the uptake of addiction treatment and in-
creasing the likelihood of 6-month injection cessation [9].
Together, these findings suggest that the age of participants
and year of enrollmentmay be predictive of both short- and
long-term injection behavioral change, and indicate poten-
tial cohort and period effects.

Being in a stable relationship at baseline was positively
associated with being in the ‘early cessation’ group, sug-
gesting that being married or having a close relationship
is associated with a better long-term drug use outcome. It
is possible that individuals in stable relationshipsmay enjoy
greater social support, which may serve to mitigate stress
and thereby reduce the use of illicit drugs. This finding is
further supported by an extensive literature examining re-
lationship status and substance use patterns [43–45].

Binge injection drug use at baseline was associated
with an increased likelihood of being in the ‘persistent in-
jection’ and ‘gradual cessation’ groups. This finding is con-
sistent with observations made in other studies that high
intensity injecting not only impedes injection cessation,
but is also negatively associated with sustained injection
cessation [5,7,8,19,46]. We also found that drug of choice
appears to have an impact on long-term drug use trajecto-
ries. Various types of substance use were associated with
injection trajectories in bivariable analyses. However, only
daily heroin injection remained positively associated with
being in the ‘persistent injection’ and ‘gradual cessation’
groups in the multivariable model. Studies have shown
that polydrug use is associated with change in injecting be-
havior [12,19,25]. In the current study, speedball injection
was only marginally associated with ‘persistent injection’
in bivariable analyses, which provided limited information
to help differentiate long-term drug use trajectories. Future
studies investigating the relationship between early poly
substance use (e.g. cumulative number of types of sub-
stances reported) and later trajectories would potentially
be of benefit.

Baseline exposures were examined in our study in order
to identify predictors of trajectory group membership.
However, we recognize that injection behavior could
change under the influence of important events or cumu-
lative exposure to these events over time. Therefore, there
is a need for future study to more closely examine how
these exposures, as time-varying covariates, would influ-
ence the shape of injection trajectories.

Limitations in the current study need to be considered.
First, the use of self-report, especially for socially
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stigmatized and criminalized behaviors (e.g. illicit sub-
stance use), could introduce errors of recall and social-
desirability bias. Secondly, the dichotomous variable of
self-reported injection drug use (yes versus no) was used
for GMM, therefore the identified trajectory classes could
not differentiate between variability in frequency and
quantity of injection drug use. Thirdly, there could be po-
tentially important baseline characteristics that were not
included when predicting trajectory groups. For example,
we were not able to include tobacco smoking as the infor-
mationwas not routinelymeasured in the survey question-
naires. Fourthly, this study is not based on a random
sample of people who inject drugs and is conducted in
BC, Canada, where the social–structural conditions (e.g.
harm reduction strategies, attitudes towards injection drug
use) could be different compared to other settings. There-
fore, these factors may limit the generalizability of the find-
ings. Further, to explore the predictive factors for distinct
drug use trajectories, we used the three-step method due
to the practical reason that we had a large number of co-
variates and the recognized disadvantages of joint model
estimation approach for our research purpose [36]. How-
ever, we recognize that this approach does not account
for potential classification errors, although modified
three-step approaches by Wang et al [47] and Vermunt
[48] make allowances for issues such as errors in classifica-
tion and bias adjustment.

Recent concerns have been noted regarding the validity
of GMM analysis due to the ‘cat’s cradle’ effect, which is a
strong tendency to identify four prototypical classes in sub-
stance use research: stable high use, stable low use, in-
creasing use and decreasing use [49]. However, it is
notable that in the current study, two relatively persistent
injection trajectories and three different levels of decreasing
trajectories were found. Furthermore, the ‘fling’ trajecto-
ries (i.e. ‘persistent injection with late cessation’, ‘early ces-
sation with late relapse’) were also identified. Together,
these more interesting trajectories deviate from the proto-
typical classes, which suggest that the current study may
be less susceptible to the cat’s cradle effect.

Finally, with the reported entropy value and the aver-
aged posterior probability of group membership, there
could be classification bias introduced when assigning clas-
ses. However, it is worth mentioning that entropy is not an
ideal measure of model fit, nor should be solely used to se-
lect the number of latent classes [50]. Entropy value could
be negatively influenced by chance misclassification when
having a higher number of classes [51], be sensitive to
the patterns of growth in each class [52] and potentially
depend on the context and the variables used in the study
[53,54]. Even with this classification uncertainty, summa-
rizing 20 years’ follow-up data at individual level in rela-
tion to several injection drug use trajectories has proven
useful. Further, the primary findings were consistent with

studies from other settings [13,19,25]. Several factors were
found to be predictive of these trajectory classes, which fur-
ther indicate that the identified trajectory classes were dif-
ferent from each other. Further, the 462 participants who
were lost to follow-up and 495 who participants died were
treated as dropouts during the study period, which might
also introduce bias regarding group classification. To ac-
count for attrition, our primary findings from GMM were
based on maximum-likelihood estimation, which utilized
all the available data to generate parameter estimates. In
both sensitivity analyses, the distribution of the trajectory
class membership was consistent with the primary re-
search findings that more than half the sample demon-
strated different cessation patterns. Recent developments
offer a variety of more sophisticated methodologies (e.g.
Muthén–Roy pattern-mixture model, Diggle–Kenward
model) to understand missing data mechanisms in growth
mixture modeling framework [38].

CONCLUSIONS

The current study took advantage of more than 20 years of
rich information from over 2000 individuals by creating a
unique cohort combining ACCESS and VIDUS, which are
among the longest-standing community-recruited cohort
studies of people who inject drugs in the world. The study
identified the existence of five distinct injection drug use
trajectories among people who use drugs in Vancouver,
Canada. Despite the fact that at recruitment many partici-
pants have already been injecting drugs for some 5–
25 years, approximately three-quarters of them reduced
the frequency of injection drug use at the end of the study
period, and this estimatemight be taken as an encouraging
sign. This study represents a relatively comprehensive in-
vestigation of individual, social and structural factors for
different trajectories of injection drug use throughout
long-term periods. The findings from this study further
highlight the importance of identifying targeted interven-
tions for long-term injection drug use and the need to iden-
tify factors that support cessation and protect against
relapse.
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different trajectory classes, using persistent injection as the
reference group.
Table S3 Bivariable multinomial logistic regression analy-
ses of baseline demographic characteristics, drug use be-
haviours, and social-structural exposures associated with
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late cessation as the reference group.
Table S4 Bivariable multinomial logistic regression analy-
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haviours, and social-structural exposures associated with
different trajectory classes, using gradual cessation as the
reference group.
Table S5 Bivariable multinomial logistic regression analy-
ses of baseline demographic characteristics, drug use be-

haviours, and social-structural exposures associated with
different trajectory classes, using early cessation with late
relapse as the reference group.
Table S6 Sensitivity analysis 1: comparison of class mem-
bership between standard growth mixture modeling and
Roy latent dropout pattern-mixture modeling.
Table S7 Sensitivity analysis 2: comparison with an in-
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Figure S1 Sensitivity analysis 1: injection drug use trajec-
tory classes using standard growth mixture modeling and
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low-up time.

Huiru Dong et al.

© 2019 Society for the Study of Addiction

2186

Addiction, 114, 2137 –2173 86




