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Abstract 

Background: The opioid overdose epidemic represents an unprecedented public health crisis in 

North America. Scientific evidence concerning long-term substance use trajectories and their 

impact on treatment outcomes among people who use drugs (PWUD) is critical to informing 

efforts designed to mitigate the harms of opioid dependency. This dissertation sought to: 1) identify 

factors promoting opioid use cessation among people receiving opioid agonist therapy (OAT); 2) 

characterize long-term injection drug use trajectories among PWUD; and 3) examine how pre-

treatment opioid use patterns affect OAT outcomes as well as the impact of OAT on patterns of 

polysubstance use. 

 

Methods: Data for Chapter 2 came from a systematic review of research published between 1996 

and 2019. Data for Chapters 3-5 were derived from three community-based prospective cohort 

studies of PWUD in Vancouver, Canada. Longitudinal analytical techniques were utilized, 

including: growth mixture model and multinomial logistic regression (Chapter 3); latent class 

growth analysis and generalized linear mixed-effects model (Chapter 4); and segmented regression 

(Chapter 5).  

 

Results: Findings from the systematic review demonstrated that among people receiving OAT, 

additional psychosocial interventions could help promote opioid cessation. In Chapter 3, five 

injection drug use trajectories were identified, ranging from persistent high-frequency use to early 

cessation. These trajectories were associated with baseline individual characteristics and drug use 

behaviours. In Chapter 4, two pre-treatment opioid use classes were identified (i.e., high frequency 

users and gradually increasing frequency users), which were related to subsequent treatment 
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outcomes. In Chapter 5, a significant reduction in illicit opioid use was observed following OAT 

initiation. There was no significant difference comparing the pre-treatment and post-treatment 

trends for stimulants and cannabis. However, increasing problematic alcohol use was noted during 

the post-treatment period.  

 

Conclusion: There is a high level of heterogeneity in long-term substance use trajectories. The 

impact of treatment varies as a function of these substance use trajectories, individual 

characteristics, and the complex social and environmental contexts in which PWUD live. The 

findings reiterate the importance of developing long-term treatment strategies for people with 

substance use disorder and implementing services tailored to the needs of individuals characterized 

by distinct substance use trajectories. 
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Lay Summary 

North America is experiencing an unprecedented overdose crisis. However, patterns of substance 

use over time and how they affect drug treatment outcomes are understudied. This dissertation 

research characterized the patterns of injection drug use over 20 years among people who use 

drugs. It also summarized the factors promoting better treatment outcomes among people receiving 

opioid agonist therapy (OAT). Lastly, it examined how drug use patterns affect OAT outcomes 

and the impact of OAT on the use patterns of various substances over time. Findings add to the 

scientific evidence base regarding the chronic nature of substance use and the distinct treatment 

pathways. This dissertation research highlights the importance of developing comprehensive and 

tailored health care and disease management strategies for people who use drugs.  
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Chapter 1: Introduction 

1.1 Background and research rationale 

1.1.1 Longitudinal trajectories of injection drug use 

The impact of injection drug use on the health of individuals and related social harms 

continues to be significant. Globally, it has been estimated that there were 11.3 million people who 

inject drugs in 2018, of whom approximately 1.4 million were living with the Human 

Immunodeficiency Virus (HIV), and 5.5 million were living with hepatitis C.1 In addition to the 

disproportionate burden of infectious disease, people who inject drugs also suffer from high rates 

of preventable morbidity and mortality.2, 3 In particular, they are more vulnerable to overdose than 

persons who use drugs via other routes of administration.4 It has been estimated that 41.5% of 

people who inject drugs experience at least one overdose event in their lifetime.2 Moreover, a 

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.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. 

Substance use has been characterized as a chronic condition, and a significant portion of 

people experience multiple episodes of cessation and relapse.5, 6 While a few studies have 

examined injection-related behavioural change, the investigational period in such studies is 

typically short (e.g., six months). In this way, the chronic feature of substance use has not been 

properly characterized. To date, only a small number of studies have examined longitudinal 

trajectories of injection drug use-related behaviour over periods of ten years or greater. Two studies 

using a sample of people who use drugs (PWUD) in the AIDS Linked to the Intravenous 
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Experience (ALIVE) cohort in Baltimore, United States (U.S.) consistently found an overall 

decreasing trend of injection drug use, with a substantial proportion of people stopping injecting 

for extended time frames.5, 7 Another recently published study assessed patterns of changes in 

injecting frequency in a European population and found similar longitudinal patterns,8 but the 

overall decreasing trend was not as strong as in the ALIVE cohort. However, no studies have 

examined the longitudinal trajectories of injection drug use in a Canadian setting.    

1.1.2 The epidemiology of opioid use and opioid use disorder 

It is estimated that globally, there were approximately 58 million people aged 15-64 years 

using opioids in 2018, and North America represented the subregion with the highest annual 

prevalence of opioid use in the world.1 Opioids are a class of drugs that include illicitly 

manufactured drugs such as heroin and synthetic opioids such as fentanyl, as well as prescription 

medications such as morphine, oxycodone, and hydromorphone. While some opioids medications 

(e.g., methadone) are used for treating opioid use disorder, the majority are used principally for 

treating moderate-to-severe pain and often prescribed following surgery or for health conditions 

such as cancer.9, 10 Studies have demonstrated that a significant proportion of people who take 

prescription pain medications have a risk of developing an addiction to them,11-13 and people using 

prescription opioids for non-medical purposes may switch to using illicit opioids (e.g., heroin) 

when it is more accessible.14, 15 Moreover, individuals with past-year prescription opioid misuse 

are 19 times more likely to initiate heroin use than those without such a history.14, 16  

It is estimated that approximately 40.5 million people were dependent on opioids in 2017 

worldwide.17 The opioid epidemic represents an unprecedented public health crisis accompanied 

by an extraordinary increase in opioid-related harms in recent years.18-21 In Europe, there were 1.3 

million people involved in high-risk opioid use in 2018, and opioids were detected in 82% of fatal 
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overdose cases.22  Opioid use is also prevalent in Asia, which accounts for over 60% of the 

estimated number of people who used opioids worldwide.1 In North America, the number of 

opioid-related deaths has reached unprecedented levels in the U.S. and Canada. Overdose 

involving prescription and illicit opioids took the lives of 49,860 people in the U.S. in 2019.23 In 

Canada, there were 19,355 opioid-related deaths between January 2016 and September 2019.24 

Opioid use disorder (OUD) and opioid-related overdose incur not just personal costs but societal 

costs as well. For example, between 2015 and 2019, opioid-related illness cost the U.S. at least 

$819 billion in costs associated with health care, premature mortality, criminal justice activities, 

child and family assistance, and productivity losses.25 All these figures highlight the urgent need 

to identify impactful and cost-effective treatment strategies to avert preventable personal and 

societal harms.  

1.1.3 Opioid agonist treatment  

In the context of the current opioid crisis in the U.S. and Canada, opioid agonist therapy 

(OAT) has proven to be an evidence-based treatment approach whereby people with OUD can 

effectively reduce craving and prevent withdrawal symptoms by taking long-acting opioids such 

as methadone and buprenorphine.26-28 In the 1960s, methadone was introduced as a formal 

treatment for opioid use disorder following the pioneering studies by Dole et al.,29-31 and 

methadone maintenance treatment (MMT) programs have been launched across Canadian 

provinces. In 1978, the addiction therapeutics potential of buprenorphine was formally 

demonstrated in a landmark paper by Jasinski et al.32 Recent studies have found that methadone 

and buprenorphine appear to be equally effective for the treatment of illicit opioid use and 

prescription opioid use disorder.33, 34 However, because of the partial agonist effect of 

buprenorphine, it has been shown to have a lower potential for overdose and other side effects.35-
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40 Aside from effectively reducing opioid use, studies have shown that OAT can help reduce 

overdose and mortality,4, 41 prevent serious bacterial infections (e.g., endocarditis),42 protect 

against HIV and HCV infection,43, 44 improve health-related quality of life,45 and decrease 

criminality and healthcare costs.46-48  

In 2009, the World Health Organization released the international guidelines for treating 

opioid use disorder.28 It is recommended that the initial methadone dose should depend on the 

level of opioid tolerance and be 20 mg or less per day.28 Subsequently, the dosage should be 

quickly adjusted and maintained in the range of 60-120 mg per day. For buprenorphine 

maintenance treatment, the initial dosage can vary (usually 4 mg), and the maintained dosage is 

generally in the range of 8-24 mg per day.28 In March 2020, the World Health Organization and 

the United Nations Office on Drugs and Crime have published “The International Standards for 

the Treatment of Drug Use Disorders”.49 The current edition incorporates results of comprehensive 

field-testing of the drafted treatment standards released in 201650 and further provides guidance 

on how to improve the organizing and delivering of treatment services for people with OUD. In 

Canada, the national clinical practice guidelines for the management of OUD strongly recommend 

buprenorphine/naloxone as a first-line treatment for OUD, and the guidelines also incorporate new 

developments in several treatment approaches, including slow-release oral morphine and 

injectable forms of OAT.27, 51 In addition to OAT, antagonist treatments (e.g., oral naltrexone) are 

also available in Canada, which have been shown to have limited benefits over placebo.52 

However, it is important to note that antagonist blocks the euphoric effects of all opioid 

medications, including those prescribed for pain management, and it also poses an extra risk of 

overdose for patients who relapse to opioid use.53  
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Despite the cumulative evidence for the effectiveness of OAT, studies have demonstrated 

considerable heterogeneity in terms of treatment engagement and outcomes across different 

settings and subpopulations.54-60 Particularly, people with OUD often experience multiple episodes 

of relapse and treatment readmission before achieving opioid abstinence.61 Additionally, even with 

efforts to support a diversity of treatment plans, ongoing use of illicit or non-prescribed 

pharmaceutical opioids during and after OAT is widely acknowledged.62, 63 Therefore, it is 

clinically important to identify influencing factors that could promote more favourable treatment 

outcomes. This knowledge can provide guidance for tailoring the treatment to the needs of 

individuals and further enhance OAT outcomes.   

Another area that warrants greater research attention is the ongoing use of different types 

of substances in the context of OAT.64-66 Such information has potential clinical implications since 

concomitant use of other substances while on OAT has been found to be associated with negative 

treatment retention and outcomes,67-69 as well as health risk behaviours such as binge drinking, 

unprotected sex, needle and syringe sharing.70-72 It is worth noting that the global prevalence of 

stimulant use (i.e., cocaine, crack cocaine, methamphetamine) and associated harms have been 

rising over time.1, 73-76 Recent estimates indicate that, worldwide, approximately 19 million people 

used cocaine and 27 million people used amphetamines in 2018.1 Despite the substantial public 

health and social challenges posed by stimulants, no medication is currently approved for treating 

stimulant dependence.49 There have been mixed findings regarding how OAT engagement may 

impact the use of other substances. Several studies have observed an overall decline in the use of 

other substances among people on opioid treatment programs.77-79 However, there is also a 

common concern that during opioid treatment, patients could substitute opioids with other types 

of substances, resulting in increased use of other drugs such as stimulants.78, 80-82 Understanding 
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how engaging in OAT impacts the use of other psychoactive substances can provide a scientific 

base for the development of comprehensive and tailored treatment strategies needed for people 

who engage in polysubstance use.  

1.2 Study setting 

The Downtown Eastside (DTES) is one of Vancouver’s oldest neighbourhoods, widely 

known as the site of one of North America’s largest open-air illicit drug markets.83, 84 The DTES 

is home to approximately 20,000 individuals with a unique community profile. Over 50% of the 

population in the DTES are aged 45 or older, and more than one-third of the population has income 

under the low-income cut-off as defined by Statistics Canada.85 Health and social harms are known 

to be concentrated in the DTES area. PWUD who live or access services in Vancouver’s DTES 

neighbourhood are typically marked with a wide range of vulnerabilities, including a high level of 

drug use, extreme poverty, unstable housing or homelessness, unemployment, high crime rate, 

high rates of disease and disability, and poor mental health.83, 85-88  

Vancouver has experienced long-standing epidemics of illicit drug use. Like many West 

Coast cities, Vancouver continues to be a port of entry for illicit drugs that are then trafficked 

across North America.89 Therefore, heroin, cocaine, crack cocaine, and methamphetamine remain 

widely available locally, which allows for investigations of polysubstance use patterns over a long-

term period.90-94 Over the years, the city has led North America in the development of a range of 

innovative programs for PWUD. For example, in the mid-1990s, an explosive HIV outbreak was 

observed, which has been classified as one of the highest documented HIV outbreaks to have 

occurred in a high-income country.95-98 The outbreak was largely due to a shift from heroin use to 

more frequent cocaine use among people who inject drugs.99-101 The significant shortage of sterile 

needles resulted in the re-use and sharing of needles, which largely contributed to the HIV 
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outbreak.97, 102, 103 In response to this public health emergency, Vancouver has experimented with 

various harm reduction strategies, including decentralizing and expanding the needle distribution 

program.98, 102 Moreover, the first supervised injection facility in North America (Insite) was 

established in the DTES in 2003 and has remained in operation since then.104 Studies have shown 

that Insite is a cost-effective harm-reduction model105-107 that helps reduce overdose,108, 109 

mortality,110 and HIV transmission,111 and facilitate referrals to addiction counseling and other 

support services.112  

In 2016, a public health emergency was declared as a response to a rapid increase in drug-

related overdose and deaths across the BC province.113 This overdose epidemic was characterized 

by the increasing proportion of deaths due to the contamination of illicit drugs with fentanyl and 

fentanyl-related analogues.24 In 2012, fentanyl was detected in 5% of the illicit drug deaths; 

however, this number increased to 82% in 2020.24, 113 In response to the rapidly increasing number 

of overdose deaths, a total of 37 supervised injection facilities have received federal approval and 

are presently operating in Canada.114 Four facilities are located in Vancouver, including Insite, Dr. 

Peter Centre, Powell Street Getaway, and Hope 2 Health.114 Additionally, as a significant part of 

the overdose response, regional health authorities were directed to set up and fund low-threshold 

drug consumption facilities, termed overdose prevention sites, where people who are at risk of 

overdose can use drugs with sterile equipment and receive rapid intervention as necessary.104, 115 

Other programs such as take-home naloxone,116, 117 and fentanyl drug checking118-120 have also 

been implemented.  

Vancouver has also played a leading role in the development of treatment for substance 

use disorders. Under Canada’s universal healthcare plan, methadone (Methadose, Metadol-D, 

Sandoz Methadone), buprenorphine/naloxone, and slow-release oral morphine, are fully covered 
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under BC PharmaCare’s Plan. Methadone and buprenorphine/naloxone are widely accessible in 

various settings, including specialty addiction treatment centres, hospitals, primary care and other 

office-based settings, pharmacies, and in federal and provincial correctional facilities.121 Based on 

the guidelines for the clinical management of OUD, slow-release oral morphine could be used 

when both the first and second-line treatments are ineffective.27, 122 Recently, the national clinical 

guideline was updated to recommend that injectable OAT (i.e., diacetylmorphine, 

hydromorphone) can also be considered for individuals with severe OUD who inject opioids and 

have not adequately benefited from oral OAT.51 Injectable diacetylmorphine has been very slow 

to expand beyond the clinical trial setting,123, 124 however, hydromorphone has been expanded and 

is currently available in eight opioid treatment programs in Vancouver.124  

1.3 Conceptual framework 

1.3.1 Risk environment framework  

This dissertation research is primarily grounded in the Risk Environment framework, 

originally developed by Rhodes to describe the social and structural production of HIV infection 

associated with injection drug use.125 This framework criticizes the tendency in public health to 

treat harms as primary results of individual-level action and responsibility and shifts the emphasis 

to contextual factors as critical to the production of drug-related harms.126 This model describes 

the “Risk Environment” as a product of the interplay of physical, social, economic, and policy 

factors that intersect at the macro-level and micro-level of environmental influence.125 The Risk 

Environment framework has been widely adopted in studies to conceptualize risk of various drug-

related harms, including overdose,108, 127 sex work,128, 129 exposure to violence,130, 131 and harm 

reduction and health service utilization.132, 133  
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This conceptual framework enables the investigation of the physical, social and structural 

environment experienced by PWUD, including how this environment may shape individual 

behaviour, access to healthcare and associated outcomes. More specific to this dissertation, beyond 

individual-level factors, drug use behaviours (e.g., injection drug use, opioid use) and health 

outcomes (e.g., overdose) are shaped by the interplay of different levels of physical- (e.g., housing 

instability, drug use settings), social- (e.g., relationship status, violence), economic- (e.g., poverty), 

and political- (e.g., universal access to healthcare, availability of harm reduction programs) 

environmental influence. This approach highlights the need for interventions that target both 

individual-level and contextual conditions in order to reduce drug-related harms. Therefore, the 

Risk Environment framework helps inform this dissertation research by highlighting the relevance 

of the social, economic, and policy environments to drug use trajectories, treatment engagement 

and outcomes. Figure 1.1 presents a visual depiction of the conceptual framework employed in 

this dissertation. 

1.3.2 Life course theory applied to the study of drug use 

This dissertation research also incorporates the life course theory. The life course has been 

defined as the “sequence of culturally defined age-graded roles and social transitions that are 

enacted over time.”134 In the late 1990s, Hser and colleagues examined the longitudinal patterns 

of drug use and related issues using a life course approach.135 They have argued that drug use 

should not be treated as an acute disorder, and research using a “longitudinal, dynamic approach” 

is needed in order to gain a comprehensive understanding of drug dependence and its long-term 

care.  In 2007, Hser and colleagues further expanded their work and established the life course 

drug use framework.136 This life course approach allows for a characterization of the distinctive 

patterns of drug use trajectories, offers a way to conceptualize how these patterns are shaped by 
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underlying contexts, and helps identify critical events contributing to the changes in personal 

trajectories across an individual’s life course.  

As outlined in Figure 1.1, the Risk Environment framework has been extended by 

incorporating the life course perspective for this dissertation research. With respect to specific 

chapters of this dissertation, the Risk Environment framework will guide variable selection and 

methodological approaches of all the analyses presented in Chapters 3-5. Furthermore, adapting 

the life course perspective, all empirical studies will incorporate the investigation of substance use 

patterns with longitudinal data over extended follow-up periods and focus on conceptualizing the 

interactions between the Risk Environment and different substance use trajectories over time.  

1.4 Study objectives and hypotheses 

The aims of this dissertation are threefold: first, this research aims to collect scientific 

evidence on factors promoting more optimal OAT outcomes in terms of opioid use cessation. 

Considering that many people on OAT, particularly those marginalized PWUD, have a long 

history of injection drug use, it is important to investigate the natural history of injection drug use 

alongside trajectories of OAT engagement. Therefore, the second aim is to characterize the natural 

history of injection drug use among PWUD in Vancouver. The last part of the dissertation seeks 

to examine how pre-treatment drug use patterns affect OAT outcomes as well as the impact of 

OAT on patterns of polysubstance use. Specifically, the following four objectives are explored: 

1. To systematically assess the literature examining factors promoting opioid use 

cessation among people receiving OAT. Despite efforts to support a diversity of OAT 

approaches, continuous use of illicit or non-prescribed pharmaceutical opioids during and 

after OAT is common.54, 63 Studies have also demonstrated considerable heterogeneity in 

terms of treatment engagement and outcomes across different settings and 
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subpopulations.54, 55, 57, 59, 60, 137, 138 The study undertaken in Chapter 2 seeks to 

systematically review the existing quantitative literature on pre-, during-, and post-

treatment factors as well as interventions used in conjunction with OAT that promote 

opioid use cessation among people receiving OAT. It is hoped that the findings can guide 

the development of treatments tailored to individual needs to maximize the effectiveness 

of OAT. The review also identifies important knowledge gaps, including research 

investigating post-treatment factors promoting sustained opioid abstinence in order to 

support the development of long-term care strategies.  

2. To identify the number of subgroups that best represents injection drug use 

trajectories and identify individual, social-structural and environmental factors that 

predict the different injection drug use trajectories. Injection drug use patterns are 

known to change and evolve over time, although such long-term changes have not been 

well described. To date, only a small number of studies have examined longitudinal 

trajectories of injection drug use behaviour over periods of ten years or greater.5, 7, 8 

Additionally, studies have shown that factors associated with short-term changes in 

injection drug use behaviour are not always predictive of long-term injection trajectories.57 

Therefore, using 20 years of longitudinal data from two prospective cohorts of PWUD, 

Chapter 3 aims to identify injection drug use trajectories and explore baseline factors that 

could help differentiate these trajectories.  It is hypothesized that a minimum of three 

distinct injection drug use trajectories will be identified (e.g., persistent injection, 

successful cessation, multiple relapses) and sociodemographic factors (e.g., age, gender, 

ethnicity) and drug use behaviours (e.g., injection intensity, drug of choice) at baseline will 

be associated with different injection trajectories.  
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3. To characterize longitudinal trajectories of opioid use before initiating OAT and 

explore the impact of OAT on opioid use across these pre-treatment trajectories. 

Despite the cumulative evidence supporting the effectiveness of OAT, there is considerable 

heterogeneity in terms of treatment outcomes.61 It is hypothesized that people could 

experience different trajectories of opioid use before treatment engagement, and these 

different trajectories will be associated with varying levels of treatment response. 

Therefore, the study presented in Chapter 4 aims to characterize the trajectories of opioid 

use before OAT engagement using data from community-recruited cohorts of PWUD in a 

setting with a universal no-cost health care system and low-barrier access to OAT. The 

second objective of the study is to examine whether the impact of OAT engagement on the 

risk of opioid use is different among people with different pre-treatment opioid use 

patterns.  

4. To investigate how OAT impacts the use of different substances by comparing use 

patterns before and after initiating OAT. Although previous studies have shown that 

OAT is linked to reductions in illicit opioid use, there have been mixed findings regarding 

how OAT impacts the use of other psychoactive substances.77-79, 139-141 Several studies 

observed an overall reduction in all illicit drug use while on treatment.77-79 However, it is 

also a common concern that people could substitute opioids with other types of substances, 

resulting in increased use of other drugs.78, 80-82 Therefore, the study presented in Chapter 

5 examines how OAT impacts the use of different substances by comparing long-term 

substance use patterns before and after engaging in OAT.  
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1.5 Study design and methods 

Data for Chapter 3 of this dissertation are derived from two long-running, community-

recruited prospective cohort studies: the Vancouver Injection Drug Users Study (VIDUS) and 

AIDS Care Cohort to Evaluate exposure to Survival Services (ACCESS). In addition to these two 

cohorts, Chapter 4 and Chapter 5 also includes data from the At-Risk Youth Study (ARYS). These 

cohorts have been described in detail previously.142-144 Briefly, VIDUS was established in May 

1996, and it enrolls adults who were at least 18 years old and self-reported having injected drugs 

in the month prior to enrolment. In 2005, HIV-positive PWUD in the original VIDUS cohort were 

transitioned to the ACCESS study. Individuals who had HIV seroconversion while under follow-

up in VIDUS are offered recruitment into the ACCESS study. ACCESS enrolls HIV-positive adult 

who have used illicit drugs (injection or none-injection) at least once in the month prior to 

enrolment. To be eligible for ARYS, participants had to be aged 14-26 years, have used illicit 

drugs (other than or in addition to cannabis) in the month preceding enrolment, and be street-

involved. Youth who were homeless or using services for homeless youth were considered street-

involved in this study. To date, over 3,000 individuals have been recruited into VIDUS and 

ACCESS cohorts, and over 1,500 recruited into the ARYS cohort through snowball sampling, self-

referral, and street outreach methods in Vancouver’s Downtown Eastside.   

The follow-up procedures for these studies, including the questionnaires, are harmonized 

to permit for analyses of merged data. Specifically, at baseline and semi-annually thereafter, 

participants complete an interviewer-administered questionnaire that elicits a range of data, 

including demographic characteristics, drug use, availability of drugs, treatment utilization, and 

healthcare access. Study nurses also assess participants for various health conditions, obtain blood 

samples for HIV and HCV antibody testing, and monitor HIV disease progression (e.g., CD4 
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counts, HIV-1 RNA viral load) and antiretroviral resistance for HIV-positive participants. Any 

participants who are tested positive for HIV are immediately referred to appropriate health 

services. Since June 2016, a multi-panel qualitative urine drug screen using BTNX Rapid 

Response Multi-Drug Test Panel (Markham, ON, Canada) has been added to the data collection 

procedures. This rapid, chromatographic immunoassay qualitatively and simultaneously detect 

nine substances, including fentanyl, morphine/heroin, methadone, buprenorphine, oxycodone, 

cocaine, amphetamine/methamphetamine, benzodiazepine, and tetrahydrocannabinol, the main 

psychoactive component of cannabis.145 At each study visit, participants are offered a stipend ($40 

CAD) for their time.  

In Chapter 3 and Chapter 5, sensitivity analyses were conducted to assess the extent to 

which losses to follow-up and deaths would affect the study findings. Therefore, the cohort data 

were augmented by confidential linkages to the BC Vital Statistics Agency, the centralized 

mortality registry for the province. The data linkage was conducted using personal health numbers, 

which are unique and persistent identifiers issued by the provincial government to all residents in 

BC for billing and health service tracking. The cohort studies and the data linkages to the BC Vital 

Statistics database were approved by the University of British Columbia/Providence Health Care 

Research Ethics Board.  

Such longitudinal study design and data permit the systematic study of substance use 

patterns over time. They thus permit critically important empirical evaluations of the course, 

causes, and consequences of substance use behaviours. As described in the previous section 1.4, 

Chapter 3 and Chapter 4 aim to characterize the injection drug use and opioid use trajectories over 

time. Chapter 5 seeks to investigate how OAT impacts the use patterns of various substances. To 

answer research questions focusing on the analysis of change, conventional approaches to examine 
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change in substance use have often been based on comparing longitudinal data over two-time 

points. For example, the simplest statistical method is the paired t-test for comparing continuous 

outcomes or McNemar’s test for comparing categorical outcomes. However, it is known that 

behavioural change takes place continuously over time, comparing an outcome measured in two 

time points, therefore, is not the most effective approach to reveal longitudinal developmental 

trajectories. Additionally, since this approach is mainly based on group-level statistics, it is also 

not ideal for characterizing the heterogeneity of behavioural change at an individual level.  

To truly adopt a longitudinal perspective, growth curve analysis using stochastic models 

can be utilized. One conventional approach for growth curve analysis is multilevel modeling, also 

known as hierarchical modeling. The multilevel model is a statistical method developed to deal 

with data containing an inherent hierarchical structure. It can be adopted for the growth curve 

analysis by considering the profile of within-individual growth across time as the first level, which 

nests within a higher level of the between-individual variations of growth.146 Time can be treated 

as an explanatory variable, and higher-order polynomial trends (i.e., quadratic and cubic slopes) 

can also be tested for a nonlinear growth trajectory. It is important to note that the underlying 

assumption of the conventional growth curve analysis is that all individuals are drawn from a single 

population; therefore, a single growth trajectory can adequately approximate individual trajectories 

for the entire population. However, it is well known that substance use is a chronic condition that 

involves multiple episodes of cessation and relapse over a long-term period.61, 136 Besides, PWUD 

are often exposed to complex social and environmental contexts that can contribute to the unique 

substance use trajectories. Therefore, a more appropriate approach that can reveal the complex 

growth patterns derived from potentially diverse subgroups within a larger population is needed.  
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Growth mixture model (GMM) is a semi-parametric, group-based analytical approach, 

aiming to discover meaningful and distinctive subpopulations with homogeneous longitudinal 

trajectories within a larger heterogeneous population.147-149 Compared to the multilevel modeling 

approach, which assumes a relatively restricted pattern for the growth trajectory, GMM allows one 

to identify distinctive subpopulations representing more complex growth patterns. This 

methodology has been successfully applied in the field of substance use, including alcohol use,150-

152 smoking,153, 154 heroin use,155 and injection drug use.7, 8 Therefore, in this dissertation research, 

GMM will be utilized to characterize the injection drug use trajectories in Chapter 3 and opioid 

use trajectories before treatment engagement in Chapter 4. The model selection process will be 

guided by rigorous guidelines and based on various model fit indices, including Akaike 

information criterion (AIC), Bayesian information criterion (BIC), and Lo-Mendell-Rubin 

likelihood ratio test (LRT).156, 157 Averaged posterior probability of group membership and entropy 

will be used to evaluate classification quality. Furthermore, to ensure the interpretability and 

usefulness of the latent classes, sample size per latent class and substantive importance of the 

trajectory groups are also considered.  

In Chapter 5, to estimate the impact of OAT on use patterns of various substances, an 

interrupted time series design is utilized, which represents another approach that can truly adopt 

the longitudinal perspective to study behavioural change. Interrupted time series design is among 

the strongest, quasi-experimental designs for evaluating interventions in nonrandomized 

settings.158, 159 Specifically, the observations before and after the first report of OAT engagement 

during the follow-up period constitute the two time series. Segmented regression analysis of this 

interrupted time series data allows the investigation of how much OAT engagement affected 

polysubstance use patterns immediately and over long-term observation. This feature has 
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important clinical implications, since this type of design can help clinicians evaluate treatment 

strategies involving an optimal duration of time. Additionally, the estimated pre-treatment slope 

can be used to compute predictions of the substance use outcome at post-treatment time points if 

OAT had not taken place. Thus, the trend in the pre-treatment period represents an underlying pre-

existing trend and can serve as the “counterfactual” for the post-treatment period. It is worth noting 

that this study design can also reduce bias that might be present in a simple before-and-after design 

by controlling for the underlying pre-existing trend.160 

1.6 Summary 

This dissertation includes six chapters. The introductory chapter provides an overview of 

the evidence about drug-related harms, focusing on injection drug use, opioid use, and treatment 

options in response to the current opioid-related crisis. It provides a rationale for this dissertation 

research by identifying research gaps in the existing literature on the natural history of substance 

use patterns and the impact on treatment engagement and outcomes. It also describes the 

conceptual framework and theory employed throughout and presents information regarding the 

study setting and study methods. Chapter 2 presents a systematic review of existing scientific and 

grey quantitative literature on factors promoting opioid cessation among people receiving OAT. 

Chapter 3 longitudinally characterizes injection drug use trajectories over 20 years of study follow-

up and identifies the factors predictive of these trajectories. Chapters 4 and 5 explore the interaction 

between longitudinal substance use patterns and OAT engagement and outcomes. Specifically, 

Chapter 4 characterizes long-term pre-treatment opioid use patterns and examines whether people 

with these different patterns respond differently to OAT. Chapter 5 compares the longitudinal pre-

treatment and post-treatment use patterns of eight different substances to investigate the impact of 

OAT on the use of opioids, stimulants, and other psychoactive substances. Chapter 6 summarizes 
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and synthesizes the key findings of this dissertation. The implications of the findings are discussed, 

particularly within the context of informing new and ongoing efforts to address drug-related harms 

and develop comprehensive treatment strategies. The limitations of the methodological and 

conceptual approaches employed in this work are also described. Finally, Chapter 6 provides a set 

of key recommendations for future research.  
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Figure 1.1 Modified Rhodes’ Risk Environment Framework 

 

 

Adapted from Rhodes’ Risk Environment Framework125, 126, 161 
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Chapter 2: Factors promoting opioid use cessation for people receiving opioid 

agonist therapy: A systematic review 

 

2.1 Introduction 

As detailed in Chapter 1, maintenance OAT (e.g., buprenorphine, methadone) is the most 

widely used form of opioid treatment and has shown to be an effective approach to reduce cravings, 

prevent withdrawal symptoms,26, 33, 162, 163 and decrease illicit opioid use and associated harms.4, 

164, 165 It also has extended benefits in improving social functioning, health-related quality of life, 

HIV and HCV prevention and treatment outcomes, as well as in reducing health care expenditures 

and involvement in criminal activity and associated costs.33, 43-46, 48, 166-168 

However, despite efforts to support the diversity of treatment plans, continuously using 

illicit or non-prescribed pharmaceutical opioids during and after OAT is widely acknowledged.  

For example, one study examined the efficacy of OAT in an office-based treatment setting and 

showed that the percentage of opiate-positive urine samples ranged from 30% to 65% in multiple 

assessments during the treatment.62 In an Australian clinical trial, patients received either 

buprenorphine or methadone using a flexible dosage regime, with only fewer than 50% of urine 

samples testing morphine-free over the study period.63 Additionally, studies have demonstrated 

considerable heterogeneity in terms of treatment engagement and outcomes across different 

settings and subpopulations due to various factors such as sociodemographic factors,54-56 substance 

use history,57, 58, 137, 169 and coexisting medical and psychiatric conditions.59, 60, 138 Psychosocial 

interventions are often used in conjunction with substance use treatment to increase treatment 

retention and address other issues, including the concurrent use of other substances, psychiatric 
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conditions, and behavioral problems. However, the evidence concerning the efficacy of these 

interventions in promoting opioid use cessation and sustaining opioid abstinence is mixed 170-172. 

Therefore, it is of clinical importance to identify influencing factors that could promote more 

favourable treatment outcomes. This knowledge can guide treatments tailored to the individuals’ 

needs and thereby further enhance OAT outcomes.   

Therefore, the purpose of the paper is to provide a systematic review of the current 

literature on pre-, during-, and post-treatment factors as well as interventions in conjunction with 

OAT that promote opioid use cessation among people receiving OAT. Findings can assist in 

making systematic improvements in treatment planning for OUD and in designing interventions 

that maximize the effectiveness of OAT.  

2.2 Methods 

Details of inclusion criteria and the analytical approach were designed a priori and are 

documented in PROSPERO (Registration Number: CRD42020200447). I followed the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for conducting 

the review (see Appendix A).173 

2.2.1 Inclusion and exclusion criteria  

To be eligible for inclusion, peer-reviewed studies that were randomized controlled trials 

(RCTs), clinical trials, case-control, or cohort studies were included as well as theses, conference 

abstracts, and government reports, as long as the factors affecting opioid use cessation were clearly 

defined. Cross-sectional studies were not included considering the challenges associated with 

assessing the proper temporal relationship between factors and opioid use cessation outcome. 

Additionally, studies must have assessed a population who had accessed OAT (i.e., methadone, 

buprenorphine/naloxone, slow-release oral morphine, prescription diacetylmorphine, injectable 
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hydromorphone) in the previous year of assessment. Studies involving people who were on any 

other opioid substitution treatment or used opioid agonists for purposes other than maintenance 

treatment were excluded (e.g., pain management, detoxification). Qualitative research, reviews, 

expert opinions, and studies that did not permit quantification of measures of excess risk, such as 

odds ratio (OR), risk ratios, were also excluded.  

2.2.2 Search strategy 

The search strategy was developed in consultation with a research librarian at the 

University of British Columbia. MEDLINE, Embase, CINAHL, PsycInfo, and Web of Science 

were electronically searched for literature published from inception till September 14, 2020. I also 

conducted a grey literature search using Google Scholar, OpenGrey, Grey Literature Report, and 

reports from the European Monitoring Centre for Drugs and Drug Addiction. No restrictions were 

included on publication date, publication language, or study country. Search terms were combined 

using appropriate Boolean operators and included subject heading terms or keywords for two key 

themes: opioid agonist therapy (e.g., opiate substitution treatment OR buprenorphine OR 

methadone) AND cessation (e.g., cease OR abstinence OR stop). These terms were tailored to fit 

each database requirement. Hand searches of the bibliographies of relevant published studies and 

previous reviews were also performed (i.e., citation snowballing). The full electronic search 

strategy is included as a supplemental file in Appendix B. 

2.2.3 Screening process 

All records were imported into Covidence (Veritas Health Innovation, Melbourne) and 

deduplicated. Two independent reviewers completed the title, abstract, and full-text screening. The 

reviewers compared classifications and resolved discrepancies through discussion until a 

consensus was reached. Reasons for exclusion of non-eligible articles were recorded.  
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2.2.4 Data extraction 

Data were extracted on study characteristics (e.g., study design, study date, location), 

participant characteristics (e.g., sample size, age, gender, ethnicity/race), treatment characteristics 

(e.g., treatment medication, additional services), outcomes (e.g., ascertainment, definitions), 

characteristics of pre-, during- and post-treatment factors promoting opioid use cessation, analysis 

conducted and the main findings reported. One reviewer (HD) extracted data from included 

publications using a predetermined extraction form. The second reviewer (MK) assessed the 

extracted data for accuracy, and any discrepancies were resolved through discussion between the 

two reviewers. Due to the conceptual heterogeneity of the studies in terms of factors promoting 

opioid use cessation, a narrative synthesis was conducted.  

2.2.5 Risk of bias assessment 

The risk of bias was assessed using the Cochrane risk-of-bias tool (version 2) for 

randomized trials174 and the modified Newcastle-Ottawa Scale for selected non-randomized 

studies.175 Plots considering each risk of bias domain were generated using the robvis R 

package.176  

2.3 Results 

2.3.1 Study selection 

Of the 6,603 citations identified from the search strategy, 3,523 unique records were 

screened, 150 of which were included for full-text screening. No studies sourced from grey 

literature met the inclusion criteria. Overall, 108 records were excluded at full-text screening for 

various reasons (e.g., participants were not exposed to OAT services, failure to assess opioid 

cessation as the outcome of interest, insufficient information to determine what were the factors 

affecting opioid cessation, or ineligible study design). As presented in Figure 2.1, 42 studies 
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published between 1996 and 2019 met the eligibility criteria and were included in the review.177-

218  

2.3.2 Study characteristics  

The detailed characteristics of the included studies are presented in Table 2.1. The majority 

of studies (35 studies) were conducted in the U.S.,177-190, 192-194, 196, 198, 200-202, 204, 205, 207-210, 212-218 

with others conducted in China (three studies),203, 206, 211 Ireland (one study),195 Malaysia (one 

study),197 Israel (one study),199 and Germany (one study).191  A total of 29 studies were RCT,177, 

180-184, 187, 189-194, 196, 197, 200, 201, 203-208, 210, 211, 213, 214, 217, 218 whereas 10 studies employed a cohort 

study design.179, 185, 195, 198, 199, 202, 209, 212, 215, 216 Methadone maintenance treatment clinics accounted 

for the largest proportion of treatment settings. There were 28 studies focused on methadone 

maintenance treatment,177-182, 184-188, 190, 191, 195, 198, 199, 201-204, 206, 209-211, 213, 215, 217, 218 12 studies 

focused on Buprenorphine,183, 189, 193, 194, 196, 197, 200, 205, 207, 208, 212, 214 and two studies included 

both.192, 216 Study risk of bias scores are summarized in Appendices C and D. Overall, the risk of 

bias was assessed as low in 45% of RCTs and 70% in cohort studies.  

2.3.3 Participant characteristics  

Characteristics of the participants included in the 42 studies are summarized in Table 2.2. 

In general, the majority of the studies included 60% to 80% male participants, and the reported 

mean age of the participants among these studies ranged between 28.6 and 46.1 years old. Most 

studies included polysubstance using populations. Regarding the route of administration, six 

studies specifically included people who used intravenous opioids,184-188, 209 others included people 

who used opioids through various routes such as insufflation, smoking, and swallowing. Among 

studies that reported the length of opioid use, 12 reported a mean duration of use between 5 and 
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10 years,180, 191-194, 196, 200, 203, 207, 211, 212, 214 nine reported between 10 and 15 years,181, 182, 184, 187, 189, 

201, 213, 217, 218 and one had a mean as long as 20.7 years.185 

2.3.4 Study outcomes 

To assess the substance use practices, 27 studies relied on regularly scheduled urine drug 

testing,177, 179-181, 183, 185, 186, 188, 189, 191, 192, 194-196, 199, 200, 203-206, 208-211, 213, 215, 217 four studies were based 

on participants’ self-reported information,198, 202, 212, 216 and 11 studies incorporated information 

from both urine drug testing and self-reported measures.178, 182, 184, 187, 190, 193, 197, 201, 207, 214, 218 For 

the treatment targeted drugs, 13 studies focused on opioid use only,187, 189, 195, 197, 203, 204, 206, 210-212, 

215-217 other studies reported the drug use behavior change for both opioid and cocaine,181-183, 185, 

186, 188, 192-194, 196, 200, 201, 205, 207, 209, 213 seven studies evaluated the change for opioid use and 

polysubstance use,130, 136, 142, 150, 154, 160, 166178, 184, 190, 198, 202, 208, 214 and six studies examined 

abstinence from all illicit drug use.177, 179, 180, 191, 199, 218 

Most of the studies employed different ways to define drug use cessation. One commonly 

adopted definition was based on the percentage of negative urine samples throughout the study 

period. Several studies also evaluated abstinence duration using various calculation approaches 

(e.g., the maximum number of consecutive weeks of abstinence, percentage of total weeks of 

abstinence over the study period). Another important outcome indicator was abstinence status at a 

certain study time point (e.g., 3, 6, 9, 12, 18 months).  

2.3.5 Evidence synthesis 

The main findings from all studies are reported in Table 2.3.  

2.3.5.1 Pre-treatment characteristics 

Sociodemographic factors 
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There were six studies involving the examinations of sociodemographic factors,183, 195, 198, 

212, 215, 216 and the data regarding opioid cessation as a function of sociodemographic factors is less 

consistent. One study conducted in the U.S. among Hispanic American methadone maintenance 

patients found that males had a greater odds of reporting follow-up heroin abstinence during 

follow-up compared to females based on a hierarchical regression analysis with adjustment for 

ethnicity identity, spiritual well-being, and self-efficacy.198 Another multi-site cohort study 

focusing on prescription opioid addiction treatment using buprenorphine found that opioid 

abstinence at month-18 follow-up was more likely among participants never married in a 

multivariable logistic regression adjusting for various sociodemographic characteristics, clinical 

characteristics, and treatment study characteristics.212 Proctor et al. explored outcome predictors 

for patients receiving methadone maintenance treatment at an inpatient substance use treatment 

facility.215 The authors demonstrated that older age, unemployment, Hispanic ethnicity, and being 

male, single, separated, or non-self-paying were associated with poorer treatment outcomes 

measured at 3, 6, 9, and 12 months, using Pearson’s chi-square tests.215 Similarly, Hispanic 

ethnicity was also reported to be associated with a lower likelihood of long-term abstinence from 

heroin and other opioids based on a multivariable logistic regression in a multi-site trial among 

people receiving either methadone or buprenorphine.216  

Substance use history 

Five studies examining the impact of pre-treatment substance use information and 

indicated that addiction severity and polysubstance use were predictive of opioid cessation.181, 185, 

212, 215, 216 For example, one study evaluated the outcome during 12-week methadone maintenance 

treatment based on path analysis and found that a lower severity of addiction could predict a longer 

time of abstinence from opioids.181 Older age at first opioid use was found to be predictive of better 
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long-term abstinence from both heroin and all opioids.216 Proctor et al. also examined the impact 

of polysubstance use, including cocaine, amphetamines, cannabinoids, and benzodiazepines at 

baseline, and noted the associations between cocaine use at intake and more opioid use at various 

3-month intervals.215  

Clinical characteristics  

Among the included studies, seven of them examined the impact of patients’ clinical 

characteristics before OAT engagement, including cognitive functioning, substance use treatment 

history, and psychiatric co-morbidities.183, 185, 195, 204, 212, 213, 216 

One study conducted in the U.S. comprehensively characterized multiple dimensions of 

cognitive functioning in methadone maintenance clients and noted that higher cognitive scores, 

including attention/mental control, reasoning, memory, reaction time, information processing 

speed, information processing accuracy, general cognitive functioning, and general cognitive 

processing, predicted larger percentages of total weeks with continuous abstinence.204 

In a clinical trial where a web-based behavioral intervention was used as part of the 

treatment program, Kim et al. reported that treatment history, including the number of lifetime 

substance use disorder treatment episodes, detoxification only treatment episodes, 

inpatient/outpatient treatment episodes could predict not only opioid abstinence but also have 

potential moderation effects for the intervention.213 Specifically, patients with an extensive history 

of prior substance use disorder treatments had better abstinence outcomes when assigned to the 

web-based behavioral intervention.  

Five studies examined the association between various psychiatric co-morbidities and 

treatment outcomes. The examined characteristics including lifetime history of mood disorder,183 

antisocial personality disorder,183 affective disorder,195 psychotic disorder,195 major depressive 
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disorder,212 post-traumatic stress disorder,212 depression,212 number of baseline psychiatric 

diseases,216 and psychiatric severity,185 were not found to be associated with opioid cessation 

outcomes.  

Personality features, motivations, and readiness 

Two studies evaluated an important factor, self-efficacy, which is the belief that one has 

the ability to implement the behaviors needed to produce the desired effect.219 One study 

investigated its impact among ethnic minorities (Hispanic American) in a clinical setting and found 

out that greater self-efficacy was associated with a greater odds of reporting heroin abstinence 

during follow-up.198 In another study that examined cognitive and affective predictors of treatment 

response during the first 12 weeks of methadone maintenance treatment, self-efficacy did not 

predict a longer period of abstinence from opioid use.181 However, in the same study, the authors 

found that not having an “addict” self-schema was related to better treatment outcomes.181  

One study examined the impact of a sense of coherence. People with a stronger sense of 

coherence perceive the world as meaningful, comprehensible, and manageable and are less likely 

to feel threatened and vulnerable.220, 221 Abramsohn et al. conducted a cohort study in Israel and 

demonstrated that a high sense of coherence score could serve as a stable predictor for success in 

methadone maintenance treatment.199  

Two studies examined the role of cultural influences on substance abuse treatment. Among 

HIV-positive people who use injection drug, those with high ratings of spiritual and religious 

support were abstinent from both heroin and cocaine significantly longer compared to those with 

low ratings.185 However, their perceived social support, measured using the Multidimensional 

Scale of Perceived Social Support,222 did not predict the number of weeks abstinent from illicit 

drugs.  
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Belding et al. investigated the impact of stages-of-change and processes-of-change on 

cessation from illicit substance use.179 The authors found that only contemplation was a significant 

predictor for drug-free urine specimens.179 Avants et al. relied on path analysis and found that the 

latent variable negative affect and motivation did not predict the time of abstinence from opioid 

use.181  

2.3.5.2 During- and post-treatment characteristics and co-interventions 

Contingency management (CM) 

CM is an evidence-based treatment intervention based on principles of operant 

conditioning.223 Essentially, this behavioural approach provides a system of incentives when a 

patient progresses toward treatment goals or disincentives when the patient engages in undesirable 

behavior. In total, 18 studies examined whether adding CM in OAT is an effective way of 

improving outcomes in opioid-dependent patients.177, 178, 180, 183, 184, 186-188, 192, 194, 196, 197, 200, 201, 203, 

206, 208, 209 Findings from 13 studies showed that participants with a CM during OAT were more 

likely to submit a negative urine sample.177, 178, 180, 184, 186-188, 192, 197, 201, 203, 206, 209 Additionally, eight 

studies demonstrated that CM in conjunction with OAT could help achieve longer periods of 

consecutive abstinence.184, 187, 192, 194, 196, 197, 200, 203 With varying study periods, the average length 

of continuous abstinence ranged between 2.5 weeks and 10.3 weeks. However, two studies could 

not detect improvement in treatment outcomes when adding CM to OAT.183, 208  

Most studies used vouchers as a type of reinforcer, which could be exchanged for goods or 

services (e.g., bus passes, clothing, restaurant gift certificates, exercise equipment).  The purchases 

should be consistent with treatment goals or supported a drug-free lifestyle and were generally 

conducted by staff members. Other types of reinforcers included take-home doses,177, 187, 197 small 

incentive award,203 employment,209 and reduction in buprenorphine dose contingent on drug-
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positive urine test results.194, 200 The positive reinforcements were generally contingent on 

participants providing negative urine test results. Five studies targeted a negative urine test result 

from opioids only,178, 184, 187, 197, 208 five studies targeted both opioid and cocaine,186, 188, 192, 196, 201 

and three studies targeted polysubstance use such as amphetamine, barbiturates, cocaine, heroin, 

and phencyclidine.177, 180, 183 In addition to drug abstinence, five studies also emphasized treatment 

attendance and engagement as part of the CM strategy.194, 200, 203, 206, 209 Due to the conceptual 

heterogeneity of the studies in terms of the CM strategy, outcome measurement, and outcome 

definition as described above, a quantitative meta-analysis of these study findings was not 

conducted.  

Cognitive behavioral therapy (CBT) 

Whether CBT can improve OAT outcomes was investigated in 11 studies.191, 196, 204, 207, 208, 

210, 211, 213, 214, 217, 218 One study evaluated the impact of adding CBT to physician management for 

patients receiving buprenorphine treatment in primary care settings but could not find evidence 

supporting the addition of CBT.207 A secondary analysis of this study evaluated treatment 

outcomes stratified by opioid use type and found that for patients who primarily used prescription 

opioids, those with CBT achieved more than twice the number of weeks of abstinence from all 

drugs compared to those with standard physician management.214 However, this effect was not 

observed among patients who primarily used heroin.214   

Bickel et al. evaluated an interactive, computer-delivered behavioral therapy plus voucher-

based CM for individuals with opioid use disorder and treated with buprenorphine.196 The findings 

suggested that such an innovative and cost-effective approach could achieve comparable efficacy 

compared to therapist-delivered therapy. Marsch et al. extended prior research by examining the 

effectiveness of the web-based behavioral treatment as a partial replacement of the standard 
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substance abuse counseling, removing the CM incentives, and evaluating treatment outcomes for 

a much longer period of time (i.e., 12 months).210 The authors found that replacing a portion of 

standard treatment with this Therapeutic Education System resulted in significantly greater total 

weeks of opioid abstinence as well as longer continuous abstinence. Kim et al. further showed that 

such technology delivered CBT could offer promise for treatment-resistant patients who had 

experienced an extensive history of prior substance use disorder treatments.213 Acosta et al. also 

investigated its impact on treatment outcomes among people with varying levels of cognitive 

functioning and demonstrated that it could potentially minimize the negative impact of poor 

cognitive functioning on treatment outcomes.204  

Moore et al. investigated another computer-based approach, the Recovery Line, which was 

intended to be used by patients within their own environment to provide immediate assistance, 

training, and support for improved coping.218 Engagement with this intervention depends heavily 

on an individual’s initiative and motivation. The authors found that the Recovery Line only 

increased self-reported abstinence but did not impact outcomes as measured by urine drug screen.  

Counseling and other therapies 

Thirty studies incorporated additional supports as part of the treatment process, including 

regular physician management, unstructured counseling, and group therapy.177, 178, 180-188, 190-197, 200, 

201, 204, 207, 208, 210-214, 218 Four studies demonstrated that more engagement and better adherence to 

these sessions were associated with better treatment outcomes.181, 185, 193, 197 However, in a study 

among African Americans, patients who received intensive outpatient counseling did not yield 

better outcomes than those who received standard counseling level.205 One study found that 

receiving additional off-site services from a psychiatrist, psychologist, social worker, priest, or 

other spiritual leaders, could increase not only the likelihood of abstaining from opioid use and 
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any illicit drug use, but also sustaining abstinence for an extended period (i.e., 12-month period).202 

Hayes et al. found that acceptance and commitment therapy was associated with lower opioid142e 

and total drug use.190 Galanter et al. demonstrated improved effectiveness of eliminating heroin 

use during buprenorphine maintenance by using network therapy, which is an office-based 

treatment that engages a patient’s family or friends in therapy sessions.189  

Other factors associated with cessation from opioid use 

Higher methadone dose and longer duration in treatment have been found to be predictive 

of opioid abstinence.195, 201, 215, 216 Three studies showed that not using other substances such as 

cocaine,195, 215, 216 benzodiazepine,195 and amphetamines215 was associated with better treatment 

outcomes. Other factors associated with cessation from opioid use include reduction in 

depression,182 better coping skills,182 higher social support,216 and low impulsiveness.216  

2.4 Discussion 

In the present review, I identified 42 studies that investigated factors promoting opioid 

cessation among people receiving OAT. Despite different approaches to defining opioid cessation 

outcomes, the commonly examined factors include sociodemographic factors, substance use 

history, the severity of addiction, psychiatric co-morbidities, motivations and readiness, and 

involvement in psychosocial interventions. Regarding the pre-treatment factors, findings were 

mixed, which could be largely due to the different context of the study settings and targeted 

populations. However, the findings from this review provide general support for psychosocial 

interventions, especially CM and CBT, in conjunction with OAT for reducing opioid use during 

and after treatment.  

Consistent with issues identified in Hser et al.’s 2015 review,61 a great amount of 

heterogeneity was found in the current review in terms of outcome ascertainments (e.g., self-report, 
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urine testing), definitions (e.g., abstinence from opioids only or involving other illicit drugs), and 

measurements (e.g., proportion of negative urine samples, total weeks of abstinence, longest 

duration of abstinence). Using the percentage or total weeks of negative urine samples could reflect 

the patients’ overall adherence to abstinence expectations while in treatment. Using the longest 

duration of abstinence as the outcome is a relatively flexible approach, which could provide the 

best summary measure of varying, arbitrary periods of abstinence (e.g., 1, 3, or 8 weeks of 

abstinence). Therefore, the different approaches would lead to different result interpretations and 

clinical implications. For example, Chopra et al. compared the efficacy of medication-based 

contingency and voucher-based contingency in reducing both opioid and cocaine use among 

people treated with buprenorphine.200 When the longest duration of abstinence is of interest, only 

the medication contingency group achieved 1.5 more continuous weeks of abstinence compared 

to the standard treatment group. However, patients in the voucher contingency group had two more 

total weeks of abstinence than did the standard treatment group. Therefore, findings from the 

included studies should be interpreted in light of the various outcome definitions.  

The data regarding opioid cessation as a function of pre-treatment factors are inconclusive 

and possibly due to variations in the study context. Hispanic ethnicity was found to be associated 

with poorer treatment outcomes in two studies.215, 216 This could be related to the relatively low 

adherence to OAT among this ethnic minority group, other unmeasured sociodemographic factors, 

or cultural dimensions of the treatment offered.224 Wong et al. examined the effects of ethnic 

identity, spirituality, and self-efficacy on treatment outcomes among Hispanic Americans enrolled 

in methadone maintenance treatment and highlighted the need for a better understanding of the 

efficacy of OAT in minority groups and the importance of modifying interventions to be more 

culturally responsive.198 Given the observation that some patients could achieve and maintain 
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abstinence from illicit drugs while others do not, it is possible that the differences in response to 

treatment may arise from different personality features and degrees of motivation and readiness 

for change. However, the predictive ability of these factors among the included studies was elusive, 

which is potentially due to reasons such as suboptimal measurement tools, inadequate samples to 

represent the range of stages, and arbitrary time periods for the measurements.  

The most widely utilized psychosocial intervention in conjunction with OAT among the 

included studies was CM. Approximately 90% of the 18 included studies provided evidence to 

support the effectiveness of CM in reducing opioid use among patients treated with either 

methadone or buprenorphine. This finding is consistent with previous meta-analyses 

demonstrating that even though the magnitude of the effect size varied considerably across studies, 

CM had a moderate overall effect on reducing illicit drug use in various opioid treatment 

settings.225-228 It is noted in the literature that CM is more effective when a single drug was targeted 

for behavioral change.225 However, among the included studies, around two-thirds of them utilized 

CM targeting polysubstance use or other important factors (e.g., treatment or group therapy 

attendance). Findings from these studies suggest the potential utility of CM in achieving abstinence 

from polysubstance use as the treatment goal. For example, Correia et al. conducted a study among 

people who used injection drugs and were treated with methadone and found that the percentage 

of abstinence from opioids was significantly higher under a dual-drug (i.e., cocaine and opioid) 

target compared to a single-drug (i.e., cocaine) target.188 Findings from the included studies also 

shed light on potential approaches to increase the effectiveness of CM. Examples include 

combining CM with other psychosocial interventions,196, 197 extending the duration of CM,187 and 

applying alternative reinforcements such as treatment-plan-based reinforcement180 and 

employment-based abstinence reinforcement.209 Two studies failed to demonstrate any added 
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benefits to patients receiving buprenorphine.183, 208 However, findings should be interpreted in light 

of the small sample size in each treatment arm as well as the considerable attrition in these studies.  

However, it is important to note that one consistently mentioned criticism of CM is the 

duration of its impact. Concern has been raised that people will decrease internal motivation to 

change over time and relapse to substance use once external reinforcers are no longer offered. 

Indeed, findings from some of the included studies of this review might be reflective of this 

concern. For example, Schottenfeld et al. examined the impact of CM among people who were 

dependent on both cocaine and opioids and treated with either methadone or buprenorphine.192 

The study demonstrated that people receiving CM could achieve significantly longer periods of 

abstinence during the period of escalating voucher value (i.e., first 12 weeks); however, the same 

effect was not observed during the entire 24-week study period. Other examples include the studies 

conducted by Preston et al., who applied CM during an 8-week induction phase following a 

stepdown CM in a 12-week maintenance phase and then examined treatment outcomes at 1-year 

follow-up.184, 187 The findings from these studies indicated that to achieve a longer period of 

consecutive abstinence and better long-term treatment outcome, extending the duration of CM was 

needed. However, despite the efficacy of CM, it remains challenging to implement CM in clinical 

settings for a long-term period due to the potentially high cost of reinforcers as well as the 

additional cost of staff to manage the program. Therefore, to be sustainable and extend the benefits 

of CM over longer periods, strategies could be explored further, such as using fixed-value 

reinforcer, reducing reinforcer frequency or magnitude, using negative reinforcer, and combining 

CM with other psychosocial interventions.194, 229  

Results from the reviewed studies also generally support the efficacy of CBT in reducing 

opioid use, which is consistent with two previous systematic reviews which investigated the effect 
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of psychosocial interventions as an adjunct to pharmacological treatments of opioid use 

disorder.171, 172 However, the findings of this review are contrary to a recent Cochrane review, 

which investigated the added value of 13 different psychosocial interventions on standard 

maintenance treatments among 35 studies.170 The authors suggested that the addition of any 

psychosocial support to standard maintenance treatments does not confer additional benefits, 

including in achieving abstinence from opioid use during or after treatment.170 However, it is 

important to note that the authors defined opioid abstinence as the number of participants with 

consecutive negative urinalysis for at least three weeks, which is a very specific outcome definition 

and might not fully reflect the influence of psychosocial interventions on opioid use patterns. 

Additionally, related to the concern described earlier, another possibility is that the effect of these 

interventions is short-lived, therefore, cannot be reflected by this specific outcome measurement. 

The current review, as mentioned above, included various outcome definitions, aiming to have a 

more comprehensive understanding of the impact of these interventions on the change of opioid 

use behaviors.  

This review has several limitations to note. First, given the inclusion criteria of the study, 

some relevant literature might have been excluded if opioid cessation was not involved in the 

primary outcome of the study or the effect of OAT could not be distinguished due to combining 

patients with substance use disorders other than opioid. Secondly, because the majority of the 

included studies in the current review were conducted in the U.S., the generalizability of findings 

could be limited given different cultural contexts, environments, resources, and drug policies in 

other regions. Finally, there is a considerable amount of variability among the included studies in 

terms of sample size, length of observation, outcome definition, and provision of additional health 

and social support during OAT. For example, 20 studies had a study period of fewer than six 
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months,178-181, 183, 184, 188, 189, 192-197, 200, 206, 207, 214, 217, 218  and one study examined long-term outcomes 

with a 5-year follow-up time.216 Another example is that even though many studies included 

counseling or physician management as part of the OAT, the format or intensity could vary, and 

the content of these services could be designed to meet different treatment needs. Such 

heterogeneity makes the interpretation of the findings and comparison between studies 

challenging.  

The current review points to several important future research opportunities. Firstly, among 

the included studies, only very few examined the impact of post-treatment factors on opioid use 

cessation. Research has suggested that achieving five years of abstinence is a crucial indicator for 

future stable abstinence.230, 231 Therefore, more research is needed to investigate the post-treatment 

factors either promoting sustained opioid abstinence or resulting in relapse to opioid use. Secondly, 

studies examining opioid cessation among people receiving OAT often had short study periods, 

providing limited evidence on how to support the development of strategies for continuity of care. 

Research has shown that a significant portion of people discharged from substance abuse treatment 

programs returns back to active use within a year.232-234 Therefore, there is a need for more research 

on understanding the long-term impact of OAT on opioid use trajectories, and the factors 

moderating engagement with and response to OAT. Moreover, there is a need for more research 

on the process and strategies to engage special subgroups, such as ethnic minorities and people 

who suffer from chronic pain or mental illness. Finally, to allow for easier comparison and 

evidence synthesis, future studies could aim to apply consistent and commonly used approaches 

to defining cessation outcomes.  

In summary, this systematic review makes an important contribution to the understanding 

of factors that influence the OAT outcomes. Findings of the review highlight the added benefits 
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of incorporating psychosocial interventions in conjunction with OAT. The review also points to 

the importance of healthcare providers holistically assessing the need of patients who suffer from 

OUD, closely monitoring the treatment outcomes, developing long-term recovery strategies, and 

incorporating enhanced services designed to meet the specific needs of individuals in order to 

maximize the effectiveness of OAT. 



39 

 

Figure 2.1 Flowchart of record screening and selection process 
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Table 2.1 Key characteristics of the studies included in systematic review (n = 42) 

First author 
year 

Study 
design 

Country Treatment 
setting 

Inclusion/exclusion criteria  Treatment 
medication 

Additional 
services 

Study 
timeline 

Iguchi 1996 177 RCT  U.S. Methadone 
maintenance 
research clinic  

Inclusion: provided objective evidence of current 
opiate dependence and at least 1 year of opiate use; 
provided a urine sample that tested positive for 
opiates and negative for methadone 
Exclusion: had been enrolled in methadone 
treatment within the past month; were pregnant; 
presented symptoms of active psychosis; had 
already participated in the study before 
  

Methadone Weekly 
counseling 

12-week 
baseline, 
24-week 
intervention 

Silverman 
1996 178 

Within-
subject 
reversal 
design  

U.S. Archway 
clinic, 
National 
Institute on 
Drug Abuse, 
Intramural 
Research 
Program  
  

Inclusion: aged 18-65 years; met FDA qualification 
criteria for methadone treatment; reported a history 
of intravenous opiate use 
Exclusion: current major psychiatric disorders 
other than drug abuse; unstable serious medical 
illness  

Methadone  Weekly 
counseling 

12-week 
intervention, 
8-week 
return-to-
baseline 
period  

Belding 1997 
179 

Cohort 
study 

U.S. MMT clinic 
  

Inclusion: provided evidence of current opiate 
dependence and at least 1 year of opiate use 
Exclusion: not specified  

Methadone NR 12-week 
follow-up 

Iguchi 1997 180 RCT  U.S. Methadone 
maintenance 
research clinic  

Inclusion: provided objective evidence of current 
opiate dependence and at least 1 year of opiate use; 
provided  a urine sample that tested positive for 
opiates and negative for methadone; remained in 
treatment throughout the 6-week baseline period  
Exclusion: had been enrolled in methadone 
treatment within the past month; presented 
symptoms of active psychosis; were under special 
treatment contracts that imposed additional 
contingencies on their behavior; severity of 
medical condition might necessitate a reduction in 

Methadone Weekly 
counseling 

6-week 
baseline, 
12-week 
intervention, 
6-week 
follow-up 
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the number of required weekly clinic visits or urine 
specimens 
  

Avants 2000 
(a) 181 

RCT  U.S. MMT clinic  Inclusion: not specified; sample included people 
who had opioid use disorder and were unemployed 
Exclusion: not specified  

Methadone Weekly case 
management 
and coping 
skills 
training  
group 
  

12-week 
intervention 

Avants 2000 
(b) 182 

RCT  U.S. MMT clinic  
  

Inclusion: not specified 
Exclusion: not specified  

Methadone  Coping 
skills 
training 
group 

12-week 
intervention, 
6-month 
follow-up 
  

Downey 2000 
183 

RCT  U.S. MMT clinic Inclusion: aged 18-55 years; met DSM-IV criteria 
for opioid use disorder; produced a urine specimen 
positive for heroin and at least one of the 
following: amphetamine, barbiturates, cocaine, and 
phencyclidine  
Exclusion: had medical or psychiatric 
contraindications to research participation; had 
schizophrenia, bipolar disorder, dementia, and 
delirium   

Buprenorphine  Weekly 
individual 
cognitive 
behavioral 
substance 
abuse 
therapy and 
group 
therapy  
  

5-week 
induction, 
12-week 
intervention 

Preston 2000 
184 

RCT U.S. Archway 
clinic, 
National 
Institute on 
Drug Abuse, 
Intramural 
Research 
Program  
  

Inclusion: aged 18-65 years; met FDA qualification 
criteria for methadone treatment; reported histories 
of drug use by injection 
Exclusion: current major psychiatric illness and/or 
unstable serious medical illness; current physical 
dependence on alcohol or benzodiazepines 

Methadone  Weekly 
counseling 

5-week 
baseline, 8-
week 
intervention 

Avants 2001 
185 

Cohort 
study 

U.S. MMT clinic 
  

Inclusion: not specified; sample included people 
who met DSM-IV criteria for opioid use disorder, 
were HIV-positive, used injection drugs 
Exclusion: not specified 

Methadone Counseling  6-month 
follow-up 
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Dallery 2001 
186 

Within-
subject, 
crossover 
design 

U.S. Treatment 
research clinic  

Inclusion: chronic opiate-dependent, intravenous 
drug abusers; opiate- or cocaine-abusing 
methadone patients; treatment failures  
Exclusion: had serious medical or psychiatric 
illness; were pregnant 
  

Methadone Weekly 
counseling 
and medical 
monitoring  

26-week 
intervention 
in Phase 1, 
32-week 
intervention 
in143ase 2  

Preston 2002 
187 

RCT U.S. Archway 
clinic, 
National 
Institute on 
Drug Abuse, 
Intramural 
Research 
Program  
  

Inclusion: aged 18-65 years; met FDA qualification 
criteria for methadone treatment; reported histories 
of intravenous opiate use 
Exclusion: had unstable serious medical illness; 
current physical dependence on alcohol or 
benzodiazepines; current suicidal ideation; had 
histories of psychotic or bipolar illness 

Methadone Weekly 
counseling 

8-week 
induction, 
12-week 
intervention, 
12-month 
follow-up 

Correia 2003 
188 

Within-
subject, 
crossover 
design 

U.S. Behavioral 
Pharmacology 
Research 
Unit's 
methadone 
treatment 
research 
program 

Inclusion: aged 18-55 years; met DSM-IV criteria 
for opioid use disorder; were intravenous opiate 
users; absence of serious medical and psychiatric 
disorders; submission of an opiate- and cocaine-
positive urine specimen during the intake and 
admission procedure; showed evidence of 
continued use of both heroin and cocaine during 
the study 
Exclusion: not specified 
  

Methadone Weekly 
counseling 
and group 
therapy  

3-week 
baseline, 4-
week 
inter145tion  

Galanter 2004 
189 

RCT U.S. Office-based 
setting 

Inclusion: aged 21-65 years; met DSM-IV criteria 
for heroin dependence; accepted random 
assignment to either of the two behavioral 
treatment conditions; were able to bring to intake a 
drug-free family member or friend who could 
support them in recovery  
Exclusion: had pre-existing major Axis I general 
psychiatric disorder 
  

Buprenorphine  NR 18-week 
intervention 
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Hayes 2004 190 RCT U.S. Community-
based MMT 
clinic  

Inclusion: met DSM-IV criteria for substance 
abuse or dependence for at least one other 
substance and had relapsed to that substance during 
the last 30 days 
Exclusion: DSM-IV diagnosis of schizophrenia, 
schizoaffective disorder, psychosis NOS, or bipolar 
affective disorder; imminent criminal justice 
proceedings that might result in incarceration 
during treatment; did not complete intake 
assessments; refused to be randomly assigned to a 
treatment condition; was a close friend with staff 
  

Methadone Monthly 
counseling 

16-week 
intervention, 
6-month 
follow-up 

Scherbaum 
2005 191 

RCT Germany MMT clinic  Inclusion: met ICD-10 criteria for opioid addiction; 
the study treatment had to be their first episode of 
MMT or currently had treatment for more than 6 
weeks and less than 6 months 
Exclusion: had severe psychiatric conditions, 
especially psychosis and clinically significant 
organic brain syndrome; had serious medical, legal 
or social problems 
  

Methadone Weekly 
counseling 

6-month 
intervention, 
6-month 
follow-up 

Schottenfeld 
2005 192 

RCT U.S. NR  Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder and cocaine use disorder; 
had at least a 1-year history of documented opioid 
use disorder 
Exclusion: current alcohol or sedative dependence; 
significant medical condition (e.g., liver enzyme 
elevations greater than three times normal limit); 
current psychotic or bipolar disorder, major 
depression, or suicide risk; were pregnant; inability 
to read or understand English  
  

Methadone; 
Buprenorphine  

Counseling  24-week 
intervention 

Fiellin 2006 193 RCT U.S. Primary-care 
clinic 

Inclusion: met DSM-IV criteria for opioid use 
disorder; met criteria for opioid-agonist 
maintenance treatment  
Exclusion: were dependent on alcohol, 
benzodiazepines, or sedatives; were dangerous to 
themselves or others; are psychotic or had major 

Buprenorphine Monthly 
physician 
management 

24-week 
intervention 
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depression; were unable to comprehend English; 
had life-threatening medical problems  
  

Gross 2006 194 RCT U.S. Substance use 
treatment 
clinic  

Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder; met FDA qualification 
criteria for methadone treatment; were in good 
health 
Exclusion: evidence of acute psychosis or serious 
medical illness; were pregnant 
  

Buprenorphine  Weekly 
counseling 

2-week 
induction, 
8-week 
baseline, 
12-week 
intervention 
  

Kamal 2007 
195 

Cohort 
study 

Ireland Central drug 
treatment 
service at 
Drug 
Treatment 
Centre Board  
  

Inclusion: patients who were on MMT throughout 
a three-month period preceding data collection 
Exclusion: patients who dropped out of the 
treatment; transferred back to community-based 
addiction treatment during the three-month period  
  

Methadone  Counseling  3-month 
follow-up  

Bickel 2008 196 RCT U.S. Outpatient 
university-
based research 
clinic  

Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder; met FDA qualification 
criteria for methadone treatment 
Exclusion: had active psychiatric disorders and 
significant medical illnesses; were pregnant  
  

Buprenorphine Weekly 
counseling 

23-week 
intervention 

Chawarski 
2008 197 

RCT Malaysia  Community-
based 
outpatient 
centre 

Inclusion: aged 18-65 years; met DSM-IV criteria 
for opioid use disorder; had an opioid positive 
urine toxicology test 
Exclusion: alcohol or benzodiazepines dependence; 
greater than three times normal liver enzymes; 
current suicide or homicide risk; current psychotic 
disorder or major depression; life-threatening or 
unstable medical problems  
  

Buprenorphine Physician 
management  

2-week 
induction, 
12-week 
intervention 

Wong 2008 198 Cohort 
study 

U.S. MMT clinic  Inclusion: aged 18 or older; documented history of 
opiate dependence of at least 2 years; fitness for 
methadone treatment as certified by a physician on 
the basis of physical examination, medical history, 
and laboratory findings; evidence of current 
dependence  

Methadone  NR 12-month 
fol155-up  



45 

 

Exclusion: not specified 
  

Abramsohn 
2009 199 

Cohort 
study 

Israel MMT clinic 
  

Inclusion: aged 18 or older; met the criteria similar 
to those of the U.S. Federal Regulations for 
entering methadone treatment 
Exclusion: not specified  

Methadone  NR 13-month 
follow-up 

Chopra 2009 
200 

RCT U.S. Substance use 
treatment 
clinic  

Inclusion: aged 18-55 years; met DSM-IV criteria 
for opioid use disorder; met FDA qualification 
criteria for buprenorphine treatment  
Exclusion: had significant or unstable medical 
condition; active psychiatric disorder that may 
interfere with participation in the research; were 
pregnant  
  

Buprenorphine Weekly 
counseling 

1-week 
induction, 
12-week 
int157ention 

Epstein 2009 
201 

RCT U.S. Methadone 
maintenance 
research clinic  

Inclusion: aged 18-65 years; physical dependence 
on opiates; cocaine and opiate use  
Exclusion: current psychotic, bipolar, or major 
depressive disorders; current physical dependence 
on alcohol or sedatives; unstable serious medical 
illness; estimated IQ below 80, per the Shipley 
Institute of Living Scale; conditions precluding 
urine collection  
  

Methadone  Weekly 
counseling 

5-week 
baseline, 
12-week 
intervention, 
10-week 
maintenance 

Wu 2010 202 Cohort 
study 

U.S. MMT clinic  Inclusion: aged 18 or older; being male; being 
enrolled in an MMT program for at least 3 months; 
during the past year, having had a sexual 
relationship with a woman whom the man 
described as his girlfriend, spouse, regular sexual 
partner, or the mother of his children 
Exclusion: not specified 
 
  

Methadone  NR 12-month 
follow-up 

Hser 2011 203 RCT China Community-
based MMT 
clinic 
  

Inclusion: not specified 
Exclusion: not specified  

Methadone  No 
counseling 
sessions 
were offered 

12-week 
intervention, 
6-month 
follow-up 
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Acosta 2012 
204 

RCT U.S. MMT clinic  Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder; met the criteria in the 
Federal Register outlining regulations regarding 
the use of opioid drugs in the treatment of opiate 
addiction; within the first 30 days of initiating 
MMT 
Exclusion: not specified 
  

Methadone Counseling  12-month 
intervention 

Mitchell 2013 
205 

RCT U.S. Community-
based 
outpatient 
treatment 
program 

Inclusion: admitted to buprenorphine treatment; 
received at least one buprenorphine dose; received 
fewer than 8 h of counseling prior to random 
assignment  
Exclusion: were pregnant; had an acute medical or 
psychiatric illness beyond the ability of the 
program physician to manage; had insufficient 
cognitive capacity to provide informed consent  
  

Buprenorphine  NR 6-month 
intervention 

Chen 2013 206 RCT China MMT clinic  Inclusion: aged 20 or older; met ICD-10 criteria for 
opioid use disorder; residence in the area/city 
where the MMT clinic was located; willingness to 
participant and provide informed consent 
Exclusion: not specified 
  

Methadone NR 12-week 
intervention 

Fiellin 2013 207 RCT U.S. Primary-care 
clinic 

Inclusion: met DSM-IV criteria for opioid use 
disorder 
Exclusion: were dependent on alcohol, 
benzodiazepines, or cocaine; were dangerous to 
themselves or others; are psychotic or had major 
depression; were unable to comprehend English; 
had life-threatening medical problems  
  

Buprenorphine Physician 
management  

2-week 
induction, 
24-week 
intervention 

Ling 2013 208 RCT U.S. Outpatient 
clinical 
research 
center 

Inclusion: aged 15 or older; met DSM-IV criteria 
for opioid use disorder; had good general medical 
and psychiatric health; no sensitivity to 
buprenorphine or naloxone; no dependence on 
alcohol, benzodiazepines or any other drug that 
would require immediate medical attention or a 
pattern of benzodiazepine use that could be unsafe 

Buprenorphine Medical 
management  

2-week 
induction, 
16-week 
intervention, 
52-week 
follow-up 
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in the context of the study; females could not be 
pregnant or nursing, and have agreed to use 
acceptable birth control method 
Exclusion: not specified 
  

Holtyn 2014 
209 

Cohort 
study 

U.S. Therapeutic 
workplace at 
the Center for 
Learning and 
Health, a 
treatment-
research unit  

Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder; reported injection drug use 
in the past 30 days; reported using heroin at least 
21 out of the past 30 days; provided an opiate-
positive urine sample; showed visible signs of 
injection drug use; reported not receiving substance 
abuse treatment in the past 30 days; lived in 
Baltimore; were unemployed  
Exclusion: had current severe psychiatric disorders 
or chronic medical conditions that would interfere 
with their ability to participate in the workplace; 
reported current suicidal or homicidal ideation; had 
physical limitations that would prevent them from 
using a keyboard; had medical insurance coverage; 
were pregnant or breastfeeding; were currently 
considered a prisoner  
  

Methadone  NR 4-week 
induction, 
26-week 
intervention 

Marsch 2014 
210 

RCT U.S. MMT clinic  Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder; met the criteria in the 
Federal Register outlining regulations regarding 
the use of opioid drugs in the treatment of opiate 
addiction; within the first 30 days of initiating 
MMT; had sufficient English-language ability 
Exclusion: individuals entering treatment only for 
detoxification  
  

Methadone  Counseling  12-month 
intervention 

Pan 2015 211 RCT China Community-
based MMT 
clinic  

Inclusion: aged 18-65 years; met DSM-IV criteria 
for opioid use disorder; had no serious mental and 
physical disorders; were not participating in any 
other study 
Exclusion: not specified  

Methadone  Voluntary 
counseling; 
testing for 
HIV; 
monthly 
health 

26-week 
intervention   
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education 
lecture 
  

Potter 2015 212 Cohort 
study 

U.S. Academic 
research 
centers and 
community 
treatment 
program 

Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder 
Exclusion: used heroin >4 of the past 30 days; had 
a lifetime DSM-IV opioid-dependence diagnosis 
due solely to heroin; had ever injected heroin; 
required continued pain management with opioids; 
had experienced a traumatic pain event in the 
previous 6 months; were psychiatrically unstable; 
required immediate medical attention for 
dependence on other substances; had liver function 
tests >5 times the upper limit of normal 
  

Buprenorphine Weekly 
counseling 

18-month 
follow-up 

Kim 2016 213 RCT U.S. MMT clinic  Inclusion: aged 18 or older; met DSM-IV criteria 
for opioid use disorder; within the first 30 days of 
initiating MMT; sufficient English language skills 
Exclusion: individuals entering treatment only for 
detoxification  
  

Methadone Counseling  12-month 
intervention 

Moore 2016 
214 

RCT U.S. Primary-care 
clinic 

Inclusion: met DSM-IV criteria for opioid use 
disorder 
Exclusion: were dependent on alcohol, 
benzodiazepines, or cocaine; were dangerous to 
themselves or others; are psychotic or had major 
depression; were unable to comprehend English; 
had life-threatening medical problems  
  

Buprenorphine Physician 
management  

2-week 
induction, 
24-week 
intervention 

Proctor 2016 
215 

Cohort 
study 

U.S. Inpatient 
substance use 
treatment 
facility 

Inclusion: minimum length of stay of 15 days; 
presented for medication-assisted maintenance 
treatment; received methadone; complete 
demographic data (i.e., gender, race/ethnicity, 
employment status, age, marital status) 
Exclusion: treatment programs for whom relatively 
small patient sample sizes were found (i.e., <50 
patients) 
  

Methadone  NR 12-month 
follow-up  
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Zhu 2018 216 Cohort 
study 

U.S. Opioid 
treatment 
clinic 
  

Inclusion: not specified 
Exclusion: not specified  

Methadone; 
Buprenorphine 

NR 5-year 
follow-up  

Barry 2019 217 RCT U.S. Community-
based opioid 
treatment 
program 

Inclusion: met DSM-IV criteria for opioid use 
disorder and American Academy of Pain 
Medicine/American Pain Society/American 
Society of Addiction Medicine consensus 
definition of opioid addition; had at least six 
months duration of moderate-to-severe low-back 
pain 
Exclusion: current suicide or homicide risk; 
inability to provide informed consent because of 
psychiatric or cognitive impairment; 
contraindication to the limited physical exercise 
encouraged in cognitive-behavioral therapy, as 
determined by a study physician  
  

Methadone NR 3-week 
baseline, 
12-week 
intervention, 
1-week 
transfer to 
ongoing 
MMT 

Moore 2019 
218 

RCT U.S. Opioid 
treatment 
clinic  

Inclusion: aged 18 or older; currently receiving 
methadone treatment; self-reported illicit drug use 
in the last 14 days or a positive urine screen for 
illicit drugs 
Exclusion: current suicide or homicide risk; met 
criteria for current DSM-IV psychotic or bipolar 
disorder; did not have access to a phone with text 
messaging; unable to read or understand English; 
unable to complete the study because of anticipated 
incarceration or move; medical complications that 
would interfere with participation  

Methadone  Monthly 
counseling  

12-week 
intervention, 
12-week 
follow-up 

DSM-IV diagnostic and statistical manual of mental disorders, fourth edition; ICD-10 International Classification of Disease, 10th edition; MMT methadone 
maintenance treatment; NR not reported; RCT randomized controlled trial; U.S. United States.
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Table 2.2 Characteristics of included participants in systematic review  

First author 
year 

Sample 
size  

Male sex Mean age (SD), 
years 

Ethnicity/race Baseline substance use information 

Iguchi 1996 177 66 67% 34.8 (6.9) 77% White, 9% Black, 12% 
Hispanic, 2% Native American  
  

Reported substance: opioid, cocaine, benzodiazepine 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Silverman 1996 
178 

13 62% 37.3 (SD NR) 31% White, 69% Black Reported substance: heroin, cocaine, alcohol, 
sedatives/tranquilizers, marijuana  
Route of administration: 92% intravenous  
Mean (SD) year of opioid use: NR 
  

Belding 1997 
179 

81 63% 35.6 (SD NR) 89% White, 9% Black, 2% 
Hispanic  
  

Reported substance: opioid, cocaine, 
benzodiazepines, tetrahydrocannabinol 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Iguchi 1997 180 103 63% 36.3 (6.9) 85% White, 12% Black, 3% 
Hispanic 
  

Reported substance: opioid, cocaine, benzodiazepine 
Route of administration: NR 
Mean (SD) year of regular daily opioid use: 5.8 (7.2) 
  

Avants 2000 (a) 
181 

302 72% 36.7 (6.9) 60% White, 28% African 
American 12% Hispanic, 0.3% 
Native American 
  

Reported substance: heroin, cocaine 
Route of administration: 73% intravenous  
Mean (SD) year of heroin use: 12.5 (8.3)   
  

Avants 2000 
(b) 182 

307 71% 36.8 (6.9) 59% White, 29% African 
American, 12% Hispanic  

Reported substance: heroin, cocaine  
Route of administration: 73% intravenous  
Mean (SD) year of heroin use: 12.6 (8.3)  
  

Downey 2000 
183 

41 61% 40.0 (7.6)* 34% White, 64% other  
 
  

Reported substance: opioid, cocaine, alcohol 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Preston 2000 
184 

120 67% 37.6 (6.9)* 58% White, 42% African 
American  

Reported substance: heroin, cocaine, alcohol, 
sedatives/tranquilizers, marijuana 
Route of administration: 100% intravenous  
Mean (SD) year of heroin use: 12.7 (8.0)* 
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Avants 2001 185 43 70% 42.3 (6.1) 39% White, 49% African 
American, 12% Hispanic 

Reported substance: heroin, cocaine  
Route of administration: 100% intravenous 
Mean (SD) year of opioid use: 20.7 (9.2) 
  

Dallery 2001 186 11 64% 39.7 (2.1)  55% White, 45% Black Reported substance: opioid, cocaine, sedative, 
cannabis, alcohol 
Route of administration: 100% intravenous 
Mean (SD) year of opioid use: NR 
  

Preston 2002 
187 

110 68% 37.6 (6.9)* 39% African American, 61% 
other 

Reported substance: heroin, cocaine, alcohol, 
sedatives, tranquilizers, marijuana 
Route of administration: 100% intravenous  
Mean (SD) year of heroin use: 12.4 (7.8)* 
  

Correia 2003 
188 

58 52% 40.3 (SD NR) 
  

47% White, 53% Black Reported substance: opioid, cocaine  
Route of administration: 100% intravenous 
Mean (SD) year of opioid use: NR 
  

Galanter 2004 
189 

66 76% 36 (8.4) 59% White, 24% Hispanic, 12% 
Black, 5% Asian/other  

Reported substance: heroin, others NR 
Route of administration: 33% intravenous 
Mean (SD) year of heroin use: 12.3 (9.5) 
  

Hayes 2004 190 124 49% 42.2 (SD NR) 
  

13% ethnic minorities Reported substance: opioid, alcohol, cocaine, 
sedative 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Scherbaum 
2005 191 

73 73% 30 (6) 96% at least one parent of 
German origin, 4% other  
  

Reported substance: heroin, others NR  
Route of administration: NR 
Mean (SD) year of heroin dependence: 7 (5)  
  

Schottenfeld 
2005 192 

162 66% 36.2 (6.3) 52% White, 36% Black, 11% 
Hispanic  

Reported substance: heroin, cocaine  
Route of administration: 48% intravenous  
Mean (SD) year of illicit opioid use: 9.2 (7.2) 
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Fiellin 2006 193 166 78% 36.0 (9.3)* 77% White, 23% other Reported substance: opioid, cocaine, alcohol  
Route of administration: 31% intravenous 
Mean (SD) year of opioid use disorder: 8.1 (8.0)*  
  

Gross 2006 194 60 55% 32.5 (9.8) 92% White, 8% other  Reported substance: opioid, cocaine, alcohol, 
sedative, cannabis 
Route of administration: 73% intravenous  
Mean (SD) year of opioid regular use: 9.6 (7.5)* 
  

Kamal 2007 195 440 63% 32 (SD NR) 
  

NR Reported substance: opioid, cocaine, benzodiazepine, 
alcohol, amphetamines 
Route of administration: NR 
Mean (SD) year of opioid use: NR  

Bickel 2008 196 135 56% 28.6 (8.4)* 96% White, 4% other Reported substance: opioid, alcohol, cocaine, 
sedative, cannabis  
Route of administration: 70% intravenous 
Mean (SD) year of regular opioid use: 5.7 (5.7)* 
  

Chawarski 
2008 197 

24 NR  NR NR Reported substance: NR 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Wong 2008 198 114 85% NR Hispanic American (78% 
Mexican descent, 3% Puerto 
Rican, 19% other) 

Reported substance: heroin, other opioids, glue, 
marijuana, hallucinogens, amphetamines, downers, 
crack, other cocaine, tranquilizers, phencyclidine, 
synthetic drugs, alcohol, tobacco, ecstasy  
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Abramsohn 
2009 199 

90 73% 39.8 (9.9) NR  Reported substance: NR 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Chopra 2009 
200 

120 58% 31.8 (10.1)* 98% White, 2% other  Reported substance: opioid, alcohol, cocaine, 
sedative, cannabis 
Route of administration: 37% intravenous 
Mean (SD) year of regular opioid use: 6.2 (6.2)* 
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Epstein 2009 
201 

252 48% 37.8 (7.6) 66% African American, 34% 
other 

Reported substance: heroin, cocaine  
Route of administration: 61% intravenous 
Mean (SD) year of heroin use: 10.3 (7.5)  
  

Wu 2010 202 356 100% 43.6 (8.5) 38% African American, 45% 
Latino, 17% White/other 
  

Reported substance: heroin, cocaine, crack, 
marijuana  
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Hser 2011 203 319 76% 38.1 (8.0)* NR (assuming all Asian) Reported substance: opioid, others NR 
Route of administration: 58% intravenous 
Mean (SD) year of drug use: 9.4 (5.9)* 
  

Acosta 2012 204 160 75% 40.7 (9.8) 44% White, 32% Black or 
African American, 24% other 
  

Reported substance: heroin, others NR  
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Mitchell 2013 
205 

300 62% 46.1 (6.5) 100% African American  Reported substance: opioid, cocaine 
Route of administration: 23% intravenous  
Mean (SD) year of opioid use: NR 
  

Chen 2013 206 246 92% 38.1 (5.7) NR (assuming all Asian) 
  

Reported substance: heroin, others NR  
Route of administration: 89% intravenous 
Mean (SD) year of opioid use: NR 
  

Fiellin 2013 207 141 74% 33.7 (9.5)* 90% White, 10% other  Reported substance: opioid, cocaine, alcohol  
Route of administration: 32% intravenous 
Mean (SD) year of opioid use disorder: 8.0 (6.4)* 
  

Ling 2013 208 202 69% 37.0 (12.6)* 53% White, 20% Hispanic, 10% 
Black, 6% Asian, 3% American 
Indian, 8% other 
  

Reported substance: opioid, alcohol, cocaine, 
amphetamines, cannabis, sedatives 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Holtyn 2014 209 33 55% 44 (9) 27% White, 73% Black Reported substance: heroin, cocaine  
Route of administration: 100% intravenous 
Mean (SD) year of opioid use: NR 
  



54 

 

Marsch 2014 
210 

160 75% 40.7 (9.8) 44% White, 32% Black, 24% 
other 

Reported substance: heroin, sedative, amphetamine, 
cocaine, alcohol  
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Pan 2015 211 240 78% 40.9 (8.5) NR (assuming all Asian)  Reported substance: opioid, alcohol 
Route of administration: 68% intravenous  
Mean (SD) year of opioid use: 9.5 (4.5)  
  

Potter 2015 212 252 57% 33.2 (9.8) 89% White, 11% other  Reported substance: prescription opioid, heroin, 
alcohol, cannabis, cocaine, sedatives, other stimulants 
Route of administration: 82% route other than 
swallowing/sublingually  
Mean (SD) year of opioid use: 5.1 (4.6) 
  

Kim 2016 213 160 75% 40.7 (9.8) 44% White, 56% other  Reported substance: opioid, alcohol, barbiturates, 
other sedatives, hypnotics, tranquillizers, cocaine or 
crack, amphetamines, marijuana, hallucinogens, 
inhalants 
Route of administration: NR 
Mean (SD) year of regular opioid use: 15.0 (11.7) 
  

Moore 2016 214 141 74% 33.7 (9.5)* 89% White, 9% Hispanic, 2% 
other 

Reported substance: prescription opioids, heroin, 
cocaine, alcohol 
Route of administration: 32% intravenous 
Mean (SD) year of opioid use: 8.0 (6.4)* 
  

Proctor 2016 
215 

2410 60% 34.5 (10.8) 81% Caucasian, 13% Hispanics, 
3% African American, 1% 
American Indian, 1% Asian, 1% 
other 
  

Reported substance: opioid, benzodiazepines, 
cannabinoids, cocaine, amphetamines 
Route of administration: NR 
Mean (SD) year of opioid use: NR 
  

Zhu 2018 216 699 65% 37.4 (11.2) 73% White, 9% African 
American, 11% Hispanic, 7% 
other 
  

Reported substance: opioid, alcohol, cocaine, 
amphetamine, cannabis  
Route of administration: 66% intravenous  
Mean (SD) year of opioid use: NR 
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Barry 2019 217 40 63% 38.1 (11.3) 85% White, 15% other Reported substance: heroin, alcohol, cocaine, 
marijuana 
Route of administration: NR 
Mean (SD) year of opioid use disorder: 11.8 (9.9) 
  

Moore 2019 218 82 60% 42.4 (10.9)* 67% White, 20% Black, 12% 
other 

Reported substance: opioid, cocaine  
Route of administration: 50% intravenous  
Mean (SD) year of opioid use disorder: 15.0 (10.3)* 

*Pooled estimate from stratified groups 

NR not reported; SD standard deviation.
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Table 2.3 Summary of main study findings examining factors promoting opioid cessation for people receiving opioid agonist therapy 

First author 
year 

Objective Retenti
on rate 

Outcome(s) Factor(s) examined Main findings 

Iguchi 1996 
177 

Assess the effectiveness of CM on 
attending psychoeducational 
groups compared with the 
intervention reinforcing the 
provision of drug-free urine 
samples 

77% Urine testing 
Number of 
negative urine 
samples 

b CM 
Condition: participation in 
interpersonal problem solving 
groups; drug-negative urine 
sample 
Reinforcer: take-home doses 
  

(1) Urinalysis-contingent reinforcement 
resulted in significantly greater improvement 
in drug-abstinence rates over baseline levels 
(2) Reinforcement of group participation 
was not as effective compared to urinalysis-
contingent reinforcement  

Silverman 
1996 178 

Assess the effectiveness of 
voucher-based abstinence 
reinforcement in reducing opiate 
use in patients receiving MMT in 
an inner-city program  

92% Self-report; 
urine testing 
Percent of 
positive urine 
samples; self-
reported drug 
use (yes vs. no) 

b CM  
Condition: drug-negative 
urine sample 
Reinforcer: voucher  

(1) Opiate use decreased significantly when 
the voucher program was instituted (p < 
0.01) and then increased significantly when 
the voucher program was discontinued (p < 
0.01) 
(2) Rates of opiate positive urines in the 
return-to-baseline condition remained 
significantly below the rates observed in the 
initial baseline period (p1370.01) 
 

Belding 
1997 179 

Evaluate the predictive validity of 
stages-of-change and processes-
of-change measure among 
patients in MMT 
 

78% Urine testing 
Abstinence (yes 
vs. no) 

a Stages and processes of 
change regarding readiness to 
discontinue polydrug use 
  

Only contemplation was a significant 
predictor for post-test drug-free urine 
specimens (p < 0.05) 

Iguchi 1997 
180 

Assess the effectiveness of the 
task-oriented shaping intervention 
compared with a standard 
treatment control and a more 
traditional CM intervention 
reinforcing the provision of drug-
free urine samples 
 

76% Urine testing 
Number of 
negative urine 
samples  

b CM 
Condition: completion of 
treatment-plan-related task; 
drug-negative urine sample 
Reinforcer: voucher 
  

Treatment-plan-based reinforcement was 
significantly more effective in reducing 
illicit drug use (p < 0.05) 

Avants 2000 
(a) 181 

Examine cognitive, affective, and 
behavioral predictors of treatment 
response during the first 12 weeks 
of MMT  

77% Urine testing 
Total weeks of 
abstinence 

a Severity of addiction, 
addiction self-schema, 
negative affect (Beck 
Depression Inventory, State-

Good adherence to the psychosocial 
treatment program, less severity of 
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Trait Anxiety Inventory, Life 
Orientation Test), motivation, 
self-efficacy  
b Adherence to psychosocial 
treatment program 
  

addiction, and less "addict" self-schema can 
predict longer time of opiates abst140nt  

Avants 2000 
(b) 182 

Investigate the influence of 
coping and depression on 
abstinence from heroin and 
cocaine among inner city opioid-
dependent patients in MMT  

55% Self-report; 
urine testing 
Abstinence (yes 
vs. no) 

b Changes in coping style and 
depression, addiction severity 

Patients who achieved abstinence during 
treatment phase had significant: 
(1) reductions in depression (p < 0.001) 
(2) lower scores on resigned acceptance (p < 
0.001) and cognitive avoidance (p < 0.001) 
(3) decreased the proportion of avoidant 
strategies to overall coping strategies (p < 
0.03) 
Drug use at follow-up was predicted by 
posttreatment cognitive avoidance and 
addition severity  
 

Downey 
2000 183 

Examine whether voucher-based 
reinforcement therapy targeting 
polydrug use would result in 
improved outcomes  

51% Urine testing 
Percentage of at 
least one 
negative urine 
sample; longest 
duration of 
abstinence; total 
number of 
negative urine 
samples 
  

a Baseline levels of cocaine 
and heroin use, demographics, 
lifetime history of mood 
disorder and antisocial 
personality disorder 
b CM 
Condition: drug-negative 
urine sample 
Reinforcer: voucher 
  

(1) There were no significant group 
differences on treatment outcome 
(2) Baseline heroin use was a significant 
predictor for percent heroin abstinence 
outcome (p < 0.001) 

Preston 
2000 184 

Evaluate whether CM and 
methadone dose increase would 
be more effective in combination 
than either alone  

93% Self-report; 
urine testing 
Percentage of 
negative urine 
samples; longest 
duration of 
abstinence; self-
reported opioid 
use frequency 
  

b CM  
Condition: drug-negative 
urine sample 
Reinforcer: voucher  
 
Methadone dose increase 

(1) Contingent vouchers and a methadone 
dose increase each significantly increased 
the percentage of opiate-negative urine 
specimens  
(2) Contingent vouchers increased the 
duration of sustained abstinence  
(3) Methadone dose increase reduced self-
reported frequency of use  
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Avants 2001 
185 

Determine the potential 
usefulness of spiritual and 
religious support as a predictor 
variable for abstinence from illicit 
drugs in a sample of HIV-positive 
injection drug users in MMT  
 

100% Urine testing 
Total weeks of 
abstinence 

a Spiritual support, addiction 
and psychiatric severity, CD4 
count, social support, 
optimism 
b Methadone dose, total 
number of counseling sessions 
attended 
  

Patients with high ratings of spiritual support 
were abstinent from both heroin and cocaine 
significantly longer than patients with lower 
ratings (p = 0.01) 

Dallery 2001 
186 

Test a voucher-based abstinence 
reinforcement procedure for 
reducing opiate and cocaine use in 
a population of treatment-resistant 
opiate- and cocaine-using 
methadone patients  

73% Urine testing 
Percentage of 
negative urine 
samples 

b Methadone dose, total 
number of counseling sessions 
attended  
 
CM 
Condition: drug-negative 
urine sample 
Reinforcer: different 
magnitudes of voucher 
  

(1) Compared with baseline conditions, 
more urine samples were negative for both 
opioid and cocaine under both the low- and 
high-reinforcer-magnitude conditions 
(2) In Phase 2, the low- and high-magnitude 
conditions resulted in significantly more 
negative urine samples than the dose 
adjustment condition 
 

Preston 
2002 187 

Examine whether people with the 
longest exposure to contingent 
reinforcement would have greater 
opiate abstinence in the 
maintenance phase and better 
long-term outcomes 

75% Self-report; 
urine testing 
Opioid use (yes 
vs. no); longest 
duration of 
abstinence 
  

b CM  
Condition: drug-negative 
urine sample 
Reinforcer: voucher and take-
home doses 
  

Receiving the maintenance contingency in 
both induction and maintenance phases 
resulted in less opiate use (p = 0.034) and 
longer consecutive opiate abstinence during 
maintenance phase 

Correia 
2003 188 

Compare abstinence initiation 
outcomes when a single-drug 
(cocaine) versus a dual-drug 
(cocaine and opiate) target was 
required to earn reinforcers 

100% Urine testing 
Percentage of 
participants 
abstinent for 2 
and 4 days 

b CM (single- or dual-drug 
target incentive strategy) 
Condition: drug-negative 
urine sample 
Reinforcer: voucher 
  

The percentage of participants testing 
abstinent from opiates was significantly 
higher under dual target (84% vs. 64%, p < 
0.05) 

Galanter 
2004 189 

Examine whether network therapy 
is a useful psychosocial adjunct, 
relative to a control treatment, for 
achieving diminished illicit heroin 
use for patients on buprenorphine 
maintenance  

80% Urine testing 
Percentage of 
negative urine 
samples; 
negative 
samples for the 
last three 
scheduled tests 

b Network therapy, an office-
based treatment for substance 
abuse that engages a group of 
a patient's family or friends in 
therapy sessions along with 
the patient  

Participants in network therapy were more 
likely to have: 
(1) urine toxicologies negative for opioids 
(65% vs. 45%, p < 0.05) 
(2) the last three urine toxicology results 
negative for opiates (50% vs. 23%, p < 0.05) 
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Hayes 2004 
190 

Examine the preliminary efficacy 
of twelve-step facilitation and 
acceptance and commitment 
therapy when combined with 
MMT for polysubstance-abusing 
opioid users 

56% Self-report; 
urine testing 
Drug use (yes 
vs. no) 

b Intensive Twelve-Step 
Facilitation, Acceptance and 
Commitment Therapy 

(1) Acceptance and Commitment Therapy 
was associated with lower opioid and total 
drug use during follow-up 
(2) Intensive twelve-Step Facilitation 
reduced objective measures of total drug use 
during follow-up 
 

Scherbaum 
2005 191 

Compare local routine MMT with 
and without additional group CBT 
in reduction of concomitant drug 
use 
 

63% Urine testing 
Percentage of 
positive urine 
samples 
  

b Cognitive behavioral group 
psychotherapy  

Patients in psychotherapy group had less 
drug use at 6-month follow-up (p = 0.02) 

Schottenfeld 
2005 192 

Compare methadone and 
buprenorphine and evaluate 
whether CM improved 
maintenance treatment with 
methadone or buprenorphine  

55% Urine testing 
Longest 
duration of 
abstinence; 
percentage of 
negative urine 
samples 

b CM  
Condition: drug-negative 
urine sample 
Reinforcer: voucher  

During the period of escalating voucher 
value, participants receiving CM achieved: 
(1) longer periods of abstinence (opiates 
only: 3.3 weeks vs. 2.2 weeks; opiates and 
cocaine: 2.5 weeks vs. 1.5 weeks)  
(2) greater proportion drug-free tests 
(opiates and cocaine: 29.3% vs. 21.7%) 
 

Fiellin 2006 
193 

Evaluate two levels of counseling 
and medication dispensation for 
patients receiving buprenorphine 
treatment in primary care  

43% Self-report; 
urine testing 
Self-reported 
frequency of use 
(days per week); 
percentage of 
negative urine 
samples; longest 
duration of 
abstinence 
  

b Level of counseling, 
frequency of attendance for 
medication distribution  

(1) No group difference for frequency of 
opioid use (p = 0.73) 
(2) No group difference for maximum 
consecutive weeks of opioid abstinence (p = 
0.54) 
(3) No group difference for percentage of 
negative urine (p = 0.82) 
(4) Increased adherence was associated with 
improved outcomes 
 

Gross 2006 
194 

Compare the relative efficacy of 
low-magnitude monetary 
vouchers delivered using a 
positive-reinforcement strategy 
(continent on drug-negative 

75% Urine testing 
Longest 
duration of 
abstinence; total 

b CM 
Condition: drug-negative 
urine sample; attendance 
(medication only) 
Reinforcer: medication 

(1) Contingent medication group had 
significantly longer weeks of continuous 
abstinence compared to contingent voucher 
group (5.95 vs. 2.90 weeks; p = 0.04) 
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results) versus a negative-
reinforcement strategy (reduction 
in buprenorphine dose contingent 
on drug-positive results) 
 

weeks of 
abstinence 

(negative-reinforcement), 
voucher   
  

(2) No group difference for total weeks of 
abstinence (p = 0.07) 

Kamal 2007 
195 

Identify which patient and 
treatment characteristics are 
associated with an improved 
response to MMT  

100%  Urine testing 
"Good 
outcome": less 
than 20% of the 
urine samples 
tested positive 
for opiates 
during the study 
period 

a Gender, age, psychiatric co-
morbidity 
b Duration in treatment, 
methadone dose, attendance at 
counselling, illicit use of other 
drugs 

(1) Having methadone dose at least 60 mg 
increase the odds of good outcome (OR = 
2.2, 95% CI = 1.3, 3.7) 
(2) Poorer outcome was associated with 
cocaine abuse (infrequent use vs. abstinent, 
OR = 0.4, 95% CI = 0.3, 0.7; regular use vs. 
abstinent, OR = 0.3, 95% CI = 0.2, 0.5) and 
intermittent benzodiazepine use (OR = 0.5, 
95% CI = 0.3, 0.8) 
 

Bickel 2008 
196 

Evaluate an interactive, computer-
delivered behavioral therapy for 
individuals with opioid use 
disorder 

58% Urine testing 
Longest 
duration of 
abstinence; 
percentage of 
negative urine 
samples 

b Therapist-delivered and 
computer-assisted behavioral 
therapy plus vouchers 
interventions  

(1) The therapist-delivered behavioral 
therapy with vouchers had on average 7.98 
weeks of continuous abstinence 
(2) Computerized behavioral therapy with 
vouchers interventions had on average 7.78 
weeks of continuous abstinence 
(3) Both interventions were better than 
standard intervention (p < 0.05) 
 

Chawarski 
2008 197 

Evaluate whether the efficacy of 
office-based buprenorphine 
maintenance treatment is 
improved by the addition of 
individual drug counseling and 
abstinence-contingent take-home 
doses of buprenorphine 

96% Self-report; 
urine testing 
Percentage of 
negative urine 
samples; self-
reported days of 
use per week; 
longest duration 
of abstinence 
(urine testing) 
  

b Enhanced Services 
(Behavioral drug and HIV risk 
reduction counseling and 
abstinence-contingent take-
home doses) 

Enhanced Services group achieved: 
(1) higher overall proportions of opiate 
negative urine (87% vs. 69%, p = 0.04)  
(2) longer periods of consecutive abstinence 
(10.3 vs. 7.8 weeks, p = 0.15) 
 
Self-reported days per week of opiate use 
followed a similar pattern of results 
 

Wong 2008 
198 

Examine the effects of ethnic 
identity, spirituality, and self-
efficacy on substance abuse 
treatment outcomes among 

NR Self-report 
Heroin use (yes 
vs. no); total 

a Ethnic identity, spirituality, 
self-efficacy 

Higher levels of self-efficacy (OR = 2.04, p 
= 0.001) and being male (OR = 3.60, p = 
0.05) were related to increased odds of 
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Hispanic American clients 
enrolled in MMT  
 

number of 
substances used 

reported heroin abstinence at 1-year follow-
up  
 

Abramsohn 
2009 199 

Assess the role of sense of 
coherence in predicting successful 
outcomes for former heroin 
addicts 

86% Urine testing 
Drug use (yes 
vs. no) 

a Sense of coherence including 
three components: 
comprehensibility, 
manageability, and 
meaningfulness  

Patients who did not use drugs had: 
(1) higher mean sense of coherence score (p 
= 0.003) 
(2) higher scores for comprehensible 
component (p = 0.001)  
(3) higher scores for meaningfulness 
component (p = 0.009) 
 

Chopra 
2009 200 

Compare the efficacy of 
buprenorphine medication 
contingencies to voucher 
contingencies  

73% Urine testing 
Longest 
duration of 
abstinence; total 
weeks of 
abstinence; 
percentage of 
negative urine 
samples 
  

b CM 
Condition: drug-negative 
urine sample; attendance 
(medication only) 
Reinforcer: medication 
(negative-reinforcement), 
voucher    

(1) Medication contingency group achieved 
1.5 more continuous weeks of combined 
opioid/cocaine abstinence (p = 0.030) 
(2) Voucher contingency group had 2 more 
total weeks of abstinence (p = 0.048) 

Epstein 
2009 201 

Test whether a combination of 
CM and methadone dose increase 
would promote abstinence from 
heroin and cocaine 

56% Self-report; 
urine testing 
Percentage of 
negative urine 
samples; longest 
duration of 
simultaneous 
abstinence 
  

b CM 
Condition: drug-negative 
urine sample 
Reinforcer: voucher  
b Methadone dose increase  

(1) The percentage of urines negative for 
illicit opiates was greater in the high dose 
group (p = 0.014) 
(2) Within the high dose condition, the split 
contingency had higher percentage of 
opiate- and cocaine-negative urines 
compared to noncontingent control group (p 
= 0.049) 
 

Wu 2010 202 Examine the effects of receiving 
additional off-site services among 
MMT program patients  

79% Self-report 
Opioid use (yes 
vs. no); any 
illicit drug use 
(yes vs. no) 

b Off-site services use (yes vs. 
no), including a physician (not 
part of treatment); psychiatrist, 
psychologist, or other mental 
health professional; social 
worker; priest, minister, or 
other spiritual leader; and 
"some other helping 

Receiving additional off-site services 
increased the likelihood of: 
(1) abstaining from heroin (OR = 3.57; 95% 
CI = 1.47, 9.09) and any illicit drug (OR = 
3.45; 95% CI = 1.30, 9.09) during the first 6 
months 
(2) abstaining from heron use during the 
entire, subsequent 12-month period (OR = 
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professional" outside of the 
MMT program clinic 
  

2.63; 95% CI = 1.14, 6.25) and any illicit 
drug use (OR = 3.85; 95% CI = 1.28, 11.11) 

Hser 2011 
203 

Test if a CM intervention can 
improve treatment retention and 
reduce drug use 

74%  Urine testing 
Percentage of 
negative urine 
samples at each 
week; overall 
percentage of 
positive urine 
samples; 
number of 
negative urine 
samples; longest 
duration of 
abstinence 
  

b CM 
Condition: methadone 
ingestion observed; drug-
negative urine sample 
Reinforcer: small incentive 
award 

People in incentive group were more likely 
to: 
(1) submit negative urine samples (p < 0.05) 
(2) achieve longer duration of sustained 
abstinence (p < 0.05) 

Acosta 2012 
204 

Characterize the cognitive 
functioning of clients; evaluate 
the impact of cognitive 
functioning on the primary 
outcomes; determine whether 
cognitive functioning had a 
differential impact on outcomes 
across treatment conditions 

39% Urine testing 
Percentage of 
total weeks with 
continuous 
abstinence; 
percentage of 
tested weeks 
with continuous 
abstinence; total 
weeks of 
abstinence 
  

a MicroCog index for 
cognitive functioning  
b Therapeutic Education 
System 

(1) Higher cognitive scores, except for 
Spatial Processing, predicted larger 
percentages of total weeks and tested weeks 
with continuous abstinence 
(2) Lower cognitive scores predicted lower 
levels of abstinence in standard treatment 
group, but not for people who received the 
web-based intervention 

Mitchell 
2013 205 

Compare the effectiveness of 
standard outpatient and intensive 
outpatient level counseling as part 
of buprenorphine treatment  

93% Urine testing 
Opioid use (yes 
vs. no) 

b Counseling frequency  (1) Standard and intensive counseling levels 
both were associated with reductions in 
opioid use (p < 0.001) 
(2) No group difference for opioid use (p = 
0.80) 
 

Chen 2013 
206 

Assess whether a CM intervention 
implemented by MMT clinic staff 
could improve treatment 
attendance and drug abstinence  

75% Urine testing 
Number of 
negative urine 
samples 

b CM 
Condition: drug-negative 
urine sample; attendance 
Reinforcer: voucher 

CM group was associated: 
(1) more negative urine sample (OR=1.91, 
95% CI = 1.53, 2.39) 
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(Individual-
level); negative 
urine testing 
rate; proportion 
of negative 
urine samples 
(clinic-level) 
  

(2) higher negative urine testing rates 
(68.3% vs. 57.6%, p < 0.001) 

Fiellin 2013 
207 

Evaluate the impact of adding 
CBT to physician management 
for patients receiving 
buprenorphine treatment in 
primary care 

42% Self-report; 
urine testing 
Self-reported 
frequency of use 
(days per week); 
percentage of 
negative urine 
samples; longest 
duration of 
abstinence 
  

b CBT (1) No group difference for frequency of 
opioid use (p = 0.96) 
(2) No group difference for maximum 
consecutive weeks of opioid abstinence (p = 
0.84) 
(3) No group difference for percentage of 
negative urine (p = 0.99) 

Ling 2013 
208 

Examine whether behavioral 
treatment added to buprenorphine 
increases successful outcome 

49% Urine testing 
Percentage of 
negative urine 
samples  

b CM  
Condition: drug-negative 
urine sample 
Reinforcer: "fishbowl" chips 
b CBT 
  

No group difference for opioid use during 
behavioral treatment phase (p = 0.75) 

Holtyn 2014 
209 

Evaluate whether abstinence 
reinforcement contingencies 
applied to participants in the 
abstinence, methadone, and work 
reinforcement condition increased 
the percentage of urine samples 
negative for opiates and cocaine  
 

73% Urine testing 
Percentage of 
negative urine 
samples 

b CM  
Condition: MMT enrolment; 
drug-negative urine sample 
Reinforcer: employment with 
varying base pay 
  

The percentage of opiate-negative urine 
samples increased significantly (73% vs. 
41%, p < 0.01) after the opiate-abstinence 
contingency was applied 

Marsch 
2014 210 

Evaluate the effectiveness of a 
web-based behavioral 
intervention when deployed in a 
model where it partially 
substituted for standard 
counseling in a community-based 

39% Urine testing 
Percentage of 
total weeks of 
abstinence; 
percentage of 
tested weeks of 

b Therapeutic Education 
System 

The Therapeutic Education System resulted 
in significantly greater rates of opioid 
abstinence: 
(1) 48% vs. 37% abstinence across all study 
weeks (p < 0.05) 
(2) 59% vs. 43% abstinence on tested weeks 
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specialty addition treatment 
program  

abstinence; 
percentage of 
total weeks with 
continuous 
abstinence; 
percentage of 
tested weeks 
with continuous 
abstinence 
  

(p < 0.01) 
(3) 27% vs. 20% continuous abstinence on 
tested weeks (p < 0.05) 

Pan 2015 211 Test whether CBT in conjunction 
with MMT can improve treatment 
retention and reduce opioid use 

60% Urine testing 
Percentage of 
negative urine 
samples 

b CBT  Patients with CBT had higher proportion of 
opioid-negative urine test at 12 weeks (59% 
vs. 69%, p < 0.05) and 26 weeks (63% vs. 
73%, p < 0.05) 
 

Potter 2015 
212 

Examine whether participants' 18-
month substance use outcomes be 
predicted from baseline 
characteristics, treatment 
condition, or study outcomes 

100%  Self-report 
Abstinence (yes 
vs. no) 

a Sociodemographic 
characteristic (sex, age, race, 
marital status, employment 
status, education), clinical 
characteristics (past year non-
opioid substance dependence 
diagnosis, opioid use history, 
chronic pain, other 
psychiatric) 
b Treatment condition, success 
in brief treatment phase, 
participation in extended 
treatment phase 
  

Past-month opioid abstinence at follow-up 
was more likely among participants:  
(1) never married (OR: 2.05, 95% CI: 1.03, 
4.08)  
(2) had successful outcomes in the brief 
treatment phase (OR: 5.61, 95% CI: 1.12, 
28.17) 

Kim 2016 213 Explore whether a technology-
based therapy will generate better 
treatment outcomes for patients 
with a long history of relapses and 
multiple episodes of addiction 
treatment  

NR Urine testing 
Total weeks of 
abstinence 
  

a Treatment history: the 
number of lifetime SUD 
treatment episodes, 
detoxification episodes, 
inpatient/outpatient treatment 
episodes  
b Therapeutic Education 
System 

The Therapeutic Education System 
condition produced significantly better 
opioid abstinence for participants with: 
(1) a moderate or high frequency of lifetime 
SUD treatment episodes (p < 0.01) 
(2) all three levels (low, moderate and high) 
of detoxification and inpatient/outpatient 
treatment episodes (p < 0.01) 
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Moore 2016 
214 

Evaluate treatment outcomes of 
CBT by opioid use type 
(prescription opioid and heroin) in 
the context of agonist 
maintenance  

46% Self-report; 
urine testing 
Self-reported 
frequency of use 
(days per week); 
percentage of 
negative urine 
samples; longest 
duration of 
abstinence 
  

b CBT  (1) Primary prescription opioid use patients 
with additional CBT had greater number of 
weeks of abstinence for all drugs (p = 0.02) 
(2) No group difference for primary heroin 
use patients 
 

Proctor 
2016 215 

Determine whether select pre-
treatment demographic and in-
treatment clinical variables are 
associated with urinalysis drug 
screen findings  

NR Urine testing 
Abstinence (yes 
vs. no) 

a Use of cocaine, 
amphetamines, cannabinoids, 
and benzodiazepines at intake, 
age, employment status, 
ethnicity, sex, marital status, 
payment plan  
b Average daily methadone 
dosage; use of cocaine, 
amphetamines, cannabinoids, 
and benzodiazepines at 
various 3-month intervals 
  

(1) No polysubstance use (cocaine, 
amphetamines, cannabinoids), higher daily 
methadone dosage were found to be 
predictors for opioid abstinence 
(2) Younger age, employment, Caucasian 
ethnicity, being female, married/had 
significant other/divorced (vs. single, 
separated), or self-pay were significant 
demographic predictors 

Zhu 2018 216 Examine the correlates of long-
term opioid abstinence with 
functioning in other key life 
domains and baseline 
characteristics  

100%  Self-report 
Long-term 
abstinence: no 
use in the past 5 
years 

a Age, gender, race, age at first 
opioid use, number of baseline 
diseases (medical, psychiatric) 
b Smoking, alcohol use, 
injection drug use, cocaine 
use, employment, social 
support, impulsiveness, 
months of treatment during 
the past 5 years, months of 
incarceration during the past 5 
years 

(1) Factors associated with long-term heroin 
abstinence: older age at first opioid use (OR 
= 1.03), higher social support (OR =1.06), 
more months in treatment (OR = 1.02), not 
using cocaine (OR = 1.72), not using 
injection drugs (OR = 2.27), and low 
impulsivity (OR = 1.04) 
(2) Factors associated with long-term all 
opioids abstinence: older age at first opioid 
use (OR = 1.03), higher social support (OR 
= 1.06), more months in treatment (OR = 
1.03), low impulsivity (OR = 1.04), White 
compared to Hispanics (OR = 4.3) 
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Barry 2019 
217 

Evaluate the feasibility, 
acceptability, and efficacy of 
cognitive-behavioral therapy for 
opioid use disorder and chronic 
pain 

95% Urine testing 
Percentage of 
negative urine 
samples; longest 
duration of 
abstinence 
  

b CBT The proportion of patients abstinent during 
the baseline and each successive 4-week 
interval was higher for patients assigned to 
cognitive-behavioral therapy (p = 0.019) 
 

Moore 2019 
218 

Examine treatment efficacy of 
adding Recovery Line among 
patients in MMT 

83% Self-report; 
urine testing 
Days per month 
of self-reported 
drug abstinence; 
percentage of 
negative urine 
samples 

b Recovery Line, an 
automated, self-management 
system based on CBT 

(1) Recovery line increased self-reported 
abstinence (p = 0.02) 
(2) Recovery line did not impact urine 
screen outcome 

a Pre-treatment factor(s); b During- and post-treatment factors 

CBT cognitive behavioral therapy; CI confidence interval; CM contingency management; MMT methadone maintenance treatment; NR not reported; OR 
odds ratio. 
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Chapter 3: Trajectories of injection drug use among people who use drugs in 

Vancouver, Canada, 1996-2017: Growth mixture modeling using data from 

prospective cohort studies 

 

3.1  Introduction 

Research demonstrates that over the course of a drug injection career, drug use patterns are 

rarely stable.235-240 Multiple studies on drug use trajectories have focused on short-term (e.g., six 

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 activities, and treatment 

involvement play an important role in influencing injection behaviour change.236, 239, 241-243 

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 substance use 

over their drug-using career.5, 6, 244 Few studies have provided insight into the factors associated 

with longitudinal patterns of injection drug use. Factors indicative of drug of choice and substance 

use severity (e.g., mixed heroin and cocaine injection, daily or more frequent injection, 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.6, 7, 245-247 Interestingly, factors associated 

with short-term changes in injection behaviour 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 
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discharge.248-251 Furthermore, for factors that are associated with both short-term and long-term 

changes in injection behaviour, 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 OUD, and showed that for various factors (e.g., drug use history, criminal 

behaviour), the strength of concurrent and longitudinal associations differs considerably.57  

Given that the long-term trajectories of injection drug use remain understudied, there are 

limited empirical examinations of the natural history of injection drug use. There is, however, 

considerable practical and scientific importance associated with gaining a greater understanding 

of longitudinal trajectories of injection drug use, which in turn will help provide scientific evidence 

to guide the development 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 longstanding cohorts of people who inject drugs in 

Vancouver, Canada.  

3.2 Methods 

3.2.1 Design and participants 

Data for these analyses were ascertained from the VIDUS and ACCESS studies, as 

described in section 1.6. Eligibility criteria for the present study included: completing at least four 

follow-up visits between May 1, 1996 and November 30, 2017 to allow for polynomial growth 

curve analysis, and reporting having used illicit drugs via injection in the past six months at 

baseline.  

3.2.2 Measures 

The main outcome of interest was a time-varying dichotomous variable of self-reported 

injection drug use during the past six months (yes vs. no). This was assessed by asking the 
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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 indicated injecting substances 

including heroin alone, cocaine alone, heroin and cocaine, crystal methamphetamine, heroin and 

crystal meth, crack cocaine, fentanyl powder/pills, benzos, prescription opioids, and any other 

specified drugs. I also sought to evaluate whether specific baseline individual characteristics, 

substance use behaviours, and social-structural exposures were associated with different injection 

drug use trajectories. I included self-reported baseline characteristics, including age (per year 

decrease), sex (male vs. female), and ethnicity (white vs. others). Other sociodemographic factors 

included: education attainment (high school completion or higher vs. less than high school); not 

being in a stable relationship, defined as not being married, common law or having a regular 

partner; employment, defined as having a regular job, temporary job or self-employed; current 

housing status (unstable housing vs. 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 vs. less than daily use, and included: heroin injection; 

stimulant (i.e., cocaine or crystal methamphetamine) injection; speedball injection (i.e., heroin and 

cocaine in combination); and prescription opioid injection. Non-injection drug use included crack 

cocaine use, cannabis use, and alcohol use. Binge injection drug use (yes vs. 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: OAT (e.g., methadone maintenance treatment or buprenorphine/naloxone, 

yes vs. no), any other addiction treatment or services except for OAT (yes vs. no), as well as being 

unable to access addiction treatment (yes vs. no).  Other behavioural risk factors/outcomes and 



70 

 

social-structural exposures were categorized as yes vs. no, and included: being attacked, assaulted, 

or suffered violence; drug dealing; sex work involvement; incarceration; and non-fatal overdose. 

All behavioural variables referred to the previous six months unless otherwise specified. I also 

included a variable asking participants if they have ever been diagnosed with a mental health issue 

(yes vs. no), calendar year of study enrolment (per year increase), and study cohort designation 

(ACCESS vs. VIDUS). 

3.2.3 Statistical analysis 

To identify the optimal number of groups, I applied growth mixture modeling (GMM), 

which is a semi-parametric, group-based analytical approach.147, 149, 156 The objective of the model 

is to discover meaningful, distinctive subpopulations with homogeneous longitudinal trajectories 

within the larger heterogeneous population.  

The metric of time used for the GMM analysis was time since study enrolment due to the 

nature of the dynamic cohort study design. I 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 are used for each model. The models 

were compared using the following fit indices: AIC, BIC, and LMR LRT.156, 157 Lower absolute 

values for the information criteria indices and significant LRT P value suggest better model fit. 

Averaged posterior probability of group membership and entropy were used to evaluate 

classification quality. Furthermore, to ensure the interpretability and usefulness of the latent 

classes, sample size per latent class and substantive importance of the trajectory groups were also 

considered.  
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Then, I further evaluated whether or not any of the baseline individual characteristics, drug 

use behaviours, social-structural exposures would predict and help distinguish trajectory groups. 

To do so, I first summarized and compared the characteristics among trajectory groups, using 

Pearson’s chi-square test for categorical variables and Kruskal-Wallis test for continuous 

variables. Next, I 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.157 I 

used an a priori-defined backward model selection procedure based on examination of AIC to fit 

a multivariable model. The multivariable model with the lowest AIC score was selected as the 

final model. The final multivariable model was further evaluated using the multilevel and pairwise 

area under the Receiver Operating Characteristic curves (AUCs) with SAS macro %MultAUC.252  

As a sensitivity analysis, I defined loss to follow-up as being alive but not seen within three 

years before the end of the study period. Information on death, including date and underlying 

causes of death, was obtained through a confidential data linkage with the BC Vital Statistics 

Agency. To assess the extent to which losses to follow-up and deaths affected the trajectory 

membership, I proceeded with the Roy latent dropout pattern-mixture modeling, which can take 

into account potential nonignorable dropout.253, 254 The model first stratified the sample into 

subgroups that shared the same missingness patterns, then the growth model parameters were 

estimated for each pattern and, finally, the weighted average of the pattern-specific estimates was 

calculated to obtain the marginal estimate. For individuals who were lost to follow-up or died, 

their first missed study visit was treated as the time of dropout. Additionally, considering that 

participants with various follow-up time, I conducted a second sensitivity analysis to examine the 

injection drug use trajectories among people with at least ten years of follow-up time.  
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Data manipulations and multinomial regression analysis were conducted using SAS 9.4 

(SAS Institute, USA). GMM was applied using the software Mplus version 8.255 All P values were 

two-sided. 

3.3 Results 

3.3.1 General characteristics 

Between May 1996 and November 2017, a total of 3146 individuals enrolled in the cohorts. 

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. Among the 853 excluded participants, 567 

(66.5%) were male, 518 (60.7%) self-reported white ethnicity, the median age was 34 years 

(quartile 1 – quartile 3: 27 – 41), and the median year since injection drug use initiation was 9.5 

(quartile 1 – quartile 3: 3.9 – 18.7). Participants with younger age and having injected drugs for 

fewer years at study enrolment were associated with a higher probability of being excluded from 

the analysis due to not completing at least four follow-up visits (P < 0.001).    

Baseline demographic characteristics, behavioural factors, and follow-up information are 

shown in Table 3.1. 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 

commonly 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 the median 

number of months between study visits as 6.0 (quartile 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). 
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Through 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 observed within five 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.  

3.3.2 Identify injection drug use trajectories 

As shown in Table 3.2, different model fit statistics were compared with an increasing 

number of trajectories. Both AIC and BIC values continued to decrease, which was expected given 

the complexity of longitudinal data derived from this large sample. However, the reduction was 

relatively small when comparing models with four to six trajectory classes. LRT compared the 

likelihood of the model being tested with a model with one fewer class and suggested that the 

model was no longer improved with six classes (P = 0.515). Also, taking into account the 

classification quality and interpretability, a five-class solution was chosen. The averaged posterior 

probability of group membership for the five-class solution is presented in Appendix E. The 

trajectories of injection drug use are visualized in Figure 3.1.  

After assigning participants to each trajectory class based on their most likely latent class 

membership, I characterized the five classes as: (1) “persistent injection” (n=507, 24.6%); (2) 

“persistent injection with late cessation” (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 

probability of injection drug use among the “persistent injection” group remained high, ranging 

from 65.1% to 95.3% over the study period. For the “persistent injection with late cessation” group, 

the probability of injection stayed relatively high (>70.0%) till around the 18th year since baseline 
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and then showed a decreasing trend. I also observed three trajectory classes that represented 

distinctive injection cessation and relapse patterns. The probability of injection for the “gradual 

cessation” group declined steadily to around 25.0% over the study period. As shown in Figure 3.1, 

the probability for the “early cessation” 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 

probability 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 afterward, showing 

a tendency towards relapse.  

3.3.3 Baseline predictors of trajectory group membership 

The results of bivariable and multivariable multinomial logistic regression analyses of 

factors associated with injection trajectories are presented in Table 3.3 and Table 3.4. Bivariable 

multinomial logistic regression analyses with the alternative trajectory group as the reference 

group are presented in Appendices F-I.  

In the adjusted model, compared to the “early cessation” group, participants of younger 

age were more likely to be 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 being 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, compared to the “early cessation” group, participants who injected heroin 

daily were more likely to be in the “persistent injection” group (AOR = 1.41, 95% CI: 1.03, 1.93) 
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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).  

Multilevel and pairwise AUCs from the final multivariable model are presented in 

Appendix J. The final model had the acceptable diagnostic ability to discriminate trajectory groups 

characterized by cessation patterns and long-term injection patterns. For example, the pairwise 

AUC for the “early cessation with late relapse” group and the “persistent injection with late 

cessation” group was 0.697. However, as expected, the ability was relatively low for groups 

showing similar long-term injection drug use trajectories. For example, the pairwise AUC for the 

“early cessation” group and the “early cessation with late relapse” group was 0.529.  

3.3.4 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, I found a similar class membership 

distribution, with 489 (23.8%) participants in the “persistent injection” group, 461 (22.4%) 

participants in the “persistent injection with late cessation” group, 555 (27.0%) participants in the 

“gradual cessation” group, 211 (10.2%) participants in the “early cessation with late relapse” 

group, and 341 (16.6%) participants in the “early cessation” group. Results regarding class 

membership and the trajectory plot compared to the standard GMM are presented in Appendices 

K and L.  

In the second sensitivity analysis, 974 participants were identified as having at least ten 

years of follow-up time.  Model fit statistics are presented in Appendix M. As shown in Appendix 
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N, 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 a four-class solution, 502 (51.5%) participants 

showed relatively persistent injection trajectories, and 49.5% of the participants demonstrated 

early and delayed cessation patterns (figure not shown).  

3.4 Discussion 

In the present study, I identified five distinct injection drug use trajectories among people 

who inject drugs in Vancouver, Canada. Given that almost half of the study participants had 

injected drugs for 15 years at study enrolment, around 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 characteristics and drug use behaviours measured at baseline. 

Findings from this study regarding injection drug use trajectories are comparable to studies 

conducted in the U.S.5, 7  and Netherlands8, in which researchers also identified five trajectory 

groups. Further, the findings are consistent with previous findings indicating that the majority of 

participants experienced at least once cessation and relapse episode (either at early or late follow-

up periods) during the study period. Specifically, three groups (i.e., “early cessation”, “early 

cessation with late relapse”, “gradual cessation”) demonstrated different rates of the declining 

probability of injection. In the ALIVE cohort in the U.S., although 31.9% of the participants were 

categorized as persistent injectors, their estimated probability of injection dropped below 50.0% 

at the end of the study period. Whereas in the current study, the estimated probability of injection 

for 24.6% of the participants remained above 65.0% over the study period. This difference could 
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be potentially explained by distinct drug use patterns, cultural settings, or other social-structural 

conditions operating in the study sites.  

The first sensitivity analysis took into account potential nonignorable dropout. The 

trajectory shapes, as well as the interpretation of the latent classes, were in line with the primary 

findings.  Overall, for the Roy model, 46.2% of participants 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 indicated a 

slightly worse assessment of the injection drug use trajectories among the sample compared to the 

primary findings.  

In the second sensitivity analysis, the result was consistent with the primary findings in 

that over half of the entire sample showed a decreasing trend of injection 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 the primary analysis, the 

estimated probability of injection drug use dropped below 30% around the 3rd year, whereas in 

sensitivity analysis, it was around the 6th year of follow-up. Similarly, among the “persistent 

injection with late cessation” group, the probability of injection drug use started to show a 

decreasing trend around the 15th year of follow-up in the primary analysis, and it dropped to around 

25% at the end of the study. However, the decreasing trend was observed around the 18th year of 

follow-up in the sensitivity analysis, and the probability of injection drug use remained relatively 

high (i.e., 60%). In the primary analysis, the estimated probability of injection drug use for the 

“gradual cessation” group appeared to increase slightly from around 25% to 40% at the end of the 

three years of follow-up. This small increase did not indicate a clear relapsing pattern. Further, I 

did not observe such an increase in the “gradual cessation” group in the second sensitivity analysis 
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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. Finally, in the sensitivity analysis, 23.4% 

of the participants were in the “delayed cessation” group, which was higher than the comparable 

trajectory group in the primary analysis (i.e., 11.0% in the “early cessation with late relapse” 

group). On the other hand, the size of the “gradual cessation” group reduced significantly in the 

sensitivity analysis (i.e., 9.2% vs. 32.2%). Based on the result of the pairwise comparisons 

summarized in Table 3.4, participants enrolled in earlier years were most likely to be categorized 

in the “early cessation with late relapse” group, but least likely to be categorized in the “gradual 

cessation” group. With the restriction on longer follow-up time, more participants enrolled in 

earlier years ended up being included in the sensitivity analysis. Therefore, these observed 

differences could be partially explained by the effect of the year of study enrolment. 

Both age and year of study enrolment were associated with different injection trajectories. 

Compared 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 six-month 

injection cessation in previous studies utilizing ACCESS and VIDUS cohorts.237, 256 Studies in 

other settings also demonstrated that older age increased the likelihood of experiencing long-term 

cessation and decreased the risk of relapse.239, 257 Compared to the “persistent injection” group, 

participants 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 reflective of 

the continuing implementation and expansion of various harm reduction strategies in Canada. For 

instance, beginning in the year 2000, efforts have been made to transform the centralized syringe 
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exchange program to a decentralized, multi-site syringe distribution program.95 One study 

demonstrated a significant increase in the proportion of people in Vancouver reporting a six-month 

injection drug use cessation during the needle and syringe expansion period.238 In 2003, North 

America’s first legal supervised injection site opened in Vancouver. Studies have indicated the 

potential role of the supervised injecting facilities in promoting the uptake of addiction treatment 

and increasing the likelihood of six-month injection cessation.240 Together, these findings suggest 

that the age of participants and year of enrolment may be predictive of both short-term and long-

term injection behavioural change and indicate potential cohort and period effects.  

Being in a stable relationship at baseline was positively associated with being in the “early 

cessation” group, suggesting 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 relationships may enjoy 

greater social support, which may serve to mitigate stress and thereby reduce the use of illicit 

drugs. This finding is further supported by extensive literature examining relationship status and 

substance use patterns.258-260 

Binge injection drug use at baseline was associated with an increased likelihood of being 

in the “persistent injection” and “gradual cessation” groups. This finding is consistent with 

observations made in other studies that high intensity injecting not only impedes injection 

cessation but also is negatively associated with sustained injection cessation.7, 236, 238, 239, 261 I also 

found that drug of choice appears to have an impact on long-term drug use trajectories. 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 the change in injecting behavior.7, 8, 243 In the current study, speedball injection 
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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 polysubstance use (e.g., cumulative number of types 

of substances reported) and later trajectories would potentially be of benefit. 

Baseline exposures were examined in the study in order to identify predictors of trajectory 

group membership. However, I recognize that injection behaviour could change under the 

influence of important events or cumulative exposure to these events over time. Therefore, there 

is a need for future studies to more closely examine how these exposures, as time-varying 

covariates, would influence the shape of injection trajectories.  

Limitations in the current study need to be considered. First, the use of self-report, 

especially for socially stigmatized and criminalized behaviours (e.g., illicit substance use), could 

introduce errors of recall and social desirability bias. Second, the dichotomous variable of self-

reported injection drug use (yes vs. no) was used for GMM; therefore, the identified trajectory 

classes could not differentiate between variability in frequency and quantity of injection drug use.  

Third, there could be potentially important baseline characteristics that were not included when 

predicting trajectory groups. For example, I was not able to include tobacco smoking since the 

information was not routinely measured in the survey questionnaires. Fourth, 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. Therefore, these factors may limit the 

generalizability of the findings. Further, to explore the predictive factors for distinct drug use 

trajectories, I used the three-step method due to the practical reason that I had a large number of 

covariates and the recognized disadvantages of the joint model estimation approach for my 
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research purpose.157 However, I recognize that this approach does not account for potential 

classification errors, although modified three-step approaches by Wang et al.262 and Vermunt263 

make allowances for issues such as errors in classification 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 substance use 

research: stable high use, stable low use, increasing use, and decreasing use.264 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” trajectories (i.e., “persistent 

injection with late cessation”, “early cessation with late relapse”) were also identified. Together, 

these more interesting trajectories deviate from the prototypical 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 averaged posterior probability of group 

membership, there could be classification bias introduced when assigning classes, especially for 

“persistent injection” group and “gradual cessation” group. However, it is worth mentioning that 

entropy is not an ideal measure of model fit, nor should it be solely used to select the number of 

latent classes.265 Entropy value could be negatively influenced by chance misclassification when 

having a higher number of classes,266 be sensitive to the patterns of growth in each class,267 and 

potentially depend on the context and the variables used in the study.268, 269 Even with this 

classification uncertainty, summarizing 20 years’ follow-up data at the individual level in relation 

to several injection drug use trajectories has proven useful. Further, the primary findings were 

consistent with studies from other settings.5, 7, 8 Several factors were found to be predictive of these 

trajectory classes, which further indicate that the identified trajectory classes were different from 

each other. Further, the 462 participants who were lost to follow-up, and 495 participants died, 
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were treated as dropouts during the study period, which might also introduce bias regarding group 

classification. To account for attrition, the primary findings from GMM were based on maximum-

likelihood estimation, which utilized all of the available data to generate parameter estimates. In 

both sensitivity analyses, the distribution of the trajectory class membership was consistent with 

the primary research findings that more than half of the sample demonstrated 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.254 

The current study took advantage of over 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 PWUD in 

Vancouver, Canada. Despite the fact that at recruitment, many participants have already been 

injecting drugs for some 5-25 years, around three-fourths of them reduced the frequency of 

injection drug use at the end of the study period, and this estimate might be taken as an encouraging 

sign. This study represents a relatively comprehensive investigation of individual, social and 

structural factors for different trajectories of injection drug use across long-term periods. The 

findings from this study further highlight the importance of identifying targeted interventions for 

long-term injection drug use and the need to identify factors that support cessation and protect 

against relapse.  
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Figure 3.1 Injection drug use trajectory classes using growth mixture modeling among 2057 people 

who use injection drugs in Vancouver, British Columbia, Canada, 1996-2017 
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Table 3.1 Baseline demographic characteristics, drug use behaviours, social-structural exposures, and follow-up information among 2057 

people who use injection drugs, the Vancouver Injection Drug Users Study and AIDS Care Cohort to Evaluate Exposure to Survival 

Services, Vancouver, British Columbia, Canada, 1996-2017 

Characteristics 
Total 

n = 2057 
(100%) 

Persistent 
injection 
n = 507 
(24.6%) 

Persistent 
injection 
with late 
cessation 
n = 374 
(18.2%) 

Gradual 
cessation 
n = 662 
(32.2%) 

Early 
cessation 
with late 
relapse 
n = 227 
(11.0%) 

Early 
cessation 
n = 287 
(14.0%) 

P 

Sociodemographic factors        

Age (years), Median 

(quartile 1 – quartile 3) 

37 

(30 – 44) 

36 

(28 – 43) 

38 

(30 – 44) 

37 

(31 – 44) 

39 

(29 – 44) 

38 

(31 – 45) 
0.080 

Male 1309 (63.6) 296 (58.4) 255 (68.2) 434 (65.6) 145 (63.9) 179 (62.4) 0.031 

White ethnicity 1195 (58.1) 289 (57.0) 212 (56.7) 388 (58.6) 148 (65.2) 158 (55.1) 0.170 

High school completion or higher 1387 (67.4) 345 (68.1) 236 (63.1) 419 (63.3) 176 (77.5) 211 (73.5) <0.001 

Not being in a stable relationship a 1482 (72.1) 378 (74.6) 281 (75.1) 480 (72.5) 155 (68.3) 188 (65.5) 0.018 

Employment status 

(regular/temporary job; self-

employed) a 

401 (19.5) 87 (17.2) 72 (19.3) 143 (21.6) 46 (20.3) 53 (18.5) 0.416 

Unstable housing 1453 (70.6) 361 (71.2) 280 (74.9) 466 (70.4) 148 (65.2) 198 (69.0) 0.110 

Substance use a        

Daily heroin injection 810 (39.4) 224 (44.2) 127 (34.0) 275 (41.5) 83 (36.6) 101 (35.2) 0.008 

Daily stimulant injection 678 (33.0) 182 (35.9) 98 (26.2) 228 (34.4) 88 (38.8) 82 (28.6) 0.002 
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Daily speedball injection 249 (12.1) 80 (15.8) 33 (8.8) 79 (11.9) 26 (11.5) 31 (10.8) 0.029 

Daily prescription opioid injection 78 (3.8) 12 (2.4) 20 (5.4) 29 (4.4) 7 (3.1) 10 (3.5) 0.177 

Daily non-injection crack cocaine 

use 
497 (24.2) 111 (21.9) 119 (31.8) 167 (25.2) 37 (16.3) 63 (22.0) <0.001 

Daily cannabis use 393 (19.1) 93 (18.3) 87 (23.3) 112 (16.9) 45 (19.8) 56 (19.5) 0.164 

Daily alcohol use 372 (18.1) 90 (17.8) 54 (14.4) 122 (18.4) 47 (20.7) 59 (20.6) 0.219 

Binge injection drug use b 840 (40.8) 226 (44.6) 128 (34.2) 297 (44.9) 93 (41.0) 96 (33.5) <0.001 

Years since injection drug use 

(quartile 1 – quartile 3) 

14.8 

(6.5 – 24.3) 

13.4 

(5.2 – 24.1) 

15.4 

(7.4 – 24.5) 

15.5 

(7.2 – 23.7) 

14.8 

(6.6 – 25.9) 

15.0 

(5.7 – 24.9) 
0.244 

Treatment experience a, b        

Opioid agonist therapy 520 (25.3) 116 (22.9) 111 (29.7) 171 (25.8) 54 (23.8) 68 (23.7) 0.178 

Any other addiction treatment or 

services 
191 (9.3) 42 (8.3) 40 (10.7) 56 (8.5) 21 (9.3) 32 (11.2) 0.518 

Unable to access addiction 

treatment 
302 (14.7) 74 (14.6) 47 (12.6) 92 (13.9) 39 (17.2) 50 (17.4) 0.341 

Behavioural risk factors a, b        

Attacked, assaulted, or suffered 

violence 
233 (11.3) 47 (9.3) 62 (16.6) 81 (12.2) 14 (6.2) 29 (10.1) 0.684 

Drug dealing 299 (14.5) 61 (12.0) 74 (19.8) 118 (17.8) 16 (7.1) 30 (10.5) <0.001 

Sex work involvement 505 (24.6) 144 (28.4) 75 (20.1) 166 (25.1) 51 (22.5) 69 (24.0) 0.060 

Incarceration 283 (13.8) 76 (15.0) 51 (13.6) 93 (14.1) 27 (11.9) 36 (12.5) 0.786 

Non-fatal overdose 272 (13.2) 77 (15.2) 54 (14.4) 84 (12.7) 28 (12.3) 29 (10.1) 0.291 

Other factors        
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Ever been diagnosed with a mental 

health issue 
740 (36.0) 179 (35.3) 167 (44.7) 233 (35.2) 65 (28.6) 96 (33.5) 0.001 

Year of enrolment, median 

(quartile1 – quartile3) 

1999 

(1996 – 

2006) 

1998 

(1996 – 

2006) 

2006 

(1996 – 

2007) 

2003 

(1996 – 

2007) 

1996 

(1996 – 

2006) 

1998 

(1996 – 

2006) 

<0.001 

Study cohort designation 

(ACCESS) 
370 (18.0) 65 (12.8) 98 (26.2) 143 (21.6) 21 (9.3) 43 (15.0) <0.001 

Follow-up information        

Length of follow-up (months), 

median (quartile1 – quartile3) 

113.4 

(63.4 – 

161.7) 

124.9 

(50.6 – 

211.6) 

118.8 

(73.0 – 

149.5) 

107.1 

(58.1 – 

135.5) 

131.3 

(96.6 – 

211.3) 

102.8 

(57.2 – 

138.9) 

<0.001 

Number of deaths 495 (24.1) 126 (24.9) 73 (19.5) 180 (27.2) 50 (22.0) 66 (23.0) 0.071 

Lost to follow-up 462 (22.5) 102 (20.1) 71 (19.0) 126 (19.0) 67 (29.5) 96 (33.4) <0.001 

a Denotes behaviours and events in the previous six months, measured at baseline. b Frequency refers to the number of individuals who responded 

yes to the measure. 
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Table 3.2 Model comparison with an increasing number of trajectories 

Number of Classes 1 2 3 4 5 6 

AIC 28579.5 27082.1 26480.5 26273.1 26108.3 26004.8 

BIC 28607.7 27138.4 26565.0 26385.6 26249.0 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 

LMR LRT Lo-Mendell-Rubin likelihood ratio test. 
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Table 3.3 Bivariable multinomial logistic regression analyses of baseline demographic characteristics, drug use behaviours, and social-

structural exposures associated with different trajectory classes among 2057 people who use injection drugs, the Vancouver Injection Drug 

Users Study and AIDS Care Cohort to Evaluate Exposure to Survival Services, Vancouver, British Columbia, Canada, 1996-2017 

Characteristics 

Odds Ratio (95% CI), early cessation as the reference group 

Persistent 
injection 

P 
Persistent 

injection with 
late cessation 

P 
Gradual 
cessation 

P 
Early cessation 

with late 
relapse 

P 

Sociodemographic factors         

Younger age, per year 1.02 (1.00, 1.03) 0.019 1.00 (0.99, 1.02) 0.640 1.00 (0.99, 1.02) 0.577 1.00 (0.99, 1.02) 0.563 

Male  0.85 (0.63, 1.14) 0.271 1.29 (0.94, 1.79) 0.119 1.15 (0.86, 1.53) 0.346 1.07 (0.74, 1.53) 0.725 

White ethnicity 1.08 (0.81, 1.45) 0.595 1.07 (0.78, 1.46) 0.675 1.16 (0.87, 1.53) 0.309 1.53 (1.07, 2.19)  0.020 

High school completion or 
higher 

0.79 (0.57, 1.09) 0.146 0.65 (0.46, 0.91)  0.011 0.63 (0.46, 0.85)  0.003 1.25 (0.83, 1.89) 0.284 

Not being in a stable 
relationship a 

1.56 (1.14, 2.15)  0.006 1.59 (1.13, 2.24)  0.007 1.43 (1.06, 1.93)  0.019 1.12 (0.77, 1.63) 0.542 

Employment status 
(regular/temporary job; self-
employed) a 

0.92 (0.63, 1.33) 0.643 1.05 (0.71, 1.56) 0.799 1.22 (0.86, 1.73) 0.274 1.12 (0.72, 1.74) 0.608 

Unstable housing 1.12 (0.82, 1.54) 0.477 1.35 (0.96, 1.91) 0.086 1.09 (0.81, 1.48) 0.576 0.83 (0.58, 1.21) 0.333 

Substance use a         

Daily heroin injection 1.46 (1.09, 1.97)  0.013 0.95 (0.69, 1.31) 0.741 1.31 (0.98, 1.74) 0.067 1.06 (0.74, 1.53) 0.747 

Daily stimulant injection 1.42 (1.03, 1.94)  0.030 0.88 (0.63, 1.25) 0.481 1.32 (0.97, 1.78) 0.075 1.58 (1.09, 2.28)  0.016 

Daily speedball injection 1.56 (1.00, 2.42) 0.051 0.80 (0.48, 1.34) 0.402 1.14 (0.73, 1.77) 0.569 1.07 (0.62, 1.86) 0.815 



89 

 

Daily prescription opioid 
injection 

0.67 (0.29, 1.58) 0.361 1.57 (0.72, 3.40) 0.258 1.27 (0.61, 2.64) 0.524 0.88 (0.33, 2.35) 0.800 

Daily non-injection crack 
cocaine use 

1.00 (0.70, 1.41) 0.985 1.66 (1.16, 2.37)  0.005 1.20 (0.86, 1.67) 0.275 0.70 (0.45, 1.10) 0.120 

Daily cannabis use 0.93 (0.64, 1.34) 0.695 1.25 (0.86, 1.83) 0.246 0.84 (0.59, 1.20) 0.337 1.02 (0.66, 1.58) 0.930 

Daily alcohol use 0.84 (0.58, 1.21) 0.338 0.65 (0.43, 0.98)  0.039 0.88 (0.62, 1.24) 0.450 1.02 (0.66, 1.56) 0.947 

Binge injection drug use 1.59 (1.18, 2.15)  0.003 1.07 (0.77, 1.48) 0.689 1.62 (1.21, 2.16)  0.001 1.37 (0.96, 1.97) 0.085 

Years since injection drug 
use 

0.99 (0.98, 1.01) 0.236 1.01 (0.99, 1.02) 0.523 1.00 (0.99, 1.02) 0.802 1.00 (0.99, 1.02) 0.893 

Treatment experience a         

Opioid agonist therapy 0.95 (0.68, 1.34) 0.785 1.36 (0.96, 1.94) 0.084 1.12 (0.81, 1.55) 0.496 1.00 (0.67, 1.51) 0.997 

Any other addiction 
treatment or services 

0.72 (0.44, 1.17) 0.181 0.95 (0.58, 1.56) 0.850 0.74 (0.47, 1.16) 0.187 0.81 (0.45, 1.45) 0.474 

Unable to access addiction 
treatment 

0.81 (0.55, 1.20) 0.288 0.68 (0.44, 1.05) 0.081 0.76 (0.52, 1.11) 0.159 0.98 (0.62, 1.55) 0.929 

Behavioural risk factors a         

Attacked, assaulted, or 
suffered violence 

0.88 (0.51, 1.52) 0.645 1.04 (0.62, 1.76) 0.886 0.80 (0.48, 1.32) 0.377 0.77 (0.37, 1.61) 0.485 

Drug dealing 1.17 (0.74, 1.86) 0.503 2.11 (1.34, 3.33)  0.001 1.86 (1.21, 2.85)  0.005 0.65 (0.35, 1.22) 0.182 

Sex work involvement 1.26 (0.90, 1.76) 0.173 0.79 (0.55, 1.15) 0.219 1.06 (0.77, 1.47) 0.707 0.92 (0.61, 1.38) 0.675 

Incarceration 1.23 (0.80, 1.88) 0.342 1.10 (0.70, 1.74) 0.681 1.14 (0.76, 1.72) 0.529 0.94 (0.55, 1.60) 0.824 

Non-fatal overdose 1.60 (1.01, 2.51)  0.044 1.51 (0.93, 2.43) 0.095 1.30 (0.83, 2.03) 0.254 1.26 (0.73, 2.18) 0.415 

Other factors         

Ever been diagnosed with a 
mental health issue 

1.08 (0.80, 1.47) 0.621 1.61 (1.17, 2.21)  0.004 1.08 (0.81, 1.45) 0.596 0.80 (0.55, 1.17) 0.246 
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Year of enrolment 1.01 (0.98, 1.04) 0.483 1.07 (1.04, 1.10)  <0.001 1.04 (1.02, 1.07)  <0.001 0.95 (0.92, 0.98)  0.001 

Study cohort designation 
(ACCESS) 

0.83 (0.55, 1.27) 0.394 2.02 (1.35, 3.00)  <0.001 1.56 (1.08, 2.27)  0.019 0.58 (0.33, 1.01) 0.053 

a Denotes behaviours and events in the previous six months, measured at baseline. 

CI confidence interval. 
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Table 3.4 Multivariable multinomial logistic regression analyses of baseline demographic characteristics, drug use behaviours, and social-

structural exposures associated with different trajectory classes among 2057 people who use injection drugs, the Vancouver Injection Drug 

Users Study and AIDS Care Cohort to Evaluate Exposure to Survival Services, Vancouver, British Columbia, Canada, 1996-2017 

Characteristics 

Adjusted Odds Ratio (95% CI) 

Persistent 
injection vs. 

Early cessation P 

Persistent 
injection with 
late cessation 

vs. Early 
cessation P 

Gradual 
cessation vs. 

Early cessation P 

Early decrease 
with late 

relapse vs. 
Early cessation P 

Persistent 
injection vs. 

Early decrease 
with late 
relapse P 

Younger age, per year 1.02 (1.00, 1.04)  0.041 1.03 (1.01, 1.04)  0.007 1.01 (1.00, 1.03) 0.133 1.00 (0.98, 1.02) 0.847 1.02 (1.00, 1.04) 0.036 

Male  0.86 (0.63, 1.18) 0.358 1.28 (0.91, 1.81) 0.162 1.19 (0.87, 1.62) 0.278 1.10 (0.75, 1.61) 0.635 0.79 (0.55, 1.11) 0.172 

Not being in a stable 
relationship a 

1.64 (1.18, 2.27)  0.003 1.59 (1.12, 2.27)  0.010 1.44 (1.06, 1.97)  0.020 1.12 (0.76, 1.64) 0.566 1.46 (1.02, 2.09) 0.038 

Daily heroin injection a 1.41 (1.03, 1.93)  0.030 1.01 (0.72, 1.42) 0.949 1.36 (1.01, 1.83)  0.046 1.01 (0.70, 1.47) 0.956 1.40 (1.00, 1.95) 0.051 

Binge injection drug use a 1.63 (1.19, 2.22)  0.002 1.26 (0.90, 1.77) 0.183 1.77 (1.31, 2.40)  <0.001 1.23 (0.85, 1.78) 0.277 1.32 (0.95, 1.84) 0.096 

Year of enrolment 1.03 (1.00, 1.06) 0.061 1.08 (1.05, 1.12)  <0.001 1.06 (1.03, 1.09)  <0.001 0.95 (0.92, 0.99)  0.006 1.08 (1.05, 1.12) <0.001 
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Characteristics 

Adjusted Odds Ratio (95% CI) 

Persistent 
injection with 
late cessation 

vs. Early 
decrease with 
late relapse P 

Gradual 
cessation vs. 

Early decrease 
with late 
relapse P 

Persistent 
injection vs. 

Gradual 
cessation P 

Persistent 
injection with 
late cessation 
vs. Gradual 

cessation P 

Persistent 
injection vs. 
Persistent 

injection with 
late cessation P 

Younger age, per year 1.03 (1.01, 1.05) 0.007 1.02 (1.00, 1.03) 0.112 1.01 (0.99, 1.02) 0.451 1.01 (1.00, 1.03) 0.100 0.99 (0.98, 1.01) 0.366 

Male  1.17 (0.80, 1.70) 0.421 1.08 (0.77, 1.52) 0.653 0.73 (0.56, 0.94) 0.015 1.08 (0.81, 1.44) 0.608 0.67 (0.50, 0.91) 0.010 

Not being in a stable 
relationship a 

1.42 (0.97, 2.09) 0.071 1.29 (0.92, 1.82) 0.146 1.13 (0.86, 1.49) 0.375 1.10 (0.81, 1.49) 0.528 1.03 (0.74, 1.42) 0.871 

Daily heroin injection a 1.00 (0.70, 1.44) 0.998 1.34 (0.97, 1.86) 0.075 1.04 (0.81, 1.33) 0.761 0.75 (0.56, 0.98) 0.037 1.40 (1.04, 1.87) 0.025 

Binge injection drug use a 1.02 (0.72, 1.46) 0.895 1.44 (1.05, 1.99) 0.025 0.92 (0.72, 1.17) 0.480 0.71 (0.54, 0.93) 0.014 1.29 (0.97, 1.72) 0.081 

Year of enrolment 1.14 (1.10, 1.18) <0.001 1.12 (1.08, 1.15) <0.001 0.97 (0.95, 0.99) 0.004 1.02 (1.00, 1.05) 0.064 0.95 (0.92, 0.97) <0.001 

a Denotes behaviours and events in the previous six months, measured at baseline. 

CI confidence interval. 
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Chapter 4: Long term pre-treatment opioid use trajectories in relation to 

opioid agonist therapy outcomes among people who use drugs in a Canadian 

setting 

 

4.1 Introduction 

As described in Chapter 1, despite the cumulative evidence for the effectiveness of OAT, 

studies have demonstrated considerable heterogeneity in terms of treatment engagement and 

outcomes across different settings and subpopulations.54-60 Aside from demographic variables, the 

characteristics of pre-treatment opioid use are amongst the factors that account for variations in 

treatment outcomes. A meta-analysis demonstrated that having a longer history of pre-treatment 

opioid use was positively associated with continued drug use after treatment.57 Further, a longer 

duration of regular opioid use at treatment enrolment was also found to be predictive for poorer 

treatment retention rate.58, 137 In addition, several studies have shown that more frequent opioid 

use at treatment enrolment reduced the likelihood of achieving continuous opioid abstinence.137, 

246, 270 However, these studies focused on the characteristics of opioid use at treatment initiation, 

which cannot fully reflect the chronic relapsing nature of opioid use over time. Over the long term, 

some individuals tend to persist in their high frequency of opioid use, others show varying levels 

of opioid use, and yet others exhibit low or very sporadic opioid use histories.61 It is likely that 

people experience distinct trajectories of opioid use before treatment engagement, and these 

trajectories will further influence their treatment outcomes.  

To my knowledge, no prior study has undertaken a detailed examination of longitudinal 

opioid use patterns prior to OAT despite high rates of OAT discontinuation (i.e., about 40% at 12 
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months) in different settings271 and the association of discontinuation with dramatically increased 

mortality.164 Given the growing interest in the development of treatment and continuing care 

strategies for people with OUD, research has shown that the effectiveness of the treatment could 

be improved by using flexible and adaptive algorithms, which take into account individual 

patient’s characteristics.272 Therefore, there is considerable clinical and scientific importance 

associated with understanding whether the benefit of OAT is conditional on pre-treatment opioid 

use trajectories. Therefore, in this study, I aimed to characterize the trajectories of opioid use prior 

to OAT initiation using data from three large, long-running community-recruited cohorts of 

PWUD in a setting with a universal no-cost health care system and low-barrier access to OAT. My 

secondary objective was to examine whether the impact of OAT engagement on the risk of opioid 

use was different among people with different pre-treatment opioid use patterns.  

4.2 Methods 

4.2.1 Study population and setting 

Data for these analyses were ascertained from the VIDUS, ACCESS, and ARYS studies, 

as described in section 1.6. For the present analysis, participants were included if they were 

enrolled between September 2005 and November 2018. To examine opioid use trajectories before 

engaging in OAT, the sample was restricted to opioid users who started OAT during study follow-

ups and completed at least three study visits before starting OAT to allow for polynomial growth 

curve analysis.  

4.2.2 Measurements 

Illicit opioid use was defined as self-reported injection or non-injection heroin or illicit 

prescription opioid use in the last six months. The frequency of illicit opioid use included “no use”, 

“less than monthly”, “at least monthly”, “at least weekly”, and “at least daily”. For the primary 
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analysis, the main outcome of interest was opioid use (yes vs. no) after OAT engagement. The 

primary exposure was a time-varying dichotomous variable of OAT engagement during the past 

six months (yes vs. no), including maintenance treatment using methadone or 

buprenorphine/naloxone. I also considered covariates that, based on a review of prior literature, 

were hypothesized to potentially confound the relationship between OAT engagement and opioid 

use.273, 274  I included self-reported baseline characteristics, including age (per year), sex (male vs. 

female), and ethnicity (white vs. others). Other time-varying sociodemographic factors included: 

being in a stable relationship, defined as being married, common law or having a regular partner 

(yes vs. no); employment, defined as having a regular job, temporary job or self-employed (yes vs. 

no); current housing status (unstable housing vs. 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 measures included: any stimulant use (i.e., cocaine, crack or crystal 

methamphetamine, yes vs. no); cannabis use (yes vs. no); at least daily alcohol use (yes vs. no); 

and benzodiazepine use (yes vs. no). Factors related to substance use treatment experience 

included: any OAT before study enrolment (yes vs. no); and any other addiction treatment or 

services except for OAT (yes vs. no).  Other behavioural factors and social-structural exposures 

included: being attacked, assaulted, or suffered violence (yes vs. no); drug dealing (yes vs. no); sex 

work involvement (yes vs. no); and incarceration (yes vs. no). All behavioural variables referred 

to the period beginning six months before each study interview unless otherwise specified. I also 

included the calendar year of initiating OAT (per year) and study cohort designation (i.e., ACCESS 

vs. ARYS vs. VIDUS). 
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4.2.3 Statistical analysis 

First, to investigate illicit opioid use trajectories before OAT initiation, latent class growth 

analysis (LCGA) was used on all the observations three years prior to OAT. LCGA is a semi-

parametric, group-based analytical approach, aiming to discover meaningful, distinctive 

subpopulations with homogeneous longitudinal trajectories within the larger heterogeneous 

population.148, 149, 156 It is a special type of GMM with the variance and covariance estimates for 

the growth factors within class being fixed to zero.  

Illicit opioid use frequency was treated as a five-level ordinal variable (see Measures) and 

used to model opioid use trajectories before OAT initiation. To determine the optimal number of 

trajectories, I started with a single-class latent growth curve model and continued until a four-class 

model was fitted. Linear and quadratic parameters were fitted for the time trend for each trajectory 

group. Models were compared using AIC and BIC.156, 157 Lower absolute values for the 

information criteria suggest better model fit. LMR LRT was used to compare the likelihood of the 

model being tested with a model with one fewer class.157 Averaged posterior probability of group 

membership and entropy were used to evaluate classification quality. Furthermore, to ensure the 

interpretability and usefulness of the latent classes, sample size per latent class and substantive 

importance of the trajectory groups were also taken into consideration.  

Next, I summarized demographic characteristics, drug use behaviours, and social-structural 

exposures at OAT initiation stratified by pre-treatment opioid use trajectories. Finally, generalized 

linear mixed-effects model (GLMM) with random intercepts was used to examine the association 

between OAT engagement and illicit opioid use. Observations from the first report of OAT 

engagement up to three years were included. To explore whether participants with different pre-

treatment opioid use trajectories would benefit differently from OAT, an interaction term was 
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tested between trajectory group membership and OAT engagement. All factors significant in the 

bivariable analyses at P < 0.10 were included in the final multivariable model. This model building 

approach has been utilized in previous research.275, 276 The details of the final multivariable model 

can be found in Appendix O. As a secondary analysis, I examined the impact of OAT engagement 

on the probability of daily illicit opioid use, and further tested the interaction term between 

trajectory group membership and OAT engagement. The secondary analysis thus can complement 

the primary analysis by evaluating whether OAT helps reduce opioid use frequency across groups.  

LCGA was conducted using the software Mplus,255 and all other analyses were performed 

using SAS 9.4 (SAS Institute, USA). All P values were two-sided. 

4.3 Results 

4.3.1 General characteristics  

Between September 2005 and November 2018, a total of 3859 individuals were recruited. 

Of these, 2688 (69.7%) were not on OAT at baseline, among whom 741 (27.6%) subsequently 

initiated OAT during study follow-up. Two-hundred and seventy-seven participants were further 

excluded from the present study due to not completing at least three study visits before OAT. 

Compared to participants in the analytical sample (n = 464), the 277 excluded participants were 

younger at OAT engagement (median age: 34 vs. 36 years, P < 0.001), but there was no significant 

difference regarding sex (61.4% vs. 67.2% male, P = 0.105) and ethnicity (57.8% vs. 56.9% white, 

P = 0.691).  

Among the 464 included participants, 312 (67.2%) were male, 264 (56.9%) self-reported 

white ethnicity, and the median age was 36 years (interquartile range [IQR]: 27–47) at OAT 

initiation. In the study visit that participants reported initiating OAT, 411 (88.6%) reported having 

received methadone as the medication, 47 (10.1%) reported having received 
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buprenorphine/naloxone, and 6 (1.3%) reported having received both in the last six months. 

Compared to participants who initiated OAT with methadone, participants who reported having 

buprenorphine/naloxone were younger (median age: 27 vs. 37 years, P = 0.001), but there was no 

significant difference regarding sex (78.7% vs. 66.9% male, P = 0.100) and ethnicity (59.6% vs. 

56.5% white, P = 0.682). Demographic characteristics, drug use behaviours, and social-structural 

exposures at OAT initiation are shown in Table 4.1.  

4.3.2 Identify opioid use trajectories before OAT engagement 

As shown in Table 4.2, different model fit statistics were compared with an increasing 

number of trajectories. AIC and BIC continued to decrease, but the reduction became relatively 

small when comparing models with two to three classes. LRT suggested that the model was no 

longer improved with three classes (P = 0.594). Also, after taking into account the classification 

quality and interpretability, a two-class solution was chosen. The trajectories of daily opioid use 

are visualized in Figure 4.1. After assigning participants to each trajectory class based on their 

most likely latent class membership, I characterized the two classes as: high frequency users (246, 

53.0%) and gradually increasing frequency users (218, 47.0%). The probability of daily illicit 

opioid use among high frequency users remained above 60.0% over the three years prior to OAT 

engagement. As shown in Figure 4.1, the probability of daily illicit opioid use for gradually 

increasing frequency users started low but then rapidly increased and reached above 40.0% at the 

time of OAT engagement. 

As shown in Table 4.1, for high frequency users, the median year of OAT initiation was 

2011 (IQR: 2008 – 2015). Compared to high frequency users, most of the gradually increasing 

frequency users engaged in OAT in more recent years (median 2013, IQR: 2010 – 2016). 

Additionally, compared to gradually increasing frequency users, a significantly higher proportion 



99 

 

of high frequency users had experienced any OAT before study enrolment, were more likely to be 

involved in drug dealing, and had been recently incarcerated. However, a higher proportion of 

gradually increasing frequency users reported cannabis use. 

4.3.3 Illicit opioid use after OAT among different trajectory group 

In total, 177 (72.0%) high frequency users and 133 (61.0%) gradually increasing frequency 

users stopped illicit opioid use for at least six months by the end of the study period. After engaging 

in OAT, multiple episodes of cessation (i.e., each for at least six months) of and relapse to opioid 

use were commonly observed among the sample. Only 11 (4.5%) high frequency users and 18 

(8.3%) gradually increasing frequency users stopped using opioids right after OAT engagement 

and remained opioid abstinent during the study period. Among the 177 high frequency users, the 

median time of opioid abstinence after engagement in OAT was 2.3 years (IQR: 1.0 – 2.8), which 

was not significantly different compared to the length among the 133 gradually increasing 

frequency users (median: 2.6 years, IQR: 0.5 – 3.0, P = 0.704).  

The results of bivariable and multivariable GLMM analyses on any illicit opioid use are 

presented in Table 4.3. OAT engagement was negatively associated with the probability of illicit 

opioid use among high frequency users (AOR = 0.36, 95% CI: 0.20 – 0.63). However, I failed to 

observe a significant association between OAT engagement and illicit opioid use among gradually 

increasing frequency users (AOR = 0.91, 95% CI: 0.53 – 1.56), which represented a significantly 

weaker association compared to the association observed among high frequency users (interaction 

term P = 0.013).   

As shown in Table 4.3, regardless of whether or not they were engaged in OAT, gradually 

increasing frequency users had lower odds of illicit opioid use compared to high frequency users. 

Substance use and behavioural risk factors that were positively associated with the probability of 
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illicit opioid use included unstable housing, any stimulant use, attacked, assaulted, or suffered 

violence, drug dealing, sex work involvement, and incarceration. Older age and engaging in any 

other addiction treatment services were associated with lower odds of illicit opioid use.  

Results for the secondary analysis on daily illicit opioid use are summarized in Table 4.4. 

After adjusting for potential confounders, OAT engagement was negatively associated with daily 

illicit opioid use among both high frequency users (AOR = 0.25, 95% CI: 0.16 – 0.38) and 

gradually increasing frequency users (AOR = 0.41, 95% CI: 0.26 – 0.64). The interaction term 

between group membership and OAT exposure was no longer statistically significant (P = 0.111). 

Therefore, even though I failed to see an effect of OAT on reducing the risk of any opioid use 

among gradually increasing frequency users, the secondary analysis results indicated that 

involvement in OAT was associated with reduced frequency of illicit opioid use for both high 

frequency and gradually increasing frequency users. 

4.4 Discussion 

This study sought to characterize pre-treatment illicit opioid use trajectories and examine 

how these trajectories affected treatment response in terms of reducing the frequency of opioid 

use. Drawing on longitudinal data from three ongoing prospective cohort studies of PWUD in 

Vancouver, Canada, I identified two distinct opioid use trajectories over the three years prior to 

engaging in OAT. Participants with these different trajectories displayed different levels of 

treatment response, after adjustment for individual characteristics, drug use behaviours, and social-

structural exposures. Differentiation of the pre-treatment characteristics and response to treatment 

may help clinicians in treatment planning and recommending more effective patient-centered 

interventions. 
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I found a certain degree of heterogeneity in pre-treatment opioid use patterns. Specifically, 

over half of participants remained high frequency opioid users before engaging in treatment. 

Compared to high frequency users, most of the gradually increasing frequency users engaged in 

OAT in later years. This observation is likely reflective of the continuous effort to expand addiction 

care and treatment programming in BC in recent years, including ensuring access to evidence-

based and comprehensive addiction care, reducing prescriber restrictions and requirements.277, 278 

Particularly in the fentanyl era, with the sharpest increase of overdose deaths since 2010,279 OAT 

has become more accessible to high-risk opioid users in an effort to reduce overdose deaths. 

Additionally, a higher proportion of gradually increasing frequency users reported cannabis use 

compared to high frequency users. Given the therapeutic effect of cannabis, it is possible that some 

people may substitute cannabis for opioids to treat pain or manage craving and withdrawal.280  On 

the other hand, high frequency users were more likely to be involved in drug dealing, which is 

consistent with the previous finding that drug dealing is often associated with higher intensity 

addiction.281  Similarly, I observed a higher proportion of incarceration among high frequency 

users. This finding supports previous research indicating that recent incarceration is associated 

negatively with drug use cessation, which might due to reduced access to mechanisms (e.g., 

addiction treatment, social support) that promote drug use cessation.237, 282 

In the primary and secondary analyses, OAT engagement was found to be strongly 

associated with a lower risk of both illicit opioid use and daily illicit opioid use among high 

frequency users. Interestingly, in light of the observed beneficial effect of OAT in terms of 

reducing daily illicit opioid use among gradually increasing frequency users, I failed to find a 

significant reduction in the risk of any opioid use among this group of people. As shown in the 

trajectory plot, gradually increasing frequency users might represent those individuals who rapidly 
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increased their frequency of opioid use before engaging in treatment. They had approximately a 

40.0% chance of ongoing daily opioid use, and typically had experienced multiple episodes of 

cessation of and relapse to opioid use before OAT. This group had less OAT experience before 

study enrolment compared to high frequency users. It is possible that these individuals had more 

continuous exposure to the physiological, behavioural, and social stressors that triggered opioid 

use, or experienced barriers accessing treatment. Research has shown that treatment outcomes 

could be improved by incorporating more integrated, comprehensive services, such as 

psychological counselling (including relapse prevention), behavioural therapy, pain management, 

and potentially more flexible and accessible models of substance use treatment.26, 283-285 Therefore, 

future research should be undertaken to explore whether such strategies are effective for 

individuals with different risk and pre-treatment profiles, particularly for the purpose of improving 

treatment adherence and reducing rates of relapse. Additionally, strategies that help expand 

treatment access and minimize barriers to treatment adherence are warranted.278 

In the study, when evaluating treatment outcomes, I accounted for the pre-treatment opioid 

use patterns over time by adjusting for the trajectory groups, which could not be achieved by only 

controlling for opioid use characteristics at baseline. Compared to high frequency users, gradually 

increasing frequency users had a lower risk of illicit opioid use after OAT engagement. This result 

is consistent with previous findings that people with a more severe history of opioid use are more 

likely to have poorer treatment outcomes and more protracted opioid use history.57, 137, 246, 270 I 

have observed that more than 60% of the participants stopped illicit opioid use for at least six 

months after OAT engagement; however, only a very small number of participants achieved 

continuous opioid abstinence for an average of 2.5 years (i.e., 4.5% high frequency users and 8.3% 

gradually increasing frequency users). While there are variations in the definition of abstinence 
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from opioid use, these observed rates of opioid abstinence are comparable to the findings in other 

study settings.61    

Stimulant use was found to be positively associated with any opioid use and daily opioid 

use. Several studies have found that stimulant use during opioid treatment often compromises 

opioid treatment.69, 286, 287 Other risk behaviours including drug dealing, sex work involvement, 

and incarceration also increased the likelihood of illicit opioid use. Indeed, past work has shown 

how engagement in alternative income generating activities is associated with high-risk drug use 

and behaviour,288 and incarceration has also been associated with a reduced likelihood of ceasing 

injecting drug use.237 Accordingly, efforts should be made to provide alternatives to incarceration 

for non-violent substance users. Besides, acceptable low-threshold employment opportunities, 

which are easily accessible for people who actively use drug and do not require abstinence from 

drug use, should be explored.289 Examples for such opportunities include peer support positions,290 

jewelry making economic empowerment program291 and positions provided by the organization 

that processes recyclable containers.292  

Some limitations in the current study require consideration. First, there could be errors of 

recall and social-desirability bias associated with using self-reported data, especially for socially 

stigmatized and criminalized behaviours (e.g., illicit substance use). Interviewers emphasized 

before each interview that anonymity and confidentiality were guaranteed. Further, self-reported 

data have been commonly used and found to be valid in studies involving PWUD.293, 294 Second, 

this study utilized a community-based sample recruited through snowball sampling, self-referral, 

and street outreach, which may limit the generalizability of the findings. Third, the study 

instrument did not allow for diagnosis of OUD based on DSM-5 criteria.295 Therefore, information 

about the severity of OUD was not available. Fourth, although I considered various factors 
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associated with treatment engagement and outcome, there is potential for unmeasured 

confounding, including confounding related to other substance use (e.g., hallucinogens), factors 

related to mental health status, interpersonal relationship, internal motivations, as well as factors 

due to combining three cohort samples for analyses. In addition, the estimated relationships, 

including the association between OAT engagement and the frequency of opioid use, do not imply 

causality. There could also be potential bias when the time-varying covariates were also impacted 

by OAT engagement. Fifth, research has shown that a higher amount of opioid use is associated 

with a greater risk of adverse events.296 However, the frequency of opioid use was considered in 

this study, and therefore pre-treatment opioid use patterns and the reduction in opioid use after 

OAT engagement could not reflect the variability in the quantity of opioid use. Sixth, the variable 

selection for the multivariable GLMM was based on univariate pretesting, where all factors 

significant in the bivariable analyses at P < 0.10 were included. There are potential pitfalls with 

this approach, such as overfitting, missing important variables due to lack of consideration of their 

effects simultaneously with other variables, and including highly correlated variables.297 Finally, 

the present analysis does not provide insight into long-term treatment effects. Future studies are 

required in order to examine the long-term impact on sustained opioid cessation, opioid use 

relapse, and treatment readmission.  

In summary, the study identified distinct illicit opioid use patterns prior to engagement in 

OAT and demonstrated that there are clear differences in treatment outcomes among those with 

different definable pre-treatment patterns of opioid use. Given the evidence regarding the benefits 

of OAT, the findings further support the implementation of OAT to reduce the frequency of opioid 

use. However, I also observed different levels of treatment response. This finding highlights the 

potential value of acquiring a better understanding of patients’ long-term opioid use patterns and 
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the associated impacts of such patterns on OAT outcomes. Findings from this study further suggest 

a need for developing more comprehensive treatment strategies specific to people with different 

pre-treatment opioid use patterns in order to maximize the benefits of OAT. 
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Figure 4.1 Illicit opioid use trajectory classes before engaging in opioid agonist treatment using 

latent class growth analysis among 464 people in Vancouver, British Columbia, Canada 
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Table 4.1 Sociodemographic characteristics, substance use behaviours, treatment experience and 

other behavioural risk factors at opioid agonist therapy initiation stratified by pre-treatment opioid 

use trajectories among 464 people who use illicit drugs in Vancouver, British Columbia, Canada 

Characteristics Total 
n=464 (%) 

Gradually 
increasing 
frequency 

user 
n=218 

(47.0%) 

High 
frequency 

user 
n=246 

(53.0%) 

P-value 

Opioid use a     

< monthly 33 (7.1) 22 (10.1) 11 (4.5) <0.001 

³ monthly 28 (6.0) 17 (7.8) 11 (4.5)  

³ weekly 87 (18.8) 46 (21.1) 41 (16.7)  

³ daily 246 (53.0) 90 (41.3) 156 (63.4)  

Sociodemographic factors     

Age (years), median (IQR) 36 (27 – 47) 34 (26 – 48) 37 (28 – 45) 0.350 

Male 312 (67.2) 156 (71.6) 156 (63.4) 0.062 

White ethnicity 264 (56.9) 121 (55.5) 143 (58.1) 0.569 

Being in a stable relationship a 135 (29.1) 65 (29.8) 70 (28.5) 0.747 

Employment status (regular/temporary 
job; self-employed) a 98 (21.1) 49 (22.5) 49 (19.9) 0.500 

Unstable housing 338 (72.8) 152 (69.7) 186 (75.6) 0.234 

Substance use a     

Any stimulant use 377 (81.3) 179 (82.1) 198 (80.5) 0.581 

Cannabis use 263 (56.7) 141 (64.7) 122 (49.6) 0.001 

Daily alcohol 21 (4.5) 13 (6.0) 8 (3.3) 0.161 

Benzodiazepine use  11 (2.4) 6 (2.8) 5 (2.0) 0.611 

Treatment experience      

Any opioid agonist therapy before study 
enrolment  142 (30.6) 42 (19.3) 100 (40.7) <0.001 

Behavioural risk factors a     

Attacked, assaulted, or suffered violence 79 (17.0) 42 (19.3) 37 (15.0) 0.217 
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Drug dealing 122 (26.3) 39 (17.9) 83 (33.7) <0.001 

Sex work involvement 58 (12.5) 22 (10.1) 36 (14.6) 0.140 

Incarceration 84 (18.1) 29 (13.3) 55 (22.4) 0.011 

Other factors     

Study cohort designation (ACCESS) 115 (24.8) 62 (28.4) 53 (21.5) <0.001 

Study cohort designation (ARYS) 135 (29.1) 83 (38.1) 52 (21.1)  

Calendar year on opioid agonist therapy, 
median (IQR) 

2012 
(2009 – 2015) 

2013 
(2010 – 2016) 

2011 
(2008 – 2015) 0.004 

a Denotes behaviours and events in the previous six months. 

ACCESS AIDS Care Cohort to evaluate Exposure to Survival Services; AYRS At-Risk Youth Study; IQR 
interquartile range 
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Table 4.2 Model comparison with an increasing number of trajectories 

Number of Classes 1 2 3 4 

AIC 5307.7 4916.9 4888.5 4859.9 

BIC 5332.6 4958.3 4946.5 4934.4 

LMR LRT P value  <0.001 0.594 0.199 

Entropy  0.704 0.634 0.642 

Averaged posterior probability of 
group membership (range) 

 0.91 – 0.92 0.79 – 0.89 0.69 – 0.87 

Sample size per class (%, range)  47.0 – 53.0 12.9 – 43.8 9.1 – 41.8 

LMR LRT Lo-Mendell-Rubin likelihood ratio test.  
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Table 4.3 Bivariable and multivariable generalized linear mixed models of sociodemographic 

characteristics, substance use behaviours, treatment experience and other behavioural risk factors 

associated with illicit opioid use among 464 people who use illicit drugs in Vancouver, British 

Columbia, Canada 

Characteristics 

Bivariable Regression Multivariable Regression 
Odds Ratio 
(95% CI) P-value Adjusted Odds 

Ratio (95% CI) P-value 

Opioid agonist therapy, among:     

High frequency user 0.57 (0.34, 0.95) 0.031 0.36 (0.20, 0.63) <0.001 

Gradually increasing frequency user 1.35 (0.85, 2.14) 0.203 0.91 (0.53, 1.56) 0.735 

Gradually increasing frequency user vs. 
High frequency user, when:     

Not on opioid agonist therapy 0.23 (0.11, 0.46) <0.001 0.23 (0.11, 0.49) <0.001 

On opioid agonist therapy 0.54 (0.33, 0.88) 0.014 0.59 (0.36, 0.99) 0.047 

Sociodemographic factors     

Age, per year increase 0.96 (0.94, 0.98) <0.001 0.97 (0.94, 1.00) 0.030 

Male 1.27 (0.77, 2.08) 0.349   

White ethnicity 0.81 (0.50, 1.30) 0.378   

Being in a stable relationship a 1.00 (0.69, 1.45) 0.983   

Employment status (regular/temporary 
job; self-employed) a 1.15 (0.80, 1.66) 0.448   

Unstable housing 2.33 (1.66, 3.26) <0.001 1.56 (1.09, 2.24) 0.015 

Substance use a     

Any stimulant use 5.16 (3.59, 7.41) <0.001 3.69 (2.52, 5.39) <0.001 

Cannabis use 1.64 (1.18, 2.28) 0.003 1.32 (0.93, 1.87) 0.119 

Daily alcohol 0.76 (0.39, 1.45) 0.400   

Benzodiazepine use 1.67 (0.71, 3.96) 0.241   

Treatment experience      

Any opioid agonist therapy before study 
enrolment  

1.21 (0.73, 2.02) 0.451   

Any other addiction treatment or services a 0.50 (0.28, 0.91) 0.023 0.47 (0.23, 0.97) 0.040 
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Behavioural risk factors a     

Attacked, assaulted, or suffered violence 2.31 (1.48, 3.61) <0.001 1.64 (1.02, 2.65) 0.041 

Drug dealing 5.20 (3.47, 7.77) <0.001 3.30 (2.17, 5.02) <0.001 

Sex work involvement 5.23 (2.59, 10.54) <0.001 2.75 (1.31, 5.78) 0.008 

Incarceration 3.22 (1.95, 5.33) <0.001 2.24 (1.31, 3.83) 0.003 

Other factors     

Study cohort designation (ACCESS) 0.62 (0.35, 1.08) 0.091 0.75 (0.43, 1.32) 0.322 

Study cohort designation (ARYS) 1.32 (0.74, 2.33) 0.347 0.92 (0.42, 2.03) 0.837 

Calendar year on opioid agonist therapy 0.97 (0.91, 1.03) 0.327   

a Denotes behaviours and events in the previous six months. 

ACCESS AIDS Care Cohort to evaluate Exposure to Survival Services; AYRS At-Risk Youth Study; CI 
confidence interval.  
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Table 4.4 Secondary analysis: bivariable and multivariable generalized linear mixed models of 

sociodemographic characteristics, substance use behaviours, treatment experience and other 

behavioural risk factors associated with daily illicit opioid use among 464 people who use illicit drugs 

in Vancouver, British Columbia, Canada 

Characteristics 

Bivariable Regression Multivariable Regression 
Odds Ratio 
(95% CI) P-value Adjusted Odds 

Ratio (95% CI) P-value 

Opioid agonist therapy, among:     

High frequency user 0.29 (0.19, 0.44) <0.001 0.25 (0.16, 0.38) <0.001 

Gradually increasing frequency user 0.41 (0.27, 0.64) <0.001 0.41 (0.26, 0.64) <0.001 

Gradually increasing frequency user vs. 
High frequency user, when:     

Not on opioid agonist therapy 0.25 (0.14, 0.46) <0.001 0.21 (0.12, 0.40) <0.001 

On opioid agonist therapy 0.35 (0.23, 0.55) <0.001 0.36 (0.23, 0.55) <0.001 

Sociodemographic factors     

Age, per year increase 0.96 (0.94, 0.97) <0.001 0.96 (0.94, 0.97) <0.001 

Male 0.93 (0.59, 1.45) 0.747   

White ethnicity 0.68 (0.44, 1.03) 0.069 0.73 (0.49, 1.09) 0.120 

Being in a stable relationship a 0.74 (0.53, 1.04) 0.085 0.77 (0.54, 1.08) 0.133 

Employment status (regular/temporary 
job; self-employed) a 0.85 (0.61, 1.18) 0.329   

Unstable housing 2.72 (1.94, 3.79) <0.001 2.02 (1.43, 2.86) <0.001 

Substance use a     

Any stimulant use 2.01 (1.44, 2.80) <0.001 1.75 (1.23, 2.50) 0.002 

Cannabis use 0.88 (0.65, 1.18) 0.386   

Daily alcohol 1.35 (0.73, 2.50) 0.332   

Benzodiazepine use 1.70 (0.79, 3.67) 0.178   

Treatment experience      

Any opioid agonist therapy before study 
enrolment  

1.11 (0.71, 1.75) 0.640   

Any other addiction treatment or services a 0.80 (0.46, 1.37) 0.407   
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Behavioural risk factors a     

Attacked, assaulted, or suffered violence 2.07 (1.43, 3.00) <0.001 1.61 (1.09, 2.37) 0.016 

Drug dealing 3.24 (2.37, 4.44) <0.001 2.50 (1.80, 3.47) <0.001 

Sex work involvement 2.91 (1.72, 4.92) <0.001 1.80 (1.05, 3.10) 0.034 

Incarceration 2.01 (1.35, 3.00) <0.001 1.47 (0.97, 2.23) 0.070 

Other factors     

Study cohort designation (ACCESS) 0.80 (0.48, 1.32) 0.377   

Study cohort designation (ARYS) 1.29 (0.78, 2.12) 0.326   

Calendar year on opioid agonist therapy 1.06 (1.00, 1.12) 0.051 1.09 (1.02, 1.15) 0.007 

a Denotes behaviours and events in the previous six months. 

ACCESS AIDS Care Cohort to evaluate Exposure to Survival Services; AYRS At-Risk Youth Study; CI 
confidence interval.  
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Chapter 5: Changes in substance use in relation to opioid agonist therapy 

among people who use drugs in a Canadian setting 

 

5.1 Introduction 

Despite the benefit of OAT on reducing opioid use as detailed in Chapter 1 and 

demonstrated in Chapter 3, there have been mixed findings regarding how OAT impacts the use 

of other substances. Several studies observed an overall decline in other substances among people 

on opioid treatment programs. Findings from the Treatment Outcome Prospective Study in the 

U.S. suggested that methadone programs could indirectly reduce the use of other substances, 

including cocaine, amphetamines, and cannabis.77, 78 Similarly, an Australian study involving 

heroin users reported that a decline in heroin use was associated with less frequent use of cocaine, 

amphetamine, cannabis, benzodiazepines, and other opioids.79 

However, there is also a common concern that during opioid treatment, patients could 

substitute opioids with other types of substances, resulting in increased use of other drugs. From 

the National Treatment Outcome Research Study in the United Kingdom, researchers found that 

frequencies for crack cocaine and alcohol use increased significantly from one-year post-treatment 

to 4-5 years post-treatment.140, 298 Herdener et al. reported that among patients on OAT in 

Switzerland, there were significant declines in the frequent use of heroin and cocaine, while 

frequent alcohol use increased.141 A few studies used a life course perspective and focused on 

differential clinical response among subpopulations. Grella et al. examined trajectories of heroin, 

alcohol, and other drug use over 30 years among participants receiving methadone treatment in 

California, and found that among those who reduced heroin use rapidly, over half increased their 
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use of alcohol and other drugs (particularly amphetamines) concurrently.155 Eastwood et al. 

pointed out that if opioid treatment does not suppress opioid use to any clinically meaningful 

extent, approximately 40% of the patients will use alcohol or crack cocaine at a consistently high 

or increasing level.82 

In the context of these mixed findings, it should be noted that previous studies have mostly 

examined the substance use patterns after engaging in treatment programs. However, pre-treatment 

substance use patterns have received substantially less consideration. It may be that the observed 

difference in the frequency of substance use after engaging in treatment could be partially 

explained by a pre-existing trend. For example, suppose that an individual has already attempted 

to reduce cocaine use before initiating opioid treatment, one could incorrectly attribute the 

reduction in cocaine use to treatment engagement, which would have been observed even in the 

absence of the treatment, and only due to the pre-treatment trend. Further, to my knowledge, there 

is no study examining to what extent OAT impacts other substance use in a Canadian setting using 

a community recruited cohort of PWUD. Therefore, the present study extends previous research 

by comparing long-term substance use patterns before and after engaging in OAT. The study 

utilizes data from longitudinal cohort studies involving PWUD in Vancouver, Canada. It is hoped 

that the findings from this study may serve to inform the development of comprehensive treatment 

strategies tailored for polysubstance users.  

5.2 Methods 

5.2.1 Study population and setting 

Data for these analyses were ascertained from the VIDUS, ACCESS, and ARYS studies, 

as described in section 1.6. For the present analysis, participants were included if they were 

enrolled between May 1996 and May 2018. The sample was further restricted to those who started 
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OAT during study follow-up and completed at least one study visit before starting OAT and one 

study visit after OAT. To understand the change of different types of substance use, I included 

individual observations from five years prior to OAT engagement and up to five years after.  

5.2.2 Measurements 

I assessed eight types of substance use, each of which was used as a dichotomous outcome 

(yes vs. no) and collected through self-report. First, I evaluated opioid use, including any injection 

or non-injection heroin use and illicit prescription opioid use. Illicit prescription opioid use was 

defined as selecting any prescription opiates for the survey question “In the last 6 months, when 

you were using, which of the following prescription opiates did you use when they were not 

prescribed for you or that you took only for the experience or feeling they caused”. Next, I 

examined different types of stimulant use, including any injection or non-injection cocaine use, 

non-injection crack cocaine use, and injection or non-injection crystal methamphetamine use. 

Considering the different routes of administration could result in different use trajectories and risk 

for adverse health outcomes, I examined the use patterns separately for cocaine and crack cocaine. 

Furthermore, I included non-injection cannabis use, daily alcohol use, and injection or non-

injection benzodiazepine use. All these substance use variables were referred to the behaviours in 

the previous six months from the study visit.  

I considered a number of explanatory variables that could be associated with different types 

of substance use. The following sociodemographic variables were included: age (per year); sex 

(male vs. female); ethnicity (white vs. others); and current housing status (unstable housing vs. 

stable housing). Behavioural and socio-structural factors hypothesized to be associated with 

substance use included: employment, defined as having a regular job, temporary job or self-

employed (yes vs. no); incarceration, defined as being in detention, jail, or prison (yes vs. no); sex 
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work involvement, defined as exchanging sex for money, drugs, gifts, food, clothes, shelter or 

favours (yes vs. no); and drug dealing, defined as selling drugs as a source of income (yes vs. no). 

I also included a variable indicating engagement in any other addiction treatment or services except 

for OAT (yes vs. no). When examining the time trend of substance use after OAT enrolment, I 

included a variable indicating OAT adherence, defined as reporting methadone/methadose or 

buprenorphine/naloxone from the question “In the last 6 months, have you been in any kind of 

alcohol or drug treatment” (yes vs. no). As the data of the study were collected over an extended 

time period, the year of study enrolment was also included. All behavioural variables were time-

updated and referred to the period beginning six months before each study visit unless otherwise 

specified.  

5.2.3 Statistical analysis 

I used segmented regression to assess the extent to which OAT engagement impacted the 

levels and trends of different types of substance use. OAT enrolment information was collected 

through self-reported engagement in maintenance treatment using methadone/methadose or 

buprenorphine/naloxone. The observations before and after the first report of OAT engagement 

during the follow-up period constituted the two segments of the regression models. Under the 

assumption that the existing trend in the outcome would have remained unchanged absent the 

treatment, the observed trend during the pre-treatment period served as the counterfactual scenario. 

A segmented regression differs from a non-segmented regression as it controls for pre-existing 

secular trend and allows one to assess the difference of slope (i.e., change in time trend) between 

pre-treatment and post-treatment periods.  

As a first step, I calculated the proportions of the different substance use variables for each 

six-month period and used segmented regression on this aggregate data to describe the overall 
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substance use trend before and after OAT engagement. Residual autocorrelation was tested using 

the Durbin-Watson test,299 and autocorrelation orders were included in the model if necessary.  

Next, to further account for heterogeneity at the individual level, segmented regression was 

fit using participant-level data. Since the outcomes were binary variables, the logit link function 

was used. This model allows one to include a two-piece linear function of time corresponding to 

the pre-treatment and post-treatment segments, and at the same time, accounts for the correlation 

inherent in repeated measures observed from individuals over time by assuming an exchangeable 

working correlation structure. By comparing the growth slope between pre-treatment and post-

treatment segments, I was able to assess whether OAT engagement had an enduring impact on 

substance use patterns. All hypothesized explanatory variables were adjusted in the multivariable 

models.  

As an exploratory secondary analysis, I used injection opioid use and non-injection opioid 

use as outcomes after combining heroin and illicit prescription opioid use information. Similarly, 

the outcomes of injection stimulant use and non-injection stimulant use were generated, including 

cocaine, crack cocaine, and crystal methamphetamine use. Segmented regression was then applied 

to assess whether OAT engagement had an impact on the overall injection and non-injection drug 

use trend.  

As the first sensitivity analysis, I identified participants who dropped out of the study after 

OAT enrolment and conducted the segmented regression on the sample excluding the dropouts. 

As the second sensitivity analysis, for participants who were alive but dropped out of the study, I 

imputed their substance use and covariate information for the missing follow-up visits using the 

last observation carried forward method. For participants who were dead due to overdose, I 

imputed their substance use information as being actively using for the missing follow-up visits. 
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Then I conducted the segmented regression using the entire study sample with the imputed data. 

Information on death was obtained through a confidential data linkage with the BC Vital Statistics 

Agency. All analyses were performed using SAS 9.4, and the segmented regression on participant-

level data was conducted using the GENMOD procedure (SAS Institute, USA). All P values were 

two-sided. 

5.3 Results 

5.3.1 General characteristics  

There were 4693 participants enrolled in the three cohort studies between May 1996 and 

May 2018. Among them, 1253 participants were not on OAT at study enrolment and later initiated 

OAT during study follow-ups. One hundred forty-six participants were excluded from the analysis 

due to not completing at least one study visit during the pre-treatment segment and one study visit 

during the post-treatment segment. Therefore, a total of 1107 participants were included in the 

present analysis. Compared to participants in the analytical sample, the 146 excluded participants 

were younger (median age: 31.2 years; Wilcoxon rank-sum test P = 0.018), but there was no 

significant difference regarding sex (chi-squared test P = 0.286), ethnicity (chi-squared test P = 

0.385), heroin use (chi-squared test P = 0.583) and illicit prescription opioid use (chi-squared test 

P = 0.086).   

Among included participants, the median age at OAT initiation was 35.5 years (quartile 1 

– quartile 3: 26.8 – 43.6), 669 (60.4%) were male, 621 (56.1%) self-reported white ethnicity. There 

were in total 798 VIDUS participants, 145 ACCESS participants, and 164 ARYS participants. The 

median age at OAT initiation was 24.0 years for ARYS participants, which was significantly 

younger than the other two cohorts (VIDUS: 37.2 years; ACCESS: 41.4 years; Kruskal-Wallis test 

P < 0.001). Besides, higher proportion of ARYS participants self-reported white ethnicity 
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(VIDUS: 55.1%; ACCESS: 45.5%; ARYS: 70.1%; chi-squared test P < 0.001), but there was no 

significant difference regarding sex (chi-squared test P = 0.154). At each time point before OAT 

engagement, among people who used stimulants, including cocaine, crack cocaine, and 

methamphetamine, around 74.3% to 91.4% of them reported using opioids. Characteristics of 

participants at OAT initiation are presented in Table 5.1. The median number of study visits per 

participant was 11 (quartile 1 – quartile 3: 8 – 14). In the pre-treatment segment, the average 

number of observations at each time point was 442 (range 218 – 814). In the post-treatment 

segment, the average number of observations at each time point was 729 (range 488 – 1107). The 

distribution of participants and responses of the eight types of substances at each time point are 

presented in Table 5.2. In the post-treatment segment, the OAT adherence rate for each six-month 

period was 71.1% on average, ranging from 65.8% to 100%. All explanatory variables had less 

than 0.5% missing value, and a total of 140 (1.1%) observations were excluded from the 

multivariable analysis.  

There were in total of 303 participants who dropped out of the study after OAT enrolment. 

Sixty-three participants dropped out after engaging in OAT for one year, 87 participants dropped 

out after the second year, 73 participants dropped out after the third year, and 80 participants 

dropped out after the fourth year. Compared to the 804 participants who remained in the study, the 

303 participants were younger at OAT enrolment (median age 32.4 vs. 36.6 years; Wilcoxon rank-

sum test P < 0.001), but there was no significant difference regarding sex (chi-squared test P = 

0.231), ethnicity (chi-squared test P = 0.236), heroin use (chi-squared test P = 0.237) and illicit 

prescription opioid use (chi-squared test P = 0.459).   
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5.3.2 Heroin and illicit prescription opioid use 

Results of segmented regression on the proportion of substance use over time are 

summarized in Table 5.3, and results of bivariable and multivariable segmented regression on 

participant-level data are presented in Table 5.4 and Table 5.5. As shown in Figure 5.1, the 

estimated proportion of heroin use started at 64.8% (95% CI: 61.3%, 68.1%) and increased to 

84.2% (95% CI: 82.5%, 85.8%) six-month before OAT initiation. After OAT engagement, I 

observed a significant drop in the proportion (70.6%, 95% CI: 68.9%, 72.3%). In the pre-treatment 

segment, with one year increase, there was about a 19.0% increase in the odds of heroin use (AOR: 

1.19, 95% CI: 1.12, 1.27).  However, in the post-treatment segment, I observed a strong decreasing 

trend over time (AOR: 0.80, 95% CI: 0.77, 0.83).  

Similar to heroin use, the proportion of illicit prescription opioid use also indicated an 

upward trend before OAT (Figure 5.1). There was an immediate reduction in illicit prescription 

opioid use after initiating OAT, resulting in an estimated proportion of 18.9% (95% CI: 17.3%, 

20.6%) five years after initiating OAT, which was significantly lower than the expected proportion 

of 53.1% if these participants did not initiate OAT. In the post-treatment segment, there was a 

significant declining trend for illicit prescription opioid use (AOR: 0.87, 95% CI: 0.83, 0.90).  

Results for the exploratory secondary analysis are presented in Table 5.6. There was an 

increasing trend for overall injection opioid use in the pre-treatment segment (AOR: 1.17, 95% 

CI: 1.10, 1.24). Similarly, a significant decreasing trend was observed in the post-treatment 

segment (AOR: 0.80, 95% CI: 0.77, 0.83). For non-injection opioid use, there was no apparent 

trend in the pre-treatment segment; however, the use decreased over time as well in the post-

treatment segment (AOR: 0.89, 95% CI: 0.85, 0.92).  
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5.3.3 Stimulant use 

During the study period, an overall decreasing trend of cocaine use was noted (Figure 5.2). 

The estimated proportion of cocaine use was 55.3% (95% CI: 52.8%, 57.7%) before engaging in 

OAT, and dropped immediately to 49.4% (95% CI: 47.4%, 51.3%) after OAT engagement. In the 

adjusted model, a downward trend of cocaine use was observed during both the pre-treatment 

segment (AOR: 0.85, 95% CI: 0.81, 0.90) and the post-treatment segment (AOR: 0.83, 95% CI: 

0.80, 0.85); however, the difference was not significant (P = 0.297). 

The proportion of crack cocaine use was constantly high across the study period (Figure 

5.2). I did not observe a significant change in the proportion after OAT initiation (47.4% vs. 

48.9%). In addition, there was no apparent upward or downward trend in the pre-treatment segment 

(AOR: 0.96, 95% CI: 0.91, 1.03) and the post-treatment segment (AOR: 1.01, 95% CI: 0.98, 1.05).  

For crystal methamphetamine use, the estimated proportion started at 13.6% and reached 

20.0% before OAT initiation (Figure 5.2). Time was positively associated with odds of 

methamphetamine use during the pre-treatment segment (AOR: 1.17, 95% CI: 1.08, 1.27). I did 

not observe an apparent change of the proportion right after OAT initiation (20.0% vs. 19.0%). 

Even though in the post-treatment segment, time was associated with increased odds of 

methamphetamine use (AOR: 1.13, 95% CI: 1.08, 1.19), it was not significantly different 

compared to the trend in the pre-treatment segment (P = 0.478).  

Looking at overall injection stimulant use, I observed decreasing trend in both pre-

treatment segment (AOR: 0.92, 95% CI: 0.87, 0.97) and post-treatment segment (AOR: 0.86, 95% 

CI: 0.83, 0.89). However, the decreasing trend of non-injection stimulant use significantly 

weakened in the post-treatment segment (AOR: 0.99, 95% CI: 0.96, 1.02) compared to the pre-

treatment segment (AOR: 0.92, 95% CI: 0.87, 0.97; P = 0.030).  
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5.3.4 Cannabis, daily alcohol, and benzodiazepines use 

Cannabis use was relatively common among these participants, with the estimated 

proportion remaining above 50.0% prior to OAT initiation (Figure 5.3). There was no apparent 

upward or downward trend in the pre-treatment segment (AOR: 0.97, 95% CI: 0.93, 1.01) and the 

post-treatment segment (AOR: 1.00, 95% CI: 0.97, 1.03).  

For daily alcohol use, there was a slightly decreasing trend during the pre-treatment 

segment (Figure 5.3). The estimated proportion started at 15.1% (95% CI: 12.7%, 17.8%) and 

decreased to 9.6% (95% CI: 8.3%, 11.1%) before OAT initiation. However, this decreasing trend 

weakened during the post-treatment segment (AOR: 1.03, 95% CI: 0.97, 1.09), which represented 

a significantly higher growth slope than that of the pre-treatment segment (P = 0.016). 

As shown in Figure 5.3, the estimated proportion of benzodiazepines use before OAT 

initiation was 13.2% (95% CI: 11.7%, 14.9%), and I observed a significant drop in the proportion 

after OAT initiation (8.4%, 95% CI: 7.3%, 9.6%). There was a decreasing trend in the pre-

treatment segment (AOR: 0.84, 95% CI: 0.78, 0.90), and this decreasing trend became significantly 

stronger during the post-treatment segment (AOR: 0.73, 95% CI: 0.67, 0.80). 

5.3.5 Sensitivity analyses 

After excluding the 303 dropouts, the first sensitivity analysis result is presented in Table 

5.7. I still observed a strong decreasing trend over time in the post-treatment segment for heroin 

(AOR: 0.80, 95% CI: 0.77, 0.83) and illicit prescription opioid use (AOR: 0.87, 95% CI: 0.83, 

0.91), which was consistent with the primary analysis result. Similarly, there was an increased 

odds of daily alcohol use during the post-treatment segment (AOR: 1.04, 95% CI: 0.98, 1.11), 

resulting in a significantly higher growth slope during the post-treatment segment (P = 0.037). 

There was still a slightly stronger decreasing trend for benzodiazepine use during the post-
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treatment segment; however, compared to the pre-treatment segment, it was not statistically 

significant (P = 0.135). 

In the second sensitivity analysis, I identified 84 deaths among the 303 participants who 

dropped out of the study. Therefore, for the 219 participants with unknown reasons, I imputed their 

missing follow-up visits with the last observation carried forward. Among the 84 deaths, 24 were 

due to drug overdose, whose missing substance use information was imputed by assuming these 

individuals were actively using. The result for the second sensitivity analysis is presented in Table 

5.8. Similar to the primary analysis result, I observed an apparent decreasing trend for heroin 

(AOR: 0.83, 95% CI: 0.80, 0.86) and illicit prescription opioid use (AOR: 0.93, 95% CI: 0.89, 

0.96), but higher growth slope for daily alcohol use (P < 0.001) during the post-treatment segment.  

5.4 Discussion 

This study examined patterns of use of eight types of substances before and after engaging 

OAT. Compared with the pre-treatment segment, significant declines in use after engaging in OAT 

were noted for heroin and illicit prescription opioid use. For cocaine and crystal methamphetamine 

use, there was an existing trend prior to OAT initiation, and this trend continued during the post-

treatment segment. I did not observe a change in stimulant and cannabis use when comparing the 

time trend before and after engaging in OAT. There was a stronger decreasing trend during the 

post-treatment segment for benzodiazepine use. By contrast, an increasing trend was observed for 

daily alcohol use.  

The results demonstrated a significant reduction in the proportion of heroin use and illicit 

opioid use immediately after OAT engagement. Moreover, the upward trend during the pre-

treatment segment was reversed after initiating OAT. This observed trend remained so when 

examining overall injection and non-injection opioid use. These findings reinforce the benefit of 
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OAT in reducing opioid use. However, by the end of five years after initiating OAT, the prevalence 

remained around 43.4% for heroin use and 18.9% for illicit opioid use among these participants. 

This observation is in line with previous research demonstrating the chronic relapsing nature of 

OUD.61 Therefore, adopting long-term care strategies for the treatment of OUD are needed.300  

Over half of the participants concomitantly used opioids and cocaine at the time of OAT 

initiation. Even though OAT is not specifically intended for treating cocaine use disorder, there 

was a significant immediate reduction in the proportion of cocaine use after initiating OAT. I also 

observed a decline in cocaine use over time after engaging in OAT, which is consistent with 

previous findings using a longitudinal design.78, 79, 141, 301 Additionally, when I compared it with 

the declining trend in the pre-treatment segment, I failed to find a significant difference. This 

observation indicates that the observed decline in cocaine use could be a continuation of the pre-

treatment trend. The proportion of crack cocaine use remained consistently high throughout the 

study period. In an adjusted segmented regression analysis, the odds of crack cocaine use in the 

post-treatment period was not significantly different from that of the pre-treatment period. 

However, when looking at overall non-injection stimulant use, the decreasing trend in the pre-

treatment period weakened in the post-treatment segment. Considering the high rates of 

concomitant use of cocaine as well as crack cocaine among these opioid-dependent individuals, it 

is critical for clinicians and caregivers to be aware of the poly-substance use patterns in order to 

provide the most appropriate and effective treatment. In a meta-analysis including 3029 

participants who used both heroin and cocaine, it has been found that adjunctive interventions, 

including indirect dopaminergic agonists and contingency management focusing on cocaine 

abstinence, could be used in combination with OAT to improve rates of sustained cocaine 
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abstinence.302 A recent review also found that among methadone-maintained patients, 

psychostimulants could improve cocaine abstinence compared to placebo.303 

I did not observe a significant change in the proportion of cannabis use before and after 

engaging in OAT. While outside the scope of this paper, it is interesting to note the growing body 

of research supporting cannabis-based interventions in addressing the opioid crisis.304, 305 

Particularly, a small number of studies have suggested that cannabis may be an efficacious tool to 

decrease opioid withdrawal symptoms, reduce craving, as well as increase opioid treatment 

retention rate.306-308 However, cannabis use disorder has received increasing attention, with 

treatment options such as motivational enhancement therapy, cognitive behavioral therapy, and 

contingency management showing modest benefits.309  

Concomitant use of benzodiazepines has been shown to increase the risk of overdose 

significantly among people with OUD.310 Individuals who are on OAT could potentially increase 

the use of benzodiazepines as a coping strategy to treat their elevated anxiety and sleep disorder 

after stopping the use of opiates. However, in my analysis, I observed a decline in benzodiazepine 

use over time before initiating OAT, and this decreasing trend continued and became stronger after 

engaging in OAT.  

Compared with the pre-treatment segment, daily alcohol use significantly increased during 

the post-treatment segment, which is consistent with findings from previous studies.140, 141, 311 This 

presents additional clinical challenges to the treatment of OUD, given that alcohol use has been 

found to be associated with increased risk of overdose and mortality,298, 312 relapse into illicit drug 

use,313 and other health problems314, 315 among people who receive treatment for OUD. 

Unfortunately, clinical interventions or treatment strategies to reduce alcohol consumption for 

people who are on OAT have not been fully investigated.311 Finding of this study suggests the need 
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for early detection and ongoing monitoring, as well as interventions for unhealthy alcohol use 

during the opioid treatment process. However, for patients diagnosed with co-occurring alcohol 

use disorder and OUD, established treatment strategies for alcohol use disorder, including 

acamprosate and extended-release naltrexone, should be explored.316 

The strengths of this study include a large number of community-recruited participants 

over an extended period of time (i.e., over ten years). Furthermore, with a time series of outcome 

measurements before and after OAT initiation, the impact of OAT on different types of substance 

use was evaluated after controlling for the underlying secular trend. This approach could reduce 

bias that might be present in a simple two-time points before-and-after design or analysis using 

only baseline and measurements after treatment.160 Some limitations in the current study are also 

acknowledged: first, because of using self-reported data, there could be a recall and social-

desirability bias, especially for socially stigmatized and criminalized behaviours (e.g., illicit 

substance use). However, self-reported data have been widely used in the field of substance use 

and found to be valid.293, 294  Besides, I observed that the time trends and changes in trends differed 

by substance type, which suggested that these results could not be simply explained by a recall and 

social-desirability bias. Second, this study utilized a community-based sample recruited through 

snowball sampling, self-referral, and street outreach approach. The participants were PWUD in 

Vancouver, Canada, from 1996 to 2018, where the evolving social-structural conditions, such as 

harm reduction strategies and drug availability, could be different from other study settings. 

Besides, the included participants were mostly people who use intravenous drugs, and the median 

age at OAT initiation was 35.5 years, which may not be representative of individuals who receive 

OAT in other settings. Therefore, all these factors could limit the generalizability of the findings. 

Third, research has indicated that the use of other substances during treatment may relate to 
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inadequate doses of OAT.66 However, due to data limitations, I was not able to evaluate whether 

the observed trends were consistent among different OAT dosage levels. Besides, I treated each 

participant as adhering to OAT if the participant reported having methadone/methadose or 

buprenorphine/naloxone in the last six months. However, if the information on OAT dosage is 

available, a better metric to reflect OAT adherence could be the number of days that participants 

missed their dose. Fourth, the study instrument did not allow for diagnosis and severity of alcohol 

use disorder. Although I included daily alcohol use as a proxy for unhealthy alcohol use, tailored 

interventions are needed for people with alcohol use disorder or at risk of transitioning from daily 

alcohol use to alcohol use disorder while on OAT. Fifth, the dichotomous variables of drug use 

(yes vs. no) were included for the primary analysis; therefore, the observed changes in drug use 

trends could not reflect the variability in quantity and frequency of drug use. Similarly, for the 

secondary analysis, in the absence of more precise frequency information, I could not adequately 

characterize the proportion of injection and non-injection drug use events among participants who 

reported using both modes of consumption. In addition, due to the nature of observational study 

design as well as the analytical approaches used in the study, the relationships between OAT 

engagement and patterns of substance use do not imply causality. More specifically, in the absence 

of an external control group (i.e., ideally people who were identical to the study sample, followed 

over the same time period, but who were not on opioid agonist treatment), I cannot exclude the 

possibility that the observed changes were the result of other interventions that may have 

influenced drug use patterns and occurred simultaneously with engaging in OAT. However, I am 

unaware of such events. There could also be potential bias due to adjustment for time-dependent 

confounding when the time-varying covariates were also impacted by OAT engagement.317 

Finally, there could be bias due to loss to follow-up. It is expected that participants who were lost 
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to follow-up might have poorer treatment outcomes; therefore the prevalence of heroin use and 

illicit opioid use during the post-treatment period could be underestimated. To reduce the bias 

associated with comparisons between pre-treatment and post-treatment periods, the sample was 

restricted to participants who completed at least one study visit before starting OAT and one study 

visit after OAT. Furthermore, in sensitivity analysis after excluding the dropouts, the results were 

consistent with the primary findings.  

In summary, the study investigated substance use patterns before and after OAT 

engagement over a 10-year period and revealed a marked reduction in the use of heroin and illicit 

opioid, which further supports the well-described efficacy of OAT. Findings from this study also 

underscore the challenges of addressing poly-substance use among people enrolled in OAT, 

especially given the high prevalent concomitant use of cocaine and crack cocaine, as well as the 

increasingly problematic use of alcohol after treatment initiation. Therefore, there is an urge to 

develop comprehensive and tailored treatment strategies in order to enhance the safety and 

effectiveness of OAT for poly-substance users. 
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Figure 5.1 Proportion of heroin and illicit prescription opioid use before and after opioid agonist 

therapy initiation among 1107 people who use illicit drugs in Vancouver, British Columbia, Canada 
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Figure 5.2 Proportion of cocaine, crack cocaine, and crystal methamphetamine use before and after 

opioid agonist therapy initiation among 1107 people who use illicit drugs in Vancouver, British 

Columbia, Canada 
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Figure 5.3 Proportion of cannabis, daily alcohol, and benzodiazepines use before and after opioid 

agonist therapy initiation among 1107 people who use illicit drugs in Vancouver, British Columbia, 

Canada 
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Table 5.1 Characteristics of participants at opioid agonist therapy initiation among 1107 people 

who use illicit drugs in Vancouver, British Columbia, Canada 

Characteristics Frequency Proportion (%) 
Sociodemographic factors   

Age in years, median (quartile 1 – quartile 3) 35.5 26.8 – 43.6 
Male 669 60.4 
White ethnicity 621 56.1 
Employment status (regular/temporary job; self-employed) a 192 17.3 
Unstable housing 710 64.1 

Substance use a   

Heroin 855 77.2 
Injection 815 73.6 
Non-injection 160 14.5 

Illicit prescription opioid 350 31.6 
Injection 240 21.7 
Non-injection 169 15.3 

Cocaine  559 50.5 
Injection 505 45.6 
Non-injection 138 12.5 

Crack cocaine  548 49.5 
Crystal methamphetamine 226 20.4 

Injection 179 16.2 
Non-injection 107 9.7 

Cannabis 577 52.1 
Daily alcohol 92 8.3 
Benzodiazepines 93 8.4 

Treatment experience a   
Any other addiction treatment or services  0 0.0 

Behavioural risk factor  a   

Incarceration 271 24.5 

Sex work involvement 191 17.3 

Drug dealing 224 20.2 

Other factor    

Year of study enrolment 2005 1997 – 2008 

a Denotes behaviours in the previous six months from the time of interview.  
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Table 5.2 Distribution of participants and responses of the eight types of substances at each time point among 1107 people who use illicit 

drugs in Vancouver, British Columbia, Canada 

Frequency 

Time point Total Heroin Illicit 
prescription 

opioid 

Cocaine Crack 
cocaine 

Crystal 
methamphetamine 

Cannabis Daily 
alcohol 

Benzodiazepines 

Years before OAT         

-5.0 218 218 218 218 218 218 218 218 218 

-4.5 247 246 246 246 247 246 247 247 247 

-4.0 284 284 284 284 284 284 284 282 284 

-3.5 342 341 341 341 341 341 341 341 342 

-3.0 388 388 388 388 388 388 388 388 388 

-2.5 454 454 454 453 454 454 453 454 454 

-2.0 529 529 529 529 529 529 529 528 529 

-1.5 653 653 650 652 652 650 653 651 653 

-1.0 814 811 810 811 813 810 813 812 814 

-0.5 495 495 494 495 495 495 495 493 495 

Years after OAT         

 0.0 1107 1105 1106 1106 1107 1106 1106 1105 1107 

 0.5 488 488 487 488 488 487 488 485 488 

 1.0 903 900 899 899 902 899 903 898 903 
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 1.5 839 836 836 836 839 836 839 837 839 

 2.0 791 788 788 788 791 789 791 788 791 

 2.5 750 750 750 750 750 750 750 746 750 

 3.0 706 704 704 703 706 704 706 701 706 

 3.5 659 659 659 659 659 659 659 654 659 

 4.0 624 622 622 621 624 621 623 624 624 

 4.5 609 608 608 608 609 608 609 606 609 

 5.0 546 542 543 543 545 543 545 545 546 

OAT opioid agonist therapy. 
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Table 5.3 Segmented regression analysis of the impact of opioid agonist therapy on different types of 

substance use among 1107 people who use illicit drugs in Vancouver, British Columbia, Canada 

 Estimated prevalence, % (95% CI) 

Substance type Baseline a Before OAT 
initiation 

After OAT 
initiation End of study b 

Heroin 64.8 (61.3, 68.1) 84.2 (82.5, 85.8) 70.6 (68.9, 72.3) 43.4 (41.2, 45.6) 

Illicit prescription opioid 29.6 (26.7, 32.8) 39.7 (37.3, 42.1) 28.7 (26.9, 30.5) 18.9 (17.3, 20.6) 

Cocaine 61.2 (57.8, 64.4) 55.3 (52.8, 57.7) 49.4 (47.4, 51.3) 30.1 (28.2, 32.1) 

Crack cocaine 51.9 (48.5, 55.2) 47.4 (45.0, 49.9) 48.9 (46.9, 50.8) 54.8 (52.6, 56.9) 

Crystal methamphetamine 13.6 (11.5, 16.0) 20.0 (18.1, 22.1) 19.0 (17.5, 20.6) 14.8 (13.4, 16.4) 

Cannabis 57.0 (53.6, 60.3) 52.1 (49.7, 54.6) 51.3 (49.4, 53.2) 45.7 (43.5, 47.9) 

Daily alcohol 15.1 (12.7, 17.8) 9.6 (8.3, 11.1) 8.1 (7.2, 9.3) 9.3 (8.1, 10.7) 

Benzodiazepines 15.8 (13.4, 18.5) 13.2 (11.7, 14.9) 8.4 (7.3, 9.6) 2.4 (1.9, 3.0) 

a The first observation upon joining cohort. 
b At five years post opioid agonist therapy enrolment. 

CI confidence interval; OAT opioid agonist therapy. 
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Table 5.4 Bivariable segmented regression analysis accessing different substance use time trend 

before and after opioid agonist therapy initiation among 1107 people who use illicit drugs in 

Vancouver, British Columbia, Canada 

Substance type Pre-treatment trend, 
 per year increase 

Post-treatment trend,  
per year increase 

Compare 
trends 

Odds Ratio (95% CI) P Odds Ratio (95% CI) P P 

Heroin 1.17 (1.10, 1.24) <0.001 0.80 (0.77, 0.82) <0.001 <0.001 

Illicit prescription opioid 1.05 (1.00, 1.10) 0.036 0.89 (0.85, 0.92) <0.001 <0.001 

Cocaine 0.87 (0.83, 0.92) <0.001 0.83 (0.80, 0.85) <0.001 0.107 

Crack cocaine 1.00 (0.94, 1.06) 0.980 1.02 (0.98, 1.05) 0.311 0.637 

Crystal methamphetamine 1.11 (1.05, 1.18) <0.001 1.02 (0.99, 1.06) 0.132 0.018 

Cannabis 0.95 (0.92, 0.99) 0.017 0.97 (0.94, 0.99) 0.013 0.520 

Daily alcohol 0.91 (0.85, 0.99) 0.020 1.04 (0.98, 1.10) 0.185 0.011 

Benzodiazepines 0.85 (0.80, 0.90) <0.001 0.74 (0.68, 0.80) <0.001 0.008 

CI confidence interval. 
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Table 5.5 Multivariable segmented regression analysis accessing different substance use time trend 

before and after opioid agonist therapy initiation among 1107 people who use illicit drugs in 

Vancouver, British Columbia, Canada 

Substance type Pre-treatment trend, 
per year increase 

Post-treatment trend, 
per year increase 

Compare 
trends 

Adjusted Odds Ratio 
(95% CI) a 

P Adjusted Odds Ratio 
(95% CI) b 

P P 

Heroin 1.19 (1.12, 1.27) <0.001 0.80 (0.77, 0.83) <0.001 <0.001 

Illicit prescription opioid 1.04 (0.99, 1.09) 0.149 0.87 (0.83, 0.90) <0.001 <0.001 

Cocaine 0.85 (0.81, 0.90) <0.001 0.83 (0.80, 0.85) <0.001 0.297 

Crack cocaine 0.96 (0.91, 1.03) 0.246 1.01 (0.98, 1.05) 0.546 0.207 

Crystal methamphetamine 1.17 (1.08, 1.27) <0.001 1.13 (1.08, 1.19) <0.001 0.478 

Cannabis 0.97 (0.93, 1.01) 0.142 1.00 (0.97, 1.03) 0.933 0.200 

Daily alcohol 0.91 (0.84, 0.98) 0.016 1.03 (0.97, 1.09) 0.311 0.016 

Benzodiazepines 0.84 (0.78, 0.90) <0.001 0.73 (0.67, 0.80) <0.001 0.026 

a Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, and any other addiction treatment or services except for opioid agonist 
therapy, and year of study enrolment. 
b Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, any other addiction treatment or services except for opioid agonist 
therapy, year of study enrolment, and adherence to opioid agonist therapy. 

CI confidence interval. 
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Table 5.6 Exploratory secondary analysis: multivariable segmented regression analysis accessing 

injection and non-injection substance use time trend before and after opioid agonist therapy 

initiation among 1107 people who use illicit drugs in Vancouver, British Columbia, Canada 

Substance type Pre-treatment trend, 
per year increase 

Post-treatment trend, 
per year increase 

Compare 
trends 

Adjusted Odds Ratio 
(95% CI) a 

P Adjusted Odds Ratio 
(95% CI) b 

P P 

Opioid injection 1.17 (1.10, 1.24) <0.001 0.80 (0.77, 0.83) <0.001 <0.001 

Opioid non-injection 1.02 (0.97, 1.07) 0.486 0.89 (0.85, 0.92) <0.001 <0.001 

Stimulant injection 0.92 (0.87, 0.97) 0.003 0.86 (0.83, 0.89) <0.001 0.055 

Stimulant non-injection 0.92 (0.87, 0.97) 0.003 0.99 (0.96, 1.02) 0.527 0.030 

a Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, and any other addiction treatment or services except for opioid agonist 
therapy, and year of study enrolment. 
b Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, any other addiction treatment or services except for opioid agonist 
therapy, year of study enrolment, and adherence to opioid agonist therapy. 

CI confidence interval. 
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Table 5.7 Sensitivity analysis: multivariable segmented regression analysis accessing different 

substance use time trend before and after opioid agonist therapy initiation among 804 people who 

use illicit drugs in Vancouver, British Columbia, Canada 

Substance type Pre-treatment trend, 
per year increase 

Post-treatment trend, 
per year increase 

Compare 
trends 

Adjusted Odds Ratio 
(95% CI) a 

P Adjusted Odds Ratio 
(95% CI) b 

P P 

Heroin 1.19 (1.11, 1.28) <0.001 0.80 (0.77, 0.83) <0.001 <0.001 

Illicit prescription opioid 1.03 (0.98, 1.09) 0.252 0.87 (0.83, 0.91) <0.001 <0.001 

Cocaine 0.87 (0.81, 0.92) <0.001 0.83 (0.80, 0.86) <0.001 0.201 

Crack cocaine 0.94 (0.87, 1.01) 0.082 1.02 (0.98, 1.06) 0.302 0.052 

Crystal methamphetamine 1.16 (1.06, 1.28) 0.001 1.13 (1.07, 1.19) <0.001 0.571 

Cannabis 0.97 (0.92, 1.02) 0.219 1.00 (0.97, 1.03) 0.987 0.285 

Daily alcohol 0.92 (0.84, 1.01) 0.075 1.04 (0.98, 1.11) 0.213 0.037 

Benzodiazepines 0.82 (0.75, 0.89) <0.001 0.74 (0.68, 0.82) <0.001 0.135 

a Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, and any other addiction treatment or services except for opioid agonist 
therapy, and year of study enrolment. 
b Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, any other addiction treatment or services except for opioid agonist 
therapy, year of study enrolment, and adherence to opioid agonist therapy. 

CI confidence interval. 
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Table 5.8 Second sensitivity analysis: multivariable segmented regression analysis accessing different 

substance use time trend before and after opioid agonist therapy initiation among 1107 people who 

use illicit drugs in Vancouver, British Columbia, Canada 

Substance type Pre-treatment trend, 
per year increase 

Post-treatment trend, 
per year increase 

Compare 
trends 

Adjusted Odds Ratio 
(95% CI) a P Adjusted Odds Ratio 

(95% CI) b P P 

Heroin 1.18 (1.11, 1.26) <0.001 0.83 (0.80, 0.86) <0.001 <0.001 

Illicit prescription opioid 1.03 (0.98, 1.08) 0.205 0.93 (0.89, 0.96) <0.001 <0.001 

Cocaine 0.85 (0.81, 0.90) <0.001 0.85 (0.83, 0.88) <0.001 0.959 

Crack cocaine 0.96 (0.90, 1.02) 0.171 1.02 (0.98, 1.05) 0.287 0.101 

Crystal methamphetamine 1.17 (1.08, 1.27) <0.001 1.17 (1.12, 1.22) <0.001 0.893 

Cannabis 0.96 (0.92, 1.00) 0.075 1.01 (0.98, 1.04) 0.593 0.073 

Daily alcohol 0.91 (0.84, 0.98) 0.015 1.10 (1.05, 1.16) <0.001 <0.001 

Benzodiazepines 0.81 (0.76, 0.87) <0.001 0.89 (0.82, 0.98) 0.014 0.107 

a Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, and any other addiction treatment or services except for opioid agonist 
therapy, and year of study enrolment. 
b Multivariable model adjusted for age, sex, ethnicity, unstable housing, employment status, incarceration, 
sex work involvement, drug dealing, any other addiction treatment or services except for opioid agonist 
therapy, year of study enrolment, and adherence to opioid agonist therapy. 

CI confidence interval.
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Chapter 6: Conclusion 

6.1 Summary of findings 

The purpose of this research was to conduct a systematic review of the factors promoting 

more optimal OAT outcomes, and a series of epidemiologic studies examining the longitudinal 

substance use trajectories and associated impacts on drug treatment outcomes among PWUD in 

Vancouver, Canada. The systematic review presented in Chapter 2 summarized factors promoting 

opioid use cessation among people receiving OAT. There were 42 studies published between 1996 

and 2019 met the eligibility criteria and were included in the review. Eligible studies varied 

considerably in study settings, study duration, and opioid cessation outcome definitions. Pre-

treatment factors that can promote opioid cessation outcomes included sociodemographic factors, 

substance use history, clinical characteristics, personality features, motivations, and readiness. 

However, evidence for factors promoting opioid use cessation was mixed across studies, with 

factors associated with cessation success in some studies and not in others. These findings could 

largely be due to the heterogeneity of study settings and targeted populations across studies 

included in this review. Findings from this review provide general support for psychosocial 

interventions, especially CM and CBT, in conjunction with OAT for reducing opioid use during- 

and post-treatment. An essential finding of this systematic review is the lack of peer-reviewed 

evaluation of post-treatment factors promoting sustained opioid abstinence, key for informing the 

development of long-term care strategies. Furthermore, due to the relatively short study periods in 

most included studies, there is limited evidence on the long-term effectiveness of included factors 

in promotion cessation during- and post-OAT. The review also points to the need for clinical care 

services tailored to the specific needs of sub-populations to maximize OAT effectiveness.  
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The empirical study presented in Chapter 3 characterized longitudinal trajectories of 

injection drug use and explored baseline predictors of these patterns. Specifically, this study 

employed GMM, a semi-parametric, group-based analytical approach that can identify 

meaningfully distinctive subpopulations with homogeneous longitudinal trajectories within a 

larger heterogeneous population. Taking advantage of more than 20 years of cohort data from over 

2,000 PWUD in Vancouver, this study found five different injection drug use trajectories: 

persistent high frequency injection (24.6%); high frequency injection with late decrease (18.2%); 

gradual cessation (32.2%); early cessation with late relapse (11.0%); and early cessation (14.0%). 

Though participants had been injecting drugs for 5-25 years at baseline, approximately three-

quarters reduced the frequency of injection drug use by the end of the study period. In sensitivity 

analyses, study dropout was found to have a limited impact on trajectory membership over the 

relatively long follow-up period, demonstrating the robustness of the study’s primary findings. In 

multinomial logistic regression analysis, factors that are predictive of these trajectories included: 

daily heroin injection, binge injection drug use, age at enrolment, relationship status, and year of 

study enrolment. Findings from this study highlight the importance of identifying interventions for 

long-term injection drug use targeted to people with distinctive use trajectories and the need to 

identify factors that specifically support cessation and protect against relapse.  

The quantitative analysis in Chapter 4 characterized longitudinal trajectories of opioid use 

before initiating OAT. It also examined the impact of OAT on opioid use among the sub-group of 

people with each of these different pre-treatment trajectories. LCGA analysis was applied to 

identify opioid use trajectories based on individual-level observations three years before starting 

OAT. Two pre-treatment opioid use trajectories were identified: high frequency users (53%) and 

gradually increasing frequency users (47%). Using multivariable GLMM, this study demonstrated 
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apparent differences in treatment outcomes among people with different definable pre-treatment 

patterns of opioid use. Receiving OAT was associated with a 64% reduction in the odds of illicit 

opioid use among high frequency users. However, the association between OAT engagement and 

opioid use cessation outcome was not statistically significant among gradually increasing 

frequency users. When looking at daily opioid use as the outcome, engaging in OAT was 

associated with reduced frequency of opioid use for both high frequency and gradually increasing 

frequency users. Findings from this study further support the existing evidence regarding the 

benefits of OAT in reducing illicit opioid use.26-28 However, the study results showed that different 

pre-treatment opioid use trajectories are associated with different treatment responses. The study 

also points to the need for tailored strategies specific to people with different pre-treatment opioid 

use patterns to improve OAT outcomes.  

The study presented in Chapter 5 examined substance use (i.e., heroin, illicit prescription 

opioid, cocaine, crack cocaine, crystal methamphetamine, cannabis, daily alcohol use, and 

benzodiazepines) patterns before and after initiating OAT. Segmented regressions were used for 

each substance type, with data collected five years before and five years after OAT initiation. This 

study design and modeling approach allowed for examining the change of substance use over time, 

taking into account the pre-existing secular trend. The study found an immediate decline in the 

proportion of heroin and illicit prescription opioid use after initiating OAT, with an overall 

decreasing trend subsequently. These findings further support existing evidence documenting the 

impact of OAT in reducing illicit opioid use,26-28 and extend it to the Canadian context and add 

nuance regarding long-term substance use trajectories. There was no significant difference 

between the pre-treatment and post-treatment trends for cocaine, crack cocaine, crystal 

methamphetamine, and cannabis. However, a higher growth slope was noted during the post-
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treatment period for daily alcohol use. Increasing problematic alcohol use may pose challenges to 

the safety and effectiveness of OAT, since alcohol use is associated with poor health outcomes 

among people receiving the treatment, including increased risk of overdose and overdose-related 

mortality,298, 312 relapses into illicit drug use,313 and other health problems.314, 315 Findings from 

this study suggest that comprehensive treatment strategies are needed for people who engage in 

polysubstance use while being on OAT.  

6.2 Study strengths and unique contributions 

This dissertation research has several strengths and offers important insights into long-term 

substance use trajectories and their interplay with drug treatment. One major strength of this 

dissertation research is that it utilized over 20 years of rich, time-updated data by creating a unique 

cohort combining VIDUS, ACCESS, and ARYS, which are among the longest-standing cohort 

studies of community recruited PWUD in the world. By demonstrating that the healthcare and 

treatment needs of PWUD are multidimensional and heterogenous, this dissertation research 

informs the development of comprehensive public health programs and long-term clinical care 

strategies tailored to unique substance use profiles, social and environmental contexts.  

Second, this dissertation research makes a unique contribution to the evidence base for the 

development and improvement of opioid treatment strategies. The systematic review presented in 

Chapter 2 comprehensively summarized the pre-, during-, and post-treatment factors that promote 

optimal OAT outcomes. Findings from this review highlight the added benefits of incorporating 

psychosocial interventions in conjunction with OAT. The review also points to the importance of 

assessing the distinct needs of patients who suffer from OUD, closely monitoring treatment 

outcomes over time, developing long-term treatment strategies, and incorporating enhanced 
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services designed to meet the specific needs of individuals in order to maximize the effectiveness 

of OAT in the context of clinical care. 

Third, this dissertation research advances the existing substance use evidence base by 

combining the Risk Environment framework with life course theory to frame examinations of 

long-term substance use. To my knowledge, the study presented in Chapter 3 is the first study to 

examine longitudinal injection drug use trajectories among community recruited PWUD in 

Canada. Specifically, it represents a comprehensive investigation of the impact of individual, 

social and structural factors on long-term injection drug use trajectories. By identifying five 

distinct injection drug use trajectories, ranging from persistent high-frequency use to early 

cessation, these findings support the growing understanding among researchers and clinicians that 

substance dependence should be treated as a chronic relapsing condition. This study makes 

significant contributions to ongoing efforts to inform and evaluate health care and disease 

management strategies to prevent and reduce harms associated with injection drug use.  

Similarly, applying the life course theory, the study presented in Chapter 4 is the first study 

to undertake a detailed examination of longitudinal opioid use patterns prior to OAT and 

investigate whether the benefit of OAT is conditioned on pre-treatment opioid use trajectories. 

Building on previous research that focused on the characteristics of opioid use (e.g., frequency and 

duration of use) at treatment initiation, Chapter 4 study captured chronic opioid use over time. 

Findings from this study suggest it is crucial to take into account unique individual substance use 

histories in order to develop flexible and effective treatment plans.  

Finally, this dissertation research had several methodological strengths, including novel 

study design and analytical approaches to characterize chronic substance use. For example, to 

characterize the patterns of injection drug use in Chapter 3 and pre-treatment opioid use patterns 
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in Chapter 4, GMM and LCGA were utilized. These group-based analytical models can identify 

meaningfully distinct subpopulations with homogeneous longitudinal trajectories within larger 

heterogeneous populations.147-149 These models also allow one to model complex growth patterns 

without the need to pre-define the number of classes and the shape of each trajectory. It is important 

to note that by using the latent class growth modeling approach, these studies were able to identify 

distinct substance use patterns among PWUD over time. This would not have been possible if 

treating individuals are from a single homogeneous population, as commonly assumed in the 

conventional approach (e.g., GLMM) that models longitudinal growth curves. Another 

methodological strength of this dissertation research is the use of interrupted time series design in 

the study presented in Chapter 5. This study included individual observations from five years prior 

to OAT engagement and up to five years after among PWUD in Vancouver. It is worth noting that 

the time series design is among the strongest, quasi-experimental designs to evaluate interventions 

in nonrandomized settings.158, 159 Segmented regression analysis of interrupted time series data in 

the Chapter 5 study enabled investigation of the extent to which OAT engagement affected 

polysubstance use patterns immediately and over long-term observation. By controlling for the 

underlying pre-existing trend, this approach reduces potential bias in a simple two-time point 

before-and-after design or analysis using only the baseline and post-treatment measurements.160  

6.3 Limitations 

While the limitations of each study are detailed in the previous chapters, those common to 

all studies are presented here. First, because there are no true population-based registries of 

substance users, standard probability sampling methods are not applicable in substance use 

research. Therefore, the studies in this dissertation do not involve a random sample of PWUD, and 

as such, results may not be generalizable to all PWUD. While this is a general limitation of 
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observational epidemiology involving hidden populations such as PWUD, findings from my 

dissertation research have limited generalizability and must be interpreted with caution. However, 

it is worth noting that the snowball sampling strategy used to recruit PWUD into the cohorts that 

provided data for my dissertation research is a valuable tool to effectively recruit research samples 

of groups located outside mainstream social research.318 Relying on intracommunity relationships 

and participant referrals during recruitment,319 as well as snowball sampling method has 

successfully been used to develop representative samples of illicit-drug-using populations in the 

previous research.320-324  

Second, the use of self-report measures, especially for socially stigmatized and 

criminalized behaviours like the substance use outcomes in my dissertation research, can introduce 

errors of recall and social desirability bias. Sensitive questions involving personal experience and 

behaviours (e.g., drug dealing, sex work involvement) potentially have low response rates or are 

underreported. However, several strategies are used in these cohorts to encourage study 

participants to provide more accurate information, including interviewer emphasis on anonymity 

and confidentiality of the survey and placement of the most sensitive questions towards the end of 

the interview to allow the building of interviewer-participant rapport. Despite these potential 

challenges to measuring reliability and validity, self-reported substance use measures are 

commonly used and have demonstrated validity in previous research with PWUD.293  

Lastly, there may be potential bias related to loss to follow-up in my dissertation research 

studies. Through extensive community-based recruitment methods and aggressive follow-up, the 

three cohort studies that provided data for my research have maintained relatively high retention 

rates, as indicated in the previous chapters. Also, as described in each chapter, sensitivity analyses 
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demonstrated no major impact of loss to follow-up on each study, indicating any bias due to loss 

to follow-up is very small in all studies.  

6.4 Recommendations  

Specific recommendations are provided in each chapter. Recommendations focusing on 

common themes that have appeared throughout this dissertation are summarized below. Primary 

recommendations are in the areas of development and evaluation of substance use treatment and 

policies.  

This dissertation research highlights that polysubstance use is common among opioid 

treatment-seeking PWUD in Vancouver. As noted in Chapter 5, at the time of initiating OAT, 

approximately 50% of the participants also used crack cocaine and cannabis, and over 55% used 

cocaine. Alcohol use also brought additional challenges to the safety and effectiveness of OAT as 

patterns of daily alcohol use significantly increased after OAT initiation. Moreover, as indicated 

in Chapter 4, stimulant use during OAT compromised treatment outcomes by increasing the 

likelihood of illicit opioid use. It is worth noting that high levels of polysubstance use have also 

been commonly observed among PWUD.325-329 Considering that polysubstance use has been found 

to be associated with more unmet physical and mental health care needs,71 more high-risk sexual 

behaviours,330 poorer treatment engagement and outcomes,286, 331, 332 and higher risk of drug-

related morbidity and mortality,312, 333 treatment programs targeting a single drug could be less 

effective than those focusing on substance use overall. Therefore, it is critical for clinicians to 

screen for and continuously monitor diverse and potentially evolving polysubstance use patterns 

both before and during treatment.  

Unfortunately, there are currently limited guidelines for the clinical treatment and 

management of polysubstance use. For instance, the international guidelines for treating opioid 
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use disorder released by the World Health Organization recommends offering inpatient treatment 

when starting OAT to facilitate clinical management of simultaneous withdrawal from other 

substances.28 Findings from the systematic review presented in Chapter 2 suggest that adjunctive 

interventions, including counseling, CM, CBT, and other psychosocial treatments used in 

combination with OAT, are promising approaches to improving cessation from polysubstance use. 

The study in Chapter 5 also suggests the need for early detection, ongoing monitoring, and 

interventions for problematic alcohol use during opioid treatment. Furthermore, for patients 

diagnosed with co-occurring alcohol use disorder and OUD, established treatment strategies for 

alcohol use disorder, including acamprosate and extended-release naltrexone, should be 

explored.316 

Additionally, this dissertation research suggests that for opioid treatment programs to be 

optimally effective in the long term, heterogeneity of individual needs should be assessed and 

understood in the context of clinical care. Substance use is a chronic condition, and recovery from 

substance use disorders is a long-term process that often involves multiple relapses and treatment 

episodes.5, 6, 244 Findings from Chapters 3 and 4 demonstrate a considerable inter-individual and 

intra-individual level difference in long-term substance use trajectories. This observed 

heterogeneity signals a need for targeted, custom treatment plans that may need to change over 

time. For example, the study in Chapter 3 found nearly one-quarter of the study participants 

continued to use injection drugs during the study follow-up persistently. It is therefore essential to 

assess unmet healthcare needs and potential barriers to treatment access among these individuals. 

Additionally, a greater diversity of OAT options must be made available to accommodate 

individual needs and preferences and to promote optimal retention and outcomes from OAT. For 

example, a recent Cochrane review indicates that for long-term, treatment-refractory patients, 
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heroin prescription with flexible doses of methadone has clinical potential to help these patients 

reduce illicit substance use, criminal activity, and mortality.334  On the other hand, for individuals 

experiencing frequent cessation and relapse, treatment programs could benefit from strategies that 

encourage better treatment engagement and long-term retention. Furthermore, findings from the 

systematic review in Chapter 2 also indicate various factors, such as sociodemographic factors, 

psychiatric co-morbidities, motivations, and social support, are associated with varying responses 

to treatment. Therefore, treatment and associated services must be tailored to individual needs and 

appropriate to age, gender, ethnicity, and culture. 

Beyond appropriate pharmacological treatment plans, this dissertation research suggests 

an integrated approach simultaneously addressing the complex social and environmental contexts 

that contribute to unique substance use trajectories is necessary. Findings from Chapter 4 indicate 

that even after receiving OAT, social-structural factors such as drug dealing, sex work 

involvement, and incarceration act as strong risk factors for illicit opioid use. To address these 

vulnerabilities commonly faced by PWUD in Vancouver, efforts should be made to provide 

alternatives to incarceration for non-violent substance users and increase acceptable low-threshold 

employment opportunities which can be easily accessible for people who actively use drugs.  

Finally, this dissertation research also highlights the need for continued evaluation of 

treatment programs and policies. The study presented in Chapter 4 demonstrates that after 

engaging in OAT, multiple episodes of cessation (i.e., each for at least six months) of and relapse 

to opioid use were common. Fewer than 10% of participants stopped using opioids directly after 

OAT engagement and remained opioid-abstinent during the study period. Though findings in 

Chapter 5 support the efficacy of OAT in reducing illicit opioid use, by the fifth-year post OAT 

engagement, approximately 20% of participants still used illicit prescription opioids, and over 40% 
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of participants used heroin in the last six months before assessment. Additionally, the systematic 

review in Chapter 2 highlights a key research gap in that studies evaluating OAT often employ 

short study periods, providing limited evidence on how to support the development of strategies 

for continuity of care in the context of long-term substance use. Collectively, this dissertation 

research points to the need to develop treatment strategies along the entire continuum of care, 

which should be assessed continually and modified as necessary to ensure consistent targeting of 

individual needs and long-term recovery goals.  

6.5 Future research 

This dissertation research suggests several important directions for future research seeking 

to advance understanding of natural trajectories of substance use and the development of effective 

substance use treatment strategies.  

First, this research examined long-term injection trajectories with a focus on cessation 

patterns. To study the complete natural history of injection drug use from initiation to cessation 

among community recruited PWUD, future studies should model different injection initiation 

patterns and explore sociodemographic, individual, social-structural, and environmental factors 

associated with these patterns. Such future research is feasible thanks to the ARYS cohort study, 

which includes rich longitudinal data of youth with a high rate of injection drug use initiation.  

Recognizing the rapidly changing availability of illicit drugs and the recent emergence of 

new treatment approaches, the second area of future research my dissertation findings point to is 

the investigation of associations between changes in substance use behaviours and different types 

of substance use, such as heroin, cocaine, methamphetamine, hydromorphone, oxycodone, and 

fentanyl. For example, given the lack of effective pharmacotherapy for the treatment of stimulant 

dependence,49 it is likely that long-term stimulant use trajectories are different from opioid use 
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trajectories. Therefore, modeling opioid use trajectory and stimulant use trajectory separately as 

well as exploring longitudinal transitions in patterns of polysubstance use could provide 

opportunities to understand potentially unique characteristics of people using different types of 

substances and further guide the development of targeted interventions. Additionally, studies have 

shown that a significant portion of people who receive OAT are cigarette smokers;335-337 however, 

tobacco use disorder remains a major but unaddressed problem among individuals with opioid use 

disorder. Future studies could also explore tobacco use trajectories and how OAT impacts tobacco 

use among these people.  

As noted in previous chapters, long-term substance use patterns remain understudied, 

resulting in a limited understanding of the heterogeneity of substance use behavioural change and 

influential factors. Even less is known about how different patterns affect subsequent adverse 

health outcomes, including blood-borne infections, overdose, fatal overdose, and mortality. 

Indeed, this research has clinical relevance and is urgently needed in the current context of the 

escalating opioid overdose crisis in North America.  

In this dissertation research, the impact of baseline factors on long-term substance use 

trajectories was explored. However, throughout the life course of substance use (e.g., over ten 

years), the influence of important events such as incarceration, changes of drug laws, and 

engagement in drug scenes (e.g., drug dealing) are indeed of great interest but were not examined. 

Additionally, Vancouver continues to be the leading site of innovative policies and programs 

specific to illicit drug use in North America, as described in the previous section 1.2. Therefore, it 

is an ideal setting to formally evaluate the impact of a range of unique policies and interventions, 

such as the expansion of the supervised injection facilities114 and overdose prevention sites,115 on 

substance use trajectories.  
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The empirical studies included in this dissertation research demonstrate great variability in 

substance use trajectories and treatment outcomes among PWUD. The systematic review 

identified factors influencing opioid cessation outcomes among people receiving treatment for 

OUD. Collectively, these findings also point to the need for future work to develop and evaluate 

best practices in specific populations, including adolescents, ethnic and racial minorities, people 

who engage in polysubstance use, and people with chronic pain or mental illness. 

Finally, guided by the Risk Environment framework, this dissertation research considered 

a relatively comprehensive list of individual-level factors as well as physical, social, economic, 

and political factors. Thanks to the rich information collected in the cohort studies and data 

linkages with external data sources, there is great potential for future research using the same 

cohorts included in this dissertation research to explore factors beyond the ones included in the 

current studies. However, conventional statistical methods could suffer from critical 

methodological shortcomings, including relying on strong assumptions and a low capacity to 

handle high-dimensional data.338 Machine learning methods have gained tremendous popularity in 

substance use research in recent years. Methods such as artificial neural networks, random forests, 

support vector machines, and lasso regression could be promising tools for this future research 

area.339 This research will improve the scientific knowledge base regarding mechanisms 

underlying distinct substance use patterns, thus informing better clinical practice and assisting 

policymakers in targeting harm reduction and overdose prevention programs. Evidence relating 

the complex interplay between individual and various environmental factors on shaping different 

substance use patterns and leading to different treatment responses remains sparse and an urgent 

public health priority. 
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6.6 Conclusions 

In conclusion, the work presented in this dissertation brought together a systematic review 

of the pre-, during-, and post-treatment factors promoting more optimal OAT outcomes, an 

investigation of longitudinal injection drug use trajectories using innovative data and analytical 

methods, an examination of different levels of OAT response among people with different pre-

treatment opioid use trajectories, and an exploration of the impact of OAT engagement on the use 

patterns of various types of psychoactive substances. Through the systematic review (Chapter 2) 

and these quantitative empirical studies (Chapters 3-5), this dissertation research highlights the 

importance of acknowledging heterogeneity in long-term substance use trajectories and treatment 

outcomes and understating how different drug use patterns shape drug treatment outcomes. By 

incorporating the life course perspective into the Risk Environment framework, this research 

represents a relatively comprehensive investigation of individual, social and structural factors 

shaping long-term substance use patterns. Furthermore, by studying both within-individual change 

and inter-individual differences in trajectories over time, this dissertation research contributes to 

an improved understanding of changes in drug use behaviour and drug treatment exposures as key 

factors influencing drug use trajectories. Collectively, findings from this dissertation indicate that 

comprehensive interventions and tailored treatment strategies are needed to effectively engage 

people with heterogeneous drug use patterns and address the drug-related harms among people 

engaged in polysubstance use, especially in the current context of mounting drug overdoses across 

Canada and elsewhere.  
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Appendices 

Appendix A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Checklist  

Section/topic  # Checklist item  Reported on section or 
paragraph  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  Title 

ABSTRACT   

Structured 
summary  

2 Provide a structured summary including, as applicable: background; objectives; data sources; 
study eligibility criteria, participants, and interventions; study appraisal and synthesis 
methods; results; limitations; conclusions and implications of key findings; systematic review 
registration number.  

Abstract (as possible 
within journal word 
limit) 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  Introduction  
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, 

interventions, comparisons, outcomes, and study design (PICOS).  
Introduction 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, 
if available, provide registration information including registration number.  

Methods (par. 1) 

Eligibility 
criteria  

6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics 
(e.g., years considered, language, publication status) used as criteria for eligibility, giving 
rationale.  

Methods (Inclusion and 
exclusion criteria) 

Information 
sources  

7 Describe all information sources (e.g., databases with dates of coverage, contact with study 
authors to identify additional studies) in the search and date last searched.  

Methods (Search 
strategy) 

Search  8 Present full electronic search strategy for at least one database, including any limits used, 
such that it could be repeated.  

Appendix B  

Study 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic Methods (Screening 
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selection  review, and, if applicable, included in the meta-analysis).  process) 
Data collection 
process  

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in 
duplicate) and any processes for obtaining and confirming data from investigators.  

Methods (Data 
extraction) 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and 
any assumptions and simplifications made.  

Methods (Data 
extraction) 

Risk of bias in 
individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification 
of whether this was done at the study or outcome level), and how this information is to be 
used in any data synthesis.  

Methods (Risk of bias 
assessment) 

Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, difference in means).  Table 2.3 

Synthesis of 
results  

14 Describe the methods of handling data and combining results of studies, if done, including 
measures of consistency (e.g., I2) for each meta-analysis.  

N/A 

Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 
publication bias, selective reporting within studies).  

N/A 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-
regression), if done, indicating which were pre-specified.  

N/A 

RESULTS 

Study 
selection  

17 Give numbers of studies screened, assessed for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally with a flow diagram.  

Results (Study 
selection) and Figure 2.1 

Study 
characteristics  

18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, 
follow-up period) and provide the citations.  

Table 2.1 and Table 2.2 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see 
item 12).  

Appendix C and 
Appendix D 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary 
data for each intervention group (b) effect estimates and confidence intervals, ideally with a 
forest plot.  

Results (Evidence 
synthesis) and Table 2.3 

Synthesis of 
results  

21 Present results of each meta-analysis done, including confidence intervals and measures of 
consistency.  

N/A 

Risk of bias 
across studies  

22 Present results of any assessment of risk of bias across studies (see Item 15).  N/A 
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Additional 
analysis  

23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-
regression [see Item 16]).  

N/A 

DISCUSSION 

Summary of 
evidence  

24 Summarize the main findings including the strength of evidence for each main outcome; 
consider their relevance to key groups (e.g., healthcare providers, users, and policy makers).  

Discussion (par. 1-6) 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., 
incomplete retrieval of identified research, reporting bias).  

Discussion (par. 7) 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and 
implications for future research.  

Discussion (par. 8-9) 

FUNDING    

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); 
role of funders for the systematic review.  

Funding statement 
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Appendix B Search strategies for different databases 

Database(s):  MEDLINE (Date of Search: 2020 Sep 14) 

# Searches Results 
1 exp Opiate substitution treatment/ or exp Buprenorphine/ or exp Methadone/  17371 

2 

("opiate substitution treatment" or "opioid substitution treatment" or "opioid substitution 
therapy" or "opiate substitution" or "opioid replacement" or "opioid agonist therapy" or 
"opioid agonist treatment" or "OST" or "OAT" or "methadone" or "methadose" or "MMT" 
or "buprenorphine" or "suboxone" or "Slow-release oral morphine" or "Kadian" or 
"Diacetylmorphine" or "Hydromorphone" or "substance treatment" or "substance 
detoxification" or "substance rehabilitation" or "drug rehabilitation" or "substance abuse 
treatment" or "substance dependen$ treatment" or "drug dependen$ treatment" or "drug 
abuse treatment").ti,ab. 

37381 

3 1 or 2 41209 

4 
(("cessat*" or "cease" or "ceasing" or "discontin*" or "stop" or "end" or "abstinence" or 
"abstinent" or "quit") adj3 (opioid* or opiate* or heroin or fentanyl or consum* or inject* 
or drug* or substance* or use* or using)).ti,ab. 

47563 

5 3 and 4 1144 
6 limit 5 to humans 989 

 

Database(s): Embase (Date of Search: 2020 Sep 14) 

# Searches Results 

1 exp Opiate substitution treatment/ or exp Buprenorphine/ or exp Methadone/  44339 

2 

("opiate substitution treatment" or "opioid substitution treatment" or "opioid substitution 
therapy" or "opiate substitution" or "opioid replacement" or "opioid agonist therapy" or 
"opioid agonist treatment" or "OST" or "OAT" or "methadone" or "methadose" or "MMT" 
or "buprenorphine" or "suboxone" or "Slow-release oral morphine" or "Kadian" or 
"Diacetylmorphine" or "Hydromorphone" or "substance treatment" or "substance 
detoxification" or "substance rehabilitation" or "drug rehabilitation" or "substance abuse 
treatment" or "substance dependen$ treatment" or "drug dependen$ treatment" or "drug 
abuse treatment").ti,ab. 

48969 

3 1 or 2 69735 

4 
(("cessat*" or "cease" or "ceasing" or "discontin*" or "stop" or "end" or "abstinence" or 
"abstinent" or "quit") adj3 (opioid* or opiate* or heroin or fentanyl or consum* or inject* 
or drug* or substance* or use* or using)).ti,ab. 

66402 

5 3 and 4 1668 
6 limit 5 to humans 1518 
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Database(s): CINAHL (Date of Search: 2020 Sep 14) 

# Searches Results 

S1 (MH "Methadone+") OR "Methadone" 6741 
S2 (MH "Buprenorphine+") OR "Buprenorphine" 4428 

S3 

"opiate substitution treatment" OR "opioid substitution treatment" OR "opioid substitution 
therapy" OR "opiate substitution" OR "opioid replacement" OR "opioid agonist therapy" 
OR "opioid agonist treatment" OR "OST" OR "OAT" OR "methadose" OR "MMT" OR 
"suboxone" OR "Slow-release oral morphine" OR "Kadian" OR "Diacetylmorphine" OR 
"Hydromorphone" OR "substance treatment" OR "substance detoxification" OR 
"substance rehabilitation" OR "drug rehabilitation" OR "substance abuse treatment" OR 
"substance dependen$ treatment" OR "drug dependen$ treatment" OR "drug abuse 
treatment" 

7908 

S4 S1 OR S2 OR S3 15756 

S5 
("cessat*" or "cease" or "ceasing" or "discontin*" or "stop" or "end" or "abstinence" or 
"abstinent" or "quit") N3 (opioid* or opiate* or heroin or fentanyl or consum* or inject* 
or drug* or substance* or use* or using) 

18600 

S6 S4 AND S5 770 
 

Database(s): PsycInfo (Date of Search: 2020 Sep 14) 

# Searches Results 

S1 (MH "Methadone+") OR "Methadone" 8171 
S2 (MH "Buprenorphine+") OR "Buprenorphine" 3121 

S3 

"opiate substitution treatment" OR "opioid substitution treatment" OR "opioid substitution 
therapy" OR "opiate substitution" OR "opioid replacement" OR "opioid agonist therapy" 
OR "opioid agonist treatment" OR "OST" OR "OAT" OR "methadose" OR "MMT" OR 
"suboxone" OR "Slow-release oral morphine" OR "Kadian" OR "Diacetylmorphine" OR 
"Hydromorphone" OR "substance treatment" OR "substance detoxification" OR 
"substance rehabilitation" OR "drug rehabilitation" OR "substance abuse treatment" OR 
"substance dependen$ treatment" OR "drug dependen$ treatment" OR "drug abuse 
treatment" 

17700 

S4 S1 OR S2 OR S3  24157 

S5 
("cessat*" or "cease" or "ceasing" or "discontin*" or "stop" or "end" or "abstinence" or 
"abstinent" or "quit") N3 (opioid* or opiate* or heroin or fentanyl or consum* or inject* 
or drug* or substance* or use* or using) 

18573 

S6 
S4 AND S5 
Limiters - Population Group: Human  1545 
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Database(s): Web of Science (Date of Search: 2020 Sep 14) 

# Searches Results 

1 

 ("opiate substitution treatment" OR "opioid substitution treatment" OR "opioid substitution 
therapy" OR "opiate substitution" OR "opioid replacement" OR "opioid agonist therapy" 
OR "opioid agonist treatment" OR "OST" OR "OAT" OR "methadone" OR "methadose" 
OR "MMT" OR "buprenorphine" OR "suboxone" OR "Slow-release oral morphine" OR 
"Kadian" OR "Diacetylmorphine" OR "Hydromorphone" OR "substance treatment" OR 
"substance detoxification" OR "substance rehabilitation" OR "drug rehabilitation" OR 
"substance abuse treatment" OR "substance dependen$ treatment" OR "drug dependen$ 
treatment" OR "drug abuse treatment")  

64435 

2 
 (("cessat*" OR "cease" OR "ceasing" OR "discontin*" OR "stop" OR "end" OR 
"abstinence" OR "abstinent" OR "quit")  NEAR/3  (opioid* OR opiate* OR heroin OR 
fentanyl OR consum* OR inject* OR drug* OR substance* OR use* OR using) )  

126731 

3 #2 AND #1  1530 
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Appendix C Traffic light plot of the domain-level judgements for each individual randomized 

controlled trial 
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Appendix D Traffic light plot of the domain-level judgements for each individual non-randomized 

study 

 

 

 

Thresholds for converting the Newcastle-Ottawa scales: 

• Good quality: 3 or 4 stars in D1 AND 1 or 2 stars in D2 AND 2 or 3 stars in D3;  
• Fair quality: 2 stars in D1 AND 1 or 2 stars in D2 AND 2 or 3 stars in D3;  
• Poor quality: 0 or 1 star in D1 OR 0 star in D2 OR 0 or 1 star in D3. 
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Appendix E Prevalence and the averaged posterior probability of group membership for the five-

class solution 

 Prevalence Persistent 
injection 

Persistent 
injection 
with late 
cessation 

Gradual 
cessation 

Early 
decrease 
with late 
relapse 

Early 
cessation 

Persistent injection 507 (24.6%) 0.55 0.14 0.15 0.09 0.07 
Persistent injection with late 
cessation 374 (18.2%) 0.18 0.67 0.10 0.00 0.05 

Gradual cessation 662 (32.2%) 0.24 0.15 0.51 0.08 0.02 
Early decrease with late 
relapse 227 (11.0%) 0.10 0.01 0.08 0.74 0.07 

Early cessation 287 (14.0%) 0.15 0.07 0.02 0.07 0.69 
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Appendix F Bivariable multinomial logistic regression analyses of baseline demographic characteristics, drug use behaviours, and social-

structural exposures associated with different trajectory classes, using persistent injection as the reference group 

Characteristics 

Odds Ratio (95% CI), persistent injection as the reference group 
Persistent 

injection with 
late cessation 

P Gradual 
cessation P 

Early 
cessation with 

late relapse 
P Early 

cessation P 

Sociodemographic factors         

Younger age, per year 0.99 (0.97, 1.00) 0.045 0.99 (0.97, 1.00) 0.023 0.99 (0.97, 1.00) 0.125 0.98 (0.97, 1.00) 0.019 

Male  1.53 (1.15, 2.02) 0.003 1.36 (1.07, 1.72) 0.012 1.26 (0.91, 1.74) 0.160 1.18 (0.88, 1.59) 0.271 

White ethnicity 0.99 (0.75, 1.29) 0.925 1.07 (0.85, 1.35) 0.581 1.41 (1.02, 1.96) 0.037 0.92 (0.69, 1.24) 0.595 

High school completion or higher 0.82 (0.62, 1.09) 0.176 0.80 (0.62, 1.02) 0.070 1.59 (1.10, 2.30) 0.013 1.27 (0.92, 1.76) 0.146 

Not being in a stable relationship a 1.02 (0.75, 1.39) 0.910 0.91 (0.70, 1.19) 0.509 0.72 (0.51, 1.01) 0.059 0.64 (0.47, 0.88) 0.006 
Employment status 
(regular/temporary job; self-
employed) a 

1.15 (0.81, 1.63) 0.425 1.33 (0.99, 1.79) 0.059 1.23 (0.82, 1.83) 0.313 1.09 (0.75, 1.59) 0.642 

Unstable housing 1.21 (0.89, 1.64) 0.229 0.97 (0.75, 1.26) 0.826 0.74 (0.53, 1.04) 0.081 0.89 (0.65, 1.22) 0.477 

Substance use a         

Daily heroin injection 0.65 (0.49, 0.85) 0.002 0.89 (0.71, 1.13) 0.350 0.73 (0.53, 1.00) 0.051 0.68 (0.51, 0.92) 0.013 

Daily stimulant injection 0.62 (0.47, 0.84) 0.002 0.93 (0.73, 1.19) 0.558 1.11 (0.81, 1.54) 0.516 0.71 (0.52, 0.97) 0.030 

Daily speedball injection 0.52 (0.34, 0.79) 0.003 0.73 (0.52, 1.02) 0.067 0.69 (0.43, 1.10) 0.120 0.64 (0.41, 1.00) 0.051 

Daily prescription opioid injection 2.33 (1.12, 4.82) 0.023 1.89 (0.95, 3.74) 0.068 1.31 (0.51, 3.37) 0.575 1.49 (0.63, 3.49) 0.361 

Daily non-injection crack cocaine use 1.66 (1.23, 2.25) <0.001 1.21 (0.92, 1.59) 0.180 0.70 (0.47, 1.06) 0.091 1.00 (0.71, 1.42) 0.985 



217 

 

Daily cannabis use 1.35 (0.97, 1.87) 0.076 0.90 (0.67, 1.22) 0.515 1.10 (0.74, 1.63) 0.644 1.08 (0.74, 1.56) 0.695 

Daily alcohol use 0.78 (0.54, 1.13) 0.185 1.05 (0.77, 1.41) 0.769 1.21 (0.82, 1.80) 0.335 1.20 (0.83, 1.72) 0.337 

Binge injection drug use 0.67 (0.51, 0.89) 0.005 1.01 (0.80, 1.28) 0.903 0.86 (0.63, 1.19) 0.362 0.63 (0.46, 0.85) 0.003 

Years since injection drug use 1.01 (1.00, 1.03) 0.045 1.01 (1.00, 1.02) 0.076 1.01 (0.99, 1.02) 0.213 1.01 (0.99, 1.02) 0.236 

Treatment experience a         

Opioid agonist therapy 1.43 (1.06, 1.94) 0.021 1.17 (0.90, 1.54) 0.247 1.05 (0.73, 1.52) 0.798 1.05 (0.74, 1.48) 0.785 
Any other addiction treatment or 
services 1.33 (0.84, 2.09) 0.223 1.02 (0.67, 1.55) 0.917 1.13 (0.65, 1.95) 0.671 1.39 (0.86, 2.26) 0.181 

Unable to access addiction treatment 0.84 (0.57, 1.25) 0.390 0.94 (0.68, 1.31) 0.732 1.21 (0.79, 1.85) 0.376 1.24 (0.84, 1.83) 0.288 

Behavioural risk factors a         
Attacked, assaulted, or suffered 
violence 1.18 (0.76, 1.85) 0.464 0.91 (0.60, 1.38) 0.649 0.87 (0.44, 1.74) 0.700 1.14 (0.66, 1.96) 0.645 

Drug dealing 1.80 (1.25, 2.61) 0.002 1.59 (1.14, 2.21) 0.007 0.55 (0.31, 0.98) 0.044 0.85 (0.54, 1.36) 0.503 

Sex work involvement 0.63 (0.46, 0.86) 0.004 0.84 (0.65, 1.10) 0.204 0.73 (0.50, 1.05) 0.088 0.79 (0.57, 1.11) 0.173 

Incarceration 0.90 (0.61, 1.31) 0.572 0.93 (0.67, 1.29) 0.658 0.77 (0.48, 1.23) 0.265 0.81 (0.53, 1.25) 0.342 

Non-fatal overdose 0.94 (0.65, 1.37) 0.761 0.81 (0.58, 1.13) 0.222 0.79 (0.50, 1.25) 0.314 0.63 (0.40, 0.99) 0.044 

Other factors         
Ever been diagnosed with a mental 
health issue 1.49 (1.13, 1.95) 0.005 1.00 (0.79, 1.28) 0.986 0.74 (0.53, 1.04) 0.083 0.93 (0.68, 1.26) 0.621 

Year of enrolment 1.06 (1.04, 1.09) <0.001 1.03 (1.01, 1.06) <0.001 0.94 (0.91, 0.97) <0.001 0.99 (0.97, 1.02) 0.483 

Study cohort designation (ACCESS) 2.41 (1.71, 3.42) <0.001 1.87 (1.36, 2.58) <0.001 0.69 (0.41, 1.16) 0.166 1.20 (0.79, 1.82) 0.394 

a Denotes behaviours and events in the previous six months, measured at baseline. 

CI confidence interval. 
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Appendix G Bivariable multinomial logistic regression analyses of baseline demographic characteristics, drug use behaviours, and social-

structural exposures associated with different trajectory classes, using persistent injection with late cessation as the reference group 

Characteristics 

Odds Ratio (95% CI), persistent injection with late cessation as the reference group 

Persistent 
injection P Gradual 

cessation P 
Early 

cessation with 
late relapse 

P Early 
cessation P 

Sociodemographic factors         

Younger age, per year 1.01 (1.00, 1.03) 0.045 1.00 (0.99, 1.01) 0.967 1.00 (0.98, 1.02) 0.862 1.00 (0.98, 1.01) 0.640 

Male  0.65 (0.49, 0.87) 0.003 0.89 (0.68, 1.16) 0.390 0.83 (0.58, 1.17) 0.278 0.77 (0.56, 1.07) 0.119 

White ethnicity 1.01 (0.77, 1.33) 0.925 1.08 (0.84, 1.40) 0.547 1.43 (1.02, 2.01) 0.039 0.94 (0.69, 1.28) 0.675 

High school completion or higher 1.22 (0.92, 1.62) 0.176 0.97 (0.74, 1.27) 0.822 1.94 (1.33, 2.84) <0.001 1.55 (1.10, 2.18) 0.011 

Not being in a stable relationship a 0.98 (0.72, 1.34) 0.910 0.90 (0.67, 1.20) 0.470 0.70 (0.49, 1.02) 0.061 0.63 (0.45, 0.88) 0.007 
Employment status 
(regular/temporary job; self-
employed) a 

0.87 (0.62, 1.23) 0.425 1.16 (0.84, 1.59) 0.371 1.07 (0.71, 1.61) 0.762 0.95 (0.64, 1.41) 0.799 

Unstable housing 0.83 (0.61, 1.13) 0.229 0.81 (0.60, 1.08) 0.144 0.62 (0.43, 0.88) 0.008 0.74 (0.52, 1.04) 0.086 

Substance use a         

Daily heroin injection 1.54 (1.17, 2.04) 0.002 1.38 (1.06, 1.80) 0.016 1.12 (0.79, 1.58) 0.516 1.06 (0.76, 1.46) 0.741 

Daily stimulant injection 1.60 (1.19, 2.15) 0.002 1.49 (1.12, 1.97) 0.005 1.78 (1.25, 2.54) 0.001 1.13 (0.80, 1.60) 0.481 

Daily speedball injection 1.94 (1.26, 2.98) 0.003 1.42 (0.92, 2.17) 0.110 1.33 (0.77, 2.29) 0.300 1.25 (0.74, 2.09) 0.402 

Daily prescription opioid injection 0.43 (0.21, 0.89) 0.023 0.81 (0.45, 1.45) 0.482 0.56 (0.23, 1.35) 0.199 0.64 (0.29, 1.39) 0.258 

Daily non-injection crack cocaine use 0.60 (0.44, 0.81) <0.001 0.72 (0.55, 0.96) 0.024 0.42 (0.28, 0.64) <0.001 0.60 (0.42, 0.86) 0.005 



219 

 

Daily cannabis use 0.74 (0.53, 1.03) 0.076 0.67 (0.49, 0.92) 0.013 0.82 (0.54, 1.22) 0.324 0.80 (0.55, 1.17) 0.246 

Daily alcohol use 1.28 (0.89, 1.85) 0.185 1.34 (0.95, 1.90) 0.099 1.56 (1.01, 2.40) 0.045 1.53 (1.02, 2.30) 0.039 

Binge injection drug use 1.49 (1.13, 1.96) 0.005 1.51 (1.16, 1.97) 0.002 1.29 (0.91, 1.81) 0.149 0.94 (0.68, 1.30) 0.689 

Years since injection drug use 0.99 (0.97, 1.00) 0.045 1.00 (0.99, 1.01) 0.617 1.00 (0.98, 1.01) 0.650 1.00 (0.98, 1.01) 0.523 

Treatment experience a         

Opioid agonist therapy 0.70 (0.52, 0.95) 0.021 0.82 (0.62, 1.09) 0.170 0.73 (0.50, 1.07) 0.108 0.73 (0.52, 1.04) 0.084 
Any other addiction treatment or 
services 0.75 (0.48, 1.19) 0.223 0.77 (0.50, 1.18) 0.232 0.85 (0.49, 1.48) 0.563 1.05 (0.64, 1.72) 0.849 

Unable to access addiction treatment 1.19 (0.80, 1.76) 0.390 1.12 (0.77, 1.63) 0.551 1.44 (0.91, 2.28) 0.122 1.47 (0.95, 2.26) 0.081 

Behavioural risk factors a         
Attacked, assaulted, or suffered 
violence 0.85 (0.54, 1.32) 0.464 0.77 (0.52, 1.13) 0.184 0.74 (0.38, 1.45) 0.377 0.96 (0.57, 1.63) 0.886 

Drug dealing 0.55 (0.38, 0.80) 0.002 0.88 (0.64, 1.21) 0.435 0.31 (0.17, 0.54) <0.001 0.47 (0.30, 0.75) 0.001 

Sex work involvement 1.59 (1.16, 2.19) 0.004 1.34 (0.99, 1.83) 0.061 1.16 (0.77, 1.73) 0.481 1.26 (0.87, 1.83) 0.219 

Incarceration 1.12 (0.76, 1.64) 0.572 1.04 (0.72, 1.50) 0.847 0.86 (0.52, 1.41) 0.538 0.91 (0.57, 1.44) 0.680 

Non-fatal overdose 1.06 (0.73, 1.55) 0.761 0.86 (0.60, 1.25) 0.428 0.84 (0.51, 1.36) 0.472 0.66 (0.41, 1.07) 0.095 

Other factors         
Ever been diagnosed with a mental 
health issue 0.67 (0.51, 0.88) 0.005 0.67 (0.52, 0.87) 0.003 0.50 (0.35, 0.71) <0.001 0.62 (0.45, 0.86) 0.004 

Year of enrolment 0.94 (0.92, 0.96) <0.001 0.97 (0.95, 0.99) 0.012 0.88 (0.86, 0.91) <0.001 0.93 (0.91, 0.96) <0.001 

Study cohort designation (ACCESS) 0.41 (0.29, 0.59) <0.001 0.78 (0.58, 1.04) 0.093 0.29 (0.17, 0.48) <0.001 0.50 (0.33, 0.74) <0.001 
a Denotes behaviours and events in the previous six months, measured at baseline. 
CI confidence interval. 
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Appendix H Bivariable multinomial logistic regression analyses of baseline demographic characteristics, drug use behaviours, and social-

structural exposures associated with different trajectory classes, using gradual cessation as the reference group 

Characteristics 

Odds Ratio (95% CI), gradual cessation as the reference group 

Persistent 
injection P 

Persistent 
injection with 
late cessation 

P 
Early 

cessation with 
late relapse 

P Early 
cessation P 

Sociodemographic factors         

Younger age, per year 1.01 (1.00, 1.03) 0.023 1.00 (0.99, 1.01) 0.967 1.00 (0.99, 1.02) 0.877 1.00 (0.98, 1.01) 0.577 

Male  0.74 (0.58, 0.94) 0.012 1.13 (0.86, 1.48) 0.390 0.93 (0.68, 1.27) 0.646 0.87 (0.65, 1.16) 0.345 

White ethnicity 0.94 (0.74, 1.18) 0.581 0.92 (0.72, 1.19) 0.547 1.32 (0.97, 1.81) 0.081 0.86 (0.65, 1.14) 0.309 

High school completion or higher 1.26 (0.98, 1.61) 0.070 1.03 (0.79, 1.35) 0.822 2.00 (1.41, 2.84) <0.001 1.60 (1.17, 2.17) 0.003 

Not being in a stable relationship a 1.09 (0.84, 1.43) 0.509 1.11 (0.83, 1.49) 0.470 0.78 (0.56, 1.09) 0.149 0.70 (0.52, 0.94) 0.019 
Employment status 
(regular/temporary job; self-
employed) a 

0.75 (0.56, 1.01) 0.059 0.87 (0.63, 1.19) 0.371 0.92 (0.64, 1.34) 0.671 0.82 (0.58, 1.17) 0.274 

Unstable housing 1.03 (0.80, 1.33) 0.826 1.24 (0.93, 1.66) 0.144 0.76 (0.55, 1.05) 0.100 0.92 (0.68, 1.24) 0.576 

Substance use a         

Daily heroin injection 1.12 (0.88, 1.41) 0.350 0.72 (0.56, 0.94) 0.016 0.81 (0.59, 1.11) 0.187 0.76 (0.57, 1.02) 0.067 

Daily stimulant injection 1.08 (0.84, 1.37) 0.558 0.67 (0.51, 0.89) 0.005 1.20 (0.88, 1.63) 0.258 0.76 (0.56, 1.03) 0.075 

Daily speedball injection 1.37 (0.98, 1.91) 0.067 0.71 (0.46, 1.08) 0.110 0.94 (0.59, 1.51) 0.796 0.88 (0.57, 1.37) 0.569 

Daily prescription opioid injection 0.53 (0.27, 1.05) 0.068 1.23 (0.69, 2.21) 0.482 0.69 (0.30, 1.61) 0.395 0.79 (0.38, 1.64) 0.524 

Daily non-injection crack cocaine use 0.83 (0.63, 1.09) 0.180 1.38 (1.04, 1.83) 0.024 0.58 (0.39, 0.86) 0.007 0.83 (0.60, 1.16) 0.275 
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Daily cannabis use 1.11 (0.82, 1.50) 0.515 1.49 (1.09, 2.04) 0.013 1.21 (0.83, 1.78) 0.322 1.19 (0.83, 1.70) 0.337 

Daily alcohol use 0.96 (0.71, 1.29) 0.769 0.75 (0.53, 1.06) 0.099 1.16 (0.80, 1.69) 0.440 1.14 (0.81, 1.62) 0.450 

Binge injection drug use 0.99 (0.78, 1.24) 0.903 0.66 (0.51, 0.86) 0.002 0.85 (0.63, 1.15) 0.300 0.62 (0.46, 0.83) 0.001 

Years since injection drug use 0.99 (0.98, 1.00) 0.076 1.00 (0.99, 1.02) 0.617 1.00 (0.99, 1.01) 0.940 1.00 (0.99, 1.01) 0.802 

Treatment experience a         

Opioid agonist therapy 0.85 (0.65, 1.12) 0.247 1.22 (0.92, 1.62) 0.170 0.89 (0.63, 1.27) 0.534 0.89 (0.65, 1.23) 0.496 
Any other addiction treatment or 
services 0.98 (0.64, 1.49) 0.917 1.30 (0.85, 1.99) 0.232 1.10 (0.65, 1.86) 0.719 1.36 (0.86, 2.15) 0.187 

Unable to access addiction treatment 1.06 (0.76, 1.47) 0.732 0.89 (0.61, 1.30) 0.551 1.28 (0.85, 1.93) 0.233 1.31 (0.90, 1.91) 0.159 

Behavioural risk factors a         
Attacked, assaulted, or suffered 
violence 1.10 (0.73, 1.67) 0.649 1.30 (0.88, 1.92) 0.184 0.96 (0.50, 1.85) 0.908 1.25 (0.76, 2.07) 0.377 

Drug dealing 0.63 (0.45, 0.88) 0.007 1.14 (0.82, 1.57) 0.435 0.35 (0.20, 0.60) <0.001 0.54 (0.35, 0.83) 0.004 

Sex work involvement 1.18 (0.91, 1.54) 0.204 0.74 (0.55, 1.01) 0.061 0.86 (0.60, 1.23) 0.411 0.94 (0.68, 1.30) 0.707 

Incarceration 1.08 (0.78, 1.49) 0.658 0.96 (0.67, 1.39) 0.847 0.82 (0.52, 1.30) 0.409 0.88 (0.58, 1.32) 0.529 

Non-fatal overdose 1.23 (0.88, 1.72) 0.222 1.16 (0.80, 1.68) 0.428 0.97 (0.61, 1.53) 0.895 0.77 (0.49, 1.21) 0.254 

Other factors         
Ever been diagnosed with a mental 
health issue 1.00 (0.78, 1.27) 0.986 1.48 (1.14, 1.92) 0.003 0.74 (0.53, 1.03) 0.071 0.92 (0.69, 1.24) 0.596 

Year of enrolment 0.97 (0.95, 0.99) <0.001 1.03 (1.01, 1.05) 0.012 0.91 (0.88, 0.93) <0.001 0.96 (0.94, 0.98) <0.001 

Study cohort designation (ACCESS) 0.53 (0.39, 0.73) <0.001 1.29 (0.96, 1.73) 0.093 0.37 (0.23, 0.60) <0.001 0.64 (0.44, 0.93) 0.019 

a Denotes behaviours and events in the previous six months, measured at baseline. 

CI confidence interval. 
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Appendix I Bivariable multinomial logistic regression analyses of baseline demographic characteristics, drug use behaviours, and social-

structural exposures associated with different trajectory classes, using early cessation with late relapse as the reference group 

Characteristics 

Odds Ratio (95% CI), early cessation with late relapse as the reference group 

Persistent 
injection P 

Persistent 
injection with 
late cessation 

P Gradual 
cessation P Early 

cessation P 

Sociodemographic factors         

Younger age, per year 1.01 (1.00, 1.03) 0.125 1.00 (0.98, 1.02) 0.862 1.00 (0.98, 1.01) 0.877 0.99 (0.98, 1.01) 0.563 

Male  0.79 (0.57, 1.10) 0.160 1.21 (0.86, 1.72) 0.278 1.08 (0.79, 1.47) 0.646 0.94 (0.65, 1.34) 0.725 

White ethnicity 0.71 (0.51, 0.98) 0.037 0.70 (0.50, 0.98) 0.039 0.76 (0.55, 1.03) 0.081 0.65 (0.46, 0.94) 0.020 

High school completion or higher 0.63 (0.44, 0.91) 0.013 0.52 (0.35, 0.75) <0.001 0.50 (0.35, 0.71) <0.001 0.80 (0.53, 1.20) 0.284 

Not being in a stable relationship a 1.39 (0.99, 1.97) 0.059 1.42 (0.98, 2.04) 0.061 1.27 (0.92, 1.77) 0.149 0.89 (0.61, 1.29) 0.542 
Employment status 
(regular/temporary job; self-
employed) a 

0.82 (0.55, 1.21) 0.313 0.94 (0.62, 1.42) 0.762 1.08 (0.75, 1.57) 0.671 0.89 (0.57, 1.38) 0.608 

Unstable housing 1.35 (0.96, 1.88) 0.081 1.62 (1.13, 2.33) 0.008 1.31 (0.95, 1.80) 0.100 1.20 (0.83, 1.74) 0.333 

Substance use a         

Daily heroin injection 1.38 (1.00, 1.90) 0.051 0.89 (0.63, 1.26) 0.516 1.23 (0.90, 1.68) 0.187 0.94 (0.66, 1.35) 0.747 

Daily stimulant injection 0.90 (0.65, 1.24) 0.516 0.56 (0.39, 0.80) 0.001 0.84 (0.61, 1.14) 0.258 0.63 (0.44, 0.92) 0.016 

Daily speedball injection 1.46 (0.91, 2.34) 0.120 0.75 (0.44, 1.29) 0.300 1.06 (0.66, 1.70) 0.796 0.94 (0.54, 1.63) 0.815 

Daily prescription opioid injection 0.76 (0.30, 1.96) 0.575 1.78 (0.74, 4.27) 0.199 1.44 (0.62, 3.33) 0.395 1.14 (0.43, 3.03) 0.800 

Daily non-injection crack cocaine use 1.42 (0.94, 2.15) 0.091 2.37 (1.57, 3.59) <0.001 1.72 (1.16, 2.55) 0.007 1.43 (0.91, 2.24) 0.120 
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Daily cannabis use 0.91 (0.61, 1.35) 0.644 1.23 (0.82, 1.84) 0.324 0.82 (0.56, 1.21) 0.322 0.98 (0.63, 1.52) 0.930 

Daily alcohol use 0.82 (0.56, 1.22) 0.335 0.64 (0.42, 0.99) 0.045 0.86 (0.59, 1.26) 0.440 0.99 (0.64, 1.52) 0.947 

Binge injection drug use 1.16 (0.84, 1.59) 0.362 0.78 (0.55, 1.09) 0.149 1.18 (0.87, 1.60) 0.300 0.73 (0.51, 1.04) 0.085 

Years since injection drug use 0.99 (0.98, 1.01) 0.213 1.00 (0.99, 1.02) 0.650 1.00 (0.99, 1.01) 0.940 1.00 (0.98, 1.02) 0.893 

Treatment experience a         

Opioid agonist therapy 0.95 (0.66, 1.38) 0.798 1.36 (0.93, 1.99) 0.108 1.12 (0.79, 1.59) 0.534 1.00 (0.66, 1.50) 0.997 
Any other addiction treatment or 
services 0.89 (0.51, 1.54) 0.671 1.18 (0.68, 2.05) 0.563 0.91 (0.54, 1.54) 0.719 1.24 (0.69, 2.21) 0.474 

Unable to access addiction treatment 0.83 (0.54, 1.26) 0.376 0.69 (0.44, 1.10) 0.122 0.78 (0.52, 1.17) 0.233 1.02 (0.64, 1.62) 0.928 

Behavioural risk factors a         
Attacked, assaulted, or suffered 
violence 1.15 (0.58, 2.28) 0.700 1.35 (0.69, 2.65) 0.377 1.04 (0.54, 1.99) 0.908 1.30 (0.62, 2.73) 0.485 

Drug dealing 1.80 (1.02, 3.20) 0.044 3.25 (1.84, 5.74) <0.001 2.86 (1.66, 4.94) <0.001 1.54 (0.82, 2.90) 0.182 

Sex work involvement 1.38 (0.95, 1.99) 0.088 0.87 (0.58, 1.29) 0.481 1.16 (0.81, 1.66) 0.411 1.09 (0.72, 1.65) 0.675 

Incarceration 1.31 (0.82, 2.09) 0.265 1.17 (0.71, 1.93) 0.538 1.21 (0.77, 1.92) 0.409 1.06 (0.62, 1.81) 0.824 

Non-fatal overdose 1.27 (0.80, 2.02) 0.314 1.20 (0.73, 1.95) 0.472 1.03 (0.65, 1.63) 0.895 0.80 (0.46, 1.38) 0.415 

Other factors         
Ever been diagnosed with a mental 
health issue 1.35 (0.96, 1.90) 0.083 2.01 (1.41, 2.86) <0.001 1.35 (0.97, 1.88) 0.071 1.25 (0.86, 1.83) 0.245 

Year of enrolment 1.07 (1.03, 1.10) <0.001 1.13 (1.10, 1.17) <0.001 1.10 (1.07, 1.14) <0.001 1.06 (1.02, 1.09) 0.001 

Study cohort designation (ACCESS) 1.44 (0.86, 2.42) 0.166 3.48 (2.10, 5.77) <0.001 2.70 (1.66, 4.39) <0.001 1.73 (0.99, 3.01) 0.053 

a Denotes behaviours and events in the previous six months, measured at baseline. 

CI confidence interval. 
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Appendix J Multilevel and pairwise area under curve (AUC) from multinomial logistic regression 

models 

Level 1 Level 2 AUC 

Multilevel  0.600 

Gradual cessation Persistent injection 0.560 

Gradual cessation Early cessation 0.618 

Gradual cessation Early cessation with late relapse 0.651 

Gradual cessation Persistent injection with late cessation 0.542 

Persistent injection Early cessation 0.591 

Persistent injection Early cessation with late relapse 0.578 

Persistent injection Persistent injection with late cessation 0.609 

Early cessation Early cessation with late relapse 0.529 

Early cessation Persistent injection with late cessation 0.629 

Early cessation with late relapse Persistent injection with late cessation 0.697 
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Appendix K Sensitivity analysis 1: comparison of class membership between standard growth 

mixture modeling and Roy latent dropout pattern-mixture modeling 

Standard growth mixture 
modeling 

Roy latent dropout pattern-mixture modeling 

Persistent 
injection 

Persistent 
injection 
with late 
cessation 

Gradual 
cessation 

Early 
cessation 
with late 
relapse 

Early 
cessation Total 

Persistent injection 350 54 52 20 31 507 

Persistent injection with late 
cessation 18 334 13 0 9 374 

Gradual cessation 95 62 479 25 1 662 

Early cessation with late 
relapse 21 0 11 165 30 227 

Early cessation 5 11 0 1 270 287 

Total 489 461 555 211 341 2057 

LMR LRT Lo-Mendell-Rubin likelihood ratio test.  
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Appendix L Sensitivity analysis 1: injection drug use trajectory classes using standard growth 

mixture modeling and Roy latent dropout pattern-mixture modeling 
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Appendix M Sensitivity analysis 2: comparison with an increasing number of trajectories 

Number of Classes 1 2 3 4 a 5 6 

AIC 20101.2 18896.8 18388.2 18241.0 18138.8 18060.6 

BIC 20125.6 18945.6 18461.5 18338.6 18260.9 18207.0 

LMR LRT P value  0.02 0.00 0.04 0.11 0.75 

Entropy  0.683 0.656 0.583 0.552 0.575 

Averaged posterior probability of 
group membership (range)  0.90 – 0.93 0.80 – 0.88 0.62 – 0.86 0.61 – 0.81 0.61 – 0.78 

Sample size per class based on the 
estimated model (%, range)  42.7 – 57.3 26.3 – 45.8 23.5 – 25.6 11.9 – 29.1 10.2 – 24.0 

LMR LRT Lo-Mendell-Rubin likelihood ratio test.  

a The best log-likelihood value was not replicated. The solution may not be trustworthy due to local maxima. 
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Appendix N Sensitivity analysis 2: injection drug use trajectory classes among 974 people with at 

least ten years follow-up time 
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Appendix O Model details of the final multivariable generalized linear mixed models  

 

Data:  

!"!" , $%&'(!" , )*+!" , ,#!" , ,$!" , ⋯ .	&0	1%&	(2%3141(203'5	6%&	&758%9231&0 

• ": Illicit opioid use (yes vs. no) 

• $%&'(: Pre-treatment opioid use trajectory (gradually increasing frequency user vs. high frequency 

user) 

• )*+: Opioid agonist therapy (yes vs. no) 

• ,#, ,$, ⋯ ∶ Factors included in the multivariable model (i.e., age; unstable housing; any stimulant use; 

cannabis use; any other addiction treatment or services; attacked, assaulted, or suffered violence; drug 

dealing; sex work involvement; incarceration; study cohort designation) 

 

Model: 

log ?
@A"!"B7(!C

1 − @A"!"B7(!C
F = (I( + 7(!) + I#$%&'(!" + I$)*+!" + I)$%&'(!")*+!" + I*,#!" + I+,$!" +⋯ 

!!"|##! 	~	&'()*+,,-(/0!!"1##!2) 

##! 	~	45+66-5)(0, 9$) 


